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Abstract
Background—MK-2206 is a small molecule allosteric inhibitor of Akt/PKB that is undergoing
clinical trials for treatment of cancer.

Procedures—MK-2206 was tested against the PPTP in vitro panel using a 96 hour exposure
(1.0 nM-10 μM), and in vivo using thrice weekly dosing for a planned 4 weeks at its maximum
tolerated dose (MTD) of 180 mg/kg.

Results—In vitro, the median relative IC50 value for MK-2206 was 2.2μM. Four cell lines with
IC50 values < 200 nM included two ALL cell lines (COG-LL-317 and RS4;11), an AML cell line
with an activating KIT mutation (Kasumi-1), and a Ewing sarcoma cell line (CHLA-10). In vivo,
MK-2206 induced significant differences in EFS distribution compared to control in 12 of 29
(41%) of the evaluable solid tumor xenografts and in 2 of 8 (25%) of the evaluable ALL
xenografts. Significant differences in EFS distribution were most frequently noted in the
osteosarcoma panel (6 of 6). A single solid tumor xenograft (OS-31) had a greater than two-fold
increase in time to event compared to control animals, with all other solid tumor xenografts
showing lesser degrees of tumor growth inhibition. Objective responses were not observed for
either the solid tumor or ALL xenografts.

Conclusions—MK-2206 showed its most consistent activity in vitro against ALL cell lines and
in vivo against osteosarcoma xenografts. However, no objective responses were observed in solid
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tumor or ALL xenografts. Further preclinical work evaluating MK-2206 in pediatric models in the
combination therapy setting may contribute to its pediatric development.
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INTRODUCTION
The PI3K/Akt signaling pathway appears to be activated in many adult carcinomas, either
through enhanced growth factor receptor signaling, constitutive activation of PI3K, or loss
of the negative regulator PTEN. There is some evidence that this pathway is activated in
pediatric cancers [1]. Akt kinases (or protein kinase B, PKB) are three serine-threonine
kinase isoforms in a signaling pathway that senses growth factor stimulation and mediates
cell proliferation, metabolism and death (reviewed in [2,3]). Akt phosphorylation is
detectable in a number of pediatric solid tumors, including neuroblastoma [4],
rhabdomyosarcoma [5], and Ewing sarcoma [6]. In neuroblastoma clinical specimens, Akt
was highly phosphorylated at Ser473 in 61.2% (71 of 116) and at Thr308 in 62.9% (73 of
116) of cases, with 66 (56.9%) cases positive at both sites [4]. Akt activation is a marker of
poor prognosis in neuroblastoma [4], in which both IGF-1R signaling [7,8] and BDNF/TrkB
signaling [9–11] have been suggested as initiators of activation of PI3K and Akt. For
rhabdomyosarcoma clinical specimens, pAktThr308 was elevated in 42% and 35% of
alveolar and embryonal rhabdomyosarcoma cases, respectively, while pAktSer473 was
increased in 43% of alveolar rhabdomyosarcoma and 55% of embryonal
rhabdomyosarcoma. The latter phosphorylation was associated with lower overall survival
(p< 0.001) and recurrence-free survival (p< 0.0009) [5]. Similarly, Akt activation has been
demonstrated in several hematological malignancies [12].

Phosphorylation at threonine residue 308 (pAktThr308) is a requirement for kinase activity
and is mediated by PDK1, while further phosphorylation at serine 473 (pAktSer473) by
mTORC2 increases enzymatic activity about 10-fold [13]. Akt kinase activity regulates
approximately sixty downstream targets including FOXO transcription factors, glycogen
synthase 3 isoforms, the pro-apoptotic protein Bad, mTORC1, as well as apoptosis inhibitors
such as mdm2 and XIAP [1]. Consistent with these data, constitutively active Akt has been
shown to reduce cell sensitivity to pro-apoptotic drugs [14,15].

Constitutive Akt activation has been reported in a number of cancer types, and its activity
has been linked to both oncogenesis and poorer prognosis [1,16]. Consequently, Akt appears
as a very attractive target for pharmacological intervention in cancer [17,18]. MK-2206 is a
highly selective non-ATP competitive allosteric Akt inhibitor that is equally potent towards
purified recombinant human Akt1 and Akt2 and approximately 5-fold less potent against
human Akt3 (IC50 = 8, 12, and 65 nM, respectively) in enzyme assays. MK-2206 is orally
active and has entered clinical evaluation. As Akt has been proposed as a therapeutic target
for both childhood hematologic malignancies and solid tumors, MK-2206 was evaluated in
the PPTP in vitro and in vivo screens.

MATERIALS AND METHODS
In vitro testing

In vitro testing was performed using DIMSCAN, a semiautomatic fluorescence-based digital
image microscopy system that quantifies viable (using fluorescein diacetate [FDA]) cell
numbers in tissue culture multiwell plates [19]. Cells were incubated in the presence of
MK-2206 for 96 hours at concentrations from 1.0 nM to 10 μM and analyzed as previously
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described [20]. The relative IC50 is the concentration of agent that gives a half-maximal
response, while the absolute IC50 values represent the concentration at which the agent
reduces cell survival to 50% of the control value [21]. To compare activity between cell
lines, the ratio of the median relative IC50 to individual cell line’s relative IC50 value is used
(larger values connote greater sensitivity). The lowest T/C% value is the Ymin. Relative In/
Out (I/O)% values represent the percentage difference between the Ymin value and the
estimated starting cell number and either the control cell number (for agents with Ymin >
starting cell number) or 0 (for agents with Ymin < estimated starting cell number). Relative I/
O% values range between 100% (no treatment effect) to -100% (complete cytotoxic effect),
with a Relative I/O% value of 0 being observed for a completely effective cytostatic agent.

In vivo tumor growth inhibition studies
CB17SC-F scid−/− female mice (Taconic Farms, Germantown NY), were used to propagate
subcutaneously implanted kidney/rhabdoid tumors, sarcomas (Ewing, osteosarcoma,
rhabdomyosarcoma), neuroblastoma, and non-glioblastoma brain tumors, while BALB/c nu/
nu mice were used for glioma models, as previously described [22]. Human leukemia cells
were propagated by intravenous inoculation in female non-obese diabetic (NOD)/scid−/−

mice as described previously [23]. Female mice were used irrespective of the patient gender
from which the original tumor was derived. All mice were maintained under barrier
conditions and experiments were conducted using protocols and conditions approved by the
institutional animal care and use committee of the appropriate consortium member. Ten
mice (solid tumors) or eight mice (leukemias) were used in each control or treatment group.
Tumor volumes (cm3) [solid tumor xenografts] or percentages of human CD45-positive
[hCD45] cells [ALL xenografts] were determined as previously described [24] and
responses were determined using three activity measures as previously described [24]. An
in-depth description of the analysis methods is included in the Supplemental Response
Definitions section.

Statistical Methods
The exact log-rank test, as implemented using Proc StatXact for SAS®, was used to
compare event-free survival distributions between treatment and control groups. P-values
were two-sided and were not adjusted for multiple comparisons given the exploratory nature
of the studies. The Mann–Whitney test was used to test the difference of medians of EC50
values between the groups of lines with similar tumor types to the remaining lines of the
panel.

Drugs and Formulation
MK-2206 was provided to the PPTP by Merck & Co. Inc., through the Cancer Therapy
Evaluation Program (NCI). MK-2206 was dissolved in 30% Captisol in sterile water, and
sonicated 5 min before each administration. MK-2206 was administered at 180 mg/kg, the
maximum tolerated dose in non-tumored mice, P.O. 3 days per week (Monday, Wednesday,
Friday), determined to be an optimal schedule recommended by the drug supplier, for a
planned 4 weeks. Drug was provided to each consortium investigator in coded vials for
blinded testing.

RESULTS
MK-2206 in vitro testing

MK-2206 was tested against the PPTP’s in vitro cell line panel at concentrations ranging
from 1.0 nM to 10 μM using the PPTP’s standard 96 hour exposure period. The median
relative IC50 value for the PPTP cell lines was 2.2 μM, with a range from 0.05 μM for the
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T-cell ALL line COG-LL-317 to greater than 10 μM for the glioblastoma cell line SJ-GBM2
(Table I). Maximum achievable plasma concentrations in humans are < 200 nM [25], and
there were four cell lines with IC50 values < 200 nM: two ALL cell lines (COG-LL-317 and
RS4;11), an AML cell line with an activating KIT mutation (Kasumi-1), and a Ewing
sarcoma cell line (CHLA-10). The median relative IC50 for the ALL cell lines (0.52 μM)
was significantly lower than that of the remaining cell lines (3.86 μM, p=0.007). This
relative sensitivity of the ALL cell lines can be visualized in Figure 1. MK-2206
demonstrated evidence of cytotoxic activity against some cell lines, with T/C% values
approaching 0% and relative I/O% values approaching -100% (e.g., the T-cell ALL lines
COG-LL-317 and MOLT-4 and the rhabdomyosarcoma cell line Rh41) (Table I).

MK-2206 in vivo testing
MK-2206 was tested against the PPTP solid tumor xenografts using a dose of 180 mg/kg
administered M-W-F by oral gavage. The total planned treatment period was 4 weeks with
an additional 2 weeks observation. MK-2206 was generally well-tolerated with 16 of 688
deaths, 2 in control groups (0.6%) and 14 of 348 mice in treatment groups (4.0%). Thirty-
seven of 37 tested xenograft models were considered evaluable for efficacy. Complete
details of testing are provided in Supplemental Table I, including total numbers of mice,
number of mice that died (or were otherwise excluded), numbers of mice with events and
average times to event, tumor growth delay, as well as numbers of responses and T/C
values.

MK-2206 induced significant differences in EFS distribution compared to control in 12 of
29 (41%) of the evaluable solid tumor xenografts and in 2 of 8 (25%) of the evaluable ALL
xenografts. Significant differences in EFS distribution were most frequently noted in the
osteosarcoma panel (6 of 6). The neuroblastoma panel was the only other solid tumor panel
for which more than 1 xenograft showed a significant difference in EFS distribution. For
those xenografts with a significant difference in EFS distribution between treated and
control groups, the EFS T/C activity measure additionally requires an EFS T/C value of >
2.0 for intermediate activity and indicates a substantial agent effect in slowing tumor
growth. High activity further requires a reduction in final tumor volume compared to the
starting tumor volume. MK-2206 induced tumor growth inhibition meeting criteria for
intermediate EFS T/C activity in 1 of 29 (3.4%) evaluable solid tumor xenografts, the
osteosarcoma xenograft OS-31. For the ALL panel, 2 of 8 (25%) xenografts met criteria for
intermediate activity.

Objective responses were not observed for either the solid tumor or ALL xenografts. The
best response was PD2 (progressive disease with growth delay > 1.5-fold), which was
observed in 8 of 29 solid tumor and 4 of 8 ALL xenografts. The osteosarcoma panel had 3 of
6 xenografts with a PD2 response, and no other panel had more than a single xenograft with
a PD2 response. The in vivo testing results for the objective response measure of activity are
presented in Figure 2 in a ‘heat-map’ format as well as a ‘COMPARE’-like format, based on
the scoring criteria described in the Material and Methods and the Supplemental Response
Definitions section. The latter analysis demonstrates relative tumor sensitivities around the
midpoint score of 5 (stable disease). Examples of relative tumor volume growth curves for
osteosarcoma xenografts with EFS T/C values among the highest for the xenografts tested
are shown in Figure 3.

DISCUSSION
The in vitro response to MK-2206 has similarities to the in vitro response to the ATP-
competitive Akt inhibitor GSK690693 previously studied by the PPTP [26]. For both agents
the ALL cell line panel was the most sensitive to Akt inhibition, whereas the neuroblastoma
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cell lines all had IC50 values greater than the panel median. For both agents, COG-LL-317
(T-cell ALL) is the most sensitive cell line, with 40- to 100-fold greater sensitivity to the
two Akt inhibitors than the median sensitivity for all PPTP cell lines. Other cell lines
showing enhanced sensitivity to MK-2206 and GSK690693 included the Ewing sarcoma
cell line CHLA-10, the rhabdomyosarcoma cell line Rh41, the AML cell line Kasumi-1, and
several ALL cell lines including RS4;11, MOLT-4, CCRF-CEM, and NALM-6. Potential
explanations for the increased sensitivity are available for some of these cell lines. Some of
the lines are known to be driven by activated receptor tyrosine kinases. For example, Rh41
is the most sensitive PPTP cell line to IGF-1R inhibition [27,28], and Kasumi-1 has an
activating KIT mutation [29,30]. The sensitivity of these cell lines to MK-2206 mirrors the
sensitivity of adult cancer cell lines with HER2 amplification to allosteric Akt inhibitors
[31]. Akt has also been reported to be a particularly relevant target in T-ALL [32,33], which
may explain the sensitivity of the three T-cell ALL cell lines to MK-2206 and GSK690693.
It should be noted that osteosarcoma, which demonstrates consistent tumor growth delay in
the in vivo panel, is not included in the in vitro panel.

The clinical experience with MK-2206 in adults provides relevant information in
interpreting the in vitro data. In a phase 1 trial in adults utilizing an every-other-day (QOD)
schedule, maximum plasma levels were in the 100 – 150 nM range, and these were achieved
at doses exceeding the maximum tolerated dose (MTD) [25]. This concentration range is
one at which Akt inhibition is near maximal in the in vitro setting [34,35]. Thus, most of the
PPTP cell lines show little or no effect on growth and proliferation at MK-2206
concentrations achievable in the clinic and at concentrations that potently inhibit Akt in
vitro.

The in vivo responses to MK-2206 were limited to tumor growth inhibition, as no objective
responses (tumor regressions) were observed for either the solid tumor or ALL xenografts.
A single dose of MK-2206 at 120 mg/kg inhibited Akt phosphorylation in NCI-H292 lung
carcinoma xenografts by approximately 50% at 12 hours post-dosing [36], suggesting that at
the dose used in the current study (180 mg/kg) substantial target inhibition should be
achieved following each dose. However, the depth and duration of Akt inhibition may not be
adequate for high level in vivo activity. The most consistent level of tumor growth inhibition
was noted for the osteosarcoma xenografts, with all of the xenografts in this panel showing
significant differences in EFS distribution between treated and control animals. The
magnitude of tumor growth inhibition was modest, with a single xenograft (OS-31) showing
a more than two-fold prolongation of time to event compared to control animals. The in vivo
results for MK-2206 are very similar to those described for GSK690693, which also showed
specificity for the osteosarcoma panel and modest tumor growth inhibition as the best
response [26]. The consistency of this response in osteosarcoma utilizing two different
inhibitors of the same pathway may be meaningful and suggests relevance of inhibition of
this pathway to osteosarcoma therapy.

In summary, MK-2206 showed limited in vivo activity as a single agent against the PPTP
solid tumor and ALL xenografts. Tumor cells can be sensitized to biological and cytotoxic
apoptotic stimuli by Akt inhibition [36,37], and MK-2206 has been shown to enhance the
efficacy of standard chemotherapy agents and molecularly targeted agents (e.g., erlotinib,
lapatinib, and the MEK inhibitor AZD6244) in adult cancer preclinical models [36,38]. Akt
inhibitors have also been shown to be additive with rapamycin in blocking hypoxia-induced
VEGF secretion in vitro [39]. These observations provide rationale for further preclinical
work to evaluate MK-2206 in pediatric models in the setting of combination therapy with
signal transduction inhibitors available to the PPTP or with conventional cytotoxic agents.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
MK-2206 in vitro activity. The figure shows the ratio of the median relative IC50 of the
entire panel to that of each cell line. Higher ratios are indicative of greater sensitivity to
MK-2206 and are shown in the figure by bars to the right of the midpoint line. The cell lines
of the ALL panel (NALM6 through CCRF-CEM near bottom of figure) are relatively
sensitive to MK-2206 with each cell line having a relative IC50 value less than the median
for the entire panel.
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Figure 2.
MK-2206 in vivo objective response activity, left: The colored heat map depicts group
response scores. A high level of activity is indicated by a score of 6 or more, intermediate
activity by a score of > 2 but < 6, and low activity by a score of < 2. Right: representation of
tumor sensitivity based on the difference of individual tumor lines from the midpoint
response (stable disease). Bars to the right of the median represent lines that are more
sensitive, and to the left are tumor models that are less sensitive. Red bars indicate lines with
a significant difference in EFS distribution between treatment and control groups, while blue
bars indicate lines for which the EFS distributions were not significantly different.
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Figure 3.
MK-2206 activity against individual osteosarcoma xenografts (OS-1, OS-17, OS-31,
OS-33). Kaplan-Meier curves for EFS (left), median relative tumor volume graphs (center),
and individual tumor volume graphs (right) are shown for selected lines. Grey lines
correspond to control animals and black lines to drug treated animals.
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