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Abstract
Purpose—Obesity is associated with risk and prognosis of endometrial cancer (EC), and the
mammalian target of rapamycin complex 1 (mTORC1) pathway may play an instrumental role.
We sought to explore the associations between cellular proliferation, Akt, and 4E binding
protein-1 (4E-BP1) (a downstream target of mTORC1), in obese and nonobese women with and
without EC.

Methods—Archival tissue-specimens from endometrial biopsies were grouped into two broad
categories based on the observed disease behavior and similarities in tissue staining patterns:
benign/hyperplasia (without cytologic atypia) (n=18) versus atypia (complex hyperplasia with
cytologic atypia)/carcinoma (n=25). The characteristics of the study population, including height
and weight to determine body mass index (BMI: kg/m2), were abstracted from medical records.
Immunohistochemistry was used to assess the phosphorylated (p)Akt, p4E-BP1, and antigen Ki67.

Results—Cytoplasmic and nuclear pAkt were significantly associated with cytoplasmic p4E-
BP1 (ρ=+0.48, ρ=+0.50) (P<0.05) and nuclear p4E-BP1 (ρ=+0.40, ρ=+0.44) (P<0.05);
cytoplasmic and nuclear p4E-BP1 were significantly associated with Ki67 (ρ=+0.46, ρ=+0.59)
(P<0.05). Compared with the benign/hyperplasia group, the women with atypia/carcinoma had
significantly higher cytoplasmic and nuclear p4E-BP1 and Ki67. This staining pattern was similar
in obese women; however, in nonobese women, neither cytoplasmic nor nuclear p4E-BP1staining
differed between benign/hyperplasia versus atypia/carcinoma.

Conclusion—The activation of 4E-BP1 was higher in the obese women with EC. Adiposity may
be a key factor to consider in future studies investigating the role of 4E-BP1 as a biomarker and
therapeutic target in EC.
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Introduction
Endometrial cancer (EC) is the most common gynecologic cancer in the United States. This
year, approximately 47,000 American women will be diagnosed with this malignancy.1 EC
was among the first malignancies to be linked with obesity, and there is consensus that
excess adiposity is a major risk factor for the disease.2 Overweight and obese women are
two to three times more likely to develop EC compared with women of normal weight.3

Given that 64% of American women are overweight or obese and therefore, at risk for EC,
there is a critical need to better understand the molecular mechanisms and associated
biomarkers linking excess adiposity with this prevalent disease.4

Obesity alters the hormonal milieu in ways that can promote the development of EC. The
higher concentrations of estrogen seen in overweight and obese postmenopausal women are
recognized as a major risk factor for developing precancerous and cancerous lesions of the
uterus.3 The results of several recent laboratory and epidemiological studies suggest that
other endocrine-related mechanisms associated with adiposity may also be linked with EC.5

Insulin and leptin stimulate the proliferation of EC cells in vitro6,7 and positively correlate
with endometrial cell proliferation rates in the normal tissue of women who are normal
weight, overweight, and obese.8 In contrast, adiponectin, which is typically reduced with
excess adiposity,9 may be protective against EC, by inducing cell cycle arrest and
apoptosis.10

The hormonal disturbances associated with obesity can mediate cell proliferation via
intracellular signaling pathways. At the molecular level, insulin and leptin both
phosphorylate and activate Akt, which in turn activates the mammalian target of rapamycin
(mTOR) complex 1 (mTORC1), a key pathway that links growth factors, hormones, and
energy balance with cell proliferation.11 Conversely, adiponectin has been shown to inhibit
mTORC1, partly through dephosphorylation of Akt via the activation of adenosine
monophosphate (AMP)-activated protein kinase (AMPK).12 One of the downstream targets
of mTORC1 is the eukaryotic initiation factor 4E (elF4E)/eukaryotic initiation factor 4E
binding protein-1 (4E-BP1) complex. When phosphorylated by mTORC1, 4E-BP1 releases
eIF4E, a key mediator of messenger ribonucleic acid (mRNA) translation and protein
synthesis, resulting in increased cell growth and proliferation.13 Thus, the upstream
phosphorylation of Akt by growth factors and the downstream phosphorylation of 4E-BP1
are biomarkers, not only of mTORC1 activity, but also of cell growth and proliferation.11

Previous studies have shown that activation of the Akt/mTOR pathway is involved in EC
and that this pathway is a potential therapeutic target for the disease.14–16 Further, the
activation of 4E-BP1 has been linked to poorer EC prognosis, rendering it a plausible
candidate for biomarker development. 17–19 However, the role that obesity, a modifiable risk
factor for EC, plays in mTORC1 signaling is unclear. Thus, we performed an exploratory
study to examine the associations between phosphorylated (p)Akt, phosphorylated 4E-BP1
(p4E-BP1), and cellular proliferation rates (indicated by the cell marker antigen Ki67), in
women with and without disease, seeking to determine whether there were differences
between obese and nonobese women. In addition, we used data available from The Cancer
Genome Atlas (TCGA)20 to test whether there were differences in the gene expression of
Akt and 4E-BP1, between obese and nonobese women.
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Methods
Study population

This study was approved by the University of Alabama at Birmingham (UAB) Institutional
Review Board and conforms to the Code of Ethics of the World Medical Association
(Declaration of Helsinki). Women who underwent endometrial biopsy at UAB Hospital
between 2009 and 2010 were identified via medical records. Their histological diagnoses
were obtained from the surgical pathology reports. Patients with normal endometrium
(benign), hyperplasia without cytologic atypia, complex hyperplasia with cytologic atypia
(CAH), and type 1 endometriod EC, International Federation of Gynecology and Obstetrics
(FIGO) stage I–III were identified. A UAB gynecologic pathologist (LN) reviewed all the
hematoxylin and eosin-stained (H&E) slides for concordance with the surgical pathology
reports. All the patients diagnosed with CAH or cancer elected hysterectomy. The surgical
pathology reports and H&E slides were obtained from hysterectomy tissues to confirm
biopsy diagnoses. The women who had recurrent EC or diagnoses of other cancers were
excluded.

Height, weight, race, age, menstrual history, parity, medication use, and comorbid
conditions were abstracted from the medical records. Height and weight were used to
calculate body mass index (BMI) (kg/m2).

Immunohistochemistry
First, 4–5 μm sections were cut from formalin-fixed paraffin-embedded tissue blocks. All
the slides were labeled with a study identification number to protect patient identity. The
slides were warmed at 60°C for 2 hours, cooled to room temperature, and submerged in
three baths of laboratory grade xylene and graded alcohols, for 5 minutes each. The antigen
retrieval was performed in a pressure cooker, in citric acid pH 6 for the phosphoproteins and
in ethylenediaminetetraacetic acid (EDTA) buffer pH 9 for the Ki67. The endogenous
peroxidases were quenched with 3% H2O2, and nonspecific antigen binding was blocked
with 3% goat serum. Cell proliferation was determined with anti-Ki67 (Catalog number:
PIMA515690; Thermo Fisher Scientific Inc, Waltham, MA, USA). The antibody was
diluted 1:2000 in phosphate-buffered saline with 1% bovine serum albumin, 1 mM EDTA,
and 1.5 mM sodium azide, pH 7.6 (PBE), applied to the slides and incubated for 1 hour at
room temperature. The activation of Akt and 4E-BP1 was determined using antibodies
specific for pAkt (Phospho-Akt [Ser473] [D9E] XP® Rabbit mAb #4060; Cell Signaling
Technology Inc, Danvers, MA, USA) and p4E-BP1 (Phospho-4E-BP1 [Thr37/46] [236B4]
Rabbit mAb #2855; Cell Signaling Technology Inc). The antibodies for the pAkt and p4E-
BP1 were diluted 1:50 and 1:1000 in PBE, respectively, and incubated overnight at 4°C. A
rabbit horseradish peroxidase conjugated secondary antibody diluted 1:200 was applied for
40 minutes at room temperature, and diaminobenzidine tetrahydrochloride was used to
develop a brown stain to indicate the antigen–antibody complex. The sections were
counterstained with hematoxylin, and the slides were subject to graded alcohol and xylene
baths and then cover-slipped. For each case, a quality control or “delete slide” was
processed without primary antibody but following the same procedure as above to confirm
the nonspecific binding of the secondary antibody and background staining.

Evaluation of slides
The slides were evaluated and graded by a gynecologic pathologist (LN). For Ki67, the
percentage of cells that stained positive was determined. For the cytoplasmic and nuclear
staining of p4E-BP1 and pAkt, semiquantitative immunostaining scores were calculated. In
this scoring method, the intensity of the staining (on a scale of 0–3, where 0= no staining
and 3= highest intensity) and the proportion of cells stained were determined. The
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percentage of cells at each intensity was multiplied by the corresponding intensity value, and
the scores were added together to obtain overall mean immunostaining scores.

Statistical and gene expression analyses
Like others who have found that the presence of atypia is a defining characteristic that
cosegregates with more aggressive disease,21 we too observed that the tissue biomarker
staining was more similar in the slides of women diagnosed with CAH and EC than with
normal endometrium or hyperplasia without cytologic atypia. Therefore, we proceeded with
an analysis of two groups: benign/hyperplasia (without cytologic atypia) and hyperplasia
with cytological atypia/carcinoma. The between-group differences in the characteristics of
the study sample were tested with independent t-tests, Fisher exact tests, or chi-square tests.
Spearman correlation coefficients were used to assess the associations between the tissue
biomarkers. Wilcoxon rank-sum tests were used to compare the biomarkers according to
lesion type. Additionally, we used unpaired t-tests on data from TCGA to determine whether
the gene expression of 4E-BP1 and Akt differed between overweight and obese women.20

Using the Illumina® Genome Analyzer IIx (Illumina Inc, San Diego, CA, USA) for RNA
sequencing,22 level 3 gene expression data were available from the primary tumors of 228
subjects diagnosed with stage I–III endometrioid adenocarcinoma. Data analyses were
performed using SAS version 9.3 (Cary Institute Inc, Cary, NC, USA). A P-value <0.05 was
considered statistically significant.

Results
This study included 43 women with a mean age of 56.7±12.21 years who underwent
endometrial biopsy as part of standard clinical care for abnormal uterine bleeding. The
tumor characteristics and the characteristics of the study population are shown in Tables 1
and 2, respectively. Overall, there were no significant differences in the study characteristics
between the benign/hyperplasia (N=18) and atypia/carcinoma (N=25) groups.

Table 3 shows the Spearman correlation coefficients for the tissue biomarkers. Overall,
cytoplasmic pAkt and nuclear pAkt were highly correlated, and both were significantly and
positively correlated with cytoplasmic and nuclear p4E-BP1. Cytoplasmic p4E-BP1 and
nuclear p4E-BP1 were highly correlated, and both were significantly and positively
correlated with cellular proliferation as indicated by Ki67 staining.

As shown in Table 4, Ki67 and the nuclear and cytoplasmic p4E-BP1 were significantly
higher in the atypia/carcinoma cases compared with the benign/hyperplasia cases. We
observed no differences in pAkt between the groups. When stratified by BMI status, this
same trend continued, with the obese women with atypia/carcinoma having significantly
higher Ki67, and cytoplasmic and nuclear p4E-BP1. In the nonobese women, Ki67 also was
significantly higher in the atypia/carcinoma group compared with the benign/hyperplasia
group; however, unlike the obese women, no statistically significant differences in p4E-BP1
were found between the benign/hyperplasia versus atypia/carcinoma groups.

The roles of menopause and diabetes status on the marker expression levels are presented in
Table 5. Ki67, and nuclear and cytoplasmic p4E-BP1 were significantly higher in
postmenopausal and in nondiabetic women with atypia/carcinoma than in the women with
benign/hyperplasia.

No differences in gene expression of 4E-BP1 and Akt were observed between overweight
versus obese women in the dataset available through TCGA (data not shown). Similarly, no
differences in the expression of these genes were observed in the analyses after excluding
the pre- and perimenopausal women or when the women were stratified by race.
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Discussion
This exploratory study provides evidence that the EC-related expression level of p4E-BP1, a
downstream target of mTORC1, may differ between obese and nonobese women. To our
knowledge, these findings are among the first to implicate obesity as a factor associated with
higher activation of the mTORC1 signaling pathway in situ in EC. These results suggest that
adiposity should be considered in future studies evaluating the utility of p4E-BP1 as an EC
biomarker. Given that the mTORC1 pathway is currently considered an important
therapeutic target for EC treatment14–16 and that there are several clinical trials currently
underway to test the effectiveness of mTORC1 inhibitors in EC treatment (NCT01420081,
NCT00703807, and NCT01205672),23–25 these results also suggest that adiposity is a
potential modulating factor in the inhibition of 4E-BP1. Notably, the effect of obesity on the
mTORC1 pathway appears to occur at the posttranslational level, through phosphorylation,
and not at the gene expression level, as indicated by our results, using data from TCGA.

Overall, we found strong positive correlations between pAkt, p4E-BP1, and Ki67. Our data
support previous findings that the phosphoinositide 3-kinase (PI3k)/Akt/mTORC1 pathway
is a critical intracellular signaling pathway in EC cells.26,27 Over 80% of type 1
endometrioid ECs, which account for the preponderance of EC cases (70%–80%),28 are
characterized by one or multiple alterations influencing this pathway.8 PI3k/Akt/mTORC1
signaling is less dominant in the other EC tumor subgroup, type 2 nonendometrial EC, in
which p53 mutation, human epidermal growth factor receptor 2 (Her2)/neu overexpression,
and p16 inactivation are most frequent.29 Nonetheless, it is noteworthy that mTORC1
activity has been linked to aggressive disease and poorer prognosis, regardless of the
carcinoma type,17 suggesting that genetic alteration is not the only factor behind EC-
associated mTORC1 signaling. Interestingly, we observed that Akt was not directly
associated with Ki67, nor was it higher in the atypia/carcinoma versus the benign/
hyperplasia group. These findings differ from those of Abe et al who reported that nuclear
pAkt was higher in EC versus normal endometrium and hyperplasia, and that nuclear pAkt
was higher in well-differentiated carcinoma versus moderately and poorly differentiated
cancer.26 In contrast, another study, among patients with advanced EC, found that pAkt was
positively correlated with Ki67 and reduced survival.27 The discrepancy between our
findings and these other studies may be due to differences in sample characteristics. For
instance, our study sample was comprised of both pre- and postmenopausal women with
early-stage disease, whereas other studies were conducted primarily on premenopausal
women and those with advanced EC.26,27 Thus, tissue biomarkers may vary across
populations due to the hormonal fluctuations associated with menstruation, adiposity, and/or
stage of disease.

The activation of both cytoplasmic and nuclear Akt was highly correlated with p4E-BP1.
p4E-BP1 was significantly higher in atypia/carcinoma versus benign/hyperplasia and was
significantly correlated with Ki67. It is thus plausible that the activation of Akt stimulates
mTORC1 signaling and the activation of 4E-BP1, resulting in increased cellular
proliferation. Similar to the findings by Castellvi et al, we observed high cytoplasmic p4E-
BP1 staining in atypia/carcinoma and light staining in benign/hyperplasia.17 We also
observed positive nuclear staining for p4E-BP1 in both benign/hyperplasia and atypia/
carcinoma, although it was significantly higher in atypia/carcinoma. When stratified by
weight status, as expected, we observed that obese women diagnosed with atypia/carcinoma
had significantly higher cytoplasmic and nuclear p4E-BP1 than did obese women with
benign/hyperplasia. However, in nonobese women, we did not observe significant
differences in either cytoplasmic or nuclear p4E-BP1staining between women with atypia/
carcinoma compared with benign/hyperplasia. This observation is particularly notable given
that both obesity30 and the activation of 4E-BP117–19 are factors linked with poor EC
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prognosis. Based on these findings, we speculate that the biological factors associated with
obesity, such as hormonal disturbances, may be a driving force in the activation of 4E-BP1
in obese women with EC and that such forces are absent in the nonobese. However, given
our results that 4E-BP1 expression levels also differed by menopause and diabetes status in
the women with atypia/carcinoma versus benign/hyperplasia, we cannot rule out the
possibility that diabetes, a consequence of obesity, or menopause-related hormonal changes,
which may alter mTORC1 signaling, underlie this relationship.

We acknowledge that a main limitation of this study was its relatively small sample size.
Given that we had difficulty discovering patients who were not overweight or obese, this
was particularly so in the normal body weight group. Thus, our ability to detect differences
was likely underpowered and precluded subgroup analyses. Relatedly, we categorized the
diagnosis at endometrial biopsy into two groups, benign/hyperplasia and atypia/carcinoma,
whereas a larger study population would have allowed for analysis of each diagnosis
separately. However, atypia and carcinoma was a logical pairing grounded in previous
work21 and our own observations of similarities in tissue biomarker staining. In addition,
while we chose to analyze the p4E-BP1 expression level based on the literature indicating
that this form of the protein is, not only highly correlated to mTOR pathway activity,31 but
also associated with EC aggressiveness17,19 and survival,17 the characterization of total 4E-
BP1 protein or mRNA would be of interest in future study. Due to the retrospective design
of our study, a further limitation was that we were unable to obtain additional, potentially
useful data, such as the stage of menstrual cycle at biopsy, for the premenopausal women in
our study population. We also acknowledge that the archival tissue specimens could be
subject to variations in processing and storage, thus potentially affecting marker expression.
However, we believe that using clinical biopsy tissue specimens that were directly
submerged into formalin fixative and then embedded in paraffin adequately preserved the
tissue and biomarkers of interest, and there was no suggestion that data were affected by the
length of storage. Further, we used tissue samples from within a 2-year period to reduce the
potential that time and storage could cause alterations in biomarkers. To preserve the
immunoreactivity of the tissue, sections were cut a maximum of 24 hours before the
staining.

Conclusion
Overall, a key strength of this study is its novelty, as it is among the first to consider obesity
status as a factor associated with mTORC1 signaling in situ. Our findings confirm that
activation of 4E-BP1 is higher in preneoplastic and neoplastic lesions, and suggest that an
elevated activation of 4E-BP1 is more characteristic of obese versus nonobese women with
these lesions. Larger samples sizes and further investigation is necessary as additional
insight into these associations may provide new opportunities for prevention, treatment, and
control of EC.
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Table 1

Tumor clinicopathologic characteristics

N (%)

Histologic type

 Endometrioid carcinoma 10 (100%)

Histologic grade

 Grade 1 3 (30%)

 Grade 2 5 (50%)

 Grade 3 2 (20%)

FIGO stage

 I 5 (50%)

 II 4 (40%)

 III 1 (10%)

Abbreviation: FIGO, International Federation of Gynecology and Obstetrics.
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Table 2

Characteristics of the study population

Benign (n=10)/hyperplasia (n=8)
n=18

Atypia (n=15)/carcinoma (n=10)
n=25

P

Demographic characteristics

 Age, years mean ± SD 59.8±9.3 54.4±3.7 0.153

 BMI (kg/m2) mean ± SD 35.0±9.7 37.5±12.9 0.481

 Number of children 2.8±3.0 1.7±1.6 0.144

 Menarche (age, years) mean ± SD 13.3±1.5 12.7±1.4 0.316

 Menopause (age, years) mean ± SD 51.4±5.1 50.7±4.9 0.708

 Postmenopausal, n (%) 15 (83%) 17 (68%) 0.309

Obesity status, n (%)

 BMI ≥30 11 (61%) 18 (72%) 0.452

 BMI <29.9 7 (39%) 7 (28%)

Race, n (%)

 African American 11 (61%) 10 (40%) 0.172

 Caucasian 7 (39%) 15 (60%)

Comorbidities, n (%)

 Hyperlipidemia 11 (61%) 9 (36%) 0.103

 Diabetes 6 (33%) 4 (16%) 0.275

 Hypertension 11 (61%) 14 (56%) 0.738

Medications, n (%)

 Metformin 3 (17%) 2 (8%) 0.634

 Hormone replacement therapy 5 (28%) 8 (32%) 0.767

 Oral estrogen 3 (17%) 2 (8%) 0.634

 Oral progesterone 2 (11%) 2 (8%) 1.00

 Oral estrogen and progesterone 0 3 (12%) 0.253

 Topical estrogen 1 (0.06%) 3 (12%) 0.628

Abbreviations: BMI, body mass index; SD, standard deviation.
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Table 4

Overall and BMI-stratified comparison of Ki67, p4E-BP1 and pAkt between benign/hyperplasia versus atypia/
carcinoma

Benign/hyperplasia Atypia/carcinoma P

All cases combined n=18 n=25

BMI 35.4 (25.8–41.7) 34.4 (26.9–45.5) 0.703

Ki67 0 (0–20) 50 (40–80) <0.001

Cytoplasmic pAkt 150 (0–200) 175 (100–200) 0.254

Nuclear pAkt 190 (100–250) 190 (150–200) 0.852

Cytoplasmic p4E-BP1 0 (0–20) 95 (30–180) 0.001

Nuclear p4E-BP1 70 (10–100) 170 (95–195) 0.003

Obese n=11 n=18

BMI 40.4 (35.8–45.8) 38.5 (34.4–52.9) 0.928

Ki67 10 (5–20) 50 (30–80) <0.001

Cytoplasmic pAkt 70 (0–190) 180 (10–200) 0.117

Nuclear pAkt 150 (100–250) 200 (180–210) 0.425

Cytoplasmic p4E-BP1 0 (0–10) 95 (30–180) 0.001

Nuclear p4E-BP1 65 (20–100) 180 (100–200) 0.002

Nonobese n=7 n=7

BMI 25.8 (23.9–27.0) 23.6 (20.1–25.9) 0.370

Ki67 20 (0–30) 50 (40–80) 0.008

Cytoplasmic pAkt 180 (0–200) 100 (100–190) 0.652

Nuclear pAkt 200 (100–200) 150 (120–190) 0.335

Cytoplasmic p4E-BP1 0 (0–90) 0 (0–30) 0.543

Nuclear p4E-BP1 100 (50–140) 105 (60–190) 0.389

Note: The values are expressed as median (interquartile range).

Abbreviations: BMI, body mass index; p4E-BP1, phosphorylated eukaryotic initiation factor 4E binding protein-1; pAkt, phosphorylated Akt.
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Table 5

Menopause and diabetes-stratified comparison of Ki67, p4E-BP1 and pAkt between benign/hyperplasia versus
atypia/carcinoma

Benign/hyperplasia Atypia/carcinoma P

All cases combined n=18 n=25

Postmenopausal n=15 n=17

Ki67 10 (5–20) 50 (40–80) <0.001

Cytoplasmic pAkt 200 (0–200) 180 (100–190) 0.149

Nuclear pAkt 270 (100–400) 190 (160–200) 0.434

Cytoplasmic p4E-BP1 50 (0–100) 92.5 (30–175) 0.002

Nuclear p4E-BP1 112.5 (5–220) 160 (100–190) 0.004

Premenopausal n=3 n=8

Ki67 30 (0–70) 70 (40–85) 0.150

Cytoplasmic pAkt 200 (0–200) 110 (0–210) 0.907

Nuclear pAkt 270 (100–400) 180 (120–200) 0.299

Cytoplasmic p4E-BP1 50 (0–100) 100 (0–180) 0.453

Nuclear p4E-BP1 112.5 (5–220) 180 (60–200) 1.000

Diabetic n=6 n=4

Ki67 15 (5–24) 55 (45–75) 0.010

Cytoplasmic pAkt 135 (10–200) 150 (55–195) 0.823

Nuclear pAkt 150 (100–200) 195 (145–250) 0.662

Cytoplasmic p4E-BP1 5 (0–15) 47.5 (0–147.5) 0.539

Nuclear p4E-BP1 80 (70–100) 145 (75–245) 0.213

Nondiabetic n=12 n=21

Ki67 10 (4–20) 50 (40–80) <0.001

Cytoplasmic pAkt 150 (0–185) 175 (100–200) 0.196

Nuclear pAkt 190 (145–260) 150 (150–200) 0.763

Cytoplasmic p4E-BP1 0 (0–40) 100 (30–180) 0.003

Nuclear p4E-BP1 55 (10–125) 170 (95–195) 0.010

Note: The values are expressed as median (interquartile range).

Abbreviations: BMI, body mass index; p4E-BP1, phosphorylated eukaryotic initiation factor 4E binding protein-1; pAkt, phosphorylated Akt.
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