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Abstract: Meningiomas are benign brain tumors that are usually to recur. Studies have shown in vitro and in vivo 
that meningiomas, regardless of histology and classification, express somatostatin receptors (SSTRs). We investi-
gated the immunohistochemical expression of five SSTR subtypes (SSTR1-SSTR5) in tumor tissue sections from 
60 patients with diagnosis of meningioma who underwent surgical resection and relating it to patient age and sex, 
tumor histology, location, regrowth/recurrence and follow-up. Mean (SD) patients age was 53.18 (12.6) years and 
44 were women (73.3%). According to the WHO histological grading criteria, 47 (78.3%) meningiomas were grade I, 
11 (18.3%) were grade II, and 2 (3.3%) were grade III. All five SSTRs were expressed in our sample, at frequencies 
ranging from 61.6 to 100%, with a predominance of SSTR2. SSTR5 was more frequently expressed in tumors benign 
than in tumors malignant (P<0.013). Recurrence-free survival rate at 2 years was 75.2%. There were no significant 
differences in SSTR expression regarding age, sex, tumor location and regrowth/recurrence. SSTR expression was 
detected at a significant frequency in this series. SSTR5 showed higher expression in tumors benign supporting the 
use of these SSTRs in diagnostic of meningiomas and their influence in process of tumorigenesis in meningiomas 
recurrence.
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Introduction

Meningiomas are slow-growing, usually benign 
brain tumors that are likely to recur [1]. 
According to a study conducted from 2007 to 
2011 by the Central Brain Tumor Registry of  
the United States (CBTRUS), approximately 
7.61 per 100,000 population develop this type 
of tumor, accounting for 36.1% of all intracra-
nial tumors. The prevalence rate for meningio-
mas is 50.4 per 100,000, with a marked 
increase in incidence rates after age 65, being 
more common in women (ratio of 2:1) [2]. 

Tumor growth is closely related to hormonal 
factors [3]. It is known that meningiomas 
express estrogen and progesterone receptors 
[4], androgens [5], and non-steroid hormones, 
including somatostatin [6]. Somatostatin per-
forms its physiological functions by binding to 
specific receptors (SSTR1-SSTR5), which have 

been described in most central nervous system 
and neuroendocrine tumors [7-10]. 

Standard treatment (surgical resection and 
radiotherapy) is recommended for patients with 
meningiomas, which, in most cases, is effective 
in inhibiting tumor growth. However, treatment 
options for tumor recurrence after surgery or 
tumors refractory to radiotherapy are limited, 
posing a challenge for existing therapeutic 
approaches [11].

This study aimed to increase knowledge of pro-
tein expression by investigating the immunohis-
tochemical expression of five somatostatin 
receptor (SSTR) subtypes in meningiomas and 
relating it to patient age and sex, tumor histol-
ogy, location, regrowth/recurrence and follow-
up. Therefore, the frequent overexpression of 
receptors may explain the high tracer uptake 
often observed in meningioma during soma-
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tostatin receptor scintigraphy. Futhermore, 
immunohistochemical methods could prove 
useful in identifying those cases of recurrent 
disease that may possibly respond to therapy 
with SSTRs-selective agonists. 

Materials and methods

The study sample included tumor tissue speci-
mens obtained from 60 patients with an anato-
mopathologic diagnosis of meningioma who 
underwent surgical resection performed by the 
same surgeon (NPF) at Hospital São José, 
ComplexoHospitalar Santa Casa de Porto 
Alegre, Southern Brazil, between July 2013 and 
August 2014. Tumors were classified according 
to the World Health Organization (WHO) criteria 
for histological subtypes and tumor grading 
(grade I-III). Patient’s medical records were 
reviewed for data collection, and 38 patients 
were followed-up. The study was approved by 
the Research Ethics Committee of Hospital 
Santa Casa de Misericórdia de Porto Alegre, 
Brazil (protocol No. 611.402), and conducted in 
accordance with the provisions of the 
Declaration of Helsinki. Written informed con-
sent was obtained from all individual partici-
pants included in the study, and the privacy and 
data confidentiality of patients were preser- 
ved. 

Immunohistochemistry

For immunohistochemical analysis, tumor tis-
sue sections were fixed in 10% buffered forma-
lin and embedded in paraffin. The blocks were 
sectioned at 4 µm, deparaffinized, and rehy-
drated. The labeled streptavidin-biotin method 

(LSAB kit + Peroxidase; Dako, Carpinteria, CA, 
USA) was used for SSTR detection, employing 
the following primary antibodies: SSTR1: poly-
clonal anti-SSTR1 (1:300 dilution; Chemicon, 
USA, Catalog No. AB9283); SSTR2: polyclonal 
anti-SSTR2 (1:100 dilution; Abcam, USA, 
Catalog No. AB140933); SSTR3: polyclonal 
anti-SSTR3 (1:400 dilution; Chemicon, USA, 
Catalog No. AB9285); SSTR4: polyclonal anti-
SSTR4 (1:400 dilution; Chemicon, USA, Catalog 
No. AB9487); and SSTR5: polyclonal anti-
SSTR5 (1:100 dilution; Chemicon, USA, Catalog 
No. AB9287). Normal human pituitary tissue 
was used as a positive control. As a negative 
control, the primary antibodies were replaced 
with saline. Immunohistochemical staining pat-
terns were assessed as described previously 
[8]. Briefly, the presence or absence of staining 
and the depth of color were noted. The depth of 
color was recorded as pale, medium, or dark 
according to how easily it was seen. The tumors 
were then categorized as weak, moderate, or 
strong stainers according to the following crite-
ria: (a) strong (+++), dark staining at the plasma 
membrane that is easily visible with a low-pow-
er objective; (b) moderate (++), medium stain-
ing that is visible with a low-power objective; (c) 
weak (+), pale staining that is not easily seen 
under a low-power objective; and (d) negative 
(-), tumors that show none of the above. 
Specimens were analyzed by two independent 
observers, using light microscopy.

Statistical analysis

Data are expressed as mean (SD) for continu-
ous variables, and as relative frequency and 
percentage for categorical variables. Asso- 
ciations between SSTRs were analyzed using 
the chi-square test or Fisher’s exact test as 
appropriate. The Kaplan-Meier method was 
used to estimate the rate of survival free of 
recurrence. The level of significance was set at 
5%. Data analysis was carried out using the 
Statistical Package for the Social Sciences 
(SPSS, version 19.0; IBM Corp., USA).

Results

Of 60 patients, 44 were women (73.3%), with a 
female-to-male ratio of approximately 3:1. 
Mean (SD) patient age was 53.18 (12.6) years. 
According to the WHO grading scheme, 47 
(78.3%) meningiomas were grade I, 11 (18.3%) 
were grade II, and 2 (3.3%) were grade III. The 

Table 1. Distribution of histological subtypes 
according to the 2007 World Health Organiza-
tion (WHO) classification
Histologicalsubtype n (%)
Meningothelial 25 (41.5)
Fibrous (fibroblastic) 2 (3.3)
Transitional (mixed) 9 (15.0)
Psammomatous 6 (10.0)
Angiomatous 1 (1.7)
Microcystic 2 (3.3)
Secretory 2 (3.3)
Atypical 11 (18.3)
Rhabdoid 1 (1.7)
Anaplastic (malignant) 1 (1.7)
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most prevalent histological subtypes were 
meningothelial (25, 41.5%), transitional (9, 
15%), psammomatous (6, 10%), and atypical 
(11, 18.3%) (Table 1). Regarding meningioma 
location, 82.1% were located in region supra-
tentorial and 17.9% located in region infraten-
torial, with no statistically significant difference 
in SSTR expression. 

Table 2 shows the expression immunohisto-
chemicalin meningiomas analyzed. SSTR2 
immunohistochemical expression was detect-
ed in 100% of cases, followed by SSTR3 in 
80.6%, SSTR5 in 78.3%, SSTR4 in 68.3%, and 
SSTR1 in 61.6%. SSTR2 overexpression was 
detected in 100% of grade II and in 87.2% of 
grade III meningiomas. Table 3 shows the 
expression of all five SSTR subtypes according 
to tumor grade. SSTR5 expression was 
observed in 41/47 (87.3%) grade I and in 5/11 
(45.5%) grade II meningiomas (P<0.013). There 
were no statistically significant differences 
between the other SSTR subtypes regarding 
tumor grade, age, sex, or location. 

Statistically significant associations between 
SSTR subtypes were observed, with strong 
immunopositivity for SSTR2 and SSTR5 (38.3%, 
P<0.007) and SSTR2 and SSTR3 (68.3%, 
P<0.014). Both associations were more com-
monly found in grade I meningiomas (Figure 1).

Surgical resection was performed in all 60 
patients, but medical record data on the type of 

tions, 26 (78%) had stable disease without 
tumor recurrence or regrowth and 7 (21%) 
showed meningioma recurrence or regrowth (6 
and 1 who had previously underwent partial 
and total resection, respectively). The patient 
with recurrence had grade III and patients with 
regrowth tumor, 5 had grade I, and 1 grade II. 
Of these, 4 are being followed-up, 1 received 
radiotherapy and 1 had 3 resections. There 
was no statistical difference between the five 
SSTRs and type of surgical resection and tumor 
regrowth/recurrence (Table 4). 

Discussion

The present study analyzed a representative 
series of meningiomas that is consistent with 
data reported in the literature regarding peak 
incidence age and female prevalence, as supra-
tentorial location, and higher incidence of grade 
I tumors [2, 12-14]. The median follow-up of 33 
patients was 18 months (interquartile range, 
9.5-28 months), which is in agreement with pre-
vious studies of 26 patients [15] and 10-years 
follow-up [16]. Tumor recurrence/regrowthwas 
observed in 18.4% (7/38) of cases, supporting 
the results of earlier studies that have shown 
recurrence rates ranging from 6 to 39% [16, 
17]. 

Regarding recurrence-free survival, a survival 
rate of 75.2% was observed at 2 years in the 
present study, which is consistent with reports 
of survival rates ranging from 67.8 to 97% at 

Table 2. Immunohistochemical expression of SSTR in our series 
of meningiomas
IH SSTR1 SSTR2 SSTR3 SSTR4 SSTR5
+ 37 (61.6%) 60 (100%) 48 (80.6%) 41 (68.3%) 47 (78.3%)
++ 19 (51%) 10 (16%) 5 (10%) 11 (27%) 7 (15%)
+++ 7 (19%) 6 (10%) 3 (6%) 17 (41%) 13 (28%)
Total 11 (30%) 44 (73%) 40 (83%) 13 (31%) 27 (57%)

Table 3. Immunohistochemical expression of somatostatin 
receptor (SSTR) subtypes in meningiomas classified according 
to the World Health Organization (WHO) histological grading 
criteria
Grade SSTR1 SSTR2 SSTR3 SSTR4 SSTR5
I 27 (57%) 47 (100%) 37 (78%) 31 (66%) 41 (87%)
II 9 (82%) 11(100%) 10 (91%) 9 (82%) 5 (45%)
III 1 (50%) 2 (100%) 1 (50%) 1 (50%) 1 (50%)
P 0.266 0.308 0.908 0.107 0.013*
*statistical difference.

resection were available only for 
45 patients. Of these, 30 (66.7%) 
underwent complete resection 
and 15 (33.3%) underwent par-
tial resection. Among the 30 
patients that underwent com-
plete resection, 22, 7, and 1 were 
grade I, II and III, respectively. For 
the patients that underwent par-
tial resection, 13 were grade I 
and 2 were grade II. 

Medical record data on clinical 
follow-up were available only for 
38 patients. The median follow-
up was 18 months (range 6-84 
months). According to Kaplan-
Meier analysis, the rate of sur-
vival free of recurrence at 2 years 
was 75.2% (Figure 2). Among 
these 38 patients, 5 (13%) died 
due to postoperative complica-
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Figure 1. A. SSTR2: expression cytoplasmatic (+++) and endothelial (arrows) in meningioma (400×). B. SSTR5 ex-
pression cytoplasmatic (++) in meningioma (400×).

2-10 years [17-19]. In this 
series of meningiomas, there 
were no statistically signifi-
cant differences in SSTR 
expression regarding patient 
age and sex or tumor location 
and recurrence, which is  
in agreement with previous 
studies [20, 21].

A statistically significant asso-
ciation was found for com-
pletely resected meningio-
mas without tumor recurren- 
ce. Recurrence was reported 
in only one patient with grade 
III tumor, supporting previous 
findings that more aggressive 
meningiomas are associat- 
ed with an increased risk  
of recurrence [22-25]. High 
expression of SSTR2 (100%) 
and SSTR3 (87%) was demon-
strated in partially resected 
meningiomas with tumor re- 
growth. There are no data in 
the literature on immuno- 
histochemical expression of 
SSTRs recurrent meningio-
mas, thereby hindering a 
proper comparison of the 
results. 

Figure 2. Kaplan-Meier curve showing the rate of survival free of recurrence 
in meningiomas analyzed. 
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Meningiomas express SSTRs on their sur- 
face, with a predominance of the SSTR2  
subtype. However, it’s in vitro mechanism of 
action remains unclear [9]. In our series of 
meningiomas, positivity was observed for all 
five SSTR subtypes, with strong positivity for 
SSTR2 in 100% of cases, which is consistent 
with the results obtained by Wang et al [26], 
suggesting that SSTRs may serve as a basis for 
future therapeutic applications. SSTR1 and 
SSTR2 expression was also detected in endo-
thelial cells, a finding consistent with the results 
of Taniyama et al [27], who demonstrated the 
expression of SSTRs not only in parenchymal 
cells but also in lymphocytes, fibroblasts, and 
endothelial cells.

In our series, SSTR2 expression was detected 
in grade I, II, and III meningiomas, with no cor-
relation between tumor grade, which is in 
agreement with the findings of Arena et al [9]. 
However, studies have demonstrated SSTR2 
expression in grade II and III meningiomas [26, 
28, 29]. Unlike the results obtained by Durand 
et al [24], who detected higher SSTR2 expres-
sion in meningothelialmeningiomas, suggest-
ing the possibility of a different tumorigenesis 
process in this histological subtype, we found 
no statistical difference between the expres-
sion of SSTRs and histological subtypes. In the 
present analysis, SSTR2 expression was not 
considered predictive of malignancy, as previ-
ously reported for neuroblastomas [29].

SSTR5 expression was observed in 41/47 
(87.3%) grade I meningiomas and in 5/11 
(45.5%) grade II meningiomas (P<0.013). A 
study conducted by Schulz et al [8], using an 
immunohistochemical method, demonstrated 
low expression (11%) of this receptor in menin-
giomas, without correlation with tumor grade. 

SST receptors, or heterodimerize with mem-
bers of different GPCR family, as dopamine. 
High expression of receptors of dopamine was 
observed in meningiomas [32]. Clinical trials of 
chimeric molecules that bind SSTR2 as well as 
DR2 will provide information about association 
between different G protein-coupled receptors, 
suggesting the use of combination therapy. We 
found an association between SSTR2/SSTR5 
with strong immunopositivity in 23 cases 
(38.3%, P<0.007). These associations are 
expressed in growth hormone-secreting pitu-
itary adenomas [33] and gastroenteropancre-
atic neuroendocrine tumors [34]. The SSTR2/
SSTR5 expression has been described in endo-
thelial cells during proliferative processes, and 
antiproliferative effects were observed after 
the use of specific analogs, suggesting an 
association with endothelial cell angiogenesis 
[35]. In gastroenteropancreatic neuroendo-
crine tumors, SSTR2 and SSTR5 negative 
expression was associated with decreased 
recurrence-free survival, resulting in poor prog-
nosis [36]. In the present series, 20 (86%) of 
meningiomas with high SSTR2/SSTR5 expres-
sion were grade I, and in meningiomas with 
tumor regrowth, the positive expression rates 
of SSTR2/SSTR5 were 66.6%, suggesting that 
these receptors might be associated with 
improved prognosis. 

An association was also found between sub-
types SSTR2 and SSTR3, with strong immu-
nopositivity in 40 cases of tumors benign 
(68.3%, P<0.014). This expression pattern has 
been reported in other tumors, such as succi-
nate dehydrogenase (an enzyme associated 
with malignant behavior) -deficient pheochro-
mocytomas and paragangliomas [37]. In cells 
culture, the heterodimerization of SSTR2 and 
SSTR3 shown activation only SSTR2 suggest-

Table 4. Immunohistochemical expression of somatostatin 
receptor (SSTR) subtypes in meningiomas according to surgi-
cal resection and recurrence/regrowth

Patients Type of  
ressection

Recurrence/ 
Regrowth Expression of subtypes

1 Complete Recurrence All subtype
2 Partial Regrowth SSTR2/SSTR3/SSTR4
3 Partial Regrowth SSTR2/SSTR3/SSTR4/SSTR1
4 Partial Regrowth SSTR2/SSTR3/SSTR4
5 Partial Regrowth SSTR2/SSTR3/SSTR5/SSTR1
6 Partial Regrowth SSTR2/SSTR3/SSTR5
7 Partial Regrowth SSTR2/SSTR5/SSTR1

In a quantitative real-time poly-
merase chain reaction (RT-PCR) 
analysis of meningiomas, 67% of 
grade I tumors were positive for 
SSTR5 [30]. SSTR5 is associated 
with better treatment response in 
less aggressive liver tumors [31], 
suggesting that the positive expres-
sion of this receptor is a potent bio-
marker predictive of therapeutic 
response. 

SST receptor subtypes, co-expre- 
ssed in the same cells, can also 
form heteromeric complexes within 
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ing that heterodimerization results in a recep-
tor with a pharmacological profile resembling 
that of SSTR2, however appears to be more 
resistant to agonist-induced desensitization 
[38]. SST2 was commonest expresses in neu-
roendocrine neoplasm and co-expressed with 
SSTR3 and SSTR5 in 32% and 24% of the spec-
imens [39]. There are no reports in the litera-
ture of the association of these SSTR subtypes 
(SSTR5/SSTR2 and SSTR2/SSTR3) in meningi-
omas, thereby hindering comparisons.

No statistically significant association was 
found between all other variables and subtypes 
SSTR1 and SSTR4. The positive expression 
rate of SSTR1 in our series (61.6%) supports 
the results of Xiao et al [40], who demonstrated 
higher immunohistochemical expression of this 
receptor in meningiomas (65.4%) than in nor-
mal brain tissue (28.6%). As for SSTR4, the 
immunohistochemical expression rate of this 
receptor was 68.3%, above the rate of 33% 
reported by Arena et al [9]. 

In conclusion, the immunohistochemical ex- 
pression of SSTRs was detected at a significant 
frequency in the present series of meningio-
mas, supporting the use of these receptors for 
imaging confirmation and possibly in long-act-
ing somatostatin analog therapy. Prospective 
randomized trials, with a longer follow-up and a 
larger number of patients, are required to con-
firm the action of these receptors in tumorigen-
esis of meningiomas.
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