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METHOD ¥FGR QUANTIFICATION OF AKT FROTELN EXPRESSION

This application claims priority to U.S. provisional application Serial no.
G0/197,780, Tiled April 14, 2000,

BACKGROUND OF THE INVENTION
I. Field of the Invenrion
The mvention releies to methods for the guaniification of protein
eRprossion i cells or tissue samples relaled to diagnosis and treatmeni. of disease
states, pattienlarly cancer disease states,  Specifically, the imvention relates Lo
methods for the guantification of AKT1 and AKTZ protein exprossion as well as
their activation stale in which un imaging system is used to quantify AKCTL and

AKTZ proten expression.

2. Background of the fuvention

A cawcer diugnosis s conventionally confirmed through histological
exasmination of cell or tissue satoples removed from a patient. Chnical patholegists
need to be abie to accurately determine whether such sampics are bomign o
malignunt snd to classify the aggressiveness of fumor samples deemred to he
malignant, because these delermiations ofier formy the basis fir selecting a
suitable course of paticnt treatment.

Histological examination traditionally entails tissuc-staining procedurcs
that permit the morpholagiea? features of a ssmple to be readily observed under &
light microscope. A pathologist, after exumining the staimed sample, typically
makes a gualitative detormination of whether the tumor samplo ts malignant. It is
difficnlt, however, to ascertain a fumor's aggressiveness mercly through
histological examination of the sample.

Automated (sompuler-aided) image analvsis systerms known in the art can
augment visual cxamination of samples. In a representative system, the magpified
image of & cell av tissue sample js expesed teo reagents tbat detcct a specific
biological marker, and the images processed by a somputer that receives the image
from a charge-coupied device {(CET) or camera such s a television camera. Such
a system can be used, for example, to defect and messure expression levels of the

estrogen teceptor (ER}, the progesterome receptor (PR), or the oncogene HER-

1.

JP 2004-512495 A 2004.4.22
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2rewin a particular sample. Using thig methedology, 2 more effective regimen of
therapy can be adminjsiered; for example, hormone therapy can e used where
samples test positive for BR and PR, and anti-oncogene receplor therapy can be
used where samples test positive for HER-2/mew (National Institute of Health
Consensug Development Conforence: Steroid Receplors in Breast Cancer, 1919,
Bethesda, MD; Hancock e al, 1991, Concer Rey. 51:4575-80; Arteaga e ol
1994, Caneer Res. 534:37538-65 Baous o al., 1997, dral. Quaat, Cytol. Hisiol.
19:316-28; Sliwkowski ef @, 1999, Semin, Oncol 26:60-70: Shak, 1999, Semin.
Qneol 26:T1-77; Coebleigh eraf 1998, 4. Clin. Oncol. 17:2639-48),

Apoptosis, or programumed oell death that occurs as part of normal
manmmaiian development, was first observed nearly a century ago. The induction
of developmental cell death is a highly reguluted process (had can be suppressed by
3 variely of extracellular slimuk.  For cxample, the profound biological
copszquences of growih factor suppression of apoptosis are exemplified by {he
critical role of target-derived neurotrophing ft the survival of newrsns and (he
maintenance af fanctiopal neuronal circuits (Pettmann and Hendexgon, 1998,
Newron 20:633-47). The ahility of trophic factors o pramuoie survival is atibuted,
at lzast in part, to the phosphatidylinositide 3°-OH kinasc (PISK)c-aht kinase
cascade. Severa! targeis of the FI3E/c-akt sienaling pathway have been jdentitied
that may underlic the ability of the regulatory cascade to pramote swvivel apd
forestall apoptosis.  This behavior is relevant to cancer diapnosis beeause cell
survival and apaptosis avoidance 1z a necessary part of the uneontrofled
proliferation characteristic of cancer cells.

Thus, there existz a need in the art to detect cells, particularly cameer cells,
that are capable of forestalling apoptosis. as a part of better methods for

diagnosing, staging and cvaluating cell and tissue specimens obtained from

patiemts, cither as part of an initial diagnosis of cances, in manitaring the efficacy

of chinical efforts to control or ablate cancer cells, or for detecting recurrence of &
primavy mor or the existence of metastatic discase in a canccr patient. Thers 15
speeifically a need in the ad for unproved detection of expression of the producis
of tumor marker genes for improving disgnoses and making accutate diagnoscs as

carly as possible in the comse of the disease.
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SUMMARY OF THE INVENTION

The invention provides methods for quantifying AKT1 or AKT2 protein
expression and activation levels ur celiz or tissue ganples obtained from an animal,
most preferably a hwman cancer patiept or an individual suspected of having
cancer, Specifically, the invention provides melhods for quanlifving AKTL and
AKT2 protein expression or activation levels using #n imaging system
guantitatively, More specifically, the invention provides methods in which an
imaging system is used fo recefve, enhance, and process imapes of celis or tissue
sanples, that bave been slamed with AKT protein-specific stains, in order to
determine the amoust of activation leve! of AKT protein expressed m the celly or
tzsue sarmples from such an animal. In preferred embodiments of the methads of
the mvention, a calibration curve of AKTI and AKT2 protein expression is
penerated for at least two cell lines oxpressing differing amounts of AKT protein.
The calibration curve is then used to quantitatively detcrmine the amount of AKT
profein that is expressed in a cell or tssue sample. Apalegeus ealibration curves
can be made for activated AKT( or AKT2 proteins using reagents specific for the
achivation features. It can alse be used to determine changes in amounts apd
activativn. slate of AKT (AKTL and AKT2) before and after clinicul cancer
treatment.,

In onc cmbodimcat of the methods of the inveatien, AKT2 prolen
expression i a cell or tissvue sample is quantified usmg @m ensyme-linked
inununoabsorbent assay (ELISA) tu determine the smount of AK T2 protein, i a
portion of a esll pellet prepared from at least bwo control cell tines expressing
differing smounts of AKT2 protein, to which the cxpression of AKTZ in the cell or
tissuc sample 18 compared. Tn other embodiments of the methods of the invention,
the amount of AKTZ protcin cxpressed in 4 cell or lissue swmple is indirectly
quantified by hybridizatton of c-a#12 mRNA isolated from the cell or tissue sample
to high density oligonuclestide arrays, or dstermination of oakf2 mRMNA
expression by RT-PCR or by Worthern blot hybridization experiments.
Importantly, a separatc portion of the same cell pellet is then stained with an anti-
AKT2 aptibedy followed by immunohistochemical amalysis to delormine the
amiount of AKTZ prolein in the sampie, preferably by measuring the optical density
of the sample at a wavalength specific for the irmmupokistochemical stoin used to

detect AKI-2 profein. In the practice of & preferred embodiment of the invention,

_3.
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a calibration enrve is prepared in which the concentration of AK12 proicin, most
prefernbly  determined Ty I3LISA, i3 plotied against the optical densify
measurement for AK'TZ protein,  In order w determine the smount of AKTZ
prolein expressed in a cell or Hssuc sample, the optical deneity for AKT2 protein is
measured and comirared with the calibration curve geperated from the control cefl
lines.

Specific preferred embodiments of the present invenbion will become
evideni from the following more detailed description of certain preferred

embodiments and the claims.

DESCRIFTION OF THE DRAWINGS
Figure 1 is a chart showing fhe rcsuite of HER-Z'ses and AKF-2
quantitation by image anakysis of breast cancer eells in rutnor sectioms. AKT-2
results are showy in arbitrary units of ophical demsity whereas JIER-2/ney results
are expressed (o picoprame of HER-2/nen protem per cell. Cells that da nol over-
express HER-2/nen (+1 and nepative) are indicated by solid black squares and celle
expressing HER-2/ncu at levels corresponding to 42 and 43 are indicsied by gray

SquATES.

Figure 2 is um immunohistochemical analysis of paraffin scctions of broast
canesr tissues stained for HER-2/per (2114 FER-2 I83C7), for AK1-2 (2114 AKT2
IHC), ot by the alkaline phosphatase technigne and counterstained by the Feulgen
meihod to previds fluorescent in sify hybridization (FISK) analysis {2114 HER-Z
FISH)

Figure 3 15 o Western blor showing levels of AKT] and AKT2 ip
phasphorylated and non-phasphorylaied forms. Tane 1. negative control; Lane 2:

meatment with AKT aetivator NDRMereguling Lane 3; treatment with hescoptin,

DETAILED DESCRIPTION OF THE PREFERRED EMEODIMENTS
Thig invention providus metheds for quantitatively determining cxpression
and activation levels for celular proteins, AKT1 and AKT2, that are involved in

mediating avoidance of spoptosis in tumer cells, particularly human turnor cells as
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detected in call or tissue sampples from an ndividual, These metods depend on
the idenfification of AKT proteins as impovtant medistors of apoptests in normal
and twwer cells in mammals, particwlarly humans

‘The identification of AKT (the protein product of the o-26 gens) as a key
regulater of cellular swvival has sigmficant implicatious for onvegencsis and <drag
resistanee. For exanple, the less of a human tamor suppresser, FTEM, correlates
with inereaged AKT activity (Li er 4, 1997, Seience 275:1943-47; Liaw ef al.,
1997, Nut. (engt. 16:64-6T;, Nelen g «f, 1997, Hum. Mol Gener. (:1383-87;
Cantley and Neel, 1999, Proc. Nat. Acad, Soi. U3.4. 96:4240-45; Datta ef al.,
1999, Genes Dev, 13:2903-27). In addition, suppression of apoptosis is not the

only function that AKT may bave in promoting oncogenesis.  In some
sitcumsiances, AKT cun slso induce cell cycle progression. However, the
observation that AKT can suppress apopfoais, considered in Light of the finding
that cclls can be rendored resistant to apeptasis through either fhe deletion of
PTEN, the overexpression of active Ras, or the overexpression of active PIIK,
suggests that oncogenss may block adaptive selkelar apoptosis by hyperactivating
ART.

Given the complexity of the apoptotic machipery, thers are a number of
pathways by which AKY might act ty promote cell survival and inhibit vell death.
AKT may black apoptosis by regulating expression or activity of members of Bef-
2 tumily genes fthat are known fo play a role in cell survival or cell death).
Altematively, AKT may regulate expression or activity of the caspase family of
proteing, or the funebon of deatl receptor pathways. The regulatory effect of AKT
way be through a direct mechanism — the phosphorylation of components of the
apoptotic machinery, far exemple — or an indirect mechanism — such as by altering
the expression level of genes that encade componenis of the death machinery.
Recent studies suggest (hat ART regulales apoptosis at multiple sites. A nugtber
of AKT targets, all plaving critical roles in the mediation of cell death, have been
idemtified, including BA1), caspase-9, the Forkhead family of transciiption facters,
and the NFxB regulator ICK (Datta ef al., 1999, supra).

The first component of the apoptolic machizery found to be phasphorylated
by AKT was the Bel-2 family member BAD., BAD was identificd on the basis of
its ability lo bind to BCL-2; analysis of the primary structure of Bed tevealed that
it is similar to Bel-2 (Vang of af, 1955, Ced! 80:285-91). The finding that AKT

_5-
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stppresses BAD-Induced death by direct phosphorylation of BAD is consistent
with comelative evidence suggesting fhat the endogencus PIIK/AKT pathway
culminates i the phosphorylation of endogenous BAD. 1o addition, stimuli such
as gerarmde, ultraviolet (TN} iiradiation, iofrared radiation (IR), and sorbitol, that
downregulatc AKT aclivity through as-yet-uncharacterized mechanising, gach also
inhibit BAD phosphorylation (Zunde] and Giacoia, 1998, Genes Dew. 12:1941-46),

AKT ulso phosphorylates caspase-9.  This phosphorylation event hag
functional conseguences, as extracts from cell linss overerpressing AKT block
eyiochrome C-mediated vaspase-8 activation im vitro. These restdis suggest that
AKT prometes ot survival through the inactivatinn of cagpase-9 downstream of
cytochrome C releage. It is not clear how phosphorylative of caspase-9 results in
it wactivation, although phosphorylation of caspase-9 appears to inactivate the
intrtnsic catalytic activity of the protein,

In addition, there is evidence that AKT is invelved in mediafing the
tumerigenic effects of LirbB family gene expression. The BrbB family (HER) of
oncogene yeccptors contains four members: HER (BGFR), HER-2, (EibB-2),
HER-3, and HER4. Interesl in this family of recepiors has heen greatly stimulated
by the finding that evercrpression of HER-2 tansforms cells, and sorrelates with
am increase in the progression and metastasis of human breast and avarian cancers.
Most recenily, o humanized mencelonal antibedy 10 HER-2 has been approved for
treatment of hreast cancer pafients with overcxpressed HER-2,  Thus the
significance of HER-2 oversxmression in bregst cancer devclopment hus been
established (Liu e/ ok, 1999, Biocherm, Rigphys. Res. Commun. 261:387-503),

Tleregulin, which is a ligand for both the TIER-3 (ErbB-3} and HER-4
{dubB-4) receptors, can activate HER-2/wex through the formation of o
heterodinmer.  Heregulin is also 4 potent and rapid activator of AKT enzymatic
activity in MCE-7 cclls that express HRR-2. This aciivation is mediated by TIER-2
or HER-3 stimulation of the PI3K pathway. Mareover, overexpression of HER-2
in BT474 breast cancer cells corelates witl an inerease in the basal activity of
AKT. Finally, a monoclunal antibedy to HER-2, which is used to treat breast
cancer patients, lowers the busal AR activity in these cells. This implicates the
POK/AKT pathway as ons of the downstream targets of heremdin/HER-2
sigualing. Thus, the PIIK/AKT sascade may play a volo in the ahility of BHER-2

overexpression to generate a mere aggressive breast cancer phenotype.

G-
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AKNZ alse plays an important toie in cell survival and in blocking
programmed cell death following radistion or chemotherapy temiment.  Tor
example, AKT2 was found to be overexpressed in pancreatic, breast, and ovarian
cancers. In patients where HER-2/ren uverzapression haz been defected, not only
15 the c-aktZ gene found to be iranscriptionally activated, bul the AKT2 protein has
alen been shown fo be overexpressed. In o somparisen of MCET cells, which
express a basa) level of HER-2/men, and MCF-7 colls transfected with a HER-
2Wnen expression construct, ¢-a22 mBNA levels increased 27-fold in the HER-
2fney ransfected MOUF-7 cells. Tn tumor samples i which HLR-2meu was found

to be overcapressed, AKT2 was fuund to be upregulated (Table 1),

Table f

Ymage anabysis quuntificaiion ot HER-2/nen and AKT?2 in Breasi Cancer Cells

‘Sampln HER-2fnen | Ali2
MNumber | Results | Results
[ 0098 |00 tneg) | 005 |
00-0Z0 | 0.01 {neg) | 0.08
[E i s
00-024 | 001 fneg) | 0.27
00074 | 007 fneg} | 010 |
00-248 | €200 | 6az
(00365 | 010G | 0wz
[ 00373 | 0.10(+1) | 005
D0-3RE | C.ID(+1} | GO03
0052 OIGD | 00
00362 | a1 (+1) | 6.07
G0-201 | o.1i¢M) 1 a1d |
00378 i"ﬁ o | ooz
[00-392 | GIT(+)y | 0.08 |
Fonzzt | oiteny | 6]
00517 0.12(4-1)J 0.03<'

00319 | 0.z(+1) | 0.04
CO-117 1 0.13¢+1) | .10
”
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| 0049 | Baa@Ely | e21
| 00407 | 01a{+1y | 6.0
n0380 | 01421y | 0.8
o019 | odceny | 0.2 |
00298 | D.AS¢y | Do |
| 00332 [ oi5¢+0y | 0as
[ 00230 | 0.16(+1y | 0.02 |
0022 [ 0aed+1) | nos |
0007 | 0.16 (1} | h)lbaﬂ
00202 | 0.1 (i3 | 030 ]
00386 | 0.23¢=3; | 6.4 |
w2 [0 ER | 1.3Ti
o063 | 0253y | 070 ‘I
Faoas | 0.26 55y EN
00-377 | 027(<%) | 0.48 “l
o004 [ OITER | 00
00316 | 028 (-3} | 036 .
Fooazs | w2e =33 | 0.6e |
00411 | 0.34(%4) | 0.48
00412 | 034(<4) | 0.42
T | | 13 |
0278 | 036 {14y o ]
053 | 037 ¢ | 897 1
00-154 | 0.38¢+4) | 2.50 |
00308 | 044044y | 038 |
00349 | 050 (14 | 058 |
I oous | Usaiea | aqd |
w01d | vaaem | 0 1
99-2415 | D57+ | 145 j
ﬁmw 056 ¢y | g
E 99243 | 0.65 {(+4) x.ﬂ
| 00dde | 076 (+4) | 693
[
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(G025 | 059 G4
[ 66335 | 1.0 (=4
[T00-05 | 11269

AKT2 results are shown in arhitrary units of eptical density, whercas HER-2/nex

results ate cxpressed in picograras of HER-2/neu protein per cell.

These results suggest (bat the activation and oversxpression of AKT2 in

breast cancers that averexpress HER-2/eu uay be a significant factor in the
aggressive bivlogical behavior of these cancers. Therapeutic agents directed at
components of the AKT signaling pathways and diageostic tests for doteoling and
measuring the level of AKT proteins anit detecting and measuring their activation
states are important in the treatmient of sueh cancers. There is 2 need in the at for
a teliable assay for determining AKT protein levels and their aclivation stalc im
eells or tssue samples obtained from patients. A satisfactory mcthod must also
allow the pathalogist to exelude normal tissue from the analysis.

In the pragtice of a preferred embodiment of the methods of this invention,
4 two~component immunchistechemical staining systom is used so that the cell
pellets or fissue are cownterstaingd with one color while the proteins of interest in
the cell peliet er tissue sample arc stzined with a different color. The imape of the
oells in the cell pellet and tissue sample is then magnified io a light micrassope and
split into a pair of separated images. A p.ﬁ' of upticsl filtery that are specifically
matehed to have a maximuim absorption for cach speeific stain is used to enhance
the separaled images. Ome of the optical filters preforentially transmits light
haviog a wavelength at the sbsomtion wavclength of the counterstained iissue.
The other narrow bandpasy optical filler pnefcrmtia!]y transmits in the regions of
spectral absorption for the stain used fo defect the pretein of interest. Using image
analysis fiiters, different cellular proteins in variows components, such as the
membrane, cytoplasm and pucleus, tan be gquaniified. For optimal results, the

imaging spstem is calibrated prior to taking any measurcmenis.

The preferred erobodiment of the present fvention and s advantages are

hest undegstond by reforring fo Examples 1-3. These Examples are illusteative of
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specific embodiments of the invenlion, and various uses thereaf. They arc set forth

for explanatory purposes onby, and are not to be taken as limifing (he invention.

Example 1
Image analvsiy of AKT2 pratein expressien

Tlsing a pah component humunobistochemical stining system as desoribod
above, a calibrativn curve is generated using ot least two cell lines expressing
differing amousts of AKT2 protein.  Cell or fissue samples from human cancer
patients are stained i the same manncr as the second yaoriion of the control cell
pellet and eptizal densities measuring the extent of immunchistochsmical statning
sre determingd for each tissue sample tosted. In the preferred embediment of the
method of the present invention, the tissue sample and the second portion of the
cell pellel are staimed simultancously te account for any potential differences
botween the [nts o the slains used or variations in the staining process. The
ameunt of biological protein in the tissue sample iz delermined using the
calibration curve pencrated from measurements of AKT2 protein m the cuntrol eell
lines, .

The average sum optical density per pixel, as calculated in image analysis,
takes into account the tetal optical density of the AKT2 protem positive stained

image and divides it by the {otal number of pixely of the image sizined using

. countcrstaing such as Fast Green or ethyl pmeen to derive the total pixels

comprising the membrane or nuclear area. A calibrabion vurve [s geoerated alter
each staining.

A calibration curve 15 derived in order to calibrate the systern so that eell
pellets can be used as standards to guantify AKT2 profein levels in tissues. The
intensity of the color formed by the cnzyme reaction in the ELTSA as known in the
art 15 proportional to the concentration of the AKT2 protein in the sample, within
the working range of the assay. A curve can be obtained by plotting the AKT2
protein concenlration (fmoling from ELISA) or receptors per cell versug the
average O, data frow the image analysis of the stained slides cul from a separate

pertion of these same three peilets.

-1
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Example 2
lmaye analysis of HER-Liren protein espression

Using HER-Zfnen as an example, four frozen cell calibrator pellets
correspending to HER -Mney expressing cells, for which the ELISA-determined
amount {fmol) of HER-2/uen per mg protein was kiown, were cut and stained
along with patient™s tissue secions in each round of staining. For each tissue, two
portions wege examined — one embedded in O.C.T. (Optimal Cutting Temperature,
Baster Svientific Producis, MeGraw Parke, [L} for frozen scotioning and another
that was ground in liquid nitrogen and placed in homogenization buffer to be used
in 20 ELISA assay. The ELISA portion of each tissue was processed for HER-
Zmew using the CalBiochem ELISA Kit.  Thesc stained slides were then

quantitated using image apalysis fo detenmine the average 0.D. (HER-2inew). The

“amount of HER-2/neu protein expressed in the calibrator cell Vines ns determined

by ELISA and image amalysis are showo in Table T

Table 1T R

HER-Zinew ELISA anit HER-Z/neu Tmage Analysis {J4)
Quantitation Datz an Four Cell Pollets -

Pellet | Rusageg | 1A fiving
MCF-7 i 028 | .24
TMCE-7 tranatected | 053 |' Tgss T
whHERZ | i 7
MDA-MBS4% [ 137
i 3.4

T Twmer

The average O.I. for each of the calibrator pellets was plotted agaiast the
value of HER-2/nen per mp protein as derived Fom the ELISA of the same
calibrator pellets.  The egquation from this graph was then used to dorive the
amount (fmol} of 11IE4-2/nex in five patient tissue samples using the average 01D,
from the quantitation. Fuch round of stiining of tissue samples was done in
conjunction with scctions from a sel of calibrator pellets. Jiach time a series of
lissues was tested, sections of the pellets were included in the staining run and their

quatitilated values {average OD.) used to generate a calibration curve. The

-1l -
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amount of [ER-Z/ien protein cxpressed it the patient tissue simples as

determined by IX1.ISA and image analysis are shown i Table 1L

Table 1T

HER-2/ueu KLISA aud HER-2/neu Image A nalysis (IA)
Quantitation on Five Ereast Cancer Tissoes

‘Tissue Sample ELISA finfug TA finipg
98-510 023 .20
oesu | T iz
95-551 T Toos 0.08
T ogsna 6 0.76

95-664 0.17 .20

The results of these procedures indicated that this mothod yields
guantitative values for the amounts of HER-2/weu expressed by tumor cells. Table
I shows preliminary resulis obtained using antibody units of optical density to
determine the levels of AKTZ protein in breast tissuc which either express normal
(+1} levels HER-2/neu or avercxpress HER-2wew. A high level of AK12 protein
expression has been detected in HER-2/nen uverexpressing cancers (<3 or +4).
Thus, an attoraated (computer-uided) fmage anulysis system combined with 2
serics of cell pelicts 10 be used as calibrators presents an ascurate method for
quantification of AKT2 protein expression levels in cell or tissue samples. The
same methed can be applicd 1o measuning the ameunt of AK activation. before

and after freatment with a specific drug that blocks AKT activity.

Exampie 3

AKT up-regulation is associated with HER-2/tcn over-expression and cenfers
resistance o apoptosis in vitre

MCF7? (obtained Irom the Michigan Cancer Foundation, Dewait, MI) and
MCITHER 2nen cells expressing 5-8 fold clevated cxpression of HER-2/wex,
whicly were generated previously by fransduction of MOFY oells with an BErbB-2
¢DINA expression vector (Bacus ef al., 19946; Pefes er al., 1993; Daly o al., 1997),
were grown in RPMI 1640 (Gibeo, Grand Tsland, ¥Y) supplemented with 10%
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fetal bovine senu, penicillin (160 pg/mi), in z humidifed ncubator with 8% CO, -

in air at 37°C. The cells were induced to ﬁndergn apoptosiz under increasing
hypoxic conditions in the presence or absence of the PI3 kinase/Akt imhibitor
Wortmanonin (Calbiochomn. San Diego, CA). Cells freated with Wortmannin were
expased to 50 uM of the inhibitor 7-48 hours after cell plating and for 1-3 days
thersafter, Under hypoxic conditioms, the MCF7 velis were sensitive to apoptosis,
the presence of Wortmannin had only a marginal effect on the survival of MOCET?
cells under hypoxia. However, the MCF7ZHER-2/neu cells tesisicd apoprosis
vnder bypesia, while the wisbility of the MCFUHER-2fey cells exposed to
Wortmannin was greatly reduccd. Cellular resistance to hypoxia in cells over-
expressing HER-2/kew is therefore assoviated with activation of the AKT
pathways. The role of PI3 kinase/AKT and BFR-2/neun pathways in cell survival
under hypexia was confimned by growing various cell lines in hypoxic condilions
and correlating survival with expression. of HER-2/newn.

MDA-MB-435 and MI)A-MB-435/BER-2 cells were obtained trom Dr. Yu
af the UTMD Anderson Cancer Conter, Fouston, TX. Cells weye prown in RPMI
1640 supplemented as above jo 8% €O, at 37°C. Western bloting was done as
follows,  Cells were lysed in lysis buffer (50 mM Tris-HCI, pH 7.4, 150 mM
sodium chleride, | mM EDTA, 1% Nonidet P-40, 1 mM scdium orthovanadate, 1
mM sodium fheoride, 1 mM phenyfmethylsutfonyt flueride, 2 ug/ml pepstatin, 2
ugiml leupeptin, 2 ugfml aprotinin), centrifuged at 4°C for 5 min at 6500g, and
prolein vonceniration was determined with s BioRad Protein Assay Kit {BioRad,
Hercules, CA)  Proteirs wers sepamted by clechophoresis using a Bis-Tris
HuPAGE system with Jx MOPS ruoning buffer (Movex, San Diegn, CA) and
transfearred  to Hybond C-extra imembrane (Amersham Phanvacia Rictech,
Piscataway, NI} Membranes were blocked with non-{at dry milk, incubated with
the appiopriate antibodies, washed with PBS (phosphalc buffcred saling) and
inoubated with horseradish peroxidase-conjugated sccondary antibody. Detection
was carried out with Renaissance Chemilwnivescence Reagent Plus {NEN Life
Science, Boston, MA). The MTA-MB-435/HER-2 celis over-express HER-Zineu
10-fold compared with the parental Mi2A-MB-435 cell line as delermined by
Western blot amalysis.  Lysates from these cells were coliceted mmd AXT-2

expression was examined by Westers bilot :na:lysis with two different autibodies

13
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against AKT-2, & polyclonal antibody {Samta Cruz, CA) and a wonoclonal
antibody (Dr. Testa, Fox Chase Cancer Center, Philadelphia, FA). An increase in

tbe levels of AKT-2 was abserved in the cells over-expressing [IER-2/neu,

Example 4

AKT-2 up-regulation correlates with over-expression of HER-2/nex im cancer

Twnar samples from 42 patients were examined for c-akt- and c-akr-2
expresgion. The tissues were divided mbe two groups: those expressing nermal
levels {op to +1} of HER-2/ren and thase nver-expressing (from *+2 to +3) HER-
Armen, Tissues wepe stained for AKT-1 and AKT-2. While levels of AKT-1 were
similar in both groups, imaze avalysis revealed that AKT-2 was up-regulated up to
i0-foid in the HER-2iney over-expressing lissues (Figure 1), Figure 2 shows by
tmnnmohistochesnical apalysie that bigh expression of ART-2 correlates with aver-

expression of HER-Z/ey in o paraffin section of a-breast cancer tuman.

Example 5

The activated {phosphorylaled) state of total AKT (AKT-1 plus AKT-2) in
cells over-expressing HER-24ex was measured to study the functional
significance of c-akf in HER-2/mew over-expressing cells and cancers. SKER3,
BRA4, and AUIE5 cells {Cell Culture Laboratory Navy Biosciences Laboratory,
Navy Supply Center, Qaldand, CA), all of which over-express HER-Hnew, were
trenled with the known c-aks activater, NDF/Hercgulin (10 ngAnl; a gift of Y.
Yarden, Rebovot, Iscas(), or the monoclonal aniibody against HER-2/mew,
Herceptin (20 mg/mi}, 7-48 hours after plating and continued for 1-1 days. Celi
Tysates from the SEBRA, BRR474, and AU565 cells were eramined by Weslemn blot
analysis a5 described above. Activated AKT was determined by aufibodies that
specifically vecognize the phosphorylated state of AK'T protein. Cells were [ysed
25 above and subjected to immunoprecipitation with anti-AKT-1 and anti-AKT-2
antibodies Immumeprecipitation was eairizd out as follows. Cell Iysates (250 ug
protein per 304 ul buffer) were pre-incubated with protein A + profein G apaross
beads (Gibeo BRL Life Technologies, Reckville, MD), incubated with 0.5 ug of
anti-AKT-1 or anti-AKT-2 antibodies {(Upstate Biotechnology, Lake Placig, NY)

- 14
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overmight at 4°C, fellowed by fncubation for 1 hour with 40 u) of provein A +
protein G agaose beads. [mmune cofopleies were washed with cold lysis butler
and examined by Western blotling with anti-phospha-Akt to detect phosphorylated
forms of AKT-1 or AK'1-2 (Figure 3).

The lotal emount of AKT as well as AK1-1 phosphorylation was increased
in cells teated with Heregulin,  Treatment with Hereepuin decreased the
phosphorylation of mm! AKT and AKT-1.  The basal level of AKT-2
phospherylation was high and remained high after ircatment with vither Heregulin
ar Herceptin. Exposure 0 Herceptin and Heregulin for. 3 days wesulied in down-
regulation of the phosphorylated siate of AKT-1 but did not affect AKT-2,
Therefors, activation of the HLER-2/Her-3 veceptor by NDFHercpulin leads to
activation of AXT and AXT-1. Trentment with Herseptin, which lerds to down-
regulation of HER-2/reu, alsa leads to down-tegulation of AKE-1, but not AKT-2.
To dotermineg if hetero-dimerization of HER-2 and TIER-D plays a role in AKT-1
aclivation, HER-3 was immunoprecipitated from unmeated NDE and Herceptin
wested MDA-MB-474 vells. fmmunoprecipilates were analyzed by Western blot
with anti-HER-2 antibodies. Down-regulatiom of AKX activation correlaied with
down-regulation of HER-2/Her-3 heterodimers. Treatment with Herceplin was
assouiated with dewnregulation of these heterodimers, which resulted i down-
regutation of AKT-1 actvily. Basal levels of phosphorylaled AKT-2 were

unaffected by treatment with Heregulin or Herceptin,

It should be understaod that the foregoing disclosure cophasizes cerlain

specific embodiments of the invention and thet all medifications or altornatives

equivalent thereto are within the spivit and scope of the inveition as sct forth in the

appended claims.
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WHAT WE CLAIM 15:

1. A method for determining AKT protein expression amounts or
activation levels in a cell or tissue sample, comprising the steps of:

a) determinmg the amount of AKT protein i a first puttion of each
cell pellet prepared from at least two cell lines expressing differing amounts of
AICT protein,

b} - staiming u sccond perbion of each said cell pellet with a detectably-
iabeled anti-AKT antibody wherein the detectzahle label produces an optical density
of staining proportional t the antount of AKT protein in the cell peller,

) determumng the optical density for the AKT protein in the second
portion of cach said cel! peller,

d) prodocing & calibration corve of AKT prolein concenlration to
optical densify by plotting the concentration of AKT protoin as determined i step
a) versus the optics] density for AKT protein as determined in step ¢,

o) delenmining an onhical densily for AL probein in the cell or tissue
samyple,

i) caleulating the amount of AKT protein expressed o the cell or
tissue sample by comparison of the ophical density as determined in step 2) and the

calibration curve plotted i step o).

a. The method af Claim ], whersin the amount of AKT protein in a
firat portion of cach cell pellet prepared from at icast {wo cell tines expressmg
difermg  amounts  of AKT2 protem is  determined by  enzyme-linked

inmumizbsorbent assay (ELISA).

3, The method of Claim 1, wherein the amount of AKT protein in a
first portion of cach cell pellet prepared from ot least two cell lines expressing
differing ameunts of AXTZ protein is determined by hybridization of high density

aligonucleotide arays with cellujar nRNA or eDNA prepared therefiom.

&, The methad of claim 1, wherein the amount of AKT protem in a

first portion of cach ccll peller prepared from au Jeast two cell Tines expresying

- 16-
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differing amounts of AKT2 protein is determined hy R1-PCR of cellular RNA or
mRNA.

5. The method of clatm L, wherem the amowt of AKT protein tn a
first portion of each cell pellet prepared from at least two cell lines cxpressing

differing smovnts of AKT2 profein 15 determined by Morthern blot hybridization.

6. The mazthod of Claim 1, wherein the amount of AKT protein m a
first portion of cach cell pellet prepared from at lzast two cell lines cxpressing
differing amounts of AKI? prolein is determined by immunchistochemical

detection.

7. The method of Claim 1, wherein ihe amount of AKT protein in a
fust portion of each ccll pellet prepared from at least two coll lings expressing

differing amounts of AK)2 protein is determined by proteiin mistoarray

5 The methad of Clain 1, wherein the amount off AT proteim in a
fixst portion of each ocll pellet propared from at least two cell hnes expressing
differing  amounts of AKTL protein i determined by  enzyme-linked

immunozbserbent assay (HLISA).

Q The method of Claim 1, wherein the amount of AKT protem in a
firsi. portion of a cefl pellet prepared from at least two cell lines expressing
differing ameunts of AKT! protein is determined by hybridization of high gensity

oligormeeotide arrays with cellular mENA or cDNA prepared therefrom.

0. The methed of claim 1, wherein the amount of AKT protein in a
first portion of a ccll pelief preparcd from at least two cell lines expressing
differing  amounts of AKTl protein is determined by  enzvme-lnked

immuncabsorbent assay (BLISA).
11, The methed of claim 1, wherein the amount of AT prolem in a
first pottion of each cell pellet prepared from at least two vell lines expressing

differing amosunts of AKTT protein 1s determined by Northern blot hybridization.

S17-
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12, The methed of Claim 1, wherein the amount of AKT protein in a
first portion of each cell pallst prepared from at least two cell lines expressing
differiug aroounts of ARTI protein is detenmined by immunohistochemical

detection.
13, The method of Claim 1, wherein the amount of AKT protein in a

first portion of each cell pellet prepared from at least two cell lnes expressing

differing amounts of AXTI protein is determined by protein microarray.

SR -
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