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necessarily complete [6]. Basal-like type breast carcinoma
is currently considered not a synonym, but rather one of the
prognostic factors for TNBC [6-9].

TNBC account for approximately 10-20% of the whole
breast cancer cases and are associated with relatively early
clinical relapses within 3 years, with frequent progression to
distant metastasis, particularly, visceral metastasis and poor
prognosis, although it is also true that they are sensitive to
chemotherapy [10-13]. TNBC is generally considered the
most difficult subtype to treat among these newly proposed
subtypes of breast cancer because of the aggressive clinical
behavior and the lack of current availability of specific
targeted therapy such as selective ER modulators, aromatase
inhibitors, trastuzumab, and lapatinib.

In addition, TNBC cases are also considered to be
subclassified into different prognostic groups, because the
patients associated with worse prognosis should be selected to
receive the novel developing therapy. TNBC has been divided
into subgroups based on the single prognostic biomarker, but
further subclassification according to combination of valid
biomarkers have not been reported in the literature at least in
Asian patients of TNBC to the best of our knowledge.
Therefore, in this study, we focused on tumor angiogenesis
and proliferation that are major determinations of potential
biological or clinical behavior of human breast cancer
patients. We assessed Ki-67 labeling index (LI) and micro-
vessel density (MVD) using CD31 staining, in addition to
reported basal markers (CK5/6, CK14, and EGFR) and
conventional clinicopathologic factors in TNBC. We also
selected these markers from the standpoint that assessment
tool should be used widely in clinical settings. We subse-
quently attempted to devise a scoring system which could
reflect clinical outcome of the Japanese patients with TNBC
patients in routine clinical practice.

Materials and methods
Patients

We identified 841 patients with primary operable breast
cancer who underwent surgery at the Department of Surgery,
Toholku University Hospital (Sendai, Japan) between January
1998 and December 2007 and collected information through
the breast cancer management database of the hospital.
Among these 841 Japanese patients, 642 (76.3%) had
hormone receptor positive, 138 (16.4%) had HER2-positive,
118 (14.0%) had triple receptor-negative tumors, and 6 (0.7%)
lacked the receptor information. Of 118 TNBC above, patients
with ductal carcinoma in situ apocrine carcinoma, medullary
carcinoma were excluded from the present analysis, because
these tumors have different biological and clinical features
from those of invasive ductal TNBC [14-16], and we also
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excluded the cases that were not treated with adjuvant
chemotherapy after the surgery in order to standardize
backgrounds of the patients.

Characteristics of 102 triple negative patients examined
in this study were summarized in Table 1. The median age
of the patients was 56 years (range: 30-81 years). A
number of 54 cases (53%) were classified as pT1, 36 (35%)
pT2, and the others pT3/4. The median of pathological
tumor size was 18 mm (range: 3-90 mm). Axillary node
dissection was carried out in all the patients examined in
this study. A total of 55 cases (54%) had a node-negative
and 47 (46%) had a node-positive breast cancer. A number
of 51 patients underwent breast conserving surgery who
subsequently received postoperative radiotherapy against
remaining breast tissue. Systemic adjuvant chemotherapy
was administered to all the patients, and none of them was
treated by hormonal therapy and HER2 targeting therapy.

Histopathology and immunohistochemistry

Hematoxylin—eosin (H&E)-stained glass slides were retrieved
from surgical pathology files of Tohoku University Hospital,

Table 1 Characteristics of TNBC patients (2=102)

Characteristics
Age, years
Median (range) 56 (30-81)
<50 39 (38%)
>50 63 (62%)
Pathological tumor size (mm)
0-20 54 (53%)
21-30 18 (18%)
31-50 21 (20%)
51- 9 (9%)
Pathological node status
0 55 (54%)
1-3 29 (28%)
4-9 8 (8%)
10— 10 (10%)

Distant metastasis

Negative 102 (100%)

Positive 0 (0%)
Operation

Mastectomy 51 (50%)

BCS 51 (50%)

Adjuvant systemic therapy

Chemotherapy 102 (100%)
Endcrine therapy 0 (0%)
Anti-HER2 therapy 0 (0%)

BCS breast conserving surgery
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Sendai, Japan, and reviewed in all of these 102 triple negative
cases. The specimens were cut into 4-pum-thick sections and
placed on glue-coated glass slides for immunohistochemistry
(IHC). Tumor staging was based on TNM Classification of
Malignant Tumors, 6th edn. by the International Union
Against Cancer (UICC) [17]. Histological grades were
assessed according to the criteria of Elston and Ellis [18].
We also identified the presence or absence of peritumoral
vascular invasion (PVI), according to the report of Rosen
and Obermann [19]. ER and PR status were immunostained
by using monoclonal antibodies (codes 107925 and 102333,
Roche Diagnostics, Basel, Switzerland), and nuclear staining
of more than 1% was considered positive. HER2 status was
evaluated by IHC (HercepTest, code K5204, Dako, Glostrup,
Denmark) or by fluorescence in situ hybridization (FISH)
that was used to calculate the gene copy ratio of HER2-to-
CEP17 (the PathVysion HER2 DNA Probe Kit; Abbott,
Chicago, IL). HER2 positivity was defined as 3+ receptor
overexpression by IHC and/or as 2.2 or greater of a HER2-
to-CEP17 ratio by FISH according to the American Society
of Clinical Oncology/College of American Pathologists
Guideline [20]. We performed IHC for Ki-67, CD31, EGFR,
CK5/6, and CK14. Ki-67 LI was determined with MIB-1
monoclonal antibody (code M7240, Dako) through counting
1,000 tumor cells at the hot spots [21-24]. Microvessels
were identified as the lumen lined by endothelial cells,
complemented by IHC of endothelial cells with CD31 (code
M0823, Dako). We counted microvessels at one high-power
field (x200) as MVD afier the areas with the greatest number
of microvessels were selected at low magnification (x40
andx 100) [25, 26]. EGFR was positive if the membrane of
10% or more carcinoma cells were stained by using
representative monoclonal antibody (code K1492, Dako).
CK5/6 and CK14 were interpreted positive if 10% or more
carcinoma cells were positive in the cytoplasm with
monoclonal antibodies (code M7237, Dako for CK5/6 and
code NCL-LL002, Leica, Newcastle, UK for CK14) [5, 7,
8]. All of pathological diagnosis and staining assessments of
individual cases were performed by two pathologists

(Fig. 1).
Statistical methods

Breast cancer-specific survival (BCSS) was evaluated from
the date of definitive surgery to that of the last follow-up or
death due to breast cancer. Relapse-free survival (RFS) was
defined as the length of time from the date of definitive
surgery to the last follow-up or first event. Both BCSS and
RFS were estimated by using the Kaplan—Meier methods,
and the differences in survival curve between these two
groups of the patients were assessed by the log-rank test.
Cox proportional hazard model was used for univariate and
multivariate analyses to evaluate each factor including

pathological tumor size, pathological node status, PVI,
histological grade, basal-like type, Ki-67 LI, and MVD.
The hazard ratios (HRs) calculated for each significant
factor in the multivariable model were defined as scores
representing the risks of relapse and breast cancer specific
death, and totaled or summated value of scores was
subsequently defined as the risk score of TNBC patients.
All analyses were performed using StatMate III° for
Windows ver. 3.18 (ATMS, Tokyo, Japan). The results
were considered significant with p value of <0.05. All
statistical tests were two-sided.

Results

Table 2 shows the results of histopathological factors and
biomarkers of TNBC patients. A number of 65 tumors
(64%) had high-grade characteristics corresponding to
histological grade III, and 39 tumors (38%) were associated
with PVI. EGFR, CK5/6, and CK14 immunoreactivity was
detected in 36 (35%), 60 (59%), and 42 cases (41%),
respectively. TNBC was subsequently subdivided into the
following groups: 67 (66%) basal-like cases which
expressed one or more of the specific basal markers,
EGFR, CK5/6, and CK14, and 35 (34%) nonbasal-like
cases which did not express any of these markers above.
The median value of Ki-67 LI was 37%, and 48 cases
(47%) were assessed that cancer cells of more than 40%
were stained. A number of 48 (47%) cases were positive for
MVD at the cutoff point set at 20 as the optimal cutoff
value near the median 19. During the median follow-up
time of 68.5 months (range: 7-146 months), 37 patients
experienced disease relapse and 28 patients died due to
breast cancer. In univariate analysis, pathological tumor
size with two cutoff points, i.e., 20 and 30 mm, patholog-
ical node status, PVI, the basal-like features, Ki-67 LI with
two cutoff points, 30% and 40%, and the amount of
microvessels were significantly correlated with poor prog-
nosis or adverse clinical outcome of the patients.

Multivariate analysis and the subsequent risk score
for TNBC

Age (<50 vs. >50 years), pathological tumor size (<20 vs.
>20 mm or<30 vs. >30 mm), pathological node status
(negative vs. positive), PVI (negative vs. positive), histo-
logical grade (I, II vs. III), basal-like type (basal-like vs.
nonbasal-like), Ki-67 LI (<30% vs. >30% or<40% vs.
>40%), and MVD (<20 vs. >20) were all assessed in
multivariate analysis for RFS and BCSS. Among the
factors evaluated above, the pathological nodal status was
strongly associated with RFS (HR=2.99, 95% CI=1.45-
6.19; p=0.003) and BCSS (HR=2.71, 95% CI=1.18-6.21;
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Fig. 1 Presentitative illustrations of H&E and immunohistochemical
staining. 2 H&E, b high LI of Ki-67 staining, ¢ high microvessel density
by CD31 staining, d overexpression of epidermal growth factor receptor

p=0.019). Pathological tumor size (<30 vs. >30 mm) was
also significantly associated with RFS (HR=2.23, 95% CI=
1.06-4.70; p=0.035) and BCSS (HR=2.63, 95% CI=1.13-
6.12; p=0.025). Basal-like type was also significantly
associated with RFS (HR=2.76, 95% CI=1.14-6.66; p=
0.024) and BCSS (HR=3.02, 95% CI=1.05-8.67; p=
0.040). Ki-67 LI (tentatively classified into two groups:
<40% vs. >40%) was also significantly associated with
RFS (HR=2.44, 95% CI=1.20-4.96; p=0.014) and BCSS
(HR=2.68, 95% CI=1.15-6.26; p=0.023). MVD was also
significantly associated with RFS (HR=2.32, 95% CI=
1.09-4.94; p=0.029) and BCSS (HR=2.44, 95% CI=1.02—
5.86; p=0.046). Age, pathological tumor size (<20 vs.
>20 mm), PV, histological grade, Ki-67 LI (£30% vs.
>30%) were not independently associated with RFS and
BCSS (Table 3).

After these statistical analyses, we identified the follow-
ing five significant factors which were significantly
correlated with prognosis or clinical outcome of TNBC
patients in multivariate analysis (pathological tumor size,
pathological node status, basal-like type, Ki-67 LI, and
MVD). We then further subclassified TNBC according to
the five statistically significant risk factors described above.
We applied scores reflecting HR points to each risk factor
using a method that was presented for the prognostic
models in cardiovascular disease as well as preoperative
endocrine prognostic index (PEPI) for breast cancer cases
built by this approach with some modifications [27, 28].
The procedure of scoring was summarized in Table 4.
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1 (EGFR), e positive immunoreactivity of cytokeratin 5/6, and f positive
staining of cytokeratin 14 (original magnification, x200)

TNBC patients were classified into three groups by the risk
score representing totaled value or summed score of each
risk factor. Patients with score 0-3 are in low-risk group
(A), score 4-7 in intermediate-risk group (B), and score 8—
10 in high-risk group (C). These three groups had
statistically different risks of relapse and breast cancer
specific death, respectively (RFS: A vs. B, p<0.001; A vs.
C, p<0.001; B vs. C, p=0.013; BCSS: Avs. B, p = 0.025;
Avs. C, p<0.001; B vs. C, p=0.005; Figs. 2 and 3).

Discussion

TNBC is generally considered to be associated with
aggressive clinical behavior partly due to the limitations
of the specific therapies currently available in clinical
practice. However, it is also true that a marked heteroge-
neity exists in terms of clinical outcome or prognosis and
response to various chemotherapeutic agents among TNBC
patients [6, 10-13]. For instance, in putative low-risk
patients of TNBC, the current standard chemotherapy
regimens including anthracycline and taxanes have been
usually considered somewhat effective [29-31]. However,
it is also true that the new therapeutic strategy is being
required to improve the prognosis of high-risk patients with
TNBC. BRCA1 dysfunction and deficiency of DNA
double-strand break repair were also reported to be detected
in triple negative tumors, and these tumors may be more
sensitive to poly(ADP-ribose) polymerase (PARP) inhib-
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Table 2 Histopathological factors and biomarkers of TNBC patients
(n=102)

Histopathological factors and biomarkers

Histological grade

I 5 (5%)

I 32 (31%)

I 65 (64%)
PVI

Negative 63 (62%)

Positive 39 (38%)
EGFR

Negative 66 (65%)

Positive 36 (35%)
CK5/6

Negative 42 (41%)

Positive 60 (59%)
CK14

Negative 60 (59%)

Positive 42 (41%)
Ki-67 labeling index

0-15% 18 (18%)

16-30% 25 (24%)

31-40% 11 (11%)

41-100% 48 (47%)
Microvessel density

<20 54 (53%)
>20 48 (47%)

PVIperitumoral vascular invasion, EGFR:epidermal growth factor
receptor 1

itors [32, 33]. Ongoing phase III trial for PARP inhibitor is
particularly expected to contribute to the treatment of
TNBC. In addition, vascular endothelial growth factor
(VEGF), recognized as the major angiogenic factor, was
also abundantly detected in TNBC, and its levels have been
demonstrated to be correlated with the survival time in
TNBC [34-37]. In addition, several ongoing clinical trials
suggest that bevacizumab could demonstrate the activity in
patients with ER- and PR-negative cancer, most of them
were also HER2-negative at subset analysis [31, 38, 39].
Therefore, considering these recent development of target-
specific therapy in the patients with breast cancer, TNBC is
currently being required to be classified pluralistically by
the several prognostic factors in order to provide the most
appropriate therapy to the patients, and these factors should
be available in routine clinical settings considering the
increment of breast cancer incidence in many parts of the
world including the countries of Asia.

Therefore, in this study, we first examined the possible
value of Ki-67 LI as the tool to evaluate cell proliferation
because this has been proven to be one of the most useful
and widely used prognostic markers in breast cancer despite
some problems in procedures, interpretation, and reproduc-
ibility [21-24]. However, the analysis between Ki-67 LI in
carcinoma cells and clinical outcome or behavior has not
been reported in details in TNBC patients. The results of
our study demonstrated that RFS and BCSS were catego-
rized at two cutoff points of 30% and 40% and the patients
whose LI was more than 40% were significantly associated
with aggressive clinical behavior. High Ki-67 expression in
carcinoma cells has been reported a prognostic factor for

Table 3 Multivariate analysis of clinicopathological factors and biomarkers for Relapse-free survival and Breast cancer-specific survival

Relapse-free survival

Breast cancer-specific survival

Clinicopathological factors and biomarkers HR 95%CIL P value HR 95%CI P value
Lower Upper Lower Upper
Age (>50 vs<50) 0.93 0.46 1.91 0.85 0.62 0.27 1.43 0.260
Pathological tumor size
<20 vs >20 (mm) 1.64 0.81 3.32 0.17 2.05 0.89 4.72 0.091
<30 vs >30 (mm) 223 1.06 4.70 0.04 2.63 1.13 6.12 0.025
Pathological node status (negative vs positive) 299 1.45 6.19 <0.01 2.71 1.18 6.21 0.019
PVI (negative vs positive) 1.43 0.71 2.90 0.32 1.05 0.46 2.38 0.905
Histological grade (LI vs III) 1.01 0.65 1.52 0.97 1.17 0.48 2.83 0.728
Basal type (non basal-like vs basal-like) 2.76 1.14 6.66 0.02 3.02 1.05 8.67 0.040
Ki-67 labeling index
<30% vs >30% 1.82 0.84 3.91 0.13 2.34 0.91 6.05 0.079
<40% vs >40% 2.44 1.20 4.96 0.01 2.68 1.15 6.26 0.023
Microvessel density (<20 vs >20) 232 1.09 4.94 0.03 2.44 1.02 5.86 0.046

PVI peritumoral vascular invasion, AR hazard ratio, C/ confidence interval

@_ Springer



70

Virchows Arch (2011) 458:65-72

Table 4 The risk score for
TNBC patients

Clinicopathological factors and biomarkers

Relapse-free survival

Breast cancer-specific survival

HR Score HR Score
Pathological tumor size
<30 mm - -
>30 mm 2.23 2.63
Pathological node status
Negative - - 0
Positive 2.99 3 2.71 3
Basal type
Non basal-like - - 0
Hazard Ratio (HR) in the range l?asal-hke' ) 2.76 3 3.2 3
of 1-2 receives 1 risk score, HR ~ Ki-67 labeling index
in the 2-2.5 range receives 2 <40% - 0 - 0
risk scores, HR greater than 2.5 > 40% 244
receives 3 risk scores. The Risk . ° . ’ 2 2.68 3
Score for each patient is the sum Microvessel density
of all the risk scores accumulat- <20 - 0 - 0
ed from the five prognostic > 20 2.32 2 0.44 2

factors

breast cancer in many studies, but standard threshold in
daily practice has not been established yet, partly due to
various inert problems described above. In meta-analysis of
Ki-67 LI in breast carcinoma patients reported in the
literature, some studies used 10% as the cutoff (arbitrary
value), whereas others have selected mean, median, and the
optimal cutoff values [24]. The choice of cutoff points was
also reported to depend on the various clinical objectives
[24]. In our present studies of Ki-67 LI of TNBC, the cutoff
point corresponding to high proliferation group was set at
40% as the optimal cutoff value near the median (Ki-67 LI
median; 37%) [22, 24], and Ki-67 LI determined in this
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Fig. 2 Relapse-free survival in a low-risk group (score: 0-3, n=29), b
intermediate-risk group (score: 4-7, n=48), and c high-risk group
(score: 8-10, n=25) by the risk score system for TNBC (log-rank test:
avs. b, p<0.001; A vs. C, p < 0.001; b vs. ¢, p=0.013)
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manner turned out to be significant prognostic factor of the
patients with TNBC.

We then evaluated the status of neovascularization in
these TNBC cases using MVD. The analysis of MVD in
resected tissue specimens has been generally reported to be
a useful marker of tumor angiogenesis [40-45]. Meta-
analysis of angiogenesis has been reported previously in 87
studies in the patients with breast cancer. Among these
reported studies, 25 studies demonstrated the significant
association between MVD and eventual survival of the
patients. It is true, however, that the patients characteristics,
antibodies, staining techniques, counting procedures, and

Breast cancer-specific survival
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Fig. 3 Breast cancer-specific survival in a low-risk group (score: 0-3,
n=29), b intermediate-risk group (score: 4-7, n=34), and C high-risk
group (score: 8-10, n = 39) by the risk score system for TNBC (log-
rank test: a vs. b, p=0.025; a vs. ¢, p<0.001; b vs. ¢, p=0.005)
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selection of the cutoff levels of MVD assessment enor-
mously varied among these reported studies, and it is very
difficult to compare the results among individual studies
[41]. In our present study, the statistically significant
association was detected between high MVD and RFS,
BCSS in TNBC patients using CD31, one of the gold
standard markers of analyzing vascularity, with the optimal
cutoff value near the median. However, standardization of
assessment technique for MVD is required to obtain the
vascularity in a more reproducible manner [46], and it
requires further investigations to consolidate the clinical
value of MVD analysis as a prognostic marker of the
patients with TNBC.

EGFR, CK5/6, and CK 14 were reported as more specific
biomarkers to define the basal-like subtype and to reflect
the cancer survival as a result of surrogating gene
expression profiles analysis [3-9]. The results of our
present study also demonstrated that the basal-like subtype
was correlated with worse RFS and BCSS as well as
reported in the previous studies [7-9]. Not all of the special
histological types present triple negative features, but in our
present study, typical medullary and apocrine carcinomas
were excluded from the analysis because these two special
subtypes were usually associated with the better clinical
outcome than invasive ductal TNBC, despite the fact that
they shared triple negative features [14—16].

The results of our present study also clearly suggest which
subgroup should be indicated and received benefit by the
optional strategy, novel agents including PARP inhibitors,
bevacizumab, cetuximab, platinum drugs, and others [31, 47].
The risk score is generally considered a useful index when
clinicians make a decision to treat patients of any condition
including cancer. In our presently proposed risk score model
for patients categorized in the low-risk group, the additional
therapy may not provide additional clinical benefits because
of the potentially intrinsic better clinical outcome or of the
not aggressive clinical course of the patients. However, a
more aggressive treatment should be served to the interme-
diate and high-risk group at an early phase as possible for
adjuvant settings. As an annotation, the number of patients in
the indeterminate and high-risk group was different at the
assessment of RFS from that of BCSS, because HR points
and risk scores were variable between RFS and BCSS in
some of prognostic factors.

In addition, it is also important to note that this scoring
system which we proposed in this report can be performed
only by immunohistochemical techniques available for the
great majority of diagnostic pathology laboratories. There-
fore, an assessment of the risk score for TNBC can be
reasonably postulated to be incorporated in any surgical
pathology. The limitations of this study, however, include
the retrospective nature of analysis, the strength of
relatively short follow-up time for the patients with breast

cancer (median: 68.5 months), and the availability of only
one ethnic group, Japanese. Further studies with prospec-
tive validation, larger sample size, and longer follow-up are
required to confirm this scoring system and to improve the
model as a tool of classification of TNBC.

In conclusion, the results of our present study firstly
demonstrated that TNBC could be further subclassified into
three different groups according to the risk score system
evaluating the following five prognostic variables (patho-
logical tumor size, pathological node status, basal-like type,
Ki67 LI, and MVD). Such a classification, which can be
performed in diagnostic pathology laboratory, can be useful
as a decision-making tool for triple negative patients.
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Abstract

Clinical trials indicate efficacy of drugs inhibiting the mammalian target of rapamycin (mTOR)
in the treatment of gastroenteropancreatic neuroendocrine tumours (GEP-NET); however,
information on detailed expression and activity patterns of mTOR in these tumours is sparse.
We investigated the expression of mTOR and expression as well as phosphorylation of its
downstream targets 4EBP1, S6K and elF4E in a cohort of 99 human GEP-NET by
immunohistochemistry. We correlated our findings with clinicopathological variables and patient
prognosis. We found that 61, 93, 80, 69, 57 and 79% of GEP-NET were positive for mTOR,
4EBP1, cytoplasmic phospho-4EBP1 (p-4EBP1), nuclear p-4EBP1, phospho-S6K (p-S6K) and
phospho-elF4E (p-elF4E) respectively. mTOR expression and activity were higher in foregut than
in midgut tumours. In foregut tumours, expression of MTOR was higher when distant metastases
were present (P=0.035). Strong mTOR activity was associated with higher proliferative capacity.
In patients with stage 1V midgut tumours, strong p-S6K expression was associated with poor
disease-specific survival (P=0.048). In conclusion, mTOR shows considerable variations in
expression and activity patterns in GEP-NET in dependence of tumour location and metastatic
status. We hypothesise that these differences in mTOR expression and activity might possibly
influence response to mTOR inhibitors.

Endocrine-Related Cancer (2011) 18 181-192

Introduction

With an incidence rate of about 2.5-5 cases per
100 000 person-years, gastroenteropancreatic neuro-
endocrine tumours (GEP-NET) are rather rare neo-
plasms when compared with adenocarcinomas of the
same locations (Modlin et al. 2008). However, it is
worth noting that the incidence of these tumours has
risen tremendously over the last decades (Modlin ef al.
2003, Yao et al. 2008a). Today, GEP-NET are treated
in multidisciplinary approaches including surgery,
biotherapy, chemotherapy as well as molecular
targeted therapy (Plockinger & Wiedenmann 2007,
Oberg & Jelic 2008). Unfortunately, all improvements
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in the understanding and treatment of this disease have
not resulted in significantly prolonged overall patient
survival (Modlin er al. 2008), therefore novel treatment
strategies for these tumours are still urgently needed.
Recently, the mammalian target of rapamycin
(mTOR) inhibitors temsirolimus (Rini 2008) and
everolimus (Sanchez-Fructuoso 2008) have entered
late-phase clinical trials in a broad variety of solid
human tumours. Both substances have been tested
for their activity in phase II studies (Duran ez al. 2006,
Yao et al. 2008, 2010) in a heterogeneous set of
neuroendocrine neoplasms, and everolimus proved to
be effective in the first place, especially in pancreatic
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neuroendocrine carcinomas. Tissue-based predictive
biomarkers for response to everolimus are currently
lacking. However, expression of mTOR pathway
components has been suggested as a predictive
biomarker for response to temsirolimus (Duran
et al. 2006).

The mTOR protein is a central component
of two protein complexes intimately involved in
carcinogenesis (Sabatini 2006). mTOR complex 1
(mTORC1), also containing raptor and mLSTS,
phosphorylates the eukaryotic translation initiation
factor 4E-binding protein (4EBP1) and the ribosomal
S6 kinase (S6K1). Phosphorylation of 4EBP1 in turn
leads to a dissociation of the protein from eIF4E, an
important regulator of translation, subsequently eIF4E
gets phosphorylated and activated (Whalen et al.
1996). Activation of these factors, finally, leads to
enhanced cancer cell growth, prolonged cancer cell
survival and neoangiogenesis (Hay & Sonenberg
2004). mTORC1 itself is activated via the PI3K-
AKT pathway partly through the deactivation of the
tuberous sclerosis 1 (TSC1) and tuberous sclerosis 2
(TSC2) complexes (Gao et al. 2002). With respect to
GEP-NET, this is interesting since patients with certain
tumour syndromes with impaired TSC1/TSC2 func-
tion, such as tuberous sclerosis, are known to develop
these neoplasms (Toumpanakis & Caplin 2008). The
mTORC?2, which does not contain raptor but rictor and
mSinl, is less well understood (Sarbassov et al. 2005).
However, there is evidence that this complex is able to
activate AKT thereby inducing anti-apoptotic and pro-
proliferative stimuli.

In this study, we aimed to investigate the expression
and activity state of mTOR and its downstream targets
4EBP1, S6K and eIF4E in a large cohort of gastro-
enteropancreatic neuroendocrine foregut and midgut
tumours. We correlated our findings with clinicopatho-
logical variables and patient prognosis.

Patients, materials and methods
Patient characteristics

A total of 99 patients with GEP-NET of the foregut
(47, 47.5%) and midgut (52, 52.5%), who received
surgical treatment at the Charité University Hospital
between 1983 and 2007, were included in the study.
In detail, 9 (9.1%) tumours were gastric, 6 (6.1%) were
duodenal, 31 (31.3%) were pancreatic, 3 (3%) were
jejunal and 50 (50.5%) were ileal. In 70 cases, tissue
from the primary lesion was available, 10 and 19 tissue
specimens were from nodal and distant metastases
respectively. In addition, in 33 cases, the primary
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tumours as well as nodal metastases were available
for analysis. In 23 cases, the primary tumour and
corresponding distant metastasis could be investigated.
All cases were validated by immunohistochemistry
in the routine diagnostic setting. By convention,
antibodies against chromogranin A and synaptophysin
were used to ensure neuroendocrine differentiation.
If only one of the markers was positive, cluster of
differentiation CD56 was stained in addition. Only
cases with expression of two markers were
designated as NETs. None of the patients included in
this study had a hereditary syndrome, such as von
Hippel-Lindau disease or multiple endocrine neoplasia
nor were there familial cases without a known
germline mutation. The mean age of patients with
foregut tumours was 53.0 years at the time of the
diagnosis. The mean age of patients with midgut
tumours was 58.2 years. Of 99 patients, 51 (51.5%)
were male. There was no association of sex distribution
with tumour location in foregut or midgut. Follow-up
data were available for almost all patients. However,
since NET-related death occurred in the minority of
patients with low-stage and low-grade tumours and
since NETs of different locations are known to
have significantly different survival (Pléckinger &
Wiedenmann 2007), we decided to perform survival
analysis exclusively in the homogenous group of
midgut patients with stage IV disease. In this
subgroup of 39 patients for whom data were available,
8 (20.5%) died of their disease after a mean
follow-up time of 78.0 months. Those patients
still alive at the endpoint of analysis were followed
for a mean time of 48.3 months (range 3.5-210.7
months). We were able to gather treatment data in 21
of these 39 stage IV midgut patients. Of these, 11
received somatostatin receptor antagonists, 7 patients
received no further treatment and 3 patients received
other treatment regimens (including conventional
chemotherapeutics).

NETs were re-graded and re-staged according to
the novel consensus proposals for GEP-NET and
according to the WHO (7th edn; Rindi et al. 2006,
2007, Sobin et al. 2009). The clinicopathological
characteristics of the patients are given in Tables 1
and 2. The study has been approved by the Charité
University Ethics Committee (EA1/06/2004).

Tissue

For the evaluation of mTOR, 4EBP1, phospho-4EBP1
(p-4EBP1), phospho-S6K (p-S6K) and phospho-eIF4E
(p-eIF4E) expression, tissue microarrays were
generated using a precision instrument (Beecher
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Table 1 mTOR, 4EBP1, p-4EBP1, p-S6K and p-elF4E expression in gastroenteropancreatic neuroendocrine tumours of the foregut and correlation with clinicopathological variables

p-4EBP1 p-4EBP1 p-4EBP1  p-4EBP1

Charac- mTOR mTOR P 4EBP1 4EBP1 P cytoplasmic cytoplasmic P nuclear nuclear P p-86K p-S6K P p-elF4E p-elF4E P
teristics All cases negative positive value negative  positive value negative positive value  negative positive value negative positive value negative  positive value
All cases 47 14 (29.8%) 33 (70.2%) 1(2.1%) 46 (97.9%) 2 (4.3%) 45 (95.7%) 11 (23.4%) 36 (76.6%) 10 (21.7%) 36 (78.3%) 7 (15.2%) 39 (84.8%)
Stage 0.140% 0.884% 0.834* 0.359% 0.667° 0.216%
I 4 (8.9%) 2 (50%) 2 (50%) 0 (0%) 4 (100%) 0 (0%) 4 (100%) 1(25%) 3 (75%) 2 (50%) 2 (50%) 2(50%) 2 (50%)

i 14 (31.1%) 4 (28.6%) 10 (71.4%) 0 (0%) 14 (100%) 0 (0%) 14 (100%) 2(14.3%) 12(85.7%) 0(0%) 14 (100%) 0 (0%) 14 (100%)

i 13 (28.9%) 7 (53.8%) 6 (46.2%) 1(7.7%) 12 (92.3%) 2 (15.4%) 11 (84.6%) 3(23.1%) 10 (76.9%) 3(23.1%) 10 (76.9%) 1(7.7%) 12{92.3%)

v 14 (31.1%) 1 (7.1%) 13 (92.9%) 0 (0%) 14 (100%) 0 (0%) 14 (100%) 5(35.7%) 9 (64.3%) 4(28.6%) 10 (71.4%) 4 (28.6%) 10 (71.4%)
Tumour 0.811% 0.717% 0.066% 0.848% 0.376" 0.700%

stage

T 7 (17.5%) 3 (42.9%) 4 (57.1%) 0 (0%) 7 (100%) 0 (0%) 7 (100%) 3(42.9%) 4 (57.1%) 3 (42.8%) 4 (57.2%) 2(33.3%) 4 (66.7%)

T2 15 (37.5%) 4 (26.7%) 11 (73.3%) 0 (0%) 15 (100%) 0 (0%) 15 (100%) 2(13.3%) 13(86.7%) 2(13.3%) 13 (87.7%) (0%} 15 (100%)

T3 5(12.5%) 2 (40%) 3 (60%) 1(20%) 4 (80%) 0 (0%) 5 (100%) 2 (40%) 3 (60%) 1 (20%) 4 (80%) 0 (0%) 5 (100%)

T4 13 (32.5%) 4 (30.8%) 9 (69.2%) 0 (0%) 13 (100%) 2 (15.4%) 11 (84.6%) 4(30.8%) 9(69.2%) 2(18.7%)  10(83.3%) 3(23.1%) 10 (76.9%)

Nodal 0.510° 0.386° 1.0° 0.724° 0.481° 1.0°

status

NO 28 (60.9%) 9 (32.1%) 19 (67.9%) 0 (0%) 28 (100%) 1(3.6%) 27 (96.4%) 6(21.4%) 22 (78.6%) 5(18.5%) 22 (81.5%) 4(14.3%) 24 (85.7%)

N1 18 (39.1%) 5 (27.8%) 13 (72.2%) 1(5.6%) 17 (94.4%) 1(5.6%) 17 (94.4%) 5(27.8%) 13 (72.2%) 5(27.8%) 13(72.2%) 3(17.6%) 14 (82.4%)

Metastasis 0.035" 1.0° 1.0° 0.225° 0.704° 0.190°
Mo 32 (69.6%) 13 (40.6%) 19 (59.4%) 1(3.1%)  31(96.9%) 2 (6.3%) 30 (93.7%) 6 (20%) 24 (80%) 6(19.3%) 25 (80.7%) 3(8.7%) 28 (90.3%)

M1 14 (30.4%)  1(7.1%) 13 (92.9%) 0 (0%) 14 (100%) 0 (0%) 14 (100%) 5(35.7%) 9 (64.3%) 4(28.6%) 10(71.4%) 4(28.6%) 10 (71.4%)

Grade 0.195% / 0.622% 0.788% 0.263% 0.525%
G1 11(35.5%) 3 (27.3%) 8 (72.7%) 0 (0%) 11 (100%) 0 (0%) 11 (100%) 2(18.2%) 9 (81.8%) 3(27.3%) 8(72.7%) 2(18.2%) 9 (81.8%)

G2 16 (51.6%) 4 (25%) 12 (75%) 0 (0%) 16 (100%) 2 (12.5%) 14 (87.5%) 5(31.2%) 11 (68.8%) 3(18.8%) 13 (81.2%) 3(18.8%) 13(81.2%)

G3 4 (12.9%) 3 (75%) 1(25%) 0 (0%) 4 (100%) 0 (0%) 4 (100%) 0 (0%) 4 (100%) 0 (0%) 4 (100%) 0 (0%) 4 (100%)

For one case, data on p-S6K and p-elF4E expression were missing. Data on clinicopathological variables were missing for stage, T, N and M in a few cases in the respective subgroup
analysis. For grade, only primary tumours were evaluated (n=33); in this subgroup, grading was not possible in two cases.

2x2 test for trends.
PFisher's exact test.

pug

-8Uli00

261-181 81 (1102) /80uB) pajejeY



81

Bio sjeuinof-ABojouLioopus Mmmm

Table 2 mTOR, 4EBP1, p-4EBP1, p-S6K and p-elF4E expression in enteric midgut tumours and correlation with clinicopathological variables

p4EBP1 p~4EBP1 p-4EBP1 p-4EBP1

Charac~ Al mTOR mTOR P 4EBP1 4EBP1 P cytoplasmic  cytoplasmic P nuclear nuclear 14 p-S6K p-S6K P p-elF4E p-elF4E P
teristics cases negative positive  value negative positive  value negative positive value negative positive value negative positive  value negative positive value
All cases 52 24 (47.1%) 27 (52.9%) 6(11.8%) 45(88.2%) 18 (34.6%) 34 (65.4%) 20 (38.5%) 32 (61.5%) 32 (62.7%) 19(37.3%) 13 (25.5%) 38 (74.5%)

Stage 0.609°% 0.538° 0.234% 0,347% 0.681% 0.8012
i 0 (0%) / / / / / / / / / / / /

1 2 (3.8%) 0 (0%) 1 (100%) 0 {0%) 2 (100%) 0 (0%) 2 (100%) 0 (0%) 2 (100%) 1 (50%) 1 (50%) 0 (0%) 2 (100%)

n 11(21.2%) 7(63.6%) 4 (36.4%) 1(9.1%)  10(90.9%) 3(27.3%) 8 (72.7%) 4(36.4%) 7 (63.6%) 7 (63.6%) 4 (36.4%) 3(27.3%) 8(72.7%)

v 39 (75%) 17 (43.6%) 22 (56.4%) 5(13.2%) 33 (86.8%) 15 (38.5%) 24 (61.5%) 16 (41%) 23 (59%) 24 (63.2%) 14 (36.8%) 10 (26.3%) 28 (73.7%)
Tumour 0.727% 0.617% 0.879° 0.366% 0.145" 0.897%

stage

m™ 1(2%) 1(100%) 0 (0%) 0 (0%) 1 (100%) 1(100%) 0 (0%) 1(100%) 0 (0%) 1(100%) 0 (0%) 0 (0%) 1 (100%)

T2 8 (16%) 3(42.9%) 4 (57.1%) 0 (0%) 8 (100%) 2 (25%) 6 (75%) 1(12.5%) 7 (87.5%) 5 (62.5%) 3 (37.5%) 1(12.5%) 7 (87.5%)

T3 21(42%) 9 (47.4%) 12 (52.6%) 4 (19%) 17 (81%) 7 (33.3%) 14 (66.7%) 7(33.3%) 14 (66.7%) 16 (76.2%) 5 (23.8%) 7{33.3%) 14 (66.7%)

T4 20 (40%) 9 (45%) 11 (55%) 2 (10.5%) 17 (89.5%) 7 (35%) 13 (65%) 9 (45%) 11 (65%) 10 (52.6%) 9 (47.4%) 3(15.8%) 16 (84.2%)
Nodal 0.547° 0.572° 0.233° 0.127° 0.697° 1.0°

status

NO 8 (15.7%) 3 (42.9%) 4 (57.1%) 0 (0%) 8 (100%) 1(125%) 7 (87.5%) 1(12.5%) 7 (87.5%) 4 (50%) 4 (50%) 3(37.5%) 5 (62.5%)

N1 43 (84.3%) 21(48.8%) 22 (51.2%) 6 (14.3%) 36 (85.7%) 17 (39.5%) 26 (60.5%) 18 (44.2%) 24 (55.8%) 27 (64.3%) 15(35.7%) 10 (23.8%) 32 (76.2%)
Metastasis 0.749° 1.0° 0.329° 0.524° 1.0° 1.0°
MO 14 (26.9%) 7 (53.8%) 6 (46.2%) 1(7.1%) 13 (92.9%) 3(21.4%) 11 (78.6%) 4 (28.6%) 10(71.4%) 8 (57.1%) 6 (42.9%) 3 (21.4%) 11 (78.6%)

M1 38 (73.1%) 17 (44.7%) 21 (56.3%) 5(13.5%) 32(86.5%) 15 (39.5%) 23 (60.5%) 16 (42.1%) 22 (57.9%) 24(64.9%) 13 (35.1%) 10 (27%) 27 (73%)
Grade 0.773° 0.366% 0.353% 0.669% 0.307% 0.280°
G1 13(36.1%) 8 (61.5%) 5 (38.5%) 3(23.1%) 10(76.9%) 4(30.8%) 9 (69.2%) 5(38.5%) 8 (61.5%) 10 (76.9%) 3 (23.1%) 4 (30.8%) 9 (69.2%)

G2 21(58.3%) 8(38.1%) 13 (61.9%) 3(14.3%) 18(85.7%) 10 (47.6%) 11 (52.4%) 9 (42.9%) 12(57.1%) 13(61.9%) 8 (38.1%) 4 (19%) 17 (81%)

G3 2 (5.6%) 2 (100%) 0 (0%) 0 (0%) 2 (100%) 1 (50%) 1 (50%) 0 (0%) 2 (100%) 1 (50%) 1 (50%) 0 (0%) 2 (100%)

For one case, data on mTOR, 4EBP1, p-S6K and p-elF4E expression were missing. For some cases, data on clinicopathological variables were missing for stage, T, N and M in the
respective subgroup analysis. For grade, only primary tumours were evaluated (n=37); in this subgroup, grading was not possible in one case.

242 test for trends.

PFisher's exact test.
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Instruments, Silver Spring, MD, USA). A representa-
tive tumour-bearing slide was selected for each case by
a board certified pathologist with a special interest in
GEP-NET pathology (WW). Typical tumour areas
from the centre of the lesion as well as from the
invasive margins were marked on the respective H&E
slides. Subsequently, three tissue cylinders of 1.5 mm
diameter were punched from each tumour-bearing
donor block and transferred to a tissue microarray
paraffin block. In addition, from every corresponding
donor block, one conventional 2 pm paraffin section
was cut for Ki-67 staining.

As normal reference control, ten cases of pancreatic
tissue without significant pathology were investigated
for the expression of the respective pathway com-
ponents. Normal tissue was evaluated on conventional
paraffin sections. Tissue was taken from patients with
pancreatic NETs well away from the tumour.

Immunohistochemisiry

Anti-mTOR antibody, anti-4EBP1, anti-4EBP1 phos-
phorylated at Thr70 (p-4EBP1), anti-eIF4E phospho-
rylated at Ser209 and anti-S6K phosphorylated at
Thr389 antibodies were obtained from Cell Signaling
Technology (Danvers, MA, USA). For immunohisto-
chemistry, 3 pm paraffin sections were cut and
incubated with anti-mTOR (1:50), anti-4EBP1 (1:50),
anti-p-4EBP1 (1:25), anti-p-S6K (1:100) and anti-
p-eIF4E (1:50) antibodies. The omission of the primary
antibody served as negative control.

Ki-67 staining was performed in a Benchmark XT
autostainer (Ventana, Tuscon, AZ, USA) according to
the manufacturer’s protocol.

Endocrine-Related Cancer (2011) 18 181-192

Evaluation of staining of tissue slides

Staining of mTOR, 4EPB1, p-4EBPI, p-S6K and
p-eIF4E in tumour tissue was scored by applying
a semi-quantitative immunoreactivity scoring (IRS)
system, as described previously (Darb-Esfahani et al.
2009). Briefly, category A documented the intensity
of staining as 0 (no immunostaining), 1 (weak), 2
(moderate) and 3 (strong). Category B documented
the percentage of immunoreactive cells as 0 (none),
1 (<10%), 2 (10-50%), 3 (51-80%) and 4 (>80%).
Multiplication of categories A and B resulted in
an IRS ranging from O to 12 for each individual case.
The raw expression scores were used for correlation
analysis. For correlation with clinicopathological
variables, cases that showed any expression of
mTOR, 4EBP1, p-4EBP1, p-S6K and p-eIF4E (IRS
1-12) were scored as positive; cases without
expression (IRS 0) were scored as negative.

Statistical analysis

Statistical analyses were carried out with SPSS 16.0
and GraphPad Prism 4.0. The significance of corre-
lations between mTOR, 4EBP1, p-4EBPI, p-S6K
and p-eIF4E staining patterns and clinicopathological
data was tested by Fisher's exact test and x* test
for trends. The significance of correlations of mTOR,
4EBP1, p-4EBP1, p-S6K and p-elFAE expression
scores in primary tumours and their corresponding
lymph node and distant metastases was assessed
by the Wilcoxon test for paired sample analysis. The
correlation of mTOR, 4EBP1, p-4EBPI, p-S6K
and p-elF4E expression scores with each other and
with proliferation indices was done by Spearman’s

Figure 1 mTOR, 4EBP, p-4EBP1, p-S6K and p-elF4E expression patterns in gastroenteropancreatic neuroendocrine tumours.
(A/B) mTOR expression in GEP-NET. (A) An mTOR-negative tumour is shown. (B) Tumour with strong cytoplasmic mTOR positivity.
(C/D) 4EBP1 in GEP-NET. Neuroendocrine tumours with weak (C) and strong (D) expression of 4EBP1. (E/F) p-4EBP1 expression
in GEP-NET. (E) A tumour with strong cytoplasmic and without nuclear expression is depicted. In contrast, the tumour in (F) showed
moderate cytoplasmic and strong nuclear positivity. (G/H) p-S6K in GEP-NET. While the tumour (arrow) in (G) was essentially

negative for p-S6K, the tumour in (H) showed strong expression of the phosphorylated protein. Note strong expression in liver

parenchyma (arrowhead in G). (I/J) p-elF4E in GEP-NET. (1) A tumour without expression of p-elF4E is depicted, while the tumour in

(J) was scored as positive.
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Figure 2 Expression of mTOR, 4EBP1, p-4EBP1, p-S6K and
p-elF4E in dependence of tumour location. Expression of
mTOR, 4EBP1, p-4EBP1, p-S6K and p-elF4E was higher in
foregut than in midgut tumours. P values were calculated with
the Mann—Whitney U test.

rank order correlation. Distribution of mTOR, 4EBP1,
p-4EBP1, p-S6K and p-eIF4E expression scores in
dependence of tumour location was assessed by the
Mann—-Whitney U test. Differences in the percentages
of Ki-67-positive cells in primary and metastatic
tumours were investigated by the unpaired #-test and
the Mann—Whitney U test.

The probability of differences in overall survival
as a function of time was determined using the
Kaplan-Meier method, with a log-rank test to probe
for significance. P values <0.05 were considered
significant.

Results

Expression patterns of mTOR, 4EBP1, p-4EBP1,
p-S6K and p-elF4E in GEP-NET

Cytoplasmic mTOR expression was found in 60
(61.2%) out of 98 tumours available for analysis.
No nuclear immunostaining was observed. The
intensity of immunostaining ranged from weak to
strong and was fairly homogenous throughout a given

tumour (Fig. 1). mTOR expression was significantly
higher in foregut tumours than in midgut tumours
(P=0.005, Fig. 2); this was also true when stage was
included in the analysis (data not shown). There was
no significant difference between mTOR expression in
gastric, duodenal and pancreatic tamours (P=0.096,
data not shown). However, while gastric and pancreatic
tumours showed the same prevalence of mTOR
positivity (~67%), duodenal tumours were less likely
to be positive (16.7%).

Cytoplasmic 4EBP1 immunopositivity was noted
in 91 (92.9%) out of 98 tumours investigated (Fig. 1).
A very faint nuclear staining was detected in some
cases, which might correspond to the nuclear locali-
sation of the phosphorylated protein (see below).
However, nuclear staining was too weak to allow for
a quantitative evaluation of this staining pattern.
Expression of 4EBP1 was significantly higher in
foregut tumours than in their midgut counterparts
(P<0.001, Fig. 2), which again was independent from
tumour stage (data not shown). No significant
differences in expression were found when gastric,
duodenal and pancreatic tumours were compared
(P=0.591, data not shown).

Phosphorylated 4EBP1 was located either in the
cytoplasm or in the nucleus in 79 (79.8%) and 68
(68.7%) cases respectively (Fig. 1). Both cytoplasmic
and nuclear positivity were significantly more likely to
be found in foregut than in midgut tumours (Fig. 2,
P <0.001 for both correlations). This finding was also
valid after differences in stage were taken into account
(data not shown). Gastric, duodenal and pancreatic
tumours showed no significant differences in the
expression of cytoplasmic (P=0.443) and nuclear
p-4EBP1 (P=0.105). However, pancreatic tumours
showed a lower percentage of positive cases for
nuclear expression (67.7%) when compared with
duodenal (83.3%) and gastric (100%) tumours (data
not shown).

Table 3 Correlation of mTOR, 4EBP1, p-4EBP1, p-S6K and p-elF4E expression in gastroenteropancreatic neuroendocrine tumours

mTOR 4EBP1 Cytoplasmic Nuclear p-S6K
score score p-4EBP1 score p-4EBP1 score score
4EBP1 score r=0.322
P=0.001
Cytoplasmic p-4EBP1 score r=0.402 r=0.632
P<0.001 P<0.001
Nuclear p-4EBP1 score r=0.260 r=0.406 r=0.642
P=0.009 P<0.001 P<0.001
p-S6K score r==0.187 r=0.443 r=0.281 r=0.239
P=0.067 P<0.001 P=0.005 P=0.019
p-elF4E score r=0.346 r=0.646 r=0.259 r=0.162 r=0.374
P=0.001 P<0.001 P=0.010 P=0.113 P<0.001
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Phosphorylated S6K (p-S6K) was exclusively found
in the cytoplasm of tumour cells (Fig. 1). In total, 56.7%
of tumours were positive for activated S6K to varying
degrees (Tables 1 and 2). Similar to mTOR and 4EBP4,
p-S6K expression was higher in foregut than in midgut
tumours (P<0.001, Fig. 2) in a stage-independent
manner. There was no significant difference in the
expression of p-S6K between gastric, duodenal and
pancreatic tumours (P =0.786, data not shown).

p-eIF4E was observed in 79.4% of tumours and
varied considerably from case to case (Fig. 1, Tables 1
and 2). Again, expression was significantly higher in
tumours from foregut when compared with tumours
from midgut origin (P=0.002, Fig. 2). With respect
to specific foregut locations, the number of positive
cases did not show a relevant variation (P =0.983, data
not shown).

Overall mTOR expression significantly correlated
with 4EBPI1, cytoplasmic and nuclear p-4EBP1
expression as well as with p-eIF4E expression
(P<0.01 for all comparisons). The correlation coeffi-
cients (») indicated a modest to fairly strong degree of
interaction (Table 3). mTOR was associated with
p-S6K as well; however, the association was weak
(r==0.187) and failed to show statistical significance
(P=0.067, Table 3).

As normal reference control, mTOR pathway
component expression was investigated in a set of
normal pancreatic tissues including adjacent stromal
and inflammatory cells. These stainings revealed
stable expression of several of the proteins in a distinct
set of normal cells (e.g. lymphocytes). The respective
results are summarised in Supplementary Table 1,
see section on supplementary data given at the end of
this article.

Correlation of mTOR, 4EBP1, p-4EBP1, p-S6K
and p-elFAE expression with proliferation indices

Foregut tumours showed a higher proliferative
activity than midgut tumours (mean foregut: 11%
Ki-67-positive cells, mean midgut: 5% Ki-67-positive
cells, P=0.002). This was also found when only stage
IV tumours were compared (P <0.001).

By trend, Ki-67 staining was higher in nodal (mean
primary: 3.1%, mean nodal metastasis: 4.2%) and
distant metastases (mean primary: 3.3%, mean distant
metastasis: 8.3%) when compared with the correspond-
ing primary tumours. These differences were statis-
tically significant in parametric tests for both
comparisons (P<0.001) but only for the comparison
of primary tumour and distant metastasis in non-
parametric tests (P=0.024).

www.endocrinology-journals.org
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Figure 3 Proliferative activity in dependence of mTOR, 4EBP1,
p-4EBP1, p-S6K and p-elF4E expression in GEP-NET.
Proliferative activity was higher in those tumours with stronger
expression of mTOR, 4EBP1, p-4EBP1, p-S6K and p-elF4E
(details: see text).

Overall mTOR positivity was slightly but signi-
ficantly higher in tumours with higher proliferative
capacity (r=0.213, P=0.038). This correlation was
also found for the expression of phosphorylated
cytoplasmic and nuclear 4EBP1 (r=0.238, P=0.020
and r=0.262, P=0.010 respectively). Expression of
4EBP1 showed an even higher degree of correlation
(r=0.463, P<0.001; Fig. 3). In addition, p-S6K
(r=0.364, P<0.001) as well as p-eIF4E (r=0.273,
P=0.008) expression was associated with higher
proliferative capacity, as well (Fig. 3).

Correlation of mTOR, 4EBP1, p-4EBP1, p-S6K
and p-elF4AE expression with clinicopathological
variables

In foregut, mTOR expression was significantly higher
in tumours with distant metastasis (P =0.035; Table 1).
No other correlations of the expression of mTOR,
4EBP1, p-4EBPI1, p-S6K and p-eJF4E with clinico-
pathological variables in either foregut or midgut
tumours were evident (Tables 1 and 2).

Correlation of mTOR, 4EBP1, p-4EBP1, p-S6K
and p-elF4E expression in the primary tumour
and in corresponding lymph node and distant
metastases

We investigated the expression of mTOR, 4EBPI,
p-4EBP1, p-S6K and p-eIF4E in matched pairs of
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Figure 4 Correlation of mTOR, 4EBP1, p-4EBP1, p-S6K and
p-elF4E expression in primary tumours and corresponding
lymph node and distant metastases. While mTOR expression is
a bit lower in distant metastatic tumours when compared with
the corresponding primaries, activation levels of 4EBP1 are
usually higher in nodal and distant metastases and expression
levels of p-S6K and p-elF4E were higher in distant metastases.
P values were calculated with the Wilcoxon test.

primary tumours, nodal and distant metastases of
GEP-NET (Fig. 4). There was a tendency towards
lower mTOR expression in distant metastasis when
compared with the respective primary tumours;
however, this correlation was only of borderline
significance (P=0.07). In addition, metastatic nodal
(only cytoplasmic p-4EBP1) and distant tumour seeds
usually showed slightly higher expression of phos-
phorylated 4EBP1, S6K and eIF4E when compared
with the corresponding primary tumour, indicating
higher activity of the mTOR pathway in metastatic
tumours. However, this association was only found to
be significant for cytoplasmic p-4EBP1 and nodal
spread (P=0.02) and was of borderline significance
for nuclear p-4EBP1 and distant spread (P=0.07).

Correlation of mTOR, 4EBP1, p-4EBP1, p-S6K
and p-elF4E expression with survival

A probatory survival analysis in the homogenous
subgroup of patients with stage IV midgut tumours
(n=39) revealed that neither mTOR (P=0.329) nor
4EBP1 (P=0.186) or p-eIF4E (P=0.521) expression
had an impact on NET-related death in univariate
survival analysis in this group of patients (Fig. 5).
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Those patients whose tumours showed cytoplasmic
p-4EBP1 expression had a trend towards longer
disease-specific survival than those patients without
activation of 4EBP1 (P=0.055). Interestingly, patients
with activated S6K in their tumours had a significantly
shortened disease-specific survival (P=0.048, Fig. 5).
Neither grade (P=0.764) as a correlate for tumour
aggressiveness nor treatment (P=0.148) had an impact
on survival in this stage IV midgut patient cohort.

Discussion

In this study, we report a differential expression of
mTOR, 4EBP1, phosphorylated 4EBP1, phosphory-
lated S6K and phosphorylated eIF4E in a large cohort
of GEP-NET. Expression levels of mTOR as well as
activation of its downstream targets were higher in
foregut tumours than in midgut tumours, indicating a
higher activity of the mTOR pathway in the former.
This increase in activity was accompanied by a higher
proliferative capacity of foregut tumours when
compared with midgut tumours. Foregut tumours
with distant metastases showed strong mTOR
expression, and metastatic tumours in general showed
slightly higher mTOR pathway activation indicated
by enhanced phosphorylation of 4EBP1 as well as by
enhanced phosphorylation of S6K and elF4E. Interes-
tingly, those stage IV midgut patients with activated
S6K had a reduced disease-specific survival, while
this was not true for other downstream effectors or
mTOR itself.

The detection of p-4EBP1 in the nucleus by us and
other groups both in vitro and in vivo is interesting
(Zhou et al. 2004, Castellvi et al. 2006, Rojo et al.
2007, Rong et al. 2008). It has been demonstrated that
the target of 4EBP1, eIFAE, has functions as a nuclear
regulator of the export of several RNAs involved in
proliferation and cell growth (Culjkovic et al. 2007).
The presence of 4EBP1 in the nucleus has been
proposed to provide a means to regulate the release of
elF4E from the nucleus and may thus prevent the
untimely export of eIFAE bound mRNAs (Missiaglia
et al. 2010). The relevance of this mechanism with
respect to carcinogenesis has to be elucidated.

Recently, researchers have begun to focus on the
mTOR pathway in GEP-NET, since treatment of
metastasized NETs with the mTOR inhibitor ever-
olimus in combination with octreotide showed promis-
ing results in phase II clinical studies (Yao et al. 20085,
2010). In addition, the mTOR pathway plays a central
role in the tumourigenesis of familial cases as well as in
the sporadic cases of NETs. The notion that this
pathway is of importance in this tumour entity has
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Figure 5 Correlation of mTOR, 4EBP1, p-4EBP1, p-S6K and p-elF4E expression with survival in stage IV midgut NET. No significant
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p-4EBP1 as well as p-elF4E (F) positivity. In contrast, patients whose tumours expressed phosphorylated S6K (E) had a reduced
disease-specific survival time. P values were calculated with a log-rank test.

further been substantiated by results of a high-
throughput RNA expression analysis of pancreatic
NETs in which the upstream inhibitors of mTOR,
TSC2 and PTEN were found to be downregulated
(Missiaglia et al. 2010). In addition, mTOR inhibition
by rapamycin has been shown to significantly reduce
NETs cell growth in vitro and in vivo (Moreno et al.
2008). This might be due to an induction of growth
arrest in Go/G; phase and enhanced apoptosis
(Zitzmann et al. 2007). Furthermore, it has been
proposed that deactivation of the AKT-mTOR kinase
axis is responsible for this effect (Grozinsky-Glasberg
et al. 2008). These in vitro results are in line with our
findings that mTOR expression as well as downstream
activation of 4EBP1, eIF4E and S6K correlates with
proliferation in GEP-NET.

Most recently, in analogy to our work in GEP-NET,
a large study on the expression of mTOR pathway
components in lung NETs has been published in this
journal (Righi et al. 2010). The authors reported an
overexpression of p-4EBP1 in high-grade tumours, in
contrast to p-mTOR and p-S6K, which were strongly
expressed in low-grade tumours. In addition, in one
recently published study on gastrointestinal NETsS,
phosphorylated mTOR, p-4EBP1 and p-S6K
expression as well as several other factors were used
to subclassify NET into novel potentially biological
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important subgroups (lida ef al. 2010). However, a
correlation of the respective proteins with clinico-
pathological variables and outcome has not been
reported. Besides this, just one study on the expression
of p-mTOR, which included only 20 GEP-NET (Shida
et al. 2010) and in which the authors reported enhanced
p-mTOR expression in poorly differentiated tumours,
has been published. In our study, we did not find a
straightforward correlation of either grouped mTOR
expression or mTOR activity (as indicated by
phosphorylation of 4EBP1) with tumour grade.
However, we found an association of the expression
of these proteins with the proliferation index, which in
the novel grading scheme for GEP-NET is the central
classifier for tumour grade.

mTOR expression and activity have been evaluated
in a broad variety of human tumours, including most
of the major tumour types, namely endometrial
(Darb-Esfahani et al. 2009), esophageal (Boone et al.
2008), renal (Campbell er al. 2008), colorectal
(Tampellini et al. 2007), prostate (Kremer et al.
2006), liver (Sahin et al. 2004), breast (Zhou et al.
2004, Rojo et al. 2007), lung (Anagnostou et al. 2009)
and ovarian (Noske er al. 2008) cancer as well as
glioblastoma (Pelloski er al. 2006). In all tumour
entities, nTOR was either upregulated and/or activated
in the tumour tissue when compared with the
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corresponding tissue of origin. In addition, in some
tumour entities, mTOR activity was linked to
compromised patient prognosis. However, an associ-
ation of the activated mTOR pathway with a better
patient prognosis has been reported (Noske et al. 2008,
Anagnostou et al. 2009) as well. In one study on
bronchial NETs, no prognostic impact of mTOR
pathway components was reported (Righi er al.
2010). We found that although mTOR expression
itself was not associated with differences in patient
prognosis, the detection of activated S6K confers a
poor prognosis in stage IV midgut NETs. However,
since this very homogenous subgroup of patients
comprised only 39 cases, our results with respect to
" apossible impact of p-S6K positivity on survival must
clearly be confirmed in much larger study cohorts.

In summary, we found that expression and activity
of mTOR were strongly dependent on primary tumour
location and metastatic status in GEP-NET. Expression
as well as activation of mTOR pathway components
was associated with enhanced proliferative capacity.
Since everolimus, a small molecule targeting mTOR,
proved to be effective in this tumour type and since
it has been shown that response to other mTOR
inhibitors may vary in dependence of expression and/or
activity of the target, we suggest an investigation of
mTOR expression profiles and phosphorylation
of downstream targets in future clinical trials with
this inhibitor.

Supplementary data

This is linked to the online version of the paper at hitp:/dx.
doi.org/10.1677/ERC-10-0126.
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Estrogen plays a critical role in female reproduction but has also been reported to have important roles
in various target tissues expressing estrogen receptor (ER) o and/or ER in both male and female. ERs
especially ERB have been demonstrated to be present and functional in both normal human lung and
its disorders including cancer. Non-small cell lung carcinomas (NSCLCs) are well-known to be composed
of heterogeneous groups. Squamous cell carcinoma is the most common subtype in men, but adeno-

Key words: carcinoma is the most common histologic subtype in women. Therefore, sex steroid hormones such as
Lung carcinoma estrogens have been considered to play some roles in NSCLC. In particular, results of several epidemi-
Estrogen receptor - . - : . I .

Aromatase ological analyses pointed out the association between physiological or artificial alterations of hormone
status such as menstruation and postmenopausal administration of hormone replacement therapy and
lung cancer risks or its development especially in female subjects. In NSCLC tissues, intratumoral estrogen
synthesis via aromatase, which is a key enzyme in the estrogen synthesis involved in aromatization of
androgens into estrogens, has recently become of clinical interest as a possible target of therapy. There-
fore, in this review, we focused on the potential of an endocrine therapy in NSCLC using clinically available
inhibitors of estrogen and aromatase actions.
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approximately 9% (Prkin et al., 2004). In other histological types, the
proportions differ by sex: squamous cell carcinomas comprise 44%
of lung cancers in men but 25% in women, while adenocarcinomas

1. Introduction

Lung cancer is currently the most frequently diagnosed major
cancer all over the world and the most common cause of cancer
death in the world. Almost all lung cancers are carcinomas. Lung
carcinoma is histologically classified into small cell carcinoma and
non-small cell lung carcinoma (NSCLC). NSCLC is further composed
of heterogeneous groups such as adenocarcinoma, squamous cell
carcinoma and large cell carcinoma. Small cell carcinomas com-
prise about 20% of cases and large cell undifferentiated carcinomas
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comprise only 28% of the cases in men but 42% in women (Prkin
etal,, 2004). In adenocarcinomas, although most cases are detected
in smokers, it develops more frequency than any other histologic
type of lung carcinoma individuals, particularly women, among
those who have never smoked (Prkin et al., 2004). Bronchioloalveo-
lar carcinoma is a subset of lung adenocarcinoma but is associated
with distinct clinical presentation, tumor biology, response to
therapy, and prognosis or clinical outcome compared to other
subtypes of NSCLC (Raz et al., 2006). Bronchioloalveolar carcinoma
disproportionately influences women, never-smokers, and Asians
and is characterized by proliferation along alveolar septa without
evidence of stromal, vascular, or pleural invasion (Raz et al., 2006).
It is true that more men than women developed lung cancer, and
more men than women die from the disease (Payne, 2005).



