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Abstract phosphate (PtdIns-3,45R trigger the phosphorylation and activation
) ] o o of PKB by upstream phosphatidylinositol-phosphate-dependent ki-
Hyperproliferation of tumor cells usually coincides with increased tu- nases (PDK-1 and PDK-2; Ref. 12). One of the several downstream
mor cell apoptosis. To overcome apoptosis, tumor Ce"S. frequently induce substrates of PKB is Bad, an apoptosis-inducing member of the Bcl-2
the expression of growth factors that mediate cell survival. In nontrans- . . . .
family of proteins (13). Bad, on phosphorylation by PKB, is seques-

formed cells, including fibroblasts and neurons, survival factor-mediated ; . . - .
signal transduction involves the activation of phosphatidylinositol 3'ki- tered by 14-3-3 proteins, thereby losing its ability to bind and

nase (P1-3K) and protein kinase B/c-Akt (PKB). Here we demonstrate that inactivate Bcl-2 and Bclx apoptosis-inhibiting members of the
tumor cell lines derived from a transgenic mouse model of pancreati@ ~ Bcl-2 family. Bcl-2 and Bcl-x are then free to suppress the execution
cell carcinogenesis use insulin-like growth factors to repress apoptosis of apoptosis. However, although this pathway has been repeatedly
independently of PI-3K and PKB. The results indicate that tumor cells can  demonstrated in nontransformed cell types, it has remained elusive
use additional survival signal transduction pathways. whether in tumor cells IGF-mediated survival uses the same signal

. transduction pathway.
Introduction P y

The balance between tumor cell proliferation and tumor cell apblaterials and Methods
ptosis is a critical determinant of malignant tmor outgrowth. To Plasmids encoding adenoviral gene products E1A and E1B-19K have been

prevent programmed cell death, tum'or cells fre.quent.Iy eyolve Rscribed previously (3). The plasmid encoding EGFP (pEGFP-C1) was pur-
express secreted growth factors that induce survival signaling patizsed from ClonTech. The dominant-negative IGF-1R construct was de-
ways, thereby repressing apoptosis. For example, up-regulationsgfped previously (3). The plasmid encoding a dominant-negative version of
either the IGF-% receptor or its ligands IGF-I and IGF-Il in an FGF receptor-1 was a gift from Dr. S. Wemner (Max-Planck-Institute for

autocrine fashion is observed in a large number of tumor types (1-Rjochemistry, Munich, Germany; Ref. 14). Plasmids encoding PKB and v-
Recent experiments with tumor cell lings vitro (1-3) and with a PKB were a gift from Dr. M. Oft (IMP, Vienna; Ref. 15). Human recombinant

transgenic mouse model @ cell carcinogenesii vivo (4) clearly |GF-Il (Calbiochem), human recombinant EGF (Promega), staurosporine (Sig-

indicated that IGFs act as survival factors to suppress tumor c@f). wortmannin (Sigma), LY294002 (Calbiochem), okadaic acid (Sigma),

apoptosis. Transformation of cells and their need to overcome ag?f-’amydn (Calbiochem), calyculin A (Life Technologies, Inc.), tautomycin

ptosis is nicely exemplified in cultured fibroblasts that have be ﬁ albiochem), Et180CH3 (Calbiochem), PDI8O59 (Calbiochem), and aniso-

. mycin (Calbiochem) were resuspended and stored according to the suppliers’
transfected, for example, by the proto-oncogemeyc. Expression of recommendations.

c-mycreadily induces apoptosis on serum-deprivation; the addition of cgtapjishment and maintenance gFC cell lines, either wild-type gTC:

IGF-I or platelet-derived growth factor (5) or forced expression Q&F-i1+/+) or deficient BTC:IGF-II—/—) for IGF-II expression, have been
Bcl-2 (6) repress apoptosis of these cells. Similarly, primary cultur@gscribed previously (3). The apoptotic index was determined by propidium
of neurons also rapidly undergo apoptosis when serum-deprived, dtide staining and subsequent flow cytometric analysis of the cellular DNA
IGFs and a number of neurotrophic growth factors are able to preventtent. The incidence of apoptosis is plotted in the bar graphs as the percent-
this apoptosis (7). Experiments with fibroblasts and neurons ha#ge of cells that have a DNA content of less than Zsub-2n). For each
been instrumental in deciphering the signaling pathways that are ug@fsgrement, 10,009 events gated for _size and _single cel_ls were collected.
by IGFs and their cognate receptor, the IGF-1R, to suppress apopto-grigfls'ent cotransfection g8 tumor cells with plasmids encoding EGFP and

Survival signal transduction by the IGF-1R has been shown to invol ghnes of interest and the SUbseque.n t analysis of the rate of apoptosis by flow
cytometry has been described previously (16).

the activation of PI-3K a'md PKB (8-10). On stimulation of the The specific activity of PI-3K was determined as described previously (17).
IGF-1R and _phOSthrylat'on of IRS-1, the p8s5 regulatory subunit @iefly g tumor cell lines were serum-deprived for 24 h, then treated with 200
PI-3K associates with phosphotyrosine residues on IRS-1. Subg@-wortmannin 5 h before lysis. Ten min before lysis, cells were stimulated
quently, PI-3K associates with membranes where the p110 catalytiéh 1.5 ug/ml insulin. Medium was removed, cells were washed three times
subunit of PI-3K phosphorylates phosphoinositides (11). The resultingh wash buffer A [137 mu NaCl, 20 mm Tris-HCI (pH 7.4), 1 nw CaCl, 1
phosphorylated phosphoinositides, mainly phosphatidylinositol-3,dw MgCl, and 100um sodium orthovanadate] and then lysed in 50of
lysis buffer (wash buffer A containing 1% NP40, &@/ml aprotinin, 10ug/ml

Received 4/27/99; accepted 7/2/99. Ie_u_peptin, z_and 10@wm PMSF). PI-3K cgmplexed tp IRS-1 was immunopre-

The costs of publication of this article were defrayed in part by the payment of pagiPitated with 1.66ug of polyclonal anti-IRS-1 antibody (Upstate Technolo-
charges. This article must therefore be hereby maddartisemenin accordance with  gies) as described previously (17). The pellet was washed three times with lysis
18 U.S.C. Section 1734 solely to indicate this fact. buffer, three times with wash buffer B [0.1 M Tris-HCI (pH 7.4), SrhiCl .,

1 ) ; . .
) Supported in part by the Austrian Industrial Research Promotion Funq (FFF). nd 100 m sodium orthovanadate] and twice with TNE [ 1Gurfiris-HCI (pH
To whom requests for reprints should be addressed, at Research Institute of Moléec- o - .
ular Pathology, Dr. Bohr-Gasse 7, A-1030 Vienna, Austria. Phone: 43-1-79730-840; F4&), 5 ™1 EDTA, and 150 rm NaCl]. Specific PI-3K activity was determined

43-1-798-7153; E-mail: christofori@nt.imp.univie.ac.at. by resuspending the pellet in 40l of TNE and the addition of 2Qul of

3 The abbreviations used are: IGF, insulin-like growth factor; PI-3K, PhosPhaﬁdy'Bhosphoinositol [2 mg/ml in 10 mn Tris-HCI (pH 7.4), and 1 m EGTA], 10

nositol 3'kinase; PKB, protein kinase B/c-Akt; IRS-1, insulin receptor substrate 1; EGFP, . -
enhanced green fluorescent protein; IGF-1R, IGF-1 receptor; MBP, myelin basic prote‘iﬂ; of 100 m CaCE‘ and 5 ul of ATP working-solution (880um ATP

c-PKB, wild-type PKB; v-PKB, constitutive-active form of PKB; dnPKB, dominant-containing 400u.Ci/ml [y->*PJATP, 20 ma MgCl,) for 10 min. at 37°C. The
negative form of PKB; FGF, fibroblast growth factor; EGF, epidermal growth factor. reaction was terminated by the addition of 20of 6 N HCI; labeled lipid was
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extracted with 160ul CHCly/methanol (1:1); and 5@l of the chloroform uli, such as serum deprivation, staurosporine (F&), and okadaic
phase were analyzed by TLC on a TLC-plate (Sigma). The TLC-plate wagid (Fig. B), and to chemotherapeutic agents, such as daunomycin,
developed in a saturated chamber with running buffer [GH@thanol/BO/  etoposide, or vincristine (3). Notably, the lack of IGF-mediated sur-
NH; (60:47_:11:3:2)] _and exposed to a phosphoimager screen. Labeled lipjgsa| function potentiates the killing o8 tumor cells by various
were quantitated using Imagequant software. i}hemotherapeutic agents (3). IGF-II-deficighttumor cells BTC:

IS

The specific activity of PKB was determined as described previously (1 o . .
Briefly, cells were serum-deprived for 24 h, and 5 h before harvesting, the ce F-1l=/—) can be rescued from apoptosis by the addition of recom-

were treated with wortmannin (20&h Cells were lysed in 500 lysis buffer binant IGF-I or IGF-II but not by EGF (Fig. B; Ref. 3) or other

[20 mm Tris-HCI (pH7.5), 40 nw sodium pyrophosphate, 50mmNaF, 5y~ 9rowth factors tested (data not showBJ.C:IGF-II+/+ cells are also
MgCl, 100 um sodium vanadate, 10 mEDTA, 1% Triton X-100, 0.5% Sensitized to chemotherapy when transfected with a dominant-nega-
sodium deoxalate, 0.1% SDS, 2@/ml aprotinin and leupeptin, and 3vm tive version of the IGF-1R, to an extent that is comparable with
PNPP]. PKB was immunoprecipitated with 2g of polyclonal anti-PKB adenovirus E£1Agene product, an inducer of apoptosis (Fig).1n
antibody (New England Biolabs). The pellet was washed three times with lygigntrast, a dominant-negative mutant FGF receptor does not affect
buffer and three times with wash buffer [SOvmTris-HCI (pH7.5), 10 ™ ahptosis of tumor cells (Fig. 1C). Together, the data demonstrate
MgCl,]. Half of the pellet was used for the quantitation of PKB protein b3fhat B tumor cell lines use IGF-Il and the activated IGF-1R as

immunoblotting analysis. The other half was resuspended ipl25 assay a specific survival sianal to protect against a variety of apoptotic
buffer [50 mu Tris-HCI (pH7.5), 10 rm MgCl,, 1 mvi DTT, 50 um ATP, 400 P 9 P 9 y of apop

pg/ml MBP (Sigma), and 12QuCi/ml [y-**P]ATP] and incubated at room SUMUM- _
temperature for 15 min. The reaction was terminated by boiling in SDS sampleWe used several independepffC:IGF-II+/+ and BTC:IGF-
solution, and labeled MBP was visualized and quantitated by SDS-polyacrylb=/— cell lines to characterize the signaling pathway by which IGFs
maide gel electrophoresis and phosphoimager analysis using Imagequant $efiress the execution of apoptosis and, thus, allow increased tumor
ware. Relative PKB activity was calculated by normalizing the enzymatigell survival. Similar to fibroblasts and neurons (5, 7), IGF-mediated
activity to the amount of protein present in the immunoprecipitate. survival function ofg tumor cell lines may require the activation of
PI-3K, and, hence, we treat@T C:IGF-Il+/+ and BTC:IGF-II—/—
with two specific inhibitors of PI-3K activity, wortmannin and
Using a transgenic mouse model gd-cell carcinogenesis LY294002, respectively. If PI-3K would be required for IGF-medi-
(Rip1lTag2) we have recently demonstrated that IGF-Il acts asated survival of3 tumor cells, treatment with these compounds should
survival factor during tumorigenesis vivo (4). In this transgenic induce significant apoptosis @TC:IGF-II+/+ but not of BTC:IGF-
mouse model, expression of IGF-II is up-regulated concomitant with-/— cells. Unexpectedly, however, the addition of wortmannin
the onset of tumor cell hyperproliferation. On crossing the Rip1TadBig. 2A) or LY294002 (data not shown) in concentrations that com-
transgenic mice with IGF-Il knockout mice, tumor outgrowth igpletely inhibited PI-3K activity (Fig. B; data not shown) did not
dramatically reduced and this can be accounted for by an increaseeweal any significant increase of apoptosi3inC:IGF-I1+/+. Due
tumor cell apoptosis. This survival function of IGF-II is recapitulateto their lack of IGF-II expressior3TC:IGF-II—/— exhibited a higher
in B tumor cell lines derived from IGF-II-deficient Rip1Tag2 micebackground level of apoptosis, but the incidence of apoptosis was also
(BTC:IGF-II-/—; Ref. 3), which exhibited a higher incidence ofnot further increased by the PI-3K inhibitors in these cells (Fig. 2A).
apoptosis as compared with their wild-type counterpg8®Q:IGF- To ensure that the addition of the inhibitors resulted in efficient
1+/+). repression of PI-3K activity, PI-3K was immunoprecipitated from the
For example 8TC:IGF —/— are more sensitive to apoptotic stim-different cell lines, and the specific PI-3K activity was determined.

Results and Discussion
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Fig. 1. IGF-II acts as a survival factor f@tumor cells via the IGF-1RA, IGF-II-deficient tumor cells (IGF-11—/—gray columns) show a higher incidence of apoptosis than their
wild-type counterpartsiIGF-11+/+; black columns) even under high-serum conditiazenfrol; 10% FCS) and are more susceptible to serum deprivagtanvation; 0% FCS), and
staurosporine treatment (400 ng/nB),. IGF-II but not EGF is able to suppress serum deprivation- and okadaic acid-induced apoptosis in IGF-II-deficient tum@FeédHs/(-),
which indicates that the lack of survival factor function is responsible for increased apoptosis in IGF-II-defitienor cells. IGF-II-deficient tumor cells were grown in reduced
serum (5% FCS) in the absence or in the presence of okadaic acid {J0GRecombinant IGF-1I (50 ng/ml) or EGF (10 ng/ml) was added as indica@edcexpression of a
dominant-negative IGF-1R in wild-typ@ tumor cells results in increased apoptosis at levels that are comparable with the expression of the adeBbigend product, an inducer
of apoptosis. IGF-H-/+ cells were cotransfected with a plasmid encoding EGFP together with either a control plaentilj or expression plasmids encoding adenovirus E1A
(E1A), adenovirus E1B-19KE(LB-19K), dominant-negative FGF receptdnfFGF-R), or dominant-negative IGF-1RnIGF-1R). Apoptotic cells were quantitated as described in
“Material and Methods.Error bars, SD.
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A was stimulated by serum deprivation concomitant with the treatment
of the cells with wortmannin, and subsequently PKB activity was
O ISEh e determined by a specific immunoprecipitation/kinase assay (Rip. 3
2 207 PKB activity in bothTC:IGF-II+/+ and BTC:IGF-lI—/— was sig-
k-] nificantly affected by neither changes in PI-3K activity (treatment
§'_ 15 with wortmannin) nor changes in the extent of apoptosis (compare
@ BTC:IGF-II—-/— with and without serum deprivation). LY294002,
> 40 another potent inhibitor of PI3-K, also did not affect IGF-mediated
survival activity (data not shown). Consistent with these results,
5 e transient transfections @TC:IGF-II—/— with cDNA constructs en-
0 coding c-PKB, v-PKB, or dnPKB did not significantly affect the
0l é extent of tumor cell apoptosis, whereas the adenovita$AandE1B
19K gene products, well-known inducer and inhibitor of apoptosis,
wortmannin 0 10 25 50 100 200 . .
respectively, were able to modulate the levels of apoptosis in these
experiments (Fig. 3B). Together, the results indicate that the activation
B of PKB is not required for IGF-mediated survival functiongriumor
cell lines.
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Fig. 2. IGF-ll-mediated survival function is PI-3K-independeAt. wortmannin, a pTC IGF-Il +/+ IGF-l-/ - IGF-1-/-
potent inhibitor of PI-3K activity, does not significantly affect the rate of apoptosis in serum
wild-type B tumor cells (GF-I1+/+; black columns) and IGF-II-deficierg tumor cells u * + -
(IGF-1I—/—; gray columns). Notably, the levels of apoptosis in wild-typ&umor cells : " "
are not increased to the levels of apoptosis that are found in the absence of IGF-II, which survival high high oy
indicates that PI-3K is not involved in the execution of IGF-mediated survival function
Cells were cultured under high-serum conditions for 48 h in the presence of increasi
concentrations of wortmannin (0—208n Apoptotic cells were quantitated as described
in “Material and Methods."Error bars, SD.B, whereas wortmannin does not affegt
tumor cell apoptosis, it inhibits PI-3K activity i tumor cells. Wild-type IGF-I1+/+; w40 I1GF-1l -/-
black columns) and IGF-ll-deficieniGF-11—/—; gray columns)p tumor cells were ‘®
treated with insulin (1.5wg/ml) and wortmannin (200wm) as indicated. Specific PI-3K i) 1T
activity was determined by an immunoprecipitation/kinase assay as described in “Material 8‘ 20
and Methods.” Primary mouse fibroblasts (open columns) served as control for insulin- % 1
induced PI-3K activity. Maximal stimulation by insulin within a particular cell type was 2

set to 100% PI-3K activity. In contrast to IGF-II-deficiefttumor cells, wild-typef
tumor cells exhibit high PI-3K activity in the absence of insulin, most likely induced by 20
the presence of IGF-II. This activity as well as the insulin-induced activity is efficiently

repressed by wortmannin.

Stimulation of PI-3K by treatment of the cells with insulin was used as
positive control. These experiments reveal that PI-3K activity is almost 0
high in the presence of IGF-Il as compared with stimulation with insulir
By contrast, PI-3K is absent in IGF-II-deficiet tumor cells under
normal growth conditions but is readily stimulated to high levels b,
insulin (Fig. B). In both IGF-IH+/+ and IGF-I-/— B tumor cell lines, Fig. 3. IGF-ll-mediated survival function is independent of the activity of PIKB.
PI-3K activity is completely repressed by the addition of wortmanniyiortmannin, a potent inhibitor of P1-3K activity, does not affect PKB activity. Wild-type

. . _(IGF-I1+/+) and IGF-ll-deficient (GF-Il[minus)/—) B tumor cells were grown in the
(Fig. 28) or !‘Y294002 (da_ta not Sh‘?W”)- Together, the results 'ndlc_a]g?esence (serumr) or absence of seruns¢rum—) and in the absencél@ack columns)
that IGF-II via the IGF-1R is able to induce PI-3K activity. However, iror in the presence of wortmannin (20@;ropen columns) as indicated. PKB activity was
contrast to the reported effects of IGFs on fibroblasts and neurons (12 rmaffected by differences in IGF-1l expression and tumor cell survival as indicated at the

L . oitom. PKB was immunoprecipitated, PKB protein levels were quantitated by immuno-
18, 19), activation of PI-3K does not appear to be solely responsible fiing (upper part of the panePKB), and PKB activity was determined using MBP as
IGF-1I/IGF-1R-mediated survival signaling i tumor cells. a substratelelow; MBP-P) as described in “Material and MethodBAr graph, specific
; ; ; (B activities, calculated as the ratio of PKB protein levels:PKB activiiigsnodulation

. Because PKB has been reported to be reqUIrEd for survival Slgng#fPKB activity by transient transfection does not affect apoptosis of IGF-II-defi@ent
ing in nontransformed cells (12, 13, 18, 19), we next examin&ghor cells (GF-ll—/—). Cells were cotransfected with a plasmid encoding EGFP
whether IGF-mediated survival function ghtumor cells involved the together with either a control plasmidgntrol) or expression plasmids encoding adeno-

tivati f PKB i PI-3K-d dent ind dent virus E1A E1A), adenovirus E1B-19KE(1B-19K), wild-type PKB ¢-PKB), constitutive-
actva IO!’] 0 Ir] an -sK-depen en. .OI’ Independen .mann%r(-:tive PKB (v-PKB), or a dominant-negative form of PKdPKB). Apoptotic cells were
Apoptosis of IGF-wild-type and IGF-lI-deficien tumor cell lines quantitated as described in “Material and Method&or bars, SD.
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The most prominent substrate of IGF-1R that is known to transmiF-1R-mediated survival signal that exerts its function independ-
ligand binding to downstream effectors is IRS-1 (1, 2). Immunoprently of PI-3K and PKB activities. Moreover, Soat al. (23) have
cipitation and immunoblotting experiments with antibodies againshown that MAP kinase but not PI-3K and IRS-1 is required for IGF-
IRS-1 did not reveal any significant changes in the protein levels ofediated hematopoietic cell proliferation. Similar to tgeumor cell
IRS-1 nor in the extent of phosphorylation of IRS-1 betwgarC:  lines used in our experiments, expression of IGF-ligands or of the IGF-1R
IGF-1I+/+ and BTC:IGF-II—-/— cells (data not shown). Hence, theis frequently up-regulated in many cancer cells (1, 2), arguing for a tumor
data suggest that i8 tumor cells, IGF-mediated survival signalcell-specific induction of an alternate signaling pathway. Together, the
transduction is not using the well-documented pathway involvindata indicate that novel anti-apoptotic signaling pathways are still to be
IRS-1, PI-3K, and PKB. Rather, other signaling cascades may élecidated, and that PI-3K or PKB may not be the only potential targets
involved. To test for this possibility, we treated wild-type and IGFfor therapeutic approaches that are based on the inhibition of tumor cell
II-deficient B tumor cell lines with a number of known inhibitors of survival signals.
other signal transduction pathways. In particular, in these experi-
ments, we screened for substances that specifically interfered Wﬁﬁknowledgments
IGF-mediated survival function,e., substances that induced apopto- e thank Matt Cotten, Maria Sibilia, and the members of the Christofori
sis in WIId-typeB tumor cell lines but did not Change the levels Ofaboratory for critical comments and reagents.
apoptosis in IGF-1l-deficieng tumor cell lines. Notably, of the large
number of compounds tested, none exhibited IGF-specific inhibiti
of tumor cell survival (Table 1). Transfection of cDNA constructs1. Baserga, R., Hongo, A., Rubini, M., Prisco, M., and Valentinis, B. The IGF-I receptor in
encoding acivated forms of the profo-oncogenes caReic-Rasiso  feld™ T erEaalen amapcpier Seen, Senlve ASZAOS 120, 0T,
did not affect IGF-mediated survival function (data not shown). receptor. Lab. Invest73: 311-331, 1995.

Similar to most tyrosine kinase receptors, the IGF-1R uses a Varie@y Lamm, G. M., (-Tlnd Christofori, G Impairment of survival factor function potentiates
of substrates that funnel into different signaling patfways. In par, Sremeners duced apoploss n tumor cels, Cancer Basaoy 807, 1008,
these pathways represent the different biological mechanisms that areactor Il in oncogene-induced tumorigenesis. Nature (LoB&9; 414—418, 1994.

m lat IGF h mit nicity. transformation. and tl Harrington, E. A., Bennett, M. R., Fanidi, A., and Evan, G. |. c-Myc-induced apoptosis

. o.dl.'l.a ed by IG S’. such as 0ge .C y, tra S(.) ation, and the in fibroblasts is inhibited by specific cytokines. EMBO 13: 3286-3295, 1994.

inhibition of ap_op_t05|s. NOt_ab|Y, mutational an_a|y5|5 of the IGF-1Rs. Fanidi, A., Harrington, E. A., and Evan, G. |. Cooperative interaction betwespoc-

revealed that distinct domains in the cytoplasmic parts of the receptorandbcl-2 proto-oncogenes. Nature (Lond369: 554556, 1992.

mediated the different functions (18—20). In a simplified way, |GF-7' Raff, M. C., Barres, B. A, Burne, J. F., Coles, H. S, Ish|z§k|,Y.,and Jacobson, M. D.
. . ! i g ! R Programmed cell death and the control of cell survival: lessons from the nervous

1R-specific signaling may be organized in two major arms of signal system. Science (Washington D@B2: 695-700, 1993.

transduction: the proliferation pathway (MAP kinase pathway) and- gauffmang-geh’ 9]’5 Rodfc_i‘qUSeZ-ViCiaf?a' Pf-' k’ﬂ'fich'dE-r (‘f”berti Q.,bCoéfer, P, |
. . ownward, J., an van, . suppression or c-Myc-Inauced apoptosis by Ras signal-
the anti-apoptotic pathway (PI-3K pathway). However, a clear sepa- g through PI(3)k and PKB. Nature (Lond385: 544-548, 1997.

ration of these pathways is not possible; the two pathways appear 40Dudek, H., Datta, S. R., Franke, T. F., Birnbaum, M. J., Yao, R., Cooper, G. M., Segal,

interact with each other and to a certain extent may even be able tOR' A., Kaplan, D. R., and Greenberg, M. E. Regulation of neuronal survival by the
. . serine-threonine protein kinase Akt. Science (Washington BT, 661-665, 1997.
replace each other. Notably, Ras is not only a major transducer of € ik, ., Kiippel, A., and Weber, M. J. Antiapoptotic signalling by the insulin-like

mitogenic signals conveyed by the IGF-1R but also seems to actgrowth factor | receptor, phosphatidylinositol 3-kinase, and Akt. Mol. Cell Bidf:,
At ; 1595-1606, 1997.
upstream of the activation of P_I-BK (8) Such Ffm |nter_play betv_veen ttﬂ? Carpenter, C. L., and Cantley, L. C. Phosphoinositide kinases. Curr. Opin. Cell Biol.,
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dylinositol-3-OH kinase signal transduction. Nature (Lon876: 599—602, 1995.
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Table 1 Inhibition of IGF-mediated survival function

Wortmannin (1um) Inhibitor of PI-3K - - 2606—2610 1997
;Y294002. (336"(')“) i Inlh':.'g?r of ?Igg S6 ki B 18. Hongo, A. D’Ambrosio, C., Miura, M., Morrione, A., and Baserga, R. Mutational
apa”?yc'".( ng/mi) ni itor o Df Inase R B analysis of the mitogenic and transforming activities of the insulin-like growth factor
Okadaic acid (Jum)  Inhibitor of PPE, less + - I receptor. Oncogend.2: 1231-1238, 1996
PP2A ; ' ; ;
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