bioRxiv preprint doi: https://doi.org/10.1101/564500; this version posted March 5, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Title: Targeting the mTORC2 signaling complex in B cell malignancies.
Running Title: mTORC2 signaling in B cell malignancies

Wei Liao®, Gwen Jordaan®, Angelica Benavides-Serrato®, Brent Holmes!, Joseph Gera®, Sanjai

Sharmal?

'UCLA VA Greater Los Angeles Healthcare System, Research and Development, 16111
Plummer, Building 7, Room D-122, Northridge, California, 91343.

2Corresponding author, Present address: Sequoia Regional Cancer Center, Visalia, California,
93277. E-mail: sashar@kdhcd.org

Keywords: Chronic lymphocytic leukemia, Mantle cell lymphoma, B cell receptor, Rictor,
mTORC2, Akt signaling.

Wei Liao: ericliaowei@gmail.com

Gwen Jordaan: gwenrobyn@yahoo.com

Angelica Benavides-Serrato: angiebenavides@gmail.com
Brent Holmes: brentholmes11l@gmail.com

Joseph Gera: jgera@mednet.ucla.edu

Sanjai Sharma: sashar@kdhcd.org


https://doi.org/10.1101/564500

bioRxiv preprint doi: https://doi.org/10.1101/564500; this version posted March 5, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

Abstract:

Hyperactive PI3 kinase-Akt (PI3K-Akt) signaling has an important role in cell growth and
resistance to apoptosis in B cell malighancies. Inhibition of this pathway by blocking PI3K
activity, and or inhibiting mTORC1/2 signaling complexes is an active area of research in B
cell leukemia/lymphoma such as chronic lymphocytic leukemia (CLL) and mantle cell lymphoma
(MCL). With a tissue-scan array, the expression of Rictor is a component of the mTORC2
complex was determined by quantitative PCR in a number of B cell malignancies. Rictor was
found to be over-expressed in CLL and MCL cells as compared to normal B cells with no over-
expression in Hodgkins and non-Hodgkins lymphomas. Inactivation of Rictor was performed
by shRNA in two Mantle cell lines and these stable Rictor knockdown cell lines demonstrated
a slower growth of cells as compared to scrambled shRNA control. In addition, there was a
decrease of mMTORC2 signaling and B cell receptor (BCR) cross-linking mediated Akt (Ser473)
and NDRGL1 (Thr 346) phosphorylation. To specifically disrupt the mTORC2 signaling complex
and target Rictor overexpression, previously identified inhibitors that block Rictor and MTOR
interaction in a yeast two-hybrid system were analyzed. Treatment of primary CLL specimens
with these inhibitors followed by immunoprecipitation experiments confirmed the disruption of
the mTORC2 complex. These inhibitors also induced apoptosis in CLL specimens and were
more effective than rapamycin, an MTOR inhibitor and pp242, an mTORC1 and 2 inhibitors, at
equimolar concentrations. Treatment of CLL specimens with the lead inhibitor, compound#6,
resulted in inhibition of p-Akt, p-GSK 3 beta, p-PKC alpha, p-Foxol, and p-Foxo3, with
minimal effect on the phosphorylation of an mTORCL1 target gene, S6 kinase. In comparison
with Idelalisib (CAL-101), a clinically approved PI3Kinase p110 delta inhibitor in CLL, comp#6
is more effective in inducing apoptosis in primary CLL specimens at equimolar
concentrations (mean 51.2, SD 21.7 as compared to mean 26.9, SD 17.2). The data support
the effectiveness of these novel inhibitors that specifically disrupt the mTORC2 complex in

primary CLL specimens.
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Introduction:

CLL is a B cell malignancy characterized by a steady accumulation of leukemic B cells as these
cells exhibit resistance to apoptosis. B-cell receptor (BCR) signaling is the major signaling
pathway and defines clinical, biologic and prognostic characteristics of this disease [1, 2].
Signaling via BCR leads to cell proliferation, survival, and resistance to apoptosis [1, 2]. The
activation or cross-linking of BCR results in the formation of a signaling complex (signalosome)
that includes Lyn, Syk, BTK (Bruton tyrosine kinase), and Zap-70 among other components.
This complex in turn activates a number of downstream pathways such as PI3Kinase/Akt/mTOR
(PIBK/Akt/mTOR), PKC (protein kinase C), NFKB (nuclear factor kappa B) and ERK
(extracellular signal-regulated kinase) that drive cell proliferation, resistance to apoptosis, cell
motility, migration, etc. [3-7]. Besides BCR initiated signaling, additional signaling by
microenvironment also has profound effects on the growth and resistance to apoptosis of these
cells. This includes signaling via chemokines (CCL3, CCL4, and CXCL13), cytokines (IL4),
tumor necrosis factor receptor, CD40 ligand, and other stromal factors that activate growth and

survival pathways in these cells [8].

PI3Kinase is a heterodimer of a regulatory subunit, p85 and a p110 catalytic subunit that
generate the second messenger phosphatidylinositol-3,4,5-triphosphate. This occurs at lipid
rafts where Akt, a serine-threonine kinase is recruited and phosphorylated by phosphoinositide-
dependent kinase-1 (PDK-1). Akt promotes cell proliferation, survival and migration and its
complete activation requires phosphorylation by PDK-1 and the mTORC2 complex. mTOR is a
serine-threonine kinase that exists in two complexes, mTORC1, and mTORC2 which regulate
distinct cellular processes. mMTORC1 is composed of mTOR, raptor, mLST8, and PRAS40, and
upon activation inhibits 4E-BP1 (elF4E inhibitory binding protein) and promotes cap-dependent
translation and protein synthesis while the mTORC2 complex includes mTOR, Rictor, mLST8,
mSin2 and phosphorylates AKT, PKC alpha, and SGK1 [9-11]. The activation of
PI3K/Akt/mTOR overall results in upregulation of anti-apoptotic genes such as Mcll and XIAP
that promote survival of leukemic cells [7,12,13]. In addition, there is phosphorylation and
inactivation of BAD, a pro-apoptotic gene of the Bcl2 family, Forkhead family of transcription

factors and GSK3p, a negative regulator of cyclins and MYC [14,15,16].
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With its role in growth regulation, apoptosis, and survival, a number of strategies to inhibit PI3
kinase/Akt at multiple levels have been attempted. CAL-101 (Idelalisib) is a PI3K pl110, delta
isoform inhibitor that inhibits Akt activation along with inhibition of important CLL-
microenvironment interactions and is in clinical use to treat CLL [17]. Besides PI3Kinase
inhibitors, there are specific inhibitors that block mTOR function including Rapamycin and its
analogs RADOO01 (everolimus) and CCI-779 (temsirolimus) which are inhibitors primarily of
MTORC1 complex and act via the immunophilin FK506-binding protein (FKBP12)[18]. In
addition there are inhibitors of mMTORC1/2 and dual inhibitors of both mTORC1 and 2 [19-21].
The Akt/PI3K pathway is also active in another B cell malignancy, Mantle cell lymphoma [22,23].
The therapeutic efficacy of the currently available mTORCL1 inhibitors in CLL and Mantle cell
lymphoma is low due to a negative feedback loop by which mTORC1 inhibition leads to AKT
activation through upregulation of receptor tyrosine kinases (RTKs, or substrates) and also Erk
pathway activation via IRS-1 [24-26]. On the contrary, mTORC2 directly activates AKT and
therefore mTORC2-specific inhibitors potentially will be more effective anti-cancer drugs. Such
compounds would block Akt phosphorylation and not disrupt the mTORC1-dependent negative

feedback loops, which promote drug resistance to mTORCL1 inhibitors.

The aim of this study was to investigate the effectiveness of previously identified chemical
compounds that block Rictor-MTOR protein-protein interaction in B cell malignancies. These
compounds were identified by a yeast two-hybrid screening and the methodology has reported
by Benavides-Serrato et al [27]. We chose the B cell malignancies to analyze these compounds
as the PI3K/Akt/mTOR pathway is highly active in these malignancies. All CLL experiments
were performed on primary leukemic cells and the data demonstrates that these compounds

inhibit this pathway and growth of this B cell leukemia.
Materials and Methods
Primary CLL specimens and cell lines

Peripheral blood samples were obtained from CLL patients at the Los Angeles VA hospital after
informed written consent and institutional approval. Leukemic cells were isolated by ficoll
density gradient using Ficoll-Paque™ Premium (GE Healthcare) and stored in liquid nitrogen.
CLL cells were cultured in RPMI 1640 (Mediatech) containing 10% FCS, 1 mM sodium
pyruvate, 2 mM L-glutamine and penicillin-streptomycin solution. PBMCs from normal donors
were isolated using a ficoll density gradient, and CD19+ B-cells were isolated by negative

selection using the Dynabeads® Untouched™ Human B Cells kit (Invitrogen). Mantle cell lines


https://doi.org/10.1101/564500

bioRxiv preprint doi: https://doi.org/10.1101/564500; this version posted March 5, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

(Z2-138, Rec-1, and Maver-1) were purchased from ATCC.
Plasmids, transfections, and reagents

The shRNA/pLOK.1 targeting rictor (plasmid #1853, Addgene) and the control scrambled
shRNA (plasmid #1864, Addgene) was provided by Dr. Alan Lichtenstein (UCLA West Los
Angeles and VA Medical Center, Los Angeles, CA). Mantle cell lines Z138 and Rec-1 were
infected with lentiviral vectors with MOls of 5, selected with 0.5 pg/ml puromycin and stable
pools of cells were obtained. Rapamycin was purchased from Calbiochem, pp242, and Idelalisib
(CAL101 or Zydelig, Gilead Sciences) from Selleckchem, both inhibitors were dissolved in
DMSO. Chemical compounds blocking the protein-protein interaction between Rictor and
MTOR (IMTORC2 compounds) 4,6 and 7 were isolated via a yeast two-hybrid drug screen and
provided by Dr. Joseph Gera (UCLA West Los Angeles and VA Medical Center, Los Angeles,
CA, (manuscript submitted). All antibodies, except p70-S6 kinase (Abcam) and actin (Santa

Cruz Biotechnologies), were purchased from Cell Signaling.
Real-Time PCR and gPCR Array Analysis

RNA from CLL samples and B-cells was isolated by the RNAeasy® Mini kit by Qiagen. cDNA
was synthesized using oligo-dT, dNTP and SuperScript Il Reverse Transcriptase from
Invitrogen. The TissueScan™ Tissue gPCR Array containing cDNAs for human lymphoma I-
was purchased from Origene. Relative expression of Rictor was determined using inventoried
Tagman probes and PCR master mix from Applied Biosystems. Real-time PCR expression of
actin was used as an endogenous control, and relative expression was calculated as described
by Pfaffl [28].

Cell Survival and Apoptosis Assays

Z138 and Rec-1 cell lines with Rictor knockdown or scrambled shRNA control were seeded at
5x10* cells and assayed for cell growth over 8 days. Live cells were enumerated in triplicate by
trypan blue negative staining. Apoptosis in cell lines and CLL cells was measured by Annexin
staining and flow cytometry using the FITC Annexin V Apoptosis Detection Kit 1 (BD
Pharmingen). Percentage apoptosis represents the % of apoptotic cells above the % apoptosis
in control cells. Apoptosis of CLL specimens was also tested in two different culture condition,
with media, and with a stromal cell line (HS-5, ref 29) co-culture to mimic microenvironment

support.
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Immunoprecipitation and Immunoblotting

Cells were lysed in CST (Cell Signaling Technology) lysis buffer supplemented with protease
inhibitor cocktail (Pierce) and quantified (BioRad DC protein assay). 30 ug of lysate was loaded
to SDS- polyacrylamide gels. Blots were probed with primary antibodies followed by HRP-
conjugated secondary antibodies and signal detected by GE-Amersham chemiluminescent kit
and Fuji- LAS imager. Immunoprecipitation of the mTORC2 complex was performed by lysing
cells in the CHAPS buffer (CST) and immunoprecipitating complexes by an anti-Rictor antibody.
The precipitate was immunoblotted for mTOR. Lysates were also analyzed by mTOR and Rictor
antibodies on western blots. Immunoprecipitation studies were also designed to assess
changes in P-AKT signals with mTORC2 compounds by immunoprecipitating total Akt followed
by western blots with a P-Akt antibody.

Results:

Rictor expression in lymphoma and CLL specimens: mTORC2 complex regulates cell
growth and survival signals and in contrast to mTORCL, it is nutrient-insensitive and has a role
in cancer cell growth and resistance to apoptosis. Rictor is a component only of the mTORC2
complex along with MTOR, MLST8, PRR5, MAPKAP1, and DEPTOR and its over-expression
can result in tumor formation and an increase in mTORC2 signaling [30-32]. To determine its
expression in CLL and B-cell lymphoma specimens a quantitative real-time PCR analysis was
performed. As depicted in Figure 1A, the relative Rictor RNA expression (actin control) is 0.2 to
2 fold higher in the majority of CLL specimens as compared to normal B cells. To determine
expression in a number of additional B cell malignancies and primary lymphoma specimens a
tissue scan array was analyzed. Rictor expression relative to normal lymph node cDNA was
higher in small lymphocytic leukemia (SLL), a CLL related B cell malignancy and Mantle cell
lymphoma (MCL) specimens. Other lymphomas including Hodgkin’s, Follicular and diffuse large
B cell lymphomas did not show Rictor over-expression in this assay. Of a number of B cell
leukemia/lymphomas tested, CLL and Mantle cell lymphoma are thus two B
leukemia/lymphomas cell with high Rictor expression and are also known for hyperactive
PI3/Akt signaling pathway. On western blot analysis, the increased expression of Rictor as
compared to peripheral blood normal B cells is more clearly evident as compared to the RNA

expression (figure 1C).

Rictor knockdown in Mantle cell lines: To test the role of Rictor over-expression in B cells, a

Rictor knockdown in Mantle cell lines (MCL) was performed as they have a high expression
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(Figure 1B). MCL cell lines are easy to transfect and can be activated by B-cell receptor cross-
linking similar to primary CLL specimens. Four MCL lines were initially analyzed for Rictor
expression by western blot and a strong Rictor band was detected (Figure 2A). Z138 and Rec-1
MCL lines were infected with lentiviral particles expressing Rictor shRNA or a scrambled control
shRNA (Ctrl shRNA) and selected. Stably selected pools of Rictor knockdown cells and
scrambled control cells were obtained. Rictor knockdown was confirmed by a lower Rictor
expression by western blot analysis in the Rictor knockdown cells (Figure 2B). To analyze
MTORC?2 signaling in these Rictor knockdown cells, B-cell receptor was cross-linked by anti-
IgM antibody followed by detection of phosphorylated AKT (Ser473) and phosphorylated
NDRG1 (Thr 346). Both these proteins are phosphorylated by the mTORC2 complex and a
change in the activity of this complex will be reflected by an alteration in the phosphorylation of
target genes. The experiment was performed with and without cross-linking in the two
established knockdown cell lines (figure 2C). Z138 cells have high baseline levels of P-AKT and
P-NDRG1 signals that are diminished in Rictor knockdown cells. Also with cross-linking of the
B-cell receptor, the phosphorylation of AKT (Ser473) and NDRGL1 (Thr 346) is decreased in
Rictor knockdown cell lines as compared to the Ctrl scrambled shRNA lines. In Rec-1 cells the
p-AKT signal in non-anti-lgM treated cells is not observed but similar to Z138, there is a
decrease in both AKT and NDRG1 phosphorylation with Rictor knockdown. To further analyze
the effect of knockdown on growth characteristics of the cell, a growth curve assay was
performed. In a cell count assay over an eight-day period, the Rictor knockdown cell lines (
Z138 and Rec-1) grow slower as compared to the Ctrl shRNA cell lines (figure 2D). Overall the
data shows that in the MCL model, Rictor is over-expressed and its expression is required for
cell growth and the functional activity of the mTORC2 complex which is diminished in cells with

lower Rictor expression.

Apoptosis with PI3Kinase/AKT pathway inhibitors: As Rictor expression is higher in B cell
lymphomas and leukemia and its downregulation inhibits mMTORC2 signaling, we next tested the
effect of compounds that inhibit MTOR-RIctor interaction. These compounds were isolated by a
yeast two-hybrid screen and inhibit MTOR-Rictor binding. As Rictor is present only in the
MTORC2, the compounds potentially disrupt the complex and thereby selectively inhibit
MTORC2 function [27]. These compounds labeled, #4,6 and 7 were tested for apoptosis
induction along with other known inhibitors of this pathway, namely, Rapamycin, an MTOR
inhibitor and pp242 a dual MTORCZ1/2 inhibitor. For comparison, all inhibitors were analyzed at

1uM concentration and apoptosis was measured by flow cytometry-based annexin assay 48
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hours after treatment. Data from four primary CLL specimens is shown in figure 3A, with
compound #6 being the most effective in inducing apoptosis. Rapamycin and pp242 did not
induce significant apoptosis in these cells. Based on this screening assay, compound #6 was

selected for further analysis and its chemical structure is shown in figure 3B.

To determine its mechanism of action, two primary CLL specimens were treated with
compound#6 for 12 hours and the mTORC2 complexes were immunoprecipitated by a Rictor
antibody. The immunoprecipitate was then analyzed by western blot for MTOR expression.
Figure 3C, top panel, shows a decrease in the intensity of mTOR signal with compound#6
treatment in the two CLL specimens indicating a lack of physical association between Rictor and
MTOR in the lysates. Lower panels in figure 3C are western blots for mTOR, Rictor using the
same lysate with no change in overall expression of Rictor and mTOR. In two additional CLL
specimens, the experiment was repeated with two different concentrations of compound#6
(Figure 3D) and as in Figure 3C and there was a decrease in mTOR western blot signal when
MTORC2 complexes were immunoprecipitated with Rictor antibody in compound#6 treated CLL
specimens. These co-immunoprecipitation experiments indicate that the compound#6 is able to

decrease the association of Rictor and mTOR in CLL leukemic cells.

Compounds that inhibit the MTOR and Rictor interaction are expected to block activation of
MTORC2 complex target genes including Akt. The phospho-AKT signal is weak in CLL
specimens and not consistently observed in non-stimulated cells, therefore, experiment was
modified to include an immunoprecipitation step with a total AKT antibody followed by a
phospho-AKT (Ser473) western blot. Figure 3E shows western blot analysis of two CLL
specimens that were treated with comp #6 and Idelalisib (PI3Kinase P110 delta inhibitor, 1uM
concentration) for 8, 18 and 24 hours. An identical amount of lysates were immunoprecipitated
by total AKT antibody (Figure 3E) and then analyzed for phospho-AKT (Ser473) by western
blots. The western blot shows a decrease in the phospho-Akt (Ser473) signal with comp#6 and
CAL-101. With no activation of B-cell receptor signaling, it is clearly evident that there is a
baseline phosphorylation of AKT in CLL specimens that is clearly inhibited by blocking the
PI13kinase/Akt pathway. Primary CLL specimens in culture demonstrate a decrease in phospho-
AKT signal over time as the viability decreases, however, this signal is further decreased with
compound#6 and Idelalisib. Figure 3F is a bar diagram with average densitometry values from
figure 3E western blots. There is a 40% inhibition in the phospho-AKT signal relative to the
untreated control at 8 and 18 hours of compound#6 treatment, with a further decline at the 24-

hour time point. Idelalisib also decreased the phospho-AKT signal in unstimulated CLL
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specimens as expected, however, the percentage decrease is comparatively less as compared
to compound#6. This series of western blots demonstrate that compound#6 blocks the Rictor-
MTOR physical interaction in primary CLL specimens and inhibits Akt phosphorylation.
Comparison of the immunoprecipitation assays performed at equimolar concentrations and
identical time points, inhibition by Idelalisib is not as effective as compound#6. Some variation
between specimens is expected as not all CLL specimens have high and active levels of the
Idelalisib target, the PI3Kinase pl10 delta while it is possible that an inhibitor blocking Rictor
and MTOR interaction, two ubiquitous proteins will be consistently more effective in inhibiting
this pathway.

The activity of MTOR-Rictor inhibitors on primary CLL specimens: To characterize the
signaling pathways affected by compound#6, two CLL leukemic specimens were treated with
two concentrations of compound#6 for 12 hours and then B-cell receptor was activated by anti-
IgM antibody for activation. Figure 4A shows western blots of two CLL specimens with and
without BCR activation (IgM cross-linking) and with the comp#6 treatment at two concentrations.
P-AKT signal is observed upon BCR activation as expected and in addition, BCR activation also
phosphorylates a number of mMTORC?2 target genes including, NDRG1, GSK-3p (Ser9), PKC «a,
and FOXO3A (Ser253). Pre-treatment of CLL specimens with comp#6 inhibits this pathway
activation in a dose-dependent manner as treated cells demonstrate decreased phosphorylation
of MTORC2 target genes. Inhibition of phosphorylation of FOXO3A was observed in only one
CLL specimen. In addition, two CLL specimens were treated for different time points (2,5,8,12,
and 18 hours) at 1uM concentration of compound#6 and at each time point specimens were
cross-linked with anti-IgM antibody for B-cell receptor activation (Figure 4B). This figure shows
an effect of compound#6 on AKT pathway target genes in CLL specimens. Phospho-AKT
downregulation is expected with mTORC?2 inhibition and this was observed between the 5 to 12
hour time points in the two CLL specimens. The variability of phospho-AKT inhibition is likely
due to the fact that BCR activation stimulates a number of pathways and it is possible that the
S473 residue is phosphorylated by other kinases as well, and additionally these substrates are
acted upon by a number of effectors of BCR activation. Similarly, there was inhibition of GSK-
3B(Ser9), PKC-alpha and FOXO1 (Thr 24) with 5-8 hours of treatment. The phosphorylation of
S6 kinase, a mTORCL target in these compound#6 treated CLL specimens remains unchanged
at different time points and indicates that this compound does not have an effect on mTORC1
signaling This is significant as inhibition of MTORCL1 signaling results in activation of feedback

loops that interfere with apoptosis and cell death.
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MTORC?2 inhibition and apoptosis: The AKT pathway is active in CLL specimens and there is
a phospho-Akt signal in non-stimulated primary CLL specimens (Figure 3). Inhibition of this anti-
apoptotic AKT signaling pathway alone is reportedly sufficient to induce apoptosis of CLL
specimens [7]. To test this with compounds that block the Rictor-MTOR interaction, a number of
CLL specimens were treated with a 1uM concentration of compound#6 and the lysates
analyzed for Poly (ADP-ribose) polymerase (PARP) cleavage at 48 hours after treatment.
Figure 5A is a western blot analysis of CLL specimens showing PARP cleavage by caspases
that results in an increased intensity of the smaller (89kD) band with compound#6 treatment. To
further study the activity of the compound#6, a number of CLL specimens were treated with this
inhibitor and Idelalisib for a comparative analysis. In figure 5B, a table shows the data with %
apoptosis induced by these inhibitors on 11 primary CLL specimens. Both inhibitors were used
at 1uM concentration for 48 hours, and apoptosis detected by flow cytometry annexin assay.
For all the CLL specimens tested, mean % apoptosis with compound#6 was 46%+22 (mean *
SD) and with Idelalisib was 26.9 £17.2. Compound#6 was nearly twice as effective as Idelalisib

in inducing apoptosis at identical concentration.

A more clinically meaningful way to measure the effectiveness of a drug in CLL is to determine
the degree of apoptosis in leukemic cells when they are cultured with stromal cells. These
stromal cells provide a supportive microenvironment to these primary leukemic cells which is
similar to the in vivo microenvironment. Previous studies have shown that inhibition of PI3/AKT
pathway by Idelalisib also suppresses microenvironment signaling in CLL in addition to inducing
apoptosis [17]. To determine whether there was a similar effect of compound#6, apoptosis
experiments were performed on primary CLL specimens with and without co-culture with HS-5
stromal cells. Figure 5C, D shows data from apoptosis experiments on two CLL specimens with
different concentrations of compound#6. In these experiments, there was a 10-20% higher
viability of untreated cells when they were cultured with stromal cells as compared to growth
media alone. Figure 5C, D indicates that compound#6 was able to induce apoptosis in these
leukemic cells in a dose-dependent manner both with or without stromal cell co-culture.
Induction of apoptosis in CLL leukemic cells co-cultured with stromal cells indicates that
compound#6 is able to overcome PI3K/Akt signaling mediated via microenvironment and

effectively counteract the protective effect of the microenvironment.

Discussion: Rictor over-expression has been observed in a number of tumor model systems
and correlates with a higher activity of the mTORC2 signaling complex and oncogenic

properties of tumor cells [30-32]. This study identified that Rictor, a component of the mTORC2
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complex is over-expressed in primary CLL specimens and mantle cell lymphoma [33-35]. In
addition, knockdown of Rictor inhibits the growth of cells and downregulates mMTORC2 signaling
implying a critical role of this protein in the functioning of the mTORC2 complex. To specifically
target Rictor and the mTORC2 complex, a number of inhibitors that prevent Rictor-MTOR
interaction in yeast were tested on CLL specimens and were able to induce apoptosis in primary
CLL specimens. The inhibitor were more effective than a mTOR inhibitor, dual mTORC1,2

inhibitor and a clinically approved PI3 kinase inhibitor, Cal-101, Idelalisib.

These small molecule inhibitors were isolated using a yeast two-hybrid screen that selected for
compounds that prevent MTOR-Rictor protein-protein interaction and therefore specifically
target mMTORC2 signaling. This characteristic was further confirmed by multiple rounds of
subsequent screening in the two-hybrid systems followed by analysis in mammalian cells. In
addition, the small molecule inhibitors also lack any direct effect on a number of known kinases
in biochemical assays (unpublished observations). In the Glioblastoma multiforme (GBM) tumor
model, one of the isolated compound from the identical screen, CID613034 inhibited mTORC2
kinase activity in vitro and in vivo [27]. This compound inhibited the growth of GBM cell lines and
the relative inhibition correlated with the expression of Rictor in the cells [27].
Immunoprecipitation experiments in also CLL specimen confirm the disruption of the mTORC2
complex as defined by the lack of co-immunoprecipitation of MTOR by Rictor antibody as a

mechanism of action of these compounds.

Targeting BCR signaling and the activity of anti-apoptotic proteins has led to a number of newer
therapeutic agents in this leukemia. A number of prior reports have shown that BCR signaling
activates PI3Kinase/AKT signaling pathway and results in rapid phosphorylation of Akt. This Akt
activation, in turn, upregulates a number of anti-apoptotic proteins such as Mcl-1, Bcl-xI, and
XIAP [1-3, 6-8]. The phosphorylation of Akt is observed in CLL specimens both with and without
BCR crosslinking indicating that there is a baseline constitutive activation of this pathway in CLL
specimens. The upregulation of pro-apoptotic proteins as mentioned above allows CLL
specimens to resist apoptosis which is a hallmark of this leukemia. Blocking Akt phosphorylation
by exposure to comp#6 results in altered signaling by Akt target genes namely GSK-3f, PKC-
alpha, and FoxOs. Studies have shown that GSK3B phosphorylation and degradation can
down-regulate the anti-apoptotic protein MCL-1 [7,36,37]. The pro-apoptotic Bim is also a target
of GSK-3f as suppression of GSK-3 results in an increased expression of Bim in pancreatic
cancer cells. Furthermore, GSK3p can phosphorylate and increase the activity and stability of

BCL2L12a, an anti-apoptotic Bcl-2 family. PKC a is another downstream signaling target of Akt
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pathway and its signaling is also blocked by compound#6. Previous reports have shown a
correlation between expression if its isoforms in CLL specimens and induction of apoptosis with
PKC pathway inhibitors [38]. Additionally, another suggested mechanism of PKC-alpha is the

phosphorylation of BCL2 in leukemia cells resulting in greater anti-apoptotic function [39].

Forkhead family of transcription factors (FoxOs) are phosphorylated and inactivated by Akt
signaling and are known target genes of the PI3/Akt signaling pathway [40]. Blockade of Akt
signaling results in an induction of apoptosis by either inducing expression of multiple pro-
apoptotic members of the Bcl2-family or stimulating expression of death receptor ligands such
as Fas ligand and tumor necrosis factor related apoptosis-inducing ligand (TRAIL) [41]. FoxOs
induce Bim expression in hematopoietic cells deprived of growth factors and overexpression of
a FoxO3a mutant that cannot be phosphorylated by Akt results in apoptosis of BCR-ABL-
transformed cells [42]. The role of Forkhead family of transcription factors in the biology of CLL
has not been reported so far. In this study we identified two forkhead members, FOXO1 and
FOXO3A that are phosphorylated by BCR signaling. This phosphorylation is blocked by
treatment with an mTORC2 inhibitor, compound#6, characterizing a role of forkhead family of

transcription factors in protecting CLL cells against apoptosis

Stroma and microenvironment provides contact, cytokine and chemokine support to leukemic
cells and resulting in resistance to apoptosis [8]. Interestingly both BTK inhibitor, Ibrutinib and
PI3 kinase delta inhibitor result in initial lymphocytosis in CLL patients as they block
microenvironment signaling and leukemic cells are no longer attracted to their niche in lymph
nodes and bone marrow. Compound#6 was able to induce similar levels of apoptosis in CLL
specimens both with and without stromal support implying that this compound has the ability to
block microenvironment signaling. Similar activity of blocking microenvironment signaling is

reported for the P13 kinase inhibitor, Idelalisib as well [43].

Attempts have been made to block the activity of the PI3/Akt pathway at multiple levels to
achieve growth inhibitory and apoptotic effects. Upstream inhibitors such as the PI3 kinase
inhibitors Idelalisib, Duvesalib and Copanlisib are effective as their targets are over-expressed
in B cell leukemia and lymphomas [44,45]. These inhibitors rely on the expression of specific
isoforms of the PI3 kinase to be therapeutically active. Other classes of compounds which can
inhibit mMTORC2 activity include the ATP-competitive compounds such AZD8055 [46,47],
MTORCL1 inhibitors such as Temsirolimus and Everolimus, dual mTORC1/2 inhibitors and dual

PI-3K/mTOR inhibitors, however, none of these inhibitors are very specific [19,20,48,49] and
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have the potential to block mMTORC1 activity and result in the counter-productive activation of
AKT. Compound#6 has a unique mechanism of action that specifically targets the mTORC2
complex signaling and with a greater ability to induce apoptosis in primary CLL leukemic

specimens as compared to the Pl3kinase inhibitor Idelalisib.

In summary, our findings indicate that the activity of the mTORC2 signaling complex is
enhanced by Rictor over-expression in number of B cell malignancies. The compounds
described in this report specifically and effectively abrogate mTORC2 signaling, an important B
cell receptor-initiated signaling pathway by disrupting the mTORC2 complex. This is a novel
mechanism which does not activate mTORCL1 signaling and thereby does not allow paradoxical
activation of Akt. In addition the inhibitors are distinct from PI3 kinase inhibitors as they do not
rely on the expression of certain kinases. Further development of these compounds that block

Rictor-mTOR interaction will be an effective therapeutic strategy for B cell malignancies.
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Figure Legends:

Figure 1: Rictor expression in B-cell lymphoproliferative disorders. A. Real-time PCR data.
Twelve primary CLL specimens were analyzed for Rictor expression by real-time PCR using
Tagman probes and expression determined relative to CD19+ primary human peripheral blood
B cells. (actin control). B. A tissuescan PCR array with cDNA from different B cell malignancies
was analyzed by real-time PCR and the relative expression normalized to expression in normal
lymph node cells. N denotes the number of specimens. C. Western blot analysis of Rictor
expression in primary CLL specimens and magnetic bead isolated peripheral blood normal B

cells (left two lanes). Rictor expression (192kd band) and actin control.

Figure 2: Rictor inactivation in Mantle cell lines. A. Rictor expression in Mantle cell lines, JeKo-
1, Maver-1, Rec-1, and Z138. Cell lysates were analyzed for Rictor and actin expression by

western blots. B and C, Z138 and Rec-1 mantle cell lines were infected with either a lentiviral
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vector expressing Rictor shRNA or a lentiviral vector expressing scrambled shRNA (control,
Ctrl). Selected pools of cells were analyzed for Rictor expression by western blot analysis. C.
Rictor shRNA or Ctrl selected cells were analyzed for mTORC2 signaling with IgM cross-linking.
Lysates from cells with and without IgM X-linking (cross-linking with anti-lgM antibody at 10
pug/ml for 20 minutes) were analyzed for total Akt, phospho-Akt (Ser573) and phospho-NDRG1
(Thr346). D. The growth characteristics of Ctrl ShRNA and Rictor shRNA expressing cells of

Z138 and Rec-1 cell lines were analyzed by counting cells over a period 8 days.

Figure 3: A. Induction of apoptosis by Rapamycin, pp242, and Rictor-MTOR inhibitors,
compound #4, #6 and #7. Five primary CLL specimens were treated with different inhibitors at 1
UM concentration for 48 hours. Cells were analyzed for apoptosis using the Annexin flow assay
and the data shown is apoptosis above background. Experiment repeated twice with similar
results. B. Chemical structure of compound#6. C. Disruption of the mTORC2 complex with
compound#6. Two primary CLL specimens were treated with compound#6 for 12 hours and
lysates in CHAPS buffer were immunoprecipitated with the anti-Rictor antibody. The
immunoprecipitate was loaded on an SDS gel and analyzed for MTOR expression by western
blot analysis. In cells treated with compound#6, MTOR signal is much weaker as it cannot be
immunoprecipitated with Rictor antibody. Western blots for MTOR, Rictor, and actin with
identical lysates show equal amounts of these proteins. D. Two CLL specimens were treated
with two different concentrations of compound#6 (0.5 and 1.0 uM) and analyzed by co-
immunoprecipitation. MTORC2 complexes were immunoprecipitated with mTORC2 antibody
followed by western blot with Rictor antibody. There is a dose-dependent decrease in the Rictor
signal when cells are treated with compound#6. E. Two primary CLL specimens were treated
with compound#6 at 1uM concentration for different time points. Total AKT was
immunoprecipitated by an antibody the immunoprecipitate was analyzed by western blot
analysis with P-AKT (Ser473). The experiment was also done identically with CAL-101 (1uM
concentration). As compared to the untreated immunoprecipitates, compound#6 and CAL-101
specimens show a decrease in P-AKT signals. F. Densitometry representation of data in Figure
3E. Band intensity relative to the untreated control for each time point was given a value of 100.
The bar diagram shows inhibition of phospho-Akt by compound#6 and CAL-101 at all the time

points tested with comparatively higher inhibition by comp #6 at equimolar concentration.

Figure 4: A. Two CLL specimens were treated with two concentrations of compound#6 for 12
hours and then cross-linked with IgM for BCR activation. The lanes are un-treated CLL cells, un-

treated and IgM activated cells, compound#6 treated and then IgM activated cells as indicated.
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Compound#6 inhibits the activation of a number of mTORC2 downstream signaling
intermediates. B. Two CLL specimens were treated with compound#6 for different time points
and then cross-linked (including the untreated cells, first lane) with IgM antibody as described.
Lysates were analyzed by western blot analysis for expression of Total Akt, P-Akt (S473), P-
NDRGL1 (Thr346), P-S6 kinase (Thr389), P-GSK3p (Ser9), P-PKCa. (Tyr658), P-Foxol (Thr24)

and actin.

Figure 5: A. Western blot analysis of primary CLL specimens treated with 1 UM compound#6
for 48 hours and then analyzed for PARP cleavage by western blot analysis. The arrows
indicate the upper (full-length) and lower (cleaved) PARP band that increases in intensity with
apoptosis. B. Table with % apoptosis analyzed by an annexin flow-cytometry based assay.
Primary CLL specimens were treated with compound#6 or CAL-101 at 1 um concentration and
analyzed at 48 hours after treatment. C. D. Six CLL specimens were treated with compound#6
at different concentrations without stromal cell co-culture (C) and with stromal cells (HS-5 cells,
panel D). Apoptosis was analyzed at 48 hours by Annexin flow cytometry assay. The line

diagrams indicate the % of live cells at various compound#6 concentrations.

References:

1. Thomas J. Kipps, Freda K. Stevenson, Catherine J. Wu, et al. Chronic lymphocytic leukaemia.
Nat Rev Dis Primers. 2017; 3:17008.

2. Gerardo Ferrer, Emili Montserrat. Critical molecular pathways in CLL therapy. Mol
Med. 2018; 24: 9.

3. Gobessi S, Laurenti L, Longo PG, et al. Inhibition of constitutive and BCR-induced Syk
activation downregulates Mcl-1 and induces apoptosis in chronic lymphocytic leukemia B
cells. Leukemia. 2009;23:686-697.

4. Holler C, Pinon JD, Denk U, et al. PKC beta is essential for the development of chronic
lymphocytic leukemia in the TCL1 transgenic mouse model: validation of PKCbheta as a
therapeutic target in chronic lymphocytic leukemia. Blood. 2009;113:2791-2794.

5. Efanov A, Zanesi N, Nazaryan N et al. CD5+CD23+ leukemic cell populations in TCL1
transgenic mice show significantly increased proliferation and Akt phosphorylation. Leukemia.
2010;24:970-5.

6. Zhuang J, Hawkins SF, Glenn MA, et al. Akt is activated in chronic lymphocytic leukemia cells
and delivers a pro-survival signal: the therapeutic potential of Akt inhibition. Haematologica.
2010;95:110-118.


https://doi.org/10.1101/564500

bioRxiv preprint doi: https://doi.org/10.1101/564500; this version posted March 5, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

7. Longo PG, Laurenti L, Gobessi S et al. The Akt/Mcl-1 pathway plays a prominent role in
mediating antiapoptotic signals downstream of the B-cell receptor in chronic lymphocytic
leukemia B cells. Blood. 2008;111:846-55.

8. Elisa ten Hacken, Jan A. Burger. Microenvironment interactions and B-cell receptor signaling
in Chronic Lymphocytic Leukemia: implications for disease pathogenesis and treatment.
Biochim Biophys Acta. 2016; 1863: 401-413.

9. Chen CH, Sarbassov dos D. The mTOR (mammalian target of rapamycin) kinase maintains
integrity of mTOR complex 2. J Biol Chem. 2011;286:40386-40394.

10. Oh WJ, Jacinto E. mTOR complex 2 signaling and functions. Cell Cycle. 2011;10:2305-2316.

11. Laplante M,  Sabatini DM. mTOR  signaling in  growth  control and
disease. Cell. 2012;149:274-293.

12. Petlickovski A, Laurenti L, Li X et al. Sustained signaling through the B-cell receptor induces
Mcl-1 and promotes survival of chronic lymphocytic leukemia B cells. Blood. 2005;105:4820—
7.

13. Mills JR, Hippo Y, Robert F et al. nTORC1 promotes survival through translational control of
MCL-1. Proc Natl Acad Sci USA. 2008;105:10853-8

14. Datta SR, Dudek H, Tao X et al. Akt phosphorylation of BAD couples survival signals to the
cell-intrinsic death machinery. Cell. 1997;91:231-41.

15. Ticchioni M, Essafi M, Jeandel PY, et al. Homeostatic chemokines increase survival of B-
chronic lymphocytic leukemia cells through inactivation of transcription factor FOXO3a.
Oncogene. 2007;26:7081-7091.

16. Ghosh AK, Secreto CR, Knox TR et al. Circulating microvesicles in B-cell chronic lymphocytic
leukemia can stimulate marrow stromal cells: implications for disease progression.
Blood. 2010;115:1755-64.

17. Hoellenriegel J, Meadows SA, Sivina M, et al. The phosphoinositide 3'-kinase delta inhibitor,
CAL-101, inhibits B-cell receptor signaling and chemokine networks in chronic lymphocytic
leukemia. Blood. 2011;118:3603-3612.

18. Yee KW, Zeng Z, Konopleva M, et al. Phase I/ll study of the mammalian target of rapamycin
inhibitor everolimus (RADOO01) in patients with relapsed or refractory hematologic
malignancies. Clin Cancer Res. 2006;12:5165-5173.

19. Hoang B, Frost P, Shi Y, et al. Targeting TORC2 in multiple myeloma with a new mTOR
kinase inhibitor. Blood. 2010;116:4560-4568.

20. Zeng Z, Shi YX, Tsao T, et al. Targeting of mTORC1/2 by the mTOR kinase inhibitor PP242
induces apoptosis in AML cells under conditions mimicking the bone marrow
microenvironment. Blood. 2012 ;120:2679-2689.


https://doi.org/10.1101/564500

bioRxiv preprint doi: https://doi.org/10.1101/564500; this version posted March 5, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

21. Gupta M, Hendrickson AE, Yun SS, et al. Dual mMTORC1/mTORC2 inhibition diminishes Akt
activation and induces Puma-dependent apoptosis in lymphoid malignancies. Blood.
2012;119:476-487.

22. Rudelius M, Pittaluga S, Nishizuka S, et al. Constitutive activation of Akt contributes to the
pathogenesis and survival of mantle cell lymphoma. Blood. 2006;108:1668-1676.

23. Smith SM. Targeting mTOR in mantle cell ymphoma: current and future directions. Best Pract
Res Clin Haematol 2012;25:175-183.

24. Shi Y, Yan H, Frost P et al. Mammalian target of rapamycin inhibitors activate the AKT kinase
in multiple myeloma cells by up-regulating the insulin-like growth factor receptor/insulin
receptor substrate-1/phosphatidylinositol 3-kinase cascade. Mol Cancer Ther. 2005;4:1533-
1540.

25. O'Reilly KE, Rojo F, She QB, et al. mTOR inhibition induces upstream receptor tyrosine
kinase signaling and activates Akt. Cancer Res. 2006;66:1500-1508.

26. Carracedo A, Ma L, Teruya-Feldstein J, et al. Inhibition of mMTORCL1 leads to MAPK pathway
activation through a PI3K-dependent feedback loop in human cancer. J Clin Invest.
2008;118:3065-3074.

27. Benavides-Serrato A, Lee J, Holmes B, Landon KA, Bashir T, Jung ME, Lichtenstein
A, Gera J. Specific blockade of Rictor-mTOR association inhibits mTORC2 activity and is
cytotoxic in glioblastoma. PLoS One. 2017;12(4):e0176599.

28. Pfaffl MW. A new mathematical model for relative quantification in real-time RT-PCR. Nucleic
Acids Res. 2001;29(9):e45.

29. Roecklein BA, Torok-Storb B. Functionally distinct human marrow stromal cell lines
immortalized by transduction with the human papilloma virus E6/E7 genes. Blood. 1995
;85(4):997-1005.

30. Masri J, Bernath A, Martin J, et al. mMTORC2 activity is elevated in gliomas and promotes
growth and cell motility via overexpression of rictor. Cancer Res. 2007;67:11712-11720.

31. Zzhang F, Zhang X, Li M, Chen P et al. MTOR complex component Rictor interacts with
PKCzeta and regulates cancer cell metastasis. Cancer Res 2010;70:9360-70.

32. McDonald PC, Oloumi A, Mills J, et al. Rictor and integrin-linked kinase interact and regulate
Akt phosphorylation and cancer cell survival. Cancer Res. 2008;68:1618-1624.

33. Peponi E, Drakos E, Reyes G, Leventaki V, Rassidakis GZ, Medeiros LJ. Activation of
mammalian target of rapamycin signaling promotes cell cycle progression and protects cells
from apoptosis in mantle cell lymphoma. Am J Pathol. 2006;169:2171-2180.

34.Dal Col J, Zancai P, Terrin L, et al. Distinct functional significance of Akt and mTOR
constitutive activation in mantle cell lymphoma. Blood. 2008;111:5142-5151.


https://doi.org/10.1101/564500

bioRxiv preprint doi: https://doi.org/10.1101/564500; this version posted March 5, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

35. Dennison JB, Shanmugam M, Ayres ML et al. 8-Aminoadenosine inhibits Akt/mTOR and Erk
signaling in mantle cell lymphoma. Blood. 2010;116:5622-30.

36. Maurer U, Preiss F, Brauns-Schubert P et al. GSK-3-at the crossroads of cell death and
survival. J Cell Sci 2014;127:1369-1378.

37. Amigo-Jiménez |, Bailén E, Aguilera-Montilla N et al. Bone marrow stroma-induced resistance
of chronic lymphocytic leukemia cells to arsenic trioxide involves Mcl-1 upregulation and is
overcome by inhibiting the PI3K3 or PKC signaling pathways. Oncotarget. 2015;6:44832-48.

38. Alkan S, Huang Q, Ergin M et al. Survival role of protein kinase C (PKC) in chronic
lymphocytic leukemia and determination of isoform expression pattern and genes altered by
PKC inhibition. Am J Hematol. 2005;79:97-106.

39.Jiffar T, Kurinna S, Suck G et al. PKC alpha mediates chemoresistance in acute
lymphoblastic leukemia through effects on Bcl2 phosphorylation. Leukemia. 2004;18:505-12.

40. Zhang X, Tang N, Hadden TJ, Rishi AK. Akt, FoxO and regulation of apoptosis. Biochim
Biophys Acta. 2011;1813:1978-86.

41. Ghaffari S, Jagani Z, Kitidis C et al. Cytokines and BCR-ABL mediate suppression of TRAIL-
induced apoptosis through inhibition of forkhead FOXO3a transcription factor. Proc Natl Acad
Sci U S A. 2003;100:6523-8.

42. A. Essafi, S. Fernandez de Mattos, Y.A. Hassen et al. Direct transcriptional regulation of Bim
by FoxO3a mediates STI571-induced apoptosis in Bcr-Abl-expressing cells. Oncogene. 2005;
24:2317-2329

43. Okkenhaug K, Burger JA. PI3K Signaling in Normal B Cells and Chronic Lymphocytic
Leukemia (CLL). Curr Top Microbiol Immunol. 2016;393:123-142

44. Flinn IW, O'Brien S, Kahl B et al. Duvelisib, a novel oral dual inhibitor of PI3K-8,y, is clinically
active in advanced hematologic malignancies. Blood. 2018;131(8):877-887.

45. Patnaik A, Appleman LJ, Tolcher AW et al. First-in-human phase | study of copanlisib (BAY
80-6946), an intravenous pan-class | phosphatidylinositol 3-kinase inhibitor, in patients with
advanced solid tumors and non-Hodgkin's lymphomas. Ann Oncol. 2016;27:1928-40.

46. Chresta CM, Davies BR, Hickson | et al. AZD8055 is a potent, selective, and orally
bioavailable ATP-competitive mammalian target of rapamycin kinase inhibitor with in vitro and
in vivo antitumor activity. Cancer Res. 2010;70:288-98.

47. Knight SD, Adams ND, Burgess JL et al. Discovery of GSK2126458, a highly potent inhibitor
of PI3K and the mammalian target of rapamycin. ACS Med. Chem. Lett. 2010;1, 39-43.

48. Mukherjee B, Tomimatsu N, Amancherla K et al. The dual PISBK/mTOR inhibitor NVP-BEZ235
is a potent inhibitor of ATM- and DNA-PKCs-mediated DNA damage responses. Neoplasia
2012;14, 34-53.


https://doi.org/10.1101/564500

bioRxiv preprint doi: https://doi.org/10.1101/564500; this version posted March 5, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

49. Sparks CA, Guertin DA. Targeting mTOR: prospects for mTOR complex 2 inhibitors in cancer
therapy. Oncogene 2010;29:3733-44.

A B

- Lymphoma, perpheral T-cell n=3
g mCLL#2
P BCLL#S Lymphoma, Hodgkin n=6
= oCLL#S )
2 ACLLE Lymphoma, anaplastic large cell n=1
= a 4
5= 2 BCLL#N Lymphoma, large B-call, difuse n=10
w aCLL#2
i BCLL#14 Lymphoma, small lymphocytic s
aE
%E 11 ;Ett§1é Lymphoma, mantle cell n=2
% BCLL#T Lymphoma, marginal zone B-cell n=8
[id BCLL#E : 5

n=9
0s 4 OCLL#19 Lymphoma, follicular

-0 -0 -04 -02 0 02 04 08 02
Relative Rictor expression relative to normal lymph node

BeellBeell #4 #9 #12 #15 #18 #23 #24 #21
| e e~ = - - . Rictor

l--_—-_'”- ——-—| actin

Figure 1


https://doi.org/10.1101/564500

bioRxiv preprint doi: https://doi.org/10.1101/564500; this version posted March 5, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

A B
2138 Rec-1
Jekol Maver-1 Rec-1 7138 — :
scr Rictor shRNA  scr RictorshRNA
|- -— -| Rictor | J— -— = | Rictor
|__ ——— —— | actin |— — - | Actin
Z138 Z138 [gM-3-ink Rec-1 Rec-1IgM-x-link
¢ scr Rictor shRMNA  scr Rictor shRNA scr Rictor shRNA  scr Rictor shRMNA
|— — || _ ———"l Total Akt
| g p— | | JR— —| p-Akt (3473)
|_ — | | — T — p-MNDRG1
I--—H-_H_ — — — | i
D 50 4 35 )
—— B
45 | —p—7138 scrambled SiRNA 2 Rec-1 scrambled SiRNA
40 . .
£ 35| - 7128 Rictor SiRMNA £ o5 = m=— Rec-1Rictor SiRNA
@ 30 A 220
8 33 ] 815
ey 5
j n -
- 15 - 10 -.,
5 - g =B
0 T T T T |
1 5 6 7 8 1 4 5 6 7 8
Time (days) Time (days)

Figure 2


https://doi.org/10.1101/564500

bioRxiv preprint doi: https://doi.org/10.1101/564500; this version posted March 5, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

A B
J0
&b mCLL# 3
i BCLL #11 J
o 50 BCLL #21
= 40 oCLL #23 " i
‘:1::1. aCLL #4 I .
TR
F{apamyc:m pp242  comp#d comp#s  comp#T compound #5
Inhibitor concentration (1pM)
c D
CLL# 42 CLL#3 izt i
- comp #6,1M - comp #6,1M - 0.5 1.0 - (3 1.0 pMcomp#E
[~ | | | IF Rictor, P Ri
| | MTOR WE. e - ™ -a r.,1T:|>cFi:'::}El.
| — — | | e ‘l MTOR WEB | — A — || — — — | MTOR WEB
| — | |-_ — | Rictor WB | = || e —— | Rictor wB
|-._,.._| |_..—-—|Adin |-.- ||-___ |}-‘u:tin
E CLL #24 CLL #16
Bhr 18hr 24hr ghr  18hr  24hr
Total AktiP, —— — —= F
P_Akt WB ‘ S — — |
Untr&ﬂt&d 100 com pEb
Total —Akt wa‘ |
—— c—— g 20 OCAL-101
Total AktIP, | -
P-Akt WB A — E-Url'l;lp #5, =
| e E 40
Total —Akt WB | | P — E .
]
Total Akt 1P, | | |
= — — — — — 0
P-Akt WB Gt shr 18hr 24hr

Total —Akt WH | — e— -——-' Densitometry values fram Figure 54,
relative to untreated control

Figure 3


https://doi.org/10.1101/564500

bioRxiv preprint doi: https://doi.org/10.1101/564500; this version posted March 5, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

A B
CLL #42 CLL #22 CLL #44 CLL #16
+ght +igh
= comp #5 treatment, 1uM comp #G treatment, 1ult
#
nﬁimgﬁr.w 25 - 25 8 12 18hrs -2 5 B 12 13hrs
P-AKT §473 ‘ — ‘ ‘ - ‘ ““ Lt g | | | P-AKT 5473
Total AKT ‘__...._ H—.-___ } |-—|-—H-| |-—-._____‘T0ta\AKT

P-NDRG ‘ - - ‘ ‘ P ‘ i - P-NDRG1
TOEINDRGT | 000 e o g | | W O = v ‘ ""‘—-—--1 - Total NDRGH
P-GSK3beta ‘ - ‘ ‘ - ‘ ‘—— - ‘ ’H._—‘ P-GSK3beta

Total GSK3beta ‘ - G e» = ‘ ‘ [ Yy p— ‘ e — ——— > = - | Total GSK3beta
P-PKC-alpha o ‘ - ‘ |- - - | | b ‘ P-PKC-alpha

- - - Total PKC alpha
Total PKC alpha ‘—--_H---—‘ |--'"-"""| | """"-‘ .
- - w8 P o « = " | proxot Th24
P-FOXO3A R _H o ‘
By |--—-“~‘T013IFOXO1
Total FOX03A ‘----H---.—‘
‘--—-..—i“ ‘-—---- actin

. —-——
atin ‘———-—-H—- ‘

All specimens Igh X-linked

Figure 4


https://doi.org/10.1101/564500

bioRxiv preprint doi: https://doi.org/10.1101/564500; this version posted March 5, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

A B
CLL#42 CLL#40 CLL#39 CLL#9  CLL#25 % apoptosis (annexin
- # - # - ¥ - # - #5 assay)
CAL-101
- CLL comp #6 (1M
-~ , p | (duM,48
- — - — @l | PARP | specimen |48 hours) hours)
CLL #3 359 15.4
CLL# ] T
; CLL #5 738 93
- - == === | actin
- - - - CLL #5 69.1 255
CLL#3 74 666
CLL #71 15 T
CLL #16 62.9 30.5
CLL #21 Jeic] 2z
C CLL 28 i 43
CLL #25 457 44.4
Apoptosis with Comp #6 without stromal CLL #38 16 LY
cell co-culture Average 454 269
15 sD 222 17.28
100 = _
-
B ¥5 ~ s D
E —— CLL #42
§ -—— CLL #40 \.~ S Apoptosis with Comp #6 with stromal
= 0 —— FirEms 5 a a\h cell co-culture
= - CLL#22 ~o 125
25 =w = CLCHad -
wopes CLL #29 100
D % 75 u-“‘
- 01pM  0.5uM  1pM  2.5uM  5pM P TS \?\‘.
s —o— CLL#40 gl .

50 = :CLL #0h 'h\....".‘
- o= CLL #22

25 —==w=Ccrmt
saages CLL#EQ

- 04pM 0.5uM 1uM 2.55M 5uM

Figure 5


https://doi.org/10.1101/564500

Rictor expression relative to

Figure 1

primary B-cells

BCLL#Z

B CLL#3

oCLL#S

| CLL#0
BCLL#N
oCLL#12
BCLL#14
mCLL#S
BCLL#E
B CLL#TT
BCLL#1E
OCLL#1S

Lymphoma, perpheral T-cell
Lymphoma, Hodgkin
Lymphoma, anaplastic large cell
Lymphoma, large B-cell, diffuse
Lymphoma, small hmphooytic
Lymphoma, mantle cell
Lymphoma, marginal zone B-cell

Lymphoma, follicular

08 -05 -04 -02 0 02 04 086 08
Relative Hictor expression relative to normal lymph node

Beell Beell #4 #5  #2 #5 #18  #23 #24 #M

| R — ""||_--|Ri|:mr

|>—--_ —-‘||— —--"'| actin



https://doi.org/10.1101/564500

Figure 2

Jekol Maver-1 Rec-1 £138

£138 Rec-1

sor Rictor shRMA  scr Rictor shRMNA
- o= T -| Rictor —_— - - Rictor
actin —_— - - Actin
£138 £138 lgM-¥-link Rec-1 Rec-1Igh-¥-link
scr RictorshEMA  scr Rictor shRIMNA scr Rictor shRMA  scr Rictor shRMNA
—— N — . - — Total Akt
— r— Y T YE)]
— - —- — T — p-NDRG1
i S || — | — — — — Actint
ol 37 —RecA bled SIRNA
45 1 —+—7138 scrambled SIRNA 30 - e
40 A ; :
T35 | —m 7128 Rictor SiRMA £ 25 — = Rec-1 Rictor SiIRMA
2 30 1 LR
5] g 15 -
& 20 -4
£ 15 1 n = 10 - 3
10 ) -
0 4 "-'I .| . . . . 0+ T T T T T 1
1 4 5 B 7 8 1 = 5 6 7 g
Time (days) Time (days)


https://doi.org/10.1101/564500

A B
£ CLL#4
[ ]
w 209 goL#n
2 501  mcLL |
S 404 oclL#e3 i
= 20 4 ; i
£% EEd -
101K ] 5 2
|:| i ﬂ. i -ﬂ. W, o
Rapamycin pp242 comp#d COMpHE CcompHT
Inhibitor concentration (1pM)
c D
CLL# 42 CLL=#32 e
- comp #5, 1M comp #6, 1M 7 b3 1.0
- IP Rictor, -
| | MTOR WE - .
— — |-— -I| MTORWE — i —
[ — | |-— -— | Rictor WE — a—
|-.,.__| |__.-|A-::tin -—
E CLL #24 CLL #1858
ghr_18hr_24hr ghr  18hr  24hr
Total AktIP, e
P-Akt WB - - —
Untreated
Total Akt WB — —
— — I T——
Total AktIP,
P-Akt WEB - Comp #5,
TuM
z — e e— | ——
Total —Akt WB — e
Total AKIP,
RALWE | b CAL10M,

Total —Akt W8

Figure 3

J,:a
'|':["°]

Al

— — —
— —

TuM

ez M
compound #5
CLL#22
- 05 1.0 pMcomp#t
- IF Rictor,
h BT MTORWE.
— v | [ TORWE
— e — Rictor WB
e e Actin
F
100 7 W CompEt
£a0 [CAL-101
m
=
260 -
o
g 40
‘m
s 20 4
[
|:| .
8hr 18hr 24hr

Densitometry values from Figure 5A,
relative to untreated control


https://doi.org/10.1101/564500

P-AKT 5473

Total AKT
P-MDRGA
Total NDRGA
P-G3K3beta
Total GSK3beta
P-PK.C-alpha
Total PKC alpha
P-FOXO3A
Total FOXO3A

actin

Figure 4

CLL #44

comp #6 treatment, 1uM

CLL #16

comp #8 treatment, 1uM

- 2 5 & 12 18hrs

- 2 5 & 12 18hrs

CLL #42 CLL #22
+igh! +Ight
comp #5 COomp #3
1uM  2.5uM TuM 2.5uM
-_— — —

— — —

- e - N

-I-u-_--

-_l--h-

- y e o - el

R— R —

- . e oy

- e == oy .

— — — —

— ——

- — =

- e e .

All specimens Igh X-inked

P-AKT S 473

Total AKT

P-MNDRGA

Total MNDRG1

P-GSK3beta

Total GSK3beta

P-PK.C-alpha

Total PKC alpha

P-FOXO1 Thr24

Total FOX0A

actin


https://doi.org/10.1101/564500

ioRxiv preprint doi: https://doi.org/10.1101/564500; this versi

osted March 5, 2019. The copyright holder for this preprint (which was

p
certified by peer review) is the author/funde(ﬁll rights reserved. No reuse allowed without permission.

CLL #42 CLL#40 CLL#39 CLL#6  CLL #25 % apoptosis (annexin
- # - # - # - #5 - #B assay)
CAL-1M1
- CLL comp #6 (1M
- - R :
At - ‘ PARP specimen 48 hours) (1M, 48
- - e — hours)
CLL #3 559 15.4
CIT # ped 1 172
i CLL #5 738 93
b e @ | actin
-y 0 W g = CLL#5 691 755
CLL #5 T4 o5
CLL #11 15 ik
CLL #16 629 305
CLL #27 el -} jeie]
C CIL ¥4 ) EE)
CLL #25 457 44 4
Apoptosis with Comp #6 without stromal CLL #5 16 10
cell co-culture Average 46.4 259
125 SD 222 17.28
100 o B
g = —y— ]| #42 D
sk}
= —— Ll #40 Apoptosis with Comp #6 with stromal
= 50 —e CLL B66 cell co-culture
* — o= CLL-#22 s 3 125
25 —=g=tt#at e
«aeges Sl #29 100
0 % Sl iy
2o : ; S 75 '!{
04pM  0.5pM  ApM 25pM  5pM @ CLL##E\ ?{“
0 - L #40 ~
# 50 =g - CLL #FAG 'b\.i_"—.‘
—_— L #22

Figure 5

25 —=m= T
[ERT TH) [:_LL#EQ

0
0.1uM 0.5uM 1uM 2.5uM 5uM


https://doi.org/10.1101/564500

