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BACKGROUND
Prognosis and lifestyle of diagnosed cancer patients can be improved. Mortality
rates for heart disease, influenza, and cancer have decreased in the past 25 years 30%,
20 50%, and 16% respectively. That is to say, much more progress has been made in
treating other acute/chronic diseases than cancer. This fact may be a result of the
complex nature of cancer, as well as the current treatment methods. In 2009 there were
approximately 1.4 million cancer cases in the United States, with the probability of 1 in
2 men eventually developing cancer and 1 in 3 women developing cancer in their
25 lifetime. The expected survival rate for those diagnosed with cancer is 60%.
Currently, once cancer is detected, the practicing physician starts the process of
‘cancer staging.” Cancer staging describes the extent of the disease at the time of
diagnosis and offers very little, if any, information about how the cancer is likely to
progress or any specific indication about the optimal treatment strategies . Currently
30 there are two main types of cancer staging. The first is known as the TNM staging
system, in which the physician qualitatively judges the extent of primary tumor (T),
assesses the absence or presence of regional lymph nodes (N), and finally explores via
surgery or scanning methods the absence or presence of distant metastasis (M).

The second staging method is termed “in situ, local, regional and distant” and is



The second staging nethod is termed "in situ, |ocal, regional and distant”
and is WD 2012/ 048269PCT/ US2011/ 055444 - 2 - also largely a descriptive,
qual i t at iwe 2812298169 t echni que. This techni que uses the fPalrlusedingsamiteri a:
if cancer cells are present only in the |ayer of cells where they devel oped
and have not spread then the cancer is t@rnmed "in situ;" if they have
spread to 5other parts of the body the cancer is terned "invasive." The
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20 SUMMARY

The systems, methods, and devices disclosed herein generally involve
determining the growth, and/or oncogenic, migration rate, and/or metastatic potential of
cells obtained from a patient to better characterize the aggressiveness of a given cancer.
A determination of these characteristics can, among other things, aid in the discovery of

25 therapeutics that alter and/or perturb a cells characteristics that engender its cancer-like,
or oncogenic and metastatic phenotype.

In aspects of the invention, cellular samples, and / or biopsy tissue can be used to
provide quantitative metrics that correlate with the malignant and/or metastatic potential
of the tissue. In such aspects, these metrics can facilitate treatment decision steps taken

30 by a physician after patients present with symptoms of cancer.

For example, quantitative prognostic metrics according to aspects of the
invention can improve the accuracy of diagnosis by supplementing a physician’s
decision-making process with clinical data to support the available treatment options. As

a result, embodiments of the invention can provide numerous advantages, for example,



i nvention can inprove the accuracy of diagnosis by supplenenting a
physi ci an's deci si on-maki ng process with clinical data to support the

avai | abl ewonestoagsd options. As a result, enbodi ments ofPCrhis20mwsesatd on can
provi de nunerous advantages, for exanple, WO 2012/048269PCT/ US2011/ 055444
- 3 - reduced healthcare costs, reduced-Bi-sk associated with treatnent,

i nproved patient quality of life, and increased patient survival. As wll
be descri begtuced RedlehcaRtcdkts, ReLed risRAEsRENEF vith rchihigent THPRSVedpapieMvi des a
5di agnostic chip or device including mcrofluidic channels and a substrate
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be bui | ¢, TARUIE ISP HRE RO S TapE TS RS iisacat i g Kend AP L g e
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anot her aspect, the systens, nethods and devices of the invention can be

used as a ¢em Irgssqernsayand bpikoneleontoes sraniss the MERSUEYTIIE RSN BHEPUS| ow
or ipede the Hl %’hglafﬁ%ﬁéé HicGRRE éth[c'cfrsac%la%yotrh'%é bi%hgﬁﬁ%ﬁé“s cell's
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and ot her disease s suc cardi’ac hypertrophy can be yzed and
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enbodi nents of the invention can identify co nds .t hat, dul at e
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exanpl e, t@e etl can be a cancer cell, a heart 30cell, a kidney cell, a
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t he net hod can include otl))t alning a matrix material capable of receiving a
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as cardiac hypertrophy can be analyzed and studied. Thus, the biomarkers, algorithm
25 and metrics according to embodiments of the invention can identify compounds that
modulate metastasis and growth, which can lead to treatments for epithelial born cancers
and other diseases involving fibroblasts and extracellular matrix (ECM) maintenance.
In one aspect, the invention provides a method for determining a property of a
cell. The cell can be of any cell type. For example, the cell can be a cancer cell, a heart
30 cell, a kidney cell, a lung cell, a pancreatic cell, a brain cell, a skin cell, a prostate cell, a
breast cell, or any cell derived from a tissue biopsy. In some embodiments, the method
can include obtaining a matrix material capable of receiving a cell and disposing at least

one cell on the matrix material. The matrix material can be any suitable material for

culturing the cell. For example, the matrix can include one or more proteins, peptides,



WO 2012/ 048269PCT/ US2011/ 055444 - 4 - or chem cals, such as fibronectin,
collagen type I, lamnin, vitronectin, and collagen type |V, or any

conbi nat iwo0tdmesmwef | n ot her enbodi nents, the nethod caoTiusediamssdaaul t uri ng
a cell on a matrix, honogenizing a cell, imaging a cell in a tissue or

bi opsy 5sanple, or imaging a cell in vivé- However, one of skill in the art
w || appreciate that any neans of neasuring the variabl es di scussed bel ow
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These var i ghhgls, erdmagigusedl innvivat Hewetdrcade ebdhileisthe as widl appteeia tat and/ or
predict one or nore of a gromh rate, mgration rate, oncogenjc potential,
or met ast afRXMSEREM NEASUHRE theavasples disqusghrelonysa beaised In &1@&1%@8@1

vari abl e, ctlbdeet hemati cal rel ationship involving that single 15variable
can be used to nmake such a determ nation or prediction. In other
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For gxanpl gy ehRfor&it Srr&Bdingy telcRR! 88 ch@RichNHab etk @6 fhe2ENGS RN Si ze,
actin 20retrograde flow speed wthin the cell, a force generated by the

cel |, a cekhemicalcharactdrigtias Han erelimoinent pirroundingghé¢ celh ‘pldsarvanatleoeantbere of
the cell, a endocytic rate of the cell. a exocytic.rate of the.cell, a

nuol eus/ cebreiinduathea e Spdbemal syl fetemhe FURH pisictTof ol mard S8 B
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enbodi nents, the one or nore variables can include a proliferation

i ndi cat or aVdPdigreNtss aFEEAbVIriablea o Amashaneatical istatigashipanyql kingtwat siglon
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aver Bge-of BEIGe G TR, ECRAR, hebriliincoftachof B Sl iabddbBls,
Vst ern ti anphedbavahagables can be odediin combinatien esinaka thd dutermiGaineorELI SA
average of a protein of interest, NFkappaB transcripti.on averr%%g .a Ratio

of Tyr osi n8raSHSOBIREy {Pr SERBPIRAPRETRORI N ALEOVE! lfe JHERYRBEREPIRBY At ase,
an ECM COgPQi%h{iél?Br I%Q&fstal?co?ééﬁﬁﬁ’lcdf%@gelﬂ' ssue, an | mruno-stain of

PhosphoProtel n, am altzation Intensity, a Ratio of NFKappaB
transcription f &otexampld, th63naot mpat vambitsane inchudRaa fagabaddh@Tiam size, actin

T e SRS RPRRGH VBRSNS B IRV o2
?Reav 2’?;‘ gg :ﬁggfia@igg rv@Pé)I@ft?%ﬁ tHRetefl! a pSlaAbdtsith®of Mdlcell NEEMTRFLiOPRe Of theRER, Of
a exocytic rate of the cell, a nucleus/cell area, a microtubule density, a kinesin velocity,
a focal adhesion retrograde flow speed or combinations thereof. In some embodiments,
the one or more variables can include a proliferation indicator average, a metabolic
25 indicator average, an ILK expression level, a Western titrated average of P-FAK (Y397),
a Western titrated average of P-PAX (S181), a Western titrated average of P-p130Cas
(Y165), a Western titrated average of a protein of interest, a Micron Scale ELISA
average of a protein of interest, NFkappaB transcription average, a Ratio of Tyrosine
Phosphorylated Adhesion Kinase to Focal Adhesion Phosphatase, an ECM Composition
30 of Dissassociated Tissue, an Immuno-stain of PhosphoProtein, am mRNA Localization
Intensity, a Ratio of NFKappaB transcription factor and p53 activation state, a Ratio of
STAT transcription factor and p53 activation state or combinations thereof.

The method further includes calculating one or more quantifiable metrics based on a

mathematical expression or relationship that includes one or more of the variables. For



WO 2012/ 048269PCT/ US2011/ 055444 - 5 - exanple, the quantifiable netrics
that can be cal cul ated based on nat hemati cal expressions including one or
nore of twe xwmrissdsbes can correlate with at | east one ofCrhms2qn st
characteristics of the cell, the notility characteristics of the cell, the
oncogeni ¢ 5potential of the cell, or theSaetastatic potential of the cell.
In an exenpl ary enbodi nent, the one or nore variables can include a focal
adhesi on siexample, thheuastifiabdshetrick Eat 0gH Bélealthlatwd Yaseibohathbmadedll . One or
nore of the quantif.i eﬁbl_e metrics can then include a ratio of the faocal
adhesi on sEsesionsipcluding oge aaEore piths yaueblesenn corephaie withiah deastgneplahe ¢ he
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can, for exanple,. correlate with at | east one of the growh characteristics
of the cel Matigpaticakeypresyioprintluding Pnepr mereef thage vasiab! Staﬁéﬂt?rréag@ﬁﬂte

poteptial @fcaf AheSiBhlsizeqb tﬁen%tr?%ltaaé Bt pePPLAENL 1at9fw1{hk5? 1&8L dne of thO! N

ot her aspects, the Invention p des a"systemfor determning a property
of a cell. growth chﬁ'ﬂaetesy@qsmﬁthmcﬂlud&snatllny@hatfabwndncs afali¢ cdl, itinconcdigargc a

plurality of cell uIt ocations and a detection device configured to
measure onBOSPURG hep?egl;oBF heéget?ﬂ(‘%atéf Q;Oé?rft‘aéﬁff[l?r §h on one of the plurality

of cell culturer} gghé¥xem Tde?§ cRbadR R, thO8nPEORBFd VRRbRARah Helwikda foRe
physi cal characteristics of a cell, the physi cal characteristics of an

30envi r onmégieratad bb@ﬁcﬁtdgﬁsaomqll aforal adeasionasizectftha ot least on eell.anda cel |
or the Che?étxco%%aa% v@gﬁe%ﬁ'o?ﬁ éé)afst L &Rviyonge nt S rél%%gfjuregﬁ gcell. In

sone enbodi ne e mcro ewcec n udé"ap yof

geonetric gerieestedby gl @a rb@qﬁo@rsoﬁm td teGali® oﬁthréeff)can adhg@adr €zdo ther
exanpl e, each site can be dinensioned and configured to culture one or nore

cel I's. |n Edmsradediaay srase's The ferep eeneantpd Py dhe erdlsan: Farexamples cmglatsevithno
2012/ 04826 9HEd: e Q#ﬁ{e%% }Qreﬁ:lferrﬁﬂgsegf t'hQ c&D tRE hidYili 9 0Fthe

enbodi nents, the pluralit geonetric sites can | n(t:y Cl}jﬂaaérqﬁteast one
first sit ecﬂh\lhmgpc@gémp $Jbtedt1alnﬂ‘tth¢ cahdr thefmetastatie potehtid af ties@dindi ng to a
fir Szts rigi ?n othef zps%egg, the invention provides a system for determining a property of a cell.
The system includes a microfluidic device including a plurality of cell culture
locations and a detection device configured to measure one or more properties of a cell
cultured on one of the plurality of cell culture locations. For example, the properties can
include the physical characteristics of a cell, the physical characteristics of an
30 environment surrounding a cell, the chemical characteristics of a cell, or the chemical
characteristics of an environment surrounding a cell. In some embodiments, the
microfluidic device can include a plurality of geometric sites arranged across a substrate

in a defined pattern. For example, each site can be dimensioned and configured to

culture one or more cells. In some embodiments, the plurality of geometric sites can be



5| east one second site having a second di aneter and a second hei ght
corresponding to a second rigidity. For exanple, any of the dianeter,

hei ght amstorzoidsiey of the first site can be any of greaCerusthanssdiess than
or the same as any of the diameter, height and rigidity of the second site.
I n sone enbodi ments, the plurality of gebretric sites can include at |east
one first site having a first extracellular matrix coating and at | east one
second sitenﬁﬂhﬁwhmga&ayecond extracellular matrix coating. For exanple,

the first and second extracel ular matrix coatings can provide different
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reference to t oW Ng nore escrip PPon vari xenpl ary
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drawi ngs t hat re brief|ly described. BR| EF DESCRI PTI OF. THE
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m croscopy (Dl C)I)h ]c,e(gid %X%D%ﬁ%jx%e&fs flegtlé{e{% ans%dv%t%%%%t\&llﬁ%réga%%aé%w rzlatgt%n
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Quanti fi catl on, of trograde flow velgcities over the three techni ques
enpl oyed. mr@e}w HFPBEPETIMPEIY ¢1Podisenss of the mVéR%‘i’rbintco(&i‘quEP%m“héé?l y

integyin-nggdi dvisld ‘lggg%lt@gfeaﬁts B E‘t’i‘l?’% and phenotype on

col | agen and ﬁlﬁar 8ﬁgctr?n. D C mt cr ogc%%y dCI LK+/ + and ILK-/-cells
spread on col |l agen coated gl ass showed ILK-/- cells are unable to spread
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FIG. 2. Mouse Embryonic Fibroblasts ILK+/+ exhibits slower actin retrograde flow
25 than ILK-/- cells. (a) Kymographs of ILK+/+ cells. Retrograde flow velocities were
calculated by measuring the speed of laminin & collagen coated beads, actin-gfp and
membrane displacement (via differential interference contrast microscopy (DIC)). (b)
Kymographs of ILK-/- cells. Retrograde flow velocities were calculated by measuring
the speed of laminin & collagen coated beads, actin-gfp and membrane displacement
30 (via DIC). (c¢) Quantification of retrograde flow velocities over the three techniques

employed.

FIG. 3. ILK+/+ exhibits slower myosin-light-chain(MLC) retrograde flow and greater
MLC persistence at the leading edge compared to ILK-/- cells. ILK+/+ and ILK -/- cells
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fl owelocities or speeds for MCF7, MCF10A cells on collagen and

fibronecti %IG'\’?FFLI@ﬁhh%Sﬁ{Q&EM sl%l»«%}"ﬁ{%r'éﬁ{)rw?q{)&%s LhPw gﬁ@%qocgd\}\}tag% or

speeds. Moreover nst retrogra peed, focal
adhesi on, anndtriatiant (I LKer€and Hoex- calsntae rahdfected Meﬂha‘t/ASE GIFP fed placels over

dlfferent extracel | ul ar trix F r ex |l e, focal adhesion size
is still |&P§alagepcopledelassqimage ¥‘a\/\ﬁ§t% Adat 9.8 Zg)g ‘HP‘&‘?@’dOWaBBEF%Q’é‘n or
fibronecti pfm{h@afoRlalbesied n%cl) QUL Lo Rf 111K - br& %e'r@sé\eg@& ﬁfc«ﬂfagér? FelEB

oncogeni c, netastatic MCF/ breast cancer cell line for arg oca
adhe®i ons differemtalensities aid @llqvqueomeﬂmms"or < bid weeksein ciltuee. dser vat i on

B! S b G SRR b e S bl

m gration kmbegonic fibroblasts (MEF’s) exert less force on both substrates than wild-type MEF’s.
Cells were plated on PDMS pillars coated with either 10ug/ml collagen or 10ug/ml
fibronectin, allowed to spread for 30 minutes and imaged via brightfield microscopy.

30 (E) Side and top view cartoon depiction of PDMS pillar assay to measure traction force
generation. Cells were plated on PDMS pillars and allowed to spread for 60 — 90
minutes. (F) Brightfield Images (inset) and force vector maps of ILK+/+ and ILK-/-
cells plated on 2um diameter, 7um height pillars coated with 10ug/ml collagen and

10ug/ml fibronectin. ILK+/+ and ILK-/- cells were plated on PDMS pillars and imaged



WO 2012/ 048269PCT/ US2011/ 055444 - 10 - Moreover, this supports the idea
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correlates with the Traction Force Index (TFl). (A) The Traction Force
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25 FIG. 8. Summary quantification of retrograde flow velocities or speeds for MCF7,
MCF10A cells on collagen and fibronectin. MCF7 cells exhibit slower retrograde flow
velocities or speeds. Moreover, this data demonstrates that retrograde flow speed, focal
adhesion, and traction force index maintain their relative differences over different
extracellular matrix molecules. For example, focal adhesion size is still larger for cancer

30 cells whether they are plated on collagen or fibronectin. When plated on 10ug/ml of
fibronectin coated glass, the oncogenic, metastatic MCF7 breast cancer cell line form
larger focal adhesions than normal, wild type MCF10A breast cell line. This
observation is consistent with the previous observations with the ILK cell line, in that

cells with larger focal adhesions grow faster and exhibit faster migration rates.
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FIG. 11. Summary of the calculation of the Traction Force Index for wild-type and
cancer cell lines. Traction Force Index is calculated by dividing focal adhesion size, and
retrograde flow speed. Cells that have greater growth/oncogenic potential and
migration/metastatic potential exhibit larger Traction Force Indexes. (A) Cell were

30 plated on 10ug/ml collagen + fibronectin coated tissue culture plastic and TFI was

calculated.

FIG. 12. Migration rate correlates with the Traction Force Index (TFI). (A) The

Traction Force Index (TFT) was calculated by dividing the average focal adhesion size
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16. Cel|s d$hnaletieshagagtst tlt?diquab@&nmef iGsils thas divide rateadraye darger BEL. Eiarn bi t
simjar fo%aiuegﬁla#‘eggr%@u i F6rcBRd Céo!rr%hat@stv(f gl%@&hfrétg‘("l)/}ﬂg%&ﬁ{g}t}’mé‘f éer s

spread on rigi es coate col I'agen or
wer e pl at edvidrslowel todhser daubiihg dhes oagfbwﬂmgesi(nei HLK/mMCBEpeA, IDKS:/+,

Kynogr aphs hi cal | resent the feat flow at the 10l i odi a,
i ndi cat i ng 1\3{;??65%135&@?1 berhiE g § to E%;er DehiySit i483dht] ﬁ@- el n
retrograde gtd oy deglRAi tsbbv@ﬁn?i%ﬁﬁ%’ﬁ%@sé’é’mfu%ﬁi&rf%&tl‘aﬂs RIF OASRISSRNT Mean

1 SD froma m ni mum of or focal "adhesion size, and 20 cells for
retrograde npfrogl, wpiéérbeflurrnaiauqastrwdltmldmatellisd\hlémre ifast grodvisgfdeint ' s t -t est
ed for. statistical ,ana | ated,on, ri ol I agen
ana 1 br onQugRtE o€ BinePie i Emasiih MGE Ler i ars BpPofths nihbBlaRte, | 575
col | agen, exhiahibteast @iveér @@kl N retrograde fl ow speeds respectively.
Interestingly, this observation taken with the observation that cells
plated on rigid collagen and fibronectin, soft collagen and fibronectin,

rigid fibrepgei) ’boahhg's?%gx%ﬂ ﬁ%tﬂf(ﬂ#/r@f‘ lﬁ%gljl lcutncf L@ﬁsg?m ﬁﬁ}o% ¢tin rescu

respectively, support assSertion ower ro rade flow
speeds gr omprfeae];]hg land piblFé@tiod 7 Wikddyps dM@se Eaitdy orib iFiirbblayts eMﬂE]Pbs)dyere

treat nent show 13 133 integrins are necessary for spreading on soft
and 1 gid SUBEPPE égc'@@éqde%%f PP USRENSIAN @5?9&@@14%8 mgl/lwecr {opPEFE n, and

1000 oLanR U ATGEMI L mae SR a0 o |
fibronectin, or collagen + fibronectin in serum free media. (A) Time-lapse DIC i 1mages
show wild type MEF’s do not spread on soft surfaces coated with 10ug/ml collagen or
10ug/ml fibronectin, while MEF’s spread within 10 minutes on soft hydrogels coated

30 with 10ug/ml collagen plus 10ug/ml fibronectin. (B) Time-lapse DIC images show wild
type MEF’s spread within 10 minutes on rigid gels coated with 10ug/ml collagen,
10ug/ml fibronectin, 10ug/ml collagen plus 10ug/ml fibronectin. (C) MEF’s were

spread on indicated substrates for 30 minutes, fixed and imaged via DIC. Summary

quantification of spread cell areas show cells spread to wildtype areas on soft gels coated



25condition. (A) Cells were plated on soft and rigid hydrogels coated with
i ndi cated ECM pair conbinations. Collagen type I + FN was the only ECM pair
t hat rescwedoppnemdi ng on soft surfaces. (B) Bl ocki ng aPCratSegniossi44 escues
spreadi ng on col |l agen coated soft surfaces, while blocking 131 and a2 131

i nhi bits spreading on collagen coated rifdd surfaces. (C) Bl ocking aVv
integrins rescues spreading on fibronectin coated soft 30surfaces, while

bl ocki ng 13adtH ¢dlRgen asd fibidhedinl 88) an0F bRywerd plasdon GrdRRdaepttraies,i nhi bi ts
spreading on fibronectin coated rigid substrates. (D) Blocking 131, and a2
131 i nt egr it$sinisd BN saurtpd abiaficated simearqin§e fells pl soft ¢pllegan aef sof t and
rigid surf ' Int.eani I bidt ' :

col | agen + T Bond ar A sBiekis Sl 3R PRicd Vit EhsRbl FRE dRfoRuaSidre

i ndi vi dual ableperpratifiatate as’celk pikaed osrigdts@bitrarass Daepresent mean + SEM from a
2012/0482699CT/Uszgéé/05544é - 14 - used for statistical %£§¥ysesh *=P<0. 05
3l integri fandpwn el duee ndivideg! experipents & Yrdaysddent mesaed rstaisisal ces
coated w t i LiQug/ elpe@bl aggpnaNdild kB i tidh@nt hat 131 is
sufficient ?o?ggétivation o?naétfn olﬁ%%r#za??@%% ﬂ%gHggﬁgsk%nq%fornation
Per haps 3 iredpegsd. nchatrsstorsex.ezidditypefcolls ddpotrspgiadi grpw, os porideraienah sdfiat i s why
bl ocking 3 is still.perm ssive for readi.ng on ft surfaces: FIG 1
Knockout artPyADIGRBFISETR LR BERETPYS HoF BCETES Ty BRVIRET resres-db Y 1 ng
pat hyay negassainic dedis abPAREH e Grddy MY ProfifersRlona@a~U3UPL) bowaed. im- (A
Knockout 10cell lines were plated on indicated substrates for 60 m nutes,
fixed, staiordad ¢ enltueriwide sangeiofagregr o¢lls deoived &ram bibpsiesengplantsin vdiemar y
gquantificat I S hat i.ntegnin 33 | 201 | [0 in
ke K g Peflsgf Qelepng R ROSKSiRle o Rl BRI BF M W e e
are necessavith ddlagspagbiibidgeaih odes tédsdidizy esposatweith Worinkul WAy pd calsl | agen
+ fibronectin. Data refresent nmean  SEM froma m ni_ mum of t hree

15i ndi vi dudhabipe smaritsty pacells are abledo spread pn it syidacgs Fepted pith; collpgen

anal yses, *3 KN i i.cat i j IHated in
cances pr ograaty e PR sEhies G el iend G GLER RhETHRR HIRCRTLES

al so neededittocultirtmgod]chagereldnd LK biHoreds twene platriddirt softr aslpigid sube@ksG  19.

Smal | nol ecul e, screen inplicates the proli.feration Pl 3K pathway and cal ci um
Signaling RS Shlesst atihgnesis ghineg Sprpasylin a3 el SR YA k&
fibronecti rtefls@rdAvttdPadrbuteon {ABsidkERePESRed With c6RIRH ahd HERCAHBuEanNcers,
supporting the idea that the signaling pathway triggered by cells

i nt er act i ngnable o spreadispdhsubsttateichaiod edth eollegernwid wifegubstrathecasitghwithng

need to ow cancer..cells in.vitro. Cells..were .incubated 25w i ndi cat ed
i Bt or s TepoeRAc CeuGPlalamnich B ang TS B o CSy BeuT Y hiionEta: o
wi th | Qug/ mbid Abloagein, tighd bSIRRER drBw aht pesliferbdfacel | regpeetielper e cal cul at ed.
Summary quantification show that 1 nhibitors of P-type Ca++ channels, PI3K
Akt, Rock I, and translation inhibit spreading. An inhibitor of PKA did not

i nhi bit spreadifg n . ' At-hre
| ndi vi dual SSpot] ﬁ%‘%ﬁ K'Y ﬁggérﬁuag&? ! f%i%@&i*f‘%ﬁ%‘@%é%‘f?%@ é’{ha‘%‘?é'?ﬁ%‘a 4
anal yses, *fodak@dliEsionHi£s andtctiRhersqradeyfl@ay ivelociny a$ od Bl spachidesi rigid pulstiatass
occurs only on soft surfaces coated with | Qug/ | agen + fibronectjin
Lo 30" meRPd SR RTHBE Grf G G (A CENS 55 BAToH O TomgPT o7 EORRiRgen or
| Qug/ L fi caneehdifiodd, IRd, didthedEotta®fif aktd B&xiﬂ’ifn eﬁacﬁﬁg&i via confocal

microscopy. (B) Summary quantification of focal adhesion size and determined by

-

paxillin staining. A Student’s t-test was used for statistical analyses, *=P<0.05. Cells
plated on rigid collagen and fibronectin, soft collagen and fibronectin, rigid fibronectin,
30 rigid collagen, exhibit larger focal adhesions respectively. Interestingly, this observation
taken with the observation that cells plated on rigid collagen and fibronectin, soft
collagen and fibronectin, rigid fibronectin, rigid collagen, grow and proliferate faster,
respectively, supports the assertion that cells with larger focal adhesions grow faster.

(C) Phase contrast images of cells (inset) plated on pillars coated with indicated



WD 2012/ 048269PCT/ US2011/ 055444 - 15 - (Y397) FAK, and Phospho- (Y118)
Paxillin, with GAPDH | oading control. (B) Wstern bl ot quantification of
Phospho- Wwu20inyo48%. (C) Western bl ot quantification of PEmaspio/s4¥418)
PAX. Data represent nean SEM from a m ni mum of three 5individual
experinments. A Student's t-test was used3f-or statistical analyses,
*=P<0. 05. FIG 21. Western bl ot analysis shows cells spread on soft

surfaces ceoaitéis WHekagbulduiinealldvaiRividud] ipRie Riespldcenrat ot dsualifedn@dit he
Pl 3K- AKT pat hway, activating the translational_ regul ator p90RSK1. gA)
K,

West ern bl stmgrarpraypiisatiorgEpiilandisylagrynmere pilapreaphyithadogted

Phospho- ngﬁ%éh AKT, Phospho- (T202/Y204) ERK, and GAPDH | oadi ng control.
(B-E) Su ry quantification of western blots. Data represent nean SEM
fromsa m ni mum of three individual experinents. A Student's t-test was used
for statistigcal analyses, *=P<0.05. 15FI G 22. Spreading on soft substrates
i s depende kéoirﬁ't(ﬁélsaip&?aﬁé’&iﬁoﬁtc)? lageny B {ibrgngetan godied ﬁ&sgﬁﬁeéﬁxﬁﬁ%\ SIBEAY s wer e

spread on r i : i i
T R b L T R A

t hat cel | scomedwahblcellagenspridacnec(iB) (ApCells pert Mated conodinitedsubtstragsesd not
effect cell spreadi.ng .on urfaces. Coati substrates with 2Qug/ nlL of
Sl | agen ol TSN an IR AP, R M Eiagts g aisn Dl pmeenh e S i pifie T (o
Coatjgng t heansQfipRB4, iB@kstiddRtroglady i8R velbditye!(BY Sl quanfftaioAFA8EN

fluid) with 1 Qug/m collagen + fibronectin rescues spreading. (D
Titration oftragpddedltpon velodity apmensaicad by Showe flnwt Dataniepfesenhnedan|<0L §Dnftom

col l agen tq 5uag/ml f.i.Rronegti-n is needed to C readi n n soft
o f aces.  emnTlh of SBeBRTEY Ak AARSRETren fnd 35 ET BRESREHE B §R5Y for
fi bronecti padhdigditvidual BONI Bontifidh. OA Studdatry it wak usdd £ YlaBisticas anildessuggest s
an optimal ratio of collagen to fibronectin to rescue spreadi n% on soft
¥

surfaces angPclPdurlellsmistad gn sigid eollagen and fibrompgtin, gakt sollagengpd frbsenechip,
undeysst andi.: o] i mze the ability
to c]trJSI tur e'n%gin@%\rgn ﬁglpglgfezgé,oqlggp ’§%ftﬁghiﬂn&€?r% (rac{)h Y%b(%%%éeog(g.pghéc?ggvi ew of an
exanpl e genspeadtivebhdnatrestingly, Biehseoration nakdearwithothd albkseryatisrpthandedls ipdated

pol yner, chip. t hat det ai t he overal | dinmensions of. the chip and general
st on. ' Then Eigiqi1o2e b Bbepngr i sof £oUSRRATT (oGFneR B s TOrEPeif sl ac s,
here after ;bRIFRABULHI BB ratt %Eer,@%&ﬁvél?%dpﬁ@ﬁ?ﬂueVHséé}tiQA {aecQRtwith

m cron-sub mcron features allowing for cancer cells extracted froma

bi opsy/ expblkemier resrogeivderitow spredaigrowpfesterf erate WO

2012{0048269PCT/ US2011/ 055444 - 16 - and allow for neasurenents to be nade.
FI G"24. An exanple side view of PDVS chip, highlighting features that

separ at e tiFeG. £7.re@™ Qieéd&ﬁiﬁﬂbﬁbr?&inﬁ&odﬂﬁ@z&ﬁleﬁem Baid F3 Fh&uAs-ar®00 um
in height and 200 umin w de. The feature form nmacrochannels that allow for

di fferent neeggEasy orrsprasding awodt andrrégid subsiatas spatsel vaths g mbeadlagen,

10ug/ml fibronectin, and 10ug/ml collagen + fibronectin. Cells were incubated in
suspension with indicated antibodies for 15 minutes prior to plating on indicated ECM

25 condition. (A) Cells were plated on soft and rigid hydrogels coated with indicated ECM
pair combinations. Collagen type [ + FN was the only ECM pair that rescued spreading
on soft surfaces. (B) Blocking a2 integrins rescues spreading on collagen coated soft
surfaces, while blocking Bl and a2 Bl inhibits spreading on collagen coated rigid
surfaces. (C) Blocking aV integrins rescues spreading on fibronectin coated soft

30 surfaces, while blocking B3 integrins with a f3 antibody and cyclic-RGD peptide
inhibits spreading on fibronectin coated rigid substrates. (D) Blocking 1, and a2 B1
integrins inhibited spreading on collagen + fibronectin coated soft and rigid surfaces and
blocking 3 integrins inhibited spreading on soft collagen + fibronectin. Data represent

mean + SEM from a minimum of three individual experiments. A Student’s t-test was



FIG 25. Top view of an exanple of overall device. The device is conposed
of the chip 10containing the array of 25 individual substrates, a PDVS or
sim | ar pabyeoevossdegr of l uidic manifold that fits over an#Caruseoid/osizes chip
and a glass substrate that seals the top of the chip and bottom of the

m crofl ui di ¢ mani f ol d. FIG 26.- Bxanpl e schematic of how the three
parts of the device are overlaid on one 15another to construct the working

devi ce. Fl Gse®fbr staxiatiqal anslgdes et <@ .0F. Em\i\h&@&nscmhs&syury forltBe ré¥R@Edf as wel |
as general dinensions of t he devi ce, e device would be placed on a

m cr oscope SAieARingheR ©ft surfasensqatedowith d Ave/ml coblageared 1Pug/mltfihsonestinpol ar i zed

l'ight from I cent

[ gnt of weuerans HATP! ieediRef BEhc bR oo eI ER. Suf ARLEEPC"

t he subst r dommdtieatRerleps BSddtebrins ae nECIvhate fonttie mrgwlgfs&m(msa' hexdEFa'Vhdez[hgndency
assay wl | or Ildatlon of the in V|tro ondi tions needed to

cul ture thé’?ﬁ‘ﬂtﬁs‘%ﬁ aPr‘?fm1Sﬁ“’9| forr preaginer ty 30ft %W%orrponent s, collagen,
fibronectin, 25| am ni n will be flowed through the five macro channel s,

coating each row of five substrates. The substrates will be fabricated to
cont ai n pi [AlGr :8.oKnpckoutarsd mdither g¢rt:@) idbnki)fylrﬁulm:uld{umvoﬁ'ud]in Semsigrmhidg 10um

Wthin each _substrate ars have differ radij.i, m .l um
pum. dum . GE S eSS e ol P Tasen 3T BbrarFels. (arknseiott
coat ings argll lin& Wedeiptsied On hRlitRE! absands f&r@%ﬁ@&@rﬁie@d stafheBFonRABUARA tO
30determ ne the ideal conditions to culture a given biop SY invitro as well

as the for é@aggshdp gerfgcalimiseashom. (ﬁ)@umvauwﬁbnamponﬁcel yers show that 1

2012/ 04826 011/ orre erent iditjes of
in vivo an?lg)%l/l\il%'[%r étje pﬁeva%(rzlg Ll\r}\nketdhﬁ{nﬁ%e égﬁsdﬁiﬂ léy Fgg%fxe% d For
exanpl e, t FecqliAdirsidndlinhst dravecediaryridrapfeaing i, soﬁ%ubﬁfhtesl&ﬁtedmﬁ’h 300, 500

urn's. The different sized pillars will provide a surface for cells to
spread to S0HgM Cﬁﬁ%%hﬁhmactml@tampre@ams%iﬁl\éé@m p gripimwaf thege ysed

to degerm I“:F‘c} il aeale x%%ht?.” AS e| e '%%E %}U%%Es%@?oq sMi’ i1 Bfial SIQJEp@sﬁgo g5._an

array of pillars o e sane erent |arrete S Such as 'Sum
25um 50 urkmocR &0t uelhscr&'dneisxqalmateb@rcﬁem ihplsetedeinaansu pregresidor Bl Gedrirs t o

d d att dh Il b
Pmged vi a FKuBABs Sty o St 1 Gt FSGOLEEegrd G APk ciIPac STBAT SR Ed ¢ o
recogni ze fReAly RUAsE.ON proteins such as paxillin, pl30Cas, FAK, and
vi ncul i n.

20 FIG. 19. Small molecule screen implicates the proliferation PI3K pathway and calcium
signaling in rescuing spreading on soft gels coated with collagen and fibronectin The
PI3K pathway has also been implicated in numerous cancers, supporting the idea that
the signaling pathway triggered by cells interacting with collagen and fibronectin
recapitulates the signaling needed to grow cancer cells in vitro. Cells were incubated

25 with indicated inhibitors at indicated concentrations and plated on soft substrates coated
with 10ug/ml collagen + fibronectin, fixed, and cell areas were calculated. Summary
quantification show that inhibitors of P-type Ca++ channels, PI3K, Akt, Rock1, and
translation inhibit spreading. An inhibitor of PKA did not inhibit spreading. Data
represent mean = SEM from a minimum of three individual experiments. A Student’s t-

30 test was used for statistical analyses, *=P<0.05.

FIG. 20. Phosphorylation of focal adhesion proteins occurs only on soft surfaces coated
with 10ug/ml collagen + fibronectin after 30 minutes and not on soft surfaces coated

with 10ug/ml collagen or 10ug/ml fibronectin alone. (A) Western blot of Phospho-



FIG 31. Exanple of substrate features used to determ ne actin retrograde
fl ow speed. 15Each substrate woul d be conposed of an array of rectangul ar
pl at f or newOhat2/m@srwespond to different rigidities of inperuus2@nasi4d vitro
rel evance, will be coated in different ECM nol ecul es, while 1-3um di aneter
gl ass, polystyrene, magnetic or other tyjpe of beads are flowed in and
images using differential interference contrast (DI C) m croscopy over tine

t o nmeasur e (YBe7)MEAKCaid/Plidspheads 18} PAXIBIn /2@l GEUPBEDRadihg €Bhirsl. (B)
Al ternatively, 20neasurepents of nmenbrane deformation, or turbul ence at the

| eadi ng edd¥esiernbirigantficationof Phasphe- (IRT) Fo kdet@r Western blet auantification
retrograde e V& 06 1Y, G, 32 e of St r eat ures
used to detofgrh')ﬁlg\é Z’Bpgfgﬁ)zpéqfe)iko?a{ayrﬁgége rtlmaer%P<'§1t>lfg<‘%wiJ §%%§rr’é§lﬂgﬁﬁlsﬁnﬁﬁegr hei ght s

and di nensiadigidofl &PxbRems. YOS LEG teOOsAB0dI far sBASOOM 30y as, #EPXGOHUM
will allow cells to spread and polarize in a given, defined area, allow ng
for separation of cells to best neasure polarization tinme. FIG 33. Exanple

of substratggf epty ' L analy [ i
Fect angl eo S 2y [ KT G R SRR Bty E R B P 1B soum
100um 30500Uagenwi fibroatétovadtivatedERK and thesfiB KadKdnphtinvay, at@vaingpbei f i ¢

e o DenSr s s RIRER beeanesermg ot rioshor 3 S kB har
contgj n fi vRolghdlMiBEOR7EERS PhdsD- ($473) AXSE, mg@mt@m@pm@) ERRIBAATY

macrochannel according to an enbodi nent " of the 5invention with dinensions
and gener alGARaHUpading Fontols (BdH)r Stremdenguaat fibgtiarhef \@sterk blags.tldats al pha,

b , il h b ' h f )
necossary Tttt ek Ud B PriRdS o BRRCPENGRA Rl Gl SRS s

Schemati ¢ adst @4 0Fddafoy satiical ¥meseacePdiosy to an enbodi ment of the
10i nventi on nmade from al um num and pl astic tubes. Both top views and

cross-sectional views are presented. FIG 37. Schematic of exenplary
PL0L PSS HGE58 oty 40 RAATAL: Syl LRUGCLABLIRC b pL o o
present ed. binding sites. (A) Cells were spread on soft substrates coated with 10ug/ml collagen +
fibronectin, 10ug/ml collagen + RGD peptide, and 10ug/ml collagen+ FN-III (7-10)
show that cells were able to spread. (B) Total protein concentration does not effect cell
spreading on soft surfaces. Coating substrates with 20ug/ml of collagen or fibronectin
20 does not rescue spreading on soft substrates. (C) Coating the softest gels that stay solid
(below .01% Bis, gels become fluid) with 10ug/ml collagen + fibronectin rescues
spreading. (D) Titration of collagen and fibronectin show that a minimum of 10ug/ml
collagen to Sug/ml fibronectin is needed to rescue spreading on soft surfaces. (Ratios are
Collagen:Fibronectin). Titrating collagen and fibronectin identify a minimum total
25 number of molecules as well suggests an optimal ratio of collagen to fibronectin to
rescue spreading on soft surfaces and culture primary cells in vitro. This data is
important in understanding how to prepare and coat the device as to optimize the ability

to culture cancer biopsies, explants in vitro.

30 FIG. 23. Top view of an example general schematic of PDMS, or similar moldable,
imprintalbe polymer, chip that details the overall dimensions of the chip and general
design. The chip is composed of a 5 x 5§ matrix of 3.5mm x 3.5 mm surfaces, here after
termed substrates, that can be fabricated with different micron-sub micron features

allowing for cancer cells extracted from a biopsy/explant to adhere, spread, proliferate



FIG 38. Schematic of exenplary prototypes according to an enbodi nent of
the invention nade from al um num and plastic tubes to act as device and to
provi de awouobth/d48a69PDVS. Both top views and cross-secti @0alUS2i1@ns54as e
presented. 20 FIG 39. Schematic drawi ng of an exenpl ary devi ce according
to an enbodi nent of the invention that cbBh-be used to neasure biomarkers in
5 macrochannels, with 5 substrates inside each macrochannel. 25FI G 40.
Schemati ¢ dhaweg fof measuexBEmL & be @ey¥d ce according to an enbodi ment of the
invention that can be used to neasure biomarkers in 5 macrochannels, with 5
substrates inside each macrochannel . FIG 41. Description of
exenpl ary teghppl 1309 e30| ven d
exanpl e of Fggsg?b%g{yl %ﬁjgénglnp g’ﬁ‘%%ﬁ?ﬁg&if}rm@g ftmé SRR ?céﬂo? e?ﬂ%
exanpd e of rﬁwdﬁﬂﬁ@@s@lﬁ&@fe@ll Tﬂbes‘ecfeﬁﬂre@ﬁtwm()mm- 500 uhhﬂ?n Helﬂgh%lahd 000 umVi@

2012/ 048269P /ﬁszgﬂ 1/055444 - 19 - FIG 43 | es of how twg al gorithns
correl ate Wi af g ?mh@a%r@ﬁ%@éﬁﬁbat&él?é’nﬁof Sh ereny fepgentsde padlopve

potenti al cell lines according to an enbodi ment of

t he invent ?lférr?agmﬁlg EWAS 5’%3&85? e of how prognostic results will be
transmtted to end user accor d| ng to an enbodi nent of the invention.

S oeos B s Fol R b S350 BN ol 05 SRS,

det aj( ed d%%ﬁtralrﬁﬁ%fm 2319 \0r 95 BV s S‘Ubgtlf‘atésefaqflﬁﬂg%rtsﬁmtlaﬂ%oWrﬁé’i‘ ngs, in
which i ke elenents in different draw ngs are identically nunbered. The

drawi ngs, Macwiuadic araelfnbtthn@‘ét@maxr dridyaroendsibalcbip andpi glasssebgoate that seals
enbodi rrent and ended . t,0 |lim he sc of the invention. The
detailed dad c?olppoiil R ‘P Fﬁ@t’?técfrggf tﬁ)“fl&l&%%foﬁ not by way of

limtation, the principles of the |nvent|on Unl ess defi ned

ot herwi se, technical and scientific ternms used herein have the sane neaning
as commonl ¥1tnder Exapalesghamaticof homdihg dkrpe piits of the devise arerovedlaighinene he

20i nyent i O%nptlﬁogygc%ndt%%gﬁé \5(8}?&/{%%%1% Di ctionary of M crobiology and

Mol ecul ar Sons (New York, N. Y. 1994); and
Webster's New World Medical Dictionary, 2" Edition, WIley Publishing Inc.

2003. provi e_skilled in the art with a g neral gui de many of the
terms used Fﬁﬁ £h eEprBRlgfehematic e homgthe deyice mﬁ Bﬁé@ég%ast‘ﬁ"eﬁfﬁ%"é‘éfﬂl

i nvention, ddendists! hd e i&, ”ﬁleade%léé‘%{rdlﬂéﬂe ?ﬁic@é{"on 23010k st&FWith WHARRT kers, ™
"markers," "neasurenents,"” and "variab re used
transmitted light illuminated from the top polarlzed light from the bottom, to image both

20 in DIC and excitable fluorescent light of wavelengths from 300 — 800nm, respectively.

FIG. 28. Example of the substrate features used for an ECM dependency assay. The
ECM dependency assay will allow for validation of the in vitro conditions needed to
culture the biopsy/explant in vitro. Different ECM components, collagen, fibronectin,

25 laminin, will be flowed through the five macro channels, coating each row of five
substrates. The substrates will be fabricated to contain pillars of increasing heights,
from 2um, 4um, 6um, 8um, and 10um. Within each substrate, the pillars will have
different radii, .5um, lum, 2um, 4um, 6um. This configuration will allow for an array of
matrix coatings and rigidities to be tested and force generated to be measured to

30 determine the ideal conditions to culture a given biopsy in vitro as well as the force

generated in each of the viable conditions.

FIG. 29. Example of the substrate features used to determine cell area. Each substrate

would be composed of an array of pillars of different diameters and similar heights that



i nterchangeably and refer to the an observation that can be used as an

i ndicator of a particular disease state, for exanple, but not limted to,
cancer orweane/m@siser physi ol ogical state of a tissue, oPCOMganil®fi44dhe term
"bi ophysi cal variable" refers to a subset or type of variable or

30bi omarker that is a measurabl e physical7characteristic of the cell and/or
conponent inside or outside the cell including but not limted to |ength,

area, masscomedpoad ly dlfﬁﬁﬂﬁlrigdlﬁgﬁoﬁﬂmd”‘ﬁ{d iaRStré Ft%\%ﬂf:e Wiéh thRefaPpropriate
"bi ochem cal variable" refers to a subset or type of vari abl e or bi onar ker

that is a Mw@w@e%r@h%amp& tl@rszarratcp'e:ldélm/@ dlylrr@ter@ofem 30n80.dé0o200,
out si de HRAETHYROIIORRA 1 A hiae L U5 EE e LR, SIS

further chara erized e specific unl hod™ 0
neasurenenthmm@hm@nngamhut not limted to optlcal denS|ty, arbitrary units
of fluorescence intensity, nolecular weight and conbi nations thereof 5The
term "oncogeni ¢c" neans taking on or resenbling the cellular properties of

cancer cel lggg i@ SEJ(éfnwe ﬁﬁs@t%fedéaﬂlpes%g@ﬂ)t e%rl‘rﬁg%ﬁ)%g ?(?’%%% Rize. Each The
term"netastatic ta on or resenb ce ar properties of
i nvasi ve caubs@ratecwbthlsl,bermstﬁoyedmﬁdn ar&’garfdnlletmof ﬂnelsamalhueight yut diffenerade

surroundi n .tiésue r ves :%gThe ﬁern1 nco nlc otential" is a

bl o
termthat OEAUERSSUCh g5 %% ﬁ“t"i/ funa M- Ghese Harw Pg¥haTTERCey

bi ophysi calces RtsBreal AndaBUEH @, Pd?nh&'i?ﬂi&ﬁlré?ihleﬁgn RHAE hdhdstbrRddiltbeQRab& t he
ability of an existing tumor fo becone nore aggressive, or achieve a faster

growt h r at &ia flgnsescently Tabetea:amabod;eqamt @aniual dolsfcomjugatkd ta rcagnies facehat
describes t rre t bi ochem cal and
blophyS|caIB§S W?“% HS%V %paﬂhﬂ¥B?gﬁ%ﬁdFégigwgygc?S?ce inits imediate

environment, in addition to the ability of an existing tunor to grow in
di fferent Ia ers of tissues, and parts of the body than from where the

turmor ori gifhel #ly Expmelg of Telstts feptups s ed i dederniing ygdretegiain flow speedr t o
the l kel i @Wsﬁstrﬁé%ﬂ d b@%@?n B%Q%f%gla?ra %?#&éﬁ'{%ggag:ﬁfa?{mﬁgg%g%éx%éf)%nd

|nclud|ng recurrence and netas I C sprea ease
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condition in mamal .t is.typically characterized by unregul ated cel
growt h.  ExFRIFS ésﬂﬁﬂﬂl Rigielerrediss <Pal¥iYTae, mastetis PEOSE BIPE A 86895 o,
breast canGf! floWddin # iFAREShsing @ffefential interference contrast (DIC) microscopy over
time to measure the velocity of beads at the leading edge of cells . Alternatively,
20 measurements of membrane deformation, or turbulence at the leading edge as imaged

via DIC can be used to determine the actin retrograde flow speed or velocity.

FIG. 32. Example of substrate features used to determine polarization time. An array of
squares of similar heights and dimensions of 50X50um, 100x100um, 200x200um,
25 300x300um, 400x400um will allow cells to spread and polarize in a given, defined area,

allowing for separation of cells to best measure polarization time.

FIG. 33. Example of substrate features used to determine migration time. An array of
rectangles of similar height, and length, but varying widths of 10um, 50um, 100um,
30 500um, will allow for cells to spread and migrate a specific distance while imaged over

time to measure and calculate their migration time.

FIG. 34. Schematic of an exemplary device according to an embodiment of the

invention with dimensions and general features, including microfluidic channels on the



25cancer, lung cancer, prostate cancer, hepatocellular cancer, gastric

cancer, pancreatic cancer, cervical cancer, |iver cancer, bladder cancer,
cancer ofwoOhelxmswary tract, thyroid cancer, renal canceCT/Usarigionsms,

nmel anoma, and brai n cancer. The ternms "cytoskel etal dynam cs" refer
to the nol ecul ar dynam cs of actin, and- W erotubules inside a cell. 30The

term"focal adhesions" refers to protein aggregates, or conpl exes that

associ at e Wetiphéri} @@ecrobBarinBRtthatrcentaitifick indivediial ulsstlatad] ar matri x proteins.
The term"proliferation"” refers to the process of doubling and division of
a cell, or population of cells. The term"growh" refers to the process of

a_cell or pqpubatd gl Qfic 6Ph Exclil \thildochih AW ANRA8 A GRindanldnt /0P ard 44
PFU aré%gg eerm mgration
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the physi calecdWidQH & ez?ch(‘(ﬁqelolf]ftm%egmé?&nrt@ﬁ?gﬁéegt.n migration or movement

of a cell or population of cells tfromone p I cal point to another and can

refer to finite novenents that do not result in a net physical
"extracel lular matri.x" refer 0 the.] medi ate

di spl acene ter.ns X"

ext ot nal | eIt S BREAHD A RIaY Prowhbes RotEe 1 APt el DEERY e bi t s
bot hidi ochemin@ibn aitlle FMS hRinih ARG HldsS tubds. 0BBRMopMie W ARRIrbisesectibiig! ude,
but are not Iimted to protein conposition, and nodification state of

proteins. PHg¥ FaP4sERS8rti es of the ECMinclude, but are not limted to,
rigidity, geonetry, and topology. 15The term "retrograde flow' refers to
the flow of actin, unless otherwi se stated, inward fromthe | eadi ng edge of

the cell, WIGh3BT Sehemant of exeniptarytppotoipel ackdihg eslhmembaddnaof ded cel |
body. . The term"integrins" refers to the protein receptor canplex
i nvol ved i ARYANHAR Mmpdefeone alumipnte Peavideamplds fonlRES.  Botitop Sicwsiagg cross

refefs to tp&iohdi SivNRid pifeddiPt € N receptors whose main function is to
bi nd ECM rmFbggl}l es an% a%greélgat'e proteins within the cell to form focal

adhesi ons. The term”a integrins” refers to the a subunit of
prot o £ oGl O SAMIRSE, TPLATARCLL on L2, Lo blnd SOl Gkl es, A
invention made from aluminum and plastic tubes to act as device and to provide a mold
for PDMS. Both top views and cross-sectional views are presented.
20
FIG. 39. Schematic drawing of an exemplary device according to an embodiment of the
invention that can be used to measure biomarkers in 5 macrochannels, with 5 substrates

inside each macrochannel.

25 FIG. 40. Schematic drawing of an exemplary device according to an embodiment of the
invention that can be used to measure biomarkers in 5 macrochannels, with 5 substrates

inside each macrochannel.

FIG. 41. Description of exemplary technology according to an embodiment of the

30 invention and example of possible implementation.

FIG. 42. General schematic of an example of a device according to an embodiment of

the invention.



25adhesi ons. The term "nouse enbryonic fibroblasts" refers to an in
vitro cell line that was derived from nouse enbryonic fibroblasts (MEF)
The t er mwBabidi4gmsbhyl si | oxane” (PDVB) refers to a groupCofUspalypssni c,
organosi |l i con conpounds that are commonly referred to as silicones. PDVS
serves as 30an exanple of a material suit®ble for, and optimal for its
rheol ogi cal (or flow) properties, optically clear, and, in general, is
consi der ed FIQ. #® Hxaeiples dftidw @0 Ag@ntin3eofrertabh @oubling nm'efl(@lcbgérnb
"brightfield" refers to a specific node of m croscopy that enploys
transill umpﬁmlela and mefagiatic Prée@salrﬁf a dlffwtzv@mmrmbimmpwm)&01¢r055444 -
22 - S dhSdinott tloHorescence refers to the imaging cells via
fl uorescent nlcrosco py. S, subcellular structures, and proteins can be
i maged via Iabellng with fluorescent dyes, antibodies, or proteins.

Fl uor escen | es ar excited at a 5wavel ength gnd em t ght at
anot her mffégo ﬁfgclﬁampleo hop gragapstic: rﬁ?‘ll%a‘?” (hegrapmitcrie qﬁﬁ&sapﬂsg?rdwg to

structure %n%hﬁ%ggﬁggb@gqugkhogr structure on the spatial scale of
nanoneters or mcroneters. The term"fibronectin” refers to a

speC|f|c proteln that is a constituent of the extracellular matrix. 10The
term"coll n efers to a s i f roteln t a constituent of the
extracel | uﬁ:g %EF‘?QPISG of how Gﬁﬂg’ ?éi?ﬁs Y s ‘h'mrb e‘fséﬁ’é apeprding J0aR £ ¢ pr ot ei n
that d s a caholindie B tHfintdigiogxt racel lul ar matri x. The term "kynograph"
refers to a graphical representation of a m croscopic 15i rage over space

and tine. The term "coupling” refers to the interaction of protein
conponents es. For exanple, but not |limted to, coupling
refers to t éﬁggﬁﬂgtgﬁéﬁﬁ%ggh focal adhesion proteins bind and interact
with the adj acerlthe&sno\nm@ﬁecasﬂeeIdemmlomgﬁoalarbewr LW TtR et ledb@fo ' the afeviagd, 0

the space outside of a cell. 20The term"localization" refers to the
posi tion ofin ¥hishdiksi qfkergent@rrb(yﬁfefﬁnt Braytiagsage identically numbered. The drawings,
15 which are not necessarily to scale, depict selected embodiments and are not intended to

limit the scope of the invention. The detailed description illustrates by way of example,
not by way of limitation, the principles of the invention.
Unless defined otherwise, technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which the
20 invention belongs. Singelton et al., Dictionary of Microbiology and Molecular Biology

2"ed., J. Wiley & Sons (New York, N.Y. 1994); and Webster’s New World Medical

Dictionary, 2" Edition, Wiley Publishing Inc., 2003. provide one skilled in the art with a

general guide to many of the terms used in the present application. For purposes of the

present invention, the following terms are defined below.

k213 LR ENYY

25 The terms “biomarkers,” “markers,” “measurements,” and “variables” are used
interchangeably and refer to the an observation that can be used as an indicator of a
particular disease state, for example, but not limited to, cancer or some other
physiological state of a tissue, or organism.

The term “biophysical variable” refers to a subset or type of variable or

30 biomarker that is a measurable physical characteristic of the cell and/or component
inside or outside the cell including but not limited to length, area, mass, velocity, density
and combinations thereof.

The term “biochemical variable” refers to a subset or type of variable or

biomarker that is a measurable chemical or enzymatic entity or event inside or outside
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RA% ¥SS¥{%i n Name ILK Integrin Linked Ki nase FAK
The term “oncogenic potential” is a term that describes the ability of a cell, due

to its biochemical and biophysical state, to grow in an uncontrolled manner, in addition
to the ability of an existing tumor to become more aggressive, or achieve a faster growth
rate.

The term “metastatic potential” of a cell is a term that describes the ability of a
cell, due to its current biochemical and biophysical state, to invade, migrate and generate
force in its immediate environment, in addition to the ability of an existing tumor to
grow in different layers of tissues, and parts of the body than from where the tumor
originally formed.

The term “prognostic” is used herein to refer to the likelihood of cancer-
attributable death of cancer progression, including recurrence and metastatic spread of a
neoplastic disease.

The terms “epithelial cancers” refer to or describe the physiological condition in
mammals that is typically characterized by unregulated cell growth. Examples of
epithelial cancers include, but are not limited to, breast cancer, ovarian cancer, colon
cancer, lung cancer, prostate cancer, hepatocellular cancer, gastric cancer, pancreatic
cancer, cervical cancer, liver cancer, bladder cancer, cancer of the urinary tract, thyroid

cancer, renal cancer, carcinoma, melanoma, and brain cancer.

e,

The terms “cytoskeletal dynamics” refer to the molecular dynamics of actin, and

microtubules inside a cell.

The term “focal adhesions” refers to protein aggregates, or complexes that
associate with integrins that are bound to extra-cellular matrix proteins.

The term “proliferation” refers to the process of doubling and division of a cell,
or population of cells.

The term “growth” refers to the process of a cell or population of cells surviving



Focal Adhesion Kinase Pax Paxillin pl30Cas pl30 Crk associ ated substrate

ERK Extracel | ul ar signal -regul ated ki nase JNK c-Jun N-term nal Kinase 13

i ntegrinwetaioasmgrin a integrin A pha |Integrin NFkB neciraseoifimasises

kappa- | i ght - chai n- enhancer of activat ed_ 2B1 _cel s Src Src Fyn FYN Yes YES MLC
and maintaining cellular functions.

The term “migration” refers to the process of a cell or population of cells moving
from one physical point to another, and exhibiting physical displacement of the entire

5 cell or subsets of a population of cells.

The term “motility” refers to the physical motion of a cell that often results in
migration or movement of a cell or population of cells from one physical point to
another and can refer to finite movements that do not result in a net physical
displacement.

10 The terms “extracellular matrix” refers to the immediate external environment
around a cell. The extracellular matrix (ECM) exhibits both biochemical and physical
properties. Biochemical properties, include, but are not limited to protein composition,
and modification state of proteins. Physical properties of the ECM include, but are not
limited to, rigidity, geometry, and topology.

15 The term “retrograde flow” refers to the flow of actin, unless otherwise stated,
inward from the leading edge of the cell, within but not limited to the lamellipodia,
lamella, and cell body.

The term “integrins” refers to the protein receptor complex involved in binding
the extracellular matrix.

20 The term “B integrins” refers to the B subunit of protein receptors whose main
function is to bind ECM molecules and aggregate proteins within the cell to form focal
adhesions.

The term “a integrins” refers to the a subunit of protein receptors whose main
function is to bind ECM molecules and aggregate proteins within the cell to form focal

25 adhesions.

The term “mouse embryonic fibroblasts” refers to an in vitro cell line that was
derived from mouse embryonic fibroblasts (MEF)

The term “Polydimethylsiloxane” (PDMS) refers to a group of polymeric,
organosilicon compounds that are commonly referred to as silicones. PDMS serves as

30 an example of a material suitable for, and optimal for its rheological (or flow)
properties, optically clear, and, in general, is considered to be inert, non-toxic and non-
flammable.

The term “brightfield” refers to a specific mode of microscopy that employs

transillumination to image the sample.
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The term “immunofluorescence” refers to the imaging cells via fluorescent
microscopy. Cells, subcellular structures, and proteins can be imaged via labeling with
fluorescent dyes, antibodies, or proteins. Fluorescent molecules are excited at a given

5 wavelength and emit light at another wavelength.

The term “pillar” refers to a micropost or structure that resembles a pillar
structure on the spatial scale of nanometers or micrometers.

The term “fibronectin” refers to a specific protein that is a constituent of the
extracellular matrix.

10 The term “collagen” refers to a specific protein that is a constituent of the
extracellular matrix.

The term “laminin” refers to a specific protein that is a constituent of the
extracellular matrix.

The term “kymograph” refers to a graphical representation of a microscopic

15 image over space and time.

The term “coupling” refers to the interaction of protein components in dynamic
structures. For example, but not limited to, coupling refers to the degree with which
focal adhesion proteins bind and interact with the adjacent actin cytoskeleton.

The term “extracellular” refers to the space outside of a cell.

20 The term “localization” refers to the position of a protein or group of proteins
inside a cell.

The term “modification” refers to post-translational modification of proteins,
lipids, or other molecules found inside cells. For example, but not limited to,
phosphorylation, acetylation, farsenylation.

25 The term “scaffold” refers to a protein’s ability to bind other protein(s) to
facilitate other protein-protein interactions and/or modifications.

The term “cancer” refers to or describes the physiological condition in mammals
that is typically characterized by unregulated cell growth.

The term “kinase” refers to a protein that exhibits catalytic activity, in that it is

30 able to phosphorylate other proteins, or in other words add a phosphate group to a
protein.

The term “actin” refers to a protein constituent of a cells cytoskeleton.

The term “phosphatase” refers to a protein that exhibit catalytic activity, in that it

is able to remove a phosphate group from a protein.
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The term “isolate” refers to the process of purification of cells, proteins, or other
molecules from a heterogeneous mixture of cells, proteins or other molecules.

The term “traction force” refers to the force generated by a cell on its external

5 environment. Proteins are referred to herein using their common acronyms, below.
Acronym Protein Name
ILK Integrin Linked Kinase
FAK Focal Adhesion Kinase
Pax Paxillin
p130Cas p130 Crk associated substrate
ERK Extracellular signal-regulated kinase
JNK c-Jun N-terminal Kinase
B integrin Beta Integrin
a integrin Alpha Integrin
NFkB nuclear factor kappa-light-chain-enhancer of activated B cells
Src Src
Fyn FYN
Yes YES
MLC Myosin Light Chain
PAK p21 activated kinase
cdc42 cell division control protein 42 homolog
rac Ras-realted C3 botulinum toxin substrate 1
rho RHO
Vav2 VAV
aPix alphaPIX
Crk CRK
Sos SOs
GSK3 Glycogen synthase kinase 3 beta
CREB cAMP response element-binding
Cylin D CYCLIND
Nck Non-Catalytic region of tyrosine Kinase adaptor protein 1
Dock Dedicator of cytokinesis
PI3K Phosphatidylinositol 3-kinases
AKT Protein Kinase B
Belk2 B-celi lymphoma 2
p38MAPK P38 mitogen-activated protein kinases
PTP-PEST protein tyrosine phosphatase
C3G C3G
MAPK mitogen-activated protein kinases

10
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Abbreviations used are listed below.

Abbreviation

Full name

ECM extra-cellular matrix

FA focal adhesion

FAS focal adhesion size

ARFS actin retrograde flow speed

FARFS focal adhesion retrograde flow speed
FG force generation

CA cell area

MV migration velocity

PT polarization time

PIA proliferation indicator average

MIA metabolic indicator average

IEL Integrin-Linked Kinase expression level
WTA western titrated average

MSEA micon scale ELISA average

NFTA NFKkB titratration average

ELISA Enzyme-linked immunosorbent assay
mRNALI mRNA localization intensity

ISPP Immuno-stain of PhosphoProtein
ECMCDT ECM Composition of Dissassociated Tissue
KV Kinesin Velocity

MD Microtubule Density

N/CA Nuclear/Cell Area

EnR Endocytic Rate

ExR Exocytic Rate

BrDU Bromodeoxyuridine

FN Fibronectin

C Collagen

F Fibronectin

PDMS Polydimethylsiloxane

um micrometer

nm nanometer

mm millimeter

GEFs Guanine nucleotide exchange factors
PiP2 Phosphatidylinositol 4,5-bisphosphate or Ptdins(4,5)P,,
Ca++ Calcium cation

H+ Hydrogen cation

GTPases Guanosine Tri-Phosphate

MAP kinases mitogen activated protein kinases

LD motifs leucine-aspartate repeat motif

nN nano Newton

pN pico Newton

FERM domain | F for 4.1 protein, E for ezrin, R for radixin and M fo moesin

adhesi on FAS
focal adhesion size ARFS actin retrograde fl ow speed FARFS focal
r et r ogr aowof2bvw48weed FG force generation CA cell
velocity PT polarization tinme PIA proliferation indicator average

adhesi on

ar ea WUTrGSQ 1A



M A netabolic indicator average |EL Integrin-Linked Kinase expression |evel
WA western titrated average MSEA m con scal e ELI SA average NFTA NFkB
titratratworomwasmge ELI SA Enzyme-|inked i mmunosor bent asTas20uRuEdsls MRNA

| ocal i zation intensity | SPP | mmuno-stain of PhosphoProtein ECMCDT ECM
Conposition of Dissassociated Tissue K42§nesin Velocity MD M crotubul e
Density

In one aspect, the present invention provides a cell-based, biophysical cancer
diagnostic tool. Among the advantages provided by the systems, methods, and devices
5 discussed herein is the ability to assign number values to a given biopsy. These number
values are proportional to the aggressiveness and invasiveness (oncogenic & metastatic
potential) of the biopsy and correlates with a patient’s prognosis. Furthermore, upon
some clinical investigation, these numbers can be used, e.g., by a practicing physician,
to determine further diagnostic and treatment strategies/methods. In some aspects,

10 exemplary embodiments of these numbers, hereinafter “Q”, can be derived from
discrete-emerging biophysical measurements as well as biochemical techniques. For
example, in one exemplary embodiment, Q can be extrapolated from data taken from a
model cancer line system termed the Integrin-Linked-Kinase (ILK) Mouse Embryonic
Fibroblast line, and confirmed with the human breast cancer cell line termed the MCF

15 cell line, as well as other cancer cell lines including A431, Hecl, LnCap, NCI-NIH460,
MDA-MB-231, DU14, T47D, PC3, SHS-YSY (FIG. 8 — 12). In one aspect, the present
invention provides systems and methods of determining Q using certain biophysical and
biochemical biomarkers that will be discussed in more detail below. In related aspects,
the invention provides a physical device that can be used to take appropriate biophysical

20 and biochemical measurements from a patient, for example, but not limited to a biopsy.
In another related aspect, the invention provides methods of using this device as well as
methods of determining the growth, and/or oncogenic, migration rate, and/or metastatic
potential of cells obtained from a patient using the determined value of Q.

BIOMARKERS & QUANTIFICATION OF ‘Q’

25 There are many ways to determine a value for Q. As will be discussed in more
detail below, various formulas can be used to determine Q. These formulas can
incorporate various biophysical measurements, biochemical measurements, and/or other
variables. Using various ones of these measurements, variables, formulas, and/or
combinations thereof, a discrete set of Q values can be determined that can enumerate

30 the oncogenic and metastatic potential of a given tissue. For convenience, the various
different Q values will be denoted herein with a leading lower case letter. Subsets of a
given Q value will be denoted with a following number. In some embodiments, the
various different Q values and subsets thereof can be used in combination , e.g., to better

approximate the tissues’ oncogenic and/or metastatic potential.
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As discussed above, there are numerous biophysical and biochemical markers
that can be used to obtain Q. Quantification of these biomarkers can allow them to be
used in various algorithms that output values for Q corresponding to an oncogenic
and/or metastatic potential.

For example, biomarkers can be measurements of physical properties of the cell,
or components inside or outside the cell. In an exemplary embodiment, a biophysical
marker could be the measure of the area of the punctuate foci when a cell is stained with
a known focal adhesion protein. In another exemplary embodiment, a biophysical
marker could be the measure of the rearward velocity of actin from the leading cell
edge.

Biomarkers can also be measurements of chemical properties of the cell, or
components inside or outside the cell. In an exemplary embodiment, a biochemical
marker could be the expression level of Integrin Linked Kinase (ILK) as determined by
but not limited to western blot, northern blot or reverse transcriptase polymerase chain
reaction, mass spectrometry analysis of ILK protein or mRNA synthesis. In another
exemplary embodiment, a biochemical marker could be the activity level of an activated
transcription factor NFkappaB as determined by but not limited to the measurement of a
reporter construct that expresses a fluorescent molecule proportional to the activity of
NFkappaB’s transcriptional activity.

Crucially, these biophysical and biochemical markers are quantified and utilized
in one aspect of the invention as inputs into mathematical expressions and/or algorithms
which ultimate yield Q. Q is ultimately a function of, but not limited to, individual
biomarkers, sets of biomarkers, or combinations of biomarkers expressed as
mathematical functions.

In one aspect, these biophysical biomarkers can be referred to as oncogenic
biophysical variables (OBPV). The following are exemplary oncogenic biophysical
variables:

1. Focal Adhesion Size (FAS). In an exemplary embodiment, Focal Adhesion
Size refers to a measure of, but not limited to the area of the punctuate foci when a cell
is stained with a known focal adhesion protein such as talin, vinculin, paxillin, p130Cas,
or FAK using immunohistochemical techniques. Focal Adhesion Size can be expressed

in units of square micrometers (um?).
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2. Retrograde Flow Speed (RFS). In an exemplary embodiment, Retrograde
Flow Speed refers to a measure of the rearward velocity of actin from the leading cell
edge, through the lamellipodia, into the cell interior by using, but not limited to DIC

5 microscopy, measuring membrane deformation, beads, or fluorescent microscopy,
measuring actin or actin associated protein —fusion proteins that allows for live imaging
such as GFP. Tracking the membrane deformation, bead movement or actin-GFP or
actin related protein- GFP movement over time allows one to generate a value for the
retrograde flow speed of actin. Retrograde Flow Speed can be expressed in units of

10 micrometers per second (um/s).

3. Force Generated (FG). In an exemplary embodiment, Force Generated is a
measure of the force generated in proportion to the surface area of the cell edge. In
some embodiments, FG can be measured using, but not limited to elastic deformable
substrates, where the force generated is proportional to the distance the substrate is

15 deformed at contact points the cells makes with the substrate. Force Generated can be
expressed in units of nano-Newtons over a given area, (e.g, nN/pm®.

4. Cell Area (CA). In an exemplary embodiment, Cell Area can be a measure
of, but is not limited to, the two dimensional (2D) cell area when cells are plated on 2D
substrates. Cell Area can be expressed in units of square micrometers (um?).

20 5. Migration Velocity (MV). In an exemplary embodiment, Migration Velocity
refers to a measure of, but not limited to, the rate of migration or lateral movement of a
cell across a 2D substrate. Migration Velocity can be expressed in units of micrometers
per second (um/s), or nanometers per second.

6. Polarization Time (PT). In an exemplary embodiment, Polarization Time is a

25 measure of, but not limited to, how long it takes 70% of cells to polarize, e.g., to form a
defined migrating edge and triangle shape on a 2D substrate. Polarization Time can be
expressed in seconds, or other unit of time such as minutes, or hours.

7. Focal Adhesion Retrograde Flow Speed (FARFS). In an exemplary
embodiment, Focal Adhesion Retrograde Flow Speed refers to a measure of, but not

30 limited to, the rearward velocity of focal adhesion proteins (ex. Paxillin, p130Cas, talin,
vinculin, zyxin) from the leading cell edge, through the lamellipodia, into the cell
interior by using DIC microscopy, measuring membrane deformation, internally bound
beads or dots, or fluorescent microscopy, measuring fluorescent proteins that are

visualized using a fused fluorescent protein, fluorescently conjugated protein. Tracking
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30 biochemical variables;
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second. 6. Westemi Taraiedm\ vErage of PIFAXI(S181). drenpixamplagyrbmtid digren},
Pol ari zat | Wes?elzrﬁ ifrated Average of the Phosphorylated-PAX (S181) (P-Pax) is a semi

quantitative measurement derived from, but not limited to, western blot analysis of the

30 of P-PAX (Y181) epitope that is a measure of how well cells can recruit important
signaling molecules to focal adhesions. This Western Titrated Average can be

expressed in arbitrary units that have been scaled over the linear range of blot pixel-

density over multiple blot exposures, as measured by a program such as NIH’s Image J.
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25 fluorescent molecule proportional to the activity of NFkappaB’s transcriptional activity.
NFkappaB Transcription Average can be expressed in arbitrary units that have been
scaled over the linear range of fluorescent emission/detected by a specific charge-
coupled device.

10. mRNA Localization Intensity (mRNALI). In an exemplary embodiment,

30 mRNA Localization Intensity refers to a measure of, but not limited to, the area of the
punctuate foci when a cell is stained for the mRNA of a known focal adhesion protein,
such as talin, vinculin, paxillin, p130Cas, or FAK, mRNA via fluorescent in situ
hybridization or similar techniques. mRNA Localization Intensity can be expressed in

units of square micrometers (um?) or fluorescent intensity expressed in arbitrary units
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Phosphatase (RTFAPP). In an exemplary embodiment, Ratio of Tyrosine
Phosphorylated Adhesion Kinase to Focal Adhesion Phosphatase refers to a measure of,
but not limited to, the tyrosine phosphorylated protein content within focal adhesions,
purified from the biopsy tissue. RTFAPP can be calculated after measuring isolated

25 kinases and phosphatases from focal adhesions and measuring the amount of
phosphorylated forms of protein. Ratio of Tyrosine Phosphorylated Adhesion Kinase to
Focal Adhesion Phosphatase can be expressed in units of mass or as a ratio of intensities
expressed in arbitrary units that have been scaled over the linear range of fluorescent
emission/detected by a specific charge-coupled, photographic, or luminometric device.

30 14. Ratio of STAT transcription factor and p53 activation state (RSTFp53). In
an exemplary embodiment, Ratio of STAT transcription factor and p53 activation state
refers to a measure of, but not limited to, the postranslationally modified STAT and p53

protein content within the cell, purified from the biopsy tissue. Ratio of STAT

transcription factor and p53 activation state can be calculated after measuring the



6. Western Titrated Average of P-Cas (Y165). In an exenplary enbodi nent,
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in aqgoi trarp\{lo{,&ré;at $id h(%tl Qﬂilo%ﬁﬁggea&al ed over the linear range of
di etecte

fl uorescent” enrssi on/ y "a Specific charge-coupl ed devi ce.

10. nRNA Local i zad wilhbd diseused yn rofeNRtdi) beldw, tha béophgpicalrbiomaitkes, amht
30mMRNA Local,iqilgti.on Integsity refers to a_ nmeasure of, but not limted to,
the area ofPieqhemigahdiamarkers discusie Abeyean bejused iodsing omgor fpue eof a

known focal,,adbesiRa:ies Afiake ?t%HSHioﬂﬁ thahd gorrgliafécmtﬁ the a%%i‘ésgilvi::ﬁbss RAPGOCas,
fl hybr i 'm |

or FAK, nRNA via uorescent 1n situ Ization or s ar techni ques.
MRNA Local iimesivenesdsr(prsrgichie & aretdstatiepotansisDabfiantissud sasnpdé. Shesamamericalonet er s
(1.1pP) or fluorescent.intensi .expressed in arbitrary.units

2012 b4socdPH R0 e bt aied 3B PR R atnguEn TR AISDR 5 11 near
range of f|faﬁﬁlﬁ%@cﬂﬁeseﬂ%rﬁ%lxgaﬁxﬂ@ﬁtﬁpda@ﬂd&)ériaecﬁi@ﬁﬁbrfelc&t&h@él@@r coupl ed devi ce.
11. Immuno-stain _of PhosphoProtein (1SPP). In an exenplary enbodi nent,

51 mmuno- st ai n of TRHdepHy Pf Biecifaremenereditiomarksssia relagel to Bigtidemthat fospk ed t o,
the area C)fadhesions are protein complexes that concentrate signaling molecules. The following
data presented demonstrates that focal adhesions and actin retrograde flow actually
25 regulate the localization, modification, and activation of proteins involved in important
cellular functions such as stress fiber formation, , endocytosis, exocytosis survival,
growth, transcription, translation, endocytosis, exocytosis,
In one exemplary embodiment, ILK +/+ embryonic cells (cells with ILK) have
been shown to grow faster and migrate faster than embryonic cells without ILK (ILK-/-).
30 As will be discussed in more detail below, this suggests that ILK +/+ cells have a
tendency to be more oncogenic and metastatic than ILK -/- cells. The results
demonstrating that the properties of ILK cells correlates with their growth and migration

potential have also been confirmed and validated using the human breast cancer MCF

cell line and other cell lines, as mentioned below.
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measuring, pRtotPRe has been shown to result in reduced endocytosis and lack of microtubule

extension. More cellular consequences of altered FA size and actin retrograde flow

speed were subsequently investigated. FIG. 3G-H demonstrates that increased actin

flow in ILK-/- cells results in the mislocalization of myosin toward the interior of the

cell. This mislocalization of myosin subsequently results in the rearward localization of

actin stress fibers necessary for force generation, polarization, migration and invasion.



limted to, the amount of post-translation nodified forns of protein
NFKappaB and p53. Ratio of NFKappaB transcription factor and p53 activation
state carnwbeoexpsmssed in units of mass or as a rati o ofcirnisengiosises
expressed in arbitrary units that have been scal ed over the |inear range of
fl uorescent em ssion/detected by a speci¥i< charge-coupl ed, 15phot ographic,
or lum nonetric device. As will be discussed in nore detail bel ow,

t he bi ophysi cal Afiep@BEdeing, thanehal f064)0h&Rdn Sk OART KT &tifirsEsiEa&dN@hove can
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nmodi fi cat i dmereamaglp,chisuaisioealizitiopretfeets psoteinvbihdieg panndrsipar bienteceshtyuoar
functions such, as ress fiber formation" e cytosjs, exocytosjs survival,
gr owt h, tr&FPs"EtPi pr‘%ﬁﬁ?m?‘}’éﬂ F%’E‘?%‘HPO%HESW§ &g’&s%g'e%&&v&&ia&pmtems In one
exenp) ary @R ECM-KelHohtRAPIrY ARb ipPlckd withBhige attih Redrbifdd figve been
shown to grow faster and migrate faster than enbryonic cells wthout ILK
(I LK-/-). defastswn miglation, etlagerecbntmctior, end éira¢ Berpadtoon, are ks repaytpddFEGt hat

I LK +/ + cells have a tendency to be nore oncogenic and netastatic than |ILK
-/- cells. "The results denonstrating that the properties of ILK cells

correl ates w t h Thegbllowingwable s matigésatht 8ibpROSieNtviaAhblBaMHRt AleSOlaRRIaH, and
confirnmed and validated using the human breast cancer MCF cell line and

other cel| 2ffp¢ted by fecahadhesimeircradanirogrods Sov2llolstisomeTerissot ¢rlbdauad - 33
- Celd L ”Eor?&?{i&rg%%{ge%%sod?lg%i‘&%aﬁﬂ{%ﬂog%g%(lipk&ﬂ%%&ﬂ%gﬁs Peﬁl‘ésellltl ne Hecl
onetrial, a LnCap Huma

Human uterin, en enonacar cl néna cancer . prostate
car ci noma cellular conditions of small FAs and fast actin retrograde flow.

ILK+/+ (n) ILK-/- (n)
lamellapodia width 22um .4 (23) 42pm £ .6 (26)
focal adhesion size 1.19u4m2 £ .4 (31) A9um2+ .06 (32)
edge velocity in P1 86.0nm/sec (16) 61.6nm/sec (18)
actin retrograde velocity* 43.1nm/sec £ 9 (21) 128.6nm/sec £ 22 (2
myosin retrograde velocity* 15nm/sec £ 6 (8) 44nm/sec £ 11 (8)
ILK retrograde velocity* 0.4nm/sec +.1 (6) NA
ILK-PBS-GFP retrograde vel.* NA 80nm/sec £4.3 (9)
paxillin retrograde velocity * . 20nm/sec + .05 (8) 8.7nm/sec +3.1 (9)
p130-Cas retrograde velocity* 91nm/sec £ .04 (9) 19.0nm/sec 6.4 (11
talin retrograde velocity* 2.38nm/sec + .90 (4) 25.8nm/sec +4.4 (5)
collagen coated pillar displacement 164.5nm £ 22.3 (16) 62.5nm £24.4 (19)
fibronectin coated pillar disp. 167.3nm £ 31.6 (24) 52.2nm £38.1(19)
collagen bead disp. (external ipN) 45.3nm £ 6.2(10) 74.4nm + 15.4(12)
fibronectin bead displ. (external1pN) 37.5nm £ 7.0 (11) 41.3nm £8.4(11)
polarization time** 130min £ 30 340min £ 40
migration velocity S51nm/sec £ 21 (5) 10nm/sec +2 (4)

doubling time** 640 mins + 54 820mins + 52



NCl - H460 Human | ung carci noma MDA- MB231 Human breast adenocarci noma | LK+ +
Mouse Enbryoni c Fi broblast containing Integrin-Linked Kinase | L K-/-
Enbr yoni cwBi2braalaBzmst not contai ni ng I ntegrin-Li nked Ki nase/USaKt/ois4ibuse
Enbryoni ¢ Fi brobl ast cont ai ni ng Focal Adhesi on Ki nase FAK-/- Muse
Enbryoni ¢ Fi brobl ast not contai ni ng Focal5 -Adhesi on Ki nase MCF7 Human breast
adenocardnoma MCF10 Human breast fibrocystic di sease WB8 Human nor nal

fibroblast N H3Tgdrummas Gbserwea theit RERPIVAR laltE¥Rd Rt bide, Mo S8t fE Mo PAeTlow
Fi brobl ast contai ni ng Receptor Protein Tyrosine Ph osphatase

20

25

30

exhibited the above differences in cellular function, the correlation between FA size,
retrograde flow speed and cellular functions was further investigated. In FIG. 7 it is
shown that by increasing the rigidity and ECM concentration of substrates, FA size is
increased and actin retrograde flow speed decreases. Furthermore, FIG. 7 is the first
correlation of growth rates or doubling times with the ratio of FA size and actin
retrograde flow speed. FIGS. 8 — 13 details the validation of FA size and actin
retrograde flow and the related measurements as biomarkers,

FIG. 8 was the initial demonstration that a cancer cell, MCF7, exhibits different
FA sizes and actin retrograde flow speeds when compared to a normal cell from the
same tissue, MCF10A. Building on this result, 10 different human cancer cell lines
were compared to 4 different human wild-type cell lines (FIGS. 9 —13). After
measuring FA size (FIG. 11), and actin retrograde flow speed (FIG. 12) in both cancer
and normal human cells, the ratio of the two measurements was calculated as the
Traction Force Index (TFI) (FIG. 13). FIG. 12 demonstrates that the TFI can be
correlated with motility of cancer cells while FIG. 13 demonstrates that the TFI
correlates with the growth rate of cancer cells.

As previously mentioned, the biophysical measurements, biochemical
measurements, and other variables discussed above can be used to determine various
number values that are proportional to and correlate with the aggressiveness and
invasiveness (oncogenic & metastatic potential) of a tissue. For example, a traction
force index (TFI) can be determined as a ratio of focal adhesion size to retrograde flow,
1.e., focal adhesion size (square micrometers) /retrograde flow speed (micrometers per
second) = TFI (micron seconds).

For example, exemplary ILK+/+ cells having an average focal adhesioﬁ size
(FAS) of 1 square micrometer and a actin retrograde flow speed (RFS) of 0.05
micrometers per second would have a TFI of 20 micrometer seconds. In comparison,
exemplary ILK -/- cells having an average FAS of .1 square micrometers and a RFS of
.1 micrometers per second would have a lower TFI of 1 micrometer seconds. In this
exemplary embodiment, a lower TFI indicates lower ECM- focal adhesion — actin

coupling and correlates with lower force generation, altered activation of intracellular

Mouse

Lung

signaling, slower cell proliferation, and slower migration rate. Data presented in Figures

6 demonstrated that decreased TFI leads to mislocalization of the important growth



131 integrin+/+ Muse Enbryonic Fibroblast containing Beta 1 Integrin 131
I ntegrin-/- Muse Enbryonic Fi broblast not containing Beta 1 Integrin SYF
Mouse Enbwoani2n4Bichr obl ast not contai ning Src, Yes, or FP¢m/UuS3@3/0kause
Enbryoni ¢ Fi brobl ast containing Src, Yes, Fyn hMSC Human Mesencymal Stem
Cell 1EC18 Human intestinal epithelial <¥t line DUL 45 Prostate cancer
cell derived frombrain netastasis PC3 Prostate cancer cell derived from

bone et astsﬁgﬁxhﬁngsmo&\éﬁlésIﬂmaan@WKotITmie@ﬂwanTﬁmotMﬁanorbre@@to dienger cell
Focal adhesions (FAs) can exist in different sizes and primarily reside at

the | eadi ndgneheation leadingtostoveer growth. ghgsg pbseayations aisstrthergpninged in
smal ler in F{léll?eé 8 afi®1 3 Svith known cancer cell lines. Put more simply, [ILK+/+ cells exhibit
5 larger focal adhesions and slower retrograde flow than ILK -/- cells. In other words,
focal adhesion size (FAS) is inversely proportional to retrograde flow speed (RFS), a
relationship which can be expressed as:
FAS ~ 1/RFS
Therefore, in one embodiment, the ratio of focal adhesion size to retrograde flow
10 speed can be used as a first proliferation quotient (Q1):
FAS/RFS ~ Q1
Using the first proliferation quotient (Q1) based on the above relationship
between focal adhesion size and retrograde flow speed, ILK +/+ cells will havé a higher
Q1 than ILK -/- cells (FIG. 7). Thus, QI provides a measure of both the oncogenic and
15 metastatic potential of tissue, confirmed by the higher oncogenic and metastatic
potential of ILK +/+ cells in comparison to ILK -/- cells (FIG. 7) and investigation using
cancer cell lines (FIG. 8-14). This observation is further supported by cancer cell lines
in Figures 12 & 13, where cancer cells with higher TFI exhibit faster growth.
For another example, ILK+/+ cells also exhibit greater force generation (FIG. 5),
20 and as the force is transmitted to the extracellular matrix (ECM) via focal adhesions, the
ratio focal adhesion size (FAS) is proportional to force generation (FG), a relationship
which can be expressed as:
FAS ~FG
Therefore, in one embodiment, the ratio of force generation (FG) to retrograde
25 flow speed (RFS) can be used as a migration quotient (Q2):
FG/RFS ~ Q2
Via substitution of variables, Q2 can also be expressed as a product of traction
force index (TFI) and the ration of force generation (FG) to focal adhesion size (FAS):
Q2 ~ TFIx(FG/FAS)
30 Thus, Q2 provides a measure of the migration and/or metastatic potential of
tissue. This relationship is confirmed by the higher migration potential of ILK +/+ cells
in comparison to ILK -/- cells and further confirmed via a parabolic correlation with 13
other cell lines, as shown in FIG. 12. This non-linear correlation can be explained, for

example, by the correlation between increased FAS and the inability of a cell to detach



5conpared to ILK+/+, it was investigated whether cellul ar consequences may
result fromsmaller FAs. It was found that smaller FAs result in a

cont ract estoayt2o@dmsm ( FI G3A) and faster actin retrogradeCTiusaniiesE4L) .
Interestingly, a contracted cytopl asm phenotype has been shown to result in
reduced endocytosis and | ack of mcrotu®@ne extension. Mre cellular
consequences of altered FA size and actin retrograde fl ow 10speed were

subsequent 3o fh\éegabgtgﬁé@mm e f8vdigdenonstrates that increased actin flow
in ILK-/- cells results in the mslocalization of myosin toward the

interior of theG&en theﬂﬁrascqlrliegﬂedc\ath 0@a§¢r@n11élfne$r§ﬂi§ 8- Supbedeltawing resul ts
in the rearygh aJr')p %&ﬁﬂitehgr}r fl %&'te% %r LSS af c]:lmléasf,\%ggneo”%ﬁ@@fwio%mefn?Er? €

gener at | on 1 on 1on an vasli

2012/5048269&%@%@%5@5@4&1&5314&'@&5& @bedosRtesh g ditdgerficrahd meesaltic
adhesi on si ze and fast actin retrograde flow resulted in mslocalization of
nyosi n, it PRIEELR rﬂf@sﬁ‘?@sé(tséﬁlpilff 2% dispussedabaves were ni sl ocalized. FIG 4

dem)nsft rates that protei ns(gpg%g(?ﬁfg{a)ﬁoﬁca[log?qy} cell contacts, and the

5recruitnment of inportant i'ng nol'ecul es were m sl ocal i zed rearward,
approximately 1-2 mcr orret@ZSmlgfa&i.on/t;EodeﬂDnst rates that given increased
actin retrograd activate for tant. si lin m)l.ecul es are
m sl ocal i zed. ﬁ'lhérf%'i‘/?‘i‘”ﬁélr? at‘??ﬁ?lépsrﬁag 86‘&"?4 2i%t'ftuirb fHutipR g’ttg ﬂﬂﬁ%’ﬂ EMi%i ndi ng
partpers t @@ﬁat%’h@ af18 GRARAIYoal Qliatd (PYMIfes Lgrrgg diffefedt vgﬁhbl@ryé ek US| pti onal
events (FIG 6). Mreover, as proteins 1l0Onecessary for ECMcell contacts
are al so dlds:f.tﬂtaﬂ:bﬂemetrhmraalgeeaamtemntseéﬁwaiam rﬁlltbwb@@ftehﬂt:élstmg m gr atl on,

col l agen caontractign, ,an or ner t aI SO rted (

The 1ot oveReerign e anides S48 i REMEHEHRG Shfis Bl FBE Rar 908 1 8% e
to, and af pasied eb;ﬁehaé:ﬁjrt@@lﬂm@wﬁgglgﬁm@ngsretrogr ade flow. |LK+/ + cells
represent cellular 15conditions of |arge FAs and sl ow actin retrograde

f1ow, while | LkInafuegaspeqtewarioyeRroliderpiion QuotenideletionshipsfcasbglusedAgr and
fast actin e§££;51‘89€oacf!:%vE laqx\éasuljel‘olﬁﬂél'élmvth BP&Joggrqi)c potential of a cell. In one

exemplary embodiment, the ratio of focal adhesion size (FAS) and cell area (CA) is
proportional to the proliferation / oncogenic rate of the cell:
Q1 ~ (FAS/CA)
In another exemplary embodiment, the ratio of focal adhesion size (FAS) and
20 retrograde flow speed of actin, multiplied by a western titrated average of FAK, Paxillin,
p130Cas, or other known focal adhesion proteins is proportional to the proliferation /
oncogenic rate of the cell:
Q1 ~ (FAS/RFS)(WTA)
In another exemplary embodiment, ILK expression level is proportional to the
25 proliferation / oncogenic rate of the cell:
Q1 ~IEL
In another exemplary embodiment, the micron scale ELISA average (MSEA) is
proportional to the proliferation / oncogenic rate of the cell:
Q1 ~MSEA
30 In another exemplary embodiment, the mRNA Localization Intensity (mRNALI)
is proportional to the proliferation / oncogenic rate of the cell:
Q1 ~mRNALI
In another exemplary embodiment, the Immuno-stain of PhosphoProtein (ISPP)

is proportional to the proliferation / oncogenic rate of the cell:



| anel | apodi a wi dt h focal adhesion size edge velocity in Pl actin retrograde
vel ocity* myosin retrograde velocity* ILK retrograde vel ocity* |LK-PBS-G-P
ret rogracwowveli2/ouswaxi l lin retrograde velocity * . pl30- €ag/usetnogisade
velocity* talin retrograde vel ocity* collagen coated pillar displacenent
fibronectin coated pillar disp. collagemB&ead disp. (external ipN)

fi bronectin bead displ. (external 1pN) pol ari zation time** mgration

vel ocity doubling time** @i Zpspp .4 (23) 1.1pn2 t .4 (31) 86.0nm sec (16)
43. Inmsec t 9 (21) 15nnisec t 6 0.4nmsec +-.1 (6) NA 20nnisec .05
(8) .91m sec t Jloanqthsr %egmhfvf;atboghmm tha i\éEWﬂSttlozzf@eafegcm_tsd’ 3nm t

316 (24) 45 3nmenugt DordHorii o e Yibrat AR oRelgelR ARUTRECE 21 (5)

640 mns 5
5 Q1 ~ ECMCDT

In another exemplary embodiment, the Proliferation Indicator Average (PIA) is
proportional to the proliferation / oncogenic rate of the cell:
Q1 ~ PIA
10 In another exemplary embodiment, the Metabolic Indicator Average (MIA) is
proportional to the proliferation / oncogenic rate of the cell:
Q1 ~ MIA
In another exemplary embodiment, the NFKappaB Transcription Average
(NFTA) is proportional to the proliferation / oncogenic rate of the cell:
15 Q1 ~ NFTA
In another exemplary embodiment, the Kinesin Velocity (KV) is proportional to
the proliferation / oncogenic rate of the cell:
Ql ~
In another exemplary embodiment, the Microtubule Density (MD) is
20 proportional to the proliferation / oncogenic rate of the cell:
Ql~ MD
In another exemplary embodiment, the Nucleus / Cell Area (N/CA) is
proportional to the proliferation / oncogenic rate of the cell:
Ql ~ N/CA
25 In another exemplary embodiment, the Endocytic Rate (EnR) is proportional to
the proliferation / oncogenic rate of the cell:
Q1 ~ EnR
In another exemplary embodiment, the Exocytic Rate (ExR) is proportional to
the proliferation / oncogenic rate of the cell:
30 Q1 ~ ExR
In another exemplary embodiment, the Ratio of Tyrosine Phosphorylated
Adhesion Kinase to Focal Adhesion Phosphatase (RTFAPP) is proportional to the
proliferation / oncogenic rate of the cell:

Q1 ~ RTFAPP



WO 2012/ 048269PCT/ US2011/ 055444 - 35 - After it was observed that
cells with altered FA size, and actin retrograde flow exhi bited the above
di fferencwe 20re/@gdebul ar function, the correl ati on bet we®@0TRA2611065444
retrograde flow speed and cel lular functions was further investigated. In
FIG 7 it is 5shown that by increasing 43%e- rigidity and ECM concentrati on
of substrates, FA size is increased and actin retrograde fl ow speed
decreases. Furt hganaher exchiplary ehibotithgerft) the Fo€QrAdbedbh ®Rtudkrade PY6W Spades or
doubling tinmes with the ratio of FA size and actin retrograde flow speed.
FIGS. 8- 1% prepaitiogalitydheprofifpsetiany arcogmierateofithd caldt i n retrograde fl ow and
the rel ated neasurenents qil Qi}lg)m?/g:s, 10FIG 8 was the initial
denonstration that a cancetr cell, 7, exhibits different FA sizes and
acti s retrogr adén bhaherspeagdarwearbodmigna tael Ratio af BOAMRkarseliptid faviok Aad sane
tissue, NCF%QA. .Building on this result, 10 different human cancer cell

li nes wer e PeoApRfaEan Bt (R kines  itPrargrianalite hetRrplifegation /jongegeniyatsof g -
13). After yyeaguring FA size (FIG 11), and actin retrograde flow speed
(FIG 12) in both cancer 15 and normal human cells, the ratio of the two
measur ement s was cal cul at €l asR8REpSBracti on Force Index (TFl) (FIG 13).

FIG 12 dem)nstrlat es, t hat tF]e TFlL can be, carr.el g& gqvméﬁ notility of cancer
celI's while FI GI % BEHEHEPIaY ég‘bPﬁE‘Ee“E’H_Be 10 B NF agp tfm%lpflﬂéfiﬁ‘%‘imh
ratejeof cang@psFadthationstal RNPEH3Yis PrdPor@iRd o ﬁl@%r&lf@ﬁhﬁﬁi/ 68togenic rate

measur enents, bi ochem cal 20nmeasurenents, and ot her variabl es di scussed
above can béthgsel: t o deternine various number values that are proportional

to and correlate with the Q@\ggrﬁﬁyv?ess and i nvasi veness (oncogenic &
nmetastatic potential) of a“tissu T Pror exanple, a traction force index

(TFI') can be deftgamitha@thspsctavaridius MigfatibaChlotiRENREIOAsIEpT ant e dselly fogr ade
flow, i.e., focal adhesion size &square, m croneters) /retraograde fl ow speed

(i cr omet eFEAPRIE: toslepye Adyeasuremf thewigraionseicmei@sptic pefentéal shpicell: exenpl ary
| LK+{+ cel | s hayj i i I

m cr{osrret er and \g) gget i@’%“?ﬁéf@'&gﬁg‘?‘)&’fé@% ?I}tb%grs}%zdegpf(o %?g%n%{dﬁg)l(sgé%&%c?%@tggardg per
second woulfldwhgpeed RFFIis pfopdriamat tootive éiprasien O ndttastdtio raerypaid cdn(FIGxe&pl ary
I LK -/- ce:lrés_ havi ng an average FAS of .1 square mcroneters and a RFS of
30.1 mcroneters per second would have a |ower TFI of 1 microneter seconds.
In this exenplary enbodi ngpi. (gGlevgr TFI indicates | ower ECM focal
adhesion - actin coupling and correl’ates with | ower force generation,

al tered acti vat lwanaher exempbasy embadingingrth¢ ratiy, ofdbeakedhesédin sipe GlAS)ennd i on,

a0 50T okl 555 BSL BEGR ARl s % e R L
2012/ 048269RACT/1252011/ 055444 - 36 -
Q2 ~ (FAS/RFS)
In another exemplary embodiment, the ratio of focal adhesion size (FAS), and
retrograde flow speed (RFS), is proportional to the migration rate and in vivo metastatic
25 potential of the cell:
Q2 ~ (FAS/MV)
In another exemplary embodiment, the ILK expression level (IEL) is
proportional to the migration / metastatic rate of the cell (FIG. 7):
Q2 ~I1EL
30 In another exemplary embodiment, the mRNA Localization Intensity (mRNALI)
is proportional to the migration / metastatic rate of the cell:
Q2 ~mRNALI,
In another exemplary embodiment, the Immuno-stain of PhosphoProtein (ISPP)

is proportional to the migration / metastatic rate of the cell:



signaling nol ecules ERK and JNK. This resultant m slocalization |eads to
altered nodification |l eading to sl ower growh. These observations are
further cwof2orymskedn Figures 8 and 13 with known cancer PCelUS201i1/083144 Put
nore sinply, ILK+ + cells exhibit 5 larger focal adhesions and sl ower
retrograde flow than ILK -/- cells. In-ctther words, focal adhesion size
(FAS) is inversely proportional to retrograde flow speed (RFS), a
relationship which can be @xpngpeed as: FAS - 1/RFS Ther ef or e,
in one enbodi nent, the ratio of focal adhesion size to retrograde flow
10speed can be uBenother exemplayy eprbodinent.ahe E&M Gomposition@f DisFamigted - QL
Usi ng the i ] i L e 0. - b .elationship
bet ween foiﬂé sﬁ%ﬁ%@%@f&?%@ﬂ%@&%@h@é%&a} i PZ\?VS eg%sg%h ,ljaFeL(ﬁq%lgelgel ls will
have sa hi gher QL than ILKQ2~ EEMGTFIG 7). Thus, QL provides a neasure
of both the oncogeni% and 15netastatic potential of tissue, confirped by

the hi gher oncogdéARRheererRRay CaY éi“ﬁfdlﬁaéhf i\’éﬂtawicllﬂfécmli%’é{al% (MiA) 1s
conpar | Soin%oit"%ﬁa] {ﬁ%th%%i%?at&ﬁ'/%eta?s}aﬁ%’} eldpyeStdigat i on using cancer cell

lines (FIG I's observation I's further supported by cancer cell
lines in Figures 12 & 13, Qbher®lAdancer cells with higher TFl exhibit faster

grow h. For another exanple, |LK+/ + cell exhibit greater force
generation (FIG “351(,“% ijéf_gyteﬂg’ofiﬁ?% tﬁ%%?éﬁt tr%‘EFC_?‘Bt"P'h_ VEXeF acel | ul ar
mat rix ( ECMirYiag if popbrirdBeR it migrhiiéh F AblataliO Fat opdRgRII0N size (FAS) is
proportional to force generation (FG, a relationship which can be
expressed as: FAS - FG  Q2~ NFTA  Therefore, in one enbodi nent, the

ratio of force Qeneration (FQ tq retr a 25f 1,0 (RFS) can be used
e L arati on Joatodks Stablad elbap @S IF RGP ER Yt habotial® &
can al so beéhempirasatidmagsatiPrReutthe@tllt raction force index (TFI) and the
ration of force generation (FG to focal adhesion size (FAS): @ -

TFI x(FG FAS) 30Thus, @ pr@¢i-d&y a nmeasure of the nigration and/or

nmet ast ati c pot eRy i I i i |.aL i 101l i by the
hi ghr;Sr m grati 02}’Sg{)tgg{?)zaebﬁ%wlef&%ﬁéng’et %gﬂ?%@%?ﬁ%ﬁ#wgﬁﬁK -/- cells
and furt hepraonfioraredtheinigeatioar alkodstaticaaterofltid ¢edhd Wi th 13 ot her cell |ines,
as shown in FIG 12. Thi S(ﬂ n-mear correlation can be expl ained, for

on- be

exanpl e, by the correlati en increased FAS and the inability of a

cell to detach [§oheBdrdRAGAETRMVOURM thORRA s 7 (R Area (N/CA) is
proportional to the migration / metastatic rate of the cell:
20 Q2 ~ N/CA
In another exemplary embodiment, the Endocytic Rate (EnR) is proportional to
the migration / metastatic rate of the cell:
Q2 ~ EnR
In another exemplary embodiment, the Exocytic Rate (ExR) is proportional to
25 the migration / metastatic rate of the cell:
Q2 ~ ExR
In another exemplary embodiment, the Ratio of Tyrosine Phosphorylated
QAdhesion Kinase to Focal Adhesion Phosphatase is proportional to the migration /
metastatic rate of the cell:
30 Q2 ~ RTFAPP
In another exemplary embodiment, the Focal Adhesion Retrograde Flow Speed
is proportional to the migration / metastatic rate of the cell:
Q2 ~ FARFS

In another exemplary embodiment, the Ratio of STAT transcription factor and



fromthe substrate and mgrate forward. G ven the data collected with
cancer cell lines (FIG 8-13), the follow ng exenplary enbodi nents are well
sui ted fowouse/isseea clinical, diagnostic environnent inPEFaiSh@d®s548yst ens,
and devi ces that can be used to assess the oncogenic and netastatic
potential of a biopsy sanple. As discuss&ld- above: QL = proliferation
quotient @2 = mgration quotient The follow ng rel ati onshi ps can be used as

substi t uti @33 aefitdlionhketé Bl ;Jr@%@rﬂenaw@mé%ig%ﬁmaﬁnaamwsaté of arlcell ate Q
val ues using different variables as needed or dictated by experinental

measurenents. The data i n @he BBbYRSY abl e |isting experimental values for

e ente o 8y S S0 Rt PG s i 2

evi dence for the oW ng ons Irs ous
Prol i § er at iand pGBiattiveinibn sekeatRNTBHE3PS peaporiiendl $ethe nhigratiohd nocasatice ratt of
derive a neasure of the growth or oncogenic potential of a cell. In one

exenpl ary iy ]i:ment, the ratio of focal adhesion size (FAS) and cell area

(CA) is proportional to tk@zprgj\]i—rﬁgggtion / oncogenic rate of the cell: QL
- (FAS/CA) In another exenplary enbodi nent, the ratio of focal adhesion
si ze (FAS) and Z0rpothorgspde, Yarows s¢gledchsbipsdetveen vatibbleptare: wsedafonest er n

titrated f FA Paxi.| | i 30 , th K f | . adhesi
pr ot o ns | SXPBoR 5RGTor 55 3taye S wRaRIDS DY SHER U & PR B ¢ ho cel | :
QL (RAS/ RF@XpMIfdntal values. These relatidngHity b ive &X CARILRS InBNROSKH iR st ir] K

expression level is proportional to the 25proliferation / oncogenic rate of
the cell: @stancpgEwhere some|expemehiel vawesrase aoye easily dbtaingd tham etheisarorheseal e

ELI SA aver age (VR RiQRAK [ Hindie e Proliferation / oncogenic rate

In one exemplary embodiment, actin retrograde flow speed (RFS) is inversely
proportional to migration velocity and the inverse of polarization time (PT):
15 RFS ~ 1/MV ~ 1/PT
In another exemplary embodiment, the western titrated average of
phosphorylated proteins such ad P-FAK, P-Cas, and P-PAX (WTA), is proportional to
focal adhesion size (FAS) and polarization time (PT):
WTA ~ FAS ~PT
20 In another exemplary embodiment, force generations (FG), focal adhesion
size/actin retrograde flow, or the Traction Force Index, is proportional to ILK expression
level as well as migration velocity.
FG ~ (FAS/RFS) ~ IEL~MV~EXR~EnR~(1/MIA)~N/CA
In another exemplary embodiment, focal adhesion size (FAS) is proportional to
25 the inverse of retrograde flow speed (RFS) multiplied by the western titrated average
(WTA) and proportional to ILK expression level as well as migration velocity.
FAS ~ (1/RFS)(WTA) ~ IEL~MV~ ISPP ~ mRNALI ~ ECMCDT
In another exemplary embodiment, the western titrated average (WTA)
multiplied by the actin retrograde flow speed (RFS) is proportional to migration
30 velocity, polarization time (PT) and ILK expression level:
(WTA)(RFS) ~MV ~ IEL ~ ISPP
The following equations, which use the aforementioned variables and
relationships, can be used to caiculate numerical Q values that can be used to determine

the growth/oncogenic and migration/metastatic potential of a cell or population of cells.



QL MSEA 301 n anot her exenpl ary enbodi nent, the nRNA Localization Intensity
(nRNALI) is proportional to the proliferation / oncogenic rate of the cell:
QL - nRNAKD 2bre/E8mwdher exenpl ary enbodi ment, the | MunoPETAISRO10055444
PhosphoProtein (I SPP) is proportional to the proliferation / oncogenic rate
of the cell: WD 2012/ 048269PCT/ US2011/085444 - 38 - QL - | SPP In
anot her exenpl ary enbodi nent, the ECM Conposition of Disassociated Tissue

( ECMCDT) i $n peOR@iobs emdbdintentdWeldn a1 tofrdbicd With 2BGAISMIcgehidipBteptiatdi@ cel | :
5Q1 ECMCDT | n anot her exenpl ary enbodi ment, the Proliferation

| ndi cat or ARlesrdatevith migrasiopfestestasisapotersial.h &op examples the igenater thcogeni c
rate of th : - I.n_another.e lary. e | ren tabolic
| ndi cat or Slgrgfaageé‘ %GAO?@’ él)h(r%orB(())rre R)ln%%%ﬁm(i %lg[zﬁréce[r)’reo ’iq?sce{gllagr:s%h ?11 %?ﬁ:eggeni C

rate of thgreethl andIhe Mrdhter the valld 0AQQ] the i@ eapdstdtic therbattenent , the
NFKappaB Transcription Average gNFTA Is proportional to the proliferation
/ oncogeni ¢ rat &hgemhedinpents of @dand scussed below sepsesest cxspaylar y

enmbodi ment enﬁ%@in@n??ﬁ%s%%rﬁo&ia%pgw lré;_tﬁ/ea{ f[?)}g]%éais%ﬁleln{soantdhﬁg%l% i feration

/ oncogenic rate o ce anot her exenplary e I ment, the
M cr ot ubul diddesssd apoveVDhpplsaBmoanthat dtheradubstautidres for eduifdemtvacinbles amd ogeni ¢
rate of t h?elggcl)r!s-hip?]é-an l?)/e[:)used to determine other useful Q values.
10 One embodiment of a set of proliferation and migration quotients, aQl, and aQ2
respectively, can be expressed by the'following relationships:
aQ1 =FAS/RFS (or TFI = FAS/RFS or aQl ~ FG)
aQ2 = FG/RFS
Another embodiment of a set of proliferation and migration quotients, bQ1, and
15 bQ2, can be expressed by the following relationships:
bQI1 = (FAS/RFS) x (MIA/CA)) (WTA)
bQ2 = ((FAS/RFS) x (MV/CA)) (WTA)
Another embodiment of a set of proliferation and migration quotients, cQ1, and
cQ?2, can be expressed by the following relationships:
20 cQ1 =(1/aQ1)(MIA) or cQ1 = (1/aQ1)(WTA)
cQ2 = (aQ1)(MV) or cQ2 =aQl
Another embodiment of a set of Q values can be expressed using the following
relationships:
dQ1 = ((FAS/RFS) x (MIA/WTA)) / CA,
25 dQ1 = (TFIx(MIA/MTA))/CA, or
dQ2 = ((FG/RFS) x (MV/IEL)) / CA
Another embodiment of a set of Q values can be expressed using the following
relationships:
eQ1=(CAxPIA)
30 eQ2=(CAxMV)
Another embodiment of a set of Q values can be expressed using the following
relationships:
fQ1=(A1)(TFI)+B]
Q2= -(A2)(TFI*) + B21(TFI) + C2



I n anot her exenpl ary enbodi nent, the Nucleus / Cell Area (NNCA) is
proportional to the proliferation / oncogenic rate of the cell: QL N CA
251 n anotwenoxwespwbary enbodi nent, the Endocytic Rate (EaRUS2&I1ps3porti onal
to the proliferation / oncogenic rate of the cell: Q@ EnR I n anot her
exenpl ary enbodi nent, the Exocytic Rate4BExR) is proportional to the
proliferation / oncogenic rate of the cell: 30QL ExR I n anot her

exenpl ary enbodiwierd AllBE ARBB adfl CPHOsoHenChampaniyhBired Adhesi on Ki nase
to Focal Adhesion Phosphatase (RTFAPP) is proportional to the proliferation

/ oncogeni ¢ rat &sbe thpabeys gmbadimentabR vajygspe 73 /apd E2cgthwvandeoietived it 4 -
39 - i 3 i. d
o ST TS B 0, S

Fl ow Speed I's proportional to th t he
cell:5 QL - pre@RpSsedl to gasmwinganorexkaph i atimybach geritt mortchaRmkiastadt, Hide
transcription factor and p53 activation state (RSTFp53) is proportional to
the prol i f &8¢ fQagh ?ﬁ’ﬂ‘,‘éﬁgni c rate of the cell: - RSTFp53 I n

Q
anot Rer _exenp’ kg, SRRl TFBlven b9 JAl2 PwAbsNGEARD AR fHiBAR iRl Offal €L OF

10and p53 activation state (RNTFp53)is proporti to the pro eration /
oncogeni ¢ irati@lyodet¢denakby me@uremENT Fads by n fanohhgple, dKectt cellsaon owdd

Mgration %%tcieﬁ rEllEat rlSe éx%%aic?egsfjrﬁ'(i)rg %heCI%%egt? O}J gr?océherfc%[l line that can be used as a
10 standard, where
Z1=Q1/Q2, and
72 =Q2/Q1,

Then, for a given Q1 and Q2 (aQ, bQ, cQ, dQ, eQ, fQ, etc..), if, for example,

aQ1/aQ2 > Z1, where Z1 equals the ratio of aQ1 and aQ2 of another known cell line, or
15 biopsy with known oncogenic or metastatic potential, then the tendency of the cell in
question to proliferate is greater than that of the known cell.

Moreover, if from the same cell, or sample of cells, Z2 <Z1 then that cell or
sample of cells has a greater potential to migrate and invade than to grow and the cell or
sample of cells can be described as metastatic and not aggressive. That is to say if

20 aQ2/aQ1 > aQ1/aQ2, then the tendency of the cell in question to migrate is greater than
its tendency to proliferate.

Applicant notes that the logic discussed above can be applied to all embodiments
of Q1 and Q2 (i.e. aQl, aQ2, bQ1, bQ2....eQ1, eQ2, etc.), for example:

If Q1/Q2 of the biopsy tissue < Z1 of the standard tissue, then the cancer or

25 population of cells has high growth/oncogenic potential
AND/OR

If Q2/Q1 of the biopsy tissue > Z2 of the standard tissue, then the cancer, or
population of cells has high migration/metastatic potential.

Given the above relationships and equations, substitutions can be made to better

30 approximate a given tissues oncogenic and metastatic potential depending on what
measurements potentially made using the diagnostic device based on any number of
variables, such as, for example, the tissue type, time of diagnosis, ease of culturing or
other practical considerations. Moreover, these metrics and ratios can be used to

diagnose other disease states such as cardiac hypertrophy and renal diseases.



exanple, to derive a neasure of the mgration or netastatic potential of a
cell. 15 In one exenplary enbodinent, the ratio of force generation (VG
and retroyoade/dww speed (RFS) is proportional to the RCHMSLIIO05T444
netastatic rate of the cell (FIG 5 & 12): @ - (FE@RFS) In another

exenpl ary enbodi mrent, the ratio of foca44dhesion size (FAS), and
20retrograde flow speed (RFS), is proportional to the mgration /

netastatic rate Tk dbbee dehils hEbiamarRers ahl providAxEMPles of a Eorlthms hstdasot her
exenpl ary enbodi ment, the ratio of focal adhesion size and

r et r ogr ade Jelesinsfu@ericeisyalugss orgmetsisk.tthasrearrelade vk the @}?lbb’l rﬁ“?@b’élsé.‘l*?dtol n
Vi vo net as not her
exenpl ary g?é)%’gjlrrgrg%?&tg%d ﬂ.{eﬁgaé%ggseg\glhgﬁ a%«\:}h?é Fftﬁ@é‘é}e B S%’rc t gnal to the

m grati on /mevetaktpténtiaisaifeehs, pbbelaﬁelhd of(dell& ana)tlss@sam;iléEL 30l n anot her

exenpl ary enbodiﬁlt the mMRNA Localization Intensity (nmRNALI) is
proportional to C;’ﬁgration / metastatic rate of the cell: @@ - nRNALI

I n anot her exeng aﬁath@;rmiaeletr@egres}mnbéﬂmmré&lawa Qévflgé]ﬁﬁp%a{eq{sgﬂ% (1 SPP)

is proportional to the mgrati netastatic rate o e cel
2012/ 048269%3'111@32@&@&@&14@4% vatiiblesQ2n an eSARplary anbodimenetssnp (g \biopsy

oroodi et 1 A0S oF . BIPEELL] oL DU Egea0Gh et 56 1 S (UL e
10 variables are measured utilizing techniques discussed below. The device can be
fabricated using nanotechnology methods, emerging techniques such as micro-contact
printing or multi-layer soft lithography methods, or traditional photolithographic
techniques. The devices can be composed of rigid materials such as glass or silicon, or
soft materials such as PDMS or similar polymers. Device feature sizes are in the
15 millimeter, micron, and nanometer range with channel, chamber, and substrate feature
sizes sufficient to measure variables from tissues and cells ranging from millimeters to
sub-micron in size. Device geometries are designed such that different regions of the
device can be selectively isolated and treated with, for example, different substrate
coatings (e.g. ECM proteins fibronectin and collagen), culture media, or other reagents
20 necessary to measure the desired biophysical or biochemical variables.
For measuring the desired biophysical or biochemical variables, techniques such
as immunohistochemistry using antibodies or quantum dots can be used to measure
FAS, IPPS, while DIC and fluorescent microscopy can be used to measure velocities, in
addition to employing um and nm scaled beads coated with ECM molecules to measure
25 Retrograde Flow Speed (RFS). Moreover, RFS can be calculated using DIC microscopy
without beads and actin-gfp. Furthermore, enzymes and catalytic molecules can be used
to measure MIA, and PIA, with a relevant chemical product collected in a reservoir.
FIGS. 23 - 33, 37 are schematics of an exemplary device. FIGS. 35, 36 are
schematics of prototypes of this device. The device features inlet and outlet ports for the
30 introduction and collection of various reagents including but not limited to tissues, cells,
cell culture media, and protein coatings. The device also features channels and
chambers designed for the culturing and imaging of tissues and cells via the
aforementioned techniques. Any channel or chamber surface can be designed and

fabricated to exhibit specific rigidities by, for example, varying the composition of the



5Q2 ECMCDT I n anot her exenpl ary enbodi nent, the Metabolic Indicator
Average (MA) is proportional to the mgration / nmetastatic rate of the
cel | : Q2 wWbAoizn4sasot her exenpl ary enbodi nent, the NFKappaB/USc@n®ss4upti on
Aver age 10(NFTA) is proportional to the mgration / netastatic rate of the

cell: Q@ NFTA I n anot her exenpl arydsenbodi ment, the Kinesin Velocity
(KV) is proportional to the mgration / netastatic rate of the ceII Q2 -
KV 151 n angt¥ies nexeimb|ag yoresbiakifeddnsity BEcdvh ﬂmmp@mmm
proportional to the mgration! netastatic rate of the cell: - In

anot her ex @ﬁ@qoatrrwméwhwmlllansh@osmm goslar stutturenmath s{ads Cryging from

" Aot her M0s/efs Bt ol R TR TGS B SR B Raobe B e S Bt R

to the m gbﬁiatdg‘totnelﬂlﬁésaz&lﬁabp(ﬂoglaﬁ & iafluédie ceRlgrow®RZanBnfbod ity 2010t frestigpxenpl ary
enbodi nent, the Exocéﬂglc Rate (ExR) is proportional to 25the mgration /

met ast at i ¢ Shapnglsder edlls te grow intp, agmsts for cellsfo arayy proundy chis BicjoBHSBEESTRNt |
the Ratio Y se it I si on
Phosphat st TE N acarrt HenoRees Mo be I RSAI RaIR5R« BT 20 1
30Q2 - RTFARBsure the ddsrreekbmphgslcﬂmdmﬁahymmwlaMt Finale, dnyadlthAsihr&seon

Ret rograde Flow Speed is 5 tothe mg ?don/ Hast tlcrate of
the cell : & thin ‘bﬁﬁgglce can e t eate w1t varlous coatings including but not 1m1t
10 fibronectin and collagen. Examples of different chambers within the device that exhibit

different rigidities, geometries, and ECM coatings are shown in FIGS 28-35, with the
squares labeled with greek symbols: alpha, beta, gamma, epsiion, theta representing
chambers containing structures with different rigidities, geometric features, and ECM
coatings

15 As seen in FIGS 32 and 33,five macro channels enable the device to be
functionalized with as many as five different macro environments with at least 4
different solutions at a given time. The macro environments not only can be
functionalized by different liquids passed through the microfluidic channels but by the
engineering of each individual 3.5mmx3.5mm substrate. This modular, multifunctional

20 design allows for maximizing the capability to culture multiple biopsies at a time while
taking multiple measurements to acquire as many values for the oncogenic biophysical
and biochemical variables used to quantify both Q and Z values.

DISSASSOCIATION OF TISSUE
In another aspect, the invention provides a method of using the device to acquire

25 measurements that can be used to determine Q. For example, mammalian tissue (e.g.
cancer biopsy tissue) can be titrated and plated on different substrates, with as many as
25 different rigidities, coated with 5 different ECM molecules or combinations of ECM
molecules (laminin, collagen type I, collagen type IV, vitronectin, fibronectin) to assess
the necessary coating of the other chips used to acquire the aforementioned

30 measurements. This will allow the person handling the tissue to decide what ECM
molecules to coat the device with and to use a media containing no serum, or fortified
with serum or hormones. The aforementioned process has also been validated
experimentally. Interestingly, cells, in particular cancer cells, grow, proliferate,

differentiate and metastasize in a specific microenvironment. This microenvironment is



I n anot her exenplary enbodi ment, the Ratio of STAT transcription factor and
WO 2012/ 048269PCT/ US2011/ 055444 - 41 - p53 activation state is proportional
to the mwoavixmsleonet astatic rate of the cell: Q- RSTPpHAIS2011/055444 | n
anot her exenpl ary enbodi nent, the Ratio of NFKappaB transcription factor
5and p53 activation state (RNTFp53)is pregportional to the mgration /
netastatic rate of the cell: @@ - RNTFp53 In anot her aspect, various

rel ati onshidpgrabRlWELhy MQBFu%QI aRd %ﬁbl@%r&%%@arﬁ%ol@&ﬂgﬁ (Sﬁys&eﬂ a@tkib@iés k@dh t he
above Q relationships to be derived froma nunber of experinmental val ues.

These rel atansmrgsdltypsncbwg)e@rmgageﬂlamaésegme b@iveh qutsebeégvlor nOn¢ef thast ances

where sone ,e taI v e easi thers r
where sone }‘@QB’@FITS i Ve l%‘gesrwﬁfigml% PP s %%{t t% &I‘F ﬁgil % e enpt nar y
enbodi ment ,spagtion sbﬁtshﬁgée@@x f.OPRPHPEER H-RESH)s daﬁnd)trs\bﬁeraaein)soﬁrsaﬁ@édsl onal to
m gration veIOC|ty and the inverse of polarization tine (PT 15RFS - 1/ W

- 1/ PT unlgsp therryrfaes IS@;@éWﬁwaﬂyc@l@g@@ Weﬁbron@ml kast & n 2t23 t Aa%q;éma%r age
f phosph t
ot oport ) ondHTRSRE R Wil nAsk RHERLy aiRSor BRI AN iglfiies o,

FAS - PT ZQIOSkBmQSG&Ha)ewa@I\aathydlﬁhimdmwnmolefome@QCgE@mayp@n& VG, focal

adhesi on S|ze/act|n retrograde flow, qr the Traction Force | ndex, %
propor t i ondl® aeqtm%mrb%@l whransga). dowgver. csls rrapvedilenm g @pbenticpn beg

(FAS) RFS) ch:g g\ﬁ{ tE%E‘inE@R'[%/dM@s dSfethods described b relb%dafk@%]&?d exenpl ary

enbodi nent dhesion size I'S proport |ona to 25the 1 nverse of
retrograde anabarapdespfoRE8). nultiplied by the western titrated average

CULTURING CELLS ON DEVICE
Applicants have surprisingly discovered that coating soft polyacrylamide gels
with 10ug/ml collagen and 10ug/ml fibronectin enables spreading and proliferation of
15 mammalian embryonic fibroblasts (FIG. 14) on soft surfaces. Accordingly, varying the
rigidity and ECM coating of the device creates a permissive environment to culture,
image, and take measurements on cells that would otherwise not grow on a 2D — glass,
plastic, PDMS or other polymer based substrate and serum free environment. Moreover,
the recruitment of more paxillin on surfaces coated with 10ug/ml collagen and 10ug/ml
20 fibronectin indicates that focal adhesions cluster integrins and focal adhesion proteins
more readily (FIG. 15). Moreover, cells spread and grown on 2D substrates coated with
collagen and fibronectin exhibit slower actin retrograde flow. The slower actin
retrograde flow on surfaces coated with 10ug/ml collagen and 10ug/ml fibronectin
indicates that focal adhesion coupling to actin is increased compared to substrates coated
25 with just collagen and fibronectin alone (FIG. 16). These results are consistent with
cells spread and grown on substrates coated with just collagen or fibronectin and
indicate that focal adhesion — actin coupling is a determinant of growth and proliferation
as well as migration.
Moreover, the signaling involved in regulating cell spreading and growth on
30 otherwise non-permissive substrates, are involved in growth, proliferation, migration,
oncogenesis and metastasis. 1 integrins are necessary for the rescue of spreading on
soft surfaces coated with 10ug/ml collagen and 10ug/ml fibronectin suggesting that 1 is
sufficient for activation of actin polymerization, and adhesion formation. 3 integrins

are necessary for the rigidity response and that is why blocking B3 is still permissive for
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cancer cells in vitro. Specifically, titrating collagen and fibronectin identify a minimum
total number of molecules (~2.5*10% proteins), as well as suggests an optimal ratio of

15 collagen to fibronectin (3:2) necessary to rescue spreading on soft surfaces and culture
cells derived from in vivo samples, in vitro (FIG. 20). Once the ECM and rigidity of the
substrate optimal for the removed tissue to grow in vitro is identified more
measurements can be made to allow for further insights into the identity of the ECM
molecule(s) and/or rigidity of the oncogenic niche environment.

20 Furthermore, as oncogenic and metastatic cells operate in both an ECM and
cellular niche, the devices can be coated not only with varying ECM molecules over
varying rigidities, but can be coated with cells from a given tissue, allowing for a co-
culture system that would allow measurements to be made on biopsy tissue that has been
plated on a layer of cells. For example, lung cancer cells often migrate out of the lung

25 into the pericardium, or breast cancer cells migrate to the lung, resulting in morbity and
mortality. Culturing biopsy tissue on cells types where they typically metastasize would
allow for an even more “in vivo” measurement to be made. In this case the biopsy tissue
would be titrated and labeled with a lypophillic dye that is covalently incorporated into
the potentially oncogenic or metastatic tissue. This dye would allow the researcher or

30 technician to differentiate the biopsy tissue with the monolayer of cells that have been
grown on the device, allowing for measurements to be made in a more “in vivo — in
vitro” measurement.

To maximize in vitro culturing, the device is designed such that it can

accommodate the necessary rigidity, ECM molecule, or cellular environment the tissue
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10 and metastatic potential of a cell. TFIs between 0 — 7 suggest low malignant and
metastatic potential; TFIs between 7-30 suggests moderate malignant and high
metastatic potential; TFIs greater that 30 correspond to high malignant potential, and
low metastatic potential (FIG. 43).

Applicants note that the systems, devices, and methods of the invention can be

15 used with any cell type for diagnosis of any disease, for example, epithelial cancers,
carcinomas, sarcomas, adenomas (i.e. mouth, laryngeal, esophageal, lung, breast,
prostate, cervical, testicular, and skin), blood born cancers, and neuronal cancers (FIG.
41, 43, and 44).

In addition to its use as a diagnostic this method can be used to screen

20 compounds that slow or impede the growth and metastatic capabilities of epithelial
cancer cells. Compounds can be identified for their ability to change the values of
measured biomarkers and Q values (FIG. 45).

Results from the ILK model system and cancer cell lines provide the cellular and
molecular basis for using the TFI index and the related/proportional variables as a

25 biomarker for growth, proliferation and migration potential.

Simply, the resultant mislocalization of adapter and signaling proteins such as
paxillin, p130Cas, FAK, and Src, leading to the mislocalization and mismodification of
MAPKs ERK and JNK that result due to the increased actin retrograde flow, due to
decreased focal adhesion-actin coupling, leads to altered cellular growth, proliferation

30 and migration (FIGS. 2-8, and 13). Taken with our observations that larger TFls
engender growth and proliferation (FIGS. 14-23), as well as our observation that TFI
correlates with cancer cell line growth and migration (FIGS. 26-29), the data support the
use of TFIs and related variables as biomarkers.

Briefly, the data presented in FIGS. 1 — 8 is the first evidence to suggest focal
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characterize these phenomena. One metric can include, but is not limited to the traction
force index. Deriving the TFI (Traction Force Index) in different cell types can indicate
15 an association with different pathological processes (e.g. oncogenesis, metastasis,
cardiac hypertrophy ). Namely, the proportional constant between the TFI and processes
such as force generation, migration velocity and doubling time may be consistent and
correlate to the phenotypic characteristics of a specific cell type. By way of example,
and in no way limiting, a cell can exhibit an oncogenic and/or metastatic phenotype by
20 yielding or exhibiting a larger TFI than a wild-type or non-malignant cell. Furthermore,
cells derived from pathological tissue can also yield significantly different TFI values
than cells derived from normal tissue. Similarly, stem-cells can yield different TFI
values than differentiated tissues Figures 12 and 13.
Interestingly, increased tyrosine phosphorylation seems to accompany tumor cell
25 invasion of adjacent extracellular matrix. Data presented in Figures 1, 2, 4, 6 and 20 -
21, 40 demonstrates that less tyrosine phosphorylated proteins are localized at the
leading edge, altering MAPK signaling and growth and proliferation, and a cells
oncogenic and metastatic potential.
As mentioned, the terms “traction force index” or “TFI” as used herein, refers to
30 the ratio of focal adhesion size (um”) and actin retrograde velocity (um/sec), yields a
quantity with units um x sec, and a magnitude that is proportional to specific
physiological phenomena such as force generation and collagen contraction. Measuring
TFI can also be a metric associated with the ECM, focal adhesion and actin-cytoskeleton

coupling.
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25 every 5 seconds. Using image analysis software to generate a kymograph (space vs.

time) , the actin retrograde flow can be calculated by the movement of the membrane,
bead, or actin-fusion protein from the leading edge into to the cell interior. Force
generation can be measured a number of ways. Classically, force generated by a cell has
been measured using deformable substrates such as hydro-gels, silicone gels, and

30 polymers such as PDMS (Polydimethylsiloxane). As cells interact with a deformable
substrate, the displacement generated at the cell substrate interface can be measured and
approximating the cell-substrate interaction as a spring, with a given Young’s modulus
or stiffness, one can calculate the force generated on the substrate using Hooks law.

Migration rate can be measured using time-lapse video microscopy. Taking images over
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25 ang1 E-IE\I{, anceil mlslocallzagon or changes in protein dynamics can affect many

downstream consequences in molecules such as ERK, JINK, Akt, p70S6K, and
p90RSK1 given the role of these proteins in the cell to growth, proliferation, migration,
oncogenesis, metastasis, and activate protein translation, 4

Using the data generated from the ILK model cancer system and cancer cell lines

30 (FIGS. 1-13) and given the multitude of protein interactions present within a cell, the

disruption of numerous signaling and actin-based processes can result in a small (ex. <7)
TFI value (FIG. 40). A small TFI can be associated with weak focal adhesion and actin
coupling, leading to the mislocalization of integral focal adhesion proteins. Cells

exhibiting a small TFI, due to small focal adhesion size, may not be able to recruit actin
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can be calculated using DIC microscopy without beads or a fluorescent protein ‘fused’
to an actin associated protein. The device is composed of three layered sections (FIG.
24). One, a central 20x20mm PDMS chip (FIG. 21 & 22), that is merged, or overlayed
30 by a fluidic device, that is married with the chip, to allow for materials to be flowed in
and out of the five macrochannels of the device (FIG. 22). The chip and fluidic device
are then placed on top of a glass coverslip (FIG. 24), allowing for the fluidic channels to
accessed from above, while the macrochannels and chip are enclosed on the cover glass.

The device can then be mounted on a microscope to be imaged (FIG. 25).



20Furt hernore, as oncogenic and netastatic cells operate in both an ECM and
cel lul ar niche, the devices can be coated not only wth varyi ng ECM
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given tissue, allowing for a co-culture systemthat would all ow
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cells. For exanple, lung cancer cells often mgrate out of the lung 25
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its jise as a di a nostlc this method can be used to screen 20 conpounds

t hat*%l] ow 82 f‘ﬂf)‘g 885t he growth and metastatic capabilities of epithelial
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val ues of neasured bi omarkers and Q val ues (F Resul ts
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ol eeul 2 BRSO e B0 S, R SR a8 o
potenti al . fibronectin. This coating will allow for a minimum density of protein (FIG. 20), at an
25 appropriate ratio of ECM proteins if more than one ECM molecule is used to coat the
macrochannel. After the channels are coated with an ECM, the channel can be washed
with a balanced salt buffer, and culture media. The device will now be ready to culture
cells. Single cell suspensions of will be injected into the macrochannels via micro
fluidic channels and allowed to interact with each substrate for a given time. Cells can
30 be imaged using phase, differential interference microscopy, fluorescent microscopy,
using an objective with an appropriate numerical aperture to enable visualizing the
substrate through 400-700 nm of aqueous buffer between the coverglass and chip.
Once digital images are recorded using commercially available software, digital imaging

processing software can be employed to automate and quantify the measurements of the



Simply, the resultant m slocalization of adapter and signaling proteins
such as paxillin, pl30Cas, FAK, and Src, leading to the m slocalization and
m snodi f iwatzom4efeo MAPKs ERK and JNK that result due toPChaScoiansmged actin
retrograde flow, due to decreased focal adhesion-actin coupling, leads to
altered cellular growh, proliferation -30-and mgration (FIGS. 2-8, and
13). Taken with our observations that |arger TFls engender growth and

proliferativapio(sbiophysickl 48d bickBeiRhl vafabRid! 19 eaavabdf Many bidthehmcalcor r el at es
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significantly different TFl val ues than ce derived fromnormal tissue.
Similarly, moelemcedic thahCM ahdirigidityenfeimt subFirate adpiiesal tforathe dérhéeaddrssiateed
tissyes Figures. 12 and .. l.nterestin i ncreased tyragsing . . .
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denonstrates that | ess tyrosine phosphoryl ated proteins are |ocalized at
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25 culture system that would allow measurements to be made on biopsy tissue that has been
plated on a layer of cells. This would allow for an even more “in vivo” measurement to
be made. In this case the biopsy tissue would be titrated and labeled with a lypophillic
dye that is covalently incorporated into the potentially oncogenic or metastatic tissue.
This dye would allow the researcher or technician to differentiate the biopsy tissue with
30 the monolayer of cells that have been grown on the device, allowing for measurements
to be made in the most “in vivo — in vitro” measurement.
The device will be designed such that it can accommodate the necessary rigidity,

ECM molecule, or cellular environment the tissue needs to be cultured in vitro. A

possible advantage of this diagnostic is that it would afford the capability, with the



gquantity with units urn x sec, and a magnitude that is proportional to
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Variable +/+ -/-

FAS lum (+-.3) Jdum (+-.2)

RFS .05um/sec (+-.02) Jlum/sec (+-.02)

MV .2 um/sec (+-.05) .05 um/sec (+-.02)
30 CA 350 um2 (+-80) 250 um?2 (+-70)

FG A3 uN (+-.04) .07 uN (+-.04)

PT 5400 sec (+-1200) 7200 sec (+-1000)

PIA 2.5C C

MIA C 2C



time of a cell as it nove along a substrate, one can cal cul ate the di stance
the cell traveled, while know ng the tinme, one can calculate the mgration
rate as dwetarweEszpvi de by tinme. 5By establishing the tpacitisenifosssae i ndex,
one of ordinary skill in the art can quantify a cellular interaction
involved in the regul ati on and mai nt enart®e of nunerous cellular, and
physi ol ogi cal responses such as polarization, mgration, and collagen
contract i oiGivastheabbveaskpeankAlaPUAIGE, 1Rt RiBElas BB @érqus&gﬁm&? $he
nmetastasi s and cardi ac hypertrophy. Furthernore, this index allows for the
predi ct i on PETposed relAtignshippenssenseslatiponwvitlp grovithy migreféane pasdgsnicand mefastatin
nultlcellués{ pLocesses, such as wound healing, specific notility events
during dev opnent or regeneration and pathol ogi cal states such as cancer
prognosi s and cardi ac hypertrophy. Studi es deriving the TFl in
different wld type and pathol ogi cal tissues can be draVvaudsr om direct
correl ati ons between the TFI value and the aforenenti onetetesd | ul ar
15processes (FIG 7, 12, and 13). Nanely, the proportldﬁﬁpwtonstant bet ween
the TFI and processes such as force gener Eipn Ekgratl%ﬂ pcity and

or
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val ues than cells rom normal tissue. S)Slmla y, stemcells would
yield different T@ b ,%é t han dlfferentlat tissd (FIG 12 and 13).
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As the Exanples d DSty sonme proteins q? |nd e proper recruitnent
and intracel | ul ar dyna of numer ous focal dhes proteins such as
paxi I'l'in, pl30Cas, 25and FAK, and m sl ocalization or changes in protein
dynam cs can affect many downstream consequences in nol ecul es such as ERK,
INK,  Akt, ExpafikentdDdla AGURSKICH bieast daheericoll éinelontdosgenpr ot ei ns in the cell

to growth, proliferation, n]oratlon onco-ene5|s nmet astasi s, and activate
protein traRSR3E k 1 O -t-he— LK nndel cancer
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proteins. €Als exh|b|t|n@8éumﬁﬂﬂ6QFl B wro2 §190) focal adhesion size,
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t he cell a§°@ﬁb sed to puncate foci at the | eading edge. Qther protein
conpl exes can al so be displaced, such as activate fornms of FAK Src, ERK
and p38MAPK. As the focal adhesion conplex is conposed Ypligs 5 dlfferent

proteins, a small TFI val ue suggests nlslocallzatlon(ﬁrigwe?ous foca
adhesions and their direct and in direct

growth &

Formula MCF7 MCF10A migration?
aQ1=FAS/RFS 100 8 Yes
aQ2=FG/RFS 111C 18C Yes
bQ1=((FAS/RFS)x(MIA/CA))(WTA) 0.26 0.017 Yes
bQ2=((FAS/RFS)x(MV/CA))(WTA) 0.126 0.00028 Yes
aZ1=aQ1/aQ2 0.9 0.44
aZ2=aQ2/aQ1 1.11 2.25
bZ1=bQ1/bQ2 2.06 60

bZ2=bQ2/bQ1 0.48 0.016



10bi ndi ng partners. This mslocalization |eads to m snodification of
proteins, altering their wild-type activation state, pronoting faster
growt h, mvgratZ/m@s269i nvasi on and oncogeni ¢ phenot ype. ForCeAsaphass4E G 40
gi ves an exanple of how cells can be classified as oncogenic and / or
metastatic. Q and Z val ues are cal cul at-ex¥ -as di scussed in the Exanples

bel ow, which 15dermonstrate how cell lines, using these formulas, can be
quantitatively cymmaobingfst (Reasaes § @2’ t b 21%@@%51;@@6 &t K Qjhe aONCOgeni ¢
and netastatic potential, The device to nmeasure the aforementi oned
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f | uor escentheniiLdgsecolpyined | | 25 be used to neasure velocities, and
m croneter and nanoneter scal ed beads coated with ECM nol ecul es will be

used to ne F repver (retr rade fl ow speed) can be

cal cul at edﬁéﬁ@ggwﬁﬁgb?ﬁwgﬁﬁ 8ds or a fluorescent protein

' fusgd’ tomeemmms@@zﬂ@M@thigeinetasﬁh@ device is conposed of three

| ayered sections (FIG 24 a central 20x20mm PDMS chip (FIG 21 & 22)

, that is M@E{é@l ﬁiLIéVéb%hyedVl@@7b§/0laporglemcd| c device, that is married with

t he chip, £l o_he f vvedln and out of the five
macr ochanmt]a\/l(l) %e%gﬁgl'fﬁdéﬁﬁwemfﬁg chip and fluidic device are then

pl aced on top of a glass coverslip (FIG 24), allowng for the fluidic
channel s tgo_accessed from above, while the macrochannels and chip are
encl osed ofXMYPE&Er gl ass. The device can then be mounted on a m croscope
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because integrins were not mechanically coupled to the actin-myosin network in the
30 periphery and contraction collapsed the cytoplasm (Zhang et al., 2008). To test for the

role of myosin contraction in the morphology of ILK null cells, the myosin inhibitor

blebbistatin was added, which resulted in endoplasm spreading as well as rescue of

normal morphology similar to the talin depleted MEF’s. Thus, there appears to be a
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Another means of measuring actin retrograde flow was to track actin-based distortions in
the membrane by DIC microscopy. In this assay, ILK+/+ cells exhibited an actin

30 rearward flow rate of 37 nm/sec + 5 nm/sec (n=6) while ILK-/- cells exhibited 117

nnmy/sec £ 15 nm/sec (n=8) (FIG. 2). Finally, the rearward flow rate of actin-gfp speckle
patterns was measured by TIRF microscopy. In this assay, the actin retrograde flow rate
was 44 nm/sec + 9nm/sec (n=9) in ILK+/+ cells, versus 143 nm/sec + 20 nm/sec (n=9)

in ILK-/- cells (FIG. 2). Taken together, the average actin retrograde flow rates for
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(n=8) (FIG. 3G-J) in ILK+/+ cells.

20 p1 Integrin Function But not B3 Appears Altered
To test whether ILK was playing a larger role in specific integrin mediated

functions, 81 mediated binding was compared to 33 mediated binding, using inhibitory
antibodies to integrins. MEFs were incubated in suspension with inhibitory antibodies
and plated on glass substrates coated with 10ug/ml fibronectin or collagen (FIG. 3C and

25 D). Cells were allowed to spread for 30 minutes, fixed and imaged via DIC microscopy.
The early time point of fixation ensured that primarily early integrin-ECM interactions
were observed. Consistent with previous studies, inhibition with a cyclic RGD peptide,
specific for avP3 integrin blocked rapid spreading on fibronectin in both ILK+/+ and
ILK-/- cells (FIG. 3C and D). Interestingly, a581 blocking antibodies preferentially

30 inhibited spreading of ILK+/+ cells on fibronectin and not ILK null cells, indicating that
cells without ILK may preferentially utilized B3 integrin to spread on fibronectin. For
cells interacting with collagen, , MEF’s were unable to spread on collagen when treated
with inhibitory antibodies to B1 and a2B1 integrins (FIG. 3C and D). These results

confirmed the previous observations that early interactions with fibronectin and collagen
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were mediated by B3 and B1, respectively. The results also suggest that ILK

preferentially mediates coupling of the ECM to the actin cytoskeleton via B1 integrins.

5 Decreased Traction Force Resulting from Decreased Coupling
An important consequence of decreased attachment to the integrins is that
traction forces may be decreased. A pillar displacement assay was used to measure the
traction forces of control and ILK-/- cells. Pillar displacement was determined for spread
cells after 60 minutes of spreading. ILK+/+ cells produced an average pillar
10 displacement of 164 nm + 22 nm (n=17), while ILK-/- cells averaged 62 nm £24 nm (n=
- 19) of displacement per pillar on collagen coated pillars (FIG. 6). Using a similar
method pillar displacement by ILK+/+ and ILK null cells was investigated on an array
of pillars coated with fibronectin. ILK +/+ cells produced an average pillar displacement
of 167 nm + 31 nm (n=24), while ILK-/- cells produced an average displacement of 52
15 nm + 38 nm (n=19) (FIG. 5G). With collagen or fibronectin-coated pillars, ILK-/- cells
generated considerably lower forces than ILK+/+ cells. These measurements were at
later times after spreading where the fibronectin was bound by a5/B1 integrin. Spread
areas were not sufficiently different to account for the differences in force. Thus, it
appeared that ILK was selectively needed for the generation of f1 mediated traction

20 forces on collagen and fibronectin.

Adhesion Size is Smaller in the Absence of ILK
To determine if adhesion formation was also altered in ILK null cells on
collagen, different adhesion proteins were stained after 1 hour. The ILK null cells, on
25 average, exhibited focal adhesions 5x smaller than wild type MEF’s expressing ILK,
with adhesion sizes of 1.1 um2 + .4 for ILK+/+ and 0.19 um2 + .06 for ILK-/- cells
(FI1G. 1). Not only actin-binding proteins such as vinculin, and talin were depleted from
focal adhesions, but scaffolding and signaling molecules such as p130Cas, paxillin and
FAK were depleted as well.
30
Adhesions Migrate More Rapidly in the Absence of ILK
To determine if smaller adhesions resulted from greater turnover or lower rates
of assembly, the dynamics of talin, p130Cas and paxillin were observed during the rapid

and contractile phases of cell spreading using total internal reflection fluorescence
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(TIRF) microscopy. Paxillin-GFP localized to focal complexes early on in the rapid
spreading phase. During contractile spreading, in ILK+/+ cells, paxillin-GFP persisted at
the leading edge and formed two stable fluorescent lines or borders at the leading and
5 interior edge of the lamellipodia, presumably demarcating nascent focal contacts at the

leading edge and more mature adhesions toward the interior of the lamellipodia. While
paxillin-GFP was stable in adhesions in ILK+/+ cells, paxillin-GFP was remarkably
more dynamic at the leading edge in ILK-/- cells (FIG. 4A and D), moving rearward at a
velocity of 9 nm/sec £+ 3 nm/sec (n=9), paxillin-GFP in ILK+/+ cells moved rearward at

10 0.2 nm/sec + .05 nm/sec (n=8) or 45-fold slower (FIG. 4A and D). The retrograde flow
of a focal adhesion protein was surprising. Using the same techniques, two other focal
adhesion proteins, talin and p130Cas, were investigated to determine if they moved at
the same or different rates in the ILK-/- background. Talin-GFP was directly bound to
integrin as well as actin filaments and was present throughout the basal membrane

15 region in small foci early in spreading. Subsequently, it was concentrated in adhesions in
early rapid spreading that persisted into late contractile spreading. While talin-GFP in
ILK-/- cells was localized to adhesions during early spreading, talin-gfp failed to form
sharp, defined focal contacts in fully spread ILK-/- cells. It was observed that talin
formed globular, fluorescent foci in spread ILK-/- cells that moved rearward at ~25

20 nm/sec = 4 nm/sec (n=5) (FIG. 4C and D). Talin-gfp in spread ILK+/+ cells persisted at
the leading edge and moved slowly rearward at 2.4 nm/sec + .9 nm/sec (n=4) on
substrates coated with collagen. For comparison, movements of p130Cas were
measured, a protein of the CAS (Crk-associated substrate) family that was only
indirectly bound to integrins in adhesions. Qualitatively, p130Cas-GFP exhibited similar

25 localization and dynamics to paxillin, except that it was recruited to the leading edge
later in spreading than ILK and paxillin, concurrent with the start of contraction.
p130Cas localized to focal adhesions and formed a characteristic fluorescent band,
circumscribing the cell, spanning the length of the leading-edge in ILK+/+ cells spread
on collagen and moved inward at a low rate of 0.91 nm/sec + .04 nm/sec (n=9) (FIG. 4B

30 and D). In contrast, p130Cas was more dynamic in the ILK-/- background and moved
rearward at a rate of 19 nm/sec + 6.4 nm/sec (n=11) (FIG. 4B and D). Thus, consistent
with the observed smaller focal adhesions in ILK null cells, the observed adhesion
proteins move more rapidly inward at different rates in ILK-/- cells.

Consistent with observations that paxillin and p130Cas move rearward in cells
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staining pattern in ILK-/- cells as well as significant staining towards the interior of the
cell. This is in contrast to the distinct punctate staining pattern found in ILK+/+ cells
5 (FIG. 4F).
Staining of phospho-p130Cas (Y165) shows a distinct band ~ 2.5um interior to the
leading edge in ILK-/- with diminished staining at the leading edge, in contrast to the

punctate staining at the leading edge in ILK+/+ cells ( FIG. 4F).

10 MAP Kinase Phosphorylation is Decreased in ILK-/- Cells
In contrast to what was found with other signaling molecules such as FAK,

p130Cas, and src (FIG. 6), when absolute phosphorylation levels of JNK and p44ERK
were studied using via western analysis, a difference was observed when compared
ILK+/+ and ILK-/- lines were compared (FIG. 6). In addition to the difference in overall

15 phosphorylation levels of INK and p44ERK, a significant and consistent difference in
the localization of the phosphorylated forms of JNK, and p44ERK was observed (FIG.
6). Phospho-JNK localizes to small foci at the leading edge in ILK+/+ cells, while it
localizes along the entire width of the lamellipodia in ILK -/- cells. Similarly, phospho-
p44ERK localized to foci at the leading edge of ILK+/+ cells but was unable to localize

20 at any part of the lamellipodia, and remained in the endoplasm of ILK-/- cells (FIG. 6).
This localization is consistent with the localization of their binding partners phospho-
paxillin (Y118) and phospho-p130Cas (Y 165). Finally, difference in proliferation
between the ILK+/+ and ILK-/- lines was quantified using the BrdU assay. After serum
starvation to synchronize both cell lines, each line was incubated with BrdU in the

25 presence of serum for 30, 60 and 120 minutes. Upon staining for BrdU incorporation,
significantly higher levels of incorporation of BrdU was observed in the ILK+/+ line
with an estimated doubling time
640 + 54 minutes for ILK+/+, in contrast to ILK-/- line that had an estimated doubling
time of 820 + 52 minutes. Taken with observations of actin and myosin retrograde flow,

30 these observations suggest that the presence of ILK is critical for activation of the

MAPK’s involved in stimulation of growth.

Collagen Gel Contraction Requires ILK

Previous studies on migration of ILK-/- cells have shown decreased rates of
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movement on 2-D surfaces. Further, to determine if contraction of 3-D collagen
networks would be altered in ILK-/- cells; 3D type I collagen-gel contraction was
measured (Ngo, et al., 2006). An equal number of cells (5K) were seeded in gels of

5 different collagen densities and allowed to grow in culture for 12 days. ILK-/- cells were
unable to contract any gel of 1.8 mg/ml, 1.6 mg/ml, or 1.2 mg/ml collagen at day 12, and
up to day 21, while ILK+/+ cells were able to contract gels of 1.2 mg/ml and 1.6 mg/ml
to 60% and 40% of the original size, respectively, by day 12 (FIG. 5). This further
underscored ILK’s role in the physical linkage of the cytoskeleton to a collagen based

10 ECM.

Discussion
These studies show that ILK-/- cells are particularly deficient in the coupling of
matrix to the actin cytoskeleton through the collagen binding integrins and result in
15 increased actin retrograde flow in the lamellipodia. From assays of early spreading to
long-term assays of matrix contraction, there is consistently a defect in cytoskeleton-
matrix linkage in ILK-/- cells (FIG. 1, 3, and 5). The central cytoplasm fails to spread on
collagen but
spreads on fibronectin (FIG. 3). There is a greater rate of actomyosin transport inward
20 and a lower force generated on collagen both on collagen coated pillars and 3-D
collagen fibers (FIG. 2 and 5). Although adhesions do form on collagen, they are
typically smaller and more dynamic in ILK-/- cells (FIG. 1 and 4). Moreover, actin and
myosin dynamics are significantly altered with ILK-/- cells exhibiting rapid retrograde
flows of actin and myosin. Perhaps the most striking defect is the weakness of the link
25 between talin and integrins bound to collagen in the absence of ILK and the fact that
paxillin has the lowest rate of transport inward. One possible explanation is that paxillin
is associated with a complex of proteins more tightly coupled to the B1 integrin than
talin and ILK would aid in forming a larger, more stable complex. Many of the other
changes can be explained as the result of a weakness in the linkage between a2 1
30 integrins and talin.
Rigidity dependent spreading has been shown previously to involve a different
set of components on collagen and fibronectin (Jiang et al., 2006; Kostic et al., 2006;
Wang, et al., 2003). In the case of fibronectin, there is evidence of a B3 integrin

dependence involving the receptor-like protein phosphatase o (RPTPa) and the Sre-
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EXAVRLE 2: 2006). Focal adhesion kinase (FAK) was previously shown to be involved in collagen
rigidity sensing since FAK null cells spread to the same area on soft and rigid collagen
(Wang, et al., 2000). However, FAK null cells can sense the rigidity of fibronectin-
coated surfaces (Jiang, et al., 2006). The behavior of the ILK null cells is similar to
FAK-/- in that they have a defect in the sensing of collagen but not fibronectin (FIG. 3E
10 and F). This is all consistent with a role for ILK in the activation of B1 integrin.

The observation that ILK-/- cells exhibit increased retrograde flow and do not
sense rigidity on collagen, points to the importance of cytoskeletal coupling in early
stages of cell motility, the rigidity response, and ECM sensing (FIG. 3). Given the
current model, rigidity is thought to be sensed via nascent ECM-integrin-focal adhesion-

15 cytoskeleton coupling events that lead to the mechanical stretching of proteins found at
nascent focal contacts. The ability of the cell to transduce force across the plasma
membrane through the linkage of ECM-integrin-FA-actin-myosin is also linked to
chemical signals via mechanotransduction (Vogel & Sheetz, 2006). Since ILK-/- cells
did not sense rigidity on collagen (FIG. 3E,F), this suggests that the cytoskeletal linkage

20 is necessary to sense, or transduce the rigidity of the substrate and activate the MAPK
pathway that is perturbed in ILK-/- cells. Specifically, perhaps it is the weakened actin,
focal adhesion and ECM coupling, increased retrograde flow of actin (FIG. 2), that
results in less transduction by less protein stretching. That is to say that the reduced
traction between integrins, focal adhesion proteins and the cytoskeleton in ILK null

25 cells, manifested by increased actin and myosin retrograde flow, allows for the sustained
activation of actin polymerization characteristic of initial spreading or ‘P1° (Dobereiner,
et al., 2004), or initial fast cell spreading. Moreover, the ability of ILK-/- cells to sense
rigidity on fibronectin (FIG. 3E and F) coated surfaces indicates that ILK is not
necessary for the initial coupling of fibronectin to the cell’s cytoskeleton in B3-integrin

30 dependent sensing (Kostic and Sheetz, 2006). Interestingly, when collagen-coated
magnetic beads are subjected to 1nN oscillatory forces, they are displaced by twice as
much on ILK-/- than on ILK+/+ MEFs’ (FIG. 5). This larger displacement further
indicates that the ECM-integrin- FA-actin linkage is weakened. Furthermore, the ability
of the cell to stretch the ECM-actin linkage more in the absence of ILK supports the idea
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spreading in an ani sotropic 20fashion (40% (Dubin-Thaler et al., 2004). In
contrast, tdidepréid SorgpPleRacin!fons haiklimnliet@biizedbp LK sot ropi ¢ fashion
(-90% and had a greatly expanded |anellipodium (FIG 3A-F). After 5-10
m nutes, the | LKheobservationsen cgtlaghnandyp ldidds sediatedinteracaions.Hogldight thsl cel | s

conti nued t.0. i,ncr.ea i n.ar.e I.f I.LK. /< .cell.s were placed qnfipronectin,
t hey sprea Céh?ﬁgltgnﬁ?ocra rrlrtaﬁolcy aT%BFSI?%%IZ? fi?féct’ts§-r‘d 'Efr?ﬁsﬁﬁl%er rB%'iag? rqgr‘?pret ract ed
t hei rs 25| awelotitieotH BLK apil dtlYs lefdsGo ndBlocallAAtioR 5t mgasiaIFIGRE3)c bl adhesiph opl asm
remai ned spread on fibraonectin, unlike on collagen where there was a

dr amat i cal PipteBntil&e d éad drmedugeddores geperatigrH(FEG. Shslowms anigrtion and ggdused t he
| LK-/- cel i 4] f j 3 | s where
t he cent raicglé%éggﬁgtlé%q@ggﬁ’n%%ltsggldgg) Oﬁr@%{sal I%I%ae%{ulsﬁ ?%%1 g}é](ral%ﬁgs\%\ere not
mechani cal tympongalt adthe ondcheniasltlinkapy bativeempl waegririsranthbe adhpsiongbeatpjexand
contraction, coll apsed the cytopl asm (Zhang et .al., 2008). To test for the
rol e of ny%é‘}aﬁy_c ﬁéﬁaeeqeéﬁtrﬁﬂgtﬁwgthmmﬁsp egign P’H@‘ﬂ?ﬂl"‘i‘a%?e‘!qsé?’?f’ﬁ%“tnyosi n
i nhifyj tor béighk &h@édu@n&@%u@i@gﬁﬁgum 1_@‘5&:1{ Stnt St alidaf GRS Mot PaRAd! NG as

wel | as rescue of nornal norph y simlar to the talin depleted MEF s.
Thus, t her ecadfopdproteinpanbsignaling radieoulesi8Rb aPChvpBafyiattd 66 hB) paxBBn,- nyosi n

Ranesi ons. PRosRRSMed bY Fe PratRias abaibhaies AR I BN 380 °or Pconnect  on
bet ween cobhagforyddied tm)@wmﬂmkgpw 6)38inée phiphdORAd FANFAGHEPISOCANE

ability of the cells to sense I’Iglg ity was tested by determining if the

cel |'s spre&bumes 200 Reffllippiuetac 8806, Wiube. tehal..e3008hhavsfpreyipednibagn $hovaof t
vers rigi ] sur | LK- [ | d the sane
dear o of SR BTTAR OGRS, RIAPER Line bitichstenfifd HORUAEC, |
contrast, {(@Qsbodret ab)2006t Wau sl Badhat, @004y, gled reduesriscydsskelegimcouplih@ged t han
soft. Inthe ILK-/- cells, 10simlar. to en they were spread on

col | agen- c&¥reagedrete ,radterﬂ%cwg] eééainﬁh%\éﬁwﬁpy dewnstresst %lan@mgeanéfgrowth-
cytopl asm and broad | anel | i podi umon both soft and rigid collagen (FIG

3E). Wth fibronectin-coated acrylamde, both ILK-/- and control cells
spread to MdtemajeandMethawls rigi d than on soft pol yacryl am de. Thus, the

rigidity respon (ri.gidi jn ol l agen was sel ectively.lost in
the L) Coar T Tap e et RS P e Rt R RPN el S o 1
and Decr easRee £Rindesift for R. FdssleheSakandendedogy)t orl #erd intaiged ikONEM el | s
was due to a |lack of attachment of the actomyosin cytoskeleton with the

peri pher al higrgesaspGibcadnavitipgen)atupplsmentedivith | O fetahbednersgrumal@0lbdah
i d . OV | in-d 20et al .,
2008) - Sev oL RIEHESRERRER, 4661 o clah i AR SCo P ES (GIREY ZUC G g

the rate olndoosa). OGelades wareskepr it 6096 coflirhes adVoCaiatd 5% @O irRnbaton Pdiodf
dorsal wave novenent. All three nethods ,showed_ghat the. rate of novement of
acti® i nnalfUexReEments elis &vere Rreppied by typsinizing, wits| Irypan LikesEngyme GHBeP-above,

| LK cillhl?vﬁ%@,%%ﬁ?@ﬁ SFith! S99 Bedut Yy dsin 15810, (R MERER 1080t and 51
minutes, and resuspended in phenol red- and serum-free DMEM (Gibco- Invitrogen).
Next, cells were incubated for 20 minutes at 370C in suspension, and plated on
substrates in serum-free media for observation. Constructs and transfection: ILK-GFP,
30 and ILK-PBS-GFP were generous gifts from C.E. Turner (Nikolopoulos, and Turner,
2001). Actin-GFP, myosin-light chain-GFP, talin-GFP, paxillin-GFP, and p130Cas-GFP
were described in (Giannone, et al., 2007). DNA constructs were transfected into ILK

+/+ and ILK-/- cells using Fugene (Roche) transfection system. Roughly 2-3 pg of
DNA and 8-12 pl of fugene were used per reaction (10°cells). Cover slip-coating and



251 LK-/-, respectively). Wen actin retrograde flow was neasured via the
transport of 1 um di aneter beads coated with collagen, the velocity in the
| LK+/ + | iwe 20f2/@&i6bs was 43 nmsec 9 nnisec (n=7) and PATIUSES11ASH@l | S it
was 128 nmsec 22 (n=7) (FIG 2). Another means of measuring actin
retrograde flow was to track actin-based6di stortions in the nenbrane by D C
m croscopy. In this assay, |LK+/ + cells exhibited an actin 30rearward fl ow

rate of 37bedd &Reing SCHWETr pEBsdsivte wilshdde2 hbuss in 26%! ificaxii &dien dilahizeal sec

15 nm sec &)n =8) FIG 2). Finall the rearward flow rate of actin-gfp
speckl e paby @Kp@sum@ gﬁéwrlehl,ﬁ ilwameé}?)délédwne ($igma).Silgsizgyg covdislipet i n

oL ogr ade of LA LA E S0 356 10TTRS: CERhaddh L aheBREL Ry e U

143 nm sec oge t he

aver age actAcsti¢ AbrdmngMGPB‘S @Wrrlilghtaﬁ 3f7ecC. FM%MMZ@W&@S@%M HHGd44 -
59 - | LK+/+ and ILK—& were 43 nn/ sec nny sec n 22) and 128 nm sec 22
nnm sec (n=3n3ging ghysp r@@@f@Ot{ﬂiﬁqd@nt@y momtil%,eq%?@ eapd JIREdMARSW i n

LI cel bied b BA o erflﬁ bEBK sb PubRECARL llitdosAlpe 'wgr?Q%bJaSNtAolusnk to the

cytoskeleton 1 n LK— - C resulting decr ased attachnent of actin
t o t he adhebjeotise. aSnimbagJead& GIOOMbézdf-pm))(Eyrmd:Bncﬁach)me evashddogitmOdM ven

| d Fl LI f. t d
act 11 ow HEoRtie PuftgoidibE Birtrale botrer sropeialy R Ronedn g
di st buti 5o ahoul &rmlﬁtde%h%gpha%&;f@%%} 9@.@? kddth k&@cp ares g8 'béac%aoosrky

10altered in an |ILK-/- background f( eared at the
basal -menbthenevashed weth Q. hM beraterhiuffea) Sibpa beadss N@rcptmgéreawdtmél ¢laKogen

nar g Oundor iRl L BEHBBUA 36 Hafe] LR eTng AL RIS 1 SOEhE pllflegn ! o°

| nt er est i ngibyonettin bLlérdmmcm b% AtdiR A€iAtih aM PBS o fWllagen Bidi MERBS fgrosi ti on
- 3.8 gminterior fromthe |eadin (FIG 3G J) conpared to 15- .9 [tin

fromthe |éiézenq¢gtl@a@<blaiﬂnnmmrmgég@t|4§% ashered amd ngfmhok albumipysesn phicken,
th N N
fl gwega r ea%gwgﬂ (§%§1 hﬂég%/eg cg%qfi ?} s|S£rl?h Kaep%:.i}? fl)qc%ﬁ?%dgﬁﬁ nﬁsggcs: acil ?mi sec

(n=8) ver spsevidushndesedbedmagiesie eweered) apphtatus ([d@ndse dt al.) 2006) was abdds.

20Integr|n Fu ctloa But no é@?‘ears Itered ) To t?efit vvhther | LK
was pl ayi ngrEyasty FCtFQj‘P%gqehwétB prPENG G, éfé’ln?argnﬁté“d?oéf’é\é?sf“é 1 aPRY, 2 131

medi at ed b'si?gﬁé"ﬂlaﬁ\@eﬁlcqm%%%%nft Qehd3tiAE D IrGce dn Rh6iaa9, THESHORS éx@ﬁé(pb§' ey

anti bodies to integrins Fs were incubated in suspension with inhibitory
ant i bOdI es taerters \aaseqjtllbratgi ﬁ[sm theibelbeigt efsbaadairekiquidls of krowgry wiscdsithr onect i n
or c | | agen re all,owe dfor 30 m nutes,
1 xel and PHEGHEE o & FBREoRCHisLtioRyR s op e Syt 0% cat i on
ensured t haieaPliremBhts| fibroaédtin dnrcltc@ﬂégé’ir dfalddi ithas aetd ApSsiRY ¢h ahfeef,lv;gd

Consi stent with previous studies, inhibition with a rt§[?/FcllcRGD tide,

Speci T o f sHaniad3gith kel i DheverHIGipIRFABp (AR LA EoRicBrOREES BT bot h

| LK+/ + d

ant i bodlags Cbﬁgﬂer(gﬁgegﬁ?éfhgf %ﬁ%?(?%lg Qé%rre é e@g’% 419%2{%5}1 + ce%(? EJ ]g%hir\qg

fi b][ onect i Ihxg?hr'giumé _(Gmgo;lg{éiltrogeth)l mppie?ﬂhteatwllﬂgzmM&?f Igﬂlht&nimd, bﬁ)dllFQuM_dﬂfl Imfly
ref erenti utiliz o_spread on fi nectin. For cells

Pnt eflact i n?%qﬁ&%@g éﬁoge{{?&& s&@?%ﬂ L?ﬂadg] fg)rtrqpog BWeQB‘?BWe@cﬂ’! H8en when

treated w Egvérﬂmstké’%Q’stéﬁ'Wa@%nerﬁoﬁrﬁedl-g&a?rﬁﬁoﬁ?ejd?@WCrhtt@gQrdn% ?ﬁ/ln%us?’c and

D). These result's confirmed the previous observations that ea
i nt er act i ohX¥8hflubreédnce necioseopanidC ohagegand videos were taken with a 60>< objective

and a Cascade Il CCD camera (Photometrics) at a frequency of 12.8 Hz.
TIRF and retrograde velocity measurements: To follow the dynamics of paxillin-
30 GFP, p130CasGFP, actin-GFP, MLC-GFP, and talin-GFP in cells, time-lapse images
were captured with a cooled CCD camera (Roper Scientific) attached to an Olympus
IX81 inverted microscope (objective, Olympus TIRF PlanApo 60%/1.45 oil; imaging
software, SimplePCI) coupled to the 488-nm excitation light from an Inova argon-ion

laser. Five second time-lapsed images were taken. For retrograde bead measurements,



WO 2012/ 048269PCT/ US2011/ 055444 - 60 - were nedi ated by 133 and 131,
respectively. The results al so suggest that |ILK preferentially nedi ates
coupl i ng wh 20te0486M t 0 t he actin cytoskel eton via 131 i mrcegrseoig/os@becr eased
Traction Force Resulting from Decreased Coupling An i nmport ant
consequence of decreased attachnment to -td¥e integrins is that traction
forces may be decreased. A pillar displacenent assay was used to neasure

the tracti gad Weregtated oﬁt@%ll@%erﬁ(ﬁd lohilft) -coat& doverstips pRlloddled RiBCIBARITh oras
determned for spread cells after élg m nutes of spreading. |LK+ + cells

produced amolagsnagatediZl T-um sibiel bgaldaarcepreadodt 378@. hwe se@ndriiniariapsg imageis| e

| LK-/- cell 24 = 19). of .di spl. t il
col 1 agen cSnPERAATARE A olydhc Giacg of iRl AP vorR Eppfited & arf”
di splsacemenxs bplyrhifuy ihvertetl tidfogtopd (bpddtise V@ly mipuy @3dri gt 60k/ 045 ail; asdlay of

pillars coated with fibronectin. ILK +/+ cells produced an average pillar
di spl acemefCRhFame2, RoperPrignmfichmaging sgiiwase, SimplePCe| | s produced an

aver age di spl ac : AUR: . 3 = I /. |.I agen or
fibronectin- coa?ggm&aﬁ’ grﬁé, 25 %ggﬁlgo%égze‘?tg@g Sc%%é Péée/ég %[3}11 (39}% ower

f or ces t hamdnbilehal aneibbdy (A} egaiesa paxiline(BI3 Tveiséua@ion! [aiberatdriesya @mbtier

spreadi ng where the fjbronectin s bound by a5431 integrjn. Spread areas
were not stAG Rgain P}/g(géqsf@ﬁ%hfa“t\g@“%E(;@g?r#%}es}’ﬁé“ﬂ?slef"é‘?bﬁ%‘g“is{cforce.
Thus,y it a ; i [ of 131
o ot ed R P oy B AR PRR e ond BB PEREIILY!

Smal | er i nantieodslegemseviotulin (A bremdestneaffinite purfifietipasclonalfrabitphaspheas al so
altered in | LK null .cells.on collage di fferent adhesi ot ei.ns,were
e med ar peri (85 B adn B FP R o g o PR e R B et ory
adhesi ons 15 SRnhiig ThahoYddydBE MEE), 8n ' | it pblyBloadhesi on
si zes of 11.@56 gﬁln .4gfor_ IOL +7}J? gdrig,o 1)9 ?ﬁgﬁgsggﬂ?:gr IL]It<¥M/)lEy cells (FIG
1). Not onPyospBeYAlGiSrekimgseptastibi wbg@m(cglsslgncﬂm Teshnalegy}, ahiaffinier e

depleted f . i f i Lgnald | es such
P B0cas PP iBbi BANEHAT BrospHD Y367 ul B ADRRI K Ry B RrlS, (RGSRETS, o
Mor e Rapi dhy afﬂhityl}ﬁlriﬁeﬂeﬂ@&e(pbl}lcldﬁlal anti-ph@h@lguf’pn? (fezn(l':)z‘/Ysoze)lF]hlegff&ﬂﬂyesi Onfs
resulted from.greater turnover or |ower_rates asse y. the nani cs o
talin, p13@Bﬁn}éeéwauﬁamlwlpﬂalmlepmmm&M%ﬁ‘él% e} alfingty praficd mouseti| e

hases of i Lng; : | i.on: cence WO
D015 basooSE TRAR AT IS bl il skt s

polyclonal anti-phosphoMLC (Ser18,19), a goat anti-rabbit immunoglobulin (Ig)

20 conjugated with Alexa 647 (Molecular Probes, a goat anti-rabbit Ig conjugated with
Alexa 488 (Molecular Probes), and goat anti-mouse Ig conjugated with Alexa 568
(Molecular Probes), horseradish peroxidase— conjugated anti-mouse and anti-rabbit
antibodies (Amersham). For antibody inhibition experiments, a cyclic-peptide specific
for aVB3 (Bachem) at 7.5ug/ml, an inhibitory 1 antibody, clone 6S6, (Millipore) at

25 Sug/ml, an inhibitory a2f1 antibody clone Hal/29 (BD Biosciences) at Sug/ml, and an
inhibitory a581 antibody, clone BMCS5 (Millipore) at Sug/ml were used. Cells were
trypsinized, counted, and incubated with inhibitory antibody in suspension for 15
minutes and allowed to spread on either 10ug/ml collagen or 10ug/ml fibronectin coated
glass. Cells were fixed at 30 minutes after plating, washed with PBS and spread cells

30 were counted.

Western blot quantification: Cells in culture were rinsed once with PBS and
lysed directly in RIPA buffer. For time-lapse western blotting, transfected cells were
trypsinized and incubated in suspension for 20 min before being plated on collagen-

coated culture dishes. At the indicated times, cells were washed once with PBS and



(TIRF) mcroscopy. Paxillin-GFP localized to focal conplexes early on in
the rapid spreadi ng phase. During contractile spreading, in |ILK+ + cells,
paxi |l | i n-vébRoar8icst ed at the | eadi ng edge and fornmed twoTASalh®55444
fluorescent lines or borders at the | eading and 5interior edge of the

| anel | i podi a, presumably demarcati ng nas®ent focal contacts at the |eading
edge and nore mature adhesions toward the interior of the lanellipodia.

Whi | e paxi lysedifGRIP ARAllstRDY satek iveddlbafibiabs with 4xUKading eafttsandisoiiel lbeforé&FP
was remar kably nore dgnamc at the | eading edge in ILK—/- cells (FIG  4A

and D), noRading eup datWopradientdiprarylpmide gelhdyonga). Peotpinywascthemiransterred

paxillin- ec
(neg) or a8 Pﬁef‘g“;ﬁf&%f&?d Sl R Phabl), Tre ARG ESe pa BloBle
adhesi on pmothei% d\nﬁami]skuPleT,sein!dgncdli‘aieﬂgmﬂhprlmaryEarttmBj’/lbquﬁ%ht awb°Ot iy f ocal
adhesi on pr ot% talin an t1;.gé;';}OCa were investi gat ed to determne if

t hey noved "§™ AR Wahihep inqybp nt h‘?‘gtaééoqni‘]wcnﬁ??r?tmé with B&‘é‘l@@ﬁ‘@ﬁ Aganti-

Talin-G-P ‘f@fﬁ)lthl@f{JbM(sQH%@goﬁaﬂ)rlle Q9L spn@bwielidiedsd @)I?t}q l_ijL We [Srtiygd was
present throughout the basal nenbrane 15region In sna oci early In

spr eadi ng. dSgbsrgeeperity (Amnershers Biostomwes)andfiodak Bidlvesi YAR film. @aagriay rapid
spreadi ng t hat sisted i.nto | ate tractile spreading. Wile talin-G-P
in ILK-/- 88??%&%&%“ W&EBF‘if?é%th‘éﬂ“%B’ﬁggF{?ﬁg ‘during early spreading,
talingfp failedmbfunbRistochBAlsty: HRoIRH cEpRbregMttdBh® doNabeH doateaPr ead
ILK-/- cells. It was observed that talin forned gl obular, Tluorescent foci

in spread Foverglassesi(]Gug/mi). Afisréerubatiember thexdescriBedimey esdls wege fingdioc (n=5)
(FI G 4C and, S %, 6ells S|stdatth |.eadi ng
edge and rrg\?e)c?}%r owehgggé%?(\i/\gaﬂle%ﬁ%edw np/ e CI%“@“ ncrp??secerf ﬁ’e m%‘ﬁ’agegbst rates

coated wit ﬂ?BtS@l%Bgemo Hresk Wbif&mﬁnb@w@ﬂm&n@facﬁéﬂwag wE&keehgreasured, a
protein of th Crk-assocji ated substrate) that was only

indirectly!? g'ﬁtad Poth Rty aptbodienimd 4 ’@H@W@@bbwwasamg\»@iﬂyPB§11§(9%§§~8@#P
exhi pj ted gidbhRs “gg;ll fb@%dirﬁl@é ﬂﬁ’&e?c@gt YDA F Sndid é%XFi 0¥£c?xﬁ§ % it it

was recruited to the ng edge later 1n sprea ng t paxillin,
concur r ent aldisaiplek evesd msualrzl’eddpyrcbnﬁ)call mmrospfhﬁ;@@aqulk@budmgmHhtomdmomifocal

el | spandigecane (PutpR SETRE: NEhdpiceiiatsgaof i<l Ple gl BORGTua g
col | agen arghsiRwe vdrdV@biicatwith 4 S¥81ERCEDPEarerd hitAtHe286 an cﬁﬂmPﬁrJ@m (n=9)
(FIG 4B 30and Wi) gl n contrast, £130Cas was nore dynamc in the | LK-/-

3

backgr ound eawdp B ar6Qarakdgciivat Aralyss ef asiquired nmy@owas@enformtct with(the=11)

(FIG, 4B a T nsi Wi e r focal adhesions
in | K nul nrgc%)?nalﬁw sérh?ftgée (Bﬁégé%anstgp?(gt el n\séeg%esga e rapidly inward
at differ enttpr/adteiafo. mhlgd&ﬂhrageﬁl | s. Consi st ent wi th observations that

paxillin and pl30Cas nove rearward in cells
2012/ 048269PCT/ USIRTEENOEaR Measyoments, gellagen CQﬂélaICBOH Jhﬁﬁ%ﬂl%?@é%l@mne

st ai ni ng OE ﬁmmgmslds?vgre(p éﬂa@%d éﬂpéﬂa?acgérfzfe&f%?dé 31 Bﬂ:v&?ﬁ% i el

| LK-/- cells as I'cant staining towar elnterl of the
cel I . Thi sal.s2406). dawtdlmsnswm)of the RDMSmmcto pmsms:Wa$ 2 p.m m diamgtepdX firarcenteound

in | K+/+ ells t of phospho-pl30Cas (Y165) shows a
st Pnot  bisrterer i Py TtieishtoFd b phes PAGNGEGt G hol AT Yo ¢
di m ni shedigiRiRH 91 @,Lg/hﬂl Bf LSRR Gr BBRectid s %1 HrAt SH{C BMIEEAL ©
staining at the | eading edge in ILK+/+ cells ( FIG 4F). 10MAP Kinase

Phosphor y| &aplad wish BPESedben, deHs welke platedonithe posts in 4 Bﬂ°<€omt:ubes¢>r foo 5wh°>é)t was

6. wnon aBubi TieaTHhTa BRI SeroERedt ShA Lt anbl AR AEPusesdhea

using via wgmemadmeml@,1)671ctmfywuemmam@l@swpéqdomccqpamérad | LK+/ +
and ILK-/- lines were conpared (FIG_ 6). In addition to the difference in

over3 | 15BR8s eI imeging yefitwargs SimypeR(ry. Hamptle-partigly Hackipaprogssn

consi stent (i f,i&f t%'!l?lgly%g the displacement of the posts. Briefly, this multiple particle-tracking
program calculated the position of each post for an acquired image. This routine was
based on the fact that, in bright-field microscopy, micro-posts acted as wave-guides and

appeared bright, whereas the background appeared dark. To identify positions of micro-



the localization of the phosphorylated fornms of INK, and p44ERK was
observed (FIG 6). Phospho-INK |ocalizes to small foci at the | eading edge
in | LK+/ Avoebizm4sasbi | e it | ocalizes along the entire w e¢Ch/uskottiloss444

lanel lipodia in ILK -/- cells. Simlarly, phosphop44ERK |ocalized to foci
at the | eading edge of ILK+ + cells but-68as unable to | ocalize 20at any
part of the lanellipodia, and remained in the endoplasmof ILK-/- cells
(FIG 6). pbitswithpabil aedurady ths cembshShaRlof d dbriddfordesbri @ty @hs t hei r

bi ndi ng partners phosphopaxillin (Y118) and phospho-p130Cas (Y165).

Final |y, dAfteeriage €CqinYpreopl 208} iohlagen galen $n¢élﬁe|c_i|<£nsmamenem<epared #hes
was quanti fj i ter serum starvati,o Y. roni ze
ot h cel | 14 BEhIRRR e AR B DA K RE B A T g e "o
serum for S&defbndithd gbPGagimmessd ilpdturs gl fogiddivatddrtithks. REGIA P Esbbise,
significantly hjgher |evel f incorporation of BrdU was observed in the

| LK+/ + | i n8SSart Hiego!llagen wf %@-la@ﬂ} IiNrgeatedolpagyy lagndepybsiraigs pisre prerated i n
contrast t =had b j d ' [ 2
minutos. TalanU s PeRRuIpeaR A Valg, TOYRLTHOE A bF I Skl su?

30t hese obsenipaidtahby suggasingtthatotslseryparesie voacatratibiKai K% miltilecakyifigthe

tivati f ot PK's invqlved in, sti. ti h.. .Col Gel
Cont r act | ohrastlfnie opeopPieltiend s @ekb Aaddnd (S b P IBER) S have
shown decr gasBe- 1.80NM2RA 0742 sPOLR/BAZHERIPETAIVSA04L RS 2idtdrminPSf FNRRY enent

1t
on 2-D surfaces. Further, to determne if contraction of 3-D collagen
net wor ks wedllageneoatingegreidie ispbsinate yurfage Was exBDneq peing seasini rggrdectipal
contractiog_‘i(yyg&ogﬁasured (Ngo, et al., 2006). An equal nunber of cells (5K)
were seeded 1n gefs of 5different collagen densities and allowed to grow in
culture for 12 days. ILK-/- cells were unable to contract any gel of 1.8
nmg/m, 1.6 mtq/m, or 1.2 nmg/mmM collagen at day 12, and up to day 21, while
| LK+ + cel P&l AmBIYS1St o contract gels of 1.2 mg/ml and 1.6 mg/m to 60%

and A40% of the ey,i0l wShiZBe a hERRAGH:d : Thi
further under scorae%e% S T o%gn:sn iﬁﬁfégn\p{) f}sl({nc\g%(re%?%%g%%&ﬁ@@gt g’glidee teton
to a col | adenstbBsedet@ipldyii} sauSaussian distribufitiesseerstsubjeetsd shaMdnnat | LK-/ -

oot ot o kS ST IR P ot D B TR LM el 61
15i ncr ease?iv@ﬁrag M sta@lif@dfedtGohl(9m).i n the lamel Iipodia. From assays of early
spreading to long-term assays of matrix contraction, there is consistently

a defect in cytoskeletonmatrix linkage in ILK-/- cells (FIG 1, 3, and 5).

The 2%entrat tgﬂb smfails to spread on col |l agen but spreads on
fibrionecti n:ﬁ'l—tlI ? There is a greater rate of actonyosin transport

[ n}/viar d 20agd aad | EAnBrite i Bhggmimtiadcmy SpehdigenGastih &nPatifdragen oaosdfed
pillars and 3-D
Surfaces.

Abstract

25 Cell function is regulated in large part by extracellular stimuli, including soluble
and adhesive factors that bind to cell-surface receptors. Recent evidence suggests that
mechanical properties of the extracellular matrix, particularly rigidity, can also mediate
cell signaling, proliferation, differentiation and migration. Often pathological states,
such as oncogenesis, allow cells to circumvent mechanical cues otherwise necessary for

30 the regulation of motility, growth and proliferation. Termed rigidity sensing, or the
matrix rigidity response, wild-type fibroblasts require a substrate rigidity of ~3kPa or
higher to spread and proliferate. Here it is presented that engagement of both collagen
and fibronectin receptors are necessary for focal adhesion formation and cell spreading

on typically unpermissive soft (~0.5kPa) surfaces. Furthermore, B1 and B3 integrins,



collagen fibers (FIG 2 and 5). Although adhesions do formon coll agen,
they are typically smaller and nore dynamc in ILK-/- cells (FIG 1 and 4).
Mor eover ,wacbian4sasd nyosi n dynam cs are significantly alPCerusdomiosiaz4d LK-/ -
cells exhibiting rapid retrograde flows of actin and myosin. Perhaps the
nost striking defect is the weakness of-he |ink 25between talin and
integrins bound to collagen in the absence of ILK and the fact that
paxillin hagd (e dronesbsarpti® RtaltddfeIRPidrmaiv@ ol sofRErfRQSSTHE fectiBhaitalfi on
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I nterestingly, when coll agen-coated
30 To determine if other ECM combinations could rescue spreading on soft
surfaces, ECM coated soft and rigid control surfaces with paired combinations of
collagen type I (Col type I), collagen type IV (Col type IV), fibronectin (FN), laminin
(LN) (FIG. 17A). Interestingly, Col typel + FN was the only ECM combination that

rescued spreading on soft surfaces. As the other ECM engagements involved only B1



magneti c beads are subjected to 1nN oscillatory forces, they are displ aced
by twice as much on ILK-/- than on |ILK+ + MEFs' (FIG 5). This larger

di spl acernmot2ofumsiser i ndi cates that the ECM i ntegrin- FARCaaiseoilosihage i s

weakened. Furthernore, the ability of the cell to stretch the ECMactin
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2001), the skel et on cou ng and i rograde fl o
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cell lines were a kind, %I ft for R Fassler (Sakai, et. A ., 2003 and were

mai nt ai nedSYFREVEMed yHh Gl sosd andiBbovhilahi nérgam)is 8abpl enented with 10%
fetals bovine serum 100I Unl of penicillin-Streptonycin, 211M of

L-d L?t am ne, and 211 M of HEPES (G bcol nvitrogen). Cul tures were kept at 60%
conf | uence Catls BifoGciing witbWolagen hdUbatnectin Extiibiy eainoe & Ketcimeotplime! | s wer e

prepared by trypsini g Wth Tr sin Li ke Enzyne (G bco- InV|tro :
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Inwtrogen) Next, cells were incubated for 20 mnutes at 370C
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adhesion sizes of .09 um® (+.02) and .lum? (£.02) respectively, while cells spread on
soft surfaces coated with Col type I + FN, exhibited average focal adhesion sizes of
9um’ (+.18), similar to rigid surfaces coated with Col type I or FN alone (FIG. 15). Due
to the observed large focal adhesion size on Col type I + FN coated substrates it was

25 hypothesized that engagement of Bl and {3 integrins resulted in greater FA-actin
coupling, and measured actin retrograde flow velocity. Consistent with these
observations that focal adhesion size was increased, actin retrograde flow velocity was
decreased in cells spread on surfaces coated with Col type I + FN. Cells plated on soft
surfaces coated with Col type I, or FN exhibited actin retrograde flow velocities of 189

30 nm/sec (x 46 nm/sec) and 121 nm/sec (+ 45nm/sec) respectively (FIG. 16). When cells
were plated on Col type 1 + FN coated soft surfaces cells exhibited similar actin
retrograde flow velocities as if they were plated on rigid surfaces. Cells plated on soft
Col type I + FN exhibited an average actin retrograde flow velocity of 42 nm/sec + 15
nm/sec.



2001). Actin-GFP, nyosin-light chain-G-P, talin-GFP, paxillin-GFP, and
pl30Cas- GFP were described in (G annone, et al., 2007). DNA constructs were
transf ectwo 20ret@8ickK +/ + and | LK-/- cells using Fugene PRoaise)11iosansfection
system Roughly 2-3 tig of DNA and 8-121.11 of fugene were used per
reaction (105cells). Cover slip-coating@d WO
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' DNEM hi R BT R8st abe PAUTS BRI ) BHEAE bR (5565 By ©

L- G ut am n@evatlark¥Mstiin ErEFRESsiOFfOGRnRYFIG.ogen) for 30 min at 37 C for
recovery, and plated on the coverslips. The systemwas then nounted on a
notori zed 37C stage on an A ynpus | X81 fluorescence m croscope. DI C images
and yj deos ken-w th 60x. obj ective, .and Casc |l CCD camera
(Phottonet r LTy TepASERYICE LR e 3 bl i BT Sl E gl Ond ST
measur enenk&peditvefyol | ow t he dynam cs of paxillin- 30 GFP, pl130CasGFP,
actin-G-P, MLCG-GFP, and talin-GFP in cells, time-|apse inages were captured

with a cool ed COP Beligprndersapsbihedd; andili3rmediagtintesacdigns Gactiondpisep genaragd

i nverted m,gr I i . I il A in
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time-1apse i mages of beads transported centripetally on t%1e surface 0
spreadi ng Q@sfscg bywtlreecadla pillareeo with Col type I were displaced an average of 81 nm (+

3), pillars coated with Col type I + FN were displaced on average 153 nm (£ 41), and
pillars coated with FN were displaced an average of 223 nm (+ 61) (FIG. 15). This
30 result is surprising and suggests that a2B1 integrins transmit less force during early time

points of spreading than aV33.

PI13K-Rockl-Akt pathway and Ca++ signaling are necessary for spreading and

proliferation on collagen + fibronectin



51 X81 A ympus inverted m croscope (objective, Aynpus PlanApo 60x/1.45 oil;
cool ed CCD canera, Roper Scientific; imaging software, SinplePCl).

Chem cal swoant/mstedbodi es: The foll owi ng anti bodi es wer eCuasdo11asswuse
nmonocl onal anti body (mAb) agai nst paxillin (BD Transduction Laboratories),
a nouse mAb agai nst pl30Cas (BD TransducBi-on Laboratories), a nouse mAb
agai nst Src 10( Upstate Bi otechnol ogy), a nouse mAb agai nst FAK (Chem con),

a rabbit polycl tma{ anbtieedy rﬁ&@bné&]br\fbnﬁulﬂbi’otﬂﬁ@cem‘;) agkllafihed)i the BiHetfi ed
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i ncubated with inhibitory antibody in suspension for 15 m nutes and al | owed

to spread ©Fldpraten. | Qug/ mL col l agen or | Qug/ml fibronectin coated gl ass.
Cells were fixed at 30 m nutes after plating, washed with PBS and spread
cells 30were counted. Western bl ot quantification: Cells in culture
were rinse®roseryiution RIFSFAKdahd Fediltih rigcénhyntdd B Rellbupkerd okocollager-+apse
western blotting, transfect ed cel | s were trypsi.ni zed and i ncubated in
suspensi on/IPEYEoE GOIHPHER &9 6/FPREINTRUGLHMOCBITOREEN coat ed cul ture

di shes. At the indheghed fdcfezéed f*o%hi SANETOR. maﬁm engeﬁ%wra?ésc&m whlP
2012/ 048269PCT/ US2011/ 055444 - - yseg | ysates were
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overnight at 4 C. The menbrane was then incubated for 1 hour at room
t enper at ur €o9ied wisihtGol nype d, diNasndi Cohtiymer I RN (Bbamfﬂﬁn Ldelopralpyis ed¥as The
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Bi osci ences uan I catl on was b
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col | agen coat ed covergl asses (10 mna After incubation for the_described
time2S cel | #hgaha-(filE8 ppxilly MQ SHRYE doAyEd BrRpip e RRINtS 9ROl ¢H BPEd

Triton. CelJryy WRH fotldn&Bf CRYAM B8t ot FN coated substrates (FIG. 20).

Engagement of Collagen and Fibronectin activates PI3K - Akt pathway and translation
As it was observed that spreading and proliferation was sensitive to the PI3K-
30 Akt pathway and the translation inhibitor cyclohexamide, activated phospho-species of
Akt, p70S6 kinase and the translational activator p90RSK1 were probed. Interestingly,
B1 and B3 integrin engagement was sufficient to activate Akt, p70S6 kinase and
p90RSK1 (FIG. 21). It was observed by western analysis at 12 and 24 hour time points,
Phospho-(S473)-Akt, Phospho-(T389)-p70S6K, and Phospho-(T359/8363)-p90RSK1



PBS- 1%BSA to bl ock non-specific antibody-antigen interaction. Cells were
then incubated with prinmary anti bodies for 1 h followed by washing with
PBS- 19BSAvardi2lEsweubat ed with appropriate fluorescent ®eTarsd@npss444

anti bodi es. Fluorescent signals fromall sanples were visualized by
confocal mcroscopy, acquired using a Fldovi ew confocal m croscope
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alone. Moreover, cells plated on soft Col type I + FN exhibited FA sizes and actin

retrograde flow speeds similar to cells plated on rigid surfaces coated with Col type I

and FN alone (FIG. 15 and 16). It is concluded that the engagement of both 1 and (3

30 integrins leads to larger focal adhesions and slower actin retrograde flow than when 1

or B3 are engaged with their component ECM molecule alone. As it was observed that

larger focal adhesion size and slower actin retrograde flow velocity are characteristic of

increased FA-actin coupling and important for spreading and proliferation on substrates

of physiologically relevant moduli, the Traction Force Index (TFI) is introduced as a
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interacting with pillars. Cells interacting with collagen coated pillars were able to
30 displace .5um diameter pillars an average of 81 nm (£39) while cells interacting with FN
coated pillars displace the pillars an average of 223 nm (£61). This suggests that the
initial contacts mediated by a2p1 for collagen are coupled less to the actin cytoskeleton
or do not activate the acto-myosin networks to the same level as the initial aVf3

integrins for FN. Interestingly, contrary to this hypothesis, the average pillar
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fibronectin, collagen. and fibronectin and collagen o
pathway. In this investigation it i1s shown that integrins, independent of rigidity, can

activate ERK, the PI3K-Akt-p70S6Kinase pathway and the regulator of translation,



respectively To better understand the 131 and 133 nedi ate
interaction, traction forces generated on soft substrates coated w th Col
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Fi br onect i Aleagitily shaver thatengaged B1 gad Rhenjegitnistsubiirienitte eptivage this wegulagdr ved
that spreadling.@nf proliferation was sensitive to the PI3K- 30 Akt pathway
and the transiatlon inhibitor cycl ohexam de, activated phospho-species of
Akt , p70S6 k| nadhisadnipie démansiaadsi aomadke] Atdgrinadigiialing GadKlayePrevipusbrdies

Interestln %/ 131§Cﬁnd 133 mtegrln en a enent was sufficient to actlvate
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el o oAbt Dok APOr 2, BRSNS GRBY cin 0 st
2012/ 048269p€EadinsS20d 1proBfedattbn independent of substrate rigidity. As integrins have been
shown to be deregulated in pathological states such as cancer, this cell based assay

system can be used as a model system to probe and investigate solely integrin mediated

30 signaling. In addition to identifying a model system to explore integrin-based signaling,

the results show that 10ug/ml Col type I + FN is sufficient to induce focal adhesion

formation and FA-actin cytoskeleton coupling. In an effort to better characterize the

FA-actin coupling necessary for spreading and growth, the Traction Force Index (focal

adhesion size / actin retrograde flow velocity) was introduced. The Traction Force
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15 coupling was decreased and as a result |leads to increased retrograde
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correl ati onftet platidd; lwasBed WithPBHER] PheadAehS Were ésaRidl Ng, and growt h and
proliferation. By nodul ating FA size using substrates coated with different
ECM conbi nations and rigidities, it was possible to nodul ate the |evel of

FA-actin C(&ﬂl I PQdi o G aigr%a eis%rg i regvdlgic%szcg actin retrograde flow
reduced |n‘§pv§gt

) ased. 25Previously,

earlys and | ate flhegelymadanrRIBnbardiey wére prgeat asddiaviedageviotzideDisohéd &
only nmeasurenents in | ate spreadi ng on collagen _have been made, In this

i nvest i gat itbn2095) dhelisnbibty ohdke swhstrar yeaimanipulated by sasdaigigehst ©irlon
col I agen i ; X 1 1 '
ascont ECUFPITRGE CohRatatth SEEPALRHC M HRATELRIER cbifpofin Beliteel
col | agen codat%edrigid bafse)vanéd (B@3% (boft 30rfack)s fhaamifoSuity dif dfiéteoatipg lohaths an

average of 81 nm (39) while cells interactijng with FN co d pill
di spl ace t RBOSf G _Cﬁnw%r“vé’f%{@‘é‘e‘ifbyz%émﬁ&t & befs W’I‘Hi‘geéﬁ?g‘?gslﬁgelf‘ﬁg{ﬁtaﬁé _
initial copbasiad bR ihahednredhcd RictoQdpgIehe ﬁﬁﬁoﬁﬂ%&ptpéoi 898 ItQalilgoRCLI N

cytoskeleton or do not activate the acto-nyosin networks to the same | evel
as the ini theasurfive 3Bsienamiredry $iovl. Allase nergrass imapgk were mvbrdedywitlpa tchoked

hypot hesi s, , t he aver illar 2012/ 048269PCT/ U 1/ 055444 - 76 -

di spl acenefPaEE0 F&gffeé’&@o%?‘gﬂavvﬁaﬁg‘?ﬁlto ta;?pg?xmw%f?%gﬁre@“%e réR & 1Phan
pi Il ars coabpdtivé.theFINréddodiea oPirdivitsal ¢eBé Qds \Wubitified with Pfiafe T sENVARS At

di spl aced an average of 153 nm (41). This internedi ate val ue coul d be due
to the facticashd] cadbreere coungd fargachedd} g endes egghtgonditionancel out the |arger
actiyity of aVvli33 nediated force generation or that pillars were not
uniformy coated and the ensenble average is an average of pillars coated
w t h ei t hedm@olnohispehémtrylaNd Ghmfadal aiicras@pynt er pretati on of this result

takes into accoynt at |1's plated on | type_ | + EN exhibit_slower

actin retrogr adg;r}t?rl"g{_;?r%%éichﬁee%'aYeﬁa‘Wt‘_&&Cq?&’iﬁ%/ it Ed- 6n Cgéltyﬁeygéf FNoreopid

al one. The gRseny. 'db'ikga B(O g/?ﬁﬁCAfté} 1RO bA SorthE Re&Pibkd im0 clal&d on
| d Suggest tH

Col type | +°FN'cou t Some of the traction force generated by
t he act o- mfzsdnnnhéh femalddydbendbzombahllized whth Drifs doebh.ulFed Rallacvém

contacts and not .transmtted to the external integrins ond or..the

et oy os MHER G BRRBEY St AT tER Sbakelof QUL IOV DR BREnd,
this is thencdagon With-p@eplidte MRASscES SdcBAd Ay S odikes (Ao fREGfbedeaval.ed
by the acto-myosin contractile machinery, this 15 could also provide an
expl anat i ol ly@esceniesignidiiemetl sagplasovere ypaialized tyneandoqabsui¢resepyeadi ng. By
generating nore I .ol | ar .
appropriate | evg{l?lrop ﬁég%{@%faggggggqgg& gghllhg’ gg?hgﬁﬁoaﬁgcpﬁ%tgé %gtar%ge r&%’aalﬂd
di spl acenerspreadagesksiyy. Getlsi wearei fixedo30 piiataficn plainy axe% aRd fpraadiingnd| t
is the increase in intracellular traction forces thgt allows for spreading

, | |
and ¥ ol i f @FERFASHIZEE Wikh ¥~ Txit08 *20PRderlbsavere Aequbaisdrvgtrmonoclonal degeriped; £y
that ot her ;NERs fé‘\eflehai%'ll?w%@ll%frdgégti&{‘ with tAISRY-[BERT. ﬁ@%t %%g}“.am egg/' nhyjPe |

+ FN, and to i1dentify nolecu conponents that are involved int

si gnal i ng etdmdany, antibkdies Kamtpleselvérelfurtkersnrlyeed bpsomfiopdlayiechsc@by (Hleowewht
knock out IiB_eé exan} ned, it was found that al 1 integrins and PLCy were
not necessa?roy’ B’Impé‘é ‘I 25 spreading and proliferation, while

I nt egrin-Li nked Kinase (ILK), Src-famly kinases, pl30Cas, and Focal

Adhesi on Ki nase are necessary for spreading on Col type I + FN. Consistent
wi t h3¢ hi s BRI&and dR¥aand biightvizeld mlierascopyof gelyj sprigading31 and 133 are both
necessary for s b roliferati. | e F
supporting thei rwogg%?lglgr@? éejBPeP g%eg a%rﬁ%‘ﬁ??‘?lg{af %Cg{btsegr%gghlg%%"aéﬁgg)' é\élls were
proliferat itgPsinBREr Msuspeatiyd iimtsegin Mite AN@rd easdighown tieeraticubate fOLRBOOUS
pat hways. Either acting.in concert with growh factor receptors or on
subst r at es THPRES 2 &7 & Withrydwithout 1gimbiten ¢f e treatmgnt ok i EIRT; écrpicoRy

h t i ' i t ;
isngggt ! gaggg'ﬁxg{ssﬁegasﬁgb gﬂk{*ﬁ&%%ﬁ@f&c&uWftp(i?;kgﬂk%ma PHEY and @thﬁl%e-éa se

Integrins, independent of rigidity,
activate ERK, the PI3K-Akt-p70S6Ki nase pat hway and the regul ator of
translation, WO 2012/ 048269PCT/ US2011/ 055444 - 77 -



pOORSK1. This data supports the idea that engagenent of pl and 133
integrins allows for the activation of survival and growth pat hways

i ndependewO 20f2/48ypdi ty, and del i neates a novel PCT/US2011/055444
i nt egri n- medi at ed- bi ochem cal pathway towards actin polynerization,
transl ation, 5growth and proliferation.-80- In addition to activating FA

proteins such as Phospho-(Y397)-FAK, and Phospho-(118)-paxillin, allow ng
for focal aeratiginctlUrinngey vand @paéd wigngagenmntusofXdBinanttdlddcrondopgr i ns
allows for activation of phospho-(T202/y204) - ERK, phospho(S473) - Akt,
phospho- ( T$89sctyro SBkiHas e TIRK dPlanApe r 68%Il & 6Hal imaging, apBrvaphoSiphePClio
(T359/ S363 %%@ ) i Y .1he 0 EN! cr ;

I nt egrin- Ll)C?l ed E%ntggcehfk%a ﬁég(&/}”tlxg%{llhélg&t gEHlo?%,&ﬁwaa% Olgulhfslp ?%ei'e ?gghtP%?( is
necessary fmagespigadamgpsanerepapturddewith iadrl)CRlaaBTf #0-Calr dbyqeive on daNDlympus
Fur t her nor t's dqownstream activator p70S6Ki nase i s _activat upon
engagenent ?%Sﬁﬁli%‘frﬁ dnﬁ%SCPm-efSﬁirwgr.osmeér%eg? ieAgiPped Y Gt iy 83 so
ki nases ( p9RSEHIScichtiticVERPRIRIathiR@oh@ditoke®f W dely expressed 15
serine/threoni ne ki nases characterized by tw uni que, functional kinase
domains (Smth et al., 1999) and a C-term nal docking site for

extracel | ullar tsi nal - r equl at eg ki nases (ERKs) (Dal by et al., 1998). Several
sites bot hwgﬁg—éﬁé%g%‘—éﬂ%ﬂor G “f the RSK kinase domain, including Ser380,
Thr 389, Ser 363, TaRpolHimbthyloRand PONMSNMidrolposisNa&e padakdPdriddéharddRidzel S
activated via coordi nated phosphoryl ation (%mNAI?Ks, by 20 '

aut ophosph@# gessribeh previeishy(Ga 66 phal086) i Tihegbmendien Rf gD ¥IS| Bicro-pasts egonse
to many gr fach. pol ypepti de hor es,; @nd -neur.otransm tter Fi.sher
and B oni's O 198elt R T HHE SEhSERo-RAT aRT 4, 8A° (TR F9S0h e Kb
suf fi ci ent fibeorretin, aiags bibssts 8@ty aira¢rs@f int IANEMALE 00l typBIISFIEXanPdlaype I +
denonstr at %s a novei%? i nt reﬁ]grion inBfﬁnal i ng pat hW\ﬁ/- Previ ous studies 25 have
reported o N?ﬂl‘éttm réilﬁ PY fgavththenpephad with [fRES. ffihgn aralls gxere plakgdon the
this,st !JdYgoétE i35 39K ISR, *rﬂ@tti @'W@:H%F{s %rea%%ééiiz%g%ﬁ*{w 3§U'C‘i*’$£ﬁfl' ns
is sufficient to activate sprea mé) and proliferation in epengent 0
substrat e ADyONG gir olygecitime ey rbiright-Heldembde nn sinold7 1t ©bepweimeguiddatréciosavpe

pat hol ogi cal st such as_cancegr., this cell based assa tem can. be
aed as n Moolid S SR oROBE. STy dubeln SOILOREr I PHEEGH (o aied
30 signal i particldtradtehd proBradn® was asdd th ¥WnAIgz@tHRRAG 1 aceyRheoT the pRXR! Biéfly, this
integrin-based signaling, the results show that [ Qug/nl Col type | + FNis
suf fi ci ent Mmutiplgasticle-tregking disegramncalovated ihenpesiidorraf aedhi pest yeroerk a¢qitse
couplij ng. | tfort. t [ rize the EAractin coupling
neceskary R8s I Bdint Sl Unel ofi Y RE! LR RSP R G bRy Pl poss
adhesi on siazted/asaohvérguiles agidaggpehtedbigiowheiéhs WaS babkdrodntt e@peatb® dark.
Traction Force WD 2012/048269PCT/ US2011/055444 - 78 - |1 ndex_ correl ates
with spreadPHgorhal greraenost wereridenitiiednvitirigaad pgcurasighy datsaninmg Heieenteing
aV133 int eggi ' W{ﬁ% rﬁﬁﬂé Q46T f | -adhesi - [
coupling (gglg&gs Ibg}hger P‘% on gﬁglﬁtg)éiéés]g '?lzﬁs f%g?(%wgggé???vs ?éér%taﬂrgy
MAPK, ERK, walald bep® S6trsanidort biga fitw ambd edlumnalf thegiatrat, eachp@RGHbst Bddrereidal s
and Jet hod I lines, antibodies and yreagents Muse fjbroblast cells (Bl
retti na e Taee b grim anele? 85 iR B 1 I VeS i egy bevapondtJhuuts 8
all, LK, Wb#rmizeQie re3tfosition 6Pa %Wen Bbved&faScro=post, MAdomputer prograit-fotdted:
PLC?,) were maintained at 37C and 5% CO2 in Dul'becco’'s l\}l))dl i eé Eagle's
medi um (| nihe pasgions of tinphranyated dpogistielongdngf totthe sdrow rowe agé fitied (they linewtyen)

2 MM L-glu ' | trept onycin, and units/im penicillin. The
ol lowi ng. AF e Gen 25Ut RLARRL O Exloas BT AR IRHRE T B i, Eilsn PR
paxillin e ORI whiddiybtloapgs.Labor atori es), a nmouse mAb agai nst FAK

(Chem con), an affinity purified polyclonal rabbit phospho-paxillin (Y118),
an affinity purified polyclonal rabbit anti-phoshoYl65Cas antibody (Cell

Si gnal i ng {echnpBagyandieyer!y. MA), an affinity-purified rabbit polyclonal
phosphoY416-Src Kinase tam |y antibody (Cell Signaling Technol ogy), an
affinity purifi &€glls abisutturgowgrel omsat opbe spthoPBSAndHAgsal difethlysinoRIPA buffer.

For time-lapse western blotting, transfected cells were trypsinized and incubated in

suspension for 20 min before being plated on collagen-coated culture dishes. At the



20 Ki nase (P-FAK) (Biosource), an affinity purified nouse pol ycl onal

anti - phospho p44/p42 (T202/Y204), an affinity purified polyclonal rabbit
ant i - phoswbao(284388y- Akt p70S6Ki nase (Cel |l Signaling Teckroolusgyi/oszime
affinity purified polyclonal rabbit antiphospho-(T389)-p70S6Ki nase (Cell
Signaling Technol ogy), an affinity purif8led pol yclonal rabbit

ant i - phospho- (T359/ S363) p9ORSK1 p70S6Ki nase (Cell Signaling 25

Technol ogy)indidatg®@neaNédIsMadi washbWASI WU B S abdl 3y sc@R) RADAL edl] Bkl ysAlegxa
647 (Ml ecul ar Probes, a goat anti-rabbit 1g conjugated with Al exa 488
(Mol ecul ar Vrpempined nuithy dx tloading buiersand pi rbqjjgr&tle@ﬂlm tohtoaf-e3036 Beslient
(Mol ecul ar Pr : radl i dase;,conj u ed, ant |+ e

anti <1 abbi T aay B AR ORE! SR Gy o P Bl e
cycl ix- pepitdecelplese hicnbrane gWhatndnBaThe Menttrarde Wag/BibckednwitisG% iy biitlor y

131 anti bo | one 656, (M |lipore) at 5ug/m, an inhjibitory a2131
ant i body c%%’ﬂa@ /By ope VaftoREmaRcadtpody oxergraht at 4RE- dhe memitsrIcowgs Bisn31
anti body, GhQm&eB¥P1 Gt b Iggﬁmgt)e?@grawglm [;?no't’@eegr ar%talggityﬁ}ﬁ’ Jackson.,

trypsini zed, counted, and i ncuba wth inhibitory anti y 1 n suspension
for 15 m nuabgratoritshl Tlewsignalowspdetacked nwigh HEEr westengbidtting detagime e¢agknts
Qug/ m fibrgnectin coated glass. l1s.were fixed at 30 mnutes WO

2012/ 04826 SREFT V4B Prowasssy on f@‘%akaét‘ a’bl%ﬁ?{n%}mwa@wg] GHAR D BRSO, s
spread cel lperfdRh&1 wANMIEOIMAge) | spreadi ng on pol yacryl am de substrates and

m croscopy 5The pol yacryl am de substrates were prepared as descri bed
previously (Discher. et al., 2005). The flexibility of the substrate was.

mani pul at e [ &t ai.ni the total acrylam de concentration at 8% while
varyi ng thq emﬁa Etwaﬁ‘gnalh Sonent s bet ween 0.4% (rigid surface) and
0.03% (soft sur fGatlearea Theasurdiniedk Wdsypaforiidd caaid Ae partithRearkifasd faictios Unf ace
was exam ned by coating the gels with Al exa 568 | abeled FN and 10 observed

by i munof 'B88e's FeFEeMFISEFERAE as Pasormad ms desqripedpreypusly geai etcalat2086)-on
/ f . vy o
the_gurfac %Y\%Smg@gflg% '&gﬁ do¥e 9 f@@&&n%ﬁﬁ%@?ﬁf& fggi%@; %é&ﬁ&&ﬁ%ﬁ&%ﬁ%&‘et a

cool ed charge-co evi ce caffera attac 0 i pped
wi th a 10x petpeuntd wsing T RBaidspr'saadstaoeda of i ndi vidual cells was quantified
with Inmage J software. At |east 50 cells were counted for each cell line
under each condition. 15 I munohi stochem stry and Confocal m croscopy
Fi br obl ast peA\p1wes.e pl ated onto Col type I, FN, or Col type | + FN
-coat ed pol yacryl am de hydrogels (10 ['ginp. After incubation for the
descri bed tSupunarg ef |Molgevler Dyreics ©@eiog Gromthok Migeationd per meabi | i zed.

with 0.1% Trito Fi xed. cel |.s re. 20 incuba Wi t rimar ntibaodi es
(degzcori bed abovaelrreating ang gl "BXPQ%E ﬂfﬁ} Bttt BesBieet Bie iR RS
appropri at endufix EESD Sintecsiae and ielybitkeloril efurh@baOpbRsiad tdigsbsaligve) .

Fl uorescent signals fromall sanples were visualized by confocal

rr: cr 03 copy subcellular sirggtenss sesmed fiegad adhesions dmtobpdinC sl linkegesi n - GFP and
D ating IR {00y GRAEAE o PERAUS0n OTheBriblBER o “EhiSdrdPelt BYOGEs o

Cel I s wer e intrecolbbeceldr diyhdmiop and intdrahodeslar inbeactibhe vesultirg ih photkial | owed by

detection wi.th Al.exa-Iahel e 488, 568, and, 647 nn). secondary, anti bodi es.
Sanpt’es wem.*g?f&?ﬁ?&on&ﬁgﬁwia&wl%fg%@aqn- i ASRbAthsRgNS FrmorPEimal dpthe

A ynpus) . 38l |5 | Y sifati ' i ng
Coversli ps vverng egr@gggrsggﬂ%rg&g?%il %Eﬂs?ﬂ;?hgieéségrrgzs %g??%gl}i cggosgﬁkt!al %&?& Cells
wer e t rypsithdit zegilate peiisiveded rétractien foncés imeolyad iumetitidevents. &edoretikis

et e SRl MRS 51 b A o BRIl B5ARE0Y
wi th paxi | khd wHkPnedHanfstie Fanddlofr RA-AErn MRS Ectiof®ne A0 43 3RARG WS4 1Y 055444
) 8030- examples 2 and 3 data is presented that demonstrates the effects of altered FA-actin
dynamics on ECM sensing, rigidity sensing, force generation, and signal generation.
The data presented advances the current understanding of these cellular processes by
supporting a more dynamic model where catch-slip focal adhesion-actin flow

interactions regulate FA protein localization, the physical linkages between the ECM



sequential cell imges were captured with an A ynpus |X81 inverted

m croscope (objective, Aynpus TIRF PlanApo 60x/1.45 oil; imagi ng software,
Si mpl ePClwocolgpl4em9t 0 t he 488-nm excitation |ight from @&oTiusema/oss4gon-i on

| aser. Bright-field 5 inages of pillar tips were captured with a LUCPI anFlI
40x air objective on an Aynpus | X81 i nB+ted m croscope. Al mcroscopes
were equi pped with cooled CCD caneras (Roper Scientific) and tenperature

control boxggcelllaaelellon shoniea afg afoh RnhEng 4QRE RaBRgYdigeet hyl si | oxane
(PDMS) micro-posts were prepared and characterized as descri bed previously

(Cai et al., 200@yerimadapiormsbinding proteingarPbmBoRdnt Maysssinhysisalan j t m i n

di aneter, 1.1 -1 0- . d | ' S o) t posts with
fibronecti %tocﬁﬂggg%&ggﬁﬁrgﬁ é}mgrgérefﬁﬁ% i@%ﬁ%@elggﬁgﬂ %?O%blé‘(?\?/pcgﬂl, FN, or
Col tsype | interali@slané thonghton be iivoledd i3 Hun@hélst fhesiotasdid dnivdisBadaifB&eesddien,

cells were plated on the 15 posts in a 37C incubator. The tips of the
post's wer e SVshsatalevslenmgnt iveund kepling cell Arprsiormariopn, metastasts pydtissye

bright-fie dE%‘é@ 1 N - T I

caner a, Ro}glgf Ci 8 ?.??Béggr?aogéxgﬁ gg’% %%@géﬁ%}orr%pﬁfe%g??@ﬁ&& %9taﬁglleeq?garti cle
tracki ng pthege divemaprasssestby ragud htyrpebdsheprdesspisanehensurefval ed grosittls signal
Briefly, this multiple rticle-trackin rogram cal cul at ed .t he ition of
each post FOITPT BAEHATRTCoRFTRIAUGE, Crake el ik PFRanaLon AL igtioh (C1o0d)
thatyo in bejghtofgel d m croscopy, mcro-posts acted as wave-gui des and

appeared bright whereas the background appeared dark. Positions of
m cr o- post s wer dhe deading ¢dge ofithercedlos dn aopontant yelbylaennerwhene E§M+gellcent er  of

Cauare. ar 1 89 AN ho R o gPlsalod O Y PRI e BCRRBRTAUOR 11

each m cr onp@sioud PrABIAE 1Zaid8l-B4&r, LOIB Ehdt P¥En Yéchhadieeloas. Afsubtetafithete0
between themin a hexagonal lattice. To determ ne the rest position of a

gi ven covePEUCIHS 6abbgdeseribedhes spueler cptabicadhpPior araseing hatrpguial pdapdorof t he
uncoyer ed . i t - £ i r . The
Inbels” oo BRdieins B G0a R ph S AP AANOARS i EERA abd ERM GRS prbrcint

| i nes, gi vesgether (e talovendt fdamin)ctvhilé carelyangdapt3Oprdésiecan Ul definddat Sk
Cells in culture were rjinsed,,once with PBS and |lysed directly.in R PA
buffer. FoPdRSSIRRRrgiss thlpesinte gy Qlety IH&,ag?SrtgﬁtsfP@ilfaéapa%?lpgn%ﬁﬁ%attorwgi ni zed

and | ncubaldnifeaRSPRIRMANC! 130285 RSkl ore being plated on
col | agen-coated culture dishes. At the 2012/ 048269PCT/ US2011/ 055444 -

81 - indicated tHGMsellegidskelnat Bnkagshant thoweght vo bhc@BSuated via/mggimotecRIaPA.
Al cell lysates wer i ned wit.h 4x | oadi ng, buffer and il.ed before
oadithg onPBs VRGN AaNERPEies 2P R - AGRPET B2 e SPUR was t hen
transf er r eghvedtigdtiont have prépeded@aGrbldel h Which@EVL BA 0SRagRHE aledidt sy SEabl: -
The nenbrane was bl ocked wwth 5% dry m | kPBST, and incubated with primary

ant i body oveéessiftets. aVhide this medehis gpasavientwaish date frormlonsdese ECM-cellhour at
room t enpet i | - i F .

Laborat ori E@EAE@?{? {shlrégag%fl{e\?ggy%gq cg{:r}agg&v@ t‘%ggé_c 1\\7\[/es ]égr}]\ég{%ftg? PH& n%lg?réct i ng
reagent s ( AMaresveaatBadg cimenmests darinKEdML-cBil ddivac i3, bt durindSmggradion, stable
gquantification was 10perfornmed with NLH I mageJ. |Inage and Statistjcal

Anal %ﬁsi g  stress fibers are not observed at the leading edge suggesting an alternative model.

In experiments with migratory cells, actin motion can be identfied as the drift of
fluorescent speckles of actin-gfp in the actin mesh over FAs. For different cell types, it
has been found that the slower the actin retrograde flow, the faster the cell protrusion,
suggesting that the growing actin network pushes the cell forward if sufficiently stalled

30 at FAs (Mitchison et al., 1988; Lin et al., 1995; Jurado et al., 2005). These findings have
led to the suggestion that FAs can act as molecular clutches. It is thought that as the
clutch engages, retrograde flow slows down and protrusion is increased (Wang 2007,

Giannone et al., 2009) In the previous examples, data is presented that shows that actin

rearward flow at the leading edge can regulate focal adhesion protein localization on the



Cell area neasurenent was perfornmed using the particle analysis function in
| mrageJ. Force neasurenent was perforned as described previously (Cai et

al ., 2006\W0 20BFa8me Mappi ng was done using a custom funecirars2émn/osyes . Al
statistical analyses were perforned using a Student's t-test tool. EXAMPLE
4: Summary of Mbl ecul ar Dynam cs CGoverni8g Gowh & Mgration 20Cel
spreading and notility involve physical |inkages between the extracellular
mat ri X ( ECldkder ontr2@ohfi STHIR thitlo€altmtions kelRd ArklteMaMbaRatdd PitelcH 5f hesgose t he
subcel | ul ar structures ternmed focal adhesions involved in ECM cel

|i nkages. Ptteinpsivelbasrabisend rgifies resporseMlterest fraed gameration onegiipgen, and
activationg, B%lo g‘t?@d?t?s%ﬂylm Véifec 1H%¥ransmioerlcg hd%gﬂ;ﬂ P?erﬁﬂ)qL The

i nter-nol ecula eractl Pesu el'n PT gomeri za “%n and

f ocals adhes’bmnveftmngmg}mlghtllr'(m&hrya@le%l@Bsclhﬁhrﬁn@ﬁ@mmkeg@témﬁ:I eadi ng edge
on simlar te or al rgmjgatl al scal es as the actin cytoskel etal dynam cs
t hat requl Religtvnag frioneaf FAL Piog#ng. or ces i nvol ved in notility events.

Bef t hi : h
Fisogﬁd a'cts. 'n nlvg?té' g@{@gﬂ%@dﬁ SIBngngﬁtéd%?ﬁa% Bﬁglbﬂ?ers?%%beitér t@ﬁ?owgﬁcﬁar ow

_ . anistic unctlon actin fnteractions
may have ospatd bhdarstamdieg b ECMrc80entanptices. Thamibl&udatraedhanppmeskait ed t hat

denpnstrates the e of altere FA-actin on nsj ng
rigidity sérﬁgf%%EE%Fgli”ﬁ%rﬁ%?%lcﬁﬂ Qﬁﬁr‘@F%ﬁ%ﬁ%’g‘a H]%Wéﬁgl %?PSC%\{Ih% é’t(’&
presant ed APUARRASHHE. (FWfo@ﬁhtlbmgﬁ‘dﬁtﬁrﬁ@lﬁﬁel@iatbhe@%&% Héraﬁorpraﬁagsses by
supportl ng a nore dynamc nodel where catch-slip focal adhesion- actin flow

interacti oﬁgwn&tgq@haﬁlénaimgprAﬂ\@ncﬁSI ip ¢l urelgtstanding dfcthpdeyfevecmblerulakstgesare.
bet ween th lslécg%(led}/r\p 2061 eta1 EZIGQPCT/ US2011/ 055444 - 82 - and cell, as well
as surviva gromfﬁ si'gn |ng at the | eading edge. Integrln
adaptor or binding proteins are inportant players in physical and

bi ochem cal energe roperties resulting fromECMcell interactions.
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inportant cellular zone where ECM cell contacts form di ated

i ntegrins, bidVityen¢ctindhlyaes, 2002 dVlowovéreitbias gcﬂmbszmed@lrrat(aﬁ cciiﬂmmdson
proteins ( i de 2007 Si 0 ub f these

pr ot e| ns cﬁrcﬁlgad%s avpp %tﬁgélrés Ig‘fﬁﬁlﬁtgteﬁfmélf%fﬁneﬁg? érfe[ Poré?d%lfﬁ gﬁ b'ﬁ%grh”sg
Struct ur al nadapd Reer stape Pfitotaeiitiss. danigh€oftfs dlﬁelrvaﬁorpraqhﬂeﬂtSa&blaf intrBgtis on to
| i nk ECM and cyt oskel etal proteins together (i.e. talin and fil amn), while

catal ytic Hibgitesrndsraand the differepemglorilaemeghanigeninvatiied in 5RM 15@1591&1 8r ihat
gg\?\}]g (raeg:ng{sh:%gE}lgHSzE@\??‘.%ecfehg%%%ggisﬁézg%ﬂtbgo&)e%%&gﬁ ﬁg%éﬂé?ﬁ et aI hFI nkages
ar e t houghpravioubexampkt show eltht diféeremttresls@ll@cutefanisms involved in the
25 interactions between cells with different ECM molecules such as collagen and
fibronectin. Specifically it is observed that ILK null cells are unable to maintain
linkages mediated by B1 integrins (FIG. 3 and 5). When cells are spread on collagen
coated substrates, ILK null cells exhibit increased actin rearward flow, an indication of
weaker FA-actin coupling (FIG. 3A). In contrast when cells are spread on fibronectin,
30 early avP3 interactions appear normal, but later stage a5p31 integrin interactions are
unable to sustain the contractile forces generated by the cell and adhesions are retracted
(FIG. 3B). Specifically, the observations that ILK null cells are unable to contract early
in spreading on collagen, resulting in an inability to spread their cytoplasm (FIG. 3), and

their ability to spread their cytoplasm while retracting late forming adhesions on



20bonds between ECM nol ecules - integrins - FA proteins and - actin.
Previ ous investigations have proposed a nodel in which ECM FA |inkages are
medi at ed W9 28t2zlabmIst ress fibers. Wiile this nodel is ceositst@ntswist h dat a

fromlong-term ECMcell interactions, the architecture and dynam cs of
early ECMcell linkages is still unclear84 Moreover, at early tinme points
during ECMcell interactions, or during mgration, stable 25stress fibers

are not Ob%f(y&@tlﬁﬁuég!é@ts|a€faﬁ¢tﬂﬁla13@ii$@r6$1@8§}€ﬁﬂ(’@gol@ﬁn 8ddsaignalilayén ampel .
I n experinments wt ratory cells, actin notion can be identfied as the

drift of flflbmr@%@(ﬁlcsgéckl es of actin-gfp in the actin nesh over FAs. For

different cell t@&?ﬁ%i W tthﬁgéar%eé%’fpr {fl%l{h éohl?igegrl e ‘*ﬁly%ﬂ&t@cr%%ébt%rs are

retrograde flow, rusion,

growing actufficieait Yerr kdlmmhefsﬂﬁdm)n@nkilceﬂ @pmadldg ioh tﬁplééllycm@ehhissﬁe abfted 30at
FAs (Mtchison et al 1988: Lin et al 1995; Jurado et al., 2005 These
findings h&vd ke spifagese Fé‘ﬁb@‘@%‘{r?dﬂ PR antegnas. anthiLds prepecaisprcior cal| ut ches.
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engagenent Tegulates Potht 98 Pation of FA pr ot ei ns.

The previous di $peagiOV- w&&%ﬂiﬁloﬁﬁta@hém aiElhistetnl 6Sinte@rias Baultein t enpor al
and spatial understanding of ECMcell interactions. The nol ecul ar
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fol I pyi ng %51% es—a@aiigb% P have a &191fn¥§tmcttlyralsﬁxggﬁ Wa:lpt?FAhét%ﬁﬁfé on and

actin pol yner zat| on or ce generation ream signal i ng.
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in nore detail .belo Adhesi on;. ECM.Sensi n rin Ac Jdva d
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via the bi niifg £ EAEHADS, E-ctFEMIBLEREHE %§uﬁ9%e§l%sqgltlllé‘@@6‘sk‘efeton

fibronectin. Interestingly, it has been known for sonetine that different
i ntegrins wirdity, ellewig feChattirefonest medisted arotdity f:veem@snt Ceolytreoddapors such e.

az, 1 nt egrl re kno ol | n while i nd

fi br %nectl ;> ?Wﬁ%@eS@B%ase ﬂg‘%‘ggv%? rﬁ%%r g lﬂ}é’éhh m%a?regbm@lt P%
spread on 2@fdliydanekd pt@paght%nldfts%ﬁl ﬂ&lsﬁﬁ&lcﬂi}%ﬂ%ﬁé}ls&fréml&ﬂ%ﬂﬁi difes. Data
interactions, while a51 integrins nediate |ater stage interactions. In

light of tPrescrid &t examuin2 1@6@@@5 dntegeneimked kingselBKY, asq &twcb@@taéiﬂptor
uner o and 5. 1 L PO S RAOLALOURL YA o SEILOIEL ™, 7,
ECM The pradkmsmmremfam:pmem $dropvgérieadtioni dntl el agennneacti@rs (FES.hian?s s
T e St aclk The OBSarvanons T examanle 5% 5 Shat activated forme of proteing such s &3
such®as collMstFeingl4 p P
Src, FAK are mlslocahzed towards the interior of the leading edge identifies integrin-
linked kinase as a scaffold adaptor, necessary for catalytic adapter localization (FIGS. 4
- 6).
All adaptors, by definition, bind to other protein partners including integrins. It is
30 thought that there is significant functional crossover between adaptors due to the nature
of the other interactions these proteins have. For example, talin and paxillin can both
recruit FAK to focal adhesions (Chen et al., 1995; Hildebrand et al., 1995; Tachibana et
al., 1995); FAK can also interface with the actin cytoskeleton through an interaction

with the actin-regulatory Arp2-Arp3 (Arp2/3) complex (Serrels et al., 2007). Also, on



fibronectin. Specifically it is observed that ILK null cells are unable to
mai ntai n |inkages nediated by 131 integrins (FIG 3 and 5). Wen cells are
spread orwoabi2agsscoat ed substrates, |ILK null cells exkchius2énosaased
actin rearward flow, an indication of weaker FA-actin coupling (FIG 3A).
In contrast when cells are spread on fi-l&onectin, 30early av3 interactions
appear normal, but |later stage ab51 integrin interactions are unable to
sustai n t hebeartindLK @nf@haes igefaisab dadiy Hyendiap o eechca tasdiog pracias
retracted (FIG 3B).. ‘Sﬁ_eci fically, the observations that ILK null cells are
unabl e to eofArd BpardafINikoleposksaadilngnesn? 008 Nikpdepouwlessand Twges n an
inability : i t I . b WWRSY : ad
thei r cyt oBrocm aha] & ero8H, PPACRE} lreSies e jolifbal 3K cafpbigh int el
2012/5048269R¢€iH bis2olldgel 554 g4k iHin&FIG. ¥ arddy Dhedbieovay ggaliffsreacdslinclid wagpl
difference in | hK‘ E role in sensing._collagen and fihronectin (fFI G 3).
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adhesi on agElG: 3ysthedel dtger@hitibd RPpoD theli@SaihbSILIK nfedited ke Rfivattapt or
proteins. Integrin adaptor proteins have been classified into three

15cat egor i 8§CWS HudpEGMssRegHIC MaRera mainly structural function, adaptors
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tensin, bind to F-actin and therefore couple.integri.ns to the cytoskel et on
directly, E‘I’YF’&MOHén SPMpPPSIHPR i %WBE‘%@P%?B& ‘i’@?ﬁol IPYW@%AE%.SI_}%@&ES%I ytic
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phosphat ase 2A (PP2A), are thought be involved in the propagation o

si gnal - t r ansdodtinta- el daaysllvlarotonzitrespdd bsiandsterdsting eppariaent éelbétterexanpl e
2 identifies,integrin-lj.nked kings L LK),.as a.structural,,adaptor
necetlary foptRafdhalinitenng s Sybebuitedickiigbly s m
spreadi ng, n&digs fiBroneeiin fdéraeitRt ByfekpfessigBedtadti@eraang celtd, bagafy observe
contractions (FlI 25Interestingly, the observations in exanple 2 &

, G 1- 7). |y
3 that act diffareRf afBpiggs &f EgMome]asyles pdtsredgeguimenned BA@rofeisodd i zed
towards theg:d [ ' L.gemt i £ [ Lol i ki nase
as a scaff ?f@%‘%ﬁ%?@%‘fe@gg‘gg‘?g&?‘%rS%ggtg %f‘gﬁr‘]‘é’ S%%%%%’e@}ﬁ%%egﬁalgg%?g% (FI GS.
4 - 6). Al migehtiphors,mdyy idahderstbodind ducnthehtzdaibber B-ntgeinfupaionner s
including integrins. It is 30t,hou%ht that . there is signifi gan}, functi onal
cros&over BB loﬁdﬁtﬁt"dr@teaﬂ% sirgleip focghgqliesion ontogeny would be of increasing

interest.

Rigidity Response
After a cell adheres to the ECM via integrin receptors, and integrins are
30 activated, the cell tests the local rigidity of the substrate. Examples 2 & 3 demonstrate
this process. For example, one difference in ILK’s role in linking B1 interacting
collagen but not 33 interacting fibronectin is illustrated by FIG. 3, which shows that ILK
null cells spread on soft collagen while they are unable to spread on soft fibronectin.

Cellular mechanosensitivity plays an important role in the growth, proliferation



of the other interactions these proteins have. For exanple, talin and
paxillin can both recruit FAK to focal adhesions (Chen et al., 1995;

Hi | debr arslOoen1221482691995; Tachi bana et al ., 1995); FAK caaTaiss@1iopias f ace
with the actin cytoskel eton through an interaction with the
actin-regulatory Arp2-Arp3 (Arp2/3) comBtex (Serrels et al., 2007). Also,
on WO 2012/ 048269PCT/ US2011/ 055444 - 85 - fibronectin, |LK can connect
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30actj vat e he Local rigidity of the.substr.ate. Exanples 2
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illustrated by FIG 3, which shows that ILK null cells spread on soft
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being limited to any particular mechanism of action, it is believed that the lack of FA-

25 actin coupling that allows ILK null cells to spread on soft surfaces. Conversely, when
FA-actin coupling was increased by increasing ligand availability, slower actin
retrograde flow and spreading on soft surfaces was measured. By coating soft
polyacrylamide gels with 10ug/ml of both collagen and fibronectin,both spreading on
soft surfaces as well as contractile activity and growth and proliferation on soft surfaces

30 were rescued. Given these observations a model in which the degree of FA-actin
coupling during spreading allows for rigidity sensing by the cell was developed.
Decreased FA-actin rearward flow coupling as observed in the ILK null cells
circumvents the rigidity sensing mechanisms allowing for spreading, but prevents

contractile activity and growth. Increased FA-actin coupling during spreading allows
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2009; Nelson et al., 2005; Peyton et al., 2007; Wzni ak and Chen, 2009). 5
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prevents contractile activity and growth. Increased FA-actin coupling
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30 events, but also trigger signaling pathways that promote functions ranging from
proliferation to stem cell differentiation (Huang et al., 1998 ; McBeath et al., 2004).
Therefore, precise measurements of the spatial and temporal nature of these forces are

essential to understanding when and where mechanical events come to play in both

physiological and pathological settings.



contribute to the mechani stic understanding of cancer cells ability to
circunvent the rigidity response. The data presented in exanples 2 & 3
suggest awoudelossdsere the interacti on of nascent FAs i nPeTASRINGSMML h actin
rearward flow as the nechanismof the rigidity response. This is in
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linkages necessary for cellular tractions forces. These observations move the current
body of evidence closer to a detailed spatial and temporal understanding of how actin
and FA protein flow within the lamellipodia effect force generation, actin-myosin

30 localization, and stress fiber generation. Taken with the observations of focal adhesion
formation on soft surfaces (FIG. 14), a more dynamic picture of ECM-actin linkages
emerges in contrast to a model where stable stress fibers are involved in early ECM-
cytoskeletal linkages and force generation events.

The work with ILK knockout cells show that ILK is necessary to maintain early
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whil e the |inkage between fibronectin and the adhesi on conpl ex was not
(FIG 5). Hiaval AghesiansiFormetemét SignadGeneation L K i s necessary for nigration,

wound.15cl osure and .col,l agen contracti.o hysi ol 0qi cal ,events i nportant
o Rt ol Jru Pl SR 2R ik SneBR R B £ RS BRRE e
ECM nai nt ensaRé®on fibfonedin int@e@ionSd B ifRsstiENidPddsefibed aboybdktafleniRr at i on
20To date, nost of the work done on focal adhesion formation and dynam cs

has been bagisarciang ast drastienol feealedbesionsand pen ppgelagegand sallegendtnhed

Shove 0 2ot el GG A0 RSB BN, S, Lol AL DD A AEHLT o

bet ween 1 FRIGS. 3 & BPhdIFA firfadioh oarsll4deh@nd fibréned)in and providedreviidenodntoon

col | azusgen ansclilp{)ci)rlt);?nnoerg Erilfgrnqz?tgvepr;gc\i/cjl Ceilrelg urelc\i/eirgtggcﬁgg to?integrin activation, focal
adhesion formation, and actin dynamics on substrates of physiologically relevant
rigidities FIGS. 14-22). Interestingly, data presented in examples 2 & 3 supports a
model that actin dynamics can regulate the subcellular localization of focal adhesion
proteins, their modification state, and protein interactions necessary for FA formation

30 and cellular processes such as rigidity sensing (FIGS. 3 & 14), force generation (FIGS..
5 & 15) , migration (FIG. 5) and signaling events important for translation, growth and
proliferation (FIGS. 4, 6, 20, & 21).
As actin dynamics at the leading edge are spatially and temporally coordinated

with focal adhesion formation, maturation and dynamics, one may posit that actin
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25 slower actin retrograde flow, greater localization of paxillin, and p130Cas in focal
adhesions and greater force generation (FIGS. 5 & 15) as well as growth and
proliferation on otherwise unpermissive substrates.
An increased flow of actin, myosin and FA proteins decreases a cells ability to
localize proteins at adhesions and generate force (FIG. 1 -7) and the accumulation of
30 proteins necessary for downstream signaling. The flow of actin is directed from the
leading edge to the cell’s center (Wang et al., 1985), and its speed tends to be
significantly higher close (within a few microns) to the leading edge of the cell (Ponti et

al., 2004). Actin retrograde speeds from ~120 um/sec to ~ 40 um/sec were observed in

the MEF’s interacting with glass coated collagen. Interestingly differences in retrograde
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of actin and subsequently the flow of focal adhesion proteins (FIG 4 - 7).
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Focal adhesion proteins, wth 25varying affinities to actin, interact with
t he dynani dilawents aregtighly knehite (rbves at. e 7d Baowi ntale 000gWapeef)7as t hei r
affinity to actin increases and coupl.in creases (FIGS. 4 - 6,12 .- 18).
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(FIG 1 - 7incrlgsiﬁg ég&ds as their affinity to actin increases and coupling decreases (FIGS. 4 -
6,12, - 18). The working model is supported by the observations that the motions of
different molecules in FAs correlate to varying degrees with the motions of actin
filaments (Hu et al., 2007), which suggests that layers of FA and cytoskeletal

30 combonents can slip relative to each other consistent with the model that describes FAs
as molecular clutches. Data in the ILK cell line system and with substrates of increasing
rigidity and ECM concentration support the model of FAs as clutches. As FAs increase
in size, either with the presence of ILK or increasing rigidity and ECM concentration,

actin rearward flow decreases and traction force increases (FIG. 1-7,12-17).



WO 2012/ 048269PCT/ US2011/ 055444 - 92 - Interestingly, as FAs grow, and
actin retrograde flow decreases, the localization of signaling nolecules in
FAs neceswaryidws2edr ansl ati on, growt h and proliferati onPcmase@s@ss4sFl G 3 -
8, 21, 22). 5The above exanples show that actin retrograde flow can alter
the localization and nodification state-2%-ERK, JNK, and proteins that

regul ate translation (i.e. p90RSK1l, and p70S6K). The observation that

m sl ocal i ZghiepsstiaflypaFAS provandd BBV chidedliw dedr@sed, tise loBalidation of
m sl ocal i zation and altered nodification of ERK, JNK (FI G 6) .and

regul at or s signalingmaleguiesrin FRis@ecessary, fopirarglajipns growth and praliferatgm HIFTERses vi a
the 10m sl ctf‘?d}if%iﬂnﬁi catal ytic adaptors and signaling proteins, do not
only alter ‘force genération events but also alter downstreéam signaling and
activation st at epheddbope exahpiss shgeotHaaadti etrogeldt floarcahuet thescativatoras
transcription activation. ECMcell interactions confribut Faéiiprrlrgortant
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are nodul ated. WO 2012/ 048269PCT/ US2011/ 055444 - 93 - .
effects of reduced focal adhesion-actin coupling in cells and demonstrate focal adhesion
(FA) proteins such as p130Cas, paxillin and talin exhibit faster rearward flow in the
context of lower extracellular matrix-FA-actin coupling. It is shown that a certain level
25 of FA-actin coupling is necessary for the activation and stabilization of integrin
mediated adhesions, the rigidity response, traction force, and signal generation. In the
model cells investigated, the linkage of the integrin to actin is mediated by the size and
composition of FAs and is related to the speed of the actin retrograde flow. Thus, FA-
actin coupling and their relative dynamics is important for focal adhesion formation,
30 reinforcement, substrate traction and the localization and activation of signaling proteins
that regulate growth, proliferation, survival, transcription, translation, endocytosis,
exocytosis, migration, invasion, and motility events. As focal adhesion size varies,

allowing for various levels of ECM-FA-actin coupling, regulation of signaling

molecules involved in the aforementioned processes are modulated.



One skilled in the art will appreciate further features and advantages of
the presently disclosed nethods, systens and devi ces based on the

above- deswoizbexh4gzsbodi nent s. Accordi ngly, the presentlypdirasbasesssmet hods,
systens and devices are 5not to be limted by what has been particularly
shown and descri bed, except as indicated3dy the appended clains. All
publications and references cited herein are expressly incorporated herein

by reference in gdeeikilleiihithehy w1l‘l'\ﬁ§;§reé1§teq{1ﬁhé'fqgathfes ah8 adV¥Atages of the

2012/ 048269PCT/ US2011/ 055444 - 94 - M5: 1.A nethod for determning a
property ofPreseriéy dlSClééﬁﬁ)mF%lpﬂg SYS?Q}? alﬁfbé@uwsr’i@sw e ahpyedessribed| es

sel ected fr o] aracterlstl f cel
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char act eri sibt bedimitéebyg elhht ha%rbée@bmalaﬂy chawnah@déetibesd erteas aidat@nment
surroundin% the cell; and (b) calculating one or nore quantlflable metrics

based on a DyabtanRspiechelaimsy Al prilications andaelrasnngs sried brewpire exresshe
vari abl es, r}% ht@dthgt%hr?[?)ﬁré?*ére Jﬁ)tﬁél?@ﬁtﬁr%bfabl e nmetrics corr_el at es wth at
o)

| east one e growh characteristics of ‘the cell, the notility

char act eri Yhatss dhinmdueiscel |, the oncogenic potentlal of the cell, or the
netastatic potential of the cell. 152. The nethod of claim1, further
conprising the steps of obtaining a matrix nmaterial capable of receiving a
cel l jand di sposing at | east one cell on the matrix material. 3. The nethod
of claim1, where the at |east one cell is selected fromthe group
consisting of a cancer cell, a heart cell, a kidney cell, a lung cell, a
pancreatic cell, a 20brain cell, a skin cell, a prostate cell, a breast
cell, and a cell derived froma tissue biopsy. 4. The method of claiml,

wherein the matrix material includes one or nore proteins, peptides, or
chem cals. 25



5. The method of claim4, wherein the matrix material includes one or nore

of fibronectin, collagen type |, lamnin, vitronectin, and collagen type

V. 6. Twe:aethsmoof claiml, wherein the one or nore Pamilsbéi@dsimel ude a

focal 30adhesion size, a retrograde flow speed of the cell, a force

generated by the cell, a cell area, a m@&tation velocity of the cell, a

pol arization time of the cell, a endocytic rate of the cell, a exocytic

rate of thecggiMs:a nucl eus/cell area, a mcrotubule density, a kinesin

vel ocity, a focal adhesion retrograde fl ow speed and conbi nati ons thereof.
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t he one or re ator average, a

nmet abolic i %I ca;/%%%%gle?% dg%%ﬂgﬁ%ﬁppép%hgsZlgg%lﬂ’l%gve)ﬁgfn Western titrated

aver age of P- FAK(aOYﬂ&Zﬂmn@oﬂmtrm’rB vhmzt‘trlestmbcaedémig&lecgro@ EARXis(id 81) , a

5Western trtrate aver age, of P-p gli,opgg' (Yle5), a. Western titrated average

of a prot e| RhY¥CH ﬁb@éﬁ%@rﬂsﬂc&omhe;c sicel obpyagisrisiicsol ga SBY MG ei n of

i nterest, [

Phosphor Y1 at S R ey S oSt chanicabAEL AR, ( ELR 4 PR lracieripicyof

Conposi ti onambn@rcmrm'smmcamdnhgﬂcsealbanén | mmuno- stai n of PhosphoProtein, am
nd

MRNA Local i zati o Elrty a Ratio o{ FK%%FaB tr nscrlégthﬁon .1 factor a
p53 activation s tcé1 culatipg e OpoEergRpnifiay o83 acq

activation %&&Eﬁl(ﬁﬂﬂclﬁgfﬁfg'oﬂ@bkﬁﬁ‘ﬁe M"tﬁé ¢RfiablesBwhdiReh ﬂl’i@bﬂ@gr &Brecdlﬁhﬂﬁéble
wherein the one or nore vari ables include a foca adhesion size of a cell

and a ret r ogresigs cptf@lﬁ/teweédatdrraseonﬁeoﬂthe Merﬂeplrrar@cnerl&mnmﬁﬂle woll,ghe motility
15quanti fi ab) e a rati and. t he
ot ogr ade. FIEH e SppRERlt Be Préolin@ rllentidlar 4R G, BURET SRR o

| east one OBffhléQeQr ow h characteristics of the cell, the notility
characteristics of the cell, the oncogenic potential of the cell, or the
netastatic potential of the cell. 209. The nethod of claim7, wherein the
rati o,.of theg foc i ze g .

pr opolrst ional " to g{h ﬁg%ﬂgo?eogr&%a?ﬁlslér %%g%g&g{n%ﬁ? g{e\fjsge i Ollg Erﬁ%g%mt ﬁa}ft a

mat hemat i camasstjpt egabkrofireeeiwing agelbael disposingeat d)efasttdms;ell\oarthmhes; ramdriilhe
ratio of the focal adhesion size to the retrograde fl ow speed correl ates

with at | east one of the growh characteristics of the cell, the rmtility
characteri sgi cs ‘Tilehi’eﬁlogedf*cialﬁﬂev@r@f‘e%@ml%as%HQEé‘-lf‘fs'séﬂectQ& ﬁfoﬁﬁthgg or the
netastatic potential of the cel he nethod of claim1l “ﬁ’ t he one

or nore var calistisgionelcamter aclf, (arhceﬂgelhelrkadrﬁd' deil, 2 hegatll|gmmtreanecdkhl , a

f ocal adhes on si f the at one ce nd et r ogr ade.. flow speed
of a1 bekt Soha sBimaell o oslafeiRdn €BRaf Sl oal i FhB Eaphe
30proporti oB s$.0 the ratio of the focal adhesion size to the retrograde
fl ow speed an

4, The method of claim 1, wherein the matrix material includes one or more

proteins, peptides, or chemicals.

25
5. The method of claim 4, wherein the matrix material includes one or more of
fibronectin, collagen type I, laminin, vitronectin, and collagen type I'V.
6. The method of claim 1, wherein the one or more variables include a focal

30 adhesion size, a retrograde flow speed of the cell, a force generated by the cell, a cell

area, a migration velocity of the cell, a polarization time of the cell, a endocytic rate of
the cell, a exocytic rate of the cell, a nucleus/cell area, a microtubule density, a kinesin

velocity, a focal adhesion retrograde flow speed and combinations thereof.



correlates wwth at | east one of the growh characteristics of the cell, the

notility characteristics of the cell, the oncogenic potential of the cell,
or the nevazvetdsszepot ential of the cell. WO 2012/ 048269PUNSUB2034055444 -
96 - 11.A systemfor determning a property of a cell, conprising: (a) a

m crofluidic device including a pluralit95ef cell culture |ocations; and
(b) a detection device configured to neasure one or nore properties of a

cel | 5Scul tured omrhehetRfd dfittuiml Ukaktdiy thefons 8F motdi driabRes litadd DR lifarkiRmei n
the properties are selected fromthe group consisting of physical

char act er i stndietesfavarage|q metabgli ipdicatohaysegce it HiK expressiamlcsdlva Nosteaht
di ng,. | ) cal tQriLSti.e | e, i cal
surroundi ng g, &§ a#,ergg&?f@.%%K ﬁizﬁ{ﬁ% Wekt%ﬁlldfi?tﬁagt&fa a\%gf%%_of foﬁgg_(gﬁ@ﬁ‘ ga

characteristics o environ surroun m’trof | ui di c
devi ces conpWsidigtitrated averagdfUit-pll 3aCas@l 180 aBV ¢stern sitrbed aacmgngldpraainst a
substrate in a defined pattern, each site being_dinmensioned and configured
to cul ture SHEeHra YierenSsple ELI§A pycrage ofiapiodein 8f IntsrastmNEKapRakiranSAtiptiRD

prural ity ol GRATEIGE oP Iy RRIAIHOHANGRE Adhedhn RIFAY to Focal Afleighhe devi ce

of claim 12, in the ralit geonetric sites iInc es at | east one
first site Rbheiphgtase, an ESIM dioarpesidion af Disassoeisted Aessghtandommewgdaidiofig to a

first rigidi Oand .at le ne .,second site Vi n eco di amet er and
L Cecond haP hiwhapmrE aam e LBCuPEhas fudtis: wktys of RFR SHER s ARG o of
claimel2, WnRkdiandpBS aBivtiBh klae, @R 18168 FBITATCatlséBftionTaétbEaR! (5 dcBslonoOne

first site having a first extracellular matrix coating and at |east one
second sit est2Btadicagbanatienoihdreekt racel | ul ar matri x coati ng.

8. The method of claim 1, wherein the one or more variables include a focal
adhesion size of a cell and a retrograde flow speed of a cell, wherein the one or more

15 quantifiable metrics include a ratio of the focal adhesion size and the retrograde flow
speed of the cell, wherein said ratio correlates with at least one of the growth
characteristics of the cell, the motility characteristics of the cell, the oncogenic potential

of the cell, or the metastatic potential of the cell.

20 9. The method of claim 7, wherein the ratio of the focal adhesion size to the
retrograde flow speed is proportional to other ones of said one or more variables such
that a mathematical expression including one or more of those variables and the ratio of
the focal adhesion size to the retrograde flow speed correlates with at least one of the
growth characteristics of the cell, the motility characteristics of the cell, the oncogenic

25 potential of the cell, or the metastatic potential of the cell.

10. The method of claim 1, wherein the one or more variables include a force
generated by the at least one cell, a focal adhesion size of the at least one cell, and a
retrograde flow speed of the at least one cell, wherein the force generated by the cell is
30 proportional to the ratio of the focal adhesion size to the retrograde flow speed and
correlates with at least one of the growth characteristics of the cell, the motility
characteristics of the cell, the oncogenic potential of the cell, or the metastatic potential

of the cell.
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11. A system for determining a property of a cell, comprising:
(a) a microfluidic device including a plurality of cell culture locations; and
(b) a detection device configured to measure one or more properties of a cell
cultured on one of the plurality of cell culture locations, wherein the properties
are selected from the group consisting of physical characteristics of a cell,
physical characteristics of an environment surrounding a cell, chemical
characteristics of a cell, and chemical characteristics of an environment

surrounding a cell.

12. A microfluidic device comprising:
a plurality of geometric sites arranged across a substrate in a defined pattern,

cach site being dimensioned and configured to culture one or more cells.

13.  The device of claim 12, wherein the plurality of geometric sites are arranged in
an array.
14.  The device of claim 12, wherein the plurality of geometric sites includes at least

one first site having a first diameter and a first height corresponding to a first rigidity
and at least one second site having a second diameter and a second height corresponding

to a second rigidity.

15.  The device of claim 12, wherein the plurality of geometric sites includes at least
one first site having a first extracellular matrix coating and at least one second site

having a second extracellular matrix coating.



