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Abstract 
This is a narrative review of literature introducing somatostatin receptors (SSTRs) as part of understanding the somatotroph cells since they 
are positive in normal cells but also in tumoral cells as seen in somatotropinoma, a growth hormone (GH)-producing neoplasia, which causes 
acromegaly. They are five subtypes of SSTRs (1 to 5), which are immunohistochemically positive in different proportions in somatotropinomas. 
SSTR types 2 and 5 are most frequent in GH-secreting adenomas and they are both targeted by medical therapy with somatostatin analogues 
(SSTAs) like first generation Octreotide and Lanreotide (mainly targeting SSTR2) and second generation Pasireotide (with highest affinity 
for SSTR5), thus heterogeneous SSTRs configuration into the tumor explains different pattern of response to treatment and it might predict 
it once the SSTRs immunostaining is performed. Monoclonal antibodies are used for immunohistochemical detection of SSTRs; currently, 
a lack of standardization is presented, and scoring systems, such as Volante, H-score or human epidermal growth factor receptor 2 (HER2)-
score, are applied. Immunoreactive markers like SSTRs are the U-turn in clinical practice regarding somatotropinomas since the configuration 
of subtypes 2 and 5 explains the responsiveness to medical therapy like SSTA. Further achievement of disease control is imperiously necessary 
because acromegaly has an increased rate of morbidity and mortality. 
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 Introduction 
Somatostatin receptors (SSTRs) are part of under-

standing the somatotroph cells since they are positive in 
normal cells but also in tumoral cells as seen in somato-
tropinoma, a growth hormone (GH)-producing neoplasia, 
which causes acromegaly [1, 2]. SSTRs ligands are the 
physiological hormone somatostatin (SST) and the class 
of drugs designed to be long-acting somatostatin analogues 
(SSTAs) like first generation Octreotide and Lanreotide and 
newly introduced in daily endocrine practice Pasireotide, 
a second generation SSTA, which are used as treatment in 
acromegaly [1, 2]. SSTRs are heterogeneously expressed 
in GH-secreting tumors; SSTAs have different affinities for 
them, and this becomes a crucial aspect in understanding 
why some cases of acromegaly have a better response to 
one generation or another of SSTA [1, 3–5]. 

They are five subtypes of SSTRs; they are immuno-
histochemically positive in different proportions in somato-
tropinomas [4, 5]. The most important immunostaining is 
for SSTR types 2 and 5 because they are targeted by SSTAs 
as main medical therapy in acromegaly [1, 4–6]. SSTR2 

expression is lower in pre-treated acromegalic patients 
with SSTAs and/or GH receptor-blocking medication like 
Pegvisomant, when compare to drug naïve acromegalic 
subjects, because therapy induces a down-regulation of 
SSTRs [3]. Resistance to SSTAs involves signal trans-
duction anomalies of SSTRs [5, 7]. Also, cases with partial 
response or partial resistance to SSTAs have been described 
[5]. New biomarkers as immunohistochemistry expression 
of E-cadherin are under investigation in order to predict 
the response to SSTAs [7]. Monoclonal antibodies are used 
for immunohistochemical detection of SSTRs; currently, 
a lack of standardization is presented and scoring systems, 
such as Volante, H-score, and human epidermal growth 
factor receptor 2 (HER2)-score, are used [4, 8]. 

Aim 

We aimed to introduce general data on a modern topic: 
the use of SSTRs immunostaining in better understanding 
the normal function of somatotroph cells, as well as their 
application in acromegaly, especially when choosing the 
medical therapy with SSTAs. 

R J M E
Romanian Journal of 

Morphology & Embryology
http://www.rjme.ro/



Nina Ionovici et al. 

 

354 

 Method 
This is a narrative review of literature based on a PubMed 

research using as keywords “somatostatin receptor”, 
“acromegaly”, “somatostatin analogue”, “somatostatin”. 
Most of the papers included are from 2016–2019. The 
topic is introduced based on a point of view related to 
immunohistochemistry report, as well as endocrine approach 
of acromegaly both as diagnosis and therapy. In order to 
highlight the narrative review, some captures of SSRTs 
immunohistochemistry, as well as computed tomography 
(CT) in a case of acromegaly are introduced. All the 
images are priory unpublished. 

 General data 
Immunostaining and molecular biology 
aspects of SSTRs 

SSTR is a Gα-protein coupled receptor, which inhibits 
adenylate cyclase and further decreases cyclic adenosine 
monophosphate (cAMP) production, thus causing a lowering 
of calcium into the cell [1, 9]. SSTRs are activated by SST, 
which represents an inhibitory polypeptide with 14, 
respective 28 amino acids, depending on active form, 
both are derived from a large precursor molecule called 
preproSST [9, 10]. SST, a cyclopeptide, is also known 
as SST-release inhibitory factor [11]. The normal role of 
hypothalamus-related SST is to inhibit pituitary hormones 
secretion like GH, thyroid stimulating hormone (TSH), 
adrenocorticotropic hormone (ACTH) and prolactin [9, 
10]. 

Some tumors display SSTRs-like neuroendocrine tumors 
(NETs), rare type of oncocytomas (like spindle cell 
oncocytoma), thus their immunohistochemical analysis 
might indicate SSTAs as therapy based on an individual 
approach, and also it might help understanding tumor 
progression [12–14]. For instance, down-regulation of 
SSTR2 subtype in small intestinal NETs is correlated with 
neoplasia progression at the level of intestinal wall [13]. 
Further applications of SSTRs are represented by peptide 
receptor radionuclide therapy (PRRT) as applied in NETs 
including pheochromocytomas and paragangliomas [14–
16]. Also, the assessment of SSTRs configuration is a clue 
of metastasis identification from a primary tumor, which 
may display the same configuration as primary lesion or a 
dedifferentiation process [14, 16–18]. Moreover, immuno-
blotting assesses and reverse transcription polymerase 
chain reaction (RT–PCR) for SSTRs recently revealed a 
different pattern for subtypes 1 and 5 in follicular and 
anaplastic carcinoma of the thyroid [19]. It seems that 
increased expression of SSTR2 and SSTR5 is correlated 
with a poor prognosis in medullary thyroid carcinoma 
[20]. 

The large scale of SSTRs-positive tumors makes very 
useful their immunostaining [21]. Manual assessment of 
SSTRs is rather complicated and automated evaluation 
simplified the procedure [21, 22]. Immunohistochemistry 
report on paraffin sections uses specific monoclonal 
antibodies against SSTR of either rabbit, rat, and mouse 
origin [21, 22]. 

Immunohistochemistry of SSTRs in pituitary 
somatotroph cells 

SSTRs are positive in all pituitary cells including 
corticotroph, lactotroph and thyrotroph cells, not only 
somatotroph cells [9, 10]. Apart from endocrine inhibitory 
role, SST exerts an influence on cell cycle by inducing 
apoptosis [9, 10]. The main effects of SSTRs are introduced 
in Figure 1. 

 
Figure 1 – SST and SSTAs intervention via SSTRs 
activation at cellular level, as explained in the text. 
SST: Somatostatin; SSTAs: Somatostatin analogues; 
SSTRs: Somatostatin receptors. 

Somatotropinoma mainly expresses SSTR2, which are 
targeted by first-line generation SSTA Octreotide and 
Lanreotide [9, 11]. But the heterogeneity of the SSTRs 
in the tumor allows only a partial control of acromegaly 
in 50–70% of cases [9, 11, 23]. The second line SSTA 
Pasireotide (SOM230) was recently introduced in medical 
practice and it has a much higher affinity for SSTR5, thus 
some tumors are better controlled by second line medical 
therapy [11, 24]. The SSTAs affinity for SSTRs, as well 
as their expression in somatotroph cells, are introduced 
in Figure 2. 

 
Figure 2 – The expression of SSTRs in normal and 
tumoral somatotroph cells. SSTAs bind SSTRs with 
different affinities – the higher binding capacity of 
each SSTA generation is represented by red arrows. 
SSTAs: Somatostatin analogues; SSTRs: Somatostatin 
receptors. 

Most current acromegaly protocols of daily endocrine 
practice include the therapy with long acting Pasireotide 
only in cases proved as resistant to first line medical 
treatment like Octreotide or Lanreotide [11, 24, 25]. The 
activation of SSTRs pathways in somatotroph cells is 
followed by inhibition of GH secretion (the main effect) 
and (secondary) GH production and cell proliferation [1, 
11]. Most hormonal effects in acromegaly are mediated 
by SSTR2 and SSTR5, thus their immunostaining in a 
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somatotropinoma may be important, while medical therapy 
also targets SSTR2 and SSTR5 [11, 26]. The relationship 
between SSTRs and SSTAs of first and second generation 
is introduced in Figure 3. In somatotroph cells of soma-
totropinoma, an interaction between aryl hydrocarbon 
receptor-interacting protein (AIP) gene downstream 
including AIP immunostaining and SSTRs expression 
might reflect the response to SSTAs [27]. 

 
Figure 3 – SSTAs intervention on somatotroph cells 
of GH-producing adenomas depending on SSTRs 
expression in tumor. GH: Growth hormone; SSTAs: 
Somatostatin analogues; SSTRs: Somatostatin receptors. 

Pituitary corticotroph cells also express SSTRs including 
in abnormal conditions, for instance, in corticotropinomas 
(ACTH-producing adenomas or corticotropinomas which 
cause Cushing’s disease) [9, 24]. In this case, SSTR5 are 
most frequently seen because SSTR2 are down-regulated 
by chronic cortisol excess [9, 24]. Since Pasireotide is a 
multireceptor-targeted SSTA with a high SSTR5 affinity, 
it has also been used in Cushing’s disease [24–29]. Non-
functioning pituitary adenomas also express SSTRs but 
to a lesser extent [30]. 

Overall, pituitary tumors without or without secretor 
profile are usually benign masses with a lent rate of 
development expressing SSTR, such as: somatotropinomas 
– type 2 and 5 in different ratios (more frequent type 2); 
corticotropinomas – type 2 and 5 (typically synchronous 
expression), thyrotropinomas – type 2 with co-expression 
for SSTR3 and SSR5, prolactinomas – type 1 and 5, non-
functioning adenomas – mostly SSTR3, followed by SSTR2 
and then SSTR5 [23, 31]. The SSTRs expression in 
functioning and non-functioning pituitary adenomas is 
introduced in Figure 4. 

Acromegaly and applications of SSTRs 

Acromegaly is caused in 95% of cases by a pituitary 
GH-producing adenoma (80% of somatotropinomas have 
more than 1 cm diameter meaning a macroadenoma) [1, 
32, 33]. Increased pituitary-released GH and secondary 
hepatic insulin-like growth factor-1 (IGF-1) elevation cause 
metabolic anomalies, with high rate of morbidity and 
mortality, and associated cost-effectiveness of therapy [1, 
32–34]. These are the main reasons of continuous seeking 
to achieve disease control through adequate medical and 
surgical management [35]. Tissular studies showed an 
overexpression of GH and its receptor plays an oncogenic 
role, one of the reasons to try control GH excess [36]. 

Medical therapy is the first line of approach after 
unsuccessful transsphenoidal hypophysectomy [35, 37, 38]. 
In Figure 5 (A–C), we introduce a postoperatory pituitary 
imagery aspect in an adult female with acromegaly (a priory 
unpublished case). Pathological report after neurosurgery 
usually shows an adenoma with somatotroph cells [38]. We 
introduce Hematoxylin–Eosin (HE) aspect of somatotroph 
cells in a case of GH-producing adenoma, in Figure 6. 
About 10% of cases associate a co-secretion of prolactin 
[35, 37, 38]. About 20% of all pituitary adenomas are GH-
producing neoplasia [39]. 

 
Figure 4 – SSTRs expression in pituitary adenomas 
with/without specific hormonal production. A hetero-
geneous expression of SSTRs is seen in tumors with 
endocrine function like GH, prolactin, TSH, ACTH or 
in non-functioning adenomas. ACTH: Adrenocorti-
cotropic hormone; GH: Growth hormone; SSTRs: 
Somatostatin receptors; TSH: Thyroid-stimulating 
hormone. 

 
Figure 5 – Pituitary CT (multislice 16, spiral technique) of a 68-year-old acromegalic patient to whom selective 
hypophysectomy of the microsomatotropinoma was performed. Active post-operatory disease makes the patient candidate 
for medical therapy. Monthly 20 mg Octreotide LAR® was offered to the patient. See below postoperative aspect of the 
tumor during first year after surgery at different plans. (Priory unpublished case). (A) Detail of sella turcica. A right 
microadenoma is presented as postoperative remnant. (B) Yellow arrow: transsphenoidal posthypophysectomy aspect. 
Red arrow: right microsomatotropinoma after surgery. (C) Frontal plane. Pituitary area after surgery with GH-producing 
adenoma remnants. CT: Computed tomography; GH: Growth hormone. 
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Figure 6 – Histological report in a case of GH-
producing pituitary adenoma with clinical phenotype 
of acromegaly (HE staining, ×200). This is the case of 
young acromegalic male diagnosed with a large pituitary 
macroadenoma who as first referred for pituitary neuro-
surgery. The capture is provided after selective trans-
sphenoidal hypophysectomy. GH: Growth hormone; 
HE: Hematoxylin–Eosin. 

Recently, the immunostaining of tumoral somatotroph 
cells became important because therapy response to SSTAs 
is modulated by SSTRs expression and it might predict 
the type of response thus it indicates which SSTA should 
be used [2, 35, 40, 41] (Figure 7, A and B). As mentioned, 
the focus in on SSTR2 and SSTR5: if a somatotropinoma 
has mostly type 2 is more likely that acromegaly will be 
controlled with first line medical SSTAs molecules, while 
in tumors with type 5 preponderance, the subjects become 
candidates to Pasireotide in active disease under first 
generation SSTAs [42–44]. Pasireotide is a multi-targeted 
analogue, meaning that it binds mainly SSTR5 but also 
SSTR1, SSTR2, and SSTR3 [23]. Known the SSTRs 
configuration at somatotropinoma level, we may predict 
the response to therapy [45, 46]. There is still controversial 
issue related to cost-effective approach if SSTRs immuno-
staining should be routinely performed in each tumor or 
therapeutic test with both SSTRAs generations (Pasireotide 
is acromegaly is active under Octreotide/Lanreotide) is 
a better solution [45, 46]. Further standard protocols are 
expected in order to refine case-treating strategies com-
bining endocrine profile and immunochemistry report. 

 
Figure 7 – Immunohistochemistry report: SSTRs in somatotroph cells of somatotropinoma (histological report was 
introduced above). (A) SSTR2 positive with moderate expression (of 33–66%) in tumoral cells, IRS of 4 (intermediate 
score), SSTR2 polyclonal antibody kit, 1:75 dilution (×200). (B) SSTR5 with moderate-to-high expression (>66%) in 
tumoral cells, IRS of 6 (intermediate score), SSTR5 polyclonal antibody kit, 1:200 dilution (×400). IRS: Immunoreactive 
score; SSTRs: Somatostatin receptors. 

 Discussions 
Controversies 

SSTRs assays in daily clinical practice represent a 
major step ahead that improves the medical approach 
thus the prognosis of acromegaly. This topic is very recent, 
and some data are still necessary to better place the SSTRs 
immunostaining in clinical guidelines of acromegaly. 
Current limits of the topic are related to the fact that 
acromegaly treatment still represents a challenge in daily 
practice since routine tests of SSTR immunoreactions are 
not use. Also, the national protocol of SSTA reimbursement 
should include SSTR immunohistochemistry in order to 
choose the adequate line of medical therapy in patients 
with post-operative active disease. Moreover, another 
current limit of SSTR immunostaining is represented by 
the need of homogenous scales of assessment. However, 

the key message is the fact that understanding the 
immunochemistry profile is the pivotal approach in 
choosing the medical therapy for active acromegaly after 
neurosurgery was unsuccessful. Even the topic is rather a 
cutting edge in acromegaly approach; in the future, this 
will become a standard care in acromegalic subjects who 
were first treated with surgical intervention as the current 
guidelines indicate. Knowing the immunochemistry profile 
represents probably also a more cost-efficient approach 
since first live versus second line medication response 
depends on SSTR profile. A paper released in 2019 included 
as predictive marker of postsurgical therapy that SSTR 
expression is needed to assess the type of response to 
medical therapy with SSTAs [47]. But the immunohisto-
chemistry of somatotropinoma is a part of the complex 
panel of predictive factors in addition to hormonal assays 
and imagery appearance of the tumor [47]. 
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Integrating the immunochemistry profile  
in daily routine practice 

The assessment of SSTRs is part of a larger frame 
that includes the use of immunochemistry in usual practical 
approach of tumors that exerts hormonal activity or even 
those detected as incidentalomas like neuroendocrine 
neoplasia or ovarian tumors [48–50]. NETs represent a 
large area of diseases located at any organ where a variety 
of SSTRs combinations are registered [48–51]. The present 
of the hormonal receptors at the surface of the tumor allows 
a new route of therapy including radiolabeled peptides 
[51]. Regarding the subtypes of SSTRs, the type 2 plays 
the major role because it is positive in most gastrointestinal 
neuroendocrine neoplasia [51]. It seems that overexpression 
of type 2 SSTRs goes through their up-regulation probably 
due to epigenetic factors [51]. Currently, SST-like 
molecules (or analogues) are used for tumors with active 
neuroendocrine profile but for the future antagonists of 
SST might find a place in the treatment regimens of 
mentioned tumors [51]. In rare cases of NETs that lack 
the expression of SSTR type 2, the role of SSTAs as part 
of therapeutical management is limited [51]. In addition 
to SSTRs configuration, other neuroendocrine markers 
are useful for immunostaining assays of NETs like 
chromogranin A (in association with blood assessment) 
or synaptophysin, etc. [52]. The blood neuroendocrine 
markers profile also includes serotonin or neuron-specific 
enolase, while for 24-hour urine the 5-hydroxyindole-
acetic acid evaluation is useful [52, 53]. SSTRs domain 
is actually more complex [54]. Currently, their labelling 
with tracers like 68Gallium (68Ga) represents an elegant 
approach for advances imaging techniques like 68Ga–SSTR 
positron emission tomography (68Ga–SSTR–PET) [54]. The 
use of 68Ga–SSTR–PET may become an independent 
prognostic tool as pointed by a meta-analysis published 
in 2019 by Lee & Kim [54]. The above-mentioned article 
includes eight studies comprising almost 500 patients with 
NETs of different grades regarding the differentiation 
profile [54]. The results of 68Ga–SSTR–PET analysis as 
predictor factor seem even more important than the tumor 
site or the type of tracer [54]. PET imaging based on 
SSTRs overexpression at the level of NETs (traditionally 
at gastro-entero-pancreatic site) is mostly targeted to 
SSTR2 [55]. 68Ga-Dotatate–PET offers the advantages 
of a relatively low radiation dose in association to the 
possibility of results quantification and it seems superior 
to 111Indium (111In)-Pentetreotide according to some studies 
[55]. However, the use of SSTR imaging techniques is 
not adequate for a pituitary somatotropinoma in daily 
practice. 

 Conclusions 
Immunoreactive markers like SSTRs are the U-turn in 

clinical practice regarding somatotropinomas since the 
configuration of subtypes 2 and 5 explains the responsi-
veness to medical therapy like SSTA. Further achievement 
of disease control is imperiously necessary since the 
condition has an increased rate of morbidity and mortality. 
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