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Low molecular weight phosphotyrosine protein phos-
To understand the physiological role of low Mr weight phatase (LMW-PTP) (1) is a cytosolic enzyme without

phosphotyrosine protein phosphatase (LMW-PTP) in in- extensive sequence homology with the other two
sulin mediated signaling, we established clonal cell lines classes of PTPases (2, 3, 4). Its crystal structure re-
overexpressing the dominant negative (C12S mutant) vealed a tridimensionally folded phosphate bindingLMW-PTP (dnLMW-PTP) from NIH3T3 murine fibro- loop that is structurally identical to that contained inblasts expressing insulin receptor. Upon insulin stimula-

the human placenta PTP1B and Yersinia PTP (5, 6).tion we observe an association between the dnLMW-PTP
LMW-PTP contains a CXXXXXR motif which is theand the b-subunit of the insulin receptor. This associa-
active site signature of all PTPases members. Both ar-tion is dependent on the tyrosine phosphorylation of the
ginine and cysteine are essential for catalytic activityinsulin receptor since it is not observed in unstimulated
of the LMW-PTP, as well in the other PTPases: mostcells. Furthermore, in vitro binding experiments be-
likely all PTPases share a common catalytic mecha-tween dnLMW-PTP and the insulin receptor reveal that
nism in which is involved a covalent cysteinyl phos-the interaction is mediated by the LMW-PTP catalytic
phate intermediate (7). We have previously demon-site, as indicated by competition with orthovanadate.
strated that mutation of the cysteine residue in theDnLMW-PTP overexpression influences both the mito-

genic and the metabolic bioeffects of insulin. In particu- signature motif to serine (C12S mutant), causes the
lar, in cells overexpressing dnLMW-PTP we observe an complete loss of catalytic activity. On the other hand
increase in the glycogenosynthesis rate and in mitosis the same mutant phosphatase is still able to bind sub-
as indicated by glucose incorporation into glycogen and strates (8, 9). Overexpression of the active phosphatase
thymidine incorporation into DNA, respectively. More- causes a reduction of cell proliferation and DNA
over, we studied the insulin mediated signal transduc- synthesis, whereas the C12S mutant phosphatase
tion pathways starting from insulin receptor, such as (dnLMW-PTP) induces a remarkable increase in both
the Src kinase, the p21Ras/ERK, and the PI3K routes. this parameters, showing that this latter molecule be-
Our findings are consistent with a specific regulation of haves as a dominant negative in vivo (10). In addition
mitogenesis by LMW-PTP through a pathway involving we have demonstrated that this phenotype is associ-
c-Src kinase but independent by both PI3K and ERK. ated with a specific and direct interaction between the
These data strongly suggest that LMW-PTP acts as a neg- active site of dnLMW-PTP and the activated PDGF-R
ative regulator of both mitogenetic and metabolic insu- (11), probably due to a slower PDGF receptor inactiva-
lin signalling. q 1997 Academic Press tion, resulting in an enhanced mitogenic signal.Key Words: phosphotyrosine protein phosphatase;

Insulin receptor belongs to the tyrosine kinase recep-insulin; insulin receptor; Src-kinase.
tor superfamily and presents an heterotetrameric
structure. Ligand binding results in the autophosphor-
ylation of tyrosine residues within the b-subunit of the
receptor itself, activating receptor tyrosine kinase ac-1 Corresponding author: Dipartimento di Scienze Biochimiche, vi-
tivity toward endogenous substrates (12). Althoughale Morgagni 50, 50134 Firenze, Italy. Fax: -39-55 -4222725. E-mail:

raugei@cesit1.unifi.it. several substrates for the insulin receptor tyrosine ki-
Abbreviations: LMW-PTP, low molecular weight phosphotyrosine nase have been characterised, insulin receptor sub-

protein phosphatase; dnLMW-PTP, dominant negative LMW-PTP; strate 1 (IRS1) and Shc, which associate with intracel-
ERK, extracellular signal regulated kinase; IR, insulin receptor; lular molecules containing SH2 domains, play a majorIRS1, insulin receptor substrate; PDGF, platelet derived growth fac-

role in insulin receptor signalling through interactionstor; PDGF-R, PDGF receptor; PI3K, phosphatidilinositol-3 kinase;
STAT, signal transducer and activator of transcription. with molecules containing SH2 domains (13, 14). IRS1,
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TCA. After centrifugation 25 ml of supernatant were spotted ontoupon its tyrosine phosphorylation, can physically asso-
2X2 cm phosphocellulose paper, that was subsequently washed in aciate with several molecules, including Grb2 adapter
0.75% phosphoric acid solution and then in pure acetone. Radioactiv-protein, phosphatidil inositol 3 kinase and Syp phos- ity was quantitated in a scintillation counter.

phatase (14, 15). Insulin receptor undergoes tyrosine
Glucose incorporation into glycogen. Cells were grown untildephosphorylation upon removal of the hormone, and they reached 60-80% confluence and then incubated 16 h with

also the insulin-stimulated tyrosine phosphorylations 0.05% fetal calf serum. Cells were rinsed in the same media plus
of IRS1 and Shc are transient. The adaptability re- 1% bovine serum albumine and then incubated in the presence

of 3[H]-D-glucose (0.4 mCi/6 cm dish) with or without increasingquires an efficiently and properly controlled system of
concentration of insulin. Glycogen was collected and quantitatedprotein tyrosine dephosphorylation. Within this sys-
as previously indicated (20).tem, the role of specific PTPases is counterbalanced by

that of protein-tyrosine kinases, yet very little is known
RESULTSabout the identity of the PTPases involved and about

their specific functions within these signalling cas-
cades. Association of dnLMW-PTP with activated insulin

receptor. To assess the role of LMW-PTP on insulinAim of this study is to establish the physiological
role, if any, of LMW-PTP in insulin signalling. We ana- receptor mediated signalling the insulin receptor trans-

fected NIH3T3 cell line (NIH-IR) was chosen. This celllysed the effect of overexpression of the dominant nega-
tive form of LMW-PTP on early signalling events regu- line expresses the insulin receptor at a level of about

106 molecules/cell. Expression plasmid containing thelating mitogenesis and on ligand-stimulated glucose in-
corporation into glycogen, a distal metabolic response coding sequence for the dnLMW-PTP was transfected

in NIH-IR. Selection of clones resistant to both neomy-induced by insulin. In this paper we present evidences
that LMW-PTP is a critical regulator of the insulin cin and hygromycin resulted in the establishment of

cell lines overexpressing the inactive LMW-PTP. Anal-signal transduction pathway in fibroblasts as it nega-
tively regulates both the mitogenic and metabolic re- ysis of six independent clones showed a clear increase

in LMW-PTP level, due to the overexpression of thesponse to insulin.
dominant negative form. Two clones (dnLMW-PTP cl.
3 and 11), both showing an average 15-fold increase inEXPERIMENTAL
LMW-PTP expression levels were chosen for further

Cell culture and transfections. NIH3T3-IR cells (kindly pro- studies. Analysis of these two clones showed that cell
vided from Alan Saltiel) were routinely cultured in DMEM additi- morphology, viability, and protein content was not af-
oned with 10% fetal calf serum and 75 units/ml hygromycin, in

fected by dnLMW-PTP overexpression. Moreover, we5% CO2 humidified atmosphere (16). Cells were transfected and
did not notice any difference between growth rates ofclonal lines were screened for expression of the transfected gene

as reported previously (10). the two clones. All the experiments described were per-
formed with either clone 3 or 11 with overlapping re-Immunoprecipitations and western blot analysis. 1 1 106 cells

were seeded onto 10 cm plates in DMEM supplemented with 10% sults.
fetal calf serum. Cells were serum starved for 24 h before receiving To study the role of LMW-PTP in insulin stimulated
100 nM insulin and treated for immunoprecipitation as reported receptor autophosphorylation and activation, we ana-previously (10, 11). In vitro binding assay was performed as in (11).

lysed the tyrosine phosphorylation of the insulin recep-
Growth kinetic experiments. 2 1 104 cells of NIH-IR and of tor upon hormone stimulation. NIH-IR cells overex-dnLMW-PTP overexpressing cells were seeded in 24-multiwells

pressing dnLMW-PTP were stimulated with 100 nMplates, serum starved for 24 h and then insulin at increasing concen-
bovine insulin after serum deprivation for 24 h. Antitrations was added for 16 h to stimulate mitogenesis. 1 h pulses with

1 mCi/ml of 3[H]-thymidine were performed. b-chain insulin receptor antibody immunoprecipitates
were analysed by antiphosphotyrosine immunoblot-ERK activity assay. ERK activity was measured by an in vitro

kinase assay on myelin basic protein as described by Mihasaka et ting. Results are presented in Fig. 1A. Insulin stimula-
al. (17). tion in NIH-IR cells resulted in the rapid stimulation

Phosphatidylinositol 3-kinase activity. PI3K assay was per- of the 90 kDa b-subunit of the insulin receptor (12).
formed as described elsewhere (18, 19). The amount of this phosphorylated protein in the im-

Src kinase assay. It was performed using Src kinase assay kit munoprecipitate appears to be dependent on the over-
from Upstate Biotechnology Inc. Briefly, 1.5 1 106 cells were seeded expression of dnLMW-PTP: scanning densitometry of
in 10 cm dishes, serum starved for 24 h and then stimulated with the film indicates that in cells overexpressing the100 nM insulin for 5 min. at 37 7C. Cell were lysed in modified RIPA

dnLMW-PTP this increase is about two fold with re-buffer (11). Lysates were clarified by centrifugation and assayed for
spect to mock trasfected cells. To assess if the 90 kDaprotein content. 5 mg of anti-Src antibodies were used for immunopre-

cipitation (10) from 500 mg lysates. The immunocomplex-beads were b-subunit of the insulin receptor physically associates
then incubated for 15 min at 307C in 40 ml kinase buffer (25 mM with dnLMW-PTP an anti LMW-PTP antibody immu-
Tris/HCl pH 7.2, 30 mM MgCl2, 6 mM MnCl2, 0.5 mM EGTA, 0.1 noprecipitation was performed and the samples weremM orthovanadate, 0.5 mM dithiothreitol, 125 mM ATP, 1mCi

subjected to anti insulin receptor b-chain antibodies[g-32P]ATP (3000 Ci/mmol) containing 10 mg of the Src specific pep-
tide substrate. The reaction was stopped by adding 20 ml of 40% immunoblot. Fig. 1B shows that dnLMW-PTP actually
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FIG. 1. dnLMW-PTP interacts with the b-chain of insulin receptor. NIH-IR cells, transfected with dnLMW-PTP or neomycin resistance
alone (neo), were serum starved for 24 hours and then incubated with 100 nM insulin for 5 min. Cell lysates were immunoprecipitated
with the indicated antibodies. IP, immunoprecipitation; neo, NIH-IR-neo cells; dn, dnLMW-PTP overexpressing NIH-IR cells; PY, phosphotyr-
osine. A, B, and C are immunoblots with the indicated antibodies. D is a dnLMW-PTP binding assay with the immunoprecipitated insulin
receptor performed as described in Methods. Results are representative of three independent experiments.

associates with insulin receptor b-chain and that this Insulin mitogenic cell response analysis. LMW-PTP
appears to be involved in the regulation of growth fac-association is dependent on receptor activation. The

association is evident already in stimulated mock tor dependent mitogenesis: in fact overexpression of
the dnLMW-PTP in NIH3T3 cells causes an increasedtransfected cells (lane 3) but the amount of the coimmu-

noprecipitated insulin receptor is dramatically in- mitogenic response to both PDGF and fetal calf serum
(10). Analysis of growth parameters was performed increased in cells overexpressing dnLMW-PTP (lane 4).

In addition, we performed an anti b-subunits anti- NIH-IR overexpressing dnLMW-PTP in comparison
with mock transfected cells in response to insulin treat-body immunoprecipitation from cells overexpressing

dnLMW-PTP in comparison to mock trasfected cells, ment (Fig. 2A). Results showed a clear and significant
increase in DNA synthesis in both dnLMW-PTP ex-after insulin stimulation. Results of anti LMW-PTP im-

munoblotting (Fig. 1C) again confirmed an association pressing clone 3 and 11 with respect to mock trasfected
cells, as indicated from 3[H] thymidine incorporationbetween dnLMW-PTP and the b-subunit of the insulin

receptor, and that this association is dependent on re- in insulin stimulated cells. These results are consistent
with an involvement of LMW-PTP in insulin mediatedceptor stimulation.
mitogenic signal transduction pathways.Moreover, we were interested in characterising the

interaction between LMW-PTP and the b-subunit of Recent results from our laboratory (data submitted)
indicate that LMW-PTP interaction with PDGF recep-the insulin receptor by in vitro binding assay. The b-

subunit of the activated receptor was immunoprecipi- tor results in a selective interaction with only two path-
ways of PDGF signal transduction: namely the Src andtated after 100 nM insulin stimulation and then an

in vitro binding assay was performed in presence of the STATs pathways. In particular, dnLMW-PTP
upregulates the Src kinase activity and the DNA bind-orthovanadate, a competitive inhibitor of LMW-PTP.

The results, shown in Fig. 1D, reveal that the dnLMW- ing activity of STATs in PDGF stimulated cells. In con-
trast, other independent routes starting at phosphory-PTP binds the tyrosine phosphorylated insulin receptor

in vitro and that this binding is inhibited by orthovana- lated PDGF receptor such as PI 3 kinase, PLC-g1 or
Ras activated MAP kinases, remain almost inalterateddate: these data suggest that the binding is mediated

by the LMW-PTP catalytic site. in response to LMW-PTP overexpression. The insulin
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FIG. 2. dnLMW-PTP affects insulin mediated mitogenesis through Src kinase activity. (A) Thymidine incorporation: Cells were serum
starved for 24 hours and then incubated with increasing concentration of insulin for 16 h. 3[H]-thymidine incorporation was taken as an
index of DNA synthesis and data are normalised on the basis of total protein content. (B) Src kinase activity assay: Serum starved cells
were incubated for the indicated time with 100 nM insulin. Cell lysates were immunoprecipitated with anti-Src antibodies and Src activity
was assayed as described in Methods. Data are the mean { SD of three independent experiments. (C) ERK kinase activity assay: NIH-IR
cells, transfected with dnLMW-PTP or neomycin resistance alone (neo), were serum starved for 24 hours and then incubated with 100 nM
insulin for 5 min. Cells were lysed and 50 mg of total proteins was immunoprecipitated with polyclonal anti-ERK1 antibodies. The immuno-
beads were washed and used for an immune complex assay for ERK1 kinase activity. (D) PI3K assay: 24 h serum starved cells were
stimulated with 100 nM insulin for 10 min. 150 mg of total proteins from cell lysate was immunoprecipitated with antiphosphotyrosine
antibodies and used for PI3K assay as described in Methods. The spots corresponding to PIP in the autoradiogram were quantitated by
laser scanning the film. Data shown in all panels are representative of three independent experiments (mean { SD).

receptor signalling system appears to resemble, at least lin and anti-Src immunoprecipitates were tested for
their ability to phosphorylate a Src specific peptide asin part, the signal transduction pathway of PDGF re-

ceptor (12). The importance of Src for starting DNA described in Material and Methods. Overexpression of
the dnLMW-PTP (Fig. 2B) greatly increased Src activ-duplication and promoting G1/S phase transition is

largely accepted (20), while the significance of the ity upon stimulation with insulin in comparison to
mock transfected cells. No significant changes were ob-STATs activation remains extremely controversial and

the role of these transcription factors in insulin medi- served in the Src activity of serum-starved, unstimu-
lated cells.ated mitogenesis is not jet established (21, 22). We have

explored if the changes described in PDGF-R signalling The kinase cascade originating by activation of Ras
results in ERK activation, which migrate to the nucleusare unique for this system or rather if they apply to

other receptors such as insulin receptor. NIH-IR cell and phosphorylate different transcription factors. The
Ras/ERK pathway has been shown to be necessary foroverexpressing dnLMW-PTP were analysed for Src ki-

nase activity in comparison to mock transfected cells. growth-factor dependent-DNA synthesis. Therefore,
we evaluated whether the observed effects of LMW-Serum starved cells were stimulated with 100 nM insu-
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TABLE 1 DISCUSSION
LMW-PTP Modulates Glucose Incorporation into Glycogen

In this paper we describe the involvement of LMW-
NIH-Ir NIH-Ir PTP in negative regulation of insulin signalling sys-

Insulin NIH-Ir neo dnLMW-PTP/3 dnLMW-PTP/11 tem. Previously, this phosphatase has been shown to
interact by means of its catalytic site with PDGF recep-0 1,002 { 40 1,207 { 105 890 { 47
tor and to downregulate the mitogenic signals starting0.1 3,030 { 55 5,600 { 204 5,980 { 99

1 23,023 { 5,021 78,902 { 19,978 68,000 { 10,120 with PDGF receptor activation. The insulin signal
10 40,009 { 10,124 194,967 { 4,996 220,890 { 20,543 transduction system in part resemble that of PDGF

receptor (12). However, the intracellular signalling
Note. NIH-IR cells, transfected with dnLMW-PTP or neomycin re-

pathway between the insulin receptor and the cellularsistance alone (neo), were serum starved for 24 hours and then incu-
targets is not well defined. Insulin is known to havebated with increasing concentration of insulin for 2 h in the presence

of 0.4 mCi/dish 3[H]-glucose. Glycogen was collected from 500 mg of essentially two distinct biological effects: membrane
total proteins from cell lysates as indicated in Methods. The samples ruffling and mitogenesis on one hand and the stimula-
are counted by liquid scintillation. Data reported are representative tion of glucose transport and the regulation of bothof three independent experiments (mean { SD).

gluconeogenesis and glycolysis on the other (24). One
signalling molecule predicted to play an essential role
in insulin mediated effects is the major insulin receptor
substrate IRS1. Interaction of insulin receptor with thePTP on cell proliferation could be mediated by actions

on this signalling pathway. We measured ERK activity agonist results in the rapid phosphorylation in multiple
phosphotyrosines of IRS1 (13). Recent data demon-in immunoprecipitates obtained with the use of anti-
strated that the IRS1, while mediates many of the ef-ERK antibodies. An immune complex kinase assay us-
fects leading to mitosis, is not an essential componenting myelin basic protein as a substrate was performed
of the metabolic insulin signalling pathway that leads(Fig. 2C). Results obtained revealed that no significant
to glucose transporter translocation and distal func-difference is present in the different samples.
tions regulation in glucose metabolism (24).Furthermore, PI3K has been shown to contribute in

The overexpression of dnLMW-PTP in cells express-transducing the mitogenic signal originating from insu-
ing the insulin receptor results in enhanced ligandlin receptor activation (15, 23). In order to investigate
stimulated tyrosine phosphorylation of the insulin re-if LMW-PTP overexpression caused perturbations in
ceptor. The precise mechanism for the increase tyrosinethese pathways, we measured PI3K activity. Insulin
phosphorylation is not clear. dnLMW-PTP could bindinduced a dramatic upregulation of PI3K activity (Fig.
to tyrosine phosphorylated insulin receptor, protecting2D), but this variation was not significantly influenced
it from dephosphorylation by endogenous LMW-PTPby the overexpression of dnLMW-PTP in comparison
(10, 25, 26, 27). The interaction between the b-subunitto mock transfected cells. Taken together, these data
of the insulin receptor and dnLMW-PTP, as shown byindicate that the phenotypic effect of the LMW-PTP
means of immunoprecipitation assay, appears to be de-on insulin mitogenic response is not mediated by its
pendent on receptor autophosphorylation since it isinterference on the Ras/ERK or in the PI3K pathway.
dramatically reduced in unstimulated cells. In addi-

Glucose incorporation into glycogen. We were inter- tion, this association is likely to be mediated by LMW-
ested in determining whether biological functions at PTP catalytic site as indicated by the in vitro binding
the distal end of the insulin pathway, such as glycogen assays in the presence of the competitive inhibitor or-
synthesis, could be affected by LMW-PTP. The compar- thovanadate.
ative dose-response curves for the hormone-stimulated The increased phosphorylation of the b-subunits of
incorporation of 3[H]-glucose into glycogen of clones the insulin receptor in dnLMW-PTP overexpressing
overexpressing dnLMW-PTP and control cells are cells is likely to be accompanied by downstream events.
shown in Tab. 1. Cells were serum starved for 24 h to In fact we observe increased cell growth rates in
reduce basal glucose incorporation and then stimulated dnLMW-PTP overexpressing cells with respect to mock
with increasing concentrations of insulin in the pres- transfected cells, as indicated by DNA synthesis quan-
ence of 3[H]-glucose. Already at a concentration of 1 titation. The analysis of mitotic cell response in cells
nM, insulin is able to induce a rapid and sustained overexpressing the dnLMW-PTP revealed a selective
glycogenosynthesis as indicated in Table 1. Both NIH- action of this phosphatase on the Src kinase activity
IR overexpressing dnLMW-PTP cl. 3 and 11 have a accompanied by an enhancement of mitogenic signal-
four-fold increased glucose incorporation rate with re- ling. On the contrary, other relevant mitogenic signal
spect to mock transfected cells either with 1 nM or 10 transduction pathways such as PI3K and p21Ras/ERK
nM insulin. These results suggest that LMW-PTP may routes remain almost unaltered by the overexpression
act as a physiological regulator of insulin metabolic of dnLMW-PTP. Taken together, these data suggest

that the interference of LMW-PTP with insulin signal-signalling.
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Ricerca Scientifica e Tecnologica (MURST) and by Consiglio Nazio-ling is at least in part similar to that observed for PDGF
nale delle Ricerche (CNR). F.M. was supported by grants fromsignalling. In fact, also in the case of the signalling
MURST (liver cirrhosis and viral hepatitis project) and from thepathways originating with PDGF receptor autophos- Italian Liver Foundation.

phorylation, the Src pathway is influenced by the over-
expression of dnLMW-PTP (data submitted). Further-

REFERENCESmore, the exact role for the Src tyrosine kinase in insu-
lin signalling is still debatable. Recent data confirm the 1. Ramponi, G. (1994) Adv. Prot. Phosphatases 8, 1–25.
involvement of a Src-regulated/focal adhesion kinase 2. van der Geer, P., Hunter, T., and Lindberg, R. (1994) Annu. Rev.
pathway during insulin-mediated mitosis (30), al- Cell Biol. 10, 251–337.
though the direct association of Src with insulin recep- 3. Stone, R. L., and Dixon, J. E. (1995) J. Biol. Chem. 269, 31323–

31327.tor or IRS1 has not been demonstrated. In NIH3T3
cells the Src pathway is essential for Myc transcription 4. Guan, H. L., and Dixon, J. E. (1990) Science 249, 553–556.
factor activation and appears to be required for S-phase 5. Su, X. D., Taddei, N., Stefani, M., Ramponi, G., and Nordlund,

P. (1994) Nature 370, 575–578.DNA synthesis (20). Our data demonstrate that Src
6. Barford, D., Flint, A. J., and Tonks, N. K. (1994) Science 263,kinase activation is a direct consequence of insulin re-

1397–1404.ceptor stimulation. To our knowledge this is the first
7. Cirri, P., Chiarugi, P., Camici, G., Manao, G., Raugei, G., andtime that such an evidence has been produced. Our

Ramponi, G. (1993) Eur. J. Biochem. 214, 647–657.findings on the regulation of mitogenesis by LMW-PTP
8. Chiarugi, P., Marzocchini, R., Raugei, G., Pazzagli, C., Berti, A.,suggest that the increased cell growth rate observed in Camici, G., Manao, G., Cappugi, G., and Ramponi, G. (1992)

dnLMW-PTP overexpressing cells could be due to an FEBS Lett. 310, 9–12.
upregulation of the Src kinase activity. 9. Cirri, P., Chiarugi, P., Camici, G., Manao, G., Pazzagli, L., Ca-

In addition, according to our data LMW-PTP is likely selli, A., Barghini, I., Cappugi, G., Raugei, G., and Ramponi, G.
(1993) Biochim. Biophys. Acta 1161, 216–222.to affects another fundamental function of insulin such

10. Chiarugi, P., Cirri, P., Raugei, G., Camici, G., Dolfi, F., Berti,as the regulation of glucose-incorporation into glyco-
A., and Ramponi, G. (1995) FEBS Lett. 372, 49–53.gen. Glycogenosynthesis in dnLMW-PTP overex-

11. Chiarugi, P., Cirri, P., Raugei, G., Manao, G., Taddei, L., andpressing cells is greatly incremented upon insulin stim-
Ramponi, G. (1996) Biochem. Biophys. Res. Commun. 219, 21–ulation with respect to control cells. The glucose influx 25.

and metabolism is directly under the control of the acti- 12. White, M. F., and Kahn, R. (1994) J. Biol. Chem. 269, 1–4.
vated insulin receptor, and it is independent from IRS1

13. White, M. F., Maron, R., and Kahn, R. (1985) Nature 318, 183–
receptor recruitment and phosphorylation (24). Recent 186.
data revealed that there is a major PI3K pathway con- 14. Sun, X. J., Crimmis, D. L., Myeers, M. G., Milalpeix, M., and
trolling glucose uptake and metabolism that involves White, M. F. (1993) Mol. Cell. Biol. 13, 7418–7428.
IRS1, and a redundant route sufficient to activate 15. Rudermann, N., Kapeller, R., White, M. F., and Cantley, M. C.

(1990) Proc. Natl. Acad. U.S.A. 87, 1411–1415.PI3K-mediated glucose metabolism when IRS1 is in-
16. Milarski, K. L., and Saltiel, A. R. (1994) J. Biol. Chem. 269,hibited (31, 32). The insulin dependent effect of LMW-

21239–21243.PTP on glucose metabolism seems not to be mediated
17. Mihasaka, T., Chao, M. V., Sherline, P., and Saltiel, A. R. (1990)by PI3K activation. It is likely that LMW-PTP acts

J. Biol. Chem. 265, 4730–4735.through a PI3K independent pathway starting with
18. Marra, F., Pinzani, M., DeFranco, R., Laffi, G., and Gentilini, P.receptor phosphorylation and directly leading to the

(1995) FEBS Lett. 376, 141–145.control of glucose metabolism. For what the involve-
19. Ghosh Choudhury, G., Wang, L. M., Pierce, J., Harvey, S. A.,ment of LMW-PTP in the insulin mitogenic effect is and Sakaguchi, A. Y. (1991) J. Biol. Chem. 266, 8068–8072.

concerned, it is likely that it is mediated by the regula- 20. Kenner, K. A., Anyanwu, E., Olefsky, J. M., and Kusari, J. (1996)
tion of Src tyrosine kinase. It cannot be excluded that J. Biol. Chem. 271, 19810–19819.
Src activity is also implicated in the metabolic effect of 21. Barone, M. V., and Courtneidge, S. A. (1995) Nature 378, 509–
insulin. 512.

In conclusion, our data indicate that LMW-PTP af- 22. Chen, J., Sadowsky, H. B., Kohansky, R. A., and Wang, L. H.
(1997) Proc. Natl. Acad. U.S.A. 94, 2295–2300.fects both the metabolic and the mitogenic effects of

23. Campo, S. P., Wang, Y., and Baumann, H. (1996) J. Biol. Chem.insulin and provide direct support for the growing in-
271, 24418–24424.terest in LMW-PTP as a critical regulator of tyrosine

24. Levy-Toledano, R., Blaettler, D. H., LaRochelle, W. J., Taylor,kinase receptor family. In particular, defects in LMW-
S. I. (1995) J. Biol. Chem. 270, 30018–30022.PTP expression and/or activity could have profound ef-

25. Morris, A. J., Martin, S. S., Haruta, T., Nelson, J. G., Wollen-fects on cellular responsivity to insulin.
weider, P., Gustafson, T. A., Muekler, M., Rose, D. W., Olefsky,
J. M. Proc. Natl. Acad. U.S.A. 93, 8401–8406.

26. Sawada, T., Milarsky, K. L., and Saltiel, A. R. (1995) Biochem.ACKNOWLEDGMENTS
Biophys. Res. Comm. 214, 737–743.

27. Garton, A. G., Flint, A. J., and Tonks, N. K. (1996) Mol. Cell.This work was supported by the Italian Association for Cancer
Research (AIRC) and in part by the Ministero della Università e Biol. 16, 6408–6418.
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