
Oncotarget1www.impactjournals.com/oncotarget

www.impactjournals.com/oncotarget/ Oncotarget, Advance Publications 2017

Somatostatin receptor 2A in gliomas: Association with 
oligodendrogliomas and favourable outcome

Aida Kiviniemi1,2, Maria Gardberg3, Katri Kivinen4, Jussi P. Posti5, Ville Vuorinen5, 
Jussi Sipilä6,7, Melissa Rahi5, Matti Sankinen5, Heikki Minn8

1Department of Radiology, Medical Imaging Centre of Southwest Finland, Turku University Hospital and University of Turku, 
Turku, Finland

2Turku PET Centre, Turku University Hospital and University of Turku, Turku, Finland
3Department of Pathology, Turku University Hospital and University of Turku, Turku, Finland
4TYKSLAB, Laboratory of Molecular Genetics, Turku University Hospital, Turku, Finland
5Division of Clinical Neurosciences, Department of Neurosurgery, Turku University Hospital and University of Turku, Turku, 
Finland

6Department of Neurology, North Karelia Central Hospital, Joensuu, Finland
7Division of Clinical Neurosciences, Department of Neurology, Turku University Hospital and University of Turku, Turku, 
Finland

8Department of Oncology and Radiotherapy, Turku University Hospital, Turku, Finland

Correspondence to: Aida Kiviniemi, email: aida.kiviniemi@utu.fi

Keywords: glioma, somatostatin receptor, oligodendroglioma, IDH mutation, prognosis

Received: February 20, 2017    Accepted: April 03, 2017    Published: April 13, 2017

ABSTRACT
Somatostatin receptor subtype 2A (SSTR2A) is a potential therapeutic target in 

gliomas. Data on SSTR2A expression in different glioma entities, however, is particularly 
conflicting. Our objective was to characterize SSTR2A status and explore its impact 
on survival in gliomas classified according to the specific molecular signatures of the 
updated WHO classification. In total, 184 glioma samples were retrospectively analyzed 
for SSTR2A expression using immunohistochemistry with monoclonal antibody UMB-1. 
Double staining with CD68 was used to exclude microglia and macrophages from analyses. 
SSTR2A staining intensity and its localization in tumor cells was evaluated and correlated 
with glioma entities and survival. Diagnoses included 101 glioblastomas (93 isocitrate 
dehydrogenase (IDH) -wildtype, 3 IDH-mutant, 5 not otherwise specified (NOS)),  
60 astrocytomas (22 IDH-wildtype, 37 IDH-mutant, 1 NOS), and 23 oligodendrogliomas  
(19 IDH-mutant and 1p/19q-codeleted, 4 NOS). SSTR2A expression significantly 
associated with oligodendrogliomas (79% SSTR2A positive) compared to IDH-mutant or 
IDH-wildtype astrocytomas (27% and 23% SSTR2A positive, respectively), and especially 
glioblastomas of which only 13% were SSTR2A positive (p < 0.001, Fisher’s exact 
test). The staining pattern in glioblastomas was patchy whereas more homogeneous 
membranous and cytoplasmic staining was detected in oligodendrogliomas. Positive 
SSTR2A was related to longer overall survival in grade II and III gliomas (HR 2.7, CI 
1.2–5.8, p = 0.013). In conclusion, SSTR2A expression is infrequent in astrocytomas 
and negative in the majority of glioblastomas where it is of no prognostic significance. 
In contrast, oligodendrogliomas show intense membranous and cytoplasmic SSTR2A 
expression, which carries potential diagnostic, prognostic, and therapeutic value.

INTRODUCTION

Gliomas are the most common malignant primary 
brain tumors [1]. Despite optimal standard of care 

including maximal safe resection followed by radiotherapy 
and/or chemotherapy, the median survival in glioblastomas 
(WHO grade IV) is only 15 months [2]. Grade II gliomas 
are slow-growing but have an intrinsic tendency over 
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time for malignant transformation resulting in a median 
survival of approximately ten years [3]. This limited 
response to standard therapies is related to the infiltration 
of glioma cells into the surrounding “normal” brain, which 
shelters them from surgery and radiation [4].

Updated WHO classification of central nervous 
system tumors combines for the first time histological and 
molecular features for an integrated classification [5]. IDH 
mutation is the key genetic feature characterizing grade II 
and III gliomas as well as secondary glioblastomas with 
favourable outcome [6]. Furthermore, oligodendrogliomas 
are recognized by their expression of two major genetic 
alterations, IDH mutation and 1p/19q codeletion. 

SSTRs are a family of G protein –coupled receptors 
consisting of six different subtypes (SSTR1, 2A, 2B, 3, 
4 and 5). Various solid tumors express SSTRs with the 
potential of somatostatin analogs to exert anti-tumor 
effects [7]. SSTR2A is the most abundant subtype and 
is used in neuroendocrine tumors (NETs) as a target for 
both diagnostic positron emission tomography/computed 
tomography (PET/CT) imaging and radionuclide therapy 
using somatostatin analogs labeled with β--emitting 
isotopes (90Y-DOTATOC and 177Lu-DOTATATE) [8, 9].

SSTR2A targeted radionuclide therapy has been 
suggested as a novel treatment approach in gliomas  
[10–12]. Tumor SSTR2A expression is required for such an 
approach to be successful, however, characterization of this 
target in gliomas has thus far been controversial. Studies 
with limited number of patients have reported high SSTR2 
expression in glioblastomas and low expression in grade II–III 
gliomas [13, 14], while others have detected the opposite [15].

We have recently found that PET/CT imaging 
targeting SSTR2A with 68Ga-labeled DOTA-chelated 
peptides in high-grade gliomas does not correlate with 
SSTR2A immunohistochemistry suggesting that imaging 
may not act as a surrogate marker for receptor expression 
[16]. A finding of particular interest in this pilot evaluation 
of 28 patients was the association between SSTR2A 
expression and oligodendroglial component, IDH1 
mutation, and progression-free survival (PFS). 

This potentially interesting prognostic information 
led us to more extensively characterize SSTR2A expression 
in glioma entities using the specific molecular signatures of 
the updated 2016 WHO classification. Our objective was to 
examine the impact of SSTR2A status on survival across 
184 cases of gliomas representing different molecular and 
histological features. We hypothesized that SSTR2A status in 
gliomas may provide a diagnostic and prognostic tool useful 
for therapeutic decision-making and predicting the outcome.

RESULTS

Patient cohort

A total number of 184 gliomas were included 
in this retrospective study with 101 glioblastomas (93 

IDH-wildtype, 3 IDH-mutant, 5 NOS), 60 astrocytomas 
(22 IDH-wildtype, 37 IDH-mutant, 1 NOS), and  
23 oligodendrogliomas (19 IDH-mutant and 1p/19q-
codeleted, 4 NOS). Basic patient characteristics, clinical 
follow-up data, alpha-thalassemia/mental retardation 
syndrome X-linked (ATRX) and p53 mutations within 
molecular diagnoses are presented in Table 1. Direct 
sequencing detected one IDH2 mutation in a grade II 
astrocytoma and additionally six IDH1 mutations were 
identified not attributed to R132H mutation or from 
samples with missing IDH1 immunohistochemistry. Four 
oligodendrogliomas with 1p/19q codeletion and typical 
oligodendroglial histology were designated to NOS group 
since IDH1/IDH2 mutation could not be detected. 

Scoring of SSTR2A immunohistochemistry and 
its association with tumor entity

Representative images of different intensities and 
localization of SSTR2A immunostaining are shown 
in Figure 1. High SSTR2A expression significantly 
associated with oligodendrogliomas whereas the 
majority of glioblastomas were negative for SSTR2A 
immunostaining (Table 2). SSTR2A expression varied 
between glioma subtypes evaluated by the most common 
staining intensity (minimum 50% of tumor area,  
p < 0.001, Fisher’s exact test) and also the highest intensity 
(minimum 10% of tumor area, p < 0.001).

The most common pattern of SSTR2A staining was 
predominantly negative in glioblastomas (97%) and IDH-
wildtype astrocytomas (86%) but also in the majority of 
IDH-mutant astrocytomas (65%). However, we detected 
also heterogeneous staining within the negative tumor 
bulk showing tumor cell clusters with intensive SSTR2A 
staining. Therefore, we scored the tumor as SSTR2A 
positive if the most common intensity was 2 or 3, or if 
the highest intensity was 3. This translated to a positive 
SSTR2A status in 12 IDH-wildtype glioblastomas  
(13%), 5 IDH-wildtype astrocytomas (23%), 10 IDH-
mutant astrocytomas (27%), and 15 IDH-mutant 
and 1p/19q-codeleted oligodendrogliomas (79%) 
demonstrating a significant association between SSTR2A 
status (positive or negative) and glioma type (p < 0.001, 
Fisher’s exact test). Accordingly, SSTR2A expression 
was related to IDH mutation since the majority (60%) 
of SSTR2A positive gliomas harboured IDH mutation 
(p < 0.001, Fisher’s exact test). However, no association 
between SSTR2A expression and ATRX mutation was 
observed (p = 0.469). Furthermore, within grade II and 
III gliomas, no difference in SSTR2A status was detected 
with regard to tumor grade (p = 0.485). 

In glioblastomas and astrocytomas the SSTR2A 
expression was mainly located in cytoplasm, whereas 
in the majority of oligodendrogliomas, the staining 
pattern was both membranous and cytoplasmic (Table 2,  
p < 0.001, Fisher’s exact test). Oligodendrogliomas NOS 
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(n = 4) were not included in the final analyses, but it is 
noteworthy that they all presented SSTR2A intensity of 3 
as the most common staining. Furthermore, in three cases 
the staining was mostly membranous following the pattern 
of 1p/19q-codeleted tumors.

High number of CD68 positive microglia and 
macrophages were detected in the tumor zone bordering 
necrosis in glioblastomas, whereas in areas with high 
number of viable tumor cells, microglia and macrophages 
were more randomly dispersed. As shown in Figure 1, no 

Table 1: Patient characteristics
GLIOBLASTOMA ASTROCYTOMA OLIGODENDROGLIOMA

IDH-wildtype IDH-mutant NOS IDH-wildtype IDH-mutant NOS IDH-mutant and 
1p/19q-codeleted NOS

n 93 3 5 22 37 1 19 4

Median age (range), years 62 (22–79) 58 (53–67) 57 (50–69) 61 (18–79) 39 (21–83) 33 51 (23–69) 48 (27–54)

Grade

 IV 93 (100%) 3 (100%) 5 (100%) - - - - -

 III - - - 18 (82%) 15 (41%) - 6 (32%) -

 II - - - 4 (18%) 22 (59%) 1 (100%) 13 (68%) 4 (100%)

Preoperative KPS% (median) 70 70 70 80 90 70 90 90

Resection

 Gross total 20 (22%) 0 0 2 (9%) 10 (27%) 0 1 (5%) 1 (25%)

 Subtotal 73 (78%) 3 (100%) 5 (100%) 17 (77%) 26 (70%) 1 (100%) 17 (90%) 3 (75%)

 Biopsy 0 0 0 3 (14%) 1 (3%) 0 1 (5%) 0

Postoperative treatment

 None 14 (15%) 0 1 (20%) 4 (18%) 11 (30%) 0 2 (11%) 1 (25%)

 RT alone 27 (30%) 0 1 (20%) 16 (73%) 23 (62%) 1 (100%) 16 (84%) 3 (75%)

 RT + TMZ 50 (55%) 2 (67%) 3 (60%) 2 (9%) 3 (8%) 0 1 (5%) 0

 RT+Sitimagene ceradenovec 0 1 (33%) 0 0 0 0 0 0

ATRX mutation

 Yes 0 1 (50%) 0 0 25 (81%) 0 0 0

 No 82 (100%) 1 (50%) 4 (100%) 18 (100%) 6 (19%) 0 18 (100%) 1 (100%)

Information missing 11 1 1 4 6 1 1 3

p53 mutation

 Yes 40 (43%) 3 (100%) 3 (60%) 6 (27%) 29 (78%) 1 (100%) 0 0

 No 53 (57%) 0 2 (40%) 16 (73%) 8 (22%) 0 19 (100%) 4 (100%)

KPS Karnofsky Performance Scale, RT radiotherapy, TMZ temozolomide, Sitimagene ceradenovec (Cerepro®) experimental gene therapy.

Table 2: Scoring of SSTR2A immunohistochemistry
Most common intensity Highest intensity Location

0 1 2 3 0 1 2 3 C M + C

Glioblastoma

 IDH-wildtype (n = 93) 90 (97%) 1 (1%) 1 (1%) 1 (1%) 57 (61%) 15 (16%) 9 (10%) 12 (13%) 26 (70%) 11 (30%)

 IDH-mutant (n = 3) 3 (100%) 0 0 0 0 2 (67%) 1 (33%) 0 2 (67%) 1 (33%)

Astrocytoma

 IDH-wildtype (n = 22) 19 (86%) 2 (9%) 1 (5%) 0 12 (54%) 2 (9%) 3 (14%) 5 (23%) 10 (100%) 0

 IDH-mutant (n = 37) 24 (65%) 5 (13.5%) 5 (13.5%) 3 (8%) 9 (24%) 9 (24%) 10 (27%) 9 (24%) 24 (86%) 4 (14%)

Oligodendroglioma

 IDH-mutant and 
1p/19q-codeleted (n = 19)

4 (21%) 1 (5%) 7 (37%) 7 (37%) 0 0 4 (21%) 15 (79%) 7 (37%) 12 (63%)

C cytoplasmic, M membranous.
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SSTR2A immunoreactivity in microglia and macrophages 
could be detected through the intense red staining of 
CD68.

Association of SSTR2A expression with survival

Survival plots in Figure 2 show no difference in 
overall survival (OS) or PFS in glioblastomas according 
to SSTR2A status (p = 0.173 and p = 0.114, respectively, 
Log-Rank test). In contrast, patients with SSTR2A positive 
grade II or III gliomas showed clear survival benefit 
compared to SSTR2A negative gliomas (OS p = 0.005, 
PFS p = 0.052, Log-Rank test). This benefit, however, 
may be related to the association between SSTR2A and 
oligodendrogliomas and their favourable outcome since no 
significant difference in OS (p = 0.383) or PFS (p = 0.272) 
was observed within IDH-mutant and IDH-wildtype 
astrocytomas according to SSTR2A status.

We also studied in glioblastomas whether 
membranous SSTR2A expression predicted favourable 
outcome compared to cytoplasmic expression by scoring 
SSTR2A positive if tumor cells showed membranous 
staining. However, no difference in OS (p = 0.389) or PFS 
(p = 0.287) was observed.

In the multivariate Cox regression analysis of grade 
II and III gliomas, both IDH mutation (p < 0.001) and 
positive SSTR2A (p = 0.013) remained independent 
factors that were significantly associated with longer 
overall survival, after adjustment for age, preoperative 
Karnofsky Performance Scale (KPS), and resection type 
(Table 3). Since diverging therapies following disease 
progression may have prognostic relevance, we evaluated 
whether the treatment at first progression varied between 
SSTR2A positive and SSTR2A negative grade II and III 
gliomas (Table 4). No significant difference, however, was 
observed (p = 0.136, Fisher’s exact test).

Figure 1: Immunohistochemistry for SSTR2A. Intensity of SSTR2A staining was scored (A) negative = 0, (B) weak = 1,  
(C) moderate = 2, or (D) strong = 3. Location was designated as (B, C) cytoplasmic or (D) both membranous and cytoplasmic. Endothelial 
cells served as internal positive control (black arrow). (E) Heterogeneous SSTR2A expression with patchy staining was observed especially 
in glioblastomas. (F) No SSTR2A staining could be detected in CD68 positive macrophages (red stain) bordering necrotic area. Diagnoses 
of the representative images included (A, B, E, F) glioblastoma, (C) astrocytoma IDH-mutant grade II, and (D) oligodendroglioma IDH-
mutant and 1p/19q-codeleted grade III.
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DISCUSSION

Studies on SSTR2 expression in gliomas have 
demonstrated remarkably controversial results [13–15]. 
Our analysis included a total of 184 gliomas and is to 
our knowledge the most extensive effort to characterize 
SSTR2 expression in different glioma subtypes assessed 
by the new 2016 WHO classification system. In our 
cohort, SSTR2A expression was significantly associated 
with oligodendrogliomas (79% SSTR2A positive) 
compared to IDH-mutant or IDH-wildtype astrocytomas 
(27% and 23%, respectively) and especially glioblastomas 
of which only 13% were SSTR2A positive.

In previous studies, Reubi et al. concluded from their 
autoradiographic assays that SSTRs are predominantly 
expressed in low-grade and anaplastic gliomas whereas 
only one out of 20 glioblastomas demonstrated binding 
of the radiolabeled somatostatin analog in vitro [15]. 
In contrast, another series where 50 tumor samples 
were assayed with a polyclonal antibody SSTR2A was 
reported as positive in 44% of glioblastomas, while only 
10% of anaplastic and none of diffuse astrocytomas 
showed positive immunostaining for SSTR2 [13]. Dutour  
et al. reported expression of SSTR2 mRNA by Northern 

blot in 6 out of 9 gliomas with the highest expression 
detected in one glioblastoma and two oligodendrogliomas 
[14]. Controversial results may be explained by the 
limitations in the number of tumor samples and especially 
oligodendrogliomas included, and the analytical methods 
used in these studies. Autoradiography and Northern 
blot analyses are unable to define the exact location of 
the receptor making it impossible to differentiate SSTR2 
expression in tumor cells from other cell types such as 
macrophages which are abundant in gliomas and known to 
express SSTR2 [17]. Furthermore, immunohistochemistry 
with polyclonal antibodies may display cross-reactivity 
with other antigens resulting in false positive staining 
[18]. We used a monoclonal antibody UMB-1, which 
is generally recommended as the method of choice 
for SSTR2A immunohistochemistry due to the more 
robust staining it provides when compared to polyclonal 
antisera [19, 20]. Moreover, the interference of SSTR2A 
expression in macrophages was excluded from analyses 
by performing double staining with CD68 targeting 
macrophages and UMB-1 targeting the intracellular 
C-terminus of SSTR2A.

High SSTR2A expression in oligodendrogliomas 
carries clinical implications. First, intensive membranous 

Figure 2: Progression-free survival and overall survival according to SSTR2A status in (A, B) glioblastomas and (C, D) grade II–III 
gliomas.
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and cytoplasmic SSTR2A staining detected in the majority 
of tumor cells may add diagnostic value to routine 
pathologic evaluation since membranous staining was 
almost exclusively limited to oligodendrogliomas. Four 
oligodendrogliomas in our cohort with 1p/19q codeletion 
and typical oligodendroglial histology were designated 
to NOS group since no IDH1/IDH2 mutation could be 
detected. Interestingly, all of these four tumors showed 
high SSTR2A expression. We hypothesize that intense 
membranous and cytoplasmic SSTR2A expression could 
act as a surrogate marker supporting the diagnosis of 
oligodendroglioma in case of ambiguous or unavailable 
analysis of 1p/19q or IDH status. 

Second clinical implication of SSTR2A expression 
in gliomas is the therapeutic target it may offer. 
90Y-DOTATOC and 177Lu-DOTATATE are somatostatin 
analogs, which are labelled with β--emitting isotopes and 
preferentially bind to SSTR2 [21]. Both 90Y-DOTATOC 
and 177Lu-DOTATATE are in clinical use for treating 
metastatic and inoperable NETs abundantly expressing 
SSTR2 [8, 22]. Interestingly, recent studies have indicated 
that SSTR2 antagonists are superior to agonists in targeting 
tumors, which has emerged new potential indications 
for SSTR2 targeting even in tumors with low receptor 
density [23]. With regard to gliomas, encouraging results 
have been reported in three pilot studies investigating 

treatment with 90Y-DOTATOC in progressive grade  
II–IV gliomas [10–12]. In contrast to intravenous injection 
of the radionuclide in NET, a locoregional delivery of 
90Y-DOTATOC was used in gliomas to circumvent the 
blood-brain barrier and to allow higher tumor dose while 
reducing systemic toxicity (especially the kidneys and bone 
marrow which are the dose-limiting organs in systemic 
administration). Furthermore, no diffusion into adjacent 
normal brain areas could be detected on planar cranial 
scintigrams when administering the radionuclide locally. 
However, the procedure is technically demanding and clear 
definition of the patients who are most likely to benefit 
from it is needed. We have recently demonstrated that 
PET/CT imaging with intravenously injected 68Ga-DOTA-
peptide targeting SSTR2 provides limited value in defining 
suitable patients with high-grade glioma for targeted 
radionuclide therapy [16]. 68Ga-DOTA-peptide uptake was 
associated with disrupted blood-brain barrier characteristic 
for glioblastomas, but did not correlate with SSTR2A 
expression via immunohistochemistry. Similar conclusions 
were made by Lapa et al. in a coinciding study where 15 
glioblastoma samples were analyzed for SSTR2 expression 
with 68Ga-DOTATATE PET/CT performed to three of 
these patients [24]. Thus, not only receptor expression and 
density but route of administration may be important for 
targeted treatment in case of malignant gliomas.

Table 3: Multivariate Cox regression model for OS within grade II and III gliomas adjusted for 
age, Karnofsky performance scale, and resection type
Variable Hazard ratio 95% CI p

IDH-wildtype vs. IDH-mutant 5.1 2.4–11.0 < 0.001

SSTR2A negative vs. SSTR2A positive 2.7 1.2–5.8 0.013

Table 4: Treatment at first progression in SSTR2A positive and negative grade II–III gliomas  
(p = 0.136, fisher’s exact test)

Treatment SSTR2A positive (n = 18) SSTR2A negative (n = 39)

None 4 (22%) 13 (33%)
RT 0 4 (10%)
TMZ 5 (28%) 5 (13%)
Surgery 4 (22%) 10 (26%)
Surgery + RT 0 3 (8%)
Surgery + TMZ 5 (28%) 2 (5%)
Surgery + RT + TMZ 0 1 (2.5%)
Surgery + Lomustine 0 1 (2.5%)
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Current study further questions the effectiveness of 
SSTR2 targeted radionuclide therapy in glioblastomas.  
We have now characterized SSTR2A expression 
in 101 glioblastomas and demonstrate completely 
negative immunostaining for SSTR2 in the majority 
of tumor samples. In contrast, we found that most 
oligodendrogliomas show intense SSTR2A expression. 
Moreover, SSTR2A expression in oligodendrogliomas is 
mostly localized to the plasma membrane of tumor cells in 
addition to concurrent cytoplasmic staining. Membranous 
SSTR2A is known to rapidly internalize after binding of 
somatostatin analog and this accumulation of internalized 
radioligand into tumor cells is considered the basis for 
successful radionuclide therapy [25]. Consequently, the 
pattern of expression favours theranostic approach using 
90Y-DOTATOC and 177Lu-DOTATATE and might contribute 
to the treatment armamentarium of oligodendrogliomas, 
which should be addressed in future clinical trials.

SSTR2 itself is considered to be a tumor suppressor 
demonstrating significant reduction in pancreatic tumor 
growth after adenoviral vector –based SSTR2 gene 
transfer in experimental pancreatic cancer [26]. SSTR2 
expression has also been associated with favourable 
outcome in patients with pancreatic NETs and childhood 
neuroblastomas [27, 28]. Our study clearly supports similar 
survival benefit in patients with grade II-III glioma who 
present with positive SSTR2A status. This may be related 
to the strong association between SSTR2A expression and 
oligodendrogliomas which typically demonstrate longer 
survival times than diffuse astrocytomas. However, the 
prognostic significance of SSTR2A cannot be trivialized 
since it remained an independent prognostic factor in the 
multivariate analysis where IDH mutation and clinical 
determinants were included. Unfortunately, the number of 
patients in our study was too low to perform a separate 
survival analysis including oligodendrogliomas only.

Large-scale genomic profiling has defined four 
subtypes of glioblastomas (proneural, neural, classical, 
and mesenchymal) beyond IDH mutational status each 
presenting distinct prognosis and response to therapy 
[29]. The proneural subtype with beneficial outcome has 
also been associated with anaplastic oligodendrogliomas 
with 1p/19q codeletion [30]. Recently, an integrated 
analysis of transcriptome, genome, and methylome of 
156 oligodendroglial tumors identified three subgroups 
of 1p/19q-codeleted oligodendrogliomas with specific 
expression patterns and divergent outcomes [31]. In our 
cohort SSTR2A expression associated with longer OS, 
however, its relation with the genetic profiles and subtypes 
of the heterogeneous group of oligodendrogliomas 
remains to be elucidated.

To our knowledge, this is the most extensive study 
aiming to characterize SSTR2A expression in adult 
gliomas. Here we confirm our preliminary observation 
implicating the association of SSTR2A expression with 
oligodendroglial differentiation where it may provide 

diagnostic and therapeutic value complementing the 
new molecular classification. In contrast, glioblastomas 
present negative or small patchy areas of SSTR2A 
staining supporting the observation that glioblastomas 
are composed of numerous different clones with variable 
biological properties where theranostic approach using 
DOTA-labeled peptides has low priority.

MATERIALS AND METHODS

Patients and clinical data

A retrospective analysis was performed on adult 
patients with newly diagnosed supratentorial glioma 
grade II-IV who underwent surgical resection or biopsy 
at Turku University Hospital from January 2005 through 
December 2013. A total of 184 glioma samples were 
included. Clinical data was collected from the electronic 
patient data system. The study was approved by the Ethics 
Committee of the Hospital District of Southwest Finland 
and Auria Biobank. The samples were obtained from Auria 
Biobank (TYKS-SAPA, Turku University Hospital, Turku, 
Finland), and in accordance with the Finnish Biobank Act 
(688/2012) a separate informed consent from individual 
patients was waived.

Determination of IDH1/IDH2, ATRX, p53, and 
1p/19q status

Immunohistochemistry for IDH1, ATRX, and 
p53 mutation were performed using tissue microarray 
(TMA) blocks sectioned at 4 μm for immunostaining. 
To build TMA blocks, annotations with a diameter of  
1.5 mm were made to the most representative tumor areas 
in scanned hematoxylin and eosin (H&E) slides using 
Pannoramic Viewer software (3DHistech, Budapest, 
Hungary). Corresponding tissue cores from formalin-
fixed paraffin-embedded glioma samples were then 
automatically transferred into TMA blocks using TMA 
Grand Master (3DHistech, Budapest, Hungary). Stainings 
were performed on a Ventana Benchmark XT Autostainer 
(Ventana, Strasbourg, France). Anti-IDH1 R132H antibody 
at 1:50 dilution (clone H09, Dianova, Hamburg, Germany) 
was used to detect the most common IDH1 mutation. 
ATRX was detected using a rabbit polyclonal antibody 
at 1:500 dilution (Sigma-Aldrich, St Louis, MO; cat# 
HPA001906). Loss of nuclear staining in tumor cells 
while remaining positive staining in non-neoplastic cells 
indicated ATRX mutation. Monoclonal antibody Bp53-11 
(Ventana Medical Systems, Tucson, AZ) was used to detect 
p53 mutation. Nuclear staining in > 10% of neoplastic 
cells was regarded as positive for TP53 mutation. 1p/19q 
codeletion was studied by fluorescent in situ hybridization 
using Vysis 1p36/1q25 and 19q13/19p13 FISH probe kit 
(Abbot Laboratories, Abbot Park, IL) in the diagnostic 
samples.
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Samples with negative or failed IDH1 
immunohistochemistry were subjected to direct Sanger 
sequencing. DNA was extracted from cylindrical 
paraffin-embedded tissue samples and PCR amplification 
products were disposed to sequencing described by 
Hartmann et al. [32]. Sequencing was performed in 
forward direction at Eurofins Genomics (Ebersberg, 
Germany) using ABI3730XL sequencer (ThermoFischer 
Scientific, MA, USA). Single ambiguous sequences 
after repetition were grouped in the NOS category. The 
sequences were analyzed using Sequencer™ 5.1 software. 
Codons 132 and 172 were examined to determine the 
mutation status of IDH1 and IDH2 genes, respectively, 
as previously described [32]. With all the molecular data 
available, gliomas were re-assessed by an experienced 
neuropathologist (M.G.) and diagnosed according to the 
new integrated WHO classification [5].

SSTR2A immunohistochemistry

Formalin-fixed paraffin-embedded tumor 
tissues were sectioned at 4 µm and used for SSTR2A 
immunohistochemistry (monoclonal UMB-1, Abcam, 
Cambridge, UK; dilution 1:500). To exclude microglia 
and macrophages from the evaluation, double staining 
with UMB-1 and CD68 (clone PG-M1, Dako, Glostrup, 
Denmark; dilution 1:100) was performed as described 
in  [16]. In order to detect the heterogeneous staining 
pattern of SSTR2A as previously noticed by our group in 
high-grade gliomas, the double stainings were performed 
on whole paraffin tissue sections and not TMAs. The 
chromogen used for CD68 detection was red, while 
SSTR2A staining was brown. Staining intensity for 
SSTR2A reaction was reported as 0 (negative), 1 (weak), 
2 (moderate), or 3 (strong). Due to heterogeneous staining 
we evaluated both the most common staining intensity 
(minimum 50% of tumor area) and the highest staining 
intensity (minimum 10% of tumor area). Additionally, 
the localization of the staining (cytoplasmic or both 
membranous and cytoplasmic) was observed. Scoring 
of SSTR2A immunohistochemistry was independently 
performed by a neuropathologist (M.G.) and a research 
fellow (A.K.). In case of discrepancy, a consensus in 
the scoring was obtained. SSTR2A status was regarded 
positive if the most common staining intensity was 2 or 3, 
or the highest staining intensity was 3.

Statistics

The association between SSTR2A expression 
and glioma subtype, IDH mutation, and ATRX mutation 
was analyzed using Fisher’s exact test. Kaplan-Meier 
with log-rank test and multivariate Cox proportional 
hazards regression were performed to assess survival 
data. OS was defined as the time from surgical resection 

to death or end of follow-up. PFS was a composite end-
point defined as the time from surgical resection to the 
first tumor progression indicated by re-resection, start 
of a new treatment regimen, death, or end of follow-
up. NOS designated diagnoses were not included in the 
final analyses. Two-tailed p-values < 0.05 were regarded 
significant. Analyses were conducted using IBM SPSS 
Statistics version 24.0 (IBM Corp., Armonk, NY, USA). 

Authors’ contributions

H.M., A.K., and M.G. planned and set up the study. 
The protocol was supervised by H.M.. A.K. collected 
clinical data, analyzed SSTR2A immunohistochemistry, 
performed statistical analyses, and drafted the manuscript. 
M.G. built up TMA blocks, performed tissue analyses on 
SSTR2A, IDH1, ATRX, p53, and 1p/19q status, and re-
classified gliomas according to new WHO 2016 criteria. 
K.K. analyzed the sequencing data for IDH mutation. J.P.P., 
V.V., J.S., M.R., and M.S. provided clinical data. All authors 
contributed, read, and approved the final manuscript.

ACKNOWLEDGMENTS

We thank Minnamaija Lintunen (Department of 
Pathology, Turku University Hospital) and the staff of 
Auria Biobank for excellent technical assistance. Tero 
Vahlberg is acknowledged for the assistance in statistical 
analyses. We thank Maria Bori, Janek Frantzén, and 
Janne Nordberg, for their contribution in the collection of 
clinical data.

CONFLICTS OF INTEREST

The authors state no conflicts of interest with regard 
to this work.

FUNDING

This work was supported by Cancer Society of 
Finland (H.M.), Instrumentarium Science Foundation 
(A.K.), Cancer Societies of Southwest Finland (M.G.), 
Perklén Foundation (M.G.), and Southwest Finland 
Hospital District EVO research funding (A.K.). A.K. is a 
PhD student supported by the National Graduate School of 
Clinical Investigation.

REFERENCES

 1. Ostrom QT, Gittleman H, Fulop J, Liu M, Blanda R, 
Kromer C, Wolinsky Y, Kruchko C, Barnholtz-Sloan JS. 
CBTRUS Statistical Report: Primary Brain and Central 
Nervous System Tumors Diagnosed in the United States in 
2008–2012. Neuro Oncol. 2015; 17:iv1–iv62.



Oncotarget9www.impactjournals.com/oncotarget

 2. Stupp R, Hegi ME, Mason WP, van den Bent MJ, Taphoorn 
MJB, Janzer RC, Ludwin SK, Allgeier A, Fisher B, 
Belanger K, Hau P, Brandes AA, Gijtenbeek J, et al. 
Effects of radiotherapy with concomitant and adjuvant 
temozolomide versus radiotherapy alone on survival in 
glioblastoma in a randomised phase III study: 5-year 
analysis of the EORTC-NCIC trial. Lancet Oncol. 2009; 
10:459–466.

 3. Okamoto Y, Di Patre PL, Burkhard C, Horstmann S, 
Jourde B, Fahey M, Schuler D, Probst-Hensch NM, 
Yasargil MG, Yonekawa Y, Lutolf UM, Kleihues P, 
Ohgaki H. Population-based study on incidence, survival 
rates, and genetic alterations of low-grade diffuse 
astrocytomas and oligodendrogliomas. Acta Neuropathol. 
2004; 108:49–56.

 4. Cuddapah VA, Robel S, Watkins S, Sontheimer H. A 
neurocentric perspective on glioma invasion. Nature 
reviews. Nat Rev Neurosci. 2014; 15:455–465.

 5. Louis DN, Perry A, Reifenberger G, von Deimling A, 
Figarella-Branger D, Cavenee WK, Ohgaki H, Wiestler OD, 
Kleihues P, Ellison DW. The 2016 World Health 
Organization Classification of Tumors of the Central 
Nervous System: a summary. Acta Neuropathol. 2016; 
131:803–820.

 6. Yan H, Parsons DW, Jin G, McLendon R, Rasheed BA, 
Yuan W, Kos I, Batinic-Haberle I, Jones S, Riggins GJ, 
Friedman H, Friedman A, Reardon D, et al. IDH1 and IDH2 
mutations in gliomas. N Engl J Med. 2009; 360:765–773.

 7. Theodoropoulou M, Stalla GK. Somatostatin receptors: 
from signaling to clinical practice. Front Neuroendocrinol. 
2013; 34:228–252.

 8. Bodei L, Mueller-Brand J, Baum RP, Pavel ME, Horsch D, 
O’Dorisio MS, O’Dorisio TM, Howe JR, Cremonesi M, 
Kwekkeboom DJ, Zaknun JJ. The joint IAEA, EANM, and 
SNMMI practical guidance on peptide receptor radionuclide 
therapy (PRRNT) in neuroendocrine tumours. Eur J Nucl 
Med Mol Imaging. 2013; 40:800–816.

 9. Ambrosini V, Fani M, Fanti S, Forrer F, Maecke HR. 
Radiopeptide imaging and therapy in Europe. J Nucl Med. 
2011; 52:42S–55S.

10. Heute D, Kostron H, von Guggenberg E, Ingorokva S, 
Gabriel M, Dobrozemsky G, Stockhammer G, Virgolini IJ. 
Response of recurrent high-grade glioma to treatment with 
(90)Y-DOTATOC. J Nucl Med. 2010; 51: 397–400.

11. Schumacher T, Hofer S, Eichhorn K, Wasner M, 
Zimmerer S, Freitag P, Probst A, Gratzl O, Reubi JC, 
Maecke R, Mueller-Brand J, Merlo A. Local injection of the 
90Y-labelled peptidic vector DOTATOC to control gliomas 
of WHO grades II and III: an extended pilot study. Eur J 
Nucl Med Mol Imaging. 2002; 29:486–493.

12. Merlo A, Hausmann O, Wasner M, Steiner P, Otte A, 
Jermann E, Freitag P, Reubi JC, Muller-Brand J, Gratzl O, 
Macke HR. Locoregional regulatory peptide receptor 

targeting with the diffusible somatostatin analogue 
90Y-labeled DOTA0-D-Phe1-Tyr3-octreotide (DOTATOC): 
a pilot study in human gliomas. Clin Cancer Res. 1999; 
5:1025–1033.

13. Mawrin C, Schulz S, Pauli SU, Treuheit T, Diete S, 
Dietzmann K, Firsching R, Schulz S, Hollt V. Differential 
expression of sst1, sst2A, and sst3 somatostatin receptor 
proteins in low-grade and high-grade astrocytomas. J 
Neuropathol Exp Neurol. 2004; 63: 13–19.

14. Dutour A, Kumar U, Panetta R, Ouafik L, Fina F, Sasi R, 
Patel YC. Expression of somatostatin receptor subtypes in 
human brain tumors. Int J Cancer. 1998; 76:620–627.

15. Reubi JC, Lang W, Maurer R, Koper JW, Lamberts SW. 
Distribution and biochemical characterization of 
somatostatin receptors in tumors of the human central 
nervous system. Cancer Res. 1987; 47:5758–5764.

16. Kiviniemi A, Gardberg M, Frantzén J, Pesola M, Vuorinen V, 
Parkkola R, Tolvanen T, Suilamo S, Johansson J, Luoto P, 
Kemppainen J, Roivainen A, Minn H. Somatostatin receptor 
subtype 2 in high-grade gliomas: PET/CT with (68)Ga-DOTA-
peptides, correlation to prognostic markers, and implications 
for targeted radiotherapy. EJNMMI Res. 2015; 5:25.

17. Armani C, Catalani E, Balbarini A, Bagnoli P, Cervia D. 
Expression, pharmacology, and functional role of somatostatin 
receptor subtypes 1 and 2 in human macrophages. J Leukoc 
Biol. 2007; 81:845–855.

18. Reubi JC, Laissue JA, Waser B, Steffen DL, Hipkin RW, 
Schonbrunn A. Immunohistochemical detection of 
somatostatin sst2a receptors in the lymphatic, smooth 
muscular, and peripheral nervous systems of the human 
gastrointestinal tract: facts and artifacts. J Clin Endocrinol 
Metab. 1999; 84:2942–2950.

19. Fischer T, Doll C, Jacobs S, Kolodziej A, Stumm R, 
Schulz S. Reassessment of sst2 somatostatin 
receptor expression in human normal and neoplastic 
tissues using the novel rabbit monoclonal antibody 
UMB-1.J Clin Endocrinol Metab. 2008; 93: 
4519–4524.

20. Korner M, Waser B, Schonbrunn A, Perren A, Reubi JC. 
Somatostatin receptor subtype 2A immunohistochemistry 
using a new monoclonal antibody selects tumors suitable 
for in vivo somatostatin receptor targeting. Am J Surg 
Pathol. 2012; 36:242–252.

21. Reubi JC, Schar JC, Waser B, Wenger S, Heppeler A, 
Schmitt JS, Macke HR. Affinity profiles for human 
somatostatin receptor subtypes SST1-SST5 of somatostatin 
radiotracers selected for scintigraphic and radiotherapeutic 
use. Eur J Nucl Med. 2000; 27:273–282.

22. Strosberg J, El-Haddad G, Wolin E, Hendifar A, Yao J, 
Chasen B, Mittra E, Kunz PL, Kulke MH, Jacene H, 
Bushnell D, O’Dorisio TM, Baum RP, et al. Phase 3 Trial 
of 177Lu-Dotatate for Midgut Neuroendocrine Tumors. N 
Engl J Med. 2017; 376:125–135.



Oncotarget10www.impactjournals.com/oncotarget

23. Reubi JC, Waser B, Macke H, Rivier J. Highly Increased 
125I-JR11 Antagonist Binding In Vitro Reveals Novel 
Indications for sst2 Targeting in Human Cancers. J Nucl 
Med. 2017; 58:300–306.

24. Lapa C, Linsenmann T, Luckerath K, Samnick S, 
Herrmann K, Stoffer C, Ernestus RI, Buck AK, Lohr M, 
Monoranu CM. Tumor-associated macrophages in 
glioblastoma multiforme-a suitable target for somatostatin 
receptor-based imaging and therapy? PloS one. 2015; 10: 
e0122269.

25. Waser B, Tamma ML, Cescato R, Maecke HR, Reubi JC. 
Highly efficient in vivo agonist-induced internalization of 
sst2 receptors in somatostatin target tissues. J Nucl Med. 
2009; 50:936–941.

26. Vernejoul F, Faure P, Benali N, Calise D, Tiraby G, 
Pradayrol L, Susini C, Buscail L. Antitumor effect of in vivo 
somatostatin receptor subtype 2 gene transfer in primary 
and metastatic pancreatic cancer models. Cancer Res. 2002; 
62:6124–6131.

27. Okuwaki K, Kida M, Mikami T, Yamauchi H, Imaizumi H, 
Miyazawa S, Iwai T, Takezawa M, Saegusa M, Watanabe M, 
Koizumi W. Clinicopathologic characteristics of pancreatic 
neuroendocrine tumors and relation of somatostatin receptor 
type 2A to outcomes. Cancer. 2013; 119:4094–4102.

28. Raggi CC, Maggi M, Renzi D, Calabro A, Bagnoni ML, 
Scaruffi P, Tonini GP, Pazzagli M, De Bernardi B, 
Bernini G, Serio M, Orlando C. Quantitative determination 

of sst2 gene expression in neuroblastoma tumor predicts 
patient outcome. J Clin Endocrinol Metab. 2000; 85:3866–
3873.

29. Verhaak RG, Hoadley KA, Purdom E, Wang V, Qi Y, 
Wilkerson MD, Miller CR, Ding L, Golub T, Mesirov JP, 
Alexe G, Lawrence M, O’Kelly M, et al. Integrated 
genomic analysis identifies clinically relevant subtypes of 
glioblastoma characterized by abnormalities in PDGFRA, 
IDH1, EGFR, and NF1. Cancer cell. 2010; 17:98–110.

30. Ducray F, Idbaih A, de Reynies A, Bieche I, Thillet J, 
Mokhtari K, Lair S, Marie Y, Paris S, Vidaud M, Hoang-
Xuan K, Delattre O, Delattre JY, et al. Anaplastic 
oligodendrogliomas with 1p19q codeletion have a proneural 
gene expression profile. Mol Cancer. 2008; 7:41.

31. Kamoun A, Idbaih A, Dehais C, Elarouci N, Carpentier C, 
Letouze E, Colin C, Mokhtari K, Jouvet A, Uro-Coste E, 
Martin-Duverneuil N, Sanson M, Delattre JY, et al. 
Integrated multi-omics analysis of oligodendroglial tumours 
identifies three subgroups of 1p/19q co-deleted gliomas. Nat 
Commun. 2016; 7:11263.

32. Hartmann C, Meyer J, Balss J, Capper D, Mueller W, 
Christians A, Felsberg J, Wolter M, Mawrin C, Wick W, 
Weller M, Herold-Mende C, Unterberg A, et al. Type and 
frequency of IDH1 and IDH2 mutations are related to 
astrocytic and oligodendroglial differentiation and age: a 
study of 1,010 diffuse gliomas. Acta Neuropathologica. 
2009; 118:469–474.


