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Migh AND THERAPEUTIC EFFICACY

{61} This mvention was made using funding from the U.S. government. The U. S
government therefore retains certain rights under the terms of National Institutes of

Health grants PSO DEOIS032, U1 CADB49K86, and R37DEQ12588.

TECHNICAL FIELD OF THE INVENTION

{321  This wveotion is related to the arca of personalized medicine. In particular, it relates to

predicting efficacy of anti-tumor drug therapy.
BACKGROUND OF THE INVENTION

03]  Seclective small molecule tyrosine kinase inhibitors (TKis) of EGFR, such as gefitinib
and erlotinb, were among the first targeted therapies developed for cancer. Sore of these
inhibitors have demonstrated benefit in select clinical settings, however, primary as well
as acquired drug resistance eventually arises in most, if not all, treated patients{1-3).
While primary somatic mutations in the tyrosine kinase domain of EGFR render tumors
nmore sensitive to gefitinib and/or erlotinib(1, 4), and sccondary mutations are associated
with acquired drug resistance(3, 5), these genctic alterations arc present n only a
minority of patients who partially respond to treatment and are rare in tumors other than
NSCLCs(2, 6-8). Tn order to be able o provide treatment selectively to those patients
who do not harbor EGFR mutations but will nonetheless respond to TKIs, there s an
urgent need to define the precise molecular mechanisms underlying resistance to EGFR-
targeted TKIs, and to identify specific biomarkers capable of predicting therapeutic

TCSPONse.

{64] Efforis have been made to correlate EGFR protein levels with the response to anti-EGFR

therapy, however, the relationship between the two has been surprisingly poor (2, 8-10).
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There is a continuing need in the art to predict which patients will respond and which

paticnts will not respond to anti-tumor agents.

SUMMARY OF THE INVENTION

165

166}

1671

1658

One aspect of the invention is a method of predicting tumor resistance to an epidermal
growth factor receptor (EGFR) inhibitor. A patient tumor sample is tested and
expression level of mitogen inducibie gene 6 (Migh) and of EGFR are determined. The
expression level of mitogen inducible gene & (Mig6) 1s compared to the expression level
of EGFR. A ratio of Mig6 to EGFR lower than a predetermined cut-off value indicates
sensitivity to the EGFR tyrosine kinase inhibitor and a ratio of Migh higher than the

predetermined cut-off value mdicates resistance to the EGFR tyrosine kanase mhibitor.

Another aspect of the invention is a method of predicting tumor resistance to an antibody
to epidermal growth factor receptor (EGFR). A patient tumor sample is tested and
expression level of mitogen inducible gene 6 (Migh) and of EGFR is determined in the
sample. The expression level of mitogen inducible gene 6 (Migh) 18 compared fo the
expression level of EGFR. A ratio of Migb to EGFR lower than a predetermined cut-off
value indicates sensitivity to the antibody and a ratio of Mig6 to EGFR higher than the

predetermined cut-off value indicates resistance to the antibody.

Still another aspect of the invention is a method of stratifying patients on the basis of
tumor characteristics. A patient tumor sample is tested and expression level of mitogen
inducible gene 6 (Mig6) and of EGFR is determined. The expression level of mitogen
inducible gene 6 (Migh) is compared to the expression level of EGFR. The patient is
assigned to a first group if a ratio of Mig6 to EGFR higher than the predetermumed cut-off
value 15 determined and the patient is assigned to a sccond group if the ratio is

deterroined to be lower than the predetermined cut-off.

Yet another aspect of the invention is a method of predicting tumor resistance to an
inhibitor of epidermal growth factor (EGFR), such as an anti-EGFR antibody or a

tyrosine kinase inhibitor. A patient tumor sample isolated from a patient at a first time is

.
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tested and expression level of mitogen inducible gene 6 (Mig6) is determined. A patient
tumor sample isolated from a patient at a sccond time is similarly tested and expression
fevel of mitogen inducible gene 6 {(Mig6) is determined. The second time is later than the
first time. An increase in the expression level of Migh over time indicates an increase in

the resistance of the tumor to the inhibitor.

These and other embodiments which will be appareut to those of skill o the art upon

reading the specification provide the art with tools for assessing

BRIEF DESCRIPTION OF THE DRAWINGS

{16

Fig. 1A-1G. Mig6 is upregulated in an erlotinib resistant cell line which suppresses
EGFR phosphorylation. Fig. 1A} Erlotinib-sensitive (8CCU-S} and -resistant (SCC-R)
cells were treated with erlotinib and cell viability was assayed. Values were set at 100%
for untreated controls. Fig. 1B) Immunoblot analysis of protein expression in SCC-S and
-SCC-R cell lines. Fig. 1Cy SCC-8 and SCC-R cells were treated with EGF at the
mndicated times and Migh protein cxpression was analyzed. Fig. 1D) Migh mRNA
expression was examined by real-tiroe quantitative PCR afier EGF treatment at the
indicated times. Migh mRNA expression was normalized to GAPDH expression. Fig.
1E} SCC-S and SCC-R cells were serum-stripped and stivoulated with EGF for 60 voin.
Immunoprecipitation (IP) was performed against EGFR, followed by immunoblotting
against Migé and EGFR. Fig. 1F) Densitometric quantification of Migd and EGFR. Data
are presented as the ratio of Migh/EGFR to indicate how many Migd meolecules are
associated with cach EGFR molecule. Al ratios are presented in relative arbitrary values.
Fig. 1) SCC-R cells were transtected with etther scrambled siRNA or siRNA targeting
Migt for 48 hrs. Cells were stripped 1o scrum free medium overnight and stiraulated with

EGE for 15 or 60 min.

Fig. 2A-2G. Migb expression 1s upregulated by elevated phospho-AKT in SCC-R cells.
Fig. 2A} Immunoblot analysis of phospho-AKT, total AKT, and loading control B-actin
in SCC-8 and SCC-R cells. Fig. 2B) SCC-R cells were treated with AKI {AKT1/2 kinase
inhibitor, at 10 or 20 uM), U026 (MEKI/2 inhibitor, at 10 or 20 yM), or DMSO
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{countrol) for 24hrs and subjected to immuneoblot analysis with indicated antibodies. Fig.
2CYy SCC-R cells were treated with LY294002 (PI3K inhibitor, at 10 or 25 uM),
rapamycin {mTOR inhibitor, at | or 2 uM) or DMSO (control} for 24 hrs and subjected
to immunoblot analysis with the indicated antibodies. Fig. 2D) SCC-R cells were
transfocted with either scrarabled siRNA or siRNA targeting PTEN for 48 hrs and
subjected to rmunoblot analysis. Fig. 2E) SCC-R cells were treated with 0.2 or 1 uM
erlotinib (T0.2, T1, respectively) for 24 hus, or pretreated with 0.2 or 1 uM erlotinib for
30 min and then co-treated with 10 ng/m! EGF for an additional 24 hrs. Mig6 levels were
then evaluated with imnumoblot analysis. Fig. 2F) SCC-R cells were treated with 25 uM
LY294002, 20 uM AKT1/2 kinase inhibitor, 2 uM rapamycin, or 20 pM UGI26 for 24
hrs. Cells were then treated with 10 ng/ml EGF for 30 min to induce EGFR
phosphorylation and subjected to imumunoeblot analysis. Fig. 2G) Densitometric analysis
of phospho-EGFR/total EGFR. DMSO-treated samples were arbitrarily assigned a value
of T and values of the remaining samples represent fold changes of phospho-EGFR per
EGFR molecule. Note that fresh Mig6 antibody recognizes a nonspecific band above the

Migé protetn, which gradually disappears after antibody re-suing or recycling.

Fig. 3A-3K. Mig6 upregulation is associated with erlotinib resistance. 26 cancer cell lines
were evalnated for total and tyrosine phosphorviated forms of EGFR and Migh by
mmnnunoblot analysis. B-actin or GAPDH were used as internal loading controls. Head
and neck (Fig. 3A, with PC-3 as prostate}, bladder (Fig. 3B}, and lung (Fig. 3C) cancer
cell lines were assayed. All cells were treated with indicated doses of erlotinab for 72 hus
and then viable cells were evaluated (Fig. 3D, Fig. 3E, Fig. 3F). Value was set at 100%
for cach vehicle-treated cell line. The exposure density of both EGFR and Migd blotted
on the same membrane were guantified by densitometry and the value of Mig6/EGFR
were plotted (Fig. 3G, Fig. 3H, Fig. 31). Bladder (Fig. 3J) and hing cancer cell lines Fig.
3K) were stripped in serum-free medium overnight and treated with vehicle or 10 ng/ml
EGF for 10 min, following pretreatment with vehicle or .1 uM erlotinib for 3 hrs. Cells
were then subjected to immunoblot analysis for phospho-EGFR and total EGFR. P-actin

was used as a loading control. Both shorter {(p-EGFR-shorter) and longer (p-EGFR-
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fongery exposure times for phospho-EGFR are shown to provide more detail for each cell
BET) CR pRosp p

line.

Fig. 4A-4E. EMT is accompanied by increased Mig6, decreased EGFR phosphorylation
and erlotintb resistance. Ay Whole protein lysates were extracted from indicated cell hines
and immunoblot avalysis was performed with antibodies against E-cadherin and
vimentin, B} H358 cells were treated with TGF-B1 or TGF-B3 for 1, 3, 7, 14 and 21
days. Immuooblot analysis was performed with antibodies agaiost E-cadherin, viroentin,
EGFR, p-EGFR, Mig6, and P-actin. ) Parental and TGF B-induced H358 cells were
treated with erlotinib and cell viability was assayed. Values were set at 100% for
untreated controls. D) H358 cells were treated with TGF-B1 or TGF-B3 for 1, 3, 7, 14 and
21 days. Immunoblot analysis was performed with antibodies against AKT, p-AKT, p-
Erk1/2, and B-actin. E) Cells induced with or without TGF-P1 for 21 day were treated
with LY294002, U026, or erlotintb for 24 hrs. Iroraunoblot analysis was performed with

antibodies against Migb and B-actin.

Fig. SA-5D. Migb expression correlated with erlotinib response in directly xenografted
fow passage hung and pancreatic tumors. Fig. 5A) Effect of erlotinib on growth of lung
cancer xenografts (BML-1, -5, -7, and -11} was assayed and tumor growth curves
displayed. BML-5 was sensitive to erlotinib. Data are plotted as mean +£ SEM. Fig. 5B)
RNA from lung xenografis was extracted and real-time PCR of Migh was performed.
Data are plotted as mean £ SD after normalization with GAPDH. Fig. 5C) Whole protein
lysates were extracted from lung xenografts and immumoblot analysis was performed
with the indicated antibodies. Fig. SD) Efficiency of edlotinub n inhibiting growth of lung
and pancreatic tumor xepografts was displayed from most sensitive {left} to most
resistant {right) as a bar graph. Tumor growth inhibition (TG indicates relative tumor
growth of treated mice divided by relative tumor growth of control mice {T/C) in cach
case. Relative RNA expression of Mig6 in cach tumor xenograft is displayed underneath

the turnor growth inhibition bar as a heatmap. FC: fold change. Scale used was Log,FC.
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Fig. 6A-6D. Migh/EGFR ratio correlates with the response of patients to gefitinib. Fig.
6A) Representative pictures of THC staining against Mig6 and EGFR. Fig. 6B) Box plot
of Mig6/EGFR ratio distribution across all 45 samples {(from 0 to 4.33). Fig. 6C) The
response of patients to gefitinib treatment. PO, progressive discase; SD, stable discase;
PR, partial response. Fig. 6D} Kaplan-Meier survival curves showed that paticnts with
low Migt/EGFR ratio survived significantly longer than the high ratio patients and

EGFR ncgative patients (Log-Rank test P=0.0112).

DETAILED DESCRIPTION OF THE INVENTION

[16]

118]

The inventors discovered that Migh 1s a ruajor determunant of responsiveness to EGFR
inhibitors. Additionally, furoor responsiveness to EGFR inhibitors can be predicted by
the ratio of expression level of EGFR and Migb. This ratio 18 a more powerful predictor
than expression level of ecither gene alone. Thus these markers and their relative

expression levels have clinical utility as predictive biomarkers.

Tumors which may be tested for EGFR ihibitor effectiveness include lung, head and
neck, bladder cancer, pancreatic tumor, gastric tumors, colorectal cancer tumors,
wrothelial tumors, tumors of the hiver, kidney, and bile duct, serminoma; embryonal cell
carcinoma, choriocarcinoma, fransitional cell carcinoma, adenocarcinoma, hepatorma:
hepatocelhular carcinoma, veval cell carcinoma; hypermnephroma, cholangiocarcinoma,
squamous cell carcinowsa, epidermoid carcivoroa and some malignant skin adoexal
tumors. I a tumor may be resistant to EGFR inhibitor, economy as well as good clinical

practice would suggest testing it prior to treatment for its EGFR: Mig6 ratio.

Measurement of cxpression levels of the two markers can be accomplished by any
technique which yields quantitative asscssment.  These include without lirmitation,
protein detection mcthods: immunohistochemistry, flow cytometry, Enzyrue-Linked
Immunosorbent Assay (ELISA), quantitative radio-imrounoassay (R1A), and quantitative
mmunoclectrophoresis. Measurement of mRNA for the two markers can also be used,
using any techniques which yield quantitative results.  Such methods may include

quantitative PCR, quantitative hybridization to a microarray, and digital PCR. Additional

6
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markers may be found which can be combined with the two markers to provide an

tmproved assessiment.

Samples which can be tested include any that contain tumor proteins or tumor nucleic
acids. Typically the samples will be tumor tissue, whether surgically dissected tumors or
biopsics. Xenografted turnor can also be used as a sample for testing. Turnor proteins or
tumor nucleic acids may be shed nto a body fluid and can be detected 1 the body fluid.
Such body fluids may include stool, tears, saliva, sputam, bronchial lavage, urine, blood,

Fymph.

Although a cut-off valuc of 0.44 for the ratio of Migd: EGFR has been found to
discriminate well between sensitive and resistant tumors, it is possible that the cut-off
could vary with different analytical technigues. The cut-off value could also vary in
different tursors. New analytical techmiques and new tumor types can be tested and
validated 1o a population using samples and statistical technigues as described below or
as known in the art. The reciprocal of the ratio can also be determined and values of 2.27

or lower of EGFR: Mig6 would provide the equivalent information.

The methods exemplified below provide a means of predicting resistance or sensttivity to
an inhibitor treatment. The prediction may not be an absolute for an individual patient,
but merely assigns the individual to a group which is resistant or sensitive. Any
mdividual tumor and patient may have other characteristics or physiological or discase
conditions which may mitigate the predictive power of the ratio. Prediction of sensitivity
or resistance to a drug may also be called prognosis {determining survival, discase-free
survival, or time before recurrence, for example} or theranosis.  Additionally, the ratio
may be used to stratify patients for example, for testing of additional drugs or therapeutic
regimens. Stratifying assigns a patient to a group of patients that shares one or more
characteristics. Here the group would have a similar ratio, cither above or below a cut-
off value. The group may be assigned a particular therapy based on the ratin. Or the

groups may be subjected to g clinical trial and results analyzed on the basis of the groups.
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Oncee a ratio s deterroined, an inhibitor can be prescribed to a patient, or an inhibitor can
be administered to the patient. A prescription can be recorded in a medical chart, on a
paper for transmission to a pharmacy, or clectronically. A preseription can be
transmitted to a pharmacy orally or telephonically. Administration of an inhibitor can be
by a medical professional, by the patient, or by a third party. The mode of administration
will be tailored for and appropriate to the particular inhibitor. Inhibitors may be
admunistered by injection, by swallowing, by implantation, or other means as appropriate

for the tumor and the inhibitor.

The assessments of ratio or absolute levels of expression of Migh may be performed at
one or more time points for an individual patient. Time points for collecting samples
nay be spaced out by days, weeks, months, or years. A change in the ratio or absohute
fevel of Mig6 may indicate a change in the sensitivity or resistance to an EGFR inhibitor.
For example, if resistance develops in a turnor that is initially sensitive, the ratio may
inerease. The ratio may thus be used as an idication for discontinuing a treatment, or

changing a treatment, or changing a dosage.

EGFR inhibitors nclade that those that are tyrosine kivase inhibitors (TKI) and those
which are not specific enzyme inhibitors, such as antibodies which bind to EGFR.
Suitable drugs include, without limitation, erlotinib (OSI1-774, Tarceva), cetuximab
(Erbitux), panitumumab {(Vectibix), and gefitnib (Iressa). The inhibitors may be

antibodies. The inhibitors may be nmltikinase inhibitors.

Our data suggest that the differcutial cxpression of Mig6, an ERBB family ncgative
regulator, 1o buman tumors 18 at least partially respousible for the weak association
between wild-type EGFR protein expression levels and respousiveness to EGFR TKis (2,
8-180). Although the erlotinib-sensitive tumors studied here generally displayed high
EGFR levels, it was the activity of EGFR rather than its level of expression that most
accurately predicted dmg response. Supporting these findings, activation of the EGFR
pathrway has previously been reported to be the only reliabie predictive factor of erlotinib

responsiveness in pancreatic cancer patients (17, 18}, In addition, when sensitive cancer
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cells are transformed to a lower phospho-EGFR phenotype, as 1s scen in an induced
EMT-like transition, crlotinib resistance occurs (28). Our data also suggest that
differential expression of the ERBB family negative regulator, Mig6, is a critical
determinant of EGFR activity, and the extent to which cells utilize EGFR is a driving
force for growth and survival. Cancer cclls with EGFR overcxpression could be erlotinib-
resistant due to reduced dependence on EGFR signaling resulting from higher Migd
expression levels. Neoplastic cells with a low Migt/EGFR ratio way exinbit active
EGFR signaling and sensitivity to EGFR TKlIs, while those with a high Mig&/EGFER ratio

frequently display reduced EGFR activity and resistance to EGFR TKis.

Our findings also indicate that changes in bascline Migd ecxpression may play an
tmportant role in acquired eriotinib resistance. Sensitive neoplastic cells may become
resistant by acquisition of alternative growth factor pathways or by induction of Migh
expression. In ccll lines that acquired resistance to erlotimib we found that Migd
upregulation was driven by markedly clevated basal PI3K-AKT activity. Since Migh
functions to inhibit EGFR autophosphorylation, PI3K-AKT-mediated upregulation of
Mig6 could negatively regulate signal input from EGFR once a cancer cell senses
adequate growth and survival signals from alternative sources. This change would allow
cells to shift their cellular phenotype towards a less EGFR-dependent state. Similar to our
observation, a recent report on anti-ERBB2 trastuzumab therapy resistance demonstrated
that all of the acquired resistant cell lines displayed reduced ErbB2 signaling with
concomitant cnhanced alternative RTKs signaling (29). However, it is worth noting that
reduced basal EGFR activity is unlikely to be the sole determinant of acquired resistance
to a variety of anti-EGFR. agents in different laboratory wodels. Guix, et al, observed
increased EGER activity in A431 cells that acquired resistance to gefitinib (30).
Increased EGFR phosphorylation was also seen in clones that developed resistance to
anti-EGFR antibody cetuximab (31). At times cancer cells may generate resistance by
increasing PI3K/AKT activity independent of EGFR, rather than by decreasing overall
EGFR activity as reflected by the steady-state phosphorylation status (22, 30, 32).
Although the mechanisms mvolved remain unclear, an association between EMT status

and drug response has been consistently demonstrated i voultiple cancer cells, including

9
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NSCLC (28, 33, 34y, head and neck {353, pancreas, colorectal (363, and bladder (37)

carcinomas. Interestingly, decrcased EGFR activity has been previously observed in
mesenchymal-like, erlotinib-resistant NSCLC cell lines (34). The mesenchymal-like cells
from multiple tissuc types studied here also displayed lower EGFR activity, along with
higher Mig6 expression, suggesting that upregulation of Migh roay contribute to the
redoced EGFR activity observed w EMT. v addition, divect induction of EMT using
TGF-B resulted i increased Migd expression, decreased EGFR phosphorylation, and the
development of erlotinib resistance. A published TOF-B-induced EMT model using H35K
cells simtlar to what we describe here confirmed that the induced cells exhibited kinase
switching by aberrant cxpression of PDGEFR and FGFR and loss of EGFR-dependence
{28). Once the cells switched kinases for their survival and proliferation, they might

become nsensitive to EGFR inhibition.

Ouc himitation of this study is that we were unable to knock down Migh m SCC-R to
confirm the expected reversal of the cellular phevnotype frovo resistant to sensitive to
erlotinib when Mig6 expression is suppressed. For unknown reasons, depleting Migh in
these cells, even with the resulting increased EGFR phosphorylation, induced cell cycle
arrest {data not shown}. However, others have previously demonstrated that mouse
cembryo fibroblasts (MEF) from Errfil-/~ mice, driven by aberrantly active EGFR,
proliferate more rapidly than those from the Emrfil+/+ mice (38), while carcinogen-
generated tumors that develop in Migh knockout muce are highly sensitive to gefinitib.
Tumors 1t Emrfil—/— mice regressed more than 50% in 1 weck following mnitiation of
gehitingb treatment, whereas those 1n control Erehil+/+ mice did vot respond to gefitinib
{15}, In addition, a recent study demoustrated that depleting Migb per se in de novo
cetuximab-resistant bladder cell lines rendered them responsive to the drug (39). These
findings not only strongly support that Mig6 plays direct roles in resistance to multiple
anti-EGFR drugs, but also provide additional biological basis for the observed sensitivity
of human cancers which underexpress Migd to EGFR TKIs. When Mig6 is subscquently
upregulated by EGFR-independent celiular events, such as the aberrant activation of
PI3K-AKT, cancer cells are hkely to develop resistance. Morcover, combining or

augmenting treatments for further EGFR blockade are unlikely to have any further

10
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benefit as documented clinically (40).0ur work highlights the importance of Migh
expression in determining sensitivity to EGFR TKIs and identifies the potential clinical
utility of the Migt/EGFR ratic as a biomarker. The increased responsc rate and
progression free survival observed here in patients with lung cancer whose tumors
demonstrated a low Mig6/EGFR ratio arc dramatic. The first IDEAL trial in NSCLC
randomizing patients to getinitib or placebo showed an overall difference of PFS of only
7 days (41}, as compared to the roedian survival differcoce of nearly 100 days seen here.
This finding further highlights the need to identify those patients most likely to respond
to and benefit from therapy when treatment efficacy is evaluated. As an approach to
personalized therapy, the expression levels of both EGFR and Mig6 conld be examined
in tumor cells, and the ratio of the 2 molecules could be used to select patients who are
tikely to benefit from anti-EGFR therapy. Subsequent increase in this ratio raight indicate
the development of drug resistance. Since Migh played a consistent role across multiple
tumor types, the Mig6/EGFR ratio may be further chimcally tested as a novel biomarker
for predicting TKI respouse {and perhaps antibodies to EGFR as well) in diverse
epithelial cancers. These findings provide a strong scientific foundation for validating the
predictive accuracy of this biomarker in prospective clinical trials. Lastly, our work
underscores the role of negative regulators of receptor RTKs in cellular utilization of
these receptors and should be taken into consideration for drug response evaluation of

any molecular targeted therapics to other RTKs.

{28] The above disclosure generally describes the present invention. All references disclosed
herein are expressly incorporated by refercuce. A more complete understanding can be
obtained by reference fo the following specific exaraples which are provided herein for

purposes of tllustration only, and are not intended to Hmit the scope of the invention,

EXAMPLE |

Materials and Methods
Compounds and reagents

it
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Erlotinub (0S1-774, Tarceva) was purchased from Johns Hopkins University Hospiial
Pharmacy. LY294002 and UB126 were obtained from Cell Signaling Technology, Inc.
{Beverly, MA). EGF was purchased from BD Pharmingen (San Biego, CA). All other
chemnicals were purchased from Sigma {St. Louis, MQ), except where otherwise
indicated. All chemicals and growth factors were dissolved in recommended vehicle as

instructed by the manufacturers.

Cell lines

{38

The human NSCLC cell lines (H226, H292, H358, HIR3E, A549, Calub, H460, HI1703,
H1915, H1299, Calu3, H1437, and H23), human bladder cancer cell lines (5637,
SCaBER, UMUC-3, T24, HT-1376 and J82), and human head and neck squamous cell
carcinoma (HNSCC) cell hine FaDu were obtamned from American Type Culture
Collection (ATCC). BFTC-905 was obtained from German  Collection  of
Microorganisms and Cell Cultures (Braunschweig, Germany). Cells were mamtained in a

hurmidified atmosphere containing 5% CO2 at 37°C.

Establishment of acquired resistance to erlotinib

[31]

Drrug resistant cell lines were generated via a process of slowly escalating exposure to
erlotinib, as reported previously(16). SCC-S s used to designate the parental UM-SCC1

cells exposed to DMSIQ, and SCC-R refers to the erlotimib resistant clone.

siRNA transfection

{32}

Migt siRNA was synthesized and purchased from Invitrogen (Carlsbad, CA) according
to published scquences(15). PTEN siRNA was obtained from Cell Signaling Techuology,
Inc. (Beverly, MA}, and EGFR siRNA was purchased from Santa Cruz Biotech (Santa
Cruz, CA). Cells were plated i either 6-well or 96-well plates and transtected with the
ndicated siRNA using RNAIMAX transfection reagent {Invitrogen, Carlsbad, CA)
according to the manufacturer's instructions. (ells were subjected to western blot

analysis or viability assay 72 hrs post-transfection, uniess otherwise stated.

Antibodies and immunoblot analysis
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Antibodies against EGFR, phospho-tyrosine (P-Tyr-100), phospho-EGFR (Tyr1(68},
phospho-HERZ/ErbBZ  (Tyri248), AKT, phospho-AKT {Serd73), pdd/d2 MAPK
{Erk1/2}, phospho-p44/42 MAPK (Erkl1/2) (The202/Tyr204), and PTEN were obtained
from Cell Signaling Technology, Inc. (Beverly, MA). Monoclonal anti-B-Actin antibody
was obtained from Sigma (St. Louis, MQ). Polyclonal anti-Mig6 antibody was a
generous gift from Dr. Ferby (15). When appropriate, cells were cultured in serum free
medium overnight, pretreated with the indicated inhibitors for 3 hrs or 24 hrs, and the
treated with 10 vg/ml EGF for 10 or 30min. Hqual arounts of protein were mixed with
Lacomli sample buffer, run on 4-12% NuPAGE gels and transferred to nitrocellulose
membrane (Bio-Rad Laboratories, Hercules, CA). The membrane was probed with
primary antibody followed by HRP-conjugated appropriate sccondary antibodies (Santa
Cruz Biotech, Santa Cruz, CA), and detected by enhanced chemiluminescence (ECL, GE

Health Care, Piscataway, NI}

Immunoprecipitation analysis

1341

SCC-8 and SCC-R cells seeded m 100-mm Petrl Dishes {Corning Inc., Coming, NY)
were serum-stripped overnight followed by treatment with vehicle or 10 ng/ml EGF for
60 min. Cells were washed with PBS and lysed using TRITON-X lysis buffer (50mM
Tris-HCL pH 7.4; 150mM NaCl, ImM EDTA; 1% TRITON-X100) containing protease

inhibitors {Roche Diagnostic. Systems, Branchburg,

NI} and phosphatase inhibitor
cocktail (Sigma-Aldrich, St Louis, MO}, Lysates were pre-cleaned with Protein A-
Agarose beads (Santa Cruz Biotech, Santa Cruz, CA) and then incubated overnight at
4°C with EGFR P-specific antibody. Immune complexes were precipitated with protein
Protein A-Agarose beads for an additional 4 b at 4°C, and then the nonspecific bound
proteins were removed by washing the beads with lysis buffer five times at 4°C. The
beads were loaded in Lacramli sample buffer directly onto the gel and analyzed by

mmnmunoblotting with anti-Mig6 and anti-EGFR antibody.

Reverse transcription {RT) and real-time PCR

1351

RNA was extracted using Trizol (Invitrogen, Carlsbad, CA} followed by RNAecasy kit
cleapup (Qiagen, Valencia, CA). RNA was reverse transcribed to cDNA using

Superscript HI {Invitrogen) which was then used as a template for real-time PCR. Gene
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products were amplified using iTag SYBR green Supermix with Rox dye {(Bio-Rad
Laboratories, Hercules, CA). All reactions were performed in triplicate, with water
controls, and relative quantity was calculated after normalizing to GAPDH expression.
Expression of Mig6 mRNA relative to GAPDH was calculated based on the threshold
cyele (Cty as 2-A(ACY), where A(ACYH = ACtMigh — ACtGAPDH.

Cell viability and drug sensitivity assay

{36]

Celis were plated at a density of 3000/well in 96-well plates. The following day, cells
were treated with ¢, 0.01, 0.033, 0.1, 0.33, 1, or 3.3 uM erlotinib for an additional 72 hrs,
Cell viability was subscquently assayed using Caleein AM {Invitrogen). Fluorescence
signals generated as a result of Calecin AM cleavage by viable cells were read by a
Molecular Devices plate reader (Sunnyvale, CA) using an excitation frequency of 480

nro, and an emission frequency of 535 nm.

Microarray analysis

1371

RNA was extracted from SCC-S and SCC-R and Affymetnix arrays were used for gene
expression profiling. We used GeneChip Human Genome UL33A 2.0 Arrays containing
>22,000 probe sets for analysis of >18,400 transcripts, which include ~14,500 well-
characterized human genes. Probe preparation and hybridization were performed
following mamufacturer’s instructions. Digitized image data were processed and

normalized using the GeneChip software {version 3.1} available from Affymetrix.

Xenograft generation in roice and erlotinib treatruent,

|38

The xevografts were generated and erlotinib treatment was performued as published
previously (17, 18). Relative tumor growth inhibition {TGI) was calculated as the relative
tumor growth of treated mice divided by relative tumor growth of control mice {1/C).
The animals were maintained in accordance to guidelines of the American Association of
Laboratory Animal Care and the research protocol was approved by the Johns Hopkins

University Animal Use and Care Committee.

Fnmunohistochemistry (IHC) staining for Mig6 and EGFR

{391

IHC were performed using an automated stainer (Bako Inc., Carpinterta, CA). Anti-Mig6

antibody was purchased from Sigma, and anti- EGFR were ordered from Dako Inc.

14
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{Carpinteria, CA). Tissue processing, deparaffinization, antigen retrieval and IHC
staining were performed as directed by the manufacturer. Briefly, staining was performed
by serially incubating tissue sections in Methanol/3% H202 (15 min), PBS, serum free
protein (block) (7 min), rabbit anti-Migbd or EGFR antibody (90 mn at 22°C), PBS
{rinsc), biotinylated secondary antibody (DAKO) (30 min at 22°C), PBS, streptavidin-
HRP (DAKQO) (30 win at 22°C), and PBS. Staining was visuabized with 3,3°-
diaminobeuzidine (DAB) tetrabydrochloride (Zymed, Carlsbad, CA).

Patient selection

{48

Formalin-tixed, paraffin-erobedded (FFPE) tumor tissuc saraples were obtained from
patients with advanced non-staall cell lung carcinoma treated with gefitinib or erlotinb at
The University of Texas M. D. Anderson Cancer Center between May 1999 and
December 2004 (19). There were 45 samples available which were all wcluded in this
study., Al tumor specimens were histologically classified according to the WHO
classification for lung cancer by an experienced thoracic pathologist (LLW.) (20}
Clinical response was graded according to the Response Evaluation Criteria in Solid

Tumors (19, 21).

Statistical analysis

[41]

Student t-tests were used for statistical analysis between two groups. All P valiues are
based on two-sided. The significance level was defined as 0.05. Survival analysis was
performed using Kaplan-Meier model and significance was determined using a two-sided
fog-rank test as well as Wilcoxon test. All statistical analyses were performed using

SPSS.

EXAMPLE 2

Acquired resistance to erlotinib is associated with upregulation of Mig6 expression and
decreased EGFR activity

142}

A possibility that is commonly overlooked is that EGFR expression may be uncoupled
from its activity via negative feedback regulators of EGFR family receptor tyrosine
kinases (RTKs). Among these negative regulators, the multiadaptor protein mitogen-

inducible gene 6 (Migb, also known as RALT, ERRFII or Gene 33), plays an important
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role in signal attenuation of the EGFR network by blocking the formation of the

activating dimer interface through interaction with the kinase domains of EGFR and

EGFR, resulting i hyperproliferation and impaired differentiation of epidermal
keratinocytes. In addition, carcinogen-induced tumors in Errfil—/~ mice are umusually

sensitive to the EGFR TEI gefitinib(15).

{431 Erlotiub-resistant {(SCC-R) and erlotinib-sensitive (SCC-S) isogenic cell Hues were
generated via chronic exposure of human head and neck squamous cell carcinoma UM-
SCCT cells to etther erlotinib or DMSO (vehicle control}. The IC5¢ of SCC-R cells was
> 10 times higher than that scen with SCC-S cells (Figure 1A). Comparing the expression
and basal activity of EGFR in SCC-S and SCC-R cell lines we found that the level of
phosphorylated EGFR was markedly and disproportionally decreased in SCC-R cells
(FigurciB). This apparcnt uncoupling of EGFR protein cxpression and activity in
resistant cells was associated with a relatively higher expression of the endogenous
ERBB famuly negative regulator, Mig6d (Figure1B). While treatment with EGF induced a
rapid, sustained increase in Migd in both cell Iines, Mig6 expression remained markedly
higher 1n SCC-R cells as compared to SCC-8 cells (FigurelC and 1D}, In addition, more
Migt was found associated with EGFR i SCC-R cells (FigurelE). Densitometric
quantification showed an almost four-fold increase in the level of Migb associated with
EGFR in SCC-R cells after ligand stiraulation as compared to SCC-S cells (FigurclFy,
mdicating that the overexpressed Migh present in SCC-R cells was functionally active.
Migt knockdown in SCC-R cells resulted in an increase of EGFR phosphorylation in
response  to  treatment with EGF  (FigurelG). These resulls suggest that the
bypophosphorylation of EGFR observed in SCC-R cells s due to excess binding of

Migé.

EXAMPLE 3

Mig6 upregulation in erlotinib-resistant cells line is due to activation of AKT
{44] EGFR-independent activation of the phosphatidylinositol 3-kinase (PI3K) pathway has

frequently been seen in t cells that develop resistance and is thought to confer resistance

16
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to EGFR TKIs (22, 23}. We also observed that the basal phosphorylation level of AKT
was higher in SCC-R cells than their sensitive counterparts (Figure 2A). Microarray
analysis revealed that multiple AKT ligands, including IGFR, PDGFR and FGFR, as well
as upsirearn growth factor receptors, were significantlyupregulated in SCC-R o as
comparcd to SCC-S cells (data not shown}. It has previously been shown that Mig6 is
regulated by the MEK/Exk pathway (24) and we did find higher Erk1/2 phosporylation in
SCC-R cells (Figare 2A). We sought here to deterromne whether the PI3K pathway was
also involved in regulating the basal expression level of Migd in SCC-R cells. Treatment
of SCC-R cells with either an AKT1/2 kinase inhibttor (AKI} or a MEK inhibitor
{U0126) decreased expression of Migh in association with the specific inhibition of cach
targeted pathway (Figure 2B). Likewise, treatment of SCC-R cells with the PI3K
mhibttor, LY294002, and the mTOR mhibitor, raparaycin, also decrcased Migb
expression {Figure 2C). Conversely, direct activation of the PI3K-AKTpathway via
RMNAi-mediated silencing of PTEN expression resulied in an increase i Migh expression
{(Figure 213}, In keeping with the role of EGFR~independent growth factor receptors
activating PI3K-AKT-mediated upregulation of Migd, treatment of SCC-R cells with
erlotinib produced only a slight decrease in basal Migd expression (Figure 2E), even
though erlotinib could completely abolish EGF-induced Migh upregulation (Figure 2E).
Furthermore, exposure to ecach inhibitor (LYZ294002, AKI, rapamycin, or U0126)
inercased the ratio of phospho-EGFR to EGFR (Figure 2F and 2G), consistent with the
role of Mig6 in determining EGFR activity. It is worthy to note here that EGF ligand
treatment was used to boost the signal defection since the basal EGFR phosphorylation
fevel 1s below detectable level of this particular antibody. These data indicate that
upregulation of PI3K-AKT-mTOR by alternative growth factor receptors promotes
Mig6-mediated inhibition of EGFR activity, enabling EGFR-independent growth of
tumor ceils and rendering them insensitive to EGFR-targeted TKis. Note that fresh Migb
antibody recognizes a nonspecific band above the Migd protein, which gradually

disappears atter antibody re-suing or recycling.

st
-
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EXAMPLE 4

Mig6 upregulation is associated with erlotinib resistance in cancer cell hines of different tissue

origins

{451 We next investigated Migd expression and EGFR activity in panels of cancer cell lines.
At the maximum folerated and currently used dose of erlotinib (150 myg per day), steady-
state scrurn concentrations range between 6.33 to 2.64 ug/mb with a median of 1.26 +
0.62 pg/mb or 2.9 pM (25). Because 90% of crlotinib is bound to serum proteius, the
free drug concentration is approximsately 0.3 to 1 uM. Therefore, for this study cells were
defined as erlotinib-sensitive when significant cell growth inhibition {(I1Cso) was observed
at a concentration of erlotinib less than or equal to T pM, while cells that failed to
undergo such growth inhibition were considered erlotinib-resistant. Lung cancer cell line
AS549 was considered intermediate-resistant based on its erlotinib response curve. Our
data mdicated that higher Migh expression was strongly correlated with lower levels of
EGFR phosphorylation and erlotinib resistance in 6 of 6 head and neck and prostate
cancer cell lines assayed (Figure 3A and D). Siroilar results were also observed 1o 17 of
20 bladder (Figure 3B and E) and lung cancer cell hines (Figure 3C and F). The
exceptions to this pattern (J82-bladder cancer cell line, H1437 and H460-lung cancer cell
fines) all showed low levels of Migh, yet displayed an erlotinib-resistant phenotype. In
cach of these cascs, the cells displayed very low basal EGFR expression when compared
to their erlotinib-sensitive counterparts. Thus, across the cell lines tested, the ratio of
Migt to EGFR, appeared to be a more reliable predictor of tumor cell response to

criotinib than the absolute expression of either protein alone (Figure 3G, H and 1)

{461 The association between high Migh/EGFR ratio and erlotinib resistance suggests that
tumor cells that have low EGFR activity will be largely unresponsive to EGFR TKIs. In
this situation, the resistance of tumor celis to EGFR. inhibition results from the functional
irrelevance of EGFR as opposed to the inability of these agents to inhibit basal or ligand-
induced EGFR activity. To test this hypothesis, biadder and lung cancer cell lines were
exposed to vehicle or erlotinib prior to treatment with EGF. EGF induced heavy EGFR
phosphorylation in all sensitive cell hines, while only light phosphorylation was observed

in the erlotintb-resistant cell Hues tested (Figure 3J and K). This finding suggests that

18
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clevated levels of Mig6 in erlotinib-resistant lines may impair basal as well as ligand-
induced activation of EGFR. Importantly, crlotinib was able to effectively block ligand-
induced EGFR phosphorylation in all cell lines tested, indicating that the ability of
erlotinib to block EGFR activation was not imapaired cven after cells developed resistance

to 1ts growth inhibitory cffocts.

EXAMPLES

Epithelial mesenchymal transition (EMT) is accompanied by increased Migb expression,
decreased EGFR phosphorylation and erlotinib resistance

147}

EMT has previously been demonstrated to predict resistance to erlotinib or gefitinib (5,
22, 23, 26). Our data showed that while the parental erlotinib-scusitive SCC-S cells
displayed charactenistics of typical cpithehal cells, including expression of E-cadherin
and absence of vimentin, while resistant SCC-R cells displayed a meseunchyroal
phenotype manifested by loss of E-cadherin and acquisition of vimentin (Figure 4A). In
addition, examination of the head and neck, bladder, and lung (Figure 4A} cancer cell
fHines used in this study demonstrated a clear association of EMT markers and eriotinib
sensitivity. Since mesenchymal-like cells generally expressed higher levels of Mig6 than
epithelial-like cells, we next explored whether Migh and EGFR activity arc altered
during EMT. Select epithelial cell lines were treated with TGF-B1 or TGF-B3. These cell
fines included 2 head and neck (SCC-5 and JHUO11), 2 biadder (ScaBER and 5637}, and
2 NSCLC cancer cell lines (358, H226). JHUO11 cells were highly sensitive to TGF-§
nduced apoptosis and therefore could not be further studied {(data not shown), while
SCC-8, ScaBER, 5637 and H226 could not be induced to an overt mesenchymal
phenotype after up to 14 days of treatment (data not shown). However, EMT was
successfully induced in 358 cells. Examining the EMT markers E-cadherin and vimentin
after TGF-B1 and TGF-B3 treatment for 1 day, 3 days, 7 days, 14 days and 21 days, we
obscrved an overt transition of 358 cells by day 7, with a complete transition scen by day
14 {complete loss of E-cadhering {(Figure 4B). Strilangly, both total EGFR and phospho-
EGFR were reduced concomitantly with the trapsition, with phospho-EGFR almost

completely lost in the mesenchymal phenotype cells (Figure 4B). The proportionately
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greater loss of EGFR activity than total EGFR was accompanied by elevated expression
of MigH. Concomitant with these molecular alterations, the mesenchymal-like cells
acquired increasing resistance to erlotinib (Figure 4C). In addition, we found a significant
mnercase i AKT activity and a mild increase of phospho-ERK /2 after EMT, with the
time course of AKT activation matching that of Migh upregulation (Figure 4D). To
further confirm the role of AKT 1n upregulating Mig6, we treated 358, 358/TGFBI-day
21, and 3SR/TGFB3-day 21 cells with LY294002 (PI3K inhibitory, U126 (MEK
inhibitor} or erlotintb. In 358 cells, all three inhibitors reduced the expression of Migb,
suggesting that basal EGFR activity plays a significant role in maintaining Mig6
expression (Figure 4E). In 358/TGFBl-day 21 and 358/TGFB3-day 21 cells, however,
while LY294002 produced the most significant inhibition of Mig6, EGFR inhibition by
criotinib fatled to suppress Migh expression (Figure 4E). Taken together, these data
imdicate that Migé clevation in EMT cells 1s due to enhanced AKT activity which comes
from EGRF-mdependent tyrosine kinase. Enhanced Migd expression ndependent of
EGFR ensures sufficient abundance to suppress basal EGFR activity during kinase
switching in mesenchymal-tike cells. 1t is noteworthy that activation of EGFR by treating
these cells with EGF still upregulates Mig6, which suggests that the EGFR pathway
remains functional in regulating Mig6 (Figure 4E). A recently published EMT model
using 358 cells similar to what we describe here confirmed that TGF-f-induced
mesenchymal-like 358 cclls exhibit aberrant PDGFR and FGFR cxpression, and that
autocrine signaling through these receptors can activate the MEK-ERK and PI3K
pathways. Sirmlar aberrant expression of PDGFR and FGFR, and even IGFR and their
Higands have also been observed by microarray analysis in our SCC-R cells. These data
suggest that loss of EGFR-independence and subsequent kinase switching was made
possible by upregulation of Migd through these other RTKs, and once the cells switch

kinases for survival and proliferation, they become indifferent to EGFR inhibition.

EXAMPLE 6

Migh cxpression 18 associated with erlotinib sensitivity i directly xenografted human lung and
pancreatic tumors

280
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To investigate whether our observations with tursor cell Hoes could be validated in tumor
samples from patients, we analyzed directly xenografted low passage human timors that
have been shown to retain the key features of the original tumor, inchiding drug
sensitivity, and that accurately represent the heterogeneity of the discase (27). We
obtained 4 human NSCLCs, and 1¥ pancreatic tumors that were directly xenografted into
nude mice {17} No crlotinib-sensitizing mutations in EGFR were detected in any of these
tumors. We initially tested the response of the 4 patient-derived lung xenografts (BML-1,
BML-5, BML-7 and BML-11)} to erlotimb. Among them, BML-5 showed a better
respouse to erlotinib than the other 3 tumors (Figure 3A). Analysis of Migd expression
in tamor xenografts showed that BML-1 and BML-5 expressed less Migé than BML-7
and BML-11 (Figure 5B and C). Iun addition, BML-5 expressed higher total EGFR as

well as higher basal EGFR phosphorylation than the other tumors (Figure 5B and C).

We next characterized and plotied crlotinib responsiveness of 18 directly xenografted
pancreatic tumors, Tumor growth inhibition data are displayed with the most sensitive
tumors on the far left and the most resistant on the far right (Fig 5D). Tumor
characteristics, including KRAS mutation status as well as EGFR expression and
phosphorylation levels, have been reported previously (17, 18}, No EGFR mutation was
found in any of these tumors. EGFR negative tumors tended to cluster on the right side of
the map, indicating that they were more resistant to erlotinib. However, in EGFR-positive
tumors we saw little association between erlotintb sensitivity and EGFR expression
(Figure 5D). Instead, we found that as Migb expression increased, tumors exhibited a
more criotinib-resistant phenotype. For example, the erlotinib-resistant tumor PANC420
expressed markedly higher Migd than the erlotinib-sensitive tumor PANC41, even
though they expressed comparable amounts of HGFR protemn (17, 18). In keeping with
their Migd expression status, PANC410 displayed heavy EGFR phosphorylation whereas
PANCA20 harbored no detectable EGFR phosphorylation (17, 18). Interestingly, in the 3
erlotinib-resistant pancreatic tumors studied that displayed significantly lower Mig6
expression (PANC140, 294, and 2135), IHC labeling revealed that 2 of these 3 xenograft
Hues did not express EGFR (17). These exceptions in situations of low or absent EGFR

expression are consistent with our findings in passaged tumor lines.
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EXAMPLE 7

Mig6/EGFR ratio correlates with the respounse of paticnts to fressa

|56

To investigate whether relative levels of Mig6 and EGFR expression correlate with the
clinical drug response to anti-HGFR TKls, we examined Mig6 and EGFR expression
tmmunchistochemically and in blinded fashion on tissues from a cohort of hung cancer
patients who had previcusly been treated prospectively with gefitinib alone (Figure 6A).
Mig6 cytoplasmic expression and EGFR ruembranous cxpression were analyzed in tumor
cells using a score calculated using intensity (0-3+) multiplicd by extension of cxpression
{6~-100%; range 0-300). Expression ratios were calculated as Migd expression/EGEFR
expression (ratios ranged from 0 to 4.33, figure 6B). We grouped the paticuts with
positive EGFR (>0} staining in low or high Mig6/EGFR ratio groups using the number
close to median (0.44) as the cutoff. Our data showed that the 2 patients who had partial
response (PR} were in the low ratio group, with ratios of § and 0.14 (Table 1) In
addition, patients with lower Mig6/EGFR ratio have significant better outcome than the
cst of the pationts (Fisher cxact test, P = 0.002, figure 6C). Kaplan-Meier survival curves
showed that patients with a low Migt/EGFR ratio survived statistically significantly
fouger than the hugh ratio patients and EGFR negative patients (Figure 6D, Log-Rank test
P = 0.01). The median progression-free survival (PFS) was 96 days for the entire cohort,
71 days for high ratio group, and 83 days for EGFR negative group. However, the
median PFS in low ratio group was 172 days, approximately 100 days longer than
patients in cither the high or EGFR negative groups. These data suggest that patients
whose tumors express lower Migh/EGFR ratio were much more responsive to fressa
treatment. The statistical significance of this comparison was scnsitive to the choice of
cutpoint for the ratio, so it must be considered exploratory until a prospective trial is

carried out using this ratio.



WO 2012/018609 PCT/US2011/045331

Table 1. Summary of the chinical and pathological information of 45 patients with advanced
non-small cell hung carcinoma included in this study.

Migh/EGFR
< 0.44 =644 EGFR=t
Covariate {(r=18) (n=186} (n=11)
: 574 61.9 59.6
Age, mean, years
Sex
Female (n=25) 7 10 8
Male (n=20}) i1 6
Race
Asian (n=4) 8 2 2
Caucasian (n=34) 14 13 7
Other (o=7) 4 3 4
Smoking Status
Never (n=11) 1 4 8
Former {n=19) 10 7 2
Current {n=15) 7 5 3
Histology
Adenocarcinoma (n=31} 2 11 18
Squamous cell carcinoma (=18} 5 1 4
Large cell carcinoma (n=1) 0 1 0
Adenosquarmous carcinoma (o=1) 1 iy 0
NSCLC {n=2) 2 0 0

KRAS mutation]

No {(1#=33) 16 10 7

Yes (=9 2 & i
EGFR mutation™

No (=40 17 15 8

Yes (n=3) 1 i i
Disease progression

Progressive discase (n=26) 5 12 g

Stable disease < 6 mo (n=8) 3 3 2

Stable disease > 6 mo {(n=%) 8 i g

Partial response (n=2} 2 t 0

T KRAS mutation nformation was available in 42 cases
*EGFR mutation information was available in 43 cases
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CLAIMS

A method of predicting tumor resistance to an epidermal growth factor receptor (EGFR)

tyrosine kinase inhibitor, comprising;
testing a paticut tumor sarople and determuning expression level of mitogen
inducible gene 6 (Migb) and of EGFR in the sarople; and
comparing the expression level of mitogen inducible gene 6 (Mig6} to the
expression level of EGFR, wherein a ratio of Migh to EGFR lower than a
predetermined cut-off value indicates sensitivity to the EGFR tyrosine kinase
inhibitor and a ratio of Mig 6 higher than the predetermined cut-off value
ndicates resistance to the EGFR tyrosine kinase inhibitor,

The mcthod of claim | wherein the predetermined cut-off value 15 0.44.

The racthod of claim 1 wherein the expression level determined 1s of protein expression,

The roethod of claim 1 wherein the expression level determined s of mRNA expression.

The method of claim 1 wherein the tumor s selected from the group of tumors consisting

of lung, bladder, head and neck, and pancreatic tumors.

The method of claim 1 wherein the EGFR tyrosine kinase inhibitor is erlotinib.

The method of claim 1 wherein EGFR tyrosine kinase inhibitor is gefitinib.

The method of claim 1 wherein the inhibitor 18 vandetanib.

The method of claim 1 wherein the ratio 18 lower than the predetermined cut-off value,

and the turoor is identified as seusitive to EGFR tyrosine kivase inhibitors.

. The method of claim 9 wherein the EGFR tyrosine kinase inhibitor is erlotimb,

. The method of claim & wherein the EGFR tyrosine kinase inhibitor is gefitintb.

. The method of claim 9 further comprising prescribing erlotinib to the patient.

. The method of claim 9 further comprising prescribing gefitinib to the patient.

. The method of claim 9 further comprising administering erlotinib to the patient.
. The method of claim 9 further coraprising admirustering gefitimb to the patient.

. The method of claim 3 wherein Migé and EGFR expression levels are tested and

determined by immounohistocheruistry.
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17.

18.

The method of claim 1 wherein the EGFR in the patient tumeor sample ts wild type
EGFR.
A method of predicting tumor resistance to an antibody to epidermal growth factor
receptor {(EGFR), comprising:
testing g patient turnor saraple and determining expression level of mitogen
ducible gene 6 (Migb) and of EGFR; and
corapating the expression level of mitogen inducible gene 6 (Migh) to the
expression level of EGFR, wherein a ratio of Mig6 to EGFR lower than a
predetermined cut-off value indicates sensitivity to the antibody and a ratio of
Mig 6 higher than a predetermined cut-off value indicates resistance to the

antibody.

. The method of claim 18 wheremn the predetermined cut-off value s 0.44.
. The method of claim 18 wherein the expression level deterrmined is of protein expression.,
. The method of claim 18 wheremn the expression level determned is of mRNA expression.

. The method of claim 18 wherein the tumor is selected from the group of tumors

consisting of lung, bladder, head and neck, and pancreatic tumors.

3. The method of claim 18 wherein the antibody is cetuximab.
. The method of claim 18 wherein the antibody is panitimumab.

. The method of claim 18 wherein the EGFR in the patient tumor sample is wild type

EGFR.

. The method of claim 20 wherein Mig6 and EGFR cxpression levels are tested and

deterroined by immunohistochemisiry.

. The method of claim T or 18 wheretn the patient tumor sample is a surgically dissected

tumor.

. The method of claim T or 18 wherein the patient tumor sample is a biopsy.

. The method of claim | or 18 wherein the patient tumor sample is a xenografied, low

passage human tumor.

. The method of claim | or 18 wherein at least two patient tumor saraples from a patient

are tosted and expression levels determined, wherein the patient turmor samples are
obtained at distinct times, wherein an tncrease in the ratio over time indicates an increase

in resistance.
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31. A method of stratifying patients on the basis of tumor characteristics, comprising:
testing a patient tumor sample and determining expression level of mitogen
inducible gene 6 (Migé) and of EGFR;
cornparing the expression level of mitogen inducible gene 6 (Migd) to the
expression level of EGFR; and
assigning the patient to a first group if a ratio of Migb to EGFR lower than a
predetermined cut-oft value is determined and assigning the patient to a second
group if a ratio higher than a predetermined cut-off value is determined.

32, The method of claim 31 wherein the first and second groups are subjected to a clinical

trial.

[oW)
)

. The method of claim 31 wherein the first group is a group which 18 treated with an
EGFR miubitor sclected from the group consisting of an anti-EGFR antibody and a
tyrosine kinase inhibitor,

34, The ruethod of claim 31 wherein the predetermined cut-off value 1s 0.44.

35, The raethod of claim 31 wherein the expression level deterroined 1s of protein expression.

36. The method of claim 31 wherein the expression level determined is of mRNA expression

37. A method of predicting tumor resistance to an inhibitor of epidermal growth factor

receptor {EGFR) selected from the group consisting of an anti-EGFR antibody and a
tyrosine kinase inhibitor, comprising:
testing a patient tumor sarople 1solated from a patient at a first time and
determining cxpression level of mitogen inducible gene 6 (Migh);
testing a paticnt tumor sarople 1solated from a patient at a second time, later than
the first time, and determiniog expression level of mitogen inducible gene 6
(Migb);, wherein an increase in in the expression level of Migb over time
indicates an increase in the resistance of the tumor to the inhibitor,
38. The method of claim 37 wherein the expression level determined is of protein expression.

39. The method of claim 37 wherein the expression level determined is of mRNA expression.

28



%\\\\\\\\\.\.\

PCT/US2011/045331

+IYNIS q_ga&um

¥O0R 5008 uWOLE

Y4493/981N

177

e

{4} welugesd) 493 Jo swiL
%0 e 9 v 2

3

.0
-5l

A

WO 2012/018609

Loz
L oE
- ge
L oy

VEOL8 v & 0 ¥ 9L 8

§ ugos-g
- o
§ zisp-d
\\\ d493-d

{nryqunopg

UBYD PO YN YW
éizsq;qu; YMoIO

L1 8anbi



PCT/US2011/045331

WO 2012/018609

277

HELEHEDED

Zil
cib

A
e

o/

’ upoe-gd

unoe-g
Ziag
AR ERY

iy
Py -d

OZ-Ye einbi



PCT/US2011/045331

WO 2012/018609

377

2

el .§m_ A

AR

%

LTI %

184 ‘ PR
SLEL rrarer | - :
SLbHwe N | HEERQE-
= USY Lt
w O 2 esrer
BT e o s,
267 <etppe g % i, \\\\\\\.mn
G0N cartpen = W e, o

ugoe-d
g
¥493

I E ﬁ + T uv T “r i J
£ = ¥ W o= M o F3 & & =
@ A e 3 B B mﬁ W NI 2

A~y Y] > Py
o oo o L 55 e ')
e o

Welsissy Tangsusg

“ WEISISTN OAMSGSS 3

gt arnop3

GO s
Bt
BODG

%,
%

o .N\\\\ \\

s,
sy oreesy,
\\wo\\‘.\\\\\\\\ 2

¢
(&)

4€-v¢ ainbiy



PCT/US2011/045331

WO 2012/018609

4/7

sBuory4n3-d
spoys-w 49 3-d

43
O3

A e A

S EEE BAISUSS

7 [ral

i @

% co M

WRISISSY % W rw

anHsuRS % && Y
PRt

@.\

7 . 3 ) o
\%q/ ,@(.V.W; A\ﬁ 34.%/,% .
)

JRISISaN o
HWSURG %

uglsisoy

BARISUDS

o

sBul
DT JDUURT DA PUB PESKH
% . T
4
=z
: s}
4, S0

CESSEH %
| BAmsUES 4

2 s

ME-6¢ 2inbi-



PCT/US2011/045331
§/7

WO 2012/018609

fwry qrugopy

[ S T I I %3 9]

[Shitelo

o

%0

- U

obi

OG> d ax g
"
- b L Py
Ov lu.,.
S i
B Ae] ; n L
Gz Eg 0L Gz g dnL etitt e}

%%
- %00

AU R0 %

o

oYy 88 501 858

u

it 3 9 695 -5 174
Gbh 288 wteer i
(e Qrugoug
9 €8 L SEG L0 EE0C O iy-d

0 8L g8 L8 D
e I ot ‘i 3

WO s R LAeG g ARG 1feq m

0C>d « o
sl
%EG upoe-g

by
S A A

YOG YIW0ID %

4634

RN
YO«
¥4D3
EAd ; ; ‘ i
" V24RO b ARG ARG £heg LAeg
=2
LA
g
o LY
Wy oz unR-g
A
%ig =
= seypes-g
%38 W
- wons B LI
5. ot 2 @
(I8 PEE et R TA m, 3 ( ; :
Q L7 AR wL ARG . ARQ £ ABQ LABQ m
RIS,
LLBULRT-T
’ o N ¥ wmw @ F 03
< e L > e = PR h pod - s - e
EE I LEIIEAEEZ 5o 3 w oo 8 H Z 2
2 e B AR S -l S = 23 PR oD S0 B
S w5 oW R S et Pt Yooy e
T4 (AR » 5 4 b -
LRSS BARIBUSE UBIBISOM 2ARsusg  HUBISISDY FNESUDY q

Iy~ 84nbi-



Figure bA-5D

WO 2012/018609

gMi-1 BMLS BMLT BML1Y

N
{
< o () CI 3 <
fo o TR o S o S oo JHNE oo SR = 3
o« Wy <t o (ST
abuBYUD PIO4 wNyw
-‘--ﬂ\ o
5 \ :
< o’ S
v \ i
O > 3
To) = i
i -~ B
:—§J 8 !
Mmoo 1

BMi-11

&/7

| A ¢ MU T}
G & =2
w oo =
fe B

(»-‘\ g pie]
H
oo\
QR
) ¥
s’ s
v X b
- oo Y
___:j Y >,
3 i
= o § ks
£ i 0% A S
g% '
ke 3
3 &
H H By
X
\
J e S SIVVRRCE W S
L - T S~ |
V@ » & o ®
~ & b % ~N
e R
{UHR BHAMQIT 30N

BML-7

SERgg-e
mmmm

£3

PCT/US2011/045331

_
L

W

=
L

w
=
.

N
GLEINYd \\

LEPONY

4+ MA +

FEL NV
L8CINYd
CHEOHP

LZOHP
O EONY
PEEONYA

EHIONYd

SLOH
L BEONVd
SR EONVd
€91 ONVd
LEOHE

QUEONYd

LYEINYA
SEQHP

OLyONYd

BIZONY \
aewww \

///////// .

EGFRIHC: ++ + ++ NA +

0 1 Y
O o] = o

a 3] 0 ~3 Q i g [}
= % ' 2
{07 1) BOIHGIMU HIMQID Ja1IN } =




PCT/US2011/045331

WO 2012/018609

777

vevreesisoriisie,

ot

b al gi S350 IO ]
0 } 0L sujuow 9 2 0s/yd
LE 1) g suow 9 > (gs/0d
0=¥H493 P02 0> asuodsay
HA93/96

anneBon-M4DT ¢

dageSan - oy

19-v9 2inbi



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings

