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Abstract

Introduction Long-acting somatostatin analogs (SSAs)
are most widely used to treat growth hormone (GH)-secret-
ing pituitary adenoma. However, approximately 30 % of
treated patients show resistance to SSAs, which may be
associated with the reduction of somatostatin receptor sub-
type 2 (SSTR2) mRNA and protein expression.

Materials and methods The present study used immu-
nohistochemistry to detect the expression of SSTR2 and
SSTRS in twenty human GH-secreting adenoma samples
treated with SSAs and seven normal pituitary samples.
Results The staining intensities of SSTR2 and SSTRS
were stronger in most adenoma samples than in normal
pituitary. The expression of SSTR2 tended to be lower in
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the SSA non-responder group than in responders. A search
of the Bioinformatics data bank and the miRCURY™
LNA array confirmed miR-185 as the putative mircoRNA
(miRNA) regulating the expression of SSTR2. An in vitro
study using Dual Luciferase reporter assay demonstrated
that miR-185 likely targets the 3’-UTR of SSTR2 mRNA
in the rat pituitary adenoma GH3 cell line. MiR-185 also
downregulated or upregulated the expression of SSTR2
mRNA and SSTR2 protein, following transfection with
miR-185 mimics or inhibitors, respectively.

Conclusion MiR-185 enhanced the cell proliferation and
inhibited the apoptosis of GH3 cells.

Keywords MicroRNA-185 - Somatostatin analog -
Somatostatin receptor subtype 2 - GH-secreting pituitary
adenoma

Abbreviations

SSA  Somatostatin analogs

SSTR  Somatostatin receptor subtype
GH Growth hormone

IGF-I Insulin-like growth factor I
SRIF  Somatostatin release-inhibiting factors
Introduction

Growth hormone (GH)-secreting pituitary adenoma is a
common functional pituitary adenoma. Clinical symptoms
are acromegaly and mass effect in adult. The oversecretion
of GH and increase in circulating Insulin-like growth factor
I (IGF-I) levels increase the mortality of GH-secreting pitui-
tary adenoma to approximately 1.3-3.0 times higher than
the general population, which is primarily due to cardiovas-
cular and respiratory diseases and metabolic complications
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[1, 2]. Therefore, the purpose of treatment of GH-secreting
pituitary adenoma is to reduce the mass effect and normalize
growth hormone and insulin-like growth factor I levels [3, 4].

Current treatment strategies for acromegaly include sur-
gery, drug, and radiotherapy. Long-acting somatostatin ana-
logs (SSAs), including octreotide long-acting release (OCT-
LAR), lanreotide slow release (LAN-SR), and lanreotide
autogel (LAN-ATG) are most widely used to treat GH-secret-
ing pituitary adenoma. SSAs reduce tumor mass, decrease
GH and IGF-], and alleviate patient complications [5-8].

Approximately 30 % of treated patients show resist-
ance to SSAs, which may be explained by the concept of
“biochemical resistance” and “tumor resistance” [9]. “Bio-
chemical resistance” complicates the choice of treatment.
Several researchers revealed a reduction of somatostatin
receptor subtype 2 (SSTR2) protein or SSTR2 mRNA in
SSA non-responder GH adenoma patients [10-14].

Somatostatin receptors (SSTRs) are G-protein-coupled
receptors that are expressed in various tissues, including brain,
gut, pituitary, endocrine and exocrine pancreas, adrenals, thy-
roid, kidney, and immune cells. SSTRs are enriched in many
tumor cells [15]. The function of SSTR signaling includes the
inhibition of adenylyl cyclase activity and the modulation of
potassium and calcium channel activity, which are involved
in the secretion processes [15, 16], and stimulation of phos-
photyrosine phosphatase (PTP) or mitogen-activated protein
kinase (MAPK) activity, which are involved in the regulation
of cell growth and differentiation [15].

A quantitative evaluation of the SSTR subtype expression
in GH-secreting pituitary adenomas demonstrated that SSTRS5
was the most abundantly expressed subtype, followed by
SSTR2, SSTR3, SSTR1, and SSTR4 [17]. The predominant
expression of SSTR2 and SSTRS in these tumors enables the
clinical application of the octreotide and lanreotide, which dis-
play high affinity to SSTR2 and moderate affinity to SSTRS5
[18]. A positive correlation between SSTR2 expression and
sensitivity to SSAs was demonstrated in acromegalic patients
[10, 13, 14]. The greatest expression of SSTR2 occurred in
patients who had normalized GH and IGF-I levels compared
to patients with abnormal levels [17, 19]. Moreover, immu-
nohistochemistry and quantitative real-time PCR revealed a
reduced or absent expression of SSTR2 protein and mRNA in
patients with normalized GH and IGF-I levels [10-12, 20].

Some studies demonstrated that ghrelin, glucocorticoids,
food deprivation, and diabetes mellitus reduced the expres-
sion of SSTR2 [21]. However, these factors cannot explain
the decreased expression of SSTR2 in GH adenoma. There-
fore, we suggest that the low expression of SSTR2 was
induced by a change in oncogenes.

MicroRNAs (miRNAs) are a class of non-coding RNAs
that post-transcriptionally regulate the expression of down-
stream mRNAs by targeting the 3’ untranslated regions (3'-
UTR), negatively regulating genes and controlling a wide
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range of biological functions, e.g., cell proliferation, differen-
tiation, signaling pathways, apoptosis, and metabolism [22].

Our previous studies found a differential expression of
miRNAs between GH-secreting pituitary adenomas and
normal pituitary and SSA responding and non-responding
patients [23]. It is likely that these differentially expressed
miRNAs play important roles in tumor pathogenesis, and
some of these miRNAs may affect a patient’s response to
SSA. Therefore, research on these miRNAs is necessary
to elucidate the molecular mechanism of the resistance to
SSA therapy and identify a potentially novel target for the
treatment of GH adenoma. The present study examined
SSTR2 expression in GH-secreting pituitary adenomas and
normal pituitary tissue. We also predicted that the puta-
tive miRNA-185 plays a possible role in the regulation of
SSTR?2 in vitro using bioinformatics.

Materials and methods
Patient information

The Institutional Review Board of the First Affiliated Hos-
pital, Sun Yat-sen University (Guangzhou, China) approved
the study. The local ethics committee approved the pre-
surgical medical treatment, and all participants provided
informed written consent. Tissue samples were collected
in accordance with the guidelines of local committee on
human research. The biological diagnosis of acromegaly
was based on the criteria that [1] plasma GH concentration
was higher than 1 pg/l after oral administration of 75 g of
glucose (oral glucose tolerance test, OGTT); [2] IGF-I con-
centration was increased compared to a normal population
of the same age and sex; [3] relevant clinical features asso-
ciated with acromegaly occurred; and [4] pituitary adenoma
appeared on magnetic resonance imaging examination.

We examined 20 GH-secreting pituitary adenoma samples
collected between July 2010 and October 2012 (10 men, 10
women; age range, 25-65 years) (Table 1). All patients were
treated with lanreotide (Somatuline Autogel, Beaufour Ipsen,
Paris, France) for 4 months prior to surgery. Previous conven-
tional or gamma knife radiotherapy was not performed in any
of the patients. Current criteria of defining resistance to SSAa
are lacking [9]. Therefore, general criteria were used based
on previous studies [12, 23]. Patients with a >50 % reduc-
tion of GH secretion after lanreotide treatment were consid-
ered SSA responders, and patients with a <50 % reduction
in GH secretion were considered SSA non-responders. H&E
and immunohistochemical staining confirmed the diagnosis
of GH-secreting pituitary adenoma. A single dose of slow-
release lanreotide treatment (starting with 30 mg/2 weeks
i.m.) was used in all patients. All patients tolerated lanreotide
well, and all patients completed the study. No adverse events
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Table 1 Clinical

. No. Gender Age Size GH pg/ml GH pg/ml Immunohistochem-
‘characte‘rlzatlon a‘nd istry
immuohistochemical score
of SSTR2 and SSTRS in Before LAN-ATG After LAN-ATG SSTR2 SSTRS
GH-secreting pituitary
adenomas and normal pituitary Pl M 48 MA 2053 18.4 8 12
glands P2 F 45 MA >40 11.2 8 12

P3 M 46 MA >40 222 12 12
P4 M 25 MA >40 2.83 12 9
P5 M 49 MA >40 2.5 8 12
P6 M 34 MA >40 0.76 12 12
P7 M 42 MA 17.8 2.98 12 12
P8 M 36 MA 150 4.46 12 12
P9 F 30 MA 72.5 1.46 9 9
P10 F 31 MA >40 11 12 12
P11 F 29 Ml >40 5.67 12 12
P12 M 33 MA >40 7.73 12 12
P13 F 37 MA 37.5 8.88 8 8
P14 F 56 MA 13 33 12 12
P15 F 49 MA >40 9.44 12 12
P16 F 65 MI 27.6 6.73 12 12
P17 F 54 MA 12 11.7 8 12
P18 F 36 MA 107 69 9 12
P19 M 50 MA 66.4 38.8 6 12
P20 M 41 MA 115.2 71.7 8 12
N1 F 26 - - - 4 8
N2 F 34 - - - 4 8
N3 F 37 - - - 4 8
N4 F 52 - - - 4 8
N5 M 33 - - - 4 8
N6 M 29 - - - 4 8
N7 M 61 - - - 4 8

— Not available

P patient, N normal pituitary, F female, M male, MI Microadenoma, MA Macroadenoma

were reported during the study. Magnetic resonance imaging
of the pituitary and detection of plasma GH and IGF-I con-
centrations were performed after treatment. Seven normal
pituitaries were obtained from the Department of Forensic
Medicine, Sun Yat-sen University (Guangzhou, China). None
of these cases had a recognized pituitary disease, and pituitar-
ies exhibited normal gland appearance.

Immunohistochemistry

Immunohistochemistry was performed as previously
described [24]. Briefly, formalin-fixed paraffin-embedded
tissues from 20 GH-secreting pituitary adenomas and seven
normal pituitary glands (see Table 1 for general and clinical
characteristics of patients) were cut into 5 pm slices. Anti-
gens were retrieved using a microwave in the presence of
10 mM citrate buffer (pH 6.0). Primary antibodies (SSTR2:

Cat. 3582-1; SSTRS: Cat. 3619-1, Epitomics, USA) were
applied in a 1:100 concentration. The secondary antibody
was a goat anti-rabbit immunoglobulin (Kangwei, Beijjng).
Antibody binding was visualized using HRP (DAKO, Zug,
Switzerland). Staining was performed using DAB, and
slices were counterstained using hemalum.

Adenomas were scored semiquantitatively using an
immunoreactivity scoring system (IRS). The IRS was cal-
culated as the product of the percentage of positive cells
(4, 80 %; 3, 51-80 %; 2, 10-50 %; 1, 10 %; 0, 0 %) and
staining intensity (3, strong; 2, moderate; 1, mild; and 0, no
staining). The IRS scores ranged between 0 (no staining)
and 12 (maximum staining) [13].

Two pathologists, who were not aware of the clinical
data, independently performed score assessments. A sen-
ior pathologist rendered a final judgment if the assessments
were not consistent.
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MiRNA target predictions

Prediction for all miRNAs targeting SSTR2 was assessed
using Targetscan (http://www.targetscan.org/) and our pre-
vious findings of the differential expression of miRNAs in
GH-secreting pituitary adenomas [23]. The following rules
of prediction were used: [1] If the putative miRNAs down-
regulated SSTR2 mRNA, then the putative miRNAs should
be increased in the non-responder group compared to the
responder group; [2] the seed sequence matches were con-
served across species; and [3] the context scores of putative
miRNAs in Targetscan were relatively higher. We obtained
the DNA sequence of the 3’ UTR region of the putative tar-
get mRNA from GenBank (http:/www.ncbi.nlm.nih.gov/).

Cell culture

The regulation of miR-185 on SSTR2 was confirmed in
vitro. We chose the rat pituitary adenoma GH3 cell line as
a tool. The GH3 cell line (Xie-he Bank, Beijing, China)
was cultured in RPMI1640 medium (Invitrogen, Carlsbad,
CA, USA) supplemented with 2.5 % fetal bovine serum
(Gibco), 15 % horse serum, 100 mg ml™! streptomycin, and
100 units m1~! penicillin (Invitrogen) at 37 °C in a humidi-
fied atmosphere of 5 % CO,, as described previously [25].

Transfection

GH3 cells were transfected in 6-well plates (6 x 104 cells/
ml) with 50 nM of an miR-185 mimic or inhibitor (Ribo-
bio, Guangzhou, China) using Lipofectamine 2000 (Invit-
rogen) and Opti-MEM medium (Invitrogen) without serum,
according to the manufacturer’s protocol as described pre-
viously [25]. Cells were transfected simultaneously with
the appropriate negative control (NC) (Ribobio, Guang-
zhou, China). miRNAs were extracted 24 h after trans-
fection and the efficiency of transfection was determined
using qRT-PCR.

SSTR2 3’-UTR reporter constructs and luciferase assay

The 3/-UTR of the rat SSTR2 gene was amplified from rat
pituitary gland DNA using primers (SSTR2 Xhol FW:
5’CCGCTCGAGAACAACCCGGGAACGCAAC3 and
SSTR2 Notl RW: 5’ATAAGAATGCGGCCGCTCTTTT
TACAAAAATGTATTATTATATG 3') and cloned into the
psiCHECK-2 vector (Ambion, Austin, TX, USA). The prod-
uct was designated pGL3-SSTR2-wt after sequencing. Site-
directed mutagenesis of the miR-185 target site in the SSTR2
3’-UTR was performed using a site-directed mutagen-
esis kit (Stratagene), and the product was named pGL3-
SSTR2-mut (TGTGACC to ACACTGG) (primers: FW,
5’AGAGGACACGATGGCCTGGGACACTGGCGGTG
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GAAAGCAGCTACCCG 3’; RV, YCGGGTAGCTGCTTTC
CACCGCCAGTGTCCCAGGCCATCGTGTCCTCT 3').

Cells were seeded in 24-well plates 1 day before trans-
fection. Cells were transiently cotransfected for reporter
assays with 0.5 pg of pGL3-SSTR2-wt or mutant reporter
plasmid and 50 nM control miRNA or miR-185 using
Lipofectamine 2000 (Invitrogen). Firefly and Renilla lucif-
erase activities were measured consecutively using the
Dual Luciferase Assay (Promega) according to the manu-
facturer’s instructions, and the results were normalized for
transfection efficiency by the control vector containing
Renilla luciferase, pRL-TK (Promega). Experiments were
performed in triplicate.

Quantitative real-time PCR (qQRT-PCR)

Small RNA isolation from formalin-fixed, paraffin-embed-
ded tissue slices approximately seventy-five micron thick
was performed according to the manufacturer’s protocol.
RNA isolation and reverse transcription from GH3 cells
were performed as described previously [25]. Polymer-
ase chain reaction was performed using the real-time PCR
System (Bio-rad iQ5, Bio-Rad). U6 snRNA served as an
endogenous control for paraffin-embedded tissue to nor-
malize the expression levels of miR-185. The miR-185 and
U6 primers (Ribobio, Guangzhou, China) were used under
the following amplification conditions: 95 °C for 3 min,
followed by 40 cycles of 95 °C for 15 s and 65 °C for 15 s.
B-actin served as the endogenous control for SSTR2, and
the amplification conditions were 58 °C for 2 min; 95 °C
for 2 min, followed by 35 cycles of 95 °C for 15 s and
60 °C for 32 s. The expression of miR-185 and SSTR2
mRNA were determined using the comparative cycle
threshold method of relative quantitation.

Western blotting

Western blotting was performed as previously described
[25]. Cellular proteins were extracted after transfection
with miR-185 mimics or inhibitors, and 30 ug of total pro-
tein was subjected to SDS-PAGE immunoblotting analysis.
PVDF membranes (Bio-rad) were blocked with 5 % non-
fat milk for 1 h at room temperature. Membranes were
washed twice with TBST (5 min each) and incubated with
the SSTR2 primary antibody (1:1000, Cat. 3582-1, Epi-
tomics, USA) at 4 °C overnight. The next day, the mem-
brane was incubated with an HRP-conjugated secondary
antibody (Thermo Pierce) and signal detection was per-
formed using Super ECL Plus Detection Reagent (Apply-
gen Technologies Inc., China). The signals were quantified
using a chemiluminescence detector and the accompany-
ing densitometry software (UVP, Upland, CA). The West-
ern blots showed in figures are representative blots and


http://www.targetscan.org/
http://www.ncbi.nlm.nih.gov/

J Endocrinol Invest (2015) 38:1117-1128

1121

quantitative analysis was calculated based on three inde-
pendent experiments.

Cell viability assay

MTT [3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide] assays were used to assess cell viabil-
ity as previously described [25]. GH3 cells were seeded
in 96-well plates at a density of 4 x 10°/well 24 h after
transfection with miR-185 mimics and negative controls
and cultured in serum-free RPMI 1640 medium for 24 h.
A volume of 10 pl of MTT (5 mg ml~! in PBS, Sigma)
was added to each well and incubated at 37 °C in a humidi-
fied atmosphere of 5 % CO, for 4 h. Acidified isopropyl
alcohol (100 pl) was added overnight at 37 °C to dissolve
the formazan generated in living GH3 cells. The absorb-
ance was measured using an absorbance reader (Sunrise,
TECAN) at 570 nM. The cell viability rate was calculated
as follows: Cell viability rate = [(OD of treated cells — OD
of blank)/(OD of control cells — OD of blank)] x 100 %.

Annexin V-FITC/PI staining

The apoptosis rate of GH3 cells was determined using
Annexin V-FITC (Annexin V-fluorescein isothiocyanate)
and PI (propidium iodide) staining (eBioscience, USA).
Acquisition and analyses were performed using a Beckman
Coulter Epics XL-MCL and Expo32ADC 1.2 Software, as
previously described [25]. Propidium iodide was used as the
live/dead discriminator. GH3 cells were washed with PBS
three times 24 h after transfection with miR-185 mimics or
negative controls and resuspended in 500 pl binding buffer.
Annexin V-FITC (5 pl) and 10 pl PI were added to each
sample, and the samples were incubated for 10 min in the
dark. The FITC signal detector FLL1 and PI staining signal
detector FL.3 were used to detect cells using the flow cytom-
eter (Ex = 488 nM; Em = 530 nM). The number of analyzed
cells was 5 x 10* — 8 x 10* The compensation and com-
pensation matrix was set as follows: FL1 — %FL2 = 8.3,
FL2 — %FL1 = 0.0. The experiment was performed three
times and the mean values were calculated.

Statistical analysis

Each experiment was performed in triplicate. All data are
expressed as the mean & SD. The statistical significance of
differences between groups was analyzed using one-way
analysis of variance (ANOVA) followed by Student’s 7 test
using SPSS 13.0 for Windows. P < 0.05 was considered
statistically significant.

Results

Immunohistochemistry of SSTR2 and SSTRS in normal
samples and GH-secreting pituitary adenomas

SSTR?2 staining (Table 1)

Eleven cases (11/16) in the SSA-responder group (pl1-16)
were scored as 12; 1 case (1/16) was scored 9, and 4 cases
(4/16) were scored 8. One case (1/4) in the SSA non-
responder group (pl17-20) was scored as 9; 2 cases (2/4)
were scored 8; and 1 case (1/4) was scored 6. All 7 cases
(7/7) in the normal pituitary gland group were scored as 4
(Figs. 1, 2).

SSTRS staining (Table 1)

Thirteen cases (13/16) in the SSA-responder group (pl—
16) were scored as 12; 2 cases (2/16) were scored 9, and
1 case (1/16) was scored 8. All 4 cases (4/4) in the SSA
non-responder group (p17-20) were scored as 12, and all 7
cases (7/7) in the normal pituitary gland group were scored
8 (Figs. 1, 2).

The staining intensity of SSTR2 in all adenoma sam-
ples (20/20) was stronger than normal pituitaries, even
in p4, p5, and p19 in which SSTR2 labeling was rela-
tively weak compared with the other adenoma samples.
The staining intensity of SSTRS in tumors was stronger
than normal pituitary, except for one sample (pl3)
that was scored the same as normal pituitary. There
were no significant differences between non-responder
group and responders. This finding is consistent with

Compensation matrix
FITC PE Pl PC5
FITC 0.0 0.0 0.0
PE 0.0 0.0 0.0
PI 8.3 0.0 0.0
PC5 0.0 0.0 0.0
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Fig. 1 Representative immunohistochemical scores of SSTR2 (a—e) d patient no. 4, score 9; e patient no. 8, score 12; f normal pituitary,
and SSTRS (f-i) in normal pituitary and GH-secreting pituitary ade- score 8; GH-secreting pituitary adenomas, g patient no. 13, score 8; h
noma (x200). a Normal pituitary gland, score 4; b—e GH-secreting patient no. 9, score 9; i patient no. 2, score 12

pituitary adenomas, b patient no. 19, score 6; ¢ patient no. 5, score 8;

Fig. 2 Immunohistochemical 14 4
scores of SSTR2 and SSTRS
in the SSA-responder group
(P1-16), SSA non-responders
(P17-20), and normal pituitary
(N1-7). The data show a trend
of lower expression of SSTR2
in the SSA non-responder

GH adenomas compared with
responders

W SSTR2

m

Scores of SSTR2 and SSTRS by
immunohistochemistry
pz—l_—.
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previous studies [14]. Therefore, we primarily investi-
gated the expression and regulation of SSTR2 in pitui-
tary tumors.

Bioinformatic predictions

A total of 202 miRNAs were predicted to bind sites within
SSTR2 mRNA using TargetScan (6.2, 2012), and only
six miRNAs (miR-155, miR-185, miR-297, miR-519d,
miR-766, and miR-934) were expressed higher in the non-
responder group than the responder group on the basis of

our miRCURY™ LNA Arrays. MiR-155, miR-185, and
miR-519d were conserved, but miR-185 obtained the
highest context score. Therefore, miR-185 mostly met our
requirements (Table 2).

Expression of miR-185 in tumor sections

The bioinformatics suggested that miR-185 may regulate
SSTR2 expression. Therefore, we examined the results of
the miRCURY™ LNA Arrays in our tumor samples. Eight-
een RNAs were extracted from 20 GH-secreting pituitary

Table 2 Prediction of miRNAs regulating SSTR2 mRNA based on arrays and Targetscan

Name Non-responder/normal (folds) Responder/normal (folds) Conservation Context score
miR-185 2.09 N Mammal 96

miR-155 2.31 N Vertebrate 38

miR-519d 5.71 3.74 Vertebrate 54

miR-297 3.22 N Poorly

miR-766 2.72 N Poorly

miR-934 2.32 N Poorly

In our published data, miR-185 expression was reduced in adenoma when compared with normal pituitary. In our unpublished data, miR-185
expression was upregulated in non-responder group when compared with normal. N: no difference or less than two-folds compared with normal

Fig. 3 a Relative expression A 22
of miR-185 in GH-secreting c »
pituitary adenomas and normal g 2 10
pituitary. P1-16, SSA-responder £ [
group; P17-20, SSA non- § g P h
responder group; N1-7, normal E= .
pituitary. b Reduced expression g g
of miR-185 in responder adeno- 22 6
mas compared to non-responder g b=
adenomas and normal pituitary 2 4
glands. *P < 0.05, **P < 0.01 o =
= S
25 2 EI lj
T T
< &
o.Daé,Do‘D}sD_ﬂéﬁo_ U aallaollf
o~ M In N O N AN MTIONDOONNMYT I ON
sdeR e s dddsrroNgaE==222=2
%
B 9.0+
" * %
2 80
e
c &
0 S 7.0
- 2 6.0
< e
g 5 5.0 *
_5 E 4.0
§ g 3 0 {
- g :
S S 201
k)
= 1.0
0.0 —
normal responder non-responder
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adenomas (Fig. 3a). Two samples (P2, P4) were excluded
because of low amounts of RNA, which was insufficient
for replication. The expression level of miR-185 was
5.85 £+ 1.92 in the non-responder group, 0.37 & 0.07 in the
responder group, and 2.48 + 1.00 in the normal pituitary
gland group. The differences between groups were statis-
tically significant (Fig. 3b). These results confirmed our
finding in the miRCURY™ LNA arrays that miR-185 was
upregulated in SSA non-responders.

The putative 3’-UTR target site of SSTR2 is directly
regulated by miR-185

Transient transfection of GH3 cells with pGL3-SSTR2-
wt and miR-185 mimics significantly decreased luciferase
activity compared to the miR-185 mimics NC (P < 0.05).
Luciferase activity after transfection with miR-185 inhibi-
tors was unaffected (P > 0.05) (Fig. 4). MiR-185 directly
targeted and degraded SSTR2 mRNA.

Fig. 4 Dual luciferase reporter 144
shows that miR-185 targets the
3/-UTR of SSTR2 mRNA. miR- 1.2
185 miR-185 mimic, NC nega- =
tive control, miR-185 inhibitor o 164
miR-185 with inhibitor, iNC = &
inhibitor negative control. L
*P < 0.05 = 084
(3
—
Y 06-
L
[}
e
S 04
=
—-—
0.2+
0.0

Fig. 5 Expression of miR-185 10
after transfection in GH3 cells.
Mimic miR-185 mimic, NC 9 -
negative control, inhibitor miR- o 8
185 with inhibitor; iNC miR- £ 2 %
185 inhibitor negative control. © L 7
L J
*P < 0.05, **P < 0.01 00 ™M
VT 64
« O
€ £ 5|
5 5
c 5 41
o
—_ QD
25 31
5
2 £ 21
w
1 | -
0

Control
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Control

Transfection efficiency of miR-185

The relative expression of miR-185 24 h after transfec-
tion in GH3 cells was 8.66 & 0.41 in the miR-185 mimics
group, 1.69 £ 0.11 in the mimic NC group, 1.58 & 0.23 in
the control group, 0.12 £ 0.13 in the inhibitor group, and
1.45 %+ 0.05 in the inhibitor NC group (iNC). There were
significant differences between the miR-185 mimic group
and NC group and the miR-185 inhibitor group and inhibi-
tor NC group (Fig. 5). The successful transfections were
used in the following experiments.

Expression of SSTR2 mRNA after transfection
of miR-185 mimics and inhibitors in GH3 cells

The expression of SSTR2 mRNA in GH3 cells trans-
fected with miR-185 mimics for 24 h was 0.12 £ 0.03 in
the miR-185 mimics group, 1.15 + 0.16 in the mimic NC
group, and 1.17 % 0.05 in the control group. There was a

*
miR-185 miR-185S inhibitor iNC
Xk %
T
*
arveXren W“Immﬂm
Mimic inhibitor iNC
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significant difference between the miR-185 mimic group
and NC group (P < 0.01) (Fig. 6). SSTR2 mRNA was
downregulated in GH3 cells 24 h after transfection with
miR-185 mimics.

The expression of SSTR2 mRNA in GH3 cells trans-
fected with miR-185 inhibitors for 24 h was 1.91 £ 0.29 in
the miR-185 inhibitors group, 1.13 & 0.31 in the inhibitors
iNC group, and 1.17 + 0.05 in the control group. There
was a significant difference between the miR-185 inhibitor
group and iNC group (P < 0.05) (Fig. 6). SSTR2 mRNA
was upregulated in GH3 cells 24 h after transfection with
miR-185 inhibitors.

Expression of SSTR2 protein after transfection
of miR-185 mimics and inhibitors in GH3 cells

Western blots and densitometry revealed that the expres-
sion of SSTR2 protein was significantly decreased in the
miR-185 mimic group compared to the NC group (mimics
0.63 £ 0.06 vs. NC 0.85 £ 0.01, P < 0.001) (Fig. 7a). The
expression of SSTR2 protein was downregulated in GH3
cells transfected with miR-185 mimic.

Western blots and densitometry revealed that the expres-
sion of SSTR2 protein was significantly increased in the
miR-185 inhibitors group compared to the NC group

Fig. 6 Expression of SSTR2 251 *
mRNA after transfection of .
miR-185 mimics and inhibitors (]
in GH3 cells. Mimic miR-185 & o 3l
mimic; NC negative con- < %
trol, inhibitor miR-185 with E o
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Fig. 7 Protein expression of SSTR2 after transfection of miR-185 mimics (a, *P < 0.001) and inhibitors (b, *P < 0.01) in GH3 cells. Mimic:
miR-185 mimic; NC: negative control; inhibitor: miR-185 with inhibitor; iNC: miR-185 inhibitor negative control
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Fig. 8 Increased proliferation 0.240
of GH3 cells after transfection
of miR-185 mimics. Mimic 0.235 1
miR-185 mimic, NC negative oy )
control. *P < 0.05 3\; 0230
£ 0.225-
5
@ 0.220
>
o 0.2151
O
0.210 1
0.205 1

=
0o L S l !
Control

(inhibitors 1.73 + 0.25 vs. NC 1.35 4+ 0.10, P < 0.01)
(Fig. 7b). SSTR2 protein expression was upregulated in
GH3 cells transfected with miR-185 inhibitors.

Transfection of miR-185 mimics enhanced proliferation
and inhibited apoptosis of GH3 cells

MTT assays demonstrated increased proliferation of GH3
cells transfected with miR-185 mimics for 24 h compared to
the NC group (mimics 0.23 & 0.0051 vs. NC 0.21 £ 0.0044,
P < 0.05). MiR-185 mimics exhibited increased proliferation
of GH3 cells compared with controls, but this difference did
not reach statistical significance (mimics 0.23 £ 0.0051 vs.
control 0.22 £ 0.0069, P > 0.05) (Fig. 8).

Flow cytometry demonstrated that transfection with
miR-185 mimics did not affect early apoptosis in GH3 cells
(mimics 11.97 £ 1.53 % vs. NC 10.27 £ 0.49 %, P > 0.05).
However, mimics decreased late period apoptosis in GH3
cells (mimics 38.87 £ 1.21 % vs. NC 48.54 + 1.46 %,
P <0.05) (Fig. 9).

Discussion

A recent study evaluating the quantitative expression of
SSTR2 at molecular levels demonstrated that the amount of
SSTR2 gene product in GH-secreting pituitary adenomas
was higher than normal pituitaries [26]. Consistent with
this finding, our immunohistochemical study revealed an
increased expression of SSTR2 in SSA-responder adeno-
mas compared to normal pituitaries and reduced expression
of SSTR2 in SSA non-responder adenomas.

To our knowledge, the mechanism and significance of dif-
ferential expression of SSTR2 between GH-secreting pitui-
tary adenoma and normal pituitary are not known. A series of
in vitro studies demonstrated that SSTR2 and SSTRS5 exhibit
constitutive non-ligand-dependent activity for the regulation
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Fig. 9 Reduced apoptosis of GH3 cells after transfection of miR-185
mimics. Mimic miR-185 mimic, NC negative control, inhibitor miR-
185 with inhibitor, iNC miR-185 inhibitor negative control. *P < 0.05

of ACTH secretion in AtT-20 cells [27, 28], which indicates
that SSTRs may act as functional proteins in tumor cells.
Increased expression of SSTR2 and SSTRS in pituitary ade-
noma in the present study further suggests an important role
of SSTRs in tumor cells. Once a pituitary adenoma forms,
the oversecretion of GH and cell proliferation triggers feed-
back responses of the hypothalamic-anterior pituitary axis
and the homeostatic control system of pituitary cells, which
may negatively affect the maintenance of cell homeostasis.
A hypothalamus-independent mechanism increases SSTR
expression, which may improve the sensitivity of external
SST binding to their receptors. Increased SSTRs may sup-
press intracellular cAMP levels and GH secretion as con-
stitutively functional proteins and inhibit cell proliferation
[27, 28]. Further, the oversecretion of GH induces feedback
of the hypothalamic-anterior pituitary axis, which results
in an increase of somatostatin release-inhibiting factors
(SRIFs), SST14 and SST28, which bind five SSTR subtypes
with nanomolar affinity. SSTR1-4 bind SST-14 > SST-28,
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whereas SSTRS exhibits 10- to 15-fold selectivity for SST-
28 compared to SST-14 [15]. SSTR2 and SSTRS are major
endogenous SRIF ligands in the regulation of GH secretion
and cell proliferation [29, 30]. Increased SSTR2 and SSTRS
expressions in adenoma fit the regulation of hypothalamic-
anterior pituitary axis hypothesis. Therefore, the increase in
SSTR2 and SSTRS in adenomas that we observed is rea-
sonable. Notably, there may be a downregulation of SSTR2
after octreotide treatment, which supports our hypothesis
[31]. This hypothesis may explain the increase in SSTR2
and SSTRS expressions in GH-secreting pituitary adenomas.
However, further research is needed to elucidate the molecu-
lar mechanisms.

The role of miR-185 in oncogenesis or tumor suppres-
sor varies depending on the tumor type [32-37]. Our study
found that miR-185 targeted SSTR2 mRNA to downregu-
late SSTR2 protein expression, promote proliferation, and
inhibit apoptosis of tumor cells, which would be classified
as an oncogene in pituitary adenoma cells. A differential
expression of miR-185 was also observed in SSA-responder
and non-responder GH-secreting pituitary adenoma. These
results demonstrate that the different responses of GH-
secreting pituitary adenomas to SSA are related to the
expression of SSTR2, which is likely attributed to genetic
changes. Tumor cells in SA non-responder adenomas exhib-
ited the characteristic of evading growth suppressors, which
is identical to “cancer” [38]. Therefore, the treatment strat-
egy should be more aggressive for patients whose GH levels
decrease less than 50 % after receiving drug treatment for
more than 4 months. It is unknown whether miR-185 may
directly increase cell viability, as it was non-transfected cells,
but not mock-transfected control cells that were employed in
the present study, further studies are therefore warranted.

The present study demonstrated that miR-185 was likely
involved in drug resistance and the pathogenesis of GH-
secreting pituitary adenomas. Similarly, reduced dopamine-
receptor subtype 2 (D2) receptors were also found in pro-
lactinomas that are resistant to dopamine agonists [39].
Therefore, different types of pituitary gland tumors may
share the same molecular mechanisms and pathogenesis.

Not all of the miRNAs that could regulate SSTR2 were
studied because of the limited availability of miRNAs
arrays, biochemical database, and cell lines. There was also
no standard definition of resistance to SSAs, but we defined
the admittance standard of non-responders as a GH value
decrease of less than 50 % after treatment with SSA. This
definition resulted in fewer numbers of recruited patients,
and the sample size may not have been large enough. Also,
it would be interesting to check whether the expression of
miR-185 might be different in microadenoma vs. macroad-
enoma together with SSTR expression. Obviously more
work is needed to clarify whether expression of miR-185 is
correlated with tumor size.

In conclusion, the expression of SSTR2 in GH-secreting
pituitary adenomas was greater than that in normal pitui-
tary glands. MiR-185 may downregulate SSTR2 expression
by targeting SSTR2 mRNA. MiR-185 may promote the
cell proliferation and reduce the apoptosis of GH3 cells.
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