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Abstract

The GH/IGF1 response of somatotropinomas to somatostatin analogues (SSA) is associated with
their pattern of somatostatin receptor (sst1-sst5) expression. Recently, we demonstrated that
expression of a truncated sst5-variant (sst5TMD4) can influence the secretory response of
somatotropinomas to SSA-therapy; however, its potential relationship with aggressive features
(e.g. invasion/proliferation) is still unknown. Here, we show that sst5TMD4 is present in 50% of
non-functioning pituitary-adenomas (NFPA) (n = 30) and 89% of somatotropinomas (n = 36), its
expression levels being highest in somatotropinomas > > NFPAs > > > normal pituitaries
(negligible expression; n = 8). In somatotropinomas, sstsTMD4 mRNA and protein levels
correlated positively, and its expression was directly associated with tumor invasiveness
(cavernous/sphenoid sinus), and inversely correlated with age and GH/IGF1 reduction after 3—6
months with octreotide-LAR therapy. GNAS+ somatotropinomas expressed lower sst5TMD4
levels. ROC analysis revealed sst5TMD4 expression as the only marker, within all sst-subtypes,
capable to predict tumor invasiveness in somatotropinomas. sst5TMD4 overexpression increased
cell viability in cultured somatotropinoma (n = 5). Hence, presence of sst5TMD4 associates with
increased aggressive features and worse prognosis in somatotropinomas, thereby providing a
potentially useful tool to refine somatotropinoma diagnosis, predict outcome of clinical response
to SSA-therapy and develop new therapeutic targets.

Keywords
sstsTMD4; Acromegaly; Invasion; Proliferation

Introduction

Acromegaly results from increased release of GH and IGF1 caused by a GH-producing
adenoma (somatotropinomas). Consequently, the main therapeutic goal in this disease is
reduction of circulating GH and IGF1 levels and of tumor size, particularly in patients
presenting macroadenomas (around 65% of the cases), wherein invasiveness becomes a
crucial problem [1]. Somatostatin and its receptors (sst), especially sst2 (and to a lesser
extent sst5), comprise the critical regulatory system for the negative control of hormonal
secretion and tumor size in pituitary somatotropinomas [2]. Accordingly, medical treatment
with synthetic somatostatin analogues (SSA [2]; synthetic versions of somatostatin
presenting longer half-life and more stability) has been successfully used to treat GH
secreting adenomas (i.e. to obtain biochemical control of the patients and/or achieve tumor
shrinkage); however, a significant percentage of patients are biochemically resistant to SSA
therapy and tumor shrinkage is also unsuccessful [3—6].

Lack of sst expression in tumor cells has been postulated as a logical key molecular
determinant underlying SSA resistance. In line with this, we previously demonstrated that
sst2 expression directly correlates with percent decrease of GH and IGF1 levels and tumor
volume reduction in response to octreotide-LAR in a population of Brazilian acromegalic
patients [7,8]. Yet, we also found, unexpectedly, a negative correlation between sst5
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expression and percent decrease of GH and IGF1 after octreotide-LAR treatment [7,8]. Soon
thereafter, our studies on independent populations of Spanish [9] and French [10]
acromegalic patients revealed the existence of novel truncated variants of the sst5 receptor,
which could be clinically relevant. Specifically, the truncated receptors, termed sst5TMD5
and sst5TMD4 based on the number of transmembrane domains (TMDs) [9], are extremely
infrequent in normal tissues but sst5TMDS is present in a subset of pituitary adenomas while
sstoTMD4 is frequently present in pituitary tumors [9], where they seem to exhibit a
subcellular localization. More interestingly, and in line with that mentioned above, the
expression of sst5TMD4 was negatively linked to poorer clinical response in a series of
patients with partial resistance to SSA-therapy [10]. On a different scenario, we have
demonstrated that sst5TMD4 presence is associated with poor prognosis in breast cancer,
and its expression in a germane cell model (MCF-7 cell line) increases malignancy features
(proliferation, invasiveness and migration) [11]. Similarly, sstsTMD4 presence is associated
with poor prognosis in thyroid cancer [12].

However, the possible influence of sst5sTMD4 on aggressiveness features in
somatotropinomas, beyond reduced SSA-response (i.e. invasion/proliferation abilities), has
not been reported hither-to. In addition, the putative association between the levels of
truncated sst5 variants, especially sst5TMD4, and the response to octreotide-LAR therapy
was not originally explored in the well-characterized, and previously reported, population of
Brazilian acromegalic patients [7,8,13], as the truncated receptors were not yet discovered at
that time. Accordingly, this study has three main goals: 1) To evaluate and compare
truncated sst5 variant levels in somatotropinomas, normal pituitaries and non-functioning
pituitary adenomas (NFPA); 2) to assess potential correlations between truncated sst5
variant expression levels in somatotropinomas and response to SSA-therapy and/or presence
of GNAS mutation (indicative of good response to SSA-therapy) [14]; and 3) to investigate
the potential role of the truncated sst5 variants in conferring aggressiveness features to GH
secreting adenomas (i.e. invasion/proliferation abilities) in vivo and in vitro.

Materials and methods

Patients and samples

For in vivo studies, we used a set of 74 pituitary samples (66 pituitary adenomas and 8
normal pituitaries; Tables 1-3), in which demographic/clinical data of patients, profile of
sst1-5, and presence of GNAS oncogene in somatotropinomas were previously characterized
[13,15]. Briefly, somatotropinoma (n = 36; median age: 38 years old; Table 1) and NFPA (n
= 30; median age: 51 years old; Table 2) samples were obtained during transsphenoidal
surgery of pituitary adenoma (PA) tumors. None of the patients belongs to pituitary
adenoma kindred. In acromegalic patients, only 3 patients were treated with octreotide-LAR
before surgery, and prevalence of GNAS oncogene was 10% [15]. In line with this last point,
we have previously reviewed [16] that the prevalence of the GNAS oncogene in
somatotropinomas is approximately 40%; however it has been shown that this prevalence
dramatically varies between studies (ranging from 4.4 to 55%) considering previous series
from several countries. The reason for this low prevalence is not known, but is most likely
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the result from randomness, since the recruitment of patients was not based in any pre-
defined criteria that could bias the selection of non GNAS-mutated patients.

As previously reported, normal pituitaries (n = 8; median age 40 years old; Table 3) were
obtained during autopsy, after accidental death [13,15]. Tumors were classified as invasive
or noninvasive according to radiological criteria as previously reported [17]. As previously
published [8], patients with acromegaly were classified as pharmacologically controlled
when achieving the criteria of normal IGF1 levels for age, as well as GH <2.5 pg/L (indeed,
all patients also achieved the more stringent criteria of 1 ug/L). As previously published [8],
basal GH and IGF levels and tumor volume data of the acromegalic patients are indicated in
Table 1 in order to improve global insight of the data.

For in vitro studies, somatotropinoma specimens were obtained during transsphenoidal
surgery (n =7), placed in sterile cold media and dispersed into single cells for culture by
enzymatic and mechanical disruption following the methods previously reported [18].

This study was in accordance with the ethical standards of the Helsinki Declaration of the
World Medical Association, and it was approved by the Ethic Committees of the Hospital
Universitario Clementino Fraga Filho (Brazil) and of the University of Cordoba (Spain).
Informed consent was obtained from each patient or relative, in case of autopsy, before
study entry.

RNA isolation, reverse transcription, and analysis of truncated sst5 variant gene
expression by quantitative real-time PCR (qPCR)

Details of RNA extraction, quantification, reverse-transcription (RT), application of g°PCR
and primer sequences used to measure the expression levels of human transcripts included in
this study have been previously reported elsewhere by our group [9,19]. Briefly, samples
were processed for recovery of total RNA, its concentration quantified, and 1 ug was reverse
transcribed. cDNAs were amplified by gPCR and run against synthetic standards for each
transcript of interest to estimate mMRNA copy number. As previously described, to control
for variations in the amount of RNA used in the RT reaction and the efficiency of the RT
reaction, the expression level (copy-number) of the transcripts of interest was adjusted by
the normalization factor (NF) within the sample calculated from the expression levels of
three control genes [glyceraldehyde-3-phosphate dehydrogenase (GAPDH), beta-actin
(ACTB) and hypoxanthine ribosyltransferase (HPRT1)] using the GeNorm3.3 application
[20].

Immunohistochemical analysis (IHC) of sst5TMD4 in somatotropinomas

IHC was performed using the Ultra-Sensitive ABC Peroxidase Staining Kits and the Metal
Enhanced DAB Substrate Kit (Thermo Scientific, Rockford, IL, USA) as previously
described but with some modifications [9]. Specifically, the sections were deparaffinized
and boiled for 20 min in 10mMcitric acid (pH 6.0) to unmask the epitopes and were treated
with 3% hydrogen peroxide for 10 min to inhibit the endogenous peroxidase activity. Then,
sections were treated with blocking solution (PBS + 1% BSA + 0.1% Triton-X) for 30 min
and the specific sst5TMD4 primary rabbit antibody [9] was subsequently added (it should be
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mentioned that a specific antibody for sst5TMD5 is not available and that is the reason why
IHC was not performed for sst5TMD5). After an overnight incubation with the primary
antibody at 4 °C, the sections were washed and incubated with an anti-rabbit horseradish
peroxidase-conjugated antibody (Cell Signaling, Danvers, MA, USA) for 60 min, the ABC
complex for 30 min and 3,3’-diaminobenzidine tetrahydrochloride for 10 min. The sections
were counterstained with hematoxylin. Negative controls were obtained by omitting the
primary antibodies or preadsorbing the sstsTMDA4-specific antibody with molar excess of
the immunizing peptide. Cell number counting and signal intensity estimation was
performed independently by 3 different researchers in a blinded manner and a minimum of
1000 cells were analyzed.

Pituitary adenoma cell culture, cloning of truncated sst5 receptors (sst5TMD4 and
sst5TMD5) into pCDNAS3.1+ expression vector, transfection of cultured somatotropinoma
cells and measurement of in vitro cell viability

To explore the functional consequences of the presence of truncated sst5 variants on cell
viability, we overexpressed sst5TMD4 and sst5TMD5 in human primary somatotropinoma
cell cultures. Details of the cloning of truncated sst5 variants (sst5TMD4 and sst5TMD5)
and transfection methods into cultured cells have been previously reported elsewhere by our
group [9,19]. Briefly, 7 human somatotropinoma obtained after transsphenoidal surgery
were dispersed into single cells by enzymatic and mechanical disruption and cultured onto
tissue culture plates in a serum containing medium, as previously indicated [18]. Then,
dispersed GH secreting adenoma cells were plated in a 6-well plate using DMEM
supplemented with 10% fetal bovine serum and 1% antibiotic—antimycotic, and transfected
with 1 ug of sst5TMD4 (n = 5) or sstsTMDS5 (n = 3) plasmid using Lipofectamine 2000
(Life Technologies, Barcelona, Spain). Somatotropinoma cells transiently transfected with
empty pCDNAS3.1+ (mock transfected) were used as negative control. Efficacy of the
transfection was assessed by qPCR. After 24 h, transfected cells were detached and plated
(10,000 cells/well) in a 96-well plate, and cell viability rate was assessed using the alamar-
Blue reagent (Biosource International; Camarillo, CA) in the FlexStation-3 system
(Molecular Devices; Madrid, Spain), as previously reported [18]. Unfortunately, commonly
used models of tumor pituitary cell lines (i.e. GH3, GH4 or GC cells) could not be employed
in these assays, as they derive from rodent pituitary tumor cells that endogenously express
truncated sst5 variant orthologues [21], which would confound and preclude an adequate
analysis of the functional consequences of the presence of human sst5 variants in these cell
lines.

Statistical analysis and receiver operating characteristic (ROC) curve of sst5TMD4, sst2

and sst5

All statistical analyses were performed by SPSS 19.0 (Chicago, IL) and GraphPad Prism 6.0
(La Jolla, CA). sst5TMD4 expression among normal pituitaries, somatotropinomas and
NFPA samples was analyzed using Kruskal-Wallis test (p < 0.001) followed by a manual
analysis with Mann-Whitney for each pair of samples using Bonferroni’s correction (p was
considered statistically significant if <0.017). Correlations between variables were assessed
using Spearman’s correlation test. As previously reported [18] to normalize values within
each different in vitro experiments, the values obtained in the in vitro cell viability
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experiments were compared with mock-transfected controls (set at 100%). p < 0.05 was
considered significant. When p-values ranged between <0.1 and >0.05, a trend for
significance was indicated where appropriate.

As previously reported [12], ROC was performed for evaluation of diagnostic test sensibility
and specificity. Specifically, in this study ROC was used as a tool to measure how well the
expression of sst5TMD4, sst2 and sst5 could distinguish between the diagnostic groups
[patients presenting extension into sinus (total invasion and invasion into cavernous or
sphenoid sinus)]. Statistical analysis of ROC curves was performed by calculating the Area
under the Curve (AUC) of each receptor and comparing them with the AUC of the reference
line using Student’s t-test.

Results

Expression of truncated somatostatin receptor 5 variants (sst5TMD4 and sst5TMD5) in
somatotropinomas, NFPA and normal pituitary

Our results indicate that truncated sst5 variants are differentially expressed in human
pituitary adenomas and that they are not relevantly expressed in normal pituitaries.
Specifically, the sst5TMD4 variant is expressed in a high proportion of somatotropinomas
(89%; 32/36; median: 208 mMRNA copies; Table 1), in 50% of the NFPA (15/30; median: 9
MRNA copies; Table 2) and in 2 of the 8 normal pituitaries analyzed (median: 1 mRNA
copy; Table 3). Interestingly, we also found that the sst5TMD4 expression levels were
significantly higher in somatotropinomas than in NFPA (Fig. 1A; somatotropinomas > > >
NFPA > > > normal pituitaries). However, the sst5TMD5 variant was only detected in a
small subset of the samples analyzed [11% of somatotropinomas (n = 4/36), 7% of NFPAs
(n = 2/30) and, 0% of normal pituitaries; Tables 1-3], and sst5TMD5 expression levels were
significantly lower as compared with truncated sst5TMD4 in somatotropinomas (comparing
the 4 samples coexpressing sstsTMDA4/sst5TMDS5; Table 1). For this reason (i.e. only 4
samples available expressing sstsTMD5), we could not perform correlations between its
expression and the clinical data available.

IHC of sst5TMD4 in 22 paraffin-embedded somatotropinoma available samples (Table 1
and Fig. 1B) revealed a positive correlation between mRNA levels and IHC data (both with
signal intensity and percent of stained cells; Fig. 1C). Unfortunately, formalin fixed paraffin-
embedded samples from NFPA patients were not available, and therefore, we could not
perform IHC analysis of sst5sTMD4 in these samples.

Association between sst5TMD4 expression and age of acromegalic patients, the in vivo
response of acromegalic patients to octreotide-LAR and GNAS mutation status

We found that sst5TMD4 expression levels showed a clear inverse correlation with age of
patients with somatotropinomas (Fig. 1D). It should be noted that this correlation with age
was exclusive of sst5TMD4, and it was not previously observed with other receptors (sst1-
sstb) in this population of patient subtypes [7,8,13]. Interestingly, no correlations were found
between the pharmacological response to octreotide-LAR therapy and individual sst5TMD4
expression levels; however, we found a marked inverse correlation between sst2/sst5TMD4
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ratio and percent decrease of GH and IGF1 levels after 3 and 6 months postsurgical
octreotide-LAR treatment [Fig. 2A; no significant correlations for sst5/sst5TMD4 ratio (data
not-shown)]. Additionally, a higher sst2/sst5TMD4 ratio was observed among patients
achieving hormonal control (GH and IGF1 levels after octreotide-LAR therapy) compared
with uncontrolled patients (Fig. 2B; p = 0.06). Furthermore, our data indicate that sst5TMD4
expression was significantly lower in patients positive for GNAS mutation than in patients
with no mutation, while a higher sst2/sst5TMD4 ratio was observed in patients with GNAS
positive tumors (Fig. 2C).

between sst5TMD4 expression and invasion of intracranial structures

We found that expression levels of sst5TMD4, but not sst2 or sst5, were significantly higher
in somatotropinomas presenting extension into sinus [total (cavernous + sphenoid) and
individual sinus extension; Fig. 3, top-panels and Supplemental Fig. S1A and B)]. In fact,
ROC analysis of sst2, sst5 and sst5TMD4 showed that only the expression of sst5TMD4
discriminates between the two diagnostic groups of invasiveness [patients presenting total
and individual (cavernous or sphenoid sinus) extension into sinus; Fig. 3, bottom-panels; the
closer the ROC curve is to the upper left corner of the graphic (i.e., higher sensitivity and
specificity), the higher the overall accuracy of the marker used]; conversely, sst2 and sst5
expressions showed a poor ability to distinguish between the two somatotropinoma-
populations (ROC curves similar to the reference line; Supplemental Fig. S1A and B). It
should be mentioned that similar clinical data from NFPA patients (invasiveness) were not
available and therefore, we could not determine the potential association between sst5TMD4
expression and increased aggressive features in these patients.

Overexpression of truncated somatostatin receptor 5 variants increased cell viability
abilities of somatotropinomas

We found that overexpression of truncated sst5 variants was directly associated with
increased cell viability in cultured somatotropinoma cells compared to controls (mock-
transfected somatotropinoma cells). Specifically, somatotropinoma cells transfected with
sst5TMD4 significantly increased cell viability 24, 48 and 72 h after transfection (Fig. 4A),
whereas cell viability was only significantly increased in sst5TMD5-transfected cells 48 h
after transfection (Fig. 4B). Validation of transfection was performed using gPCR as shown
in Fig. 4C and D which showed that only sst5TMD4 or sst5TMD5, but not sst5, was
overexpressed in these experiments.

Discussion

Departing from a clinically and molecularly well characterized series of pituitary adenomas
(for demographic/clinical data and sst1-5 expression profile in these samples see ref. 13), in
this report we demonstrate that truncated sst5 variants are expressed differentially in
pituitary adenomas [e.g. sst5TMD4 in 89% of somatotropinomas vs. 50% of NFPASs
(median: 208 vs. 9 mRNA copies)], and that they are not relevantly expressed in normal
pituitaries [irrelevant median expression (1 copy) based on method detection limit for ssts]
[7,9], which is consistent with our previous reports using smaller cohorts of samples (n = 6,
22 and 1, respectively) [9]. Altogether, these data indicate that truncated sst5 variants,
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especially sstsTMD4 (which is expressed in a high proportion of pituitary adenomas), could
play a relevant pathophysiological role in pituitary adenomas, particularly in GH secreting
adenomas, where its expression levels are notably higher than sst5sTMD5 (comparing the 4
samples coexpressing sstsTMDA4/sst5TMDS5; Table 1), and also higher than in NFPAs (Fig.
1A). Additionally, we have found a positive correlation between sst5TMD4 mRNA and
protein (IHC data) expression levels in somatotropinomas, suggesting that this mRNA is
appropriately translated to build sst5TMD4 protein, and that sst5TMD4 expression levels
may serve as a reliable indicator to perform further analyses.

Interestingly, sstsTMD4 expression showed a clear inverse correlation with age of patients
with GHomas, which was not observed previously with other sst-subtypes [7,8,13]. Since
previous results indicate age of acromegalic patients as a good clinical predictor of
biochemical activity and aggressive features in acromegaly [3,22], our finding showing an
inverse correlation between sst5TMD4 expression and age suggests that expression of
sstsTMD4 could be associated, perhaps causally, with these clinical parameters in
somatotropinomas. In fact, in line with this, we previously reported that sstsTMD4
expression is associated with poorer secretory response in a population of French
acromegalic patients partially resistant to SSA therapy [10]. However, no studies have
analyzed hitherto the relationship between sstsTMD4 expression, aggressive features and
pharmacological response to octreotide-therapy in acromegaly. Hence, we subsequently
studied whether sst5TMD4 expression is associated with aggressiveness in GH secreting
adenomas in vivo (i.e., reduced pharmacological response to octreotide-LAR and invasive
features, in the Brazilian acromegalic population) and in vitro (i.e., proliferative capacities in
cultured somatotropinoma cells expressing high sst5TMD4 levels).

No correlations were found between the pharmacological response to octreotide-LAR
therapy and individual sst5TMD4 expression levels. This observation was not surprising
despite its apparent discrepancy with our previous report where sst5TMD4 expression was
related to lower GH levels in a subset of acromegalic patients [10], as our present study was
performed in a larger, unselected cohort of patients, whereas the former set of patients was
specifically analyzed because they had been previously found to be partially resistant to SSA
therapy in vivo and/or in vitro [10]. Moreover, it is worth noting that, as our group and
others have previously demonstrated, pharmacological SSA-therapy response in acromegaly
might be more dependent on the relative expression levels between the critical sst-subtypes
involved in negative control of hormonal secretion (i.e. low sst2/sst5 ratio is present in
resistant somatotropinomas to SSA-therapy) than on individual expression levels of a single
sst-subtype [7,23]. Accordingly, we next sought to determine the potential associations
between sst2/sst5TMD4 or sst5/sst5TMD4 ratios and pharmacological response to
octreotide-LAR. Interestingly, we found a marked inverse correlation between sst2/
sst5TMD4 ratio and percent decrease of GH and IGF-I levels after 3 and 6 months
postsurgical octreotide-LAR treatment suggesting that patients with high sst2 levels and low
sstoTMD4 levels respond better to octreotide-LAR. In keeping with this notion is the higher
sst2/sst5TMD4 ratio observed among patients achieving hormonal control (GH and IFG-I
levels after octreotide-LAR therapy) compared with uncontrolled patients. Furthermore,
when results from previous reports suggesting that presence of the GNAS mutation can be
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considered as a clinical indicator of a good response to SSA-therapy in acromegalic patients
[14,22], and our previous data showing that patients with GNAS positive tumors expressed
high levels of sst2 [15], are viewed in light of our present results showing that sstsTMD4
expression is significantly lower in patients positive for the GNAS mutation than in patients
with no mutation (and additionally, a higher sst2/sst5TMDA4 ratio is observed in patients
with GNAS positive tumors), it is reasonable to suggest the existence of an overall negative
association between sst5TMD4 presence and pharmacological response to SSA-therapy in
acromegaly.

Results of this study, especially the connection between sst2/sst5TMD4 with clinical
response in acromegalic patients, might be patho-physiologically relevant because: 1) in this
and previous studies [9,10,24], sst5TMD4 and sst2 are often coexpressed in pituitary
adenomas; 2) sst-subtypes are known to form homo/heterodimers, which modify functional,
pharmacological, and signaling properties of individual sst in response to their natural and
synthetic ligands [25]; 3) a similar association and functional connection also occurs
between sst2 and truncated sst5 variants [11]; and, 4) in coexpression experiments, using
FRET technology, we observed that sst2 preferentially localizes at the plasma membrane in
the absence of truncated sst5TMD4 but when sst5TMD4 colocalizes with sst2 in the same
cells, they interact and sst2 is partly retained in intracellular compartments, thus reducing/
disrupting the normal inhibitory functioning of sst2, as sst5TMD4 would act as a dominant-
negative modulator for sst2-mediating signaling [11].

Most importantly, we found that expression levels of sst5TMD4 were significantly higher in
somatotropinomas presenting extension into the sinus (total and individual sinus extension).
Of note, these differences in expression levels between patients with and without invasion
were specific for sst5TMD4, at least in this patient population, and was not found for sst2 or
sstb, suggesting that the relative sst5TMD4 expression levels might represent a potential
unique molecular signature contributing to invasion abilities of somatotropinomas. In
support of this, the ROC analysis of sst2, sst5 and sst5TMD4 demonstrated that only
expression of sst5TMD4 discriminates between the two diagnostic groups of invasiveness
[patients presenting extension into the sinus (total invasion and invasion into cavernous or
sphenoid sinus)]. Importantly, in support of the invasion/proliferation abilities of truncated
sstb variants in somatotropinomas, our in vitro results revealed, for the first time, that
overexpression of sst5TMD4 (and also of truncated sst5TMD5) enhanced cell viability of
cultured somatotropinoma in a modest but consistent and significant manner in comparison
with mock-transfected somatotropinoma cells.

In conclusion, our data demonstrate that presence of truncated sst5 variants, especially
sstTMD4, is associated with increased aggressiveness in GH secreting adenomas, thereby
suggesting that sst5sTMD4 could contribute to worsen somatotropinoma prognosis and may
provide an attractive target for therapeutic research. Accordingly, it seems plausible that
analysis of sst5TMD4 expression, particularly in relation to sst2, could represent in the
future a genuine, valuable diagnostic and/or prognostic tool to help in predicting aggressive
properties of somatotropinomas (proliferative and invasive capacities), and outcome of
clinical response to SSA-therapy in these patients.
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Fig. 1.
(A) Median sst5TMD4 mRNA levels in normal pituitaries (NP; n = 8), somatotropinomas

(GHomas; n = 36) and non-functioning pituitary adenomas (NFPA; n = 30). (B)
Representative IHC images of sst5TMD4 in somatotropinomas. (C) Positive correlation
between IHC intensity and percentage of positive cells with sst5TMD4 mRNA levels. (D)
Negative correlation between the age of acromegalic patients at diagnosis and sst5TMD4
levels. (A—D) mRNA copy number corrected by a normalization factor (NF) derived from
the expression of three control genes (HPRT1, ACTB, and GAPDH).
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Fig. 2.

(A) Negative correlations between sst2/sst5TMD4 ratio and GH and IGF1 levels after 3 and
6 months postsurgical treatment with octreotide-LAR in acromegalic patients. (B) sst2/
sst5TMD4 ratio in pharmacologically controlled and uncontrolled patients with GH
secreting adenomas (GHomas). (C) sst5TMD4 expression and sst2/sst5TMDA4 ratio in
patients with GNAS negative and positive tumors.
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Fig. 3.
sstsTMD4 expression levels in invasive somatotropinomas [total (cavernous + sphenoid)

sinus extension; left, top-panel], as well as in tumors with cavernous (middle, top-panel) or
sphenoid (right, top-panel) sinus extension; Receiver operating characteristics (ROC) curve
to determine the accuracy of sst5TMDA4 receptor as diagnostic test to discriminate between
invasive and non-invasive somatotropinomas (bottom-panels).
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Cell viability (24-, 48- and/or 72-h) in primary culture of somatotropinoma transfected with
sstsTMD4 (A, n = 5; black columns) and sst5TMD?5 (B, n = 3; gray-columns) as compared
with mock-transfected control cells (white-columns). Representative validation by gPCR
sstsTMD4 (C, black bar) and sst5TMD5 (D, light gray bar) demonstrating an increase in
sstTMD4, but not in sst5 (C and D, dark gray bar), mRNA levels. Data are expressed as
percent of mock, set at 100%.
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Demographic and gPCR data somatostatin receptor subtype sst5TMD5 and sst5TMD4 mRNA levels in

Table 2
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individual non-functioning pituitary adenomas estimated mRNA copy number corrected by a normalization

factor (NF) derived from the expression of three control genes (GAPDH, HPRT1 and ACTB).

No. S A sst5TMD5/NF  sst5TMD4/NF
1 F 18 0 5
2 F 25 0 0
3 F 43 0 27
4 F 47 0 111
5 F 49 0 0
6 F 50 0 0
7 F 52 0 6
8 F 57 0 0
9 F 61 0 0
10 F 68 0 0
11 F 72 0 11
12 F 74 0 61
13 F 80 0 100
14 F 81 138 0
15 F 84 0 73
16 M 31 0 28
17 M 32 0 20
18 M 32 0 25
20 M 39 0 13
21 M 40 0 69
22 M 44 0 0
23 M 46 0 20
24 M 48 0 0
25 M 48 38 216
26 M 51 0 0
27 M 53 0 0
28 M 53 0 37
29 M 56 0 72
30 M 60 0 0
Median 51 0 9
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Demographic and gPCR data: somatostatin receptor subtype sst5TMD5 and sst5TMD4 mRNA levels in

Table 3

Page 20

individual normal pituitaries estimated mMRNA copy number corrected by a normalization factor (NF) derived
from the expression of three control genes (GAPDH, HPRT1 and ACTB).

p
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