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ARTICLE INFO ABSTRACT

Endometrial cancer incidence is increasing, due in part to a strong association with obesity.
Mutations in the phosphatidylinositol 3-kinase (PI3K) pathway, the central relay pathway
of insulin signals, occur in the majority of endometrioid adenocarcinomas, the most com-
mon form of endometrial cancer. We sought to determine the impact of PI3K pathway al-
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terations on progression free survival in a cohort of endometrioid endometrial cancers.
Prognostic utility of PIK3CA, PIK3R1, and PTEN mutations, as well as PTEN protein loss by
immunohistochemistry, was explored in the context of patient body mass index.
Reverse-phase protein arrays were utilized to assess protein expression based on PTEN sta-
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tus. Among 187 endometrioid endometrial cancers, there were no statistically significant
associations between PFS and PIK3CA, PIK3R1, PTEN mutation or loss. When stratified by
body mass index, PTEN loss was associated with improved progression free survival
(P < 0.006) in obese (body mass index > 30) patients. PTEN loss resulted in distinct protein

Abbreviations: phosphatidylinositol 3-kinase (PI3K), BMI; body mass index, PFS; progression free survival, MDACC; MD Anderson Can-
cer Center, FFPE; Formalin-fixed, paraffin embedded; DSS, disease specific survival; IHC, immunohistochemical; TMA, tissue microarray;
RPPA, reverse phase protein array; PR, progesterone receptor; AMPK, AMP-activated protein kinase.
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changes: Canonical PI3K pathway activation was observed only in the non-obese popula-
tion while decreased expression of B-CATENIN and phosphorylated FOXO3A was observed

in obese patients. These data suggest the impact of PTEN loss on tumor biology and clinical
outcomes must be interpreted in the context of body mass index, and provide a potential
explanation for discrepant reports on the effect of PTEN status and obesity on prognosis in
endometrial cancer. This reveals a clinically important interaction between metabolic state

and tumor genetics that may unveil the biologic underpinning of obesity-related cancers

and impact ongoing clinical trials with PI3K pathway inhibitors.

© 2015 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights

reserved.

1. Introduction

Endometrial cancer is the most common gynecologic malig-
nancy in the developed world and its incidence and mortality
rate are increasing due, in part, to the obesity epidemic (Siegel
etal., 2012). Obesity is an established risk factor for developing
endometrial cancer with a 3-fold increase in risk (Reeves et al,,
2007). The biology underlying the associations between
obesity, endometrial cancer risk and outcomes remains
incompletely understood. However, chronic over-exposure
to hormones elevated in the obese state, such as insulin-like
growth factors and estrogens, likely contribute (Schmandt
et al., 2011). Reports on the impact of obesity on endometrial
cancer outcomes are conflicting. Two large population based
studies report increased cancer-specific mortality from endo-
metrial cancer in patients with increased body mass index
(BMI). In fact, this association was strongest in endometrial
cancer (Calle et al., 2003; Reeves et al., 2007). In other studies
of endometrial cancer, however, obesity was associated with
less aggressive pathologic features (Bokhman, 1983;
Munstedt et al., 2008) and similar or improved outcomes
(Anderson et al., 1996; Bokhman, 1983; Crosbie et al., 2012;
Mauland et al., 2011; Munstedt et al., 2008; von Gruenigen
et al., 2006). This may be due to the inclusion of both serous
and endometrioid subtypes, which have different genomic
underpinnings (Getz et al., 2013).

Endometrial cancers have the highest rates of PI3K
pathway alterations reported to date (Cheung et al., 2011;
Ruderman et al., 1990; Salvesen et al., 2009). The most com-
mon PI3K pathway alteration in endometrial cancer is PTEN
loss, which occurs via mutation, methylation, or chromo-
somal loss, and is reported in over 50% of cases (Kong et al.,
1997; Risinger et al., 1997; Tashiro et al., 1997). PTEN protein
can also be lost through effects of microRNAs and protein
degradation (Fata et al., 2012). Mutations in PIK3CA, the gene
that encodes the catalytic subunit of PI3K (p110a), and muta-
tions in PIK3R1, the gene that encode the regulatory subunit
of PI3K (p85a) occur in 50% and 30% of endometrial cancers,
respectively (Cheung et al,, 2011; Getz et al., 2013; Rudd
et al,, 2011; Urick et al., 2011).

Thus far, studies evaluating the correlation between PI3K
aberrations and clinical outcome have reported discrepant re-
sults. Loss of PTEN protein expression has been reported to
portend a more favorable (Dellas et al., 2009; Mackay et al.,
2010) or less favorable prognosis (Athanassiadou et al., 2007;

Kanamori et al., 2002; Salvesen et al., 2002; Terakawa et al.,
2003) in endometrial cancer. PTEN mutation has been associ-
ated with favorable prognosis, early stage, and endometrioid
histology (Garcia-Dios et al.,, 2013; Minaguchi et al., 2001;
Risinger et al., 1997, 1998; Salvesen et al., 2004). Mutations in
the kinase domain of PIK3CA are associated with higher stage,
higher grade, and poor prognosis (Catasus et al., 2008; Garcia-
Dios et al., 2013) or a better prognosis among tumors that are
estrogen receptor negative (Dong et al., 2012). Other studies
have failed to detect any significant association for any PI3K
aberration with patient outcome (Salvesen et al., 2004).
Improved outcomes in obese patients with concurrent
p27Kip and PTEN loss have been reported, suggesting a link
between metabolism and the consequence of tumor suppres-
sor loss (Dellas et al., 2009).

We sought to determine the impact of PI3K pathway alter-
ations on progression free survival (PFS) in a cohort of clini-
cally and genetically annotated endometrioid endometrial
cancers. Based on links of metabolism with the PI3K pathway
(Engelman et al., 2006), we explored potential interactions be-
tween obesity and PI3K pathway alteration status on patient
outcome. Strikingly, PTEN loss in obese patients was associ-
ated with an improved outcome while PTEN loss in non-
obese patients was associated with a worse outcome. Thus,
obesity appears to modulate the clinical impact of PTEN loss
on survival. This observation may explain prior discrepant
studies of PTEN, obesity and prognosis. Proteomic analyses
suggest avenues of investigation to further understand the
underlying biology of this clinical observation.

2. Materials and methods
2.1. Clinical data

Patients treated for endometrial cancer with adequate tissue
for molecular testing between 2000-2009 were identified
through the University of Texas MD Anderson Cancer Center
(MDACC). Gynecologic Oncology Tumor Bank under an insti-
tutional review board-approved protocol. All patients were
treated with hysterectomy and bilateral salpingo-
oophorectomy. The performance of staging lymphadenec-
tomy was undertaken in patients in accordance with Mayo
Clinic criteria (Mariani et al., 2000). Adjuvant therapy was
based on final pathologic findings and FIGO stage in
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accordance with National Comprehensive Cancer Network
(NCCN) guidelines. Histologic diagnosis was confirmed by a
gynecologic  pathologist (RB). Patients with
endometrioid histology were excluded.

Collected clinical data included baseline demographic and
clinical characteristics at the time of diagnosis, as well as
treatment course and survival. BMI was used to categorize
non-obese (BMI < 30 kg/m?) and obese (BMI > 30 kg/m?). Pa-
tients were followed for outcomes per NCCN surveillance
guidelines and institutional practice. PFS was calculated
from the date of surgery to the date of recurrence or death
from any cause.

non-

2.2. Validation cohort

A prospectively studied population-based cohort of patients
with endometrioid endometrial cancer from Norway was
identified for validation. Formalin-fixed, paraffin-embedded
(FFPE) tissues were prospectively collected from patients diag-
nosed with endometrial carcinoma in Hordaland County from
2001 to 2009. Clinico-pathological parameters were registered
as previously reported. Disease-specific survival (DSS) was
calculated using surgery date as the entry date. Patients who
died from other causes were censored at the date of death
(Trovik et al., 2011). The study was approved by the Norwegian
Data Inspectorate (961478-2), Norwegian Social Science Data
Services (15501), and local Institutional Review Board (REKIII
nr. 052.01).

2.3.  Mutational analysis

Whole exome sequencing was performed on DNA extracted
from FFPE tumors using a 454-well platform; hot-spot muta-
tions were confirmed with a Sequenom panel as previously
described (Cheung et al., 2011; Liang et al., 2012).

2.4. Immunohistochemical (IHC) analysis and scoring

FFPE sections of endometrial carcinoma were analyzed by
IHC; PTEN expression was graded as positive, negative, or het-
erogeneous, as reported previously (Djordjevic et al., 2012).
PTEN negative categorization required retained positive
expression of adjacent stromal cells, to verify assay function.
PTEN heterogenous tumors had separate foci that were PTEN
positive and PTEN negative. For survival and multivariate an-
alyses, tumors that were PTEN negative were classified as
PTEN loss. PTEN heterogeneous and PTEN positive tumors
were classified as PTEN retained.

For the Norwegian cohort, tissue microarrays (TMAs) were
generated as previously described and validated (Stefansson
et al., 2004). IHC evaluation was carried out blinded for patient
characteristics and outcome and recorded as previously
described (Krakstad et al., 2012; Salvesen et al., 2000). Briefly,
the staining index was calculated as a product of staining in-
tensity (0—3) and area of positive tumor cells (1=<10%,
2 = 10-50%, 3=>50%). Staining index was categorized in ter-
tiles for statistical analyses, considering the frequency of
marker distribution, the subgroups size and event number in
each category.

2.5. Reverse phase protein array (RPPA)

RPPA was performed on tumor specimens as described previ-
ously (Cheungetal., 2011; Hennessy et al., 2010; Hu et al., 2007;
Liang et al., 2012). Briefly, proteins were extracted from frozen
endometrioid endometrial tumor tissue from the MDACC
cohort and probed with 135 antibodies. The signal intensities
on the RPPA arrays were quantitated using MicroVigene soft-
ware (VigeneTech, Inc., Carlisle, MA), and processed using
the R package SuperCurve (version-1.01, available at http://
bioinformatics.mdanderson.org/OOMPA).

2.6. Statistical analysis

Chi-squared test was used to analyze the association between
obesity status and PTEN status. Two-sample Student’s t-test
was used to compare protein expression levels between
groups. A multivariate Cox proportional hazard model was
used to study the association between PFS and stage, grade,
PTEN loss, and obesity. Based on findings from the
Kaplan—Meier analysis, an interaction term for PTEN loss
and obesity was included in this model. Robust markers
were selected using a pairwise algorithm for the Cox propor-
tional hazard model described by Simon et al (Simon et al,,
2011). The lasso penalty was used (alpha = 1) and a 10-fold
cross validation was run over these paths to find the optimal
predictors for survival with the smallest error rate.

For analysis of the Norwegian cohort, patients with BMI>30
(n = 120) were investigated for the association between PTEN
expression and survival. Univariate survival analyses were
performed using the Kaplan—Meier method. Differences in
survival between groups were estimated using the log-rank
trend test.

For all analyses, a two-sided P < 0.05 was considered statis-
tically significant, with no adjustment for multiple tests. All
computations were done using R version 2.14.0 (http://
WWW.r-project.org/).

3. Results
3.1. Patient characteristics

Two hundred forty two patients with endometrial carcinoma
had adequate tissue for analysis; 187 (77%) were of endome-
trioid histology and included for more detailed analysis. Clin-
ical and demographic features are summarized (Table 1.)
Thirty five percent of patients (n = 65) were non-obese
(BMI < 30) and 65% (n = 120) were classified as obese
(BMI > 30). The majority of patients had early stage disease
and grade 2 endometrioid tumors.

3.2. PFS, pathologic factors and molecular aberrations

At a median follow up of 28.3 months, median PFS was signif-
icantly shorter with increasing histologic grade of tumor
(P=<0.0001; Supplementary Figure S1A) and lower stage at
diagnosis was associated with improved PFS (P < 0.0001;
Supplementary Figure S1B). These data are consistent with
previous data for endometrial carcinoma.
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Table 1 — Patient characteristics of 187 women with endometrioid
endometrial cancer.

N PFS PTEN PTEN PIK3CA
protein loss  mutation mutation

ALL 187 28.3 103 101 76
FIGO Stage
I 115 325 66 58 43
I 24 36.5 11 13 10
III 32 18.2 19 21 17
v 16 17.0 7 9 6
Grade*
1 25 34.3 13 16 11
2 122 29.9 65 59 47
3 39 26.1 24 25 17
BMI*
<30 65 29.2 30 35 30
>30 120 28.0 71 65 45

N: number, PFS: Median progression free survival, FIGO: Interna-
tional Federation of Gynecology and Obstetrics, BMI: Body mass in-
dex.* Data missing from one patient; *Data missing from two
patients.

We tested if there were univariate relationships between
molecular aberrations in the PI3K pathway and outcomes.
Among the MD Anderson endometrioid cohort, PIK3CA and
PIK3R1 mutations had no significant effect on PFS (Figure 1A,
1B). Recent studies suggest that PTEN loss by IHC is a better
indication of PTEN functional loss than PTEN mutation and
is highly reproducible (Djordjevic et al., 2012; Garg et al.,
2012). In the MDACC endometrioid cohort, there was no asso-
ciation between PFS and PTEN mutation (Figure 1C), PTEN loss
by IHC (Figure 2A), or grouped PTEN loss and/or PTEN muta-
tion (Figure S2).

There is a strong association between obesity and risk of
developing endometrial cancer. Further, PI3K signals are
important in the regulation of metabolism (Engelman et al.,
2006), and key downstream regulators of insulin and other
growth factors. We hypothesized mutations in the PI3K
pathway might have different roles in cancer biology in the
presence of excess nutrients associated with the obese state.

We tested for an interaction between BMI and PI3K pathway
alterations. There was no association between PIK3CA,
PIK3R1 or PTEN mutations and PFS in either the obese or
non-obese population (data not shown). However, PTEN loss
was associated with improved PFS as compared to PTEN
retention among obese patients (P = 0.006; Figure 2B). In
contrast, PTEN loss was associated with a trend toward
decreased PFS in non-obese patients (P = 0.06; Figure 2C).
We evaluated the potential impact of obesity on patients
whose tumors had either lost or retained PTEN. BMI had no as-
sociation with PFS (P = 0.975) in the collective population
(Figure 3A). In patients whose tumors had lost PTEN, obesity
was associated with improved PFS (P = 0.03; Figure 3B). In
contrast, in patients whose tumors retained PTEN expression,
obesity was associated with decreased PFS (P = 0.02;
Figure 3C).

We explored another clinically-annotated cohort of endo-
metrial cancer patients from Norway to validate these find-
ings. Categorized as low, medium, or high PTEN expression,
obese patients with low PTEN expression trended toward
more favorable survival (P = 0.059; Supplementary
Figure S3). No prognostic impact of PTEN expression was
seen for non-obese patients (data not shown.)

PTEN protein loss has been reported to be associated with
lower tumor grade and stage (Athanassiadou et al., 2007;
Salvesen et al., 2004). A multivariate analysis was performed
controlling for these factors and their interaction. As shown
in Table 2, the interaction between PTEN status and obesity
is the most significant predictor of improved PFS (HR 0.15;
95% CI 0.02, 0.89). Obesity and advanced stage also predicted
worse PFS.

3.3.  Effect of PTEN loss on cell signaling

Using RPPA, we examined the total protein and phospho-
protein expression changes associated with PTEN loss in
obese and non-obese patients separately. The proteins with
statistically significant changes of the largest magnitude are
shown in Figure 4 (See Supplementary Tables S1—4 for com-
plete data set). In the non-obese population, the most
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Figure 1 — Survival analysis of patients with PI3K and PTEN mutant tumors. (A.) Kaplan Meier Survival curves comparing PFS of patients with
PIK3CA mutated and PIK3CA wildtype tumors (A.), with PIK3R1 mutated and PIK3R1 wildtype tumors (B.), with PTEN mutated and PTEN
wildtype tumors (C.) WT: wildtype, MUT: mutant, PFS: progression free survival.
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Figure 2 — Survival analysis of patients with PTEN LOSS and PTEN retained tumors. Kaplan Meier survival curves comparing PFS of patients
with PTEN LOSS and PTEN RETAINED tumors (A.), obese patients with PTEN LOSS and PTEN RETAINED tumors (B.), non-obese
patients with PTEN LOSS and PTEN RETAINED tumors (C.). IHC: Immuno-histochemistry, RETAIN: PTEN RETAINED tumors as

measured by IHC, LOSS:PTEN LOSS tumors as measured by IHC, PFS: progression free survival.

significant alterations in protein expression associated with
PTEN loss were in PTEN, phosphorylated AKT, phosphorylated
4EBP1, and phosphorylated AMP-activated protein kinase
(AMPK; shown in Figure 4A, left panel). In the obese popula-
tion, decreased PTEN protein expression was significantly
associated with PTEN loss. The largest magnitude of expres-
sion changes in the obese population were seen in B-CATE-
NIN, phosphorylated FOXO3A, and phosphorylated YAP
(Figure 4A, right panel). The absolute median expression of
phosphorylated AKT was increased in obese patients with
PTEN loss as compared to those with PTEN retained, but was
not significantly different (Supplementary Figure S4). In
contrast to changes in the non-obese population, among the
obese patients, phosphorylated 4EBP1 was decreased with
PTEN loss as compared to those with PTEN retained, and
was marginally significantly different (Supplementary
Figure S4). We next compared the impact of obesity on protein
expression changes separately in tumors lacking or retaining
PTEN (Figure 4B). The largest changes were seen in

phosphorylated AMPK and IGFBP-2 in the PTEN loss tumors.
Progesterone receptor (PR) levels were markedly increased in
obese patients independent of PTEN status.

4. Discussion

Endometrial cancers have the highest rates of PI3K pathway
alteration (Cheung et al.,, 2011; Ruderman et al., 1990) and
the strongest association with obesity of all studied cancers
(Calle et al., 2003; Cheung et al., 2011; Schmandt et al., 2011).
Given the fundamental role of the PI3K pathway in regulating
metabolism, we explored the potential clinical interaction of
obesity and tumor-specific PI3K pathway alterations in endo-
metrioid endometrial tumors. We report distinct clinical out-
comes for obese patients with PTEN loss as compared to
non-obese patients with PTEN loss tumors in two indepen-
dent cohorts of patients with endometrial cancer. This
observed genetic-environmental interaction may explain the
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Figure 3 — Survival analysis of obesity. Kaplan Meier survival curves comparing PFS of obese and non-obese patients (A.), obese and non-obese
patients whose tumors had PTEN LOSS (B.), obese and non-obese patients whose tumors had PTEN RETAINED (C.). RETAIN: PTEN
retained tumors as measured by IHC, LOSS:PTEN loss tumors as measured by IHC, PFS: progression free survival.
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Table 2 — Multivariate Cox model proportional hazard for PFS controlling for key clinical and pathologic factors including the interaction

between PTEN loss and obesity.

Variable Hazard Ratio Standard error Lower limit CI (95%) Higher limit CI (95%) P -value
Grade 2 1.46 1.1 0.17 12.67 0.73
Grade 3 2.78 1.13 0.3 25.61 0.37
Stage II 3.69 0.67 1 13.61 0.05
Stage III 6.51 0.6 2.01 21.06 0.0018
Stage IV 11.74 0.59 3.7 37.31 <0.0001
PTEN Status (Loss) 2.04 0.73 0.48 8.61 0.33
Obesity 3.71 0.66 1 13.76 0.05
PTEN Status (Loss):Obesity 0.15 0.9 0.03 0.9 0.038

CI: Confidence interval, PTENSTATUS (LOSS):OBESITY: interaction term.
Significance at <0.05.

discrepant reports of both PTEN expression and BMI with clin- results (Athanassiadou et al., 2007; Dellas et al., 2009;
ical outcomes. These data describe a clinically important Kanamori et al., 2001, 2002; Mackay et al., 2010). These differ-
interaction between metabolic state and tumor genetics that ences are likely due to differences in study methodologies
could potentially unveil the biologic underpinning of including the study population, PTEN antibodies applied for
obesity-related cancers and may be relevant to biomarker IHC, use of ITHC versus sequencing, and use of full length
evaluation for clinical trials with PI3K pathway inhibitors. versus hot spot sequencing. Our study population excluded

Numerous studies have investigated the association of all non-endometrioid tumors, given the known low rates of
PTEN loss and endometrial cancer prognosis with discrepant PTEN loss and overall worse outcomes compared to
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Figure 4 — Comparisons of protein expression in tumors. (A.) Proteins with the largest magnitudes of change between PTEN LOSS and PTEN
RETAINED tumors in non-obese (left panel) and obese (right panel) populations. (B.) Proteins with the largest magnitudes of change between
tumors from obese and non-obese patients in PTEN LOSS (left panel) and PTEN RETAINED (right panel) tumors. p-value of Student’s t-test
shown in grey below the protein name. PTEN: Phosphatase and Tensin Homolog, AMPK P T172: Adenosine Monophosphate-Activated Protein
Kinase Phosphorylated at T172, AKT P T308: AKT phosphorylated at T308, AKT P S473: AKT phosphorylated at S473, 4EBP1 P S65:
Eukaryotic Translation Initiation Factor 4E binding protein 1 phosphorylated at S65, B-cat: Beta-Catenin, Foxo3a P S318: Forkhead Box O 3A
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endometrioid tumors (Hecht and Mutter, 2006). The associa-
tion of molecular aberrations with histology type has likely
contributed to findings of PTEN loss and improved outcomes
in earlier studies. In addition, our data suggest that differ-
ences in BMI likely contribute to these discrepant results,
particularly in studies that have evaluated endometrioid
endometrial cancers only. Studies in which PTEN loss was
associated with worse outcome were completed in Japanese
populations (Kanamori et al., 2001, 2002). Though BMI was
not reported in these studies, presumably this population
had a significantly lower BMI than studies performed in West-
ern populations. One study reported the loss of both PTEN and
p27 protein expression was associated with improved out-
comes in obese patients, though non-endometrioid tumors
were included and only 29% of the patients were obese
(Dellas et al., 2009). The high proportion of patients with a
BMI over 30 in our cohort, as well as a separate cohort from
Norway, may have provided increased power to detect the as-
sociation between PTEN loss and improved survival in obese
patients.

The impact of obesity on endometrial cancer survival has
also been controversial. Higher BMI was associated with
worse all cause and cancer-related mortality in two large
population-based studies that did not consider any pathologic
factors (Calle et al., 2003; Reeves et al., 2007). In contrast, the
majority of retrospective and unplanned subset analyses of
prospective trials have reported improved or stable outcomes
among obese patients compared to those with a BMI <30.
Based on our findings, it appears that the impact of obesity
may relate to the molecular profile of the tumor, specifically
PTEN loss, which may provide insight into the prior contradic-
tory findings. It would seem that neither factor should be
considered individually, but rather, in the context of each
other.

Our results have potential clinical implications. PI3K
pathway inhibitors are being explored as therapeutic agents
in endometrial cancer (www.clinicaltrials.gov). Several of
these studies have embedded translational studies to evaluate
molecular markers that may predict response to these agents.
It has been hypothesized that PTEN loss or mutation may pre-
dict response to PI3K pathway inhibition. In fact, aberrations
in the PI3K pathway, such as PIK3CA mutation, have been
associated with higher response to PI3K-directed therapies
in tissue-independent early phase trials (Janku et al., 2011).
However, in endometrial cancer, retrospective molecular ana-
lyses have failed to demonstrate any association between
presence of a PI3K pathway aberration and response to
mTOR inhibitors/rapalogs. Specifically, assessment of PTEN
loss by IHC has been evaluated and failed to predict response
to rapalogs (Mackay et al., 2012; Meyer et al., 2011; Oza et al.,
2011). Our RPPA analyses suggest that PTEN loss in non-
obese patients may be a better marker for canonical PI3K
pathway activation than in obese patients. Thus, revisiting
these analyses to incorporate BMI and including BMI as a fac-
tor in prospective biomarker studies is warranted.

Our results have implications for endometrial cancer clas-
sification. In this era of targeted therapy, there is a strong drive
to prospectively molecularly categorize tumors to guide treat-
ment decisions. Our data suggest that the context in which
the molecular alterations developed in endometrial cancers

has biological and clinical importance. The categorization of
breast cancers by histologic type, hormone receptor expres-
sion, and HER2 amplification confer essential prognostic and
predictive information. Similar categorizations have been
attempted in endometrial cancer based on molecular aberra-
tions with little success (Mackay et al., 2012; Meyer et al,,
2011). This study, however, emphasizes that further clinical
categorization of endometrioid endometrial cancer is of po-
tential clinical utility.

One advantage of our dataset is the potential to interrogate
protein signaling changes underlying differences in observed
clinical outcome. RPPA analyses from this study suggest
signaling pathways that should be further explored for their
roles in endometrial cancer biology. The RPPA data further
suggest that there are distinct consequences of PTEN loss in
the obese or non-obese setting. These are associative studies,
thus, we cannot explain the mechanisms of this difference.
However, there are many intriguing findings to explore.

In obese patients, the proteins with the largest, most signif-
icant changes between PTEN loss and retained tumors were -
CATENIN and phosphorylated FOX03A, which were both
increased in PTEN retained tumors. Phosphorylated FOXO3A,
a target of AKT, would traditionally be expected to increase
in PTEN loss tumors. However, a recent study performed in co-
lon cancer cell lines has demonstrated an important interac-
tion of the PI3K and WNT/B-CATENIN pathways. In these
studies, inhibition of PI3K results in the hyper-activation of
B-catenin, measured by phosphorylated FOX03A, and is asso-
ciated with increased survival (Tenbaum et al., 2012). It is thus
possible that aberrations in B-catenin signaling associated
with PTEN retention could be a dominant regulator of FOXO3A
phosphorylation and may be important in endometrial
cancers.

Changes in YAP phosphorylation were observed; obese pa-
tients with PTEN retained had higher YAPS127 phosphoryla-
tion as compared to those with PTEN loss. YAP is a member
of the HIPPO tumor suppressor pathway, which can regulate
PTEN levels by transcriptional activation of mir29, a microRNA
that targets PTEN (Tumaneng et al., 2012). The association of
decreased YAP phosphorylation with PTEN loss suggests this
regulation should be evaluated in tumors as well. Finally,
increased AMPK phosphorylation and IGFBP2 expression
were observed in obese patients with PTEN loss. These find-
ings are markers of nutrient deprivation, which is unexpected
in the context of obesity. The changes in these proteins sug-
gest continued evaluation of the impact of cellular meta-
bolism and nutrient bioavailability on endometrial tumor
biology.

In summary, we detected that PTEN loss associates with a
better prognosis in obese, but not non-obese patients. We also
provide data for distinct protein changes related to PTEN loss
supporting PI3K pathway activation as being more dominant
in the non-obese than obese patient population. Thus, the
data presented describe an intriguing interaction between
measurable molecular features of a tumor (PTEN status) and
tumor microenvironment (obesity) that characterizes a clin-
ical group with improved cancer outcomes. Measured changes
in protein expression in these distinct clinical groups reveal
signaling pathways for future studies in endometrial cancer
biology. These molecular and clinical variables should be
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evaluated in ongoing and planned therapeutic studies for
endometrial cancer.
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