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The allosteric AKT inhibitor, MK2206, decreases tumor growth and invasion in patient
derived xenografts of endometrial cancer
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ABSTRACT
The purpose of this study was to test the effect of MK2206, an allosteric inhibitor of AKT, on the growth
and invasion of patient-derived xenografts (PDX) of endometrial cancer. Three PDX lines, USC1 (uterine
serous), EEC2 (endometrioid grade 2) and EEC4 (endometrioid grade 3) of endometrial cancer were
grafted under the renal capsule of NSG mice. After 2 weeks of tumor growth the mice were treated with
vehicle or 120mg/kg MK2206 twice a week for 3 weeks. Growth of all 3 PDX lines of different type and
grade was significantly inhibited in response to MK2206 compared with vehicle control. Histological
analysis revealed invasion and spread of EEC2 and EEC4 tumors were significantly decreased with MK2206
treatment. Immunohistochemical analysis showed a decrease in Ki67 in EEC2 upon MK2206 treatment,
while USC1 and EEC4 tumors did not show differences in Ki67 levels. PR levels were evident in EEC2 which
dramatically increased upon MK2206 treatment. In vitro analysis of EEC4 and AN3CA cells showed a dose-
dependent decrease in p(Ser473)-AKT and p(Thr308)-AKT with MK2206. Invasion of EEC4 and AN3CA cells
also significantly decreased after 36h and 72h of MK2206 treatment. PDX tumors provide an appropriate
model for the testing of compounds that incorporates the heterogeneous nature of endometrial cancer.
Further studies to determine efficacy of MK2206 alone or in combination with other compounds can also
identify predictors of response to these pathway inhibitors.
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Introduction

Endometrial cancer is the most common gynecologic malig-
nancy in the United States. In 2016 the American Cancer Soci-
ety estimates there will be more than 60,000 new cases of
endometrial cancer and will result in over 10,000 deaths.1 These
statistics increase each year.

Approximately 80% of all endometrial carcinomas are endo-
metrioid type, which arise from endometrial glands. These
tumors, also known as Type I endometrial carcinomas, are
associated with unopposed estrogen action. Although more
than half of these cancers are diagnosed in postmenopausal
women from ages of 55–74, about 5% of women with this dis-
ease are diagnosed before the age of 40 y and 20–25% are diag-
nosed before menopause.2 This paradigm shift to younger ages
will continue due to an increase in risk factors such as marked
obesity, diabetes mellitus, and hypertension.

Type II endometrial cancer is less common but often
presents at an advanced stage and is responsible for a dispro-
portionate percentage of uterine cancer related deaths. Data is
accumulating that Type II endometrial adenocarcinomas,
including serous, clear cell, and high grade endometrioid histol-
ogies, share cellular pathway aberrations responsible for a
unique molecular landscape.3

PTEN is a common early genetic alteration in endometrioid
endometrial carcinoma.4-6 Genomic characterization of

endometrial carcinoma by the Cancer Genome Atlas Network
identified frequent mutations in PTEN, PIK3CA, CTNNB1,
ARID1A, KRAS and ARID5B.5 Data show that greater than
90% of endometrioid endometrial tumors and 60% of copy
number high (serous) tumors have some genetic aberration in
the PTEN/PI3K pathway, suggesting a potential for targeted
therapy with PI3K/AKT pathway inhibitors.

We previously developed patient derived endometrial
tumor xenografts in immunocompromised mice.7 In addi-
tion, we reported the efficacy of AKT inhibitors in endome-
trial cancer cell lines.8-13 In this study, we demonstrate
using PDX endometrial tumors of Type I and Type II ori-
gin, a significant reduction in tumor growth and invasive-
ness in response to the allosteric AKT inhibitor, MK2206.

Results

PDX endometrial tumors

Primary human endometrial carcinoma tissues were estab-
lished as PDX lines in NSG mice and previously characterized.7

Among these, 3 PDX lines were chosen for this study: USC1
passage 12, derived from a uterine serous cancer, ECC2 passage
6 from a grade 2 endometrioid adenocarcinoma, and ECC4
passage 7 derived from a grade 3 endometrioid adenocarci-
noma. Tumor information is summarized in Table 1. The
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tumors stained positively for p(Ser473)-AKT as detected by
immunohistochemistry (Fig. 1A).

Treatment with MK2206 in vivo

Two weeks after grafting tumor tissues under the renal cap-
sule, mice were treated with either vehicle (30% captisol) or
120mg/kg MK2206 2 times per week for 3 weeks (Fig. 1B).
Tumors were visualized (Fig. 2A) and measurements were
taken at the end of the experiment. In all PDXs, tumors
were smaller in the MK2206 treated mice compared with
vehicle treated mice (Fig. 2A, 2B; Table 2). While a wider
range of tumor sizes were observed in the vehicle group, all
tumors in the MK2206 group remained noticeably small.
For USC1 tumors, the median tumor volume was 46.7 mm3

in the vehicle group compared with 8 mm3 in the MK2206
(p < 0.02; Table 2). Similarly, in EEC2, the median tumor
volumes were 19.1 mm3 compared with 136.8 mm3 in the
MK2206 and vehicle treated mice respectively
(p < 0.06). The median tumor volume for ECC4 was 15.8
mm3 in the MK2206 group compared with 125.1 mm3 in
the vehicle group (p < 0.0001). In addition to the smaller
tumor volumes, the MK2206 treated mice had significantly
less invasion of the tumor within the kidney. The aggressive
spread and large tumor burden outside of the kidney with
the EEC4 tumors previously reported7 was significantly
reduced in the MK2206 treated mice. Overall, the mice
appeared to tolerate the MK2206 treatment with no visible
signs of distress or weight loss.

Immunohistochemistry for Ki67 and progesterone receptor

PDX tumors after treatment with MK2206 or vehicle were proc-
essed for immunohistochemistry. Strong staining for Ki67, a
marker of proliferation, was observed in vehicle treated tumors of
USC1, EEC2 and EEC4, indicating active proliferation (Fig. 3).
Tumors from MK2206 treated mice exhibited similar staining for
Ki67 in USC1 and EEC4, whereas Ki67 staining was significantly
lower in MK2206 treated EEC2 tumors. Immunohistochemical
staining for PRwas also performed given our previous observations
that demonstrated an increase in PR levels with AKT inhibitors in
endometrial cancer cells10,12,13 and endometriosis.14,15 As described
previously, PR levels were minimal or absent in USC1 and EEC4
while EEC2 expressed PR in patches throughout the tumor
(Fig. 3).7 With MK2206 treatment, levels of PR did not change in
USC1 and EEC4 while dramatically increased levels of PR were
observed in EEC2 tumors.

In vitro response to MK2206

In general, primary cells derived from endometrial cancer tissues
do not easily attach and grow in culture, with a few exceptions.
Attempts to establish cells in culture from the 3 PDX tumors
resulted in successful cell culture from one PDX line, the EEC4
tumor cells. EEC4 cells attached on plastic but did not grow as
monolayers as conventional cells lines, rather, these cells grew in
piles. With these cells, along with the AN3CA endometrial cancer
cell line, in vitro treatment with increasing doses of MK2206 was
performed. As a result, levels of p(Ser473)-AKT and p(Thr308)-
AKT decreased with increasing concentrations ofMK2206 (Fig. 4).

Next, the effect of MK2206 on tumor cell invasion was
assessed given the aggressive nature of EEC4 as previously
reported.7 EEC4 or AN3CA cells were seeded on matrigel
coated inserts and subsequently treated with 1 mM MK2206 or
vehicle. Cell invasion was significantly decreased after treat-
ment with MK2206 at 36 and 72 hours for both EEC4 and
AN3CA (Fig. 4B). The percent tumor invasion was decreased
by at least 50% for all cell lines.

Figure 1. Phospho (Ser473)-AKT levels in endometrial PDX tumors and experimental design. (A) PDX tumors from 3 cases were stained for p(Ser473)-AKT by immunohis-
tochemistry. (B) Schematic of experiment for treatment of PDX lines with MK2206 is shown.

Table 1. The histological characteristics of patient derived endometrial cancer
xenografts.

PDX line Histology Stage Grade LVSI DOI (mm)

USC1 Serous IA 3 Present 4/15
EEC2 Endometrioid IA 2 Absent 4/16
EEC4 Endometrioid IIIA 3 Present 24/24

LVSI: lymphovascular space invasion; DOI: depth of invasion
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Discussion

The constitutively active PI3K/AKT pathway in endometrial
cancer due to mutations in one or more members of this path-
way in over 90% of endometrial carcinomas5 makes this path-
way an attractive target for therapy. To date, there are currently

11 active NCI-supported clinical trial studies with PI3K/AKT/
mTOR inhibitors for endometrial cancer (https://www.cancer.
gov/about-cancer/treatment/clinical-trials) either alone or in
combination with other compounds. There is one phase 2 clini-
cal trial to determine efficacy of MK2206 in patients with recur-
rent or advanced endometrial cancer (ClinicalTrials.gov

Figure 2. Effect of MK2206 treatment on tumor volume. PDX tumors were grafted under the renal capsule of NSG mice. Mice were treated with either vehicle control or
120mg/kg twice a week with MK2206 for 3 weeks. Tumors were (A) visualized and (B) measured. Tumors from USC1, EEC2 and EEC4 are shown (� denotes statistical signif-
icance, p < 0.05).

Table 2. Tumor volumes in the PDX tumors after treatment with MK-2206.

USC1 EEC2 EEC4

Vehicle MK-2206 Vehicle MK-2206 Vehicle MK-2206

# mice 9 9 3 3 8 9
# tumors 17 17 6 6 16 18
Median tumor volume (mm3) 46.7 8 136.8 19.1 125.1 15.8
Tumor volume (mm3) range 13.2–541.9 1.7–32.9 8.8–512.6 1–80.7 13.3–429.4 0.2–62.3
Average mouse weight change (g) 2.2 1.4 ¡1.98 ¡2.96 1.85 1.26
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Identifier: NCT01307631). Despite the fact that this pathway is
overactive in the majority of endometrial cancer cases, as well
as in other solid tumors, there are no reliable predictors of
response.

PDX models of endometrial cancer that take into consid-
eration the heterogeneity of endometrial tumors have been

recently developed but are few in number.7,16-19 Depreeuw
et al16 showed that engrafted tumors tend to be enriched
with MSI and POLE mutations tumors, compared with
non-engrafted samples. In addition, one tumor line from a
high grade recurrent endometrioid carcinoma carrying
PTEN, PIK3CA and KRAS mutations was treated with the

Figure 3. Levels of Ki67 and PR in PDX tumors. Immunostaining for Ki67 and PR on USC1, EEC2 and EEC4 was performed.

Figure 4. Effect of MK2206 on EEC4 and AN3CA cells in vitro. (A) Cells from EEC4 and AN3CA were cultured in vitro and treated with increasing concentrations of MK2206
(0, 0.01uM, 0.1uM, 1uM, 10uM). Levels of p(Ser473)-AKT, p(Thr308)-AKT and pan AKT were measured by western blot. (B) EEC4 and AN3CA were plated on matrigel coated
membranes and treated with 1uM MK2206 for 36h and 72h. Cells on top were scraped off and cells that invaded through to the underside of the membrane was visual-
ized with Diff-Quik stain. Invading cells were visualized under light microscopy and representative pictures are shown of cells treated with 1uM MK2206 for 72h (magnifi-
cation 200X). The number of invading cells was counted in 4 different fields using ImageJ and the average was taken. Data was log transformed for statistical analysis.
Data are presented as percent changes of MK2206 treated compared with vehicle treated cells. (� denotes statistical significance, p < 0.05).
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dual pan-PI3K/mTOR inhibitor, NVP-BEZ235 and the
MEK1/2 inhibitor, AZD6244. The growth of the high grade
tumor was significantly inhibited with both of the agents
individually as well as in combination. Bradford et al,19

showed an initial tumorostatic response with the pan PI3K
inhibitor, NVP BKM-120, followed by resistance to this
agent which can be overcome by combination of NVP
BKM-120 with chemotherotherapy. In our previous study, 4
out of 11 cases were established as xenografts and propa-
gated.7 Of these, 3 lines were used to test the efficacy of the
allosteric AKT inhibitor, MK2206. Despite the 3 lines origi-
nating from tumors of different types or grades (uterine
serous, endometrioid grade 2, and endometrioid grade 3) all
3 tumors lines responded to MK2206 treatment of 3 weeks
to inhibit tumor growth. Our study is distinct from the
others in that the site of grafting occurred under the renal
capsule rather than subcutaneously under the skin. The
microenvironment influences the behavior of tumors and
the renal capsule provides close association of the tumor
with blood and lymphatic fluids. For this reason, the renal
capsule of a NSG mouse has been a successful site used for
tissue grafting of benign20-23 and malignant tissues.7,24-27

We observed aggressive invasion of the EEC2 and EEC4
tumors throughout the kidney while the USC1 line did not
invade the kidney.7 MK2206 treated mice exhibited smaller
tumors as well as decreased invasion into the kidney and
spread throughout the peritoneum. Our in vitro data sup-
port the decreased invasive capacity of the EEC4 cells
treated with MK2206. Thus, the kidney provided us a
model to study not only tumor growth but invasion and
tumor spread that was significantly reduced with MK2206.
One limitation of grafting on the kidney is the inability to
monitor growth during treatment without the addition of a
bioluminescent agent. The data was obtained at the end of
3 weeks of treatment and thus the discrepancy of smaller
tumors with no difference in Ki67 levels in USC1 and
EEC4 was difficult to interpret. It is possible that MK2206
affected proliferation rate early in tumor growth, which was
not evident at the end of 3 weeks with Ki67 staining. It is
also possible that resistance to MK2206 developed as was
shown in the Bradford study.19

The increase in PR protein in EEC2 tumors treated with
MK2206 supports our previous lines of investigation with
endometrial cancer cell lines as well as endometriosis cells
and tissues.10,12-15 Interestingly, in the more advanced
tumor lines, USC1 and EEC4, PR was absent or expressed
in low levels and treatment with MK2206 did not influence
PR levels suggestive of an epigenetic silencing of PR in
these cells, such as methylation.28 EEC2 tumors expressed
PR and MK2206 increased levels. These data suggest that
PR-expressing tumors of endometrioid origin could benefit
from MK2206 treatment by increasing progestin sensitivity.
Our recent mechanistic studies support the sensitization of
endometrial cancer cells to progestins with MK2206
through transcriptional enhancement of a subset of genes
affecting angiogenesis, proliferation and others.9 Combina-
tion treatment of MK2206 and progestins could be an
attractive option for lower grade endometrioid cancers. Cur-
rently, the majority of clinical trials in endometrial cancer

that are available are targeted for advanced and recurrent
cancers. For several reasons, trials for lower grade endome-
trioid cancers would be difficult to do. PDX endometrial
tumors would provide an alternative to test such combina-
tions and would generate important information on muta-
tional and hormone receptor status to better stratify
patients for an optimal response.

While the prevalence of mutations in the PI3K/AKT path-
way has rendered endometrial cancer attractive to inhibitors to
this pathway, response rates differ and more information is
needed to identify the patients that will benefit from these
inhibitors as single agents or in combination with other treat-
ment strategies. Analysis of PDX tumors would be useful in
understanding tumor heterogeneity and to identify predictive
markers for response. In turn, sufficient evidence could provide
grounds for the development of combination therapies of AKT
inhibitor and progestins for Type I endometrial cancer cases
that do not respond to progestins alone.

Methods

Patient derived primary tumors

All endometrial tumors were obtained from patients who pro-
vided written consent before surgery and has been previously
reported.7 This study was approved by the Human Subject
Committee of Northwestern University in accordance with US.
Department of Health Regulations.

Subrenal grafting of PDX lines

All procedures involving animals were approved by Northwest-
ern University’s Animal Care and Use Committee. All surgical
procedures were performed under anesthesia by intraperitoneal
injection of ketamine/xylazine (90/8 mg/kg) and all efforts
were made to minimize suffering. Adult female NOD scid
gamma (NSG) mice (Jackson Laboratory, Bar Harbor, ME),
were ovariectomized (OVX). Two weeks after OVX, tumors
were cut into small fragments (1.5 mm £ 1.5 mm) and grafted
under the renal capsule of adult female NSG mice (Jackson
Laboratory, Bar Harbor, ME) as described previously.7,20 Mice
harboring the PDX line EEC2 were given 0.36 mg E2 in the
form of 90-day release pellets (Innovative Research of America
Inc., Sarasota, Fl) implanted subcutaneously. Tumors were
allowed to grow for 2 weeks, after which time the mice were
treated for 3 weeks with twice weekly weight based MK2206
(120mg/kg) or 30% captisol as the vehicle control, by oral
gavage. Four days after the last treatment, the kidneys were har-
vested and tumor volumes measured and calculated using the
elliptical formula, mm3 D (4/3)pabc.29 Tumor tissues were
fixed in 10% neutral buffered formalin containing 3.8% formal-
dehyde (VWR International, West Chester, PA) and subse-
quently paraffin embedded for histological analysis.

Cell lysis and immunoblotting

Cell lysis and immunoblotting were performed as described
previously.10,22 Membranes were probed with primary antibod-
ies to phospho-Akt Ser473, phospho-Akt Thr308, and pan-Akt
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from Cell Signaling. Membranes were developed using ECL
Reagents (Life Technologies), and protein bands were visual-
ized with a Fuji Film LAS-3000 Imaging System (Stamford, CT,
USA).

In vitro matrigel invasion

Matrigel invasion chambers (BD Biosciences, San Jose, CA,
USA) were seeded with 3.5 £ 105 AN3CA cells or EEC4 cells in
serum free DMEM and incubated for 24 hours. Cells were
treated with 1uM of MK2206 or DMSO vehicle for 36 or
72 hours in the presence of 10% fetal bovine serum in the bot-
tom chamber as the chemoattractant. Matrigel invasion cham-
bers were then scraped on the top to remove non-invading cells
and invaded cells were stained with the Diff-Quik staining kit
(Thermo Scientific). The number of invading cells was counted
under light microscopy in 4 different 20X fields using ImageJ
and was averaged.

Statistical analysis

All statistical analysis was performed using Graphpad Prism
version 6.0 (Graphpad Software, La Jolla, CA, USA). Data were
considered statistically significant if the p-value was < 0.05.
For tumor volumes, the non-parametric Mann Whitney U test
was used to compare control and MK2206 treated groups as
data did not display normal distribution. For invasion assays,
data were first log-transformed and statistical significance
between samples was analyzed using the paired student t-test.
Data are graphically presented as percent fold changes from
vehicle treated cells.
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