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In the last 5 years, studies demonstrate the PI3K/AKT/mTOR pathway is one of the most frequently hyperactivated cascades in cancer.  It regulates a host of pro-tumoral functions such as proliferation, anti-apoptosis, angiogenesis, hyperactive protein synthesis and glucose metabolism.  It has, thus, become a prominent target for therapy.  The mTOR kinase functions within 2 separate multiprotein complexes, TORC1 and TORC2, each with distinct substrates.  TORC1, composed of mTOR complexed to Raptor and mLST8, phosphorylates p70S6kinase and 4E-BP1 and, in so doing, stimulates protein translation.  Cell cycle protein translation drives proliferation.  TORC2, containing mTOR complexed to mLST8, SIN1, Protor and Rictor, phosphorylates and activates AKT, SGK and PKCfigure 1).  

Although a fair amount of pre-clinical investigations, in vitro as well as in murine xenograft models, have demonstrated the therapeutic potential of mTOR inhibitors in multiple myeloma (MM), 1st generation rapalog mTOR inhibitors, such as temsirolimus, have been relatively ineffective in the clinic.  One possible reason for lack of efficacy is the fact that rapalogs only induce G1 arrest in MM cells without induction of apoptosis.  We have previously identified a possible explanation for this lack of apoptosis: Rapalogs primarily inhibit MM mTOR activity within TORC1 and TORC1 inhibition, by repressing the feedback inhibition of IRS-1, results in potent feedback activation of the IRS-1/PI3-K/AKT pathway (fig 1).  This should protect against apoptosis. Feedback activation of PI3-K/AKT is one of the rationales for development of novel mTOR inhibitors that act at the ATP-binding site of mTOR (so called active-site inhibitors) and, thus, inhibit both TORC1 and TORC2.  Inhibition of TORC2-induced phosphorylation & activation of AKT should overcome the feedback PI3-K/AKT pathway.  Our group and the Dana Farber group has demonstrated the increased anti-MM activity of such 2nd generation TOR inhibitors like pp242 (fig 1) when compared to rapalogs.
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The inhibition of TORC2 prevents AKT S473 phosphorylation and full activation of AKT and, thus, overcomes feedback activation of IRS-1/PI3-K/AKT.  However, feedback activation of ERK still occurs (Fig 1).  ERK activation is even more intense in MM cells treated with active site TOR inhibitors vs rapalogs.  Our work shows that the ERK activation is mediated by inhibition of TORC1.  Most important, ERK activation was a mechanism of resistance to 2nd generation active site mTOR inhibitors.  As our previous work had demonstrated that much of the anti-MM activity of pp242 was due to inhibition of TORC2, we, thus, attempted to develop an inhibitor specific for TORC2 which would have no effect on TORC1 and, thus, not induce ERK activation.  We, thus, designed a high-throughput screen of inhibitor libraries against a yeast-two-hybrid interaction between mTOR and the TORC2 protein Rictor.  Compounds were identified that prevented binding of mTOR to Rictor in yeast and further tested against MM cells.  One of these, a quinalone derivative termed compound 2, was effective against MM cell lines in survival assays with ED50’s of 0.6, 0.8 and 1.2 uM for MM1.S, 8226 and OPM-2 cell lines. Compound 2 also significantly induced MM cell apoptosis.  Molecularly, compound 2 inhibited AKT S473 phosphorylation, the TORC2 event, while p70 phosphorylation (TORC1 event) was unaffected or even increased.  In OPM-2 cells, we were able to demonstrate that compound 2 prevented association of mTOR to Rictor while having no effect on the mTOR-Raptor association.  Structure-activity relationships are currently being investigated with the goal of chemical modification for enriching anti-MM activity.  Most importantly, compound 2 did not induce activation of the ERK resistance pathway.

An additional player in mTOR function in MM is the mTOR-binding protein DEPTOR.  DEPTOR is over-expressed in about 30% of myeloma specimens and is inhibitory within TORC1 and TORC2 complexes, downregulating their kinase activity.  However, the significantly inhibited TORC1 function results in marked feedback activation of PI3-K/AKT.  Knockdown of DEPTOR in MM cell lines results in cytostasis and apoptosis.  We have, thus, also initiated efforts to identify compounds that inhibit DEPTOR-mTOR binding in the yeast-hybrid screen with the hope that such agents would be deleterious to high-DEPTOR-expressing MM cells.
Fig 1: Feedback activation pathways after mTOR inhibition. Arrows show activation signals. TORC1/p70/4E-BP1  activity induces cell cycle transit in tumor cells but also results in feedback inhibition of PI3K and ERK.  Thus, by inhibiting TORC1 in MM, rapalogs inhibit cell cycle transit but also activate AKT, SGK and ERK.  Active site TOR kinase inhibitors (like pp242) overcome feedback AKT/SGK activation since they inhibit TORC2 and prevent TORC2 activation of these kinases.  However, due to their additional TORC1 inhibition, ERK is still feedback activated, serving as a mechanism of resistance. 











