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Could S6K1 immunopositivity be used to distinguish
early and advanced stages of endometrioid
endometrial adenocarcinoma?
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Abstract

Objective: To assess whether the immunopositivity of S6K1, a crucial effector of the mTOR signaling pathway, varies between early-stage
low-grade and advanced-stage high-grade endometrial endometrioid adenocarcinoma (EEA) as well as to discuss its prognostic significance.
Material and Methods: A total of 22 normal endometrial tissue samples (Control group) and 41 EEA specimens (Study group) were enrolled
in the study, and all the samples underwent immunohistochemical staining for S6 kinase alpha (S6K1). The study group was further evaluated
in two subgroups; stage 1A, grade 1 (Group 1) and stage =1A, grade 2 or 3 (Group 2). Group 2 patients were considered as a poor prognosis for
EEA. The samples were examined by two independent pathologists. Statistical analyses were performed using the Student’s t-test for continu-
ous variables, the Chi-square test for categorical variables, and one-way analysis of variance for the comparison of multiple variables.

Results: The immunopositivity rate for all the included EEA patients was 56.1%, whereas none of the 22 normal endometrial tissue samples
revealed immunoreactivity for S6K1. The immunopositivity rates were significantly different between Groups 1 and 2 [38.1% (8/21) and 75.0%
(15/20), respectively, p=0.039]. When S6K1 positivity was used as a criterion of poor prognosis in EEA, the sensitivity, specificity, positive predic-
tive value, and negative predictive value were calculated to be 62%, 75%, 72%, and 65%, respectively (OR: 4.9 and 95% CI: 1.3-18.7).
Conclusion: S6K1 was positive in the majority of EEAs and malignancies at an advanced stage. Higher grade disease had a significantly higher
rate of S6K1 positivity. S6K1 immunopositivity appears to be a promising method to predict poor prognosis in EEA.
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that determine the need for adjuvant therapy to surgery and
that predict a poor prognosis in patients with EEA. Moreover,
novel therapeutic approaches, such as molecular targeted

Introduction

Endometrial cancer (EC) is the most common gynecological

malignancy in developed countries, with the most frequent
histological type being endometrial endometrioid adenocar-
cinoma (EEA), which accounts for 70%-80% of all cases (1).
EEAs are different from non-EEAs in molecular and clinical
pathology and are associated with less aggressive behavior
and better prognosis as well as earlier diagnosis (2). Thus,
a surgical approach is sufficient in early-stage EEA; howev-
er, adjuvant treatment is recommended for women with a
moderate to high risk of recurrence (3, 4). Patients with ad-
vanced or recurrent disease have a poor median survival;
therefore, cytotoxic or radiation therapy should accompany
surgery in those with invasion of more than 50% of myome-
trium or with advanced disease, including early stage at grade
2 or 3. It appears clinically important to identify the markers

therapy, which have a lower side-effect profile and system-
ic toxicity, are necessitated, particularly in patients with ad-
vanced or recurrent disease (5, 6). The mammalian target of
the rapamycin (mTOR) signaling pathway is directly involved
in many cell signaling pathways and mainly regulates three
important downstream substrates: eukaryotic initiation factor
4E (elF4E), eukaryotic translation initiation factor 4E-binding
protein 1 (4EBP1), and P70 ribosomal protein S6 kinase alpha
(S6K1) (5-7). Activation of the mTOR signaling pathway and
aberrations of the mTOR, including PI3K amplification/muta-
tion and S6K1 overexpression, have been reported in a set of
malignancies and in some types of gynecologic cancers (8, 9).
In the present study, our aim was to investigate the expression
patterns of S6KI1, a crucial effector of mTOR signaling, in tis-
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sues of non-pathologic endometrium, early-stage (IA, Grade 1)
and advanced-stage (IA, grade 2-3, and IB, II, III, IV) EEA, using
indirect immunohistochemistry.

Material and Methods

Clinical samples

This is a cross-sectional study conducted between January 2003
and December 2011. Ethical approval from the Institutional
Review Board was granted before the initiation. Patients who
underwent surgery for EEA and in whom diagnosis was made
upon pathological examination, were extracted retrospectively
from the clinic’s patient database. The control group consisted
of patients undergoing surgery for non-endometrial benign gy-
necological diseases. Patients who had received treatment that
could potentially affect S6K1 immunostaining, such as chemo-
therapy, radiotherapy, and hormone replacement therapy (HRT)
or oral contraceptive pills, and those with concurrent malignan-
cies, cardiac hypertrophy, and type 2 diabetes and obesity, were
excluded from the study. All the specimens were re-evaluated
by a single pathologist, and all the pathological diagnoses were
confirmed by another pathologist before the study. During these
examinations, cases without sufficient tissue samples were ex-
cluded. Patients diagnosed as EEA by pathological examination
were divided into two subgroups: Group 1; grade 1, stage 1A
EEA patients, and, Group 2; grade 2 or 3, stage =1A EEA pa-
tients. Stages for endometrial cancer were determined accord-
ing to the clinical criteria established by the International Fed-
eration of Gynecology and Obstetrics (FIGO) 2014 (10). Clinical
and pathology data from the included patients were recorded.

Details of the antibody used and analysis of the
immunohistochemistry

4 micron thick cross-sections were taken from suitable paraffin
blocks. These cross-sections, in conjunction with positive con-
trols, were incubated for 17 hours at 55°C, and, after standard
deparaffinization and rehydration processes, were applied. Af-
terwards, the immunohistochemical staining process was man-
ually performed in accordance with the suggested procedure
with a 1/100 dilution of polyclonal Rabbit P70S6K1 (Anti-S6K1
antibody (ab47504), Abcam; Cambridge, MA, USA) primer anti-
body. HeLa cells were used as positive control materials.

Evaluation of the staining

The immunohistochemical results were evaluated under a mi-
croscope independently by two pathologists who did not have
any knowledge of the clinical outcome and who scored the re-
sults semi-quantitatively. Any discrepancies between the stain-
ing intensity score results between the two pathologists were
noted and referred to as the interobserver difference. We used a
scoring method referred to as the expression index (EI), which
was based on two characteristics: overall stain intensity and the
percentage of neoplastic tissue that was stained. The staining
intensity was scored as 0 (no staining), 1+ (weakly positive),
24+ (moderately positive), 3+ (strongly positive). The most
frequently observed scores were recorded for areas painted
in varying intensities. An EI was calculated by multiplying the
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staining intensity score and the percentage of positively stained
cells (ranging from 0 to 300).

Then, the resulting staining intensity scores and the percentage
of positive staining were averaged between the two patholo-
gists and were recorded. In the present study, the interobserver
differences were less than 5%.

Statistical analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences for Windows 15.0 software (SPSS Inc.;
Chicago, IL, USA). Descriptive statistics were given as the mean,
standard deviation, frequency, and percentage. Statistical analy-
sis was performed using the Student’s t-test for comparison
of two continuous variables, one-way ANOVA for comparison
of multiple variables, and the x? test for categorical variables.
When there was a need for a non-parametric test, the Mann—
Whitney U and Kruskal-Wallis tests were performed. Statisti-
cal significance was defined as p<0.05. A nominal two-sided p
value was considered for all comparisons.

Results

Immunohistochemical staining for S6K1 expression was per-
formed on paraffin-embedded biopsy specimens from a total of
63 patients, including 22, 21, and 20 cases in the control group
and Groups 1 and 2, respectively. Of all the EEA cases, 56.1%
were immunostaining positive, whereas none of the 22 normal
gynecologic endometrial tissue samples revealed immunoreac-
tivity for S6K1. Figures 1 and 2 show the activation status of im-
munocytochemical staining for S6K1, whereas Figure 3 shows
the EI status of S6K1 protein in all groups. Comparisons of the
patient age and EI and S6K1 results between the groups are
presented in Table 1. Accordingly, EI was higher in early-stage
patients than in advanced-stage patients, but not very significant
(p=0.107). The percentage of S6K1 immunopositive tissues was
significantly higher in advanced-stage EEAs than in early-stage
EEAs (75% vs. 38.1%, respectively; p=0.039), indicating that as
the stage of the disease advanced, the chance of having a posi-
tive immunostaining increased. When S6K1 positivity was used
as a criterion of advanced stage in EEA, the sensitivity, specific-
ity, positive predictive value, and negative predictive value were
calculated to be 62%, 75%, 72%, and 65%, respectively (OR: 4.9
and 95% CI: 1.3-18.7).

Table 1. Comparisons between the groups in terms of age
and EI and S6K1 immunostaining

Characteristics Group 1 (n=21) |Group2 (n=20)| p
Age, years 62+10.8 66.3+9.3 0.189*
EI 17.6+49.2 14.1£24.8 0.107*
S6K1 immunostaining (-)| 13 (31%) 5 (12%)

S6K1 immunostaining (+) 8 (20%) 15(37%)  |0.039%**

Data are presented as the mean=standard deviation and number (percent).

The p value was determined by using *Mann-Whitney U test and
**Chi-square test.

El: expression index
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Figure 1. Activation status of immunocytochemical staining for
P70S6K1 in endometrial endometrioid adenocarcinoma. Weak
staining with X200 magnification.

Figure 2. Activation status of immunocytochemical staining for
P70S6K1 in endometrial endometrioid adenocarcinoma. Moder-
ate staining with X 100 magnification.

Discussion

In this immunohistochemistry study, we examined whether
S6K1, a downstream target of mTOR, was activated in EEA and
whether its expression correlated with disease stage. There was
no S6K1 immunostaining positivity in any specimen of the 22

Mean and Standard Deviation

p=0.107

Column

Figure 3. Expression index status of S6K1 protein in Group 1
and Group 2

normal tissue-containing group. However, S6K1 immunopositiv-
ity rates in Groups 1 and 2 were 38.1% and 75%, respectively
(p=0.039), suggesting that the percentage of S6K1 immunoposi-
tive tissues was significantly higher in advanced-stage EEAs than
in early-stage EEAs. Tumors positive for S6K1 expression were
significantly more likely to be at an advanced stage than those
negative for S6K1 staining, indicating that as the stage of the dis-
ease advanced, the chance of having a positive immunostain-
ing result increased. The sensitivity and specificity rates of S6K1
immunostaining positivity in determining poor prognosis were
62% and 75%, respectively.

Inter- and intra-cellular signaling is essential for the mainte-
nance of cellular life. Protein kinases regulate many cell signal-
ing pathways involved in protein phosphorylation/activation
(11). Serine/threonine kinases constitute an important group
in cytoplasmic protein kinases. Phosphatase and tensin homo-
logue deleted on chromosome ten (PTEN)/phosphatidylinositol
3-kinase (PI3K)/AKT/mTOR is considered to be a crucial regula-
tory pathway of protein translation, and mTOR is a 289 kDa ser-
ine/threonine protein kinase located in the center of this path-
way (12). mTOR exists in two distinct complexes: mTORC1 and
mTORC2. mTORCI1 is sensitive to rapamycin and is regulated by
multiple signals, such as growth factor, nutrients, energy status,
oxygen, and cellular stress. mMTORC1 phosphorylates and acti-
vates S6K1 and 4EBP1, which in turn, enhances protein synthe-
sis, proliferation, cell survival, ribosome biogenesis, angiogen-
esis, migration, invasion, and metastasis. (8, 12, 13).

The deregulation of multiple elements of the mTOR pathway,
such as amplification or mutation of PI3K, loss of PTEN function,
and overexpression of AKT, S6K1, 4EBP1, and elF4E, has been
reported in numerous types of human diseases, including cancer,
cardiac hypertrophy, type 2 diabetes, and obesity. (8, 12, 14). Ab-
errations of the mTOR signaling pathway are common in several
types of human cancers, such as breast, ovarian, prostate, blad-
der, thyroid, colon, and head and neck cancers (8, 15-18). Activa-
tion of the PI3K/AKT/mTOR pathway and increased mTOR signal-
ing have been reported to be associated with chemoresistance,
aggressive disease, and poor prognosis in many cancer types, ir-
respective of the tumor type (19-23). In vivo studies support the
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hypothesis that a loss of PTEN and subsequent AKT activation
result in the activation of Estrogen Receptor-o. (ERa)-dependent
pathways that play a pivotal role in the neoplastic process (24).
In a recent study, nuclear phosphorylated (p) Ser(167)-ERa. was
reported to significantly positively correlated with p-MAPK and p-
S6K1 and with a significantly shorter relapse-free survival in EEA
(25). Another study reported that extracellular signal-regulated
kinase (ERK1/2) and p-AKT can be useful in the differential di-
agnosis of benign vs. malignant endometrial lesions as well as
early- vs. advanced-stage EEA (26). Similarly, our results suggest
that S6K1 immunopositivity could be used as a predictive test in
EEAs and is a promising prognostic indicator of advanced stage
and higher grade disease. On the other hand, mTOR inhibition
has been associated with the diminished development and pro-
gression of hyperplastic lesions (27) in endometrial cancer cell
lines. To date, six phase II trials assessing the use of rapalogs
in recurrent endometrial carcinoma have been published (28).
Surprisingly, two studies conducted in patients with endometrial
cancer revealed no statistically significant correlation between
activity of the PI3K/AKT/mTOR pathway and clinicopathological
characteristics, including stage, grade, and lymph node involve-
ment. (29, 30). In a very recent study, S6K1 expression has been
reported to be a promising biomarker of sensitivity (31). Based on
the results of our study, we demonstrated that only malignant tis-
sue cell lines are associated with S6K1 immunostaining, whereas
benign pathologies are not. Moreover, S6K1 expression is associ-
ated with advanced stage and a poor prognosis of disease. Given
the uncertainty with respect to the adjuvant therapy options and
fertility-sparing surgery in women with stage IA, grade 2 disease,
S6K1 may cease the scientific debate as an indicator of poor
prognosis. S6K1 immunostaining tests in women with EEA might
surrogate advanced stage and poor prognosis and hence may be
used to determine the appropriate therapeutic approach in this
patient population.

In our study, El, which is a scoring method based on overall stain
intensity and the percentage of neoplastic tissue that is stained,
was higher in early-stage patients than in advanced-stage pa-
tients, but not significantly so (p=0.107). Even if pathological
specimens were evaluated independently by two pathologists
in a blinded fashion and their results were averaged to minimize
interobserver variability, the semi-quantitative scoring method
might have influenced the results. Studies investigating the re-
lationship between staining patterns and the stage or grade of
the disease with larger patient numbers and using quantitative
interpretation methods may indicate significant differences.
There is a very limited number of studies in the available lit-
erature investigating the mTOR pathway, S6K1 signaling, and
endometrial carcinomas, which thus constitutes a substantial
strength of this study. However, our study is limited by a number
of matters. First, the number of the patients in our study was
relatively low. The second is the lack of the treatment outcomes
and survival period of the included patients. In this study, we
excluded patients with certain clinical conditions, such as type 2
diabetes and obesity, which are well-known risk factors for EEA.
This situation might be perceived to have biased the results of
the study. However, it has been known that the mTOR pathway
is mediated by a wide variety of cellular signal communications,
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which include hormones, such as insulin and growth factors;
nutrients, such as amino acids and glucose; and cellular stress
conditions. mTOR integrates signals from a variety of “energy
balancing” hormones, such as leptin, insulin, and ghrelin, al-
though its action varies in response to these distinct hormonal
stimuli as well as across different neuronal populations, and it
has roles in the regulation of body weight, energy expenditure,
and glucose/lipid homeostasis (32). Moreover, the mTOR path-
way has been associated with obesity in numerous studies, in
which the risk of obesity was correlated with the overactivation
of the mTOR-Raptor-S6K1 signaling pathway and a decrease
in AKT levels. On the other hand, insulin resistance is a major
aspect of type 2 diabetes, which results from impaired insulin
signaling in target cells, and it was reported that the mTORC2-
mediated phosphorylation of PKB-Ser473 was unperturbed in
type 2 diabetes (33). From this aspect, we intended to avoid the
confounding effects of clinical situations that may potentially
interact with the mTOR pathway, such as obesity and type 2 dia-
betes, and to evaluate the association between endometrium
carcinoma and S6K1 expression.

In conclusion, although S6K1 immunostaining was weak-mod-
erate in both early and advanced stages, advanced stage and
higher grade disease is significantly more likely to reveal S6K1
immunopositivity than early-stage, low-grade disease. S6K1 im-
munopositivity appears to be a promising method to predict
poor prognosis in EEA. There is a need for more comprehensive
studies on this subject.
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