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DESCRIPTION

TARGETING OF ANAPLASTIC LYMPHOMA KINASE IN SQUAMOUS CELL
CARCINOMA

PRIORITY CLAIM

W

This application claims bencfit of prionity to UK. Provisional Application Seral No.
62/511,704, filed May 26, 2017, the entire contents of which are hercby incorporated by

reference.
BACKGROUND

16 1. Field
The present disclosure relates to the fields of molecular biology, oncology and
medicine. More particelarly, the disclosure relates to the detection and treatment of cancers

susceptible to anaplastic lymphoma kinase {ALK}-directed therapies.

15 2 Related Art
Head and neck cancer is the 8% most common cancer in the United States whose
meidence is gver-increasing and vet remains one of the most under-studied and under-funded
cancer types (Cancer Facts and Figures, 2012; 2015). A total of 48,330 new cases and 9,570
deaths are estimated 1 2016 (Cancer Facts and Figures, 2012). Greater than 90% of head
20 and neck cancers are squamous cell carcinoma that arise from the oral cavity (OSCC), oral
pharvox (OPSCC), and larvnx (Huang ef o/, 2013} In general, OSCC arc primarily
associated with tobacco use and alcohol consumption (~ 80%), whereas OPSCC 1s primanly
due to infection with haman papilloma virus (HPV; HPV-16 and HPV-18) (Huang ef al,
2013}, While both eticlogies are found in both oral and oropharyngeal tumors, HPV related
25 cancer comprise approximately 15% of total cases whereas tobacco and alcohocol related
tamors comprise the magority of HNSCC (Cancer Facts and Figures, 2012}, The mceidence of
HNSCC is mercasing worldwide., Cuwrrently, HNSCC patients are treated with surgery,
chemotherapy, radiotherapy or combmation. However, these treatment modalities arc less
effective with advanced discase mmvolving lvmph node mvasion, which 1s associated with a
30 five-vear survival as low as 34% (Cancer Facts and Figures, 2012). A magjor factor m
decreased survival is resistance to chemotherapy. New lines of therapy are thercfore needed

to improve the survival rate of HNSCC patients.
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In the effort to discover novel molecular factors that contribute to advanced HNSCC
and may serve as therapeutic targets, the inveniors” recenmt studics demonstrated that
anaplastic lvmphoma kinasc (ALK} is cpigenetically dercgulated in late-stage, oral SCC

(O5CC) and may play a role in OSCC mvasiveness (Huang ef o/, 2013). They found that

(]

mvasive OSCC tumors with lvmph node metastasis exhibited significantly lower ALK
promoter methviation compared to non-invasive O5CC, suggesting that differential ALK
promoter methylation affecting expression may predict the development of metastatic OSCC
(Hoang ef of., 2013). Correspondingly, our analysis of head and neck cancer cohort in The
Cancer Genome Atlas {TCGA) revealed a significant merease {p < 0.01) of ALK expression
10 m tumors compared to normal controls and in an inverse relationship between ALK gene
methylation and expression (Huang ef o/, 2013). These studies suggested that ALK may be a
potential therapeutic target for advanced OSCC. Uniguely, the mventors identified full-
length ALK as a marker and therapeutic target for HNSCC, Traditionally ALK fusion
proteins arc the driving factor behind malignancies. Notably, no ALK fusion proteins were
15 identified 1 the OSCC cohort evaluated by the inventors. This was validated in TCGA that
showed an mcrease n fill-length ALK expression and no ALK fusions (Huang er ¢/, 2013}
ALK expression is found durnng development and in tissues of neuronal origin.  AlK is not
expressed in epithehal-denived tissues. Thus, expression of full length ALK m HNSCC was
non-obvious and only identified via a screen of differentially methylated gene promoters m

20 O8CC with nodal disease compared to OSCC with no nodal disease.
ALK fusion proteins were identified as a therapeutic target for non-small cell lung
cancer (NSCLC) in 2007 when Soda and colleagues discovered an mversion on chromosome
arm 2p resufting 1n fusion of the 57 end of echinoderm microtubule-associated protein-like 4
{EML4) to 3. ALK viclding the EML4-ALK fusion gene (Hom & Pao, 2009; Lindeman ef i,
25 2013). However full length ALK cxpression due to pomt muiations and constitufive
activation were reported in numerous cancers of mesenchymal origin  meluding
neurcblastoma, neuroectodermal tumors, melanoma and glichlastoma (Lindeman ef af., 2013,
Webb ef all, 2009; Powers ef ol., 2002; Mivake ef al, 2002; Shao er al., 2002; Wellstein,
2012, Grzelinski ef af., 2009, Wang ef al., 2011). NSCLCs expressing EML4-ALK fusion
30 protem respond very well to the ALK small molecele mhibitor, Crizotinib. However, a
subgroup eventually develops resistance to ALK mhubition via induction of epidermal growth
factor receptor (EGFR) bypass signaling which, like ALK, signals through AKT, RAS, and

STATI (Wang ef af , 2011; Katavama ef o/, 2012; 2011; Kowvanen ef af., 2008)

NI
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Approximately 90% of HNSCC express EGFR, vet EGFR inhibitors have vielded
hittle to no efficacy in clinical trials (Moon ef al, 2010; Petrelli ef «f, 2014}, Studies
cvaluating Erlotinib, a small molecule inhibitor of EGFR, found that a mere 10-13% of oral

cancer patients with stage 1 disease responded to Erlotinib (Tsten ef al, 2012). Moreover,

(]

patients with stages 1, HI, and IV discase failed to respond entirely (Tsien ef o/, 2012). The
reason for these uncxpected fatlures of EGFR targeted therapies remains unclear. The
mventors demonstrate that full length ALK signaling forms compensatory bypass signaling
and that co-targeting ALK and EGFR is necessary to effectively block downstream signaling
cascades. Thus OSCC with full length ALK expression may be sensitive o this therapeutic
10 strategy with ALK promoter methylation and expression serving as a biomarker of the subset

of susceptible lesions.
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SUMMARY
Thus, in accordance with the present disclosure, there is provided a method of
detecting assessing risk of progression, tissuc mvasion and/or metastasis in a subject having a

squamous cell carcinoma comprising assessing, in a cell contaiming sample from said subject,

(v

the methvlation status of one or more of the following promoter regions, or the expression of

one or more of the following genes:

ALK Anaplastic Lymphoma Kinase
HIF3A Hypoxia Inducible Factor 3 Alpha
TRAF7 TNF Receptor Associated Factor 7
PTKS Protein Tyrosine Kinase 6

TNFRSFIOC | Tumor Necrosis Factor Receptor Superfanuly
Member 10C

NCAMI Neural Cell Adhesion Molecule 1

CHL1 Neural Cell Adhesion Molecule L1-like Protein
7 Coagulation Factor 7

CCDCY2 Coiled-Coil Domain Containing 92

SLCYA3 Soltute Carrier Family 9 Member 3

1R&4 Insulin Receptor Substrate 4

wherein hypomethviation or overexpression, compared 10 a subject with stable, non-invasive
10 and or non-metastatic squamous cell carcinoma, of one or more said promoters mdicates
greater than average risk of progression and/or metastasis. In particular, ALK, IRS4, and
PTK6 may be assessed for hypomethylation and/or overexpression, opticnally further
mecluding assessing EGFR overexpression. Two, 3, 4, 5, 6, 7, 8, 9 10 or all 11 of said

promoter regions may be assessed. Methyvlation mav be measured by pyroseguecing or whole

[y
W

genome bisulfite conversion/amphification followed by targeted next generation sequencing
or pyrosequencing, and/or wherein cxpression may be measured by FlexMap-based branched
DNA probes, microfluidic PCR or droplet digital PCR.

The subject may have oral squamous cell carcinoma or head & neck squamous cell
carcinoma. The subject may be a human or a non-human mammal. The cell containing
20 sample may be saliva. Assessing may be repeated a second time.  The squamous cell

carcinoma may be early stage, late stage, metastatic, recurrent and/or drug resistant. The
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method may further comprise treating said subject with an ALK inhibitor. The method may
also further comprise treating said subject with a sccond anti-cancer therapy, such as a
chemotherapy, a radictherapy, an immunotherapy, a toxin therapy and/or surgerv.  The

second anti-cancer therapy is an anfi-EGFR therapy, such as gefitmb, erlotimb, lapatinib,

(]

cetuximab, panitumumab, vandetanib, necitumumab, or osimertinib,

Treating may comprise administration to a tumor site, or local or regional {0 a tumor
site, may comprse systemic adminisiration, may comprisc multiple administrations of said
anti-EGFR therapy, and/or may comprise multiple admimstrations of said ALK mhibitor,
The patients may be stratified based on salivary DNA methylation/RNA  expression
10 signatures for personalized targeted therapy against ALK and in combination with EGFR

targeted drugs.
It 15 contemplated that any method or composition described herein can be
implemented with respect to any other method or composition described herein,
Other objects, features and advantages of the present disclosure will become apparent
15 from the following detailed description. [t should be understood, however, that the detailed
description and the specific examples, while indicating specific embodiments of the
disclosure, arc given by way of illustration only, since varous changes and modifications
within the spintt and scope of the disclosure will become apparent fo those skilled in the art

from this detailed description.
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BRIEF DESCRIPTION OF THE BRAWINGS

The following drawimgs form part of the present specification and are included to
further demonstrate certain aspects of the present disclosure. The disclosure may be hetter
understood by reference to one or more of these drawings m combination with the detailed
description of specific embodiments presented herein,

The patent or application file contains at lcast one drawing exccuted 1 color. Copies
of this patent or patent application publication with color drawing(s) will be provided by the

Office upon request and payment of the necessary fee.

FIGS. 1A-C. FIG. TA: Immunohistochemical analvsis of activaied, phosphorviated
ALK phospho-ALK) in human OSCC tumors (4X). High phospho-ALK expression is
tHustrated 1o Stage IV OSCCs (panels a2 & by, Low phospho-ALK expression is illustrated n
stage 1 OSCCs (pancls ¢ & d). Normal tongue tissuc (pane! ¢) shows some artifactual
staining due to tissue folding (panel ¢). Relative guantification is shown n panet £, FIG. 1B:
Immunofluorescent detection of total and activated {phospho-ALK) in OSCC cell lings (40X,
Cal27 cells stained for total and phospho-ALK, panels a & b respectively; H5C3 cells stamned
for total and phospho-ALK, panels ¢ & d respectively. FIG. 1C hnmunohistochemical
analysis of HSC3-dertved tumors (20X). Representative H & E staining of HSC3-derved
fumors is shown in pancl a and corresponding phospho-ALK staining is shown in panel b.

FIGS. 2A-D. FiG. 2A: Cell viability assay of HSC3 cells treated with Gefitinib (500
nb), TAEGB4 (500 nM), or both. FIG. 2B: Cell viability assay of Cal27 cells treated with
Gefitinib {500 nM), TAE6Z4 (500 nM), or both. FIG. 2C: Assay of HSC3 cells treated with
Gefitnib (5300 aM), TAE684 (500 nM), or both. FIG. 2D Wound-healing assay of Cal27
cells treated with Gefitinib (500 nM), TAES84 (500 nM), or both. *p < 0.05, **p < (.01,
¥ < (.001 treatment compared to control. #p < 0.03, #Hip < 0.01, ###p < 0.001 Gefitimb
compared to combination treatment. This data represents four replicates and error bars
mdicate SD.

FIGK. 3A-B. (FIG. 3A) H5C3 mouse xenografts treated daily with Gefitinib (100
mg/ke); TAE684 (10 mg/kg), or both. No change in tumor growth is scen with TAE684 alone
as compared to control. Significant reduction in tumor volume compared to control is seen as
carly as day 6 with Gefitinib alone (57% of control) and day 4 with co-treatment (35% of
control). By day 10, a significant reduction n tumor volume between Gefitiub and co-
treatments is seen. ¥p < 0.05, ¥*p < 0,01, ***p < 0.001 weatments compared to control. ##p <

0.01, ###p < 0.001 Gefitmib compared to co-treatments. This data represents five replicates

6
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and error bars indicate SD. (FIG. 3B) Same experiment as FIG. 3A, showing day 14 final
fimor volumes.

FIGS. 4A-B. Western blot analysis of EGFR signabing compounents in OSCC cell
lines treated for six hours with Gefitimb (500 nM}, TAES84(500 nM), or both. FIG. 4A:
HSC3 cells treated with Gefitinib demonstrate a reduced ratio of phosphorviated EGFR (p-
EGFR) to total EGFR. An additive reduction of p-EGFR/EGFR is seen with a combination
treatment {Combo) of TAE684 and Gefitinib. The ratio of phosphorviated AKT (p-AKT) to
total AK'T is significantly reduces with individual treatments and abolished with combination
treatments. No change i the ratio of phosphorylated ERK1/Z {p-ERK1/2) to total ERK1/Z is
scen. Lone treatment with the ALK wndubitor, TAEGR4, significantly induces activation of
STAT3 as reflected in the ratio of phosphorylated STAT3 (p-STAT3) to total STAT3. This
mduction is reversed with combination treatments of TAE684 and Gefitinib. FIG. 4B: Cal27
cells treated with Gefitinib demonstrate no significant changes in the ratio of p-EGFR to total
EGFR. Gefitinib alone abolished p-AKT and TAEGE4 alone significantly reduced the ratio of
p-AKT to total AKT. Similarly, combination treatment of Gefitinib and TAE684 (Combo)
abolished p-AKT and no change in the ratio of p-ERK1/2 to total ERK1/2 is seen in Cal27
cells. Althongh a trend is seen with an increase m the p-STAT3 to total STAT3 ratio is seen
with all treatments, no significant changes were detected. *p <0.05, ¥¥p <Q.01, *¥%p <0.001

denote significance between treatments.

~J
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DETAILED DESCRIPTION

As discussed above, approximately 90% of HNSCC express EGFR, vet EGFR
ihibitors have vielded bittle to no efficacy 1n chnical trials (Moon ef af., 2010; Petrelli ef o/,
2014}, For example, the small molecule inhibitor of EGFR, Erlotimib, exhibited a response
rate of only 10-15% in oral cancer patients with stage I discase (Tsien er af, 2012}, while
later stage patients failed to respond entirely (Tsien et al., 2012). No cxplanation has been
provided for this limited efficacy.

The inventors hvpothesize that parallel sigonaling pathwavs may compensate for
EGFR inhibition, rendering these type of treatments meffoctive. In this study, the inventors
tested the hypothesis that EGFR inhibition is thwarted by ALK parallel signaling in tumors
that progress chnically. They assessed the eoffects of ALK and EGFR inhubition in ALK
expressing OSCC cell lines and m a2 mouse OSCC xenograft model. They further
demonastrated anti-proliferative and signaling effects in viro and significant tumor growth

ithibition i vivo. These and other aspects of the disclosure are reproduced below.

L Sguamous Cell Carcinoma

Sguamous cell carcimoma (SCC or 5gCC), also known as squamous cell cancer, is
one of the main types of skin cancer that begins from squamous cells in the skin. Cancers that
mvolve the anus, cervix, head and neck {e.g., oral), and vagina are also most ofien squamous
cell cancers. The esophagus, urinary bladder, prostate, and lung are other possible sites.

Frequent exposure to direct, strong sunlight without adequate sunscreen protection i
a nisk factor for skin cancer. Despite sharing the name squamous cell carcinoma, the SCCs of
different body sites can show differences in their presenting svmptoms, natural history,
prognosis, and response to reatment.

The tumor grows relatively slowly, but unlike basal-cell carcinoma (BCC), squamous
cell carcinoma (SCC) has a substantial risk of metastasis. Risk of metastasis is higher in SCC
arising in scars, on the lower lips or mucosa, and occurring m immunosuppressed patients.
About one-third of lingual and mucosal tumors metastasize before diagnosis (these are often
related to tobacco and alcohol use). Human papillomavirus infection (HPV) has been
associated with SCC of the oropharynx, lung, fingers, and anogenital region.

Ninety percent of cases of head and neck cancer {cancer of the mouth, nasal cavity,
nasopharynx, throat and associated structures} are of squamous cell ongin, ie, SCC

Squamous ccll carcinomas of the head and neck have been found to have a greater risk of
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metastasis {0 the local nervous system, ymphatic system, hence possibly reducing treatment
cfficacy.

Carcinomas of the esophagus were found in one study to bave a 58% mean rate of
metastasis to local lvmph nodes. In the same study, the number of lymph nodes compromised
was correlated with a decrease of the survival rate. The study found that in cases of lvmphatic
metastasis, the mean 5-year survival rate was 49.5%, with a decrease for every lymaph node

compromised.

L Diagnostic and Therapeutic Methods
A ALK Network Biomarkers

¢ present inventors have developed a set of prognostic biomarkers that can be used
alone or in combinations to identify OSCC that will ulimately tnvade loco regional tissues
and respond to ALK targeted therapies In particular, the inventors have discovered promoter
hypomethylation of a network of genes (n=11) associated with anaplastic lymphoma kinase
(ALK) signaling in late-stage oral squamous cell carcinoma (O5CC) that metastasize to
bvmph nodes (stage HI and 1V}, They term this network the “ALK Network,” which drives
mereased expression of wild-type ALK m OSCC that progress clinically. To date, other
tumor types that are known to be ALK dniven are a result of ALK fasion protems or
activating mutations. In contrast, the present studies identify altered promoter methylation as
facilitation expression and activity of wild-type ALK in OSCC. Most OSCC patients (~60%;)
have advanced discase at the time of their diagnosis thereby reducing their five vear survival
rate 1o as low as 34%. This is due to late detection and due to a lack of efficacious therapies
to treat advanced OSCC. If tumors are detected at an earlier stage {stage | or H} then surgical
exeision and/or chemotherapy and radiation therapy vield an 80% five-year survival rate. To
date, no efficacious therapies exist for advanced tumors that are not fully operable or have
metastasized. Salivary diagnostics are a proven method of evaluating gene expression. Thig
technology, looking at promoter methvlation analysis and gene/fprotein expression profiling
of the ALK Network n saliva specimens, allows a rapid, non-surgical means of identifying
patients with tumors that are invasive and should respond to therapies targeting the ALK
Network.

Preclinical studies using ALK Network-guided therapy demonstrated significant
efficacy of targeting ALK m OSCC viclding a 65% reduction m xenogratied tumor volumes
i a mere 14 days of treatment when combined with the EGFR inhibitor, Gefitintb. Notably,
co-targeting ALK and EGFR is significantly more efficacious than either tyrosine kinase

9
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alone. There are multiple FDA approved drugs that target ALK signaling and m use to treat
other cancers that are driven by ALK fusions and outations. This technology identifies

OS8CC patients who may respond to commercially available ALK inhibitors.

Table A: OSCC Hypomethylation Biomarker Genes

ALK Anaplastic Lymphoma Kinase
HIF3A Hypoxia Inducible Factor 3 Alpha
TRAF7 TNF Receptor Associated Factor 7
PIK6 Protein Tyrosine Kinase 6

TNFRSFI0C | Tumor Necrosis Factor Receptor Superfamily
Member 10C

NCAMI Neural Cell Adhesion Molecule |
CHLL Neural Cell Adhesion Molecule L1-like Protein
F7 Coagulation Factor 7

CCDCo2 Cotled-Cotl Domain Containing 92

SLCYA3 Soltute Carrier Family 9 Member 3

IR54 insulin Receptor Substrate 4

There 1s also disclosed here in an ALK-EGFR Subnetwork that includes ALK, EGFR,
1RS84, and PTK6. Hypomethylation 1s seen only in ALK, 1RS84, and PTKS6, but this works m

concert with over-expressed EGFR.

B. Testing Methods

Tests can be carried out on any suitable sample that vields squamous cells or
squamous cell nucleic acids. Particular samples which can be used mclude tissue specimens,
biopsy specimens, surgical specimens, saliva, nasal muocosa, leukoplakia, ervthroplakia,
leukoervthroplakia and cyiological specimens. It may be bencficial to extract mucleic acids
from the cells prior to testing. Some techniques of testing may not require pre-extraction, ¢.g.,
saliva. Some testing may be done on protems which may or may not be extracted from the

cells prior to testing for particular detection techniques.

10
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1. Expression
a. Protein Based Assays
The prescnt jnvention will utilize any of a variety of methods to assess profcin

expression. Samples containing proteins include fluid samples such as blood, serum, sputum,

5  nipple aspirate and ascites. Also, immunohistochemistry utilizes tissue sections which are
specially prepared for analysis using antibody probes. The following provides a general
discussion of these embodiments.

i Immunelogic Detection
16 One such approach is to perform protein identification with the use of antibodies. As

used herein, the term “antibody”™ is intended to refer broadly to any immunologic binding
agent such as [gG, IgM, IgA, IgD and IgE. Generally, IgG and/or IgM are preferred because
they are the most common antibodies in the physiological situation and because they are most
casilv made m a laboratory setting. The term "antibody" also refers to any antibody-iike
15 molecule that has an antigen binding region, and includes antibody fragments such as Fab',
Fab, F(ab"):, single domain antibodies {DABs), Fv, scFv {(single chain Fv}, and the like. The
techniques for preparing and using various antibody-based constructs and fragments are well
known in the art. Mcans for preparing and characterizing antibodies, both polvclonal and
monoclonal, are also well known in the art (See, e.g., Antibodies: A Laboratory Manual, Cold
20 Spring Harbor Laboratory, 1988, mcorporated heren by reference). In particular, antibodies
to calcyclin, calpactin 1 hight chain, astrocytic phosphoprotein PEA-13 and tubulin-specific
chaperone A are contemplated.
In accordance with the present invention, immunodetection methods are provided.
Some immoenodetection methods wclude enzyme linked immunosorbent assay {(ELISA),
25 radicimmunoassay (RIA), immunoradiometric assay, Huorcimmunoassay, chermiluminescent
assay, bioluminescent assay, and Western blot to mention a few. The steps of various useful
immunodetection methods have been described m the scientific hiterature, such as, e.g.,
Doolittle & Ben-Zeev (1999); Gulbis & Galand (1993); De Jager e ¢/ (1993}, and
Nakamura ef af. {1987), cach incorporated herein by reference.
30 in general, the immunobinding methods include obtaining a sample suspected of
containing a relevant polypeptide, and comtacting the sample with a first antibody under
conditions effective to allow the formation of immunocomplexes. In terms of antigen

detection, the biological sample analvzed may be any sample that is suspected of contaiming

1
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an antigen, such as, for example, a tissue section or specimen, 3 homogenmzed tissue extract, a
cell, or even a biclogical fluid.

Contacting the chosen biological sample with the antibody under effective conditions
and for a penod of time sufficient to allow the formation of immune complexes {primary
mmmnune complexes) is generally a matter of simply adding the antibody composition to the
sample and incubating the mixture for g period of time long enough for the antibodies to form
mmune complexes with, 7.e., to bind to, any antigens present.  After this time, the sample-
antibody composition, such as a tissue section, ELISA plate, dot blot or western blot, will
generally be washed to remove any non-specifically bound antibody species, allowing only
those antibodics specifically bound within the primary immune complexes to be detected.

In general, the detection of immunocomplex formation s well known in the art and
may be achicved through the application of namerous approaches. These methods are
generally based upon the detection of a label or marker, such as any of those radioactive,
fluorescent, biological and cnzymatic tags. Patents concermning the use of such labels mclude
US. Patents 3.817.837. 3,850,752, 3,939,350, 3,996,345, 4277437, 4,275,149 and
4,366,241, each incorporated herein by reference.  Of course, one may find additional
advantages through the use of a secondary binding ligand such as a sccond antibody and/or a
biotin/avidin ligand binding arrangement, as is known n the art.

The antibody emploved in the detection may itself be linked to a detectable label,
wherein one would then simply detect this label, thereby allowing the amount of the primary
mmune complexes in the composiiion to be deternuned. Alternatively, the first antibody that
becomes bound within the primary immune complexes may be detected by means of a second
binding ligand that has binding affinity for the antibody. In these cases, the second binding
lgand may be linked to a detectable label. The second binding ligand is itself often an
anfibody, which may thus be termed a “secondary”™ anttbody. The promary imumune
complexes are contacted with the labeled, secondary binding higand, or antibody, under
effective conditions and for a period of time sufficient to allow the formation of secondary
mmune complexes. The secondary tmmune complexes are then generally washed to remove
anv non-specifically bound labeled secondary antibodies or ligands, and the remaining Jabel
i the secondary immune complexes s then detected.

Further methods include the detection of primary immuone complexes by a two-step
approach. A sccond binding ligand, such as an antibody, that has binding affinity for the
antibody is used to form secondary immune complexes, as described above. After washing,
the secondary immune complexes are contacted with a third binding ligand or antibody that

12
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has binding affinity for the second antibody, again under effective conditions and for a period
of time sufficient to allow the formation of immune complexes {tertiary immune complexes).
The third ligand or antibody 1s linked to a detectable label, allowing detection of the tertiary
mmmune complexes thus formed. This system may provide for signal amphification if this 1s

desired.

(]

One method of immuncdetection designed by Charles Cantor uses two different
antibodics. A first step biotinylated, monoclonal or polyclonal antibodv is used to detect the
target antigen{s), and a second step antibody is then used to detect the biotin attached to the
complexed biotin. [n that method the sample to be tesied is first incubated in a solution

10 containing the first step andtbody. If the target antigen is present, some of the antibody binds
to the antigen to form a biotinviated antibody/antigen complex. The antibodv/antigen
complex s then amplified by incubation m successive solutions of streptavidin {or avidin),
biotinylated DNA, and/or complementary bictinylated DNA, with ecach step adding additional
biotin sites to the antibodv/antigen complex. The amplification steps are repeated until a

15 suitable level of amphfication is achieved, at which pomnt the sampie 1s incubated in a
solution containing the second step antibody against bigtm.  This second step antibody is
labcled, as for example with an enzvme that can be used to detect the presence of the
antibody/antigen complex by histoenzymology using a chromogen substrate.  With suitable
amplification, a conjugate can be produced which is macroscopically visible.

20 Ancther known method of mmunodetection takes advantage of the tmmuno-PCR
(Polymerase Chain Reaction) methodology. The PCR method 1s similar to the Cantor
method up to the incubation with biotinviated DNA, however, mstead of using multiple
rounds of streptavidin and bictinylated DNA mecuabation, the
DNA/Mbiotuy/streptavidin/antibody complex is washed out with a low pH or high salt buffer

25 that releases the antibody. The resulting wash solution is then used to carrv out a PCR
reaction with suitable primers with appropriate controls. At least in theory, the enormous
amplification capability and specificity of PCR can be wutilized to detect a single antigen
molecule.

Immunoassays are in essence binding assays. Certain immunoassays are the various

30 tvpes of enzyme linked immmunosorbent assays (ELISAs) and radicimmunoassays (RIA)
known in the art. However, it will be readily appreciated that detection is not limited to such
echniques, and Western blotting, dot blotting, FACS analyses, immunohistochemistry and

the hike may also be used.
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The antibodies of the present invention may be used in conjunction with both fresh-
frozen and/or formalin-fixed, paraffin-embedded tissue blocks prepared for study by
immunohistochemistry (IHC). The method of preparing tissue blocks from these particulate

specimens has been successfully used i previous IHC studies of various prognostic factors,

(]

and/or 1s well known to those of skill in the art (Brown ef ol , 1990, Abbondanzo ef al., 1999,
Allred e af., 19903

Also conferaplated in the present invention is the use of immunohistochemistry. This
approach uses antibodies to detect and guantify antigens in intact tissue samples. Generally,
frozen-s¢ctions are prepared by rehydrating frozen "pulvenzed” tissue at room femperature in

10 phosphate buffored saline (PBS) in small plastic capsules; pelleting the particles by
centrifugation; resuspending them in a viscous embedding medium (OCT); mverting the
capsule and pelleting again by centrifugation; snap-freezing in -70°C isopentane; cutting the
plastic capsule and removing the frozen cylinder of tissug; securing the tissue cylinder on a
crvostat microtome chuck; and cutting 25-50 serial sections.

] Permanent-sections may be prepared by a similar method involving rehvdration of the
50 mg sample in a plastic microfuoge tube; pelleting; resuspending in 10% formalin for 4
hours fixation; washing/pelleting; resuspending in wanm 2.3% agar; pellcting; cooling in ice
water to harden the agar; removing the tissue/agar block from the tube; mfiltrating and/or
embedding the block i paraffin; and cutting up to 50 senial permanent sections.

20 In an exemplary ELISA, the antibodies of the invention are immobilized onto a
selected surface exhibiting protein affinity, such as a well 1 a polystyrene microtiter plate.
Then, a test composition suspecied of containing the antigen, such as a chinical sample, is
added to the wells. After binding and washing to remove non-specifically bound immme
complexgs, the bound antigen may be detected. Detection i1s generally achieved by the

25 addition of another antibody that s Iinked to a detectable label. This tvpe of ELISA s a
simple “sandwich ELISA” Detection may also be achieved by the addition of a second
antibody, followed by the addition of a third antibody that has binding affinity for the second
antibody, with the third antibody being hinked to a detectable label.

In another exemplary ELISA, the samples suspected of containing the antigen are

30 mmmobilized onto the well sarface and then contacted with the anti-ORF message and ant-

ORF translated product antibodies of the invention. After binding and washing to remove

non-specifically bound immune complexes, the bound anti-ORF message and anti-ORF

translated product antibodies are detected. Where the mitial anti-ORF message and anti-ORF
translated product antibodies are linked to a detectable label, the immune complexes may be

14



WO 2018/217849 PCT/US2018/034059

detected directly. Again, the immune complexes may be detected using a second antibody
that has binding affinity for the first anti-ORF message and anti-ORF translated product
antibody, with the second antibody being linked to a detectable label,

Another ELISA m which the antigens are immobilized involves the use of antibody

(]

competition in the detection. In this ELISA labeled antibodics against an antigen are added
to the wells, aowed to bind, and detected by means of their label. The amount of an antigen
m an voknown sample is then determined by mixing the sample with the labeled antibodies
against the antigen during imeubation with coated wells. The presence of an antigen i the
sample acts to reduce the amount of antibody against the antigen available for binding to the
10 well and thus reduces the ultimate signal. This is also appropriate for detecting antibodies
agamnst an antigen m an unknown sampie, where the uniabeled antibodies bind to the antigen-
coated wells and also reduces the amount of antigen available to bind the labeled antibodies.
“Under conditions cffective to allow immune complex (antigen/antibody} formation™
means that the conditions preferably melude diluting the antigens and/or antibodics with
15 solutions such as BSA, bovine gamma globulin (BGG) or phosphate buffered saline
{(PBSY Tween. cse added agents also tend to assist in the reduction of nonspecific
background. The “suitable” conditions also mean that the mcubation is at a temperature or
for a period of time sufficient to allow effective binding. Incubation steps are typically from
about 1 to 2 to 4 hours or so, at temperatures preferably on the order of 23°C to 27°C, or may

20 be overnight at about 4°C or so.

ii. Mass Spectrometry

By exploiting the intrinsic properties of mass and charge, mass spectrometry {MS)

can resolved and confidently identified a wide variety of complex compounds, inchiding

25  proteins. Traditional guantitative MS has used electrospray ionization (ESH) followed by
tandem M5 (MS/MS) (Chen er af., 2001, Zhong ef al., 2001; Wu er /., 2000) while newer
guantifative methods are bemng developed using matrix assisted laser desorption/ionization
{MALDI) followed by time of flight (TOF)} MS (Bucknall ef o/ | 2002; Mirgorodskaya ef al.,
2000; Gobom ef af., 2000). In accordance with the present invention, ong can geucrate mass

30 spectrometry profiles that are useful for grading gliomas and predicting ghoma patient
survival, without regard for the identity of specific proteins.  Alternatively, given the
established links with caleyclin, calpactin 1 light chain, astrocytic phosphoprotein PEA-1S

and tubulin-specitic chaperone A, mass spectrometry may be used to Jook for the levels of

these proteins particularly,

15



WO 2018/217849 PCT/US2018/034059

ESI. ESI 15 a convenient iomization technique developed by Fenn and colleagues
{Fenn ef al , 1989} that is used to produce gascous 1ons from highly polar, mostly nonvolatile
biomolecules, including lipids. The sample 15 injected as a liquid at low flow rates (1-10

ul/min} through a capilary tube to which a strong electne field is applied. The field

(]

generates additional charges to the hauid at the end of the capillary and produces a fine spray

of highly charged droplets that are electrostatically attracted to the mass spectrometer inlet.

The evaporation of the solvent from the surface of a droplet as it travels through the

desolvation chamber increases its charge density substantially. When this mcrease exceeds

the Rayleigh stability limit, ions are ejected and ready for MS analysis.

10 A typical conventional ESL source consists of a metal capiliary of typically 0.1-0.3
mm in diameter, with a tip held approximately 0.5 to 5 cm (but more usually 1 to 3 cm) away
from an electrically grounded circular interface having at its center the sampling orifice, such
as described by Kabarle er o (1993}, A potential difference of between 1 to 5 kY {but more
typically 2 to 3 kV) 15 applied to the capillary bv power supply to generate a high clectrostatic

15 field (10° to 107 V/m) at the capillary tip. A sample liquid carrving the analyte to be analyzed
by the mass spectrometer 15 delivered to tip throagh an mternal passage from a suitable
source {such as from a chromatograph or directly from a sample solution via a liquid flow
controller). By applving pressure o the sample in the capillary, the iquid leaves the capillary
tip as small, highly electrically-charged droplets, and further undergoes desolvation and

20 breakdown to form single or multicharged gas phase ions in the form of an ion beam. The
tons are then collected by the grounded (or negatively charged) imterface plate and led
through an orifice into an analvzer of the mass spectrometer. Duning this operation, the
voltage applied to the capillary is held constant. Aspects of construction of ESI sources are
described, for example, in U.S. Patents 5,838,002; 5,788,166, 5,757,994, RE 35,413, and

25 5,986,258,

ESUMS/MS. In ESI tandem mass spectroscopy (ESI/MS/MSB), one s able to
simultancously analyvze both precursor ions and product ions, thereby monitoring a single
precursor product reaction and producing (through selective reaction monitoring {(SRM)} a
signal only when the desired precursor ion is present. When the mtemal standard 1s a stable

30 isctope-labeled version of the analvte, this is known as guantification by the stable i1sotope

dilution method. This approach has been used to accurately measure pharmaceuticals

{(Zweigenbaum er al. | 2000, Zweigenbaum ef of., 1999} and bioactive peptides (Desidernio ef

al., 1996; Lovelace ef of, 1991} Newer methods are performed on widely available

MALDE-TOF instruments, which can resolve a wider mass range and have been vsed to
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quantify metabolites, pepudes, and proteins. Larger molecules such as peptides can be
guantified using unlabeled homologous peptides as long as their chemistry is similar to the
analvite peptide (Duncan er o, 1993; Bucknall ef o/, 2002). Protein guantification has been
achieved by quantifying tryptic peptides (Mirgorodskava er o, 2000). Complex mixtures
such as crude extracts can be analyzed, but in some mstances sample clean-up is required
{Nelson ef al., 1994; Gobom er ol 2000).

SIMS, Sccondary ion mass spectroscopy, or 5IMS, is an analytical method that uses
ionized particies emitted from a surface for mass spectroscopy at a sensitivity of detection of
a fow parts per billion. The sample sarface 1s bombarded by primary energetic particles, such
as clectrons, ions (e.g., O, Us), ncutrals or even photons, forcing atomic and molecular
particles to be ejected from the surface. a process called sputtening. Since some of these
sputtered particles carry a charge, a mass spectrometer can be used to measure their magss and
charge. Continued sputtering permits measuring of the exposed clements as material is
removed.  This in turn permifs one to construct clemental depth profiles. Although the
majority of secondary iomized particles are electrons, it 15 the secondary ions which are
detected and analysis by the mass spectrometer in this method.

LB-MS and LDLPMS. Laser desorption mass spectroscopy {LE-MS) involves the
use of a pulsed laser, which induces desorption of sample matenial from a sample site -
effectively, this means vaporization of sample off of the sample substrate. This method is
usually only used in conmjunction with a mass spectrometer, and can be performed
siraultancously with ionization if one uses the nght laser radiation wavelength.

When coupled with Time-of-Flight (TOF) measurement, LD-MS is referred to as
LDLPMS (Laser Desorption Laser Phototonization Mass Spectroscopy). The LDLPME
method of analvsis gives instantaneous volatilization of the sample, and this form of sample
fragmentation permits rapid analvsis without any wet extraction chemistry. The LDLPMS
mstrumentation provides a profile of the species present while the retention time is low and
the sample size is small. In LBDLPMS, an impactor strip is loaded into a vacoum chamber.
The pulsed laser is fired upon a certain spot of the sample site, and specics present are
desorbed and ionized by the laser radiation. This ionization also causes the molecules to
break up into smaller fragment-ions. The positive or negative ions made are then accelerated
mto the flight tube, being detected at the end by a microchanne!l plate detector. Signal
miensity, or peak height, is measured as a function of travel tme. The apphed voltage and

charge of the particular 1on determines the kinetic energy, and separation of fragments 1s due
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to different size causing different velocity. Each ion mass will thus have a different flight-
time to the detector.
One can either form positive ions or negative tons for analysis. Positive tons are made

from regular direct photoionization, but negative jon formation reguires a higher powered

(]

laser and a secondary process to gamn electrons. Most of the molecules that come off the

samaple site are neutrals, and thus can attract ¢lectrons based on their electron affinity. The

negative ion formation process is less efficient than forming just positive ions. The samplc
constituents will also affect the outlook of a negative ion spectra.
Other advantages with the LDLPMS method include the possibility of constructing

10 the system to give a quict baseline of the spectra because one can prevent cocvolved neutrals
from cntering the flight tube by operating the mstrument in a lincar mode. Also, in
environmental analysis, the salis in the air and as deposits will not interfere with the laser
desorption and ionization. This mstrumentation also is very sensitive, known to detect trace
levels in natural samples without any prior extraction preparations.

15 MALDI-TOF-MS5. Since its inception and commercial availability, the versatility of
MALDI-TOF-MS has been demonstrated convincingly by its extensive use for gualitative
analvsis. For example, MALDI-TOF-MS has been cmploved for the characterization of
synthetic polymers (Marne er al, 2000; Wu ef ol 1998). peptide and protein analysis
(Roepstorft ef al, 2000, Nguyen ef ¢, 1995), DNA and oligonucleotide seguencing

20 (Miketova ef al., 1997, Faulstich ef o/, 1997, Bentzley ef o/, 1996), and the characterization
of recombinant proteins (Kanazawa er o, 1999; Villanueva ef al, 1999). Recently,
applications of MALDI-TOF-MS have been extended to include the direct analvsis of
biological tissues and single cell organisms with the aim of characterizing endogenous
peptide and protein constituents (L1 ef ol 2000; Lyno ef ol 1999; Stoeckli ef @l 2001,

25 Capnoh er af., 1997, Chaurand ef af., 1999; Jespersen ef al., 1999).

The propertigs that make MALDI-TOF-MS a popular qualitative tool—its ability to
analyze molecules across an extensive mass range, high sensitivity, mimimal sample
preparation and rapid apalysis times—also make it a potentially uscfild guantitative tool.
MALDI-TOF-MS also enables non-volatile and thermally fabile molecules to be analyzed

30 with relative case. It is therefore prudent to explore the potential of MALDI-TOF-MS for

guantitative analysis in chinical setbings, for toxicological screenings, as well as for

environmental analysis. In addition, the application of MALDI-TOF-MS to the quantification

of peptides and proteins is particularly relevant. The ability to quantify intact protems m

biclogical tissuc and fluids presents a particular chellenge in the expanding arca of
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proteomics and investigators wrgentlv require methods to accurately measure the absolute
quantity of proteins. While there have been reports of quantitative MALDI-TOF-MS
applications, therc arc many problems inherent to the MALDI ionization process that have

restricted its widespread use (Kazmaier ef of., 1998; Horak ef o/, 2001, Gobom ef o/., 2000,

(]

Desiderio ef al, 2000}, These lmiutations primarly stem from factors such as the
sample/matrix heterogeneity, which are believed to contribute to the large vamability in
observed signal intensities for analyies, the limited dvnamic range due to detector saturation,
and difficulties associated with coupling MALTH-TOF-MS to on-line separation technigues
such as hquid chromatography. Combined, these factors arc thought to compromise the
10 accuracy, precision, and uitlity with which quantitative determinations can be made.

Because of these difficuities, practical examples of quantitative apphications of
MALDI-TOF-MS have been limited. Most of the studies to date have focused on the
guantification of low mass analytes, in particular, alkaloids or active ingredients in
agricultural or food products (Wang ef af., 1999, hang ef of., 2000, Yang et al, 2000;

15 Wittmann ef of., 2001), whereas other studies have demonstrated the potential of MALDI-
TOF-MS for the quantification of biologically relevant analytes such as neuropeptides,
proteins, antibiotics, or various metabolites m biological tissue or fluud (Muddiman ef af.,
1996; Nelson ef af, 1994; Duncan ¢f af, 1993; Gobom ef ¢/, 2000, Wu ef of, 1997,
Mirgorodskaya ef al., 2000). In earlier work it was shown that linear calibration curves could

20 be generated by MALDI-TOF-MS provided that an appropriate mternal standard was
employed (Duncan er o/, 1993). This standard can “correct” for both sample-to-sample and
shot-to-shot vanability. Stable isotope labeled mternal standards (isotopomers) give the best
result.

With the marked improvement in resolution available on modern commercial

25 mstruments, pumarily because of delayed extraction (Bahv er of |, 1997; Takach et ol 1997),
the opportunity to extend quantitative work to other examples s now possible; not only of
low mass analytes, but also biopolymers. Of particular interest is the prospect of absolute
multi-component guantification in biological samples {e.g., proteomics applications).

The propertics of the matrix matenial used m the MALDI method are critical. Only a

30 select group of compounds 1s useful for the selective desorption of proteins and polypeptides.
A review of all the matrix materials available for peptides and proteins shows that there are
certain characteristics the compounds must share to be analvtically useful. Despite its
mmportance, very little s known about what makes a matrix material "successful” for

MALDI The fow materials that do work well are used heavily by all MALDI practitioners
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and new molecules are constantly being evaluated as potential matrix candidates. With a few
exeeptions, most of the matrix materials used are solid organic acids. Liguid matrices have

also been investigated, but are not used routinely.

2. Nucleic Acid Based Assays
In another aspect, the imvention may further utilize detection of mRNA’s {o determine
gene expression. While labile, mRNAg have the advantage of amplification using technigues
such as RT-PCR, allowing very small amounts of target to be accurately quantitated. They
will also provide complementary mformation relating to levels that arc separate from the

tssue of protein degradation. The following is a general discassion of such methods.

i Hybridization

The use of a probe or primer of between 13 and 100 nmucleotides, preferably between 17
and 100 nucleotides in length, or i some aspects of the mvention up to 1-2 kilobases or more m
length, allows the formation of a duplex molecule that is both stable and sclective. Molecules
having complementary sequences over contiguous stretches greater than 20 bases in length are
generally preferred, to increase stability and/or selectivity of the hybrid molecules obtammed.
One will generally prefer to design nacleic acid molecules for hyvbridization having one or more
complementary sequences of 20 to 30 nucleotides, or even longer where desied.  Such
fragioents may be readily prepared, for example, by direetly svnthesizing the fragment by
chemical means or by mtroducing selected sequences into recombinant vectors for recombinant
production.

Accordingly, the nuclectide sequences of the mvention may be used for their ability to
selectively form duplex molecules with complementary stretches of DNAs and/or RNAs or o
provide primers for amplification of DNA or RNA from samples. Depending on the application
envisioned, one would desire to employ varying conditions of hybridization to achieve varying
degrees of selectivity of the probe or primers for the target sequence.

For applications requiring high selectivity, one will tvpically desire to enmploy relatively
high siringency conditions to form the hyvbnids. For example, relatively low salt and/or high
temperature conditions, such as provided by about 0.02 M to about 0.10 M Na{l at temperatures
of about 30°C to about 70°C. Such high stringency conditions tolerate little, if any, mismaich
between the probe or primers and the template or target strand and would be particulary suitable

for isolating specific genes or for detecting specific mRNA transcripts. Kt is gencrally
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appreciated that conditions can be rendered more stringent by the addition of increasing amounts
of formarmide.

For certain applications it is appreciated that lower stringency conditions are preferred.
Under these conditions, hyvbridization may occur even though the sequences of the hybridizing
strands are not perfectly complementary, but are mismatched at one or more positions.
Conditions may be rendered less stringent by ncreasing salt concentration and/or decreasing
temperature.  For exanple, a medium stnngency condition could be provided by about 0.1 1o
0.25 M Na('l at temperatares of about 37°C to about 55°C, while a low stringency condition
could be provided by about 6.15 M to about 0.9 M salt, at teraperabures ranging from about 20°C
to about 53°C. Hybridization conditions can be readilv manipulated depending on the destred
results.

In other embodiments, hybridization may be achieved under conditions of, for example,
50 mM Tris-HCH (pH 8.3), 75 mM KL 3 mM MgCl, 1.0 mM dithiothreitol, at temperatures
between approximately 20°C to about 37°C.  Other hybndization conditions utilized could
mclude approximately 10 mM Tris-HCH (pH 8.3), 50 mM K, 1.5 mM MgCl, at temperatures
ranging from approximately 40°C to about 72°C.

in certain embodiments, it will be advantageous to employ nucleic acids of defined
sequences of the present mvention in combination with an appropriate means, such as a label,
for determining hybridization. A wide variety of appropniate indicator means are known in
the art, including fluorescent, radiocactive, enzymatic or other ligands, such as avidin/biotin,
which are capable of being detected. In particular embodiments, one may desire to employ a
fluorescent label or an enzyvme tag such as urease, alkaline phosphatase or peroxidase, nstead
of radicactive or other environmentally undesirable reagents. In the case of enzvme tags,
colorimetric indicator substrates arc known that can be emploved to provide a detection
means that 15 visibly or spectrophotometrically detectable, to dentifv specific hybndization
with complementary nucleic acid containing samples.

In general, it is cnvisioned that the probes or primers described herein will be useful
as reagents m solution hvbridization, as in PCR™, for detection of expression of
corresponding genes, as well as in embodiments emploving a solid phase. In entbodiments
mvolving a solid phase, the test DNA (or RNA) 13 adsorbed or otherwise affixed to a selected
matrix or surface. This fixed, single-stranded nucleic acid is then subjected to hybndization
with selected probes under desired conditions. The conditions selected will depend on the

particular circumstances {depending, for example, on the G+C content, type of target nucleic
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acid, source of nucleic acid, size of hybridization probe, erc. ). Optimization of hybridization
conditions for the particular apphication of interest is well known to those of skill in the art.
After washing of the hybridized molecules to remove non-specifically bound probe
molecules, hybnidization is detected, and/or guantified, by determining the amount of bound
label. Representative solid phase hybridization methods are disclosed i U.S. Patents
5,843,663, 5,900,481 and 5,919,626, Other methods of hybridization that may be used in the
practice of the present mvention are disclosed in U8, Patents 5,849,481, 5,849,486 and
5,851,772 and U.S. Patent Publication 2008/0009439, The relevant portions of these and
other references identified in this section of the Specification are incorporated hergin by

reference.

il {n situ Hybridization

In situ hybridization (ISH} is a type of hyvbndization that uses a labeled complementary
DNA or RNA strand (i.e., probe) to localize a specific DNA or RNA sequence in a portion or
section of tissue (72 i), or, if the tissuc 1s small enongh {e.g plant sceds, Drosophila cmbryos),
i the entire tissue (whole mount I8H}. This 1 distinct from mmunochistochemistry, which
localizes proteins in tissue sections. Fluorgscent DNA ISH (FESH) can, for example, be used in
medical diagnostics to assess chromosomal mtegrity. RNA ISH (hybridization histochemistrv)
is used to measure and focalize mRNAs and other transcripts within tissue sections or whole
mounts.

For hybndization histochemistry, sample cells and tissues are usually treated to fix the
target transcripts in place and to increase access of the probe. As noted above, the probe is cither
a labeled complementary DNA or, now most commonly, a complementary RNA (riboprobe).
The probe hybridizes to the target sequence at elevated temperature, and then the excess probe 15
washed away {after prior hydrolysis using RNase in the case of unhybridized, excess RNA
probe).  Solution parameters such as temperature, salt and/or detergent concentration can be
manipulated to remove any non-identical nteractions (7e., only exact sequence matches will
remain bound). Then, the probe that was labeled with etther radio-, flucrescent- or antigen-
labeled bases (e.g, digoxigenin} is localized and quantitated in the tissue using either
autoradiography, fluorescence microscopy or immunohistochemistry, respectively. ISH can also
use two or more probes, labeled with radicactivity or the other non-radicactive labels, to

simultaneously detect two or more transcripts.

S
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iil. Amplification of Nucleic Acids
Nucleic acids used as a template for amplification may be isolated from cells, tissucs
or other samples according to standard methodologies (Sambrook er /., 2001}, In certam

embodiments, analysis is performed on whole cell or tissue homogenates or biological thud

(v

samples without substantial punification of the template nucleic acid. The nucleic acid may
be genomic DNA or fractionated or whole cell RNA. Where RNA is used, it may be desired
to first convert the RNA to a complementary DNA.

The term “primer,” as used hergin, 1s meant to encompass any nucleic acid that 1s
capable of priming the synthesis of 2 nascent nucleic acid in a template-dependent process.
10 Typically, primers are oligonucleotides from ten to twenty and/or thirty basc pairs in length,

but Jonger sequences can be employed. Primers may be provided in double-stranded and/or
single-stranded form, although the single-stranded form is preferred.
Pairs of primers designed to sclectively hybndize to nucleic acids corresponding to
any sequence corresponding to a nucleic acid sequence are contacted with the template
15 nucleic acid under conditions that permit selective hybndization. Depending upon the
desired application, high stringency hyvbridization conditions may be sclected that wiil only
allow hvbridization to sequences that arc completely complementary to the primers. In other
embodiments, hvbnidization may occur under reduced stringency to allow for amplification of
nucleic acids containing one or more mismaiches with the primer sequences. Once
20 hybridized, the tomplate-primer complex 1s contacted with onc or more cnzymes that
facilitate template~-dependent nucleic acid synthesis. Multiple rounds of amplification, also
referred to as “cveles,” are conducted until a sufficient amount of amplification product 1s
produced.
The amplification product may be detected or quantified. In certain applications, the
25 detection may be performed by visual means.  Altematively, the detection may mvolve
mdirect identification of the product via chemiluminescence, radicactive scintigraphy of
incorporated radiolabel or fluorescent label or even via a systermn using electrical and/or
thermal wmpulse signals (Bellus, 1994),
A number of template dependent processes are available to amphfy the oligonucleotide
30 sequences present in a given teraplate sample. One of the best known amplification methods is
the polymerase chain reaction (reforred to as PCR™Y) which is described m detail in U S, Patents
4,683,195, 4,683,202 and 4,800,159, and wn fonis er al (1988), each of wiich is mcorporated

herein by reference in their entirety.
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A reverse transcriptase PCR™ amplification procedure may be performed to quantify
the amount of mRNA amplificd. Methods of reverse transcubing RNA mto ¢cBNA are well
known {sce Sambrook ef al, 2001). Alternative methods for reverse transcrption utidize

thermostable DNA polyvmerases. These methods are described in WO 90/07641. Polymerase

(]

chain reaction methodologies are well known in the art. Representative methods of RT-PCR are
described in U.S. Patent 3,882,864,

Reverse transcription {RT) of RNA to ¢cDNA followed by gquantitative PCR (RT-
PCR} can be used to determine the relative concentrations of specific mRNA species isolated
from a cell. By determuning that the concentration of a specific mRNA species varies, it is
10 shown that the gene encoding the specific mRNA specics 1s differentially cxpressed. if a
graph is plotted in which the cycle number 1s on the X axis and the log of the concentration of
the amphified target DNA 1s on the Y axis, a curved line of characteristic shape 1s formed by
connecting the plotted points. Beginning with the first cvele, the slope of the line is positive
and constant. This is said to be the lincar portion of the curve. Afier a reagent becomes
15 hmating, the slope of the line begins to decrease and eventually becomes zero. At this point
the concentration of the amplified target DNA becomes asymptotic to some fixed valoe. This

is said to be the platcau portion of the curve.
The concentration of the target DNA 1n the linear portion of the PCR amplification is
directly proportional to the starting concentration of the target before the reaction began. By
20 deternuning the concentration of the amplified products of the target DNA 1 PCR reactions
that have completed the same number of cycles and are in their lincar ranges, it is possible to
determine the relative concentrations of the specific target sequence in the original DNA
mixture. If the DNA mixtures are ¢DNAs synthesized from RNAs isolated from different
tissues or cells, the relative abundances of the specific mRNA from which the target sequence
25 was dernived can be determined for the respective tissues or cells. This direct proportionality
between the concentration of the PCR products and the relative mRNA abundances 1s only

true in the finear range of the PCR reaction.
The final concentration of the target DNA in the platcau portion of the curve is
determined by the availability of reagents m the reaction mux and is independent of the
30 original concentration of target BNA. Therefore, the first condition that must be met before
the relative abundances of an mRMNA species can be determined by RT-PCR for a collection
of RNA populations is that the concentrations of the amplified PCR products must be

sampled when the PCR reactions are in the linear portion of their curves.
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A second condition for an RT-PCR expeniment is to determine the relative
abundances of a particular mRNA species.  Typically, relative concentrations of the
amplifiable cDNAs are nomalized to some independent standard. The goal of an RT-PCR

experiment is to determune the abundance of a particular mRNA species relative {o the

(]

average abandance of all mRNA species in the sample.

Most protocols for competitive PCR utilize infernal PCR standards that are
approximately as abundant as the target. These strategies are effective if the products of the
PCR amplifications are sampled during their linear phases. If the products are sampled when
the reactions are approaching the platean phase, then the less abundant product becomes
10 relatively over represented. Comparisons of relative abundances made for many different

RNA samples, such as is the case when exanmining RNA samples for differential expression,

become distorted in such a way as to make differences m relative abundances of RNAg

appear less than they actually are. This is not a significant problem if the internal standard is

much more abundant than the target. If the viernal standard is more abundant than the target,
15 then direct linear comparisons can be made between RNA samples.

RT-PCR can be performed as a relative quantitative RT-PCR with an internal
standard in which the internal standard is an amplifiable ¢cDNA fragment that is larger than
the target cDNA fragment and in which the abundance of the mRNA encoding the mternal
standard is roughly 5-100-fold higher than the mRNA encoding the target. This assay

20 measures relative abundance, not absolute abundance of the respective mRNA species.

Another method for amplification 1s ligase chain reaction (“LCR”), disclosed in
European Application No. 320 308, meorporated heremn by reference in its entirety. U.S. Patent
4,883,750 desceribes a method simlar to LCR for binding probe pairs (o a target sequence. A
method based on PCR™ and oligonucleotide ligase assay (OLA). disclosed in U.S. Patent

25 5,912,148, may also be used.

Alternative methods for amplification of target nucleic acid sequences that may be used
i the practice of the present invention are disclosed in U.S. Patents 5,843,650, 5,846,709,
5,846,783, 58495406, 5849497, 5849547, 58358,652, 5,866,366, 5,916,776, 5922574,
5,928,905, 5,928,906, 5,932,451, 5,935,825, 5939291 and 5,942,391, GB Application No. 2

30 202 328, and in PCT Apphication No. PCT/US8S/01025, each of which are incorporated herein
by reference in its entirety.

Obeta Replicase, desenibed in PCT Application No. PCT/USET/00880, may also be used
as an amplification method in the present invention. In this method, a replicative seqaence of
RNA that has a region complementary to that of a target 1s added to a sample in the presence of

25
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an RNA polvmerase. The polymerase will copy the replicative sequence which may then be
detected.
An sothermal amaplification method, in which restriction endonucieases and ligases are

used to achieve the amplification of target molecules that contain nucleotide 5°-[alpha-thio]-

(]

triphosphates in one strand of a restriction site may also be useful in the amphification of nucleic

acids 1n the present mvention (Walker ef ol , 1992). Strand Dhgplacement Amplification (SDA),

disclosed in U.S. Patent 5,916,779, 1s another method of carrving out isothermal amphification of
nucleic acids which involves multiple rounds of strand displacement and synthesis, 7.e., nick
translation.

10 Other nucleic acid amplification procedures include transcription-based amplification
systems (TAS), mcluding nucleic acid sequence based amplification (NASBA} and 3SR
(Kwoh eral., 1989; PCT Application WO 88/10315, meorporated herein by reference m their
entirety}. European Application No. 329 822 disclose a nucleic acid amplification process
mvolving cychically syothesizing single-stranded RNA (¥ssRNA”), ssDNA, and double-

15 stranded DNA (dsDNA), which may be used in accordance with the present invention.

PCT Application WO 89/06700 (incorporated hercin by reference in its entirety)
disclose a nucleic acid sequence amplification scheme based on the hybnidization of a
promoter region/primer sequence to a target single-stranded DNA (YssDNA™) followed by
transcription of many RNA copies of the sequence. This scheme is not cvclic, fe., new

20 templates are not produced from the resultant RNA transcripts. Gther amplification methods
mclude “RACE” and “one-sided PCR” (Frohman, 1990; Ohara ef o/., 1989).

Following any amplification, 1t may be desirable to scparate the amplification product
from the template and/or the excess primer. In one embodiment, amplification products are
separated by agarcse, agarose-acryiamide or polvacrviamide gel electrophoresis using

25 standard methods (Sambrook ef af., 2001). Separated amphification products may be cut out
and eluted from the gel for further manipulation. Using low melting point agarose gels, the
separated band may be removed by heating the gel, followed by extraction of the nucleic
acid.

Separation of nucleic acids may also be effected by chromatographic technigues

30 known in art. There arc many kinds of chromatography which may be ssed in the practice of

the present invention, including adsorption, partition, ion-exchange, hydroxylapatite,

molecular sieve, reverse~-phase, column, paper, thin-layer, and gas chromatography as well as

HPLC.
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In certain embodiments, the amplification products are visualized. A typical
visualization method involves staining of a gel with ethidivm bromide and visualization of
bands under UV light. Alternatively, if the amplification products are integrally labeled with

radio- or fluorometrically-labeled nucleotides, the separated amplification products can be

(]

gxposed to x-ray film or visualized under the appropriate excitatory spectra.

In one embodiment, following separation of amplification products, a labeled nucleic
acid probe is brought into contact with the amplificd marker sequence. The probe preferably
i3 conjugated to a chromophore but may be radiclabeled. In ancther embodiment, the probe
is conjugated to a binding partner, such as an antibody or bictin, or another binding partner
10 carrving a detectable moicty.

In particular embodiments, detection is by Southemn blotting and hybndization with a

labeled probe. The technigues mvolved in Southern blotting are well known to those of skill

i the art (see Sambrook ef o/, 2001). One example of the foregoing is deseribed in US.

Patent 5,279,721, incorporated by reference herein, which discloses an apparatus and method

15 for the automated electrophoresis and transfer of nucieic acids. The apparatus pernuis

clectrophoresis and blotting without external manipolation of the gel and 1s ideally suited to
carrving out methods according to the present invention.

Various nucleic acid detection methods known in the art are disclosed in U5, Patents

5,840,873, 5,843,640, 5,843,651, 5,846,708, 5,846,717, 5.846,726, 5,846,729, 5849487,

20 5,853,990, 5,853,992, 5.853,993, 5,856,092, 5,861,244, 5,863,732, 5.863.733, 5,866,331,

5,905,024, 5,910,407, 5,912,124, 5,912,148, 5,919,630, 5,925,517, 5,928,862, 5,928,869,

5,929,227, 5,932,413 and 5,935,791, each of which is incorporated herein by reference.

iv. Chip Technologies and Arrays

N
(4

Specifically contemplated by the present inventors are chip-based DNA technologies
such as those described bv Haca er ol (1996) and Shoemaker ef ol (1996}, Brieflv, these
techniques involve guantitative methods for analyzing large numbers of genes rapidly and
accurately. By tagging genes with ohgonucleotides or using fixed probe arrays, ong can
employ chip technology to segregate target molecules as high density arrays and screen these
30 molecules on the basis of hvbrdization (see also, Pease ef /., 1994; and Fodor er o, 1991).
It is contemplated that this technology may be used in conjunction with evaluating the
expression level of an mRNA with respect to diagnostic, as well as prevesntative and

treatment methods of the invention.
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The present invention may mvolve the use of arravs or data generated from an array.
Data may be readily available. Moreover, an array may be prepared in order to generate data
that may then be used 10 correlation studics.

An arrav generally refers to ordered macroarrays or microarrays of nucleic acid
molecudes (probesy that are fully or nearly complementary or identical to a plorality of
mENA molecules or ¢cDMNA molecules and that are positioned on a support material in a
spatially separated organization. Macroarrays are typically sheets of nitrocellulose or nylon
upon which probes have been spotted. Microarrays position the nucleic acid probes more
densely such that up to 10,000 nucleic acid molecules can be fit into a region typically 1 to 4
squarc centimeters. Microarrays can be fabricated by spotting nucleic acid molecules, eg.,
genes, oligonucleotides, efe., onto substrates or fabricating oligonucieotide sequences in sifu
on a substrate. Spotted or fabricated nucleic acid molecules can be applied in a high density
matrix pattern of up to about 30 non-identical nucleic acid molecules per square centimeter or
higher, e.g. up to about 100 or ¢ven 1000 per square centimeter. Microarrays tvpically us
coated glass as the solid support, in contrast to the mitrocellulose-based matenal of filter
arrays. By having an ordered array of complementing nucleic acid samples, the position of
cach samople can be tracked and linked to the ongimal sample. A vanety of different array
devices i which a plurality of distinct nucleic acid probes are stably associated with the
surface of a sohd support are known to those of skill in the art. Useful substrates for arravs
mclude nvion, glass and silicon Such arrays may vary i a number of different ways,
mcluding average probe length, sequence or types of probes, nature of bond between the
probe and the array surface, e.g. covalent or non-covalent, and the like. The labeling and
screentng methods of the present mvention and the arrays are not limited in its utility with
respect to any parameter except that the probes detect expression levels; consequently,
methods and compositions may be used with a vanety of difterent types of genes.

Representative methods and apparatus for preparing a microarray have been
described, for example, in US. Patent Nos. 5,143,854, 5202231, 5242 974; 5,288,644,
5,324,633, 5,384,261, 5405783 5,412,087, 5,424,186, 5.429.807. 5.432,049; 5436327,
5,445,934, 5468,613; 5470710, 5472672, 5,492,806, 5,525,464, 5,503,980, 5510270
5,525,464, 5527681, 5,529,756, 5,532,128, 55453 347 839 3,554.501; 5.556,752;
3,561,071, 3,571,639, 5,580,726, 5,580,732, 5,593 839, 5,599,695, 5599672, 5610.287;
5.624711, 5,631,134 5,639,603, 5,654,413, 5,658,734, 5,661,028, 5,665,547, 5,667972;
5,695,940, 5,700,637, 5,744,305, 5,800,992, 5,807,522, 5.830,645; 5,837,196, 5,871,928;
5,847.219; 5.876,932; 5,919,626, 6,004,755, 6,087,102, 6,368,799, 6.383.749; 6,617,112,
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6,638,717, 6,720,138, as well as WO 93/17126; WO 95/11995; W0 95/21265; WO
G5/21944; WO 95/35505, WO 96/31622; WO 97/10365; WO 97/27317;, WO 99/355035; WO
(9923256, WO 09936760; WOO138580; WG 0168255, WO (3020898; WO 03040410, WO
03053586, WO 03087297, WO 03091426; WO03100012; WO 04020085, WO 04027093,
EP 373 203; EP 785 280; EP 799 897 and UK 8 803 000; the disclosures of which are all

(]

herein incorporated by reference.
It 1s conternplated that the arrays can be high density arrays, such that they contain
100 or more differgnt probes. It 1s contemplated that they may contain 1000, 16,000, 65,000,
250,000 or 1,000,000 or more different probes. The probes can be directed to targets in one or
10 more different organisms. The oligonucleotide probes range from 5 to 50, 5 to 45, 10 to 40,
or 15 to 40 nucleotides in length m some embodiments. In certain embodiments, the
oligonacleotide probes are 20 to 25 nucleotides in length.
The location and sequence of cach different probe sequence in the array are generally
known. Moreover, the large number of different probes can occupy a relatively small arca
15 providing a high density array having a probe density of gencrally greater than about 60, 100,
600, 1000, 5,000, 10,000, 40,000, 100,000, or 400,000 different oligonucleotide probes per
cm’. The surface arca of the array can be about or less than about 1, 1.6, 2,3, 4, 3.6, 7, 8, 9,
or 10 cm?®.
Moreover, a person of ordinary skill m the art could readily analyze data generated
20 using an array. Such protocols are disclosed above, and include information found in WO
9743450, WO 03023058, WO (3022421, WO 03029485, W0 03067217, WO 03066906,
WO 03076928, WO 03093810, WO 03100448A1, all of which are specifically incorporated

by reference.

23 2. Methylation
Any tests can be used to detect cither hypermethvlation, hypomethylation, or both.
Suitable tests which can be used without hmitation include lab-on-chip technology,
microfluidic technologies, biomonitor technology, proton recognition technologies {e.g., lon
Torrent), and other highly parallel and/or deep sequencing methods., DNA hvpermethylation
30 or hypomethyiation mav be used as indicators of gene silencing or genc activation,
respectively. Once a biomarker is known as epigenetically sdlenced by DNA methvlation, this
signature is passed to daughter cells because of the molecular stability of this epigenctic

modification. This stability 1s ideal for biomarker detection.
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Emgenetic modification of a gene can be determined by any method known in the art.
One method 1is to determine that a gene which is expressed in normal cells or other control
cells is less expressed or not expressed in tumor cells, hypomethylation or silenced. This
method does not, on its own, however, prove that the silencing or activation 1s epigenetic, as
the mechanism of the silencing or nactivation could be genetic, for example, by somatic
mutation. One method to determing that silencing is epigenctic is to treat with a reagent, such
as DAC (5'-deazacytidine), or with a reagent which changes the histone acetvlation status of
cellular DNA or any other treatment affecting epigenetic mechanisms present in cells, and
observe that the silencing is reversed, 7.e., that the expression of the gene is reactivated or
restored. Another means to determine epigenctic modification is to determine the presence of
methylated CpG dinucleotide motifs in the silenced gene or the absence of methvlation CpG
dinucleotide motifs in the activated gene. Typically these methvlated motifs reside near the
transcription start site, for example, within about 3 kbp, within abowut 2.5 kbp, within about 2
kbp, within about 1.5 kbp, within about 1 kbp, within about 750 bp, or within about 500 bp.
Once a gene has been identified as the target of epigenetic modification m tumor cells,
determination of redoced or enhanced expression can be used as an indicator of epigenectic
maodification.

Expression of a gene can be assessed using any means known in the art. Typically
gxpression is assessed and compared 1 test samples and control samples which may be
normal, non-malignant cells. The test samples may contain cancer cells or pre-cancer cells or
nucleic acids from them. Samples will desirably contain squamous Samples may contain
mixtures of different types and stages of cancer cells. Hither mRNA (or ¢cDINA} or protein can
be measred to detect expression which may be used as an indicator of epigenectic
modification. Methods employing hybridization to nucleic acid probes can be employed for
measuring  specific mRNAs, Such methods include using nucleic acid probe arravs
{microarray technology), in situ hvbridization, and using Northern blots. Messenger RNA can
also be assessed using amplification techaniques, such as RT-PCR. Advances in genomic
cchnologies now permit the simultancous analvsis of thousands of genes, although many are
based on the same concept of specific probe-target hybridization. Sequencing-based methods
are an alternative; these methods may be based on short tags, such as serial analysis of gene
expression {(SAGE) and massively parallel signature sequencimg (MPSS). Differential display
techniques provide vet another means of analvzing gene expression; this family of technigues
ts based on random amphification of ¢cDNA fragments generated by restriction digestion, and
bands that differ between two tissues identify ¢cBNAs of interest.
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Specific proteins can be assessed using any convenient method including
immunoassays, immunchistochemistry, and mmmunocytochemistry but are not limited to that
Most such mcethods will employ antibodics which arc spectfic for the particular protein or
protein fragments. The scquences of the mRNA (cDNA) and proteins of the markers of the
present invention are known in the art and publicly avalable.

Methylation-sensitive restriction endonucleases can be used to detect methylated CpG
dinucleotide motifs. Such endonucleases may either preferentially cleave methvlated
recogmition sifes relative to non-methylated recognition sites or preferentially cleave non-
methviated relative to methvlated recognition sites. Examples of the former are Acc Ban L
BstN I, Msp I, and Xma I. Examples of the latter are Acc H, Ava I, BssH i, BstU I, Hpa 1,
and Not 1. Altematively, chemical reagents can be used which sclectively modify either the
methylated or non-methvlated form of CpG dinucleotide motifs.

Modified products can be detected directly, or after a further reaction which creates
products which arc casily distinguishable. Means which detect altered size and/or charge can
be used to detect modified products, including but not hmted to electrophoresis,
chromatography, and mass spectrometry. Examples of such chemical reagents for selective
maodification include hydrazine and bisulfite ions. Hydrazine-modified DNA can be treated
with piperidine fo cleave it. Bisulfitc ion-treated DNA can be treated with alkali. Other means
which rely on specific sequences can be used, including but not hmited to hybridization,
amplification, sequencing, and ligase chain reaction, Combinations of such techniques can be
uses as is desired.

The principle behind electrophoresis 1s the separation of nucleic acids via their size
and charge. Many assays exist for detecting methylation and most rely on determining the
presence or absence of a specific nucleic acid product. Gel electrophoresis 1s commonly used
n a laboratory for this purpose.

One may use MALDI mass spectrometry in combination with a methylation detection
assay to observe the size of a nucleic acid product. The principle behind mass spectrometry is
the ionizing of nucleic acids and separating them according to their mass to charge ratio.
Similar to electrophoresis, one can use mass spectrometry to detect a specific nucleic acid
that was created in an expertment to determine methylation.

One form of chromatography, high performance liquid chromatography, is used to
separate components of a muxture based on a variety of chemical mteractions between a
substance being analyvzed and a chromatography column. DNA 1s first treated with sodium
bisulfite, which converts an unmethylated cvtosine to uraci, while methylated cvtosine
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residoes remain unaffected. One may amplify the region contaming potential methylation
sites via PLCR and scparate the products via desaturing high performance liquad
chromatography (DHPLCY. DHPLC has the resolution capabilities to distinguish between
methylated (containing cytosine} and unmethvlated (containing uracil) DNA sequences.

Hybnidization is a techmgue for detecting spectfic nucleic acid sequences that i1s based
on the anncaling of two complementary nucleic acid sirands to form a double-stranded
molecule. One example of the use of hybridization is a nucroarray assay to deternune the
methvlation status of DNA. After sodium bisulfite treatment of DNA, which converts an
vanmethyvlated oytosine to wracil while methviated cyiosine residues remain unaffected,
oligonucleotides complerentary to potential methylation sites can hybridize to the bisulfite-
treated DNA. The oligonucleotides are designed to be complimentary to either sequence
containing uracil {thymine) or sequence containing cvtosine, representing unmethylated and
methylated DNA, respectively. Computer-based microarray techuoclogy can determine which
oligonucleotides hvbridize with the DNA sequence and one can deduce the methylation status
of the DNA. Smularly prmers can be designed to be complimentary to either sequence
containing uracil {thvmine} or sequence containing cvtosine. Primers and probes that
recognize the converted methylated form of DNA are dubbed methylation-specific primers or
probes (MSP),

An additional method of determining the resolis after sodium bisolfite treatment
mvolves sequencing the DNA 1o directly observe any  bisuifite-modifications.
Pyrosequencing technology is a method of sequencing-by-svnthesis in real time. it 15 based
on an indirect bioluminometrnic assay of the pyrophosphate (PPi) that is released from each
deoxynucleotide (dNTP) upon DNA-chain clongation. This method presents a DNA
template-primer complex with a ANTP m the presence of an exonuclease-deficient Klenow
DNA polymerase. The four nucleotides are sequentially added to the reaction mux in a
predetermined order. If the nucleotide is complementary to the template base and thus
meorporated, PPi is released. The PPi and other reagents are used as a subsirate in a
luciferase reaction producing visible light that is detected by ctther a lununomcter or a
charge-coupled device. The tight produced is proportional to the number of nucleotides added
to the DINA primer and results 1o a peak indicating the number and type of nucleotide present
in the form of a pyrogram. Pyrosequencing can exploit the sequence differences that arise
following sodium bisulfite~-conversion of DNA.

A vanety of amplification techniques may be ased i a reaction for creating
distinguishable products. Somge of these techniques employ PCR. Other suitable amplification
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methods include the ligase chain reaction (LCR) (Barringer ef o/, 1990}, transcription
amplification {Kwoh ef «l, 1989, WORR/I03135), selective amplification of target
polynucleotide sequences (U8, Pat. No. 6,410,276), consensus sequence primed polymerase
chan reaction (U.S. Pat. No. 4,437975), arbitranly primed polymerase chain reaction
(W080/06995), nucleic acid based sequence amplification (NASBA) (U.S. Pat. Nos.
5,409 818; 5,554 517, 6,063,603}, microsatellite length polymorphism {(MLP), and nick
displacement amplification (W0Z2004/067726).

(]

Sequence varation that reflects the methylation status at CpG dinucleotides in the
original genomic DBNA offers two approaches to PCR primer design. In the first approach, the
10 primers do not themselves “cover” or hybridize to any potential sites of DNA methylation;
sequence variation at sites of differential methviation are located between the two primers.
Such primers are used in bisulfite genomic sequencing, COBRA, Ms-SNuPE. In the second
approach, the primers are designed to anueal specifically with gither the methylated or
unmethyiated version of the converied sequence. If there is a sufficient region of
15 complementarity, e.g., 12, 15, 18, or 20 nucleotides, to the farget, then the primer may also
contain additional nucleotide residugs that do not interfere with hybridization but may be
usetul for other manipulations. Exemplary of such other residues may be sttes for restriction
endonuclease cleavage, for ligand binding or for factor binding or linkers or repeats. The
oligonuclectide primers may or may not be such that they are specific for modified

20 methylated residues
One way to distinguish between modified and uomodified DNA 1s to hybndize
oligonucleotide primers which specifically bind to one form or the other of the DNA. After
hybnidization, an amplification reaction can be performed and amplbification products
assaved. The presence of an amplification product indicates that a sample hybridized to the
25 primer. The specificity of the primer mdicates whether the DNA had been modified or not,
which in turn indicates whether the DNA had been methyvlated or not. For example, bisulfite
tons modify non-methylated cytosine bascs, changing them to uracil bases. Uracil bases
hybrnidize to adenine bases under hvbndization conditions. Thus an ohigonucleotide primer
which comprises adenine bases in place of guamine bases would hybridize to the bisulfite-
30 modified DNA, whereas an oligonuclestide primer containing the guanine bases would
hybridize to the non-modified (methviated) cytosine residues in the DNA. Amplification
using a DNA polymerase and a second primer yield amplification products which can be
readily observed. Such a method 1s termed MSP (Methyiation Specific PCR; U.S. Patent Nos.
5,786,146, 6,017,704, 6,200,756}, The amplification products can be optionally hybridized to
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specific oligonocleotide probes which may also be speeific for certain  products.
Alternatively, oligonucieotide probes can be used which will hyvbridize to amplification
products from both modified and nonmodified DNA.

Another way to distinguish between modified and nonmodified DNA is to use

(]

cligonucleotide probes which may also be specific for certain products. Such probes can be
hyvbridized directly to modified DNA or to amplification products of modified DNA.
Oligonucleotide probes can be labeled using anv detection system known in the art. These
meclude but are not himited to fluorgscent moieties, radicisotope labeled motetics,
bicluminescont moicties, luminescent moigties, chemiluminescent moietics, ¢nzymes,
10 substrates, receptors, or ligands.

Stil another way for the identification of methylated CpG dinucleotides utilizes the
ability of the MBD domain of the McUP2 protein to sclectively bind to methylated DNA
sequences (Cross ef af, 1994, Shiraishi er @/, 1999} Restriction endonuclease digested
genomic DNA s loaded onto expressed His-tagged methyl-CpG binding domain that is

15 immobilized to a solid matrix and used for preparative column chromatography to isolate
highly methyvlated DNA sequences.

Real time chemisiry allows for the detection of PCR amplification during the early
phases of the reactions, and makes gquantitation of DNA and RNA easier and more precise. A
fow varations of the real-bme PCR are known. They include the TagMan™ (Roche

20 Muolecular Systems) system and Molecular Beacon™ system which have separate probes
labeled with a fluorophore and a fluorescence quencher. In the Scorpion™ system the labeled
probe n the form of a hairpin structure is linked to the primer. In addition, the Amplithuor™
{Chemicon International) system and the Plexor™ (Promega} system can be used.

DNA methvlation analysis has been performed successtully with a number of

25 techniques which include the MALDI-TOFF, MassARRAY, MethyLight, Quantitative
analysis of ethylated alleles {(QAMA), enzymatic regional methylation assay (ERMA),
HeavyMethyl, QBSUPT, MS-SNoPE, MethvlQuant, Quantitative PCR sequencing, and
Oligonucleotide-based microarray systems.

The number of genes whose methylation is tested and/or detected can vary: one, two,

30 three, four, five, six, seven, eight, nine, ten or eleven genes can be tested and/or detected. In

some cases at least two genes are sclected. In other embodiments at least three genes are
selected.
Testing can be performed diagnostically or m conjunction with a therapeutic regimen.

Testing can be used to monitor ¢fficacy of a therapeutic regimen, for example, whether a
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chemotherapeatic agent or a biclogical agent, such as a polynucleotide. Testing can also be
used to determing what therapeutic or preventive regimen to eraploy on a patient. Moreover,
testing can be used to stratify patients into groups for testing agents and determining their
efficacy on various groups of patients. Such uses characterize the cancer into categories based
on the genes which are epigenctically silenced and/or the amount of silencing of the genes. In
the case of a diagnosis or characterization, information comprising data or conclusions can be
writien or communicated electronically or orally. The identification may be assisted by a
machine. Communication of the data or conclusions may be from a clinical laboratory to a
chimical office, from a clinician to a patient, or from a specialist to a generalist, ag examples.
The form of communication of data or conclusions typically may mvolve a tangible medium
or physical human acts.

A test sample obtainable from tissuc or cell specimens or fluids includes detached
tomor cells and/or free nucleic acids that are released from dead or damaged tumor cells,
Mucleic acids include RNA, genomic DNA, mitochondnal DNA, single or double stranded,
and protein-associated nucleic acids. Any nucleic acid specimen i purified or non-purified
form obtamed from such specimen cell can be utilized as the starting nacleic acid or acids.
The test samples may contain cancer cells or pre-cancer cells or nucleic acids from then.

Demethylating agents can be contacted with cells i vifro or in vivo for the purpose of
restoring nommal gene expression to the cell or for validation of methvlation. Suitable
demethylating agents mchide, but are not limited to 5-aza-2'-deoxveytidine, 5-aza-cytiding,
Zebularine, procaime, and L-ethionine. This reaction mav be used for diagnosis, for
determining predisposition, and for determining suitable therapentic regimes.

Although diagnostic and prognostic accuracy and sensitivity may be achieved by
psing a combimation of markers, such as 5 or 6 markers, or 9 or 10 markers, practical
considerations may dictate use of smaller combinations. Any combination of markers for a
specific cancer may be used which comprises 2, 3, 4, or 5 markers. Combinations of 2, 3, 4,
or 3 markers ¢can be readily envisioned given the specific disclosures of individual markers
provided heren.

Kits according to the present invention are assemblies of reagents for testing
methylation and/or silencing. They are typically in a package which contains all elements,
optionally including instructions. Instructions may be in any form, mchuding paper or digital.
The mstructions may be on the inside or the outside of the package. The instructions may be
i the form of an interact address which provides the detaded manipulative or analytic
technigues. The package may be divided so that components are not mixed untif desired.
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Components may be i different physical states. For example, some components may be
bvophilized and some in aqueous sohtion. Some may be frozen. Individual components may
be separately packaged within the kit. The kit may contain reagents, as described above for
differentiallv modifyving methvlated and non-methvlated cviosine residues. Desirably the kit
will contaim oligonucleotide primers which specifically hybridize to regions within 1 kb of
the transcription start sites of the sclecied genes/biomarkers. Additional markers may be used.
Typically the kit will contamn both a forward and a reverse primer for a single gene or marker.
If there 1s a sufficient region of complementarity, e.g., 12, 15, 18, or 20 nucleotides, then the
primer mav also contain additiopal nucleotide residues that do not interfere with
hybridization but may be uscful for other manipulations. Exemplary of such other residucs
may be sites for restriction endomuclease cleavage, for ligand binding or for factor binding or
linkers or repeats. The oligonucleotide primers may or may not be such that they are specific
for modified methylated residues. The kit may optionally contain oligonucieotide probes. The
probes may be specific for sequences containing modified methylated residues or for
sequences containing non-methvlated residues. The kit may optionally contain reagents for
modifying methylated cytosine residues. The kit may also contain components for performing
amplification, such as a DNA polymerase {particularly a thermostable DNA polymerase) and
deoxyrbonucleotides, labeled or not. Means of detection may also be provided in the kit,
mcluding detectable labels on primers or probes. Kits may also contain reagents for detecting
gene expression. Such reagents may include probes, primers, or antibodies, for example. In
the casc of enzymes or higands, substrates or binding pariners may be used to assess the
presence of the marker. Kits may contain 1, 2, 3, 4, or more of the primers or primer pairs of
the invention. Kits that contain probes may have them as separate molecales or covalently
linked to a primer for amplifying the region to which the probes hybridize. Other useful tools
for performing the methods of the invention or associated testing, therapy, or calibration may
also be mmchided in the kits, including buffers, enzymes, gels, plates, detectable labels,
vessels, ete. Kits may include tools for collecting suitable samples, such ag tools for
collecting oral swabs, oral biopsies, and endoscopes.

Ag an example, a gene may be contacted with hvdrazine, which modifies cyvtosine
residoes, but not methylated cytosine residues. Then the hydrazine-treated gene sequence
may be contacted with a reagent such as piperidine, which cleaves the mucleic acid molecule
at hydrazine modified cvtosing residues, thereby generating a product comprising fragments.
By scparating the fragments according to molecular weight, using, for example, an
clectrophoretic, chromatographic, or mass spectrographic method, and comparing the
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separation pattern with that of a similarly treated corresponding non-methylated gene
sequence, gaps are apparent al positions in the test gene contained methylated cyviosine
residues. The presence of gaps is indicative of methylation of a cvtosine residue in the CpG

dinucleotide in the target gene of the test cell.

(]

Bisulfite ions, for example, sodium bisulfite, convert non-methyiated cytosine
residues to bisulfite modified cytosine residues. The bisulfite ion treated gene sequence can
be exposed to alkaline conditions, which convert bisulfite modified cyvtosine residues to uracil
residucs. Sodium bisulfite reacts readily with the 3,6-double bond of cytosine (but poorly
with methylated cytosine) to form a sulfonated cyiosine reaction intermediate that is
10 susceptible to deamination, giving nisc o a sulfonated wracil. The sulfonate group can be

removed by exposure o alkaline conditions, resulting 1n the formation of uracil. The DNA
can be amplified, for example, by PCR, and sequenced to determine whether Cp(s sites are
methylated in the DNA of the sample. Uracil is recognized as a thymine by Tag polymerase
and, upon PCR. the resubtant product comtains cviosine only at the position where 5-
15 methyleytosine was present in the starting template DNA. One can compare the amount or
distribution of uracil residues in the bisolfite ion treated gene sequence of the test cell with a
sinilarly treated corresponding non-mcthylated gene sequence. A decrease in the amount or
distnbution of uracil residues in the gene from the test cell indicates methylation of cyiosine
residues in Cp( dinucleotides i the gene of the test cell. The amount or distribution of uracil
20 residues also can be detected by contacting the bisulfite ion treated target gene sequence,
following exposure to alkaline conditions, with an oligonucleotide that selectively hyvbridizes
to a nucleotide sequence of the target gene that either contains uracil residues or that lacks
uracil residues, but not both, and detecting selective hvbridization {or the absence thereof) of

the oligonucleotide.

C. ALK Inhibition

ALK inhibitors are potential anti-cancer drugs that act on tumors with variations of
anaplastic lymphoma kinase (ALK) such as an EMP4-ALK translocation. Abowut 4-7% of
non-small cell lung carcinomas (NSCLC) have EML4-ALK translocations, and others occur

30 aswell

Approved mhibitors inclade crizotiib (Xalkort) and ceritimb (Zykadia), approved for
treatment of NSCLL, and Alectinib (Alecensa) (Chugai, NDA has been filed in Japan)
{breakthrough status in U.S). Additional ALK inhibitors currently {or soon to be)

undergoing clinical trials melude Dalantercept, ACE-041 (Acceleron), Brigatinib (AP26113)
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{Artad} (breakthrough status in U8} {also an EGFR nhibitor), Entrectinib (Nerviano's NMS-
E628, licensed by lgnyvta and renamed RXDX-101, in the U S, orphan drug designation and
rarc pediatric disecase designation for the treatment of ncuroblastoma and orphan drug
designation for treatment of TrkA-, TrkB-, TrkC-, ROSI-~ and ALK-positive NSCLCy, PF-
06463922 (Pfizer), TSR-011 (Tesaro), CEP-37440 (Teva) and X-396 (Xcovery).

(]

B. Brug Combinations

in the context of the present disclosure, it also is contemplated that ALK inhibitors
described herein could be used similarly m conjunction with chemo- or radiotherapeutic

10 mtervention, or other treatments. It also may prove effective, in particular, 1o combine ALK
ihibitors with other therapies that target different aspects of cancer cell function.

To kill cells, mhibit cell growth, inhibit metastasis, inbibit angiogenesis or otherwise
reverse or reduce the malignant phenotype of tumor cells, using the methods and
compositions of the present disclosure, one would generally contact a “target” cell with an

15 mterferon prodrugs according to the present disclosure and at least one other agent. These
compositions would be provided in a combined amount effective to kill or mhibit
proliferation of the cell. This process may involve contacting the cells with the mterferon
prodrugs according to the present disclosure and the other agent(s} or factor(s) at the same
tme. This may be achicved by conmtacting the cell with a single composition or

20 pharmacological formulation that mcludes both agents, or by contacting the cell with two
distinct compositions or formulations, at the same time, whercin one composition inchudes
the interferon prodrugs according to the present disclosure and the other mcludes the other
agent.

Alternatively, the ALK inhibitor therapy may precede or follow the other agent

25 treatment by intervals ranging from minutes to weeks. In embodiments where the other agent
and the interferon prodrugs are applied separatelv to the cell, one would gencrally ensure that
a significant period of time did not expire between each delivery, such that the agent and
expression construct would still be able to exert an advantageously combined effect on the
cell. In such instances, it 1s contemplated that one would contact the cell with both modalities

30 within about 12-24 hours of each other and, more preferably, within about 6-12 hours of cach
other, with a delay time of only about 12 hours being most preferred. In some situations, it
may be desirable to exiend the time period for treatment significantly, however, where
several davs (2. 3. 4, 5, 6 or 7) to several weeks (1, 2, 3, 4, 5, 6, 7 or 8) lapse between the

respective administrations,
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It also 1s conceivable that more than ong admimistration of etther interferon prodrugs
or the other agent will be desired. Various combinations mav be employed, where an ALK
mhibttor according to the present disclosure is “A” and the other therapy is “B”, as

exemplified below:

(]

A/B/A B/A/B B/B/A A/A/B B/A/A A/B/BE B/B/B/A B/B/A/B
A/A/B/B A/B/A/B A/B/B/A B/B/A/A B/A/B/A B/A/A/B B/B/B/A
A/A/AIB B/IAIA/A A/B/AJTA A/A/B/A A/B/B/B B/A/B/B B/B/A/B

10 Other combinations arc contemoplated.  Agam, to achieve ccll killing, both agents are
delivered to a cell in a combined amount effective to kill the cell.

Agents or factors suitable for cancer therapy include any chemical compound or
treatment method that induces DNA damage when applied to a cell. Such agents and factors
melude radiation and waves that induce DNA damage such as, wradiation, microwaves,

15 electronic emissions, and the ke, A variety of chemical compounds, also described as
“chemotherapeutic” or “genotoxic agents,” may be used. This may be achieved by
wrradiating the localized tumor site; alternatively, the tumor cells may be contacted with the
agent by admunistering to the subject a therapeutically effective amount of a phammaceutical
COMposition.

20 Various classes of chemotherapeutic agents are comtemplated for use with the present
disclosure. For example, selective estrogen recepior antagonists (“SERMs™), such as
Tamoxifen, 4-hydroxy Tamoxifen (Afimoxfene), Falsodex, Raloxifene, Baredoxifene,
Clomifene, Femarelle, Lasofoxifene, Ormeloxifene, and Toremifene.

Chemotherapeutic agents conteroplated to be of use, include, e.g.. camptothecin,

25 actinomycin-D, mitomyein C. The disclosure also encompasses the use of a combination of
one or more DNA damaging agents, whether radiation-based or actual compounds, such as
the use of X-rays with cisplatin or the use of cisplatin with etoposide. The agent may be
prepared and used as a combined therapeutic composiiion.

Heat shock protein 99 is a regulatory protein found in many eukaryotic cells. HSPSO

30 inhibitors have been shown to be useful in the treatment of cancer. Such inhibitors include
Geldanamvyein, 17-(Allviamino)-17-demethoxygeldanamycin, PU-H71 and Rifabutin.

Agents that directly cross-link DNA or torm addacts are also envisaged. Agents such
as cigplatin, and other DNA alkvylating agents may be used. Cisplatin has been widely used to

treat cancer, with efficacious doses used in clinical applications of 20 mg/m? for 5 days every
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three weeks for a total of three courses. Cisplatin 1s not absorbed orally and must therefore
be delivered via imjection intravencusly, subcutancously, intratumorally or intraperttoneally .

Agents that damage DNA also include compounds that interfere with DNA
replication, mitosis and chromosomal segregation.  Such chemotherapentic compounds
mclude adnamycin, also known as doxorubicin, etoposide, verapamil, podophyllotoxin, and
the like. Widely used in a clinical setting for the treatment of neoplasms, these compounds
are adnmunistered through bolus injections intravenously at doses ranging from 25-75 mg/m”
at 21 day intervals for doxorubicin, to 35-30 mg/m® for etoposide intravenously or double the
miravenous dose orally., Microtubule inhibitors, such as taxanes, also are contemplated.
These molecules are diterpenecs produced by the plants of the genus 7axus, and include
paclitaxel and docetaxel.

Epidermal growth factor receptor inhubitors, such as Ircssa, mTOR, the mammalian
target of rapamycin, also known as FK506-binding protein 12-rapamycin associated protein |
(FRAPI) is a serine/threonine protein kinase that regulates cell growth, cell proliferation, cell
motility, cell survival, protein synthesis, and transcription. Rapamyvein and analogs thereof
{“rapalogs™) are therefore contemplated for use in cancer therapy in accordance with the
present disclosure. Another EGFR inhibitor of particular utility here is Gefitinib.

Another possible therapy is TNF-a {(tumor necrosis factor-alpha), a cytokine mvolved
m systemic inflammation and a member of a group of cviokines that stimulate the acute
phase reaction. The primary role of TNF 15 in the regulation of immaene cells. TNF 1s also
able to induce apoptotic ccll death, to induce inflammation, and to inhibit tumorigenssis and
viral replication.

Agents that disrupt the synthesis and fidelity of nucleic acid precursors and subunits
also lead to PNA damage.  As such a number of nucleic acid precursors have been
developed. Particularly vseful are agents that have undergone exteusive testing and are
readily available. As such, agents such as 5-fluorouracil (5-FU), are preferentiaily used by
ncoplastic tissue, making this agent particularly useful for targeting to neoplastic cells.
Although quite toxie, 5-FU, is applicable in a wide range of carriers, including topical,
however intravenous adoministration with doses ranging from 3 to 15 mg/kg/day being
commonly used.

Other factors that cause DNA damage and have been used extensively include what
are commonly known as y-rays, x-ravs, and/or the directed delivery of radicisotopes to tumor

cells. Other forms of DNA damaging factors are also contemplated such as microwaves and
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UVarradiation. It s most bikely that all of these factors effect a broad range of damage
DNA, on the precursors of DNA, the replication and repair of DNA, and the assembly and
maintenance of chromosomes. Dosage ranges for x-rays range from daily doses of 50 to 200

roentgens for prolonged penods of time (3 to 4 weeks). to single doses of 2000 1o 6000

(]

roentgens. Dosage ranges for radioisotopes vary widely, and depend on the halfilife of the
isotope, the strength and tvpe of radiation emitied, and the uptake by the neoplastic cells.

In addition, it also 15 contenmplated that immunotherapy, hormmone therapy, toxin
therapy and surgery can be used.

The skilled artisan is directed to “Remington’s Pharmaceutical Sciences” 15th
10 Edition, Chapter 33, in particular pages 624-632. Some variation in dosage will necessarily
occur depending on the condition of the subject bemg treated. The person responsible for
administration will, in any event, determine the appropriate dose for the individual subject.
Muoreover, for haman administration, preparations should meet sterility, pyrogenicity, general

safety and purity standards as required by FDA Office of Biologics standards.

HI, Pharmaceustical Compositions and Delivery Methods

Where clinical applications arc comteraplated, pharmaceutical compositions will be
prepared 1 a form appropriate for the mmtended application.  Generally, this will entail
preparing compositions that arc essentially free of pyrogens, as well as other impurities that

20 could be harmfil to humans or amimals.

One will generally desire to emplov appropriate salts and buffers to render drugs
stable and allow for uptake by target cells. Agqueous compositions of the present invention
comprise an ¢ffective amount of the drog dissolved or dispersed in a pharmaceutically
acceptable cammer or agqueous medium.  The phrase “pharmaceutically or pharmacologically

25 acceptable” refer to molecular entities and compositions that do not produce adverse, allergic,
or other untoward reactions when admunistered to an animal or 2 human,  Ag used heremn,
“pharmaceutically acceptable carrner” includes solvents, buffers, solutions, dispersion media,
coatings, antibacterial and antifungal agents, 1sctonic and absorption delaving agents and the
like acceptable for use in formulating pharmaceuticals, such as pharmaceuticals suitable for

30 administration to humans. The use of such media and agents for pharmaceutically active
substances is well known in the art. Except insofar as any conventional media or agent is
meompatible with the active ingredients of the present wvention, ifs use in therapeutic

compositions 13 contemplated.  Supplementary active ingredients also can be incorporated
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mto the compositions, provided they do not inactivate the vectors or cells of the
compositions.

The active compositions of the present invention may include classic pharmaceutical
preparations.  Admmistration of these compositions according to the present invention may
be via any common rouie so long as the target tissue is available via that route, but generally
mcluding systemic admimistration.  This meludes oral, nasal, or buccal.  Altematively,
administration may be by intradermal, subcutancous, mtramuscular, intraperitoneal or
miravenous injection, or by direct injection into muscle tissue.  Such compositions would
normally be administered as pharmaceutically acceptable compositions, as described supra.

The active compounds may also be administered parenterally or intraperitoneally. By
way of illustration, solutions of the active compounds as free base or pharmacologically
acceptable salts can be prepared in water suitably mixed with a surfactant, such as
hyvdroxypropyleellulose. Dispersions can also be prepared in glveerol, liguid polyethyiene
glveols, and miuxtures thercof and 1 oils. Under ordinary conditions of storage and use, these
preparations generally contain a preservative to prevent the growth of microorganisms.

The pharmaceutical forms suitable for mgectable ase include, for example, sterile
aqueous solutions or dispersions and sterile powders for the extemporancous preparation of
sterile injectable solutions or dispersions. Generally, these preparations are sterile and fluid
to the extent that easy injectability exists. Preparations should be stable under the conditions
of manufacture and storage and should be preserved against the contaminating action of
microorganisms, such as bacteria and fungi. Appropriate solvents or dispersion media may
contain, for example, water, ethanol, polvel (for example, glveerol, propylene glyeol, and
Lguid polyethylene glveol, and the like), suitable mixtures thercof, and vegetable oils. The
proper fluidity can be maintained, for example, by the use of a coating, such as lecithin, by
the mamtenance of the required particle size m the case of dispersion and by the use of
surfactants. The prevention of the action of microorganisms can be brought about by various
antibacterial an antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid,
thimerosal, and the ke, In many cases, it will be preferable to include isotonic agents, for
example, sugars or sodium chlonde. Prolonged absorption of the injectable compositions can
be brought about by the use in the compositions of agents delayving absorption, for example,
aluminum monostearate and gelatin.

Sterile njectable solutions may be prepared by incorporating the active compounds in
an appropriate amount into a solvent along with any other ingredients {for example as
enumerated above) as desired, followed by filtered sterilization. Generally, dispersions are
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prepared by incorporating the various sterilized active ingredients into a sterile vehicle which
contains the basic dispersion medium and the desired other ingredients, ¢.g., as enumerated
above. In the case of sterile powders for the preparation of sterile injectable solutions, the
preferred methods of preparation include vacuum-drving and freeze-drying techniques whach
vicld a powder of the active ingredient(s) plus any additional desired ingredient from a
previousty sterile-filtered solution thereof.

The compositions of the present invention gencrally mayv be formulated 1o a neutral or
salt form. Pharmaceutically-acceptable salts include, for example, acid addition salts (formed
with the free amino groups of the protein} denved from inorganic acids (e.g., hydrochloric or
phosphoric acids, or from organic acids {e.g., acetic, oxalic, tartaric, mandelic, and the hike.
Salts formed with the free carboxyl groups of the protein can also be denved from inorganic
bases {e.g2., sodium, potassiam, ammonium, calcium, or forric hydroxides) or from organic
bases {(e.g , isopropylamine, trimethylamine, histiding, procaine and the like.

Upon formulation, solutions are preferably admunistered in a manner compatible with
the dosage formulation and i such amount as is therapeutically effective. The formulations
may casily be administered in a variety of dosage forms such as injectable solutions, drug
rclease capsules and the hike. For parenteral administration in an aqueous solution, for
example, the solution generally is suitably buffered and the hquid diluent first rendered
isotonic for example with sufficient saling or glucose. Such agueocus solutions may be used,
for example, for intravenous, mtramuscular, subcutancous and intraperitoneal administration,
Preferably, sterile agucous media are employed as i1s known to those of skill in the art,
particularty in hight of the present disclosure. By way of illustration, a single dose may be
dissolved in 1 ml of isotonic Na(Cl sohution and either added to 1000 ml of hypodermoclysis
fhud or injected at the proposed site of imfusion, {see for cxample, "Remington's
Pharmaceutical Sciences” 15th Edition, pages 1035-1038 and 1570-1580). Some vanation in
dosage will necessanly occur depending on the condition of the subject being treated. The
person responsible for administration will, in any event, determine the appropriate dose for
the mdividual subject. Moreover, for human admimstration, preparations should meet
sterility, pvrogenicity, general safety and puniy standards as required by FDA Office of

Biologics standards.

iv. Examples

The following examples arc included to demonstrate preferred embodiments of the

disclosure. It should be appreciated by those of skill in the art that the techniques disclosed in
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the examples which follow represent techniques discovered by the mventor to function well
in the practice of the disclosure, and thus can be considered to constitute preferred modes for
its practice. However, those of skil in the art should, in light of the present disclosure,

appreciate that many changes can be made in the specific embodiments which are disclosed

(]

and still obtain a like or similar result without departing from the spirit and scope of the

disclosure.

EXAMPLE 1 - Materials and Methods

Celis. Human OSCC cell lines, OSCC cell limes, HSC3 and Cal27 were denived from
10 buman primary tongue OSCC. Cal27 cells were obtained from ATCC (Rockville, MD).
HSC3 cells were kindly provided by Dr. Brian Schimdt (NYU) (Saghafi er o/, 2011) and
agthenticated by Genetica DNA Laboratories (Cincinnati, OH). Cells were maintained m
DMEM (Gibceo, Carlsbad, CA) containing 10% FBS at 37 °C 1 5% C0On.
Reagents. Gefitinib (EGFR inhibitor) and TAE684 (ALK inhibitor) were obtamned
15 from Selleck Chemucals (Houston, TX). TAE684 (530 mg/ml) and Gefitinib {5 mg/ml) were
used for OSCC cell treatments i vifro. For amimal studies, the mventors used TAE684 (10
mg/kg) and Gefitinib (100 mg/ke) dissolved n 0.05% propylene glycol.
Immunohistochemical (IHC) staining. Formalin fixed paraffin-embedded (FFPE)
specimens {(n = 3 per group} of HSC3-derived xenografts and human OSCC tissue arrays,
20 containing stage I (TINOMO) and stage IV (T4NOMO) OSCC biopsied from the tongue and
normal tongue epithelium, were de-paraffinized, rehydrated, and blocked with 3% normal
goat serum. Immunohistochemistry was performed using the Vectastamm Elite ABC Kit
{Vector Laboratonies, Burlingame, CA} according to manufacturer’s protocol. Primary
antibodies to p-ALK (1:100; MBS855239; MyBioSource; San Dicgo, CA) were used.
25 Secondary anti-rabbit antibody Substrate mteractions were visualized with DABR (Wector
Laboratories, Burlimgame, CA) Negative controls were incubated in pre-immune serum
alone. THC staining quantification was made using three non-overlapping fields per specimen,
selected ndiscriminately for analysis. Measurements were made with the use of NIS-
Elements imaging software (Nikon, Bnghton, MI) associated with a Nikon TE200U
30 microscope and quantified using NIH Imagel (v1.49) (rsb.infonih.gov/iy) as previously
described Mustafa ef o/ (2015}, Briefly, the optical density (OD) of p-ALK immunostaining
was evaluated with OD estimated using the following formula:
0D = log (max intensity/mean intensity), where maxintensity = 255 for 8-bit images

See Mustafa er al. (2015},
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Immunoflucrescent (IF) staining. OSCC cells were cultured on coverslips (1 x 107,
fixed with 4% paraformaldehyde and stained as previcusly described (Siddiga er ol 2012,
Jeske ef al., 2011) with antibodics to total ALK antibody (1:100; #ABNZ63 EMD Millipore,
Billerica, MA)} and p-ALK (1:100); #MBS855239; MyBio-Source: San Dicgo, CA) and anti-
rabbit Alexa Flour 488 secondary antibody (1:100; #A-11008, ThermoFisher, Waltham, MA)

(]

and DAPL 1 pug/ml (ThermoFisher) as a nuclear stain. Images were acquired with a Nikon
TEZ2000U microscope using a 40x/1.3NA objective lens and processed for illustration
purposes with NIS-Elements imaging software {Nikon, Brighton, MI}.
Cell viability assays. Cytotoxicity was assessed using the Cell Titer 96 Aqueous
10 Non-Radicactive Cell Proliferation Assay (Promega, Madison, W1} according 1o
manufacturer’s protocol. Absorbance values of test groups were nommalized against controls
(n=4).
Cell migration assay., Cellular migration was performed using the IncuCyte
ZOOM™ Yive cell image device (Essen Bioscience). After achieving cell confluence in 96-
15 well format, the IncuCyite scraich system was used to generate simubliancous rectangular
‘wounds’ with a defined area 1n HSC3 and Cal27 cell layers. Cells were then subjected to
treatment with Gefitinib and/or TAE684 {concentrations specified above) for the time course
mdicated m the figures. Images of cells moving within the wound area were taken by the
automated Incu-Cyvie system over ntervals of 2 hr (HSC3) or 3 hr (Cal27). Migration was
20 calculated as percent of cell confluence within the wound, starting at 0% confluence (e, no
cells in the wound area). When the wound was completely filled with migrating cells, this
was calculated at 100% confluence.
Flow cytometry, OSCC cell ines were cultured to 30% conflueney and treated with
Gefitinib {500 oM}, TAEG634 (500 nM) and combination treatments for 30 hr. Cells were
25 harvested, fixed m 70% EtoH, freated with RNase A, and stained with propidium iodide (P1).
FACS analysis of DNA profiles were performed to guantitate cells in the sub-Gl, GI, § +
(G2/M phases of the cell cycle.
Immuncblotting. OSCC cell lines treated with vehicle, Gefitinub (500 nM) and/or
TAEG84 (500 nM) for 6 h were harvested and lysed in 1% Triton-PBS. Cell lvsates (100
30 umis/A280) were used for protein clectrophoresis in 10% SDS-PAGE. SDS-PAGE
separated proteins were transferred to PYDF membrane and the membrane blocked in 5%
milk. Rabbit monocional antibodies against STAT3 (1:2000; #12640), p-STAT3{Tyr705)
(1:4000; #9145y and ERK1/2 (1:2000; #46953) were used (Cell Signaling; Danvers, MA).
Rabbit polyelonal antibodies against AKT (1:2000; #9272), p-AKT(8erd 73y (1:4000; #9271),
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EGFR (1:1000, #4267}, p-EGFR(Y 1148) (1:4000; #4404} and p-ERK1/2 {15000, #9101)
were also used (Cell Signaling; Danvers, MA). GAPDH rabbit polyclonal antibodies (1:1000;
Rockland, #600-401-A33, Limenck, PA) were used to confirm equal loading of protein.

Primary antibodies were diluted 1n a total of 5 mil diluent (1% milk m PBS-0.1% Tw-20} and

(]

the membrane incubated overnight at 4 °C. The membrane was washed 3 with PBS-Tw-20,
mcubated with ECL Plus detection solution {(GE Healthcare, South San Francisco, CA} for |
min and signal detected bv exposure to radiograph film for 30 sec. Band infensities were

quantified using Imaged software.
O5CC mouse xenograft models. All studies were approved by the UTHSCSA
10 Tostitutional Animal Care and Use Commutice. Six week-old fomale athymuc nude mice
(Harlan, Indianapolis, IN} were used m a laminar air-flow cabinet under pathogen-free
conditions. Mice were provided with a 12 b light/dark schedule at controlled temperature and
humidity with food and water ad bibitum. Mice were acclimated for one week prior to study
initiation. Mice were injected subcutancously in the right flank with 3 x 10° HSC3 cells in 0.1
15 mi of stenle PBS. Two weeks postinoculation, tumors grew to an average volume of 1253
mm°. Mice were stratified into four experimental groups (n = 5 per group), which received
the following treatmenis via oral gavage: group A, vehicle control (170 ul); group B,
TAE6E4 (10 mg/kg; 170 pl); group C, Gefitimb (100 mg/kg: 170 pl), and group D, TAE684
(10 mg/kg} + Gefitinib (100 mg/kg); 170 ul). Treatments were repeated every day for a total
20 of 14 days. Mice were monitored datly for tumor growth {using digital calipers), cachexia,
and weight Joss. Tumor volumes were calculated by the clliptical formula: Y2 {(Length x
Width?) (Jensen er o/, 2008). At experimental conclusion, tumors were fixed and processed
for histological analysis. Hematoxvhin and eosin (H&E) staining and HHC studies were
performed by the UTHSCSA Cancer Therapy and Resecarch Center (CTRC) core pathology

25 laboratory.

Statistical analysis. Statistical analysis was performed using GraphPad Prism4 (San
Diego, Caltfornia). Cell viability assays (n = 4 per group), cell migration assays {(n = 4 per
group), Western blot band intensitics (n = 3 per group), and IHC staining (n = 3 per group)
were analvzed by one-way ANOVA and Bonferroni’s post hoc test Statistical analvses of
30 tumor growth were made using analysis of variance with repeated measures with
Bonferroni's post hoc test {n = 5 per group). A p value less than 0.05 was considered

statistically significant.
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EXAMPLE 2 - Results

Activated ALK is expressed in late-stage human OSCC and in OSCC cell
lines/xenografts. The inventors previous studies showed differential expression in ALK was
associated with late-stage OSCC (Huang er o/, 2013). They also showed that GSCC cell
lincs exhibit different lovels of ALK mRNA expression, which corresponded with cell
mvastveness (Huang er af, 2013). To further examme the role of ALK m OSCC, the
mventors examined expression of activated ALK (the phosphorvlated form, phospho-ALK)
i 2 human OSCC tissues containing carly-stage (stage 1) and late-stage {stage 4) O5CCs and
m OSCC cell bines, HSC3 and Cal27. 1HC analysis of human OSCC showed that activated
phospho-ALK was expressed at relatively high levels in stage 4 OSCCs (FIG. 1A, pancls a, b,
& f, p < 0.01), whereas staining for phospho-ALK was negative in carly-stage OSCC (FIG.
1A, panels ¢, d & f) and vormal control (FIG. 1A, panel e). Non-specific staining in normal
oral epithchum is due o tissue folding at the peniphery. Immunofluorescent staining revealed
gxpression of total and activated ALK in both OSCC cell hones (FIG. IB). Total ALK
exhibited membrane and cytoplasmic staining as well as more prominent nuclear staining
(FIG. 1B, pancls a & ¢} Activated phospho-ALK demonstrated mainly
membrane/cvioplasmic localization with some nuclear staining (FIG. 1B, pancls b & d}. This
immunostaining analvsis revealed that HSC3-derived tumors also cxpress high levels of
activated phospho-ALK in vive (FIG. 1C, panel b).

Co-targeting ALK and EGFR has additive effects on cell growth in OSCC eell
lines. Because ALK was previously shown to interact with the EGFR pathway, which may
explain the poor response of USCCs to drugs targeting EGFR, the inventors examined the
response of H8C3 and Cal27, two OSCC cell lines with high ALK expression and activity, to
mhibitors of ALK and EGFR singly and in combmation. Based upon preliminary data from
dose response curves {data not shown), OSCC cell limes were treated with 300 nM of the
ALK inhibitor TAEGS84, 500 oM of the EGFR inlubitor Gefitinib, and a combination of both
for 48, 72, and 96 h. A progressive decrease of OSCC cell growth was observed over a 96 b
time course with these treatments (FIG. ZA and B). HSC3 and Cal27 cells demonstrated
significant anti-proliferative effects in response to single anti-ALK or anti-EGFR treatments
m vitro. Co-treatment with Gefitinib and TAEGR4 resulted m a significant additive reduction
m cell growth at all tme-pomnts {p < 0.001). To determine whether decrease n cellnlar
proliferation was due to cell cycle effects, the inventors performed flow cviometry cell

staining with PL These data suggest that cell cvcle arrest at the 51 phase associated with a
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decrease in S phase and an mncrease in the SubGl phase may, at least in part, account for
decreased proliferation of HSC3 and Cal27 in single treatments (Tables 1 and 2},
The inventors then examined the etffects of ALK and/or EGFR inhibition on HSC3

and Cal27 cell migration using the IncuCyie in vitro “wound’ healing assay. H5C3 and Cal27

(]

filled the ‘wound” (7.e., reaching 100% migration density) within 6 and 24 h, respectively,
after the scraich (Huang ef o/, 2013). Mobility was significantly reduced with EGFR
mhbibition i both cell lines. The highly invasive HSC3 cells displaved significant reduction
from 2 to 8§ h and completely filling the wound by 10 h (p < 0.001, FIG. 2C). In contrast,
migration of the less mvasive Cal27 cells was significantly reduced at 9 h and remained
10 significantly low for 48 h (FIG. 2D; p < 0.001). Co-treatment of both HSC3 and Cal27 celis
resufted n greater reduction in cell mugration than the effects scen with Gefittminb or
TAE684 alone (FIGS. 2C and 2Dy p < 0.001); however the difference between the
combination treatments and single treatments with Gefitiib was not statistically sigmificant.
Co-targeting ALK and EGFR has additive effects on tumor growth in vive, To
15 further investigate the effects of inhibiting ALK and EGFR i vivo, the mventors generated
mouse OSCC xenografts using HSC3 cells (FIG. 3A). The findings in this model
recapitulated the in vifro studics in that HSC3-derived tumor growth was significantly
reduced by EGFR mhibition alone {(57% of control} as early as day 6 and co-treatments at day
4 (35% of control} (FIG. 3A). Notably, HSC3-derived tumor growth was unatfected by single
20 anti-ALK treatments. However, co-treating with Gefitinib and TAE684 further reduced tumor
growth (p <0.001) and, in fact, caused a significant and dramatic shrinkage m tumor volumes
by day 14 with mean volumes of 60 mm® {co-treatment}, versus 431 mm? (vebicle control),
381 mm3 (TAE684), and 138 mm’ (Gefitinib). The effects of co-treating with Gefitinib and
TAE684 were statistically significantly compared to single Gefitimib treatment, suggesting
25 that while ALK inhibttion alone 1s not efficacious, it does enhance the anti-tumorigenic
gffects of the EGFR inhibitor {p < 0.001; FIG. 3A}.
Targeting ALK and EGFR parallel signaling pathways in O5CC cells abolishes
AKT signaling in vifro. To investigate the molecular mechanisms behind parallel signaling
between ALK and EGFR in OSCC, the mventors exanuned the effects of ALK and/or EGFR
30 mhubition on the activity of common cellular signaling pathways, using Western blot analysis
of HSC3 and Cal27 cell lines. Both Gefitinib and TAE684 significantly reduced AKT
activation in HSC3 cells; however co-treatments completely abolished phospho-AKT (FIG.
4A%. Cal27 cells treated with Gefitinib alone and 1 combination with TAE684 also
demonstrated undetectable levels of phospho-AKT (FIG. 4B} TAE684 treatment
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significantly decreased phospho-AKT in both OSCC cell lines but seemed to be less effective
than Gefitinib. Levels of total and phospho-ERK1/2, ancther downstream effector of EGFR
and ALK, were unaffected by any of the treatments. Notably, activation of STAT-3 was

mduced by TAE684 treatment m HSC3 cells (p < 0.01) and shightly mduced in Cal27 cells.

5 Taken together, EGFR and ALK inhibitors effects on these parallel pathwavs appear to
converge upon AKT signaling in OS5CC cell lines.
Lomtad WY AR
w By § &&
3 S
Valusy popraas
EXAMPLE 3 - Discussion
10 The mvasion of OSCC nto loco-regional structures 1s a deadly consequence for

patients with this malignancy. As of vet, effective therapics that target invasive OSCC are
lacking. Although EGFR is expressed in the majonty of OSCCs, drugs targeting this tyrosing
kinase receptor have surprisingly led to little effect. Although this might be due to increased
copy number of EGFR, which is associated with poor prognosis in head and neck cancer,

15 studies showed that EGFR gene amplification, polysomy and trancation (EGFRvIH) do not
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predict response to EGFR mhibitors (Chung ef af, 2006; Fukuoka er ¢l 2011, Szabo ef ol
2011). Thus, the reasons behind the lack of efficacy of EGFR targeted therapy in OSCC
remain unclear.

The inventors” analysis of EGFR RNA expression detected the full receptor, and to a

(]

much lower extent the truncated variant EGFRvHI {data not shown): correspondingly, protein
expression of full EGFR (FIGS. 4A-B) was detected but not EGFRVIT (data not shown;
antibody used to nternal EGFR domain can detect both full and truncated EGFR bascd on
differences in size), suggesting that EGFRvHI likely does not play a role in decreased EGFR
mhibitor efficacy. Indeed, several reports have imdicated that this mutation is not predictive of
10 response to EGFR-targeted therapies.

Another mechanism that may account for the lack of efficacy of EGFR inhibitors 1s
the activity of compensating pathways that may diminish efficacy of these drugs. The
mventors have previcusly shown that ALK may be induced in OSCC, and ALK activity may
lead to enhanced mvasiveness in O8CC (Huang ef o/, 2013). In this study, the mventors

15 examined the interaction between ALK and EGFR in OSCC. This was based on the evidence
that indoction of EGFR signaling confers resistance to anti-ALK treatment in NSCLC and
that anti-EGFR treatment i1s not effective in OSCC. The inventors hvpothesized that co-
targeting ALK and EGFR would lead to enhanced anti-oncogenic response compared (o
single treatments. To pursue this hypothesis, the inventors tested the effects of ALK and

20 EGFR inhibitors, TAE684 and Gefitinib, respectively, oo two OSCC cell lines HSC3 and
Cal27 expressing both ALK and EGFR.

The mventors in vitro and in vive assays using HSC3 and Cal27 cells reveal that while
single treatments against EGFR or ALK have varving effects on growth, combination
treatments, on the other hand, were very effective i significantly reducing growth in vitro

25 and in vive. While decrease in proliferation from smgle treatments may be w part due to
arrest at the G phase, apoptotic effects cannot be ruled out. By examming downstream
pathways, including AKT, ERK1/2, and STAT3, the mventors found that AKT may be the
mechanistic target in combination ftreatments. Interestinglv, while AKT activity was
diminished by EGFR mhibition m Cal27, the effect was less prominent m HSC3 cells.

30 Nonetheless, co-treatment with ALK and EGFR inhibitors resulted in equivalent effect in
abolishing activated levels of AKT 1 both HSC3 and Cal27 celis. Also, (al27 was more
responsive to decreased growth by ALK inhibition than HSC3 cells, which was consistent
with g stronger response in decreasing AKT activity, suggesting that AKT regulation by ALK
may modulate aggressive growth of OSCC.
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Further studies are required to understand the regulation of AKT by ALK and thewr
dowastream role in OSCC growth and nvasion. Importantly, the data highlight that the AKT
pathwav may be a downstream therapeutic target that modulates both ALK and EGFR

activity in OSCC. Previous studies suggest that phosphorviation of AKT predicts poor

(]

chinical ostecomes m OSCC and significantly correlates with local recurrences and low five-
vear survival rates (Yu ef af., 2007, L1 er al, 2013}, AKT activation is also shown toc be a
significant prognostic indicator for OSCC with lyvmph node metastasis (Knowles e al.,
2011} Several PI3/AKT pathway inhibitors have been tested i prechinical and clinical inals,
which may provide new avenues for the use of these drugs in the treatment of OSCC (Pal &
10 Handal, 2012). While the inventors” data suggest that anti-AKT drugs may be a therapeutic
strategy 1n the treatment of OSCC, further examination of this pathway m invasive O8CC
may lead to a more efficacious and targeted therapeutic mmtervention that may also include
combinations of EGFR or ALK whibitors.
Another factor that may affect efficacy of response to receptor tvrosine kinase
15 receptor mhibitors is the translocation of these receptors into the nucleus (Wang & Hung,
2012). Previous studics have shown that EGFR and receptor family member ErbB2
translocate into the nucleus where thev act as transcription factors (Wang & Hung, 2012).
sSimularly, ALK has been shown to be present in the nucleus, which has so far been associated
with the NPM-ALK fusion but not the wild-type form (Duyster ef al., 2001). In the case of
20 EGFR and ERbB2, full receptors (no fusions) are transported to the nucleus via endocytosis
(Wang & Hung, 2012} It is vet to be seen if this is also true for ALK, Our IF data suggest
that full length ALK is translocated in the nucleus m HSC3 and Cal27 OSCC cells, which
raises the possibibity that it could exert transeriptional effects in addition to the cell signaling
cffects described above. Interestingly, ErbB2 nuclear interaction with STAT3 and actions of
25 this complex as a transcription factor was observed i human breast cancer celis (Wang &
Hung, 2012}, Additional studics are needed to examine the mechamsms underlying the
transiocation of ALK and consequent interactions at the nuclear level and regulation of
STAT3 at the signal transduction level.
In suromary, these findings suggest that co-targeting ALK and EGFR signaling may
30 enhance the efficacy of EGFR targeted therapies. Treatment with both the ALK and EGFR
mhibitors led to additive effects in OSCC cells exhibiting elevated ALK activity., AKT may
be a converging point for ALK and EGFR signaling, and STAT3 mav modulate ALK activity.

Additional studigs are required to examine the role of AKT as an effector of ALK and EGFR
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and the potential of its utility as a therapeutic target alone or in combination with ALK and/or
EGFR inhibitors.

All of the compositions and/or methods disclosed and claimed herein can be made
and cxecuted without undue experimentation in hight of the present disclosure. While the
compositions and methods of this disclosure have been described m terms of preferred
embodiments, it will be apparent to those of skall in the art that variations may be applied to
the compositions and/or methods and in the steps or in the sequence of steps of the method
described herem without departing from the concept, spirit and scope of the disclosure. More
specifically, it will be apparent that certain agents which are both chemically and
physiologically related may be substituted for the agents described herein while the same or
similar results would be achicved. Al such similar substitutes and modifications apparent to
those skilled in the art are deemed to be within the spirit, scope and concept of the disclosure

as defined by the appended claims.
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CLAIMS

What Is Claimed:

L.

b

A method of detecting asscssing risk of progression, tissue invasion and/or metastasis
in a sobject having a squamous cell carcinoma comprising assessing, in a cell
containing sample from said sobject, the methvlation status of one or more of the

following promoter regions, or the expression of one or more of the following genes:
pe: b &

ALK Anaplastic Lymphoma Kinase
HIF3A Hypoxia Inducible Factor 3 Alpha
TRAF7 TNFE Receptor Assoctated Factor 7
PIK6 Protein Tyrosine Kinase 6

TNFRSFI0C | Tumor Necrosts Factor Receptor Superfamily
Member 10C

NCAMI Neural Cell Adhesion Molecule 1
CHL1 Neural Cell Adhesion Molecule L1-like Protein
F7 Coagulation Factor 7

CCDCo2 Cotled-Cotl Domain Containing 92

SLCYA3 Soltute Carrier Family 9 Member 3

1RS84 Insuhin Receptor Substrate 4

wherein hypomethylation or overexpression, compared to a subject with stable, non-
mvasive and or pon-metastatic squamous cell carcinoma, of onc or more said

promoters indicates greater than average risk of progression and/or metastasis.

The method of claim 1, wherein ALK, IRS4, and PTK6 arc assessed for
hyvpomethylation and/or overexpression, optionally further including assessing EGFR

OVCIeXPISSSIon.
The method of claims 1-2, wherein said cell contamming sample is saliva.

The method of claims 1-3, wherein 2, 3, 4, 5, 6, 7, 8, 9 10 or all 11 of said promoter

regions are assessed.
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12.

14.

16.

7.

8.

The method of claims 1-4, wherein methylation is measured by pyrosequecing or
whole genome bisulfite conversion/amplification followed by targeted next gencration
scquencing ot pyrosequencing, and/or wherein expression is measured by FlexMap-

based branched DNA probes, microfluidic PCR or droplet digital PCR.

The method of claims 1-5, wherein said subject has oral squamous cell carcinoma or

head & neck squamous cell carcinoma.

The method of claims 1-6, wherein said subject is a human.

The method of claims 1-6, wherein said subject is a non-human mammal.
The method of claims 1-8, wherein assessing 1s repeated a second time.

The method of claim 1-9, wherein squamous cell carcinoma 1s early stage, late stage,

metastatic, recurrent and/or drug resistant.

The method of claims 1-10, further comprising treating said subject with an ALK

inhibitor.

The method of claim 11, further comprising treating said subject with a second anti-

cancer therapy.

The method of claim 12, whercin said sceond anti-cancer therapy is a chemotherapy,

a radiotherapy, an immunctherapy, a toxin therapy and/or surgery.

The method of claim 12, wherein said second anti-cancer therapy is an anti-EGFR

therapy.

The method of claim 14, wherein said anti-HGFR therapy 13 gefitnib, erlotinib,

lapatinib, cetuximab, panitumumab, vandetamb, necitumumab, or osimertinib,

The method of claims 11-15, wherein treating comprises administration to a tumor

site, or local or regional to a tumor site.
The method of claim 11-15, wherein treating comprises systemic administration,

The method of claims 14-15, wherein treating comprises multiple administrations of

said anti-EGFR therapy.
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19, The method of claims 11-18, wherein treating comprises nultiple administrations of

satd ALK imhibitor.

20.  The method of claim 1, wherein patients are stratified based on salivary DNA
methylation/RNA expression signatures for personalized targeted therapy against

ALK and in combination with EGFR targeted drugs.
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