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Abstract

Pim kinases phosphorylate and regulate a number of key AML cell survival proteins, and Pim
inhibitors have recently entered clinical trial for hematological malignancies. AZD1208 is a small
molecule pan-Pim kinase inhibitor and AZD1208 treatment resulted in growth inhibition and cell
size reduction in AML cell lines including FLT3-WT (OCI-AML-3, KG-1a, MOLM-16) and
FLT3-1TD mutated (MOLM-13, MV-4-11). There was limited apoptosis induction (<10%
increase) in the AML cell lines evaluated with up to 3 uM AZD1208 for 24h, suggesting that
growth inhibition is not through apoptosis induction. Using reverse phase protein array (RPPA)
and immunoblot analysis, we identified that AZD1208 resulted in suppression of mTOR signaling,
including inhibition of protein phosphorylation of mTOR(Ser2448), p70S6K(Thr389),
S6(Ser235/236) and 4E-BP1(Ser65). Consistent with mTOR inhibition, there was also a reduction
in protein synthesis that correlated with cell size reduction and growth inhibition with AZD1208;
our study provide insights into the mechanism of AZD1208.
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Introduction

Acute myeloid leukemia is an aggressive difficult-to-treat hematological malignancy that has
a 5-year survival rate of approximately 20%. Patients who do respond to front-line therapy
frequently relapse and develop resistance thus new treatments are urgently needed. Although
mutations such as FLT3, IDH1, IDH2, NPM and DNMT have emerged as key players in
AML progression, agents that could target all forms of AML would be advantageous.

There are three Pim kinases proteins (Pim-1, Pim-2 and Pim-3), which are highly
homologous with overlapping functions and substrate specificities[1,2]. There are numerous
protein substrates of Pim kinases, including regulators of cell survival, cell cycle,
transcription, translation, drug resistance and signaling with the microenvironment[2]. Due
to their multiple functions and multitude of targets, we proposed inhibition of Pim kinases
using a small molecule for patients with AML.

While Pim kinases alone are considered weak oncogenes, they have been demonstrated to
have strong synergism with MY C and other oncogenes to drive tumorigenesis and
lymphomagenesis in animal models[3]. In an AML mouse model, transplantation of murine
bone marrow co-expressing MYC with any of the three Pim kinases resulted in the rapid
development of lethal myeloid leukemia[4]. This correlates with clinical data as Pim
expression and activity was correlated with poorer survival in patients with AML. At the
molecular level, Pim kinases phosphorylate a number of proteins associated with poor
prognosis in AML that are involved with multiple aspects of cell survival and
proliferation[2]. For example, Pim-1 has been reported to phosphorylate and stabilize FLT3
and activate STATS5 signaling in AML with FLT3-1TD mutation[5]. Pim-1 kinase also
regulates MET receptor tyrosine kinase levels and signaling via translation through
phosphorylation of elF4B[6]. More recently, Pim inhibition has been demonstrated to
suppress STAT5 activation and reduce MY C protein half-life in higher CD25-expressing
subpopulations of AML cell lines[7]. Thus, inhibition of Pim kinases may be an avenue to
target AML cell survival.

Recently, a new class of kinase inhibitors targeting a family of Pim kinases have been
developed and investigated in both hematological malignancies as well as solid tumors
(reviewed in[8] ). The first Pim kinase inhibitor to enter clinical trial was SGI-1776 for
refractory prostate cancer and relapsed/refractory non-Hodgkin's lymphoma (http://
clinicaltrials.gov/ct2/show/NCT00848601). Induction of apoptosis by SGI-1776 was
demonstrated by our group in cell lines and in primary cells from patients with chronic
lymphocytic leukemia (CLL)[9], AML, mantle cell lymphoma and multiple myeloma[10-
12]. SGI-1776 treatment in cell lines has also been shown to reduce the expression of cell
surface drug resistance proteins[13]. However, SGI-1776 also inhibits FLT3 and haspin, thus
the role of Pim inhibition alone on cytotoxicity is unclear.

AZD1208 is a pan-Pim kinase inhibitor that targets all three Pim kinases at nanomolar levels
(ICs0p: Pim-1 (0.4 nM), Pim-2 (5.0 nM) and Pim-3 (1.9 nM)) but does not inhibit FLT3[14].
Given the significance of FLT3 in AML, we hypothesized that investigating the effects of
AZD1208 on AML cells may shed light on the significance of Pim kinase inhibition alone
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on AML cell survival. Furthermore, protein profiling will identify which signaling axis is
impacted following Pim inhibition.

Materials and Methods

Drugs

Cell lines

AZD1208 was obtained from AstraZeneca (Waltham, MA) and was dissolved in DMSO and
stored at —20°C. All experiments including a vehicle control were conducted using 0.1 %
DMSO. In cell culture media containing 10 % FBS, Pim inhibitor AZD1208 is 92.2% bound
and 7.8% as free drug.

Five AML cell lines were used (Table I). For all cell lines, experiments were conducted in
media supplemented with 10% FBS, maintained in mid-log phase growth at 37°C in 5%
COs, in a fully humidified incubator, and routinely tested for Mycoplasma by using a kit
(Gen-Probe Inc., San Diego, CA). Cell number and mean cell volume were determined
using a Coulter channelyzer (Coulter Electronics, Hialeah, FL).

Cell death/apoptosis assay

Cells were treated with DMSO or AZD1208 and for each sample, 10,000 cells were
measured using a Becton Dickinson FACSCalibur flow cytometer (San Jose, CA) as
previously described[9] .

RNA/protein synthesis assay

AML cell lines were incubated with AZD1208 for 24 h. Cell cultures were incubated for 1 h
with 1 pCi/culture [3H]uridine for RNA synthesis or 5 uCi/culture [3H]leucine (Moravek
Biochemicals Brea, CA) for protein synthesis, in triplicate per experiment. The cell cultures
then were transferred onto Whatman GF/C glass microfiber filters (GE Healthcare) pre-
treated with 1% aqueous sodium pyrophosphate on a multiscreen vacuum assay system
(Millipore Corp., Bedford, MA). The filters were washed with cold PBS, then twice with
0.4N perchloric acid, and dried with 70% ethanol. The glass filters then placed in
scintillation vials with 7mL scintillation fluid, and the level of radioactivity was measured
using a liquid scintillation analyzer (Packard Instrument Co., Downer’s grove, IL).
Radioactivity was measured from control and AZD1208-treated cells and expressed as
percent of control.

Immunoblot analysis

Cellular lysates were prepared and immunoblot analysis was performed as previously
described[9]. The antibodies used are listed in Table 11, and membranes were probed with
infrared-labeled secondary antibodies and visualized using a LI-COR Odyssey Infrared
Imager (LI-COR Inc.) as previously described[9].
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Reverse-phase protein array (RPPA)

Three independent experiments each consisting of five AML cell lines treated with DMSO
or 3 UM AZD1208 for 3, 6 and 24 hours were harvested and submitted for RPPA to measure
protein level changes across a set (n = 171) of antibodies (http://www.mdanderson.org/
education-and-research/resources-for-professionals/scientific-resources/core-facilities-and-
services/functional-proteomics-rppa-core/index.html), then analyzed using bioinformatics
methods.

Statistical analysis

Results

Protein levels by RPPA were measured in triplicate at four different time points (0, 3, 6, and
24 h following AZD1208 treatment) and levels between early (0, 3 h) and late time points
(6, 24 h) were compared using t-tests (two-sided Welch Two Sample t-tests). Due to the
small sample size, permutations were carried out to obtain more precise p-values as well
(permutation size = 700). With permutation test p-values, we found a significant difference
in expression levels for several proteins using the Benjamini-Hochberg method, which are
shown in Table I11.

Growth inhibition with limited apoptosis induction by AZD1208 in both wild-type FLT3 and
FLT3-ITD AML cell lines

Five AML cell lines with varying mutation status (Table I) were incubated with 3 uM
AZD1208 for shorter (3, 6 and 24 h) and longer exposures (24, 48, and 72 h) and cell
density was measured at various times and compared with vehicle control (0.1% DMSO).
After 24h, growth inhibition was the most in MOLM-16, which was reduced to ~60% of
control (Figure 1A). MV-4-11 and MOLM-13 were reduced to ~80% of control and there
was limited effect on OCI-AML-3 and KG-1a after 24 h. However, after longer exposure to
AZD1208, growth inhibition was measured in OCI-AML and reduced to ~70% of control,
and in KG-1a and MV-4-11, which both reduced to ~60% of control (Figure 1B).

To evaluate the effect on AZD1208 on the clonogenic potential of AML cells, AML cell
lines were cultured in methylcellulose with 3 uM AZD1208 for 5-10 days until colonies
were formed and then quantified. There was suppression of colony formation with AZD1208
in the three cell lines evaluated, OCI-AML-3, MOLM-13 and MV-4-11 (Supplemental
Figure S1A). Although there was limited growth inhibition in MOLM-13, there was
suppression of colony formation with AZD1208 and the colonies formed were visually
smaller than those cultured without AZD1208 (Supplemental Figure S1B).

Although there was growth inhibition in the five cell lines evaluated, there was limited
induction of apoptosis by AZD1208 (Figure 1C). The five AML cell lines were treated with
DMSO or 3 uM AZD1208 and evaluated by flow cytometry analysis of annexin-V/
propidium iodide staining following 24 h treatment. There was an increase in apoptosis of
approximately 5-10% in MOLM-16, but less than 5% increase in OCI-AML-3, KG-1a and
MV-4-11. After 24 h treatment with AZD1208, there was no increase in apoptosis in
MOLM-13 compared with DMSO alone. Induction of apoptosis was also evaluated by
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immunoblot analysis of cellular proteins, and there was no detectable PARP protein cleavage
in the AML cell lines treated with 3 uM AZD1208 for 24h (Figure 1D). However, the
median cell volume decreased following treatment with 3 uyM AZD1208 for 24 h in all five
cell lines evaluated (Figure 1E). The reduction in cell volume correlated with growth
inhibition sensitivity, and MOLM-16 cells were reduced by ~35%, KG-1a and MV-4-11 by
15%, and OCI-AML-3 and MOLM-13 by 5-10%. There was also a dose-dependent
correlation between cell volume and inhibition of cell growth in KG-1a cells treated with
increasing concentrations of AZD1208 over 24 h (Supplemental Figure S2A).

RPPA analysis of AML cells treated with AZD1208

To investigate the changes in cellular protein levels across a broad set of pathways, RPPA
analysis was used to evaluate changes in 171 protein levels in five AML cell lines with
heterogeneous genetic mutations treated with DMSO or 3 uM AZD1208 for 3, 6 and 24
hours. The cells were harvested and cellular protein level changes were measured across a
set of 171 antibodies. There was variation amongst the five cell lines and the RPPA data was
subjected to bioinformatics analysis to determine the statistical significance of the protein
level changes (Figure 2-3). The protein level changes that were statistically significant are
summarized in Table 111, and components of the mTOR pathway emerged as key molecules
affected by AZD1208 in the various AML cell lines. The more sensitive cell ling,
MOLM-16, was the line with the most proteins affected by AZD1208 treatment (19
proteins) that were statistically significant (Table I11), followed by KG-1a (11 proteins). In
FLT3-wild-type OCI-AML-3, the levels of four proteins were significantly changed. In
FLT3-1TD mutated cell lines MOLM-13 and MV-4-11 the levels of three and two proteins,
respectively, were statistically significantly changed . Of the pathways evaluated, the mTOR
pathway was most affected by AZD1208 and the phosphorylation of a number of key
pathway proteins were inhibited (Figure 3). Phosphorylation of mTOR (Ser2448) was
reduced in a statistically significant manner in the two more sensitive cell lines, MOLM-16
and KG-1a, but also in the other three cell lines. Likewise, in at least one cell line,
phosphorylation of p70S6K (Thr389), Rictor (Thr1145) and 4E-BP1 (Thr37/46) were all
inhibited, while levels of total mMTOR, p70S6K, and Rictor were not significantly changed
(Figure 3). Although not statistically significant, phosphorylation of Pim-2 target
4EBP-1(Ser65) was reduced in all five cell lines. Similarly, p70S6K-downstream target
ribosomal S6 phosphorylation at both Ser235/236 and Ser240/244 was also decreased in all
five cell lines (Figure 3), which is consistent with measured decrease in cell size by
AZD1208 (Figure 1E).

The RPPA results were validated by immunoblot analysis. AML cell lines were treated with
3 UM AZD1208 over the same time-course and the cellular protein levels were evaluated.
There was a decrease in mTOR(Ser2448) phosphorylation in KG-1a cells treated with 3uM
AZD1208 that was detected within 3h, which was sustained after 24 h (Figure 4A-B).
Similar results were obtained in MOLM-16 (Supplemental Figure S3), and there was a
decrease in mTOR phosphorylation to less than 50% of control after 6 h that was further
reduced to ~30% of control after 24 h. There was also a decrease in total Mcl-1 protein
levels in MOLM-16 that was not detected in the other four cell lines. As with mTOR protein
itself, the mTOR pathway proteins that were affected by AZD1208 as determined by RPPA
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(Figure 3) were also decreased as analyzed by immunoblot (Figure 4). In various cell lines,
p70S6K (Thr389), S6(Ser235/236) and 4E-BP1 (Ser65) phosphorylation were decreased
following AZD1208 treatment (Figure 4C-D), which correlated with response to AZD1208.
In addition, in KG-1a the decrease in cell size, S6 (Ser235/236) and 4E-BP1 (Ser65)
phosphorylation was dose-dependent (Supplemental Figure S2A-C). Even with 0.1 uM
AZD1208 for 24h, S6 phosphorylation was reduced to ~10% of control and undetectable at
0.1 uM (Supplemental Figure S2B). We also validated the specificity of AZD1208 in AML
cell lines. After the three Pim kinases, the next kinase that was found to bind AZD1208 was
CDKZ7, although at 43-fold higher concentration. To evaluate whether off-target effects could
be contributing to AZD1208 mechanism in AML, we evaluated phosphorylation of CDK7
target RNA Pol2(Ser5) phosphorylation, and no detectable change was observed (Figure
4C).

Impact of AZD1208 on AML primary blasts

The effects of AZD1208 on AML primary blasts were also investigated. AML blasts were
isolated from the peripheral blood from a patient with AML and cultured with 3 uM
AZD1208 Jin vitrofor 24 h. There were no significant changes in phospho-protein levels of
4EBP1, Bad, RNA Pol2, nor were there significant changes in total STAT5, p27, Mcl-1 or in
PARP cleavage (Supplemental Figure S4A). However, there was a reduction in cell volume
following treatment with AZD1208 (Supplemental Figure S4B). The levels of total and
phosphorylated S6 were not detected, and S6 protein appears to be more labile in primary
leukemia cells (unpublished observations).

Correlation between RNA and protein synthesis inhibition and growth inhibition by

AZD1208

Investigations of first-generation Pim inhibitor, SGI-1776, in CLL primary cells and AML
cell lines and primary cells identified inhibition of RNA and protein synthesis[9,10]. To
evaluate the effect of Pim kinase inhibition in the absence of FLT3 inhibition, AML cell
lines were treated with DMSO or 3 uM AZD1208 for 3, 6 and 24 hours, then pulsed with
[3H]-labeled uridine to measure RNA synthesis. There was a decrease in RNA synthesis in
the 3 cell lines that were more sensitive to growth inhibition (MV-4-11, KG-1a and
MOLM-16) but not OCI-AML-3 or MOLM-13 (Figure 5A). RNA synthesis was reduced by
20-30% in KG-1a and MV-4-11 after 24 h. The most sensitive cell line, MOLM-16,
exhibited the most RNA synthesis inhibition and was reduced by 20% after only 3h, which
further decrease by 40% and 60% after 6 h and 24h, respectively.

To evaluate the impact on protein synthesis, AML cell lines were treated with DMSO or 3
M AZD1208 for 24 hours then pulsed with [3H]-labeled leucine. There was a decrease in
protein synthesis in all the cell lines except MOLM-13 (Figure 5B), which was also the cell
line with the least growth inhibition and RNA synthesis inhibition. There was ~15% and
30% reduction in protein synthesis in OCI-AML-3 and MV-4-11, respectively, and in the
two more sensitive cell lines MOLM-16 and KG-1a synthesis was reduced by ~40%. Thus,
both RNA and protein synthesis correlated with growth inhibition sensitivity to AZD1208
and changes in biomacromolecular synthesis may be a hallmark of Pim kinase inhibition.
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Discussion

The primary objectives of the present project were to evaluate the biological effect of
AZD1208 in AML cells with different genetic background and to identify the key molecular
pathways impacted by this Pim kinase inhibitor. Our data demonstrate that inhibition of cell
growth, reduction of cell size, and inhibition of protein synthesis as the primary biological
consequences and identifies that AZD1208 impacts mTOR pathway signaling.

The effects of AZD1208 vary between cell types and AZD1208 was reported to induce
apoptosis as measured by caspase 3 cleavage in prostate cancer graft specimens[15].
Likewise, in mice with myeloid leukemia from co-expression of MYC and PIM, AZD1208
suppressed the synergism between MYC and PIM in vivo and extended the life of the treated
mice[4]. AZD1208 has been previously reported to induce apoptosis in AML cell lines[16],
however, apoptosis induction was only demonstrated in MOLM-16. Consistent with this
report, in the four additional AML cell lines analyzed in our investigations, AZD1208 was
cytostatic with little induction of apoptosis. Limited apoptosis appears to be a common
feature of Pim kinase inhibitors, and growth inhibition may be through other mechanisms.
[9-12,17,18] While limited apoptosis was observed, cell size, cell growth and clonogenicity
were reduced in the AML cell lines evaluated. The cell size change correlated with
inhibition of protein synthesis (Figure 5B), which is consistent with mTOR inhibition[19].

The RPPA results suggest that there are additional targets of Pim, or alternatively that
AZD1208 affects other proteins, or likely a combination of both. MOLM-16 was the only
cell line where moderate apoptosis was induced by AZD1208, and was also the cell line with
the largest number of proteins that changed significantly (19 proteins). OCI-AML-3 and
MOLM-13 were the cell lines that demonstrated the least growth inhibition, and had few
proteins that were significantly changed (3—4 proteins). Of these proteins, only an increase
Chk2 (Thr68) phosphorylation was common to both cell lines, which was also measured in
MOLM-16. Increased Chk2 phosphorylation is associated with S-phase delay or arrest,
however, MOLM-16 cells treated with 0.1 or 1 pM AZD1208 for 72 h resulted in increased
sub-G; and Gg/G1 cell populations[14]. Likewise, the other sensitive cell lines KG-1a and
EOL-1 were reported to not exhibit cell cycle arrest following AZD1208 treatment. While
MV-4-11 was relatively sensitive to AZD1208, only two proteins were found to be
significantly altered, one of which was a decrease in Myosin-11A (Ser1943) phosphorylation.
Myosin-11A has not been reported as a Pim target to date, nor is the role of Myosin-11A
(Ser1943) phosphorylation in AML known, however phosphorylation at this site has been
reported to regulate cell motility in MDA-MB-231 breast cancer cell line[20].

Although the proteins (n = 171) covered by RPPA may not identify all the pathways and
proteins affected by AZD1208, the data from MOLM-16 and KG-1a suggest that the mTOR
signaling pathway may be key to AZD1208 effect in AML cells, given the inhibition of
mMTOR, Rictor, p70S6K and 4E-BP1 phosphorylation (Figure 5C). Immunoblot assays
support that AZD1208 impacts mTOR pathway, as mTOR(Ser2448), p70S6K(Thr389),
S6(Ser235/236) and 4E-BP1(Ser65) phosphorylation was reduced following treatment
(Figure 4, Supplemental Figure S2—-S3). Phosphorylation of ribosomal S6 protein has been
reported to be a determinant of cell size[21], which is consistent with the reduction in cell
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size in AZD1208-treated AML cells (Figure 1E, Supplemental Figure S4B). Similarly,
inhibition of mTOR signaling is consistent with protein synthesis inhibition measured by
leucine incorporation following AZD1208 (Figure 5B).

AZD1208 impact in AML cell lines can affect components of both mTORC1 and mTORC2
complexes depending on the cell-type (Figure 5C-D). Reduction of phosphorylation of
mTOR targets were detected for both mTORC1 (p70S6K and 4E-BP1) as well as mTORC2
(Rictor) pathways (Figure 3). Interestingly, protein levels of Raptor increased following
AZD1208 treatment in KG1a in a statistically significant manner, but also in MOLM-16 and
MV-4-11 (Figure 3). Raptor is required for mTOR phosphorylation of 4E-BP1 and enhances
mTOR phosphorylation of p70S6K.[22] Both 4E-BP1 and p70S6K phosphorylation is
inhibited by AZD1208 (Figure 4), and increased Raptor may be a cellular compensatory
mechanism for disruption of mTOR signaling. mTOR affects cell size[19], and our data are
in agreement with mTORCY1 inhibition as there was a reduction in cell size in all five cell
lines (Figure 1E) as well as in AML primary blasts treated with AZD1208 (Supplemental
Figure S4B). Protein synthesis inhibition may also be in part through elF4B, as AZD1208
was recently reported to inhibit elF4B (Ser406) phosphorylation and reduce MET
expression[6].

Regulation of mTOR activity by Pim kinase has been reported.[23] In concert, our results
suggest that mTOR axis will be blunted by AZD1208, and further inhibition of this pathway
would suggest synergy. In fact, dual inhibition of Pim kinases and mTORC1/2 using
AZD1208 in combination with AZD2014 resulted in synergistic inhibition of AML cell
growth[24]. mTORC1/2 is activated in CML cells[25] and a recent report on SGI-1776
indicated inhibition of mMTOR pathway as well as augmentation of imatinib colony formation
suppression by SGI-1776 or AZD1208[26]. It is interesting to note that in addition to
inhibition of mTOR pathway protein phosphorylation there was also increase in protein DJ-1
(gene PARK?) in the two relatively more AZD1208-sensitive cell lines, MOLM-16 and
KG-1a. DJ-1 is involved with response to oxidative stress (reviewed in[27]) as well as
promoting cancer cell invasion[28-30]. DJ-1 activation may be a survival mechanism
against blockade of Pim kinase and/or mTOR pathway signaling. The decrease in Chk1
protein levels following AZD1208 treatment was statistically significant in MOLM-16,
however the decline was also seen in the other cell lines. Pim kinases have been reported to
catalyze Chk1 Ser280 phosphorylation and regulate its function in AML cells[31]. Although
Chk1 phosphorylation at Ser280 has been reported to be associated with ubiquitination and
cytoplasmic localization[32], the effect of Ser280 phosphorylation of Chk1 protein stability
has not been reported in AML cells, thus the mechanism of Chk1 protein decrease by
AZD1208 in AML cells is not clear.

PIM inhibitors have been investigated in AML cells as single agents as well as in
combination, with varying potencies and cellular consequences[5,7,10,14,17,31,33-44].
Downstream mTOR targets (4E-BP1, PRAS40, elF4B)[23,45,46] and upstream regulators
(TSC2) [47] have been identified as Pim targets, and our RPPA investigations support the
reports of Pim activity on mTOR signaling. However, to date, mTOR itself has not been
reported as a direct Pim-target and further investigation may shed light on the direct
interactions between Pim and mTOR proteins and signaling (Figure 5C-D). Our results
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suggest that there may be additional Pim kinase targets that play a role in AML cell survival
and proliferation, as well as previously unreported compensatory mechanisms as cellular
responses to Pim kinase inhibition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Growth inhibition with limited apoptosisinduction by AZD1208 in both wild-type
FLT3and FLT3-ITD AML cell lines

FLT3 wild-type OCI-AML-3 (circles), KG-1a (squares), MOLM-16 (diamonds), and FLT3-
ITD mutated MOLM-13 (open triangles), and MV-4-11 (inverted open triangle) were either
treated with control 0.1% DMSO alone or 3 uM AZD1208. Cell density was measured in
AZD1208-treated cells and expressed as percent of DMSO-treated control cells after (A) 3,
6 and 24 h or (B) after 24, 48 and 72 h. Data are the average of three independent
experiments £ SEM. (C) Induction of apoptosis was measured by flow cytometry of AML
cell lines stained with annexin V-FITC/propidium iodide. The results represent an average of
triplicate experiments = SEM. (D) AML cell lines treated with 3 uM AZD1208 were
harvested after 3, 6, and 24 h and lysed, then analyzed by immunoblot for PARP protein. An
asterisk (*) denotes the gel migration size of cleaved PARP protein. f-actin was used as a
loading control and the data are representative of two independent experiments. (E) Cell
volume was measured in AZD1208-treated cells and expressed as percent of DMSO-treated
control cells after 3, 6 and 24 h. Data are the average of three independent experiments +
SEM.
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Figure 2. RPPA heatmap: Modulation of protein levelsby AZD1208 in five AML cell lines
measured by RPPA

FLT3 wild-type (OCI-AML-3, KG-1a, MOLM-16) and FLT3-ITD mutated (MOLM-13 and
MV-4-11) AML cell lines were treated with DMSO or 3 pM AZD1208. Cells were
harvested after 3, 6 and 24 h, and relative cellular protein levels were measured by RPPA.
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Graphical representation of relative log,-transformed protein levels normalized by median-
centering. The results represent the average level of triplicate experiments = SEM of proteins

where changes determined to be statistically significant.
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Figure 4. Inhibition of mMTOR signalingin AML cellsby AZD1208
AML cells were cultured with DMSO or 3 uM AZD1208 for 3, 6 or 24 h, then cellular

proteins were extracted and analyzed by immunoblot. p-actin was used as a loading control.
(A) Immunoblot analysis of mMTOR(Ser2448) in KG-1a cells treated with AZD1208. Data
are representative of three independent experiments. (B) The phospho-protein levels of
mMTOR(Ser2448) were analyzed using immunoblot and normalized to total mTOR protein
levels. Data are the average of three independent experiments + SEM. (C) Immunoblot
analysis of p70S6K(Thr389), S6 (Ser235/236) and 4E-BP1(Ser65), and RNAPol2, RNAPol2
(Ser2) in OCI-AML-3, KG-1a, MOLM-13, MV-4-11 and MOLM-16 cells treated with
AZD1208. Data are representative of two independent experiments. (D) Immunoblot
analysis of total and phospho-4E-BP1(Ser65), and GAPDH was used as a loading control.
Data are representative of two independent experiments.
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Figure5. Inhibition of RNA and protein synthesisin AML cell linestreated with AZD1208
OCI-AML-3 (circles), KG-1a (squares), MOLM-16 (diamonds), MOLM-13 (open triangles)
MV-4-11 (inverted open triangle) cell lines were incubated with 0.1% DMSO or 3 uM

AZD1208 for 24 h, then 1 h prior to harvesting the cells (A) [3H]uridine was added to the
cell culture or (B) [3H]leucine was added to the cell culture as described in Materials and

Methods. The results represent an average of triplicate experiments £+ SEM. mTOR

pathway proteins. (C) mTOR signaling as a driver of protein synthesis and cell size. (D)

General scheme of mMTORC1 and mTORC2 complex components. Protein phosphorylation

decreased by Pim kinase inhibition with AZD1208 are shown in bold.
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Antibodies used for immunoblot analysis.

Antibody Supplier Species
PARP Enzo Life Sciences  mouse 1gG
RNA Pol2 (Ser5) Enzo Life Sciences  mouse IgM
RNA Pol2 Enzo Life Sciences  mouse 1gG
mTOR Millipore mouse I9gG
mTOR (Ser2448) Cell Signaling rabbit 1gG
p70S6K (Thr389) Cell Signaling mouse 1gG
p70S6K Cell Signaling rabbit 1gG
S6 (Ser235/236) Cell Signaling rabbit 1gG
S6 Cell Signaling mouse 1gG
Mcl-1 Cell Signaling rabbit 1gG
Bad (Ser112) Cell Signaling mouse IgG
Bad Cell Signaling rabbit 19G
4E-BP1 (Ser65) Cell Signaling rabbit 1gG
4E-BP1 (Thr37/46) Cell Signaling rabbit 1gG
4E-BP1 Santa Cruz goat IgG
p27 Santa Cruz mouse IgG
STAT5 Santa Cruz rabbit 1gG
B-actin Sigma mouse 1gG
GAPDH Novus mouse 19G
Lamin B1 Abcam rabbit 1gG
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Statistically significant changes in cellular proteins from AZD1208 in AML cell lines by RPPA analysis

Cell line Benjamin-Hoschberg at 5% Using p-values computed from permutation distribution Change
FLT3-WT
OCI-AML-3 4 proteins Akt, eEF2 decrease
Chk2 (Thr68), SF2 increase
KG-1a 11 proteins GATA3, GSK3a/B(Ser9), mTOR (Ser2448), p70S6K (Thr389) SCD1, decrease
DJ-1, Rb, p38-MAPK, Raptor, Stathmin, TSC1 increase
MOLM-16 19 proteins 4E-BP1 (Thr37/46), ACC (Ser79), c-Jun (Ser73), Chkl, Cyclin B1, EGFR, elF4G,  decrease
JNK (Thr183/185), mTOR (Ser2448), p38-MAPK, Rictor (Thr1135)
AR, Bim, Chk2 (Thr68), DJ-1, EGFR, ER.alpha (Ser118), Smad1l, Tuberin increase
(Thr1462), XRCC1
FLT3-ITD
MOLM-13 3 proteins BRCA2 decrease
c-Myc, Chk2 (Thr68) increase
MV-4-11 2 proteins Myosin-11A (Ser1943) decrease

Rictor

increase
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