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Current therapeutic modalities for pituitary neuroendocrine tumors (PitNETs) include medica-
tion, surgery, and radiotherapy. Some patients have tumors that are refractory to current
modalities. Therefore, novel treatment options are needed for patients with intractable dis-
eases. Consequently, we examined the pathological data of PitNETs to study medical thera-
pies. We retrospectively studied 120 patients with histologically diagnosed PitNETs. We
used the data for the histopathological examination of hormones, such as growth hormone
(GH), prolactin (PRL), adrenocorticotropic hormone, thyroid stimulating hormone, luteinizing
hormone, follicle-stimulating hormone, and a-subunit, together with the immunohistochemi-
cal studies of the phospho-mammalian target of rapamycin (mTOR), cytokeratin (CAM5.2),
somatostatin receptor (SSTR) type 2 and 5, Pit-1 (POU1F1/GHF-1), steroidogenic factor-1
(SF-1), and Tpit. GH-, PRL-, and SSTRS5-immunopositive PitNETs had significantly higher
percentage of mTOR-positivity, compared with GH-, PRL-, and SSTR5-immunonegative Pit
NETs. Our results show that activation of the AKT/phosphatidylinositol-3-kinase pathway,
including mTOR activation, might be related the development of PitNETs, especially
GH- and PRL-producing PitNETs. Thus, mTOR is a potential target for treating functional
PitNETs.
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cation, surgery, and radiotherapy [1, 15]. While some

Pituitary neuroendocrine tumors (PitNETs), formerly
known as pituitary adenomas, are common intracranial neo-
plasms [14]. Current therapeutic modalities include medi-
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patients are cured or their symptoms controlled by these
therapies, a considerable proportion exhibits tumors that are
refractory to current modalities [1]. Novel options are
therefore required for these intractable patients, and therapy
targeting signal transduction pathways that promote tumor
growth may represent a promising approach for patients
with refractory tumors.

Although our understanding of the pathophysiology of
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Table 1. Primary antibodies concerning pituitary hormones and transcription factors, and marker proteins. These are diluted in 0.01 M phosphate-
buffered saline.
Primary antibody
Antibodies Nature of antibodies | Dilution rate Company Epitope Retrival
GH polyclonal(rabbit) *1:400 DAKO(Carpinteria, CA, U.S.A.)
PRL polyclonal(rabbit) 1:400 DAKO (Carpinteria, CA, U.S.A.)
ACTH monoclonal(mouse) 1:400 DAKO (Carpinteria, CA, U.S.A.)
Hormones TSH monoclonal(mouse) 1:200 DAKO (Carpinteria, CA, U.S.A.)
LH monoclonal(mouse) 1:200 IMMUNOTECH/MBL (Minato-ku, Tokyo, Japan)
FSH monoclonal(mouse) 1:200 IMMUNOTECH/MBL (Minato-ku, Tokyo, Japan)
a-SU polyclonal(rabbit) 1:1000 NIDDK (Rockville Pike, Bethesda, U.S.A.)
Phospho-mTOR | polyclonal(rabbit) 1:100 Cell Signaling technology (Danvers, MA, U.S.A.) | water bath to 99 °C for 40 min
Transcription CAM5.2 monoclonal(mouse) 1:2 BD (Franklin Lakes, NJ, U.S.A.) water bath to 99 °C for 40 min
factors SSTR2 monoclonal(rabbit) 1:100 Epitomics (Burlingame, California, U.S.A.) autoclave to 121 °C for 10 min
and SSTR5 monoclonal(mouse) 1:400 Epitomics (Burlingame, California, U.S.A.) autoclave to 121 °C for 10 min
. SF-1 monoclonal(mouse) 1:100 Invitrogen (Waltham, Massachusetts, U.S.A.) autoclave to 121 °C for 10 min
Marker proteins
Pit-1 monoclonal(mouse) 1:100 Santa Cruz (Dallas, Texas, U.S.A.) water bath to 99 °C for 40 min
Tpit (Rabbit) 1:300 Dr autoclave to 121 °C for 10 min

PitNETs has expanded, the precise pathogenetic mecha-
nisms of PitNETs are yet to be elucidated. The activation of
the AKT/phosphatidylinositol-3-kinase pathway, including
the mammalian target of rapamycin (mTOR) activation, is
considered to be one of the intracellular pathways involved
in PitNET development [1, 4, 14]. In this study, we present
our analysis of the pathological data on PitNETs, focusing
particularly on mTOR expression, with significant indica-
tive results for medical therapeutics.

II. Materials and Methods

Case materials

An unselected series of patients (68 male and 72
female patients) with PitNETs treated at Teikyo University
Hospital and the International University of Health and
Welfare Mita Hospital were enrolled in this study. The age
of the patients ranged from 16 to 87 years, with a mean age
of 52.4 years (standard deviation [SD]: 17.6). The details of
their histopathological data were collected and analyzed.
The Institutional Review Board approved this clinical study
(license number 5-21-53), and written informed consent
was obtained from the patients for their endocrinological
and pathological data. The pathological diagnosis of Pit-
NETs was established by two independent pathologists
(C.I. and R. Y. O.) who were blinded to the patients’ data.
Consecutive specimens were used to compare pituitary hor-
mone immunostaining, transcriptional factors, and marker
proteins. Positive results were determined as + for 1-25%,
2+ for 26-50%, 3+ for 51-75%, and 4+ for >75%
immunopositivity, respectively.

Histopathological examination

Immunohistochemistry of anterior pituitary hormones
Deparaffinized sections were washed with running tap

water, rinsed with distilled water, and washed 0.01 M

phosphate-buffered saline (PBS). They were incubated in

1% hydrogen peroxide solution for 10 min at room temper-

ature (RT) to block endogenous peroxidase.

After washed with running tap water and washed three
times with Wash buffer (Wash Buffer, Concentrate 20x
(DAKO, Carpinteria, CA, U.S.A.)). They were incubated
with primary antibodies show in Table 1, overnight at 4°C
and with ACTH and TSH antibodies for 20 min at RT. Fur-
ther, they were washed three times with Wash buffer and
incubated with secondary antibodies for 45 min at RT (for
ACTH and TSH for 20 min at room temperature). After
they were washed three times with Wash buffer, Immunore-
actions were visualized using an Envision FLEX/HRP kit
(DAKO, Carpinteria, CA, U.S.A.). The sections were then
washed with running tap water for 10 min. After dehydra-
tion in 70% EtOH, 80% EtOH, 90% EtOH, 95% EtOH, and
100% EtOH and processing in xylene, the sections were
cover-slipped with Entellan new. Images were collected
using the Olympus BX50 light microscope.

Transcription factors and maker proteins
Immunohistochemistry

Deparaffinized sections were washed with running tap
water, rinsed with distilled water, and washed PBS.
Deparaffinized sections were washed with running tap
water. Antigen retrieval was performed by Water Bath or
Autoclave, as shown in Table 1. They were left at RT for 20
minutes. After washing with running tap water, they were
incubated in 1% hydrogen peroxide solution for 10 min at
RT to block endogenous peroxidase. They were washed
with running tap water and washed three times with Wash
buffer they were incubated with primary antibodies shown
in Table 1 overnight at 4°C. Especially for SSTR2 and
SSTRS, they were washed with linker solution (Rabbit
LINKER (DAKO, Carpinteria, CA, U.S.A.)). Next, they
were incubated with secondary antibodies (Table 2) for 45
min at RT (for SSTR2, SSRT5 and mTOR for 20 min at
RT) After, they were washed three times with Wash buffer,
Immunoreactions were visualized using an Envision
FLEX/HRP kit. The sections were then washed with run-
ning tap water for 10 min. After dehydration in 70% EtOH,
80% EtOH, 90% EtOH, 95% EtOH, and 100% EtOH and
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Table 2. Secondary antibodies. These are diluted in BSA-phosphate-buffered saline.

Secondary antibody
Product Dilution rate Company
Anti-mouse 1gG HRP-Linked F (ab’) 2 Fragment Donkey 1:100 Cytiva (Shinjuku-ku ,Tokyo, Japan)
Anti-rabbit 1gG HRP-Linked F (ab’) 2 Fragment Sheep 1:400 Cytiva (Shinjuku-ku ,Tokyo, Japan)
ACTH,TSH Envision FLEX/HRP kit DAKO (Carpinteria, CA, U.S.A.)
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Fig. 1.

processing in xylene, the sections were cover-slipped with
Entellan new. Images were collected using the Olympus
BX50 light microscope.

The specificity of primary antibodies used in this
study was confirmed in the previous studies [4, 610, 12,
13, 18].

Negative control samples involved replacement of the
primary antibody with normal sera.

Statistical analyses

Statistical analyses were performed using Excel 2021
(Microsoft, Redmond, WA, U.S.A.) and the chi-squared
test. Values are shown as mean £ S.D., and p < 0.05 was
interpreted to be statistically significant.

III. Results

In this study, 85 out of 120 patients with PitNETs were
found to be immunopositive for mTOR, while 35 were
immunonegative. Representative mTOR positivity and neg-
ativity results are shown in Fig. 1. mTOR was immunopos-
itive in the cytoplasm. The pathological data of the PitNETs
are shown in Table 3.

The mean patient age at the time of surgery was 51.4 +
17.2 years for the mTOR-positive immunostaining group
versus 54.8 + 18.2 years for the mTOR-negative immuno-
staining group. No significant differences in mean age were
found between the two groups (p = 0.36).

The ratio of mTOR positivity to negativity was signifi-
cantly higher in female patients than in male patients (p <
0.05). Among male patients, 64% were mTOR-positive,
and 36% were mTOR-negative. Among female patients,

a; [lustrative mTOR immunopositive case, b; Illustrative mTOR immunonegative case.

81% were mTOR-positive, and 19% were mTOR-negative.

Growth hormone (GH)-immunopositive specimens
and prolactin (PRL)-immunopositive specimens had high
percentage of significant mTOR-positivity (both, p < 0.05),
compared with GH-, PRL-, and SSTRS-immunonegative
Pit NETs.

Among GH positive PitNETs, 64% were mTOR-
positive. Among GH negative PitNETs, 10% were mTOR-
positive. Among PRL positive PitNETs, 88% were mTOR-
positive. Among PRL negative PitNETs, 64% were mTOR-
positive.

None of the other hormone-secreting PitNETs (ACTH,
FSH, LH, and TSH) correlated with mTOR positivity.

Of SSTRS positive PitNETs, 82% were mTOR-
positive, whereas of SSTRS5 negative PitNETs, 62% were
mTOR-positive. mnTOR immunopositivity was significantly
more frequently observed in SSTRS immunopositive
tumors than in immunonegative tumors (P < 0.05). 75% of
SSTR2 positive PitNETs were mTOR-positive, and 63% of
SSTR2 negative PitNETs were mTOR-positive. Other tran-
scription factors and marker proteins (SSTR2, Pit-1, Tpit,
CAMS.2, and SF-1) including SSTR2 were examined in
various cases; however, none correlated with mTOR
immunopositivity.

Negative control studies with substitution of pituitary
antibodies with normal sera showed no positive stainings.

IV. Discussion

mTOR is a molecule without organ specificity. It is
expressed in the cytoplasm and activated by phosphoryla-
tion. Maruska KP ef al. showed mTOR expression in nor-



124 Nakazato et al.

Table 3. Immunohistochemical staining results

M/F[4EB8] mTOR GH PRL | ACTH FSH LH TSH | aSU SSTR2 SSTR5 CAM52] pit-1 SF1 Toit
1 F | 63 - = - - 2+ - - - - -
2] M | 41 - - - - ar - = - = =
3[ F [ 74 - - - + - = + = =
a M |33 + - - - - - - - - +
5| F | 29 + - 3+ - - - - - - - -
6 M | 64 - - - - - - - - 2+ = +
7l M | 39 = + = = = d = 3+ 3+ - -
8 M | 54 + - - - + - - + 2+ -
o M | 30 + + - = - - - - 2+ 3+
10l M | 74 - = - - 3+ - = + 2+ =
11 M | 63 - - - - - - - + - = +
12[ F | 61 + 4+ 2+ - - - = + 3+ 2+ +
13[ M | 53 * 4+ - = + - = 4+ 3+ 3+ +
14 M | 60 - - - - - - - - - -
6] F | 28 - - - = - - - - = +
16 F | 35 - - - - 4+ - - - - -
17l M [ 73 - - - - - - - + - -
18[ M | 39 + ar - = - - - - 3+ 2+ +
19 F | a1 + + - - - = 3+ 3+ +
20[ M | 46 = - = - - - - 3+ 3+
21 M |66 - - - - 4+ - - - 2+ -
22| M | 66 - - - - - - - - 2+ 2+
23] M | 62 + + - - - - = - 3+ 3+ +
24 F |60 = - - = + - = - 2+ -
25 M | 49 - - + - - - - - - 2+
26] F [ a0 * - 3+ - - - * a+ 3+ - -
27| F | 40 - - - - + - - + 2+ = - -
28| M | 50 + = bl 4+ = bl 2+ 3+ bl +
29| M | 78 + - - - - + - + 2+ - +
30| M | 51 + 4+ - - - - - 3+ 3+ +
31 m | 53 + - - 4+ - - - - - 2+ +
32 m | 30 + 4+ + - - - + 3+ 3+ 3+ +
33[ M [ 19 - - - - 4+ - - 2+ 3+ -
34 F | 62 + - - 4+ - - - - - 3+ +
35| M | 70 - - - - 2+ + - 3+ - -
36| F | 59 + 3+ + = - - + 3+ 3+ +
37 M | 58 + = - d 2+ = ol 2+ 2+ bl
ag[ M [ 31 + 4+ 2+ + - = * 3+ 3+ 2+ +
- 4+ 2+ 4+ + - 4+ - 2+ +
+ 3+ 2+ - - - - — — 3+ =
+ 4+ 3+ d ES + d 2+ 3+ 3+ +
+ - - - - - - 3+ - -
- - - - - - - 2+ - +
+ - - - - - - - + - +
+ 4+ 2+ bl bl = + 3+ 3+ 2+ +
+ - - - - + - + 2+ - +
+ - - - + 4+ + 2+ + + +
+ - - - - - - - 3+ - + + +
+ — - - 2+ - - 3+ 2+ -
+ - - - + - - - - - + +
+ - - - - - - + 3+ - + +
+ - - - - - + 2+ - + +
+ 4+ 2+ - - - 2+ 3+ 3+ +
= = = = + + = + 2+ - + +
+ - 4+ - - - - - - 2+
+ + - - - - - - 3+ - - +
+ - - - 2+ + - 2+ 2+ =
+ = = + + - 2+ 2+ 2+
+ - - - - - - - - - - + + +
+ - - 4+ - - - - - 2+ +
+ - + - - - + 3+ 2+ -
+ - 4+ - - - - 2+ -
+ 4+ 2+ - - - 2+ 3+ 2+ +
+ 4+ + - - - - + 3+ 3+ +
+ 4+ + = = - 3+ + 3+ 3+ = + + +
+ = = = + = - + 2+ - + + =
+ - - - - - - - + - + - -
+ - - + - - - - - - + - - -
+ 2+ + - - - - 2+ 3+ 3+ + + +
70| F 59 + - + + - - - - - - + + - +
71 F | 31 + 2+ 4+ - - - - - - 3+ +
72| M | 42 + - - - = - + + 3+ 3+ + + -
73 M | 75 - - - - - - - 2+ - + - - -
74| M | 51 + = = - + = bl 2+ 3+ 2+
75 F [ 77 + - - 3 - - - - - -
76| M_| 70 - = - - 2+ - - 2+ 3+ - = = +
77 M | 16 - - ar - - = - - - + +
78| F | 68 + = = - + = bl 2+ 2+ - + +
79 F | 74 + 4+ + - - - - + 3+ 3+ + +
80| M | 78 + - - - - - - + 2+ - - +
81| M | 54 - - - = - - - - 2+ = - + =
82| F | 46 + - - - = - = + 2+ = = = =
83| F | 56 + = = - = - + 3+ - - - -
84 F | 64 + - - - - - - 2+ 2+ 2+ + + -
85| F | 69 + - - - - - - - - - + - - +
86| F | 74 + + - - - = - 3+ 3+ + +
87| F | 71 + 4r 2+ = - - - 2+ 3+ 3+ + +
88| M | 65 + - - - = - - + + - +
89| F | 74 + - = — + - - 2+ 2+ - - - T
90| M 45 + - - - - - - + 3+ - - +
91| M | 44 - - - - - - = + 3+ = - +
92[ M [ ee = - - - - = 2+ 2+ - - +
93[ M | 58 + - - 2+ - - - - 2+ - + +
94| M | 61 - - 2+ - - - + 2+ 3+ +
95| M | 56 - — ar - - - = - - 2+ + + =
96| M | 44 + 4+ + = = - bl 3+ 3+ 3+ + + -
97| F [ 25 + - 3+ - - - - - - 3+ - - +
F | 25 + - 4+ - - = - - - + + +
- - - - 3+ = - + + — + —
+ 3+ =+ - - - - + 3+ 2+ + + -
+ 4+ - - - - + 2+ 3+ 3+ + + -
+ - - + - - - - - - + - - +
+ - - + - - - - - - + - - +
- + — - — - - - 2+ 3+ +
- - - + - - + 2+ - - +
- - - 2+ - + + = = +
- - - - - - - 3+ - - + +
- - - - - - + 2+ - - +
- - - - - - - + 3+ - +
+ - 3+ - - - - + - + +
+ = 3t - = = - = - 3+ +
+ = 3+ d = = = ol 2+ bl bl
- - - - - - - + 2+ - +
+ - - + - - - - - - + - - +
- 2+ 4+ - - - - - - 3+ + +
= hd hd 3+ - - - =+ - - + - - +
- - - - - - - - - - + - - +
- - 4+ - - - - - - 2+ + + -
- - - - + + - + 2+ - - +
- - - - - - - 2+ 3+ - + +
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mal pituitary cells using reverse transcription polymerase
chain reaction and in sifu hybridization methods. [11]

The activation of the AKT/phosphatidylinositide-3-
kinase pathway, including activation of mTOR, is common
in human neoplasms. This signal transduction cascade
involves numerous crucial cellular functions, including cell
cycle regulation, cell survival, cell growth, protein synthe-
sis, and cellular metabolism. mTOR activation has been
implicated in other human cancers, and preclinical studies
have demonstrated the therapeutic effects of targeting
mTOR in PitNETs [1, 2, 4, 5].

Basal activation of mTOR downstream of constitutive
AKT signaling was observed in rat GH3 cells. Functionally,
rapamycin as well as everolimus (both mTOR inhibitors)
induce G1 growth arrest within 24 h, an effect associated
with reduced cellular proliferation [16]. The inhibition of
mTOR also radiosensitizes rat GH3 cells such that radiation
in combination with rapamycin or everolimus reduces cel-
lular viability more effectively than radiation alone [15].

In animal experiments, hyperactivation of mTOR sig-
naling was observed in estrogen-induced rat pituitary
tumors, and rapamycin blocked tumor development [3].

Currently, the medications that have shown efficacy in
controlling hormonal abnormality and reducing the size of
PitNETs are dopamine agonists for prolactin-secreting Pit-
NETs [3] and somatostatin analogs for growth hormone-
secreting PitNETs [1, 14].

Somatostatin is a peptide with potent and broad antise-
cretory actions, and serves as an invaluable drug target for
the pharmacological management of PitNETs and neuroen-
docrine tumors [3]. In recent years, somatostatin analogs,
dopamine agonists, and their combination therapies with
inhibitors of mTOR targets have been reported [3, 19].

The AKT/phosphatidylinositide-3-kinase pathway is
involved in SSTR antiproliferative signaling, and AKT
overexpression blocks the antiproliferative activity of
somatostatin analogs in pituitary tumor cells. Therefore,
inhibition of this pathway is expected to improve the effi-
cacy of somatostatin analog [3, 14, 17].

Adding rapamycin to octreotide (somatostatin analog)
treatment potentiates its antiproliferative effect in AtT-20
cells (experimental ACTH-producing pituitary tumors) and
human non-functioning PitNETs in vitro [2].

In vitro studies using experimental rat GH3 cells have
demonstrated that both cabergoline (a dopamine agonist)
and everolimus inhibited GH3 cell proliferation and PRL
secretion as single agents, and a synergistic effect on the
inhibition of PRL was noted with their combination treat-
ment [19].

In clinical trials, combination therapy with everolimus
and octreotide in patients with advanced neuroendocrine
tumors has been reported to have promising antitumor
activity [16, 17].

In one case report, everolimus, in addition to cabergo-
line, decreased PRL levels and tumor regression after 5
months of treatment for prolactinomas [19].

In this study, mTOR immunopositivity was frequently
observed, particularly in GH- and PRL-immunopositive
cases. Therefore, although further investigation is necessary
pharmacological inhibition of the mTOR pathway may
serve as an effective therapeutic strategy for treating Pit-
NETs, especially GH- and PRL-immunopositive tumors.

The correlation between mTOR- and SSTR S-positive
cases may also indicate the possible concomitant use of
mTOR inhibitors and somatostatin analog therapy.

Pharmacological inhibition of the mTOR pathway,
using a combination of pre-existing therapeutics, may be an
effective therapeutic strategy for treating PitNETs; how-
ever, further research is required.

V. Conflicts of Interest

The authors declare that there are no conflicts of
interest.

VI. Acknowledgments

We thank Midori Kimura for the useful technical sup-
port and discussion.

This study did not receive specific grants from public,
commercial, or non-profit funding agencies.

VII. References

1. Asa, S. L. and Ezzat, S. (2009) The pathogenesis of pituitary
tumors. Annu. Rev. Pathol. 4; 97-126.

2. Cerovac, V., Monteserin-Garcia, J., Rubinfeld, H., Buchfelder,
M., Losa, M., Florio, T., ef al. (2010) The somatostatin analogue
octreotide confers sensitivity to rapamycin treatment on pituitary
tumor cells. Cancer. Res. 70; 666—674.

3. Chen, R, Duan, I, Li, L., Ma, Q., Sun, Q., Ma, J., et al. (2017)
mTOR promotes pituitary tumor development through activation
of PTTGL. Oncogene. 36; 979-988.

4. Dworakowska, D., Wlodek, E., Leontiou, C. A., Igreja, S., Cakir,
M., Teng, M., et al. (2009) Activation of RAF/MEK/ERK and
PI3K/AKT/mTOR pathways in pituitary adenomas and their
effects on downstream effectors. Endocr. Relat. Cancer. 16;
1329-1338.

5. Faivre, S., Kroemer, G. and Raymond, E. (2006) Current
development of mTOR inhibitors as anticancer agents. Nat. Rev.
Drug. Discov. 5; 671-688.

6. Hirokawa, Y., Inomoto, C., Oyama, K., Tahara, S., Osamura, R.,
Shiomi, T., et al. (in Press) Analysis of insulinoma-associated
protein 1 expression in pituitary neuroendocrine tumors. Acta
Histochemica et Cytochemica.

7. Lamolet, B., Pulichino, A. M., Lamonerie, T., Gauthier, Y., Brue,
T., Enjalbert, A., et al. (2001) A pituitary cell-restricted T box
factor, Tpit, activates POMC transcription in cooperation with
Pitx homeoproteins. Cell. 104; 849—859.

8. Lee, J. C., Pekmezci, M., Lavezo, J. L., Vogel, H., Katznelson,
L., Fraenkel, M., et al. (2017) Utility of Pit-1 Immunostaining in
Distinguishing Pituitary Adenomas of Primitive Differentiation
from Null Cell Adenomas. Endocr. Pathol. 28; 287-292.

9. Lu, J. Q., Adam, B., Jack, A. S., Lam, A., Broad, R. W. and
Chik, C. L. (2015) Immune Cell Infiltrates in Pituitary
Adenomas: More Macrophages in Larger Adenomas and More T



126

12.

14.

Nakazato et al.

Cells in Growth Hormone Adenomas. Endocr. Pathol. 26; 263—
272.

Makin, C. A., Bobrow, L. G. and Bodmer, W. F. (1984)
Monoclonal antibody to cytokeratin for use in routine
histopathology. J. Clin. Pathol. 37; 975-983.

Maruska, K. P, Sohn, Y. C. and Fernald, R. D. (2019)
Mechanistic target of rapamycin (mTOR) implicated in plasticity
of the reproductive axis during social status transitions. Gen.
Comp. Endocrinol. 282; 113209.

Matsuno, A., Teramoto, A., Takekoshi, S., Sanno, N., Osamura,
R. Y. and Kirino, T. (1995) Expression of plurihormonal mRNAs
in somatotrophic adenomas detected using a nonisotopic in situ
hybridization method: comparison with lactotrophic adenomas.
Hum. Pathol. 26; 272-279.

. Matsuno, A., Teramoto, A., Takekoshi, S., Sanno, N., Osamura,

R. Y. and Kirino, T. (1995) HGH, PRL, and ACTH Gene
Expression in Clinically Nonfunctioning Adenomas Detected
with Nonisotopic In Situ Hybridization Method. Endocr. Pathol.
6; 13-20.

Monsalves, E., Juraschka, K., Tateno, T., Agnihotri, S., Asa, S.
L., Ezzat, S., et al. (2014) The PI3K/AKT/mTOR pathway in the
pathophysiology and treatment of pituitary adenomas. Endocr.
Relat. Cancer. 21; R331-344.

Oostra, A., van Furth, W. and Georgalas, C. (2012) Extended
endoscopic endonasal skull base surgery: from the sella to the

16.

17.

18.

19.

anterior and posterior cranial fossa. ANZ J. Surg. 82; 122-130.
Sukumari-Ramesh, S., Singh, N., Dhandapani, K. M. and Vender,
J. R. (2011) mTOR inhibition reduces cellular proliferation and
sensitizes pituitary adenoma cells to ionizing radiation. Surg.
Neurol. Int. 2; 22.

Theodoropoulou, M. and Stalla, G. K. (2013) Somatostatin
receptors: from signaling to clinical practice. Front.
Neuroendocrinol. 34; 228-252.

Wang, Y., Wang, W., Jin, K., Fang, C., Lin, Y., Xue, L., et al.
(2017) Somatostatin receptor expression indicates improved
prognosis in gastroenteropancreatic neuroendocrine neoplasm,
and octreotide long-acting release is effective and safe in Chinese
patients with advanced gastroenteropancreatic neuroendocrine
tumors. Oncol. Lett. 13; 1165-1174.

Zhang, D., Way, J. S., Zhang, X., Sergey, M., Bergsneider, M.,
Wang, M. B, et al. (2019) Effect of Everolimus in Treatment of
Aggressive Prolactin-Secreting Pituitary Adenomas. J. Clin.
Endocrinol. Metab. 104; 1929-1936.

This is an open access article distributed under the Creative Commons
Attribution-NonCommercial 4.0 International License (CC-BY-NC), which
permits use, distribution and reproduction of the articles in any medium
provided that the original work is properly cited and is not used for commercial
purposes.




