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SST receptors (SSTRs) by feline meningiomas is currently unknown, and there are lit-
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Methods: Seven canines and 11 felines with histologically confirmed meningiomas
Funding information underwent STTR screening. RNA expressions of SSTR1, SSTR2, SSTR3 and SSTR5
University of Veterinary Medicine Vienna (canine) and SSTR1-SSTR 5 (feline) in fresh frozen and formalin-fixed and paraffin-
embedded (FFPE) samples were investigated using real-time (RT)-gPCR. The expres-
sion of SSTR1 and SSTR2 in FFPE samples was evaluated using immunohistochemistry
(IHC). The specificity of applied antibodies for canine and feline species was confirmed
by western blotting.

Results: In canine meningiomas (n = 7), RNA expression of SSTR1, SSTR2 and SSTR5
was detected in all samples; SSTR3 RNA expression was detected in only 33% of sam-
ples. In feline meningiomas (n = 12), RNA expression of SSTR1, SSTR4, SSTR5 and
SSTR2 was detected in 91%, 46%, 46% and 36% of samples, respectively; SSTR3 was
not expressed. Overall, the detection rate was lower in FFPE samples. IHC revealed the
expression of SSTR1 and SSTR2 in all samples from both species. However, it is impor-
tant to exercise caution when interpreting IHC results due to the presence of diffuse
background staining.

Conclusions: SSTRs are widely expressed in canine and feline meningiomas, thereby
encouraging further studies investigating SSTR expression to conduct trials about the

effect of adjunctive therapy with long-acting SST-analogues.
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1 | INTRODUCTION

Meningioma, a slow-growing tumour of the meninges, is the most com-
mon tumour of the central nervous system (CNS) in cats, dogs and
humans (Arena et al., 2004; Miller et al., 2019; Troxel et al., 2003).
According to the World Health Organization (WHO), it can be cat-
egorized into three grades and further histological subtypes (Louis
et al., 2007). Meningiomas cause neurological deficits by compressing
or invading the brain and other neural structures.

The standard treatments for meningiomas include radiotherapy,
surgical excision or a combination of both approaches (Axlund et al.,
2002; Goldbrunner et al., 2016). If radiation therapy is declined by the
pet owners or surgical removal is not feasible, alternative or adjunc-
tive treatment with long-acting somatostatin (SST) analogues could be
considered. These therapies have already been described for treating
human meningiomas if there are signs of recurrence on diagnos-
tic imaging without neurological deficits (Graillon, Romano, Defilles,
Saveanu et al., 2017; Wu et al., 2020).

Tetradecapeptide SST inhibits tumour growth by blocking growth
factor pathways (Pyronnet et al., 2008). Moreover, its physiologi-
cal function plays a pivotal role by modulating neurotransmission,
secretion and cell proliferation in the pancreas, CNS, gastrointesti-
nal tract and pituitary gland (Patel & Srikant, 1997; Reichlin, 1983).
SST also induces apoptosis and cell cycle arrest (Pyronnet et al.,
2008).

SST acts by binding to high-affinity G-protein-coupled SST recep-
tors (SSTRs). SSTRs can be divided into five subtypes: SSTR1-SSTR5
(Patel et al., 1995; Weckbecker et al., 2003). SSTR2 is the most widely
expressed receptor in human tumours and has the strongest antitu-
mor properties (Weckbecker et al., 2003). The half-life of SST is usually
shorter than 3 min; in contrast, the half-life of SST-analogues, such
as octreotide, pasireotide and lanreotide, is longer than that of SST,
lasting from about 90 min to as long as 4 weeks (Chamberlain et al.,
2007; Susini & Buscail, 2006). SST-analogues were developed for the
treatment of neuroendocrine tumours in humans (Godara et al., 2019).
The synthetic analogues have a high affinity for SSTR2 and SSTR5,
moderate affinity for SSTR1 and low affinity for SSTR3 and SSTR4
(Weckbecker et al., 2003). SST-analogues have already been used in
veterinary medicine for treating feline hypersomatotropism, but not
yet in canine and feline meningiomas (Altschul et al., 1997; Gostelow
etal.,,2017; Scudder et al., 2015).

The presence of SSTRs in human meningiomas has been confirmed
by several authors (Arena et al., 2004; Oliveira Silva et al., 2015;
Reubi et al., 1986), and SST-analogues have been applied in the ther-
apy of human meningiomas. A clinical study on human meningioma
with long-acting SST-analogues reported a progression-free survival

of 6 months in 44% of patients (Chamberlain et al., 2007). SSTRs
have been detected in other tissues in veterinary medicine, such as
mammary gland tumours, pituitary adenomas and more (Sakai et al.,
2015; Scudder et al., 2019). However, only one study has reported
SSTR2 expression in canine meningiomas (Foiani et al., 2019). Thus,
the data on SSTR expression in canine and feline meningiomas are
limited.

This study aimed to investigate the RNA and protein expression
of SSTR in canine and feline meningiomas via real-time (RT)-gPCR
and immunohistochemistry (IHC), respectively. Specific antibody bind-
ing for canine and feline tissue was confirmed by western blotting
(WB). We also compared whether the manner of sample preparation
(fresh frozen or formalin-fixed and paraffin-embedded [FFPE] samples)
affected the RT-qPCR results.

2 | MATERIALS AND METHODS
2.1 | Data

Tissue samples and data from feline (n = 12) and canine (n = 7) menin-
giomas were collected from routine patients who sought treatment at
the university veterinary hospital in Vienna from 2007 to 2022. All
pet owners signed a declaration of consent for the scientific use of the
tumour samples.

The tissue samples were obtained by excision during surgical
removal of the tumour or directly after euthanasia. All samples were
directly collected and stored by the VetBiobank (Walter et al., 2020).
Parts of the samples were frozen immediately after removal or fixed in
4% neutral formaldehyde and embedded in paraffin wax (FFPE). Sex,
age, breed, location of the tumour and identification number of the
animals were recorded for each meningioma sample (Table 1).

The samples were graded by a board-certified veterinary pathol-
ogist (European College of Veterinary Pathology, ECVP) according
to the 2016 WHO classification of meningioma for humans (Louis,
Ohgaki et al., 2016, Louis et al., 2021; Louis, Perry et al., 2016).
The meningioma was classified as grade Il if the mitotic rate was
230 mitoses in 2.3758 mm?2 of tumour surface area, or if histologi-
cal features of frank anaplasia were present (Yigit et al., 2013). The
meningioma was classified as grade Il if the mitotic rate was 6-
29 mitoses in 2.3758 mm2, if brain invasion was present or three
of the following criteria were present: increased cellularity, high
nuclear/cytoplasmic ratio, prominent nucleoli, uninterrupted pattern-
less or sheet-like growth and foci of spontaneous necrosis. The menin-
gioma was classified as grade | if the criteria for grade Il or Il were

not met.
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TABLE 1 Patient overview and World Health Organization
(WHO) grading.

Canine meningioma

Age
N Breed (years) Sex L Grade Subtype
1 GS 10.4 m Rostrotentorial | t
2 Mixed 5.1 fs Parietal/frontal | at
3 Havanese 10.1 fs SP(T12/13) | mt
4 Jack Russell 10.9 fs Parietal 1 a
5 Maltese 3.7 mc SP(C1/2) | mt
6  Mixed 10 mc Fossa cranii 1l at
Cranialis
7  Labrador 10 m Lobus | mt
olfactorius

Feline meningioma

N Breed Age(y) Sex L Grade Subtype

1 DSH 14 fs Falx cerebri | f
2 DSH 5.1 mc  Parietal | t
3 DSH 15 fs Tentorium I t
cerebelli osseum
49 DSH 14.5 mc  Frontal | t
5 BSH 11.8 fs Parietal | f
6 DSH 10.2 mc  Frontal | F
7 DSH 11 mc Lobus temporalis | T
8 DSH 11.8 mc  Parietal | t
9 DSH 11.5 mc  Parietal/Frontal | f
10 DSH 10.0 fs Frontal | t
1191 DSH 16.8 mc  Frontal | f
12 DSH 12.0 fs Frontal Il at

Note: Summary of the clinical data of the patients presenting with menin-
giomas in the hospital. The WHO grade and subtype were assessed by a
board-certified pathohistologist.

Abbreviations: a, anaplastic; at, atypical; BSH, British shorthair; DSH,
domestic shorthair; EA, extra-axial; f, fibroblastic; fs, female spayed; GS,
German shepherd; L, location; mc, male castrated; mt, meningeal; P,
parenchyma; SP, spine; t, transitional (mixed); VBNr, VetBiobank; ffSame
animal number;.

22 | RT-gPCR

2.2.1 | RNA of SSTR subtypes 1-5 was quantified
using RT-gPCR

Samples of frozen meningioma tissue of approximately 2 mm3 volume
were used for RNA extraction. The samples were homogenized using
1.4 mm ceramic beads (VWR) in a MagNa Lyser instrument (Roche) at
6500 rpm for 30 s. RNA extraction was performed subsequently using
the RNeasy Mini Kit (QIAGEN) in accordance with the manufacturer’s
instructions. Genomic DNA was removed using the RNase-free DNase

Set (QIAGEN) in accordance with the manufacturer’s instructions.

The RNeasy FFPE Kit (QIAGEN) was used to extract RNA from
the FFPE samples in accordance with the manufacturer’s instructions.
Three to nine 10-um FFPE tissue sections were used, depending on the
diameter of the embedded tissue. The following steps were equivalent
to fresh frozen samples for RNA isolation and DNA digestion.

The RNA concentration was measured using a Spectrophotometer
DS-11 FX+ (DeNovix). The integrity of the RNA was determined using
the Agilent 4200 Tape Station System (Agilent Technologies).

cDNA synthesis was performed in accordance with the protocol
of the High-Capacity cDNA Reverse Transcription Kit (Thermo Fisher
Scientific Inc), which contained 1 pg total RNA. RT-minus controls
(without enzymes) were included to monitor the amplification of resid-
ual DNA. Subsequent to cDNA synthesis, the samples were diluted in
80 puL H,O and stored at —20°C.

RT-qPCR was performed in 20 pL reactions, including 1x HOT Fire-
Pol EvaGreen gPCR Mix Plus (ROX) (Solis BioDyne), 200 nM of each
primer and 25 ng cDNA.

The samples were analysed in duplicates using the Jena qTower3G
gPCR Cycler (Analytik Jena GmbH) in accordance with the following
temperature protocol: activation at 95°C for 12 min, 40 cycles at 95°C
for 15 s and 60°C for 1 min and termination with a melting curve
analysis over a temperature range of 60-95°C.

The following genes were analysed in feline meningioma samples:
SSTR1, SSTR2, SSTR3, SSTR4 and SSTR5. Because the SSTR4 gene
has not yet been described in dogs, the following genes were anal-
ysed in canine meningioma samples: SSTR1, SSTR2, SSTR3 and SSTR5
(Table 2).

EIF2B1 and RPL37A were used as endogenous control transcripts
to monitor sample processing (Pfister et al., 2012). The Cq values
were determined for all samples in duplicate. Non-specific signals were
removed based on the melting curve analysis.

2.3 | Western blotting

WB was performed to evaluate the specific binding of the antibodies
for canine and feline species.

Portions of positive control samples (brain) were homogenized and
immersed in ice-cold lysis buffer containing 10 mM Tris-HCI (pH 7.5),
100 mM NaCl, 1 mM ethylenediaminetetraacetic acid, 1 mM ethy-
lene glycol tetraacetic acid, 1% Triton X-100, 10% glycerol, 0.1%
sodium dodecyl sulphate and 0.5% sodium deoxycholate supplemented
with 1% (v/v) protease inhibitors (Protease Inhibitor Cocktail; Sigma-
Aldrich). The samples were denatured by heating at 95°C for 8 min.
Protein separation was performed on a 10% acrylamide gel (Bio-Rad
Laboratories Inc.). Each lane was loaded with 20 pg of the sample. WB
reagent (1:10 in a mixture of Tris-buffered saline and Tween-20 [TBST];
Roche Diagnostics) was used to block the membranes. The membranes
were probed with SSTR1 (#ASR-001, Alomone Laboratories) or SSTR2
(#ASR-002) specific antibodies (diluted in PBS at adilution of 1:200 and
1:500) and incubated at 4°C overnight.

A secondary antibody conjugated with horseradish peroxidase
(1:10,000 in TBST, NA934, Amersham ECL Rabbit IgG, HRP-linked
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F(ab’), fragment from donkey) was applied, and the membrane was
incubated for 30 min at room temperature (about 22°C) after adding
the secondary antibody. The proteins were visualized using the Bio-
Rad Western Blotting Analysis System (GE Healthcare). The negative
control involved the same steps as described above, except that the
respective SSTR antibodies were replaced with TBST. Glyceraldehyde-
3-phosphate dehydrogenase was used as the loading control. To verify
the specificity of each antibody, antibodies were preincubated with
the respective peptides (BLP-SR001, BLP-SR002, Alomone) at 4°C
overnight before performing WB.

24 | IHC

IHC was performed for only two receptors due to financial limitations.
SSTR2 was used because it has been demonstrated to be expressed
in dogs in previous studies and is best stimulated by SST-analogues
(Foiani et al., 2019; Weckbecker et al., 2003). In addition, SSTR1 was
chosen based on our gPCR result. Additionally, this receptor was more
frequently detected in feline pituitary adenoma, and the respective
antibody was available from the same company (Scudder et al., 2015).

Paraffin sections of 2.5-um thickness were used for IHC. The slides
were incubated in 0.6% H,0O, in methanol for 20 min at room tem-
perature to block endogenous peroxidase activity. Subsequently, all
sections underwent heat epitope retrieval in citrate buffer (0.01 mM)
at a pH of 6 in a steamer for 30 min. Protein-blocking with 1.5% goat
serum (Sigma-Aldrich) in PBS was performed for 30 min to minimize
the non-specific binding of the primary antibody.

The antibodies against SSTR1 (#ASR-001) and SSTR2 (#ASR-002)
(Alomone Laboratories) were diluted in PBS at a dilution of 1:200
and 1:500, respectively, and incubated at 4°C overnight. BrightVision
Poly-HRP anti-rabbit (ImmunoLogic) was used as a secondary antibody.

The positive signals were detected using the chromogen DAB
(Quanto, Thermo Scientific). The slides were subsequently counter-
stained with Mayer’s Hemalum (Roth), dehydrated and mounted using
DPX (Fluka).

The stained slides were scanned using a PANNORAMIC SCAN |1
(3DHISTECH Ltd.).

To eliminate the potential for non-specific binding of SSTR antibod-
ies, a pre-adsorption control was implemented. The same protocol as
previously used was followed, with an additional step according to
the manufacturer’s instructions. The primary antibodies, SSTR1 (#ASR-
001) and SSTR2 (#ASR-002), were incubated with a blocking peptide
for SSTR overnight. For this experiment, the SSTR1 and SSTR2 blocking
peptides (#BLP-SR001 and #BLP-SR002, respectively) from Alomone
Laboratories were utilized.

When the primary antibody was excluded, no signal was detected.
However, a weaker signal was still evident when the primary antibody
was preincubated with the blocking peptide, in contrast to the slides
without. This observation suggests the occurrence of unspecific bind-
ing, yet specific binding accounts for the majority of the signal in the
analysed tumour samples. For positive control pancreas was used. The

pictures were provided in the supplementary material (S1).

IHC was scored for staining extent and staining pattern. The extent
of staining was divided into the following categories: less than 25%,
25%-75% and more than 75%. In addition, the staining pattern (mem-
branous, nuclear and cytoplasmic) was recorded. Figure 1 shows
examples of staining patterns of SSTR1, and Figure 2 shows examples
for SSTR2.

Non-specific 1gG (Rabbit DA1E mAb IgG XP #3900, Cell Signal-
ing Technology Europe) was diluted in PBS at a ratio of 1:625 and
incubated at 4°C overnight to control the non-specific binding of the
detection system and other protein-protein interactions. The same
steps as described above were used to detect positive signals using
IHC.

2.5 | Statistics

The data were analysed using IBM SPSS v28. The differences in the
detection rates between fresh frozen and FFPE samples were anal-
ysed using Fisher’s exact test. The differences between the scores of
positive and negative samples were analysed using the nonparametric
Mann-Whitney test. For all analyses, a p-value below 5% (p < 0.05) was

considered statistically significant.

3 | RESULTS
3.1 | Cases

Nineteen meningioma samples, comprising 12 feline and 7 canine
meningiomas, were collected. Two feline meningioma samples were
collected from the same cat because the cat had undergone a second
surgery due to tumour recurrence 2 years after the first surgery.

The sex distribution of the dogs was as follows: males (n = 2); cas-
trated males (n = 2), two; and spayed females (n = 3). The median age of
the dogs was 8.6 years (3.7-10.9 years). The distribution of dog breeds
is presented in Table 1.

All six male cats were castrated, and all five females were spayed.
The median age of the cats was 12 years (5.1-16.8). Ten cats were
domestic shorthair, and one was British shorthair. Twelve feline menin-
gioma samples were removed during surgery, whereas two samples
were collected from euthanized cats. Most feline meningiomas were
located adjacent to the frontal lobe (5/12), followed by the parietal lobe
(3/12). Two canine meningiomas originated from the spinal dura mater.

The locations of all the meningiomas are listed in Table 1.

3.2 | WHO grading

WHO grade | was the most common grade for canine meningioma (5/7),
followed by grade Il or atypical meningioma (1/7). One dog was diag-
nosed with grade Il or anaplastic meningioma. In the grade | category,
4/7 meningiomas were of the meningothelial and 1/7 of the transitional

histotype, respectively.
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FIGURE 1 Examples of immunohistochemistry (IHC) scoring for SSTR1. IHC staining examples for SSTR1. (A) serves as the negative control
without the secondary antibody addition. (B) represents a feline meningioma with c staining. Letter (C) denotes a feline meningioma with m/c/n
staining. (D) signifies a canine meningioma with m/c/n staining. c, cytoplasmic staining; m, membranous staining; n, nuclear staining.

FIGURE 2 Examples of immunohistochemistry (IHC) scoring for SSTR2. IHC staining examples for SSTR2. (A) serves as the negative control
without the secondary antibody addition. (B) represents a feline meningioma with c staining. Letter (C) denotes a feline meningioma with m/c/n
staining. (D) signifies a canine meningioma with m/c/n staining. ¢, cytoplasmic staining; m, membranous staining; n, nuclear staining.
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TABLE 3 Real-time (RT)-gPCR results.

Canine meningioma

Fresh frozen FFPE
N SSTR1 SSTR2 SSTR3 SSTR5 N SSTR1 SSTR2 SSTR3 SSTR5
1 + + - + 1 + + - -
2 + + - + 2 + + - -
3 + + - + 3 - - - -
4 + + + 4 - - -
5 + + + 5 - - -
6 e F = 1k 6 I = =
7 - - — —
Feline meningioma
Fresh frozen FFPE
N SSTR1 SSTR2 SSTR3 SSTR4 SSTR5 N SSTR1 SSTR2 SSTR3 SSTR4 SSTR5
1 - + - - + 1 - - - - -
2 3 + = 3 = 2 = = = = =
3 + - - + + 3 + - - - -
47 + = = = = ) - - - - -
5 + + - - - 5 - - - - -
6 + = = = 3 6 = = = = =
7 + + - + - 7 - - - - -
8 3 = = 3 = 8 = = = = =
9 + - - + - 9 - - - - -
10 + — — — + 10 — — — — —
119 + - - - + 119 - - - - -
12 = = + + -

Note: An overview of the results of the RT-qPCR analysis. Compared with that in fresh frozen samples, SSTR1-SSTR5 were detected less frequently in FFPE

samples.

Abbreviations: —, not detected; +, detected; 11, same animal; FFPE, formalin-fixed and paraffin-embedded; SSTR, somatostatin receptor.

WHO grade | was the most common grade for feline meningiomas
(11/12). One feline meningioma was grade |l (atypical). Transitional
(50%) and fibroblastic (42%) were the main subtypes of grade | feline
tumours (Table 1). The cat that experienced meningioma recurrence
displayed WHO grade | in both tumours, but the subtype transformed
from transitional to fibroblastic.

3.3 | Real-time-gPCR

RT-gPCR was performed on seven canine meningioma samples. For
one meningioma, no fresh frozen samples were available. Fresh frozen
(n = 6) and FFPE samples (n = 7) were both analysed by RT-qPCR.
SSTR1, SSTR2 and SSTR5 were detected in all fresh frozen samples
(6/6), whereas SSTR3 was detected in two of the six samples (Table 3).
SSTRs were detected less frequently in the FFPE samples: SSTR1 (5/7)
and SSTR2 (3/7).

In cats, 11 fresh frozen and 12 FFPE samples were analysed. SSTR1
was expressed in 91% (10/11) of the fresh frozen samples. SSTR4 and

SSTR5 were detected at 46% (5/11) each (Table 3). SSTR2 was detected
in 4/11 (36%). For FFPE samples, SSTR1, SSTR3 and SSTR4 could
only be detected in different samples each. SSTR2 and SSTR5 could
not be detected at all. The recurrent meningioma expressed SSTR1,
which the first meningioma also expressed, and additionally expressed
SSTRS.

The detection rates of SSTRs to the different histological subtypes
of meningioma were not compared statistically due to the small sample

size.

3.4 | Western blotting

WBs of respective positive control tissues resulted in bands of
the expected molecular weight, and pre-blocking of the antibodies
with the respective peptides before the detection process resulted
in a significant reduction in the intensity of the specific bands
(Figure 3).
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(a) MW 1 3 1a 2a 3a MW TABLE 4 Immunohistochemistry (IHC) results.
— 2 Canine meningioma
Py —
-— ki SSTR1 SSTR2
SSTR1 wheoed o, i
- N Staining Pattern Staining Pattern
o
GAPDH — e — . c— . ™" 40kDa 1 p m/c/n p m/c/n
- - 2 p m/c/n p m/c
3 p c/n p m/c
b) wmw 1 2 3 1a 2a 3a MW 4 p m/c p m/c
-— = 5 p m/c p m
- .- 6 p C p m/c
—_
- 7 p m/c p m/c
SSTR2 TP cen —
. Feline meningioma
GAPDH | e ™ 40kDa g
SSTR1 SSTR2
o e cm— —
N Staining Pattern Staining Pattern
1 p m/c p m/c
FIGURE 3 Western blotting (WB). Specificity of the antibodies
. 2 P m/c p m/c/n
(SSTR1 [around 60 kDa] and SSTR2 [around 50 kDa]) for canine and
feline tissue was assessed using WB. (A) WB for SSTR1; (B) WB for 3 p m/c/n p m/c
SSTR2. Lane 1, mouse brain; lane 2, dog brain; lane 3, cat brain. 497 p C p m/c
Pre-blocking of the antibodies with the respective peptides before the 5 b m/c/n b m/e
detection process resulted in a significant reduction or decrease in the
specific bands (lanes 1a-3a). Glyceraldehyde-3-phosphate 6 P m/c P m/c
dehydrogenase (GAPDH) (42 kDa) was used as the loading control. 7 p m/c/n p m/c
MW, molecular weight marker. 8 p ol p e
9 p C p c
10 p m/c/n p m/c/n
35 | HC 119 p m/c p m/c/n
12 p m/c p c

IHC of 7 canine and 12 feline meningiomas utilizing antibodies against
SSTR1 and SSTR2 revealed immunoreactivity in all feline and canine
meningiomas. Immunoreactivity was observed in greater than 90%
of neoplastic cells. Representative staining results are presented in
Figures 1 and 2.

Membranous and cytoplasmic staining were observed most fre-
quently (SSTR1, 43%; and SSTR2, 71%) in canine meningiomas.

In feline meningiomas, membranous and cytoplasmic stain-
ings were most common. The recurrent meningioma exhibited
membranous SSTR1 staining, whereas SSTR2 showed additional
nuclear staining. The specific stainings of each sample are listed in
Table 4.

The detection rates for the different subtypes and grades were not
compared statistically due to the small sample size.

4 | DISCUSSION

SSTRs are widely expressed across different tissues in nearly all
species. Their potential for anti-tumour effects can be a crucial treat-
ment for meningioma in dogs and cats. Prior to administering an
SSTR-targeted therapy, one must confirm the presence of SSTR in
canine and feline meningioma. Therefore, this study aimed to verify the

SSTR expression in meningiomas present in dogs and cats.

Note: Samples were graded according to the presence or absence of
IHC staining. IHC staining was present in all cases of feline and canine
meningiomas. In addition, the staining pattern (membranous, nucleolar and
cytoplasmic staining) was also recorded. Staining extend was in all samples
over 75%.

Abbreviations: 11, same animal; a, absent; c, cytoplasmic; m, membranous; n,
nuclear; p, present.

SSTR-targeted therapy is a recommended treatment for inopera-
ble or recurrent meningiomas in humans (Graillon, Romano, Defilles,
Saveanu et al., 2017; Chamberlain et al., 2007; Braat et al., 2019;
Graillon, Romano, Defilles, Lisbonis et al., 2017; Mirian et al., 2021;
Schulz et al.,, 2011; Seystahl et al., 2016). Octreotide and pasireotide
have already been used for the treatment of feline pituitary ade-
nomas and canine gastrinomas, with partial success (Altschul et al.,
1997; Gostelow et al., 2017). SSTR-analogues could also be used as
monotherapy or as adjunctive therapy after surgery or radiation ther-
apy to reduce the frequency of recurrence or delay progression. Due
to the mild side effects associated with its use, such as diarrhoea and
polyphagia in dogs and cats, SSTR-analogues would be a better ther-
apeutic option for the treatment of weak or older patients, where
anaesthesia or surgery may be contraindicated (Khanna et al., 2002;
Scudder et al., 2015). According to human data, SSTR-analogues as

monotherapy did not improve the health of the patient due to a lack
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of tumour shrinkage in cases where neurologic deficits have already
been observed (Graillon, Romano, Defilles, Saveanu et al., 2017; Grail-
lon, Romano, Defilles, Lisbonis et al., 2017; Garcia-Luna et al., 1993;
Jaffrain-Rea et al., 1998).

Several synthetic SST-analogues have been developed that stim-
ulate the five different receptors to varying degrees (Chalabi et al.,
2014). Certain analogues may have a stronger effect, depending on the
receptor distribution in the tumour. Pasireotide, octreotide and lan-
reotide are the most frequently used analogues (Chalabi et al., 2014;
Graillon, Romano, Defilles, Lisbonis et al., 2017). Octreotide and lan-
reotide stimulate SSTR1, SSTR2, SSTR3 and SSTR5, with SSTR2 being
the most addressed one. Pasireotide stimulates SSTR1, SSTR2, SSTR3
and SSTR5, with a 30- to 40-fold higher binding affinity to SSTR2 and
SSTR5 than octreotide. It is used in the treatment of pituitary ade-
noma, where SSTR5 is more highly expressed than SSTR2 (Bruns et al.,
2002; Chalabi et al., 2014; Godara et al., 2019; Gostelow et al., 2017;
lacovazzo et al., 2016).

In this study, the prevalence of SSTR1-SSTR3 expressions based
on PCR analysis in canine meningiomas was 100%, 100%, and 33%,
respectively, which was similar to that observed in human meningiomas
at 86%-93%, 79%-100% and 43%-60%, respectively (Arena et al.,
2004; Dutour et al., 1998). SSTR5 has a higher prevalence in canine
meningiomas than in human meningiomas (33%-67%) (Arena et al.,
2004; Dutour et al., 1998).

The distribution of SSTR1, SSTR4 and SSTR5 in feline meningiomas
was similar to that of human meningiomas (Arena et al., 2004; Dutour
et al., 1998). However, the distribution of SSTR2 and SSTR3 was lower
in feline meningiomas than in human meningiomas.

The PCR results from our study may be important for choosing the
right SST-analogue in future studies. The discoveries that pasireotide
stimulates SSTR1 more than SSTR2 and that it has a 30- to 40-fold
higher affinity for SSTR1 than octreotide may allow pasireotide to be
used as a treatment option; however, there is currently no clinical data
on the treatment effect of pasireotide on dominantly SSTR1 express-
ing tumours (Bruns et al., 2002; lacovazzo et al., 2016). Pasireotide
also showed a better clinical outcome in cats with SST-expressing pitu-
itary adenomas (Gostelow et al., 2017; Scudder et al., 2015; Slingerland
etal.,2008). However, our study did not specifically investigate the effi-
cacy of different analogues, and no SST-analogues have been used for
the treatment of feline meningiomas.

Only a single study on SSTR2 expression in canine meningiomas has
been published; in contrast, no studies on the expression of any SSTR
in feline meningiomas are available. However, in the study including
canine meningiomas with a detection rate of 56%, only FFPE samples
were analysed (Foiani et al., 2019). In our study, the detection rate of
SSTR2 was higher in fresh frozen samples than that in FFPE samples,
particularly for feline meningiomas; higher degradation of RNA in FFPE
material may result in reduced detection of SSTR (Sdnchez-Navarro
et al., 2010). Therefore, it is advisable to use fresh material whenever
possible when screening for such receptors.

In this investigation, SSTR1 and SSTR2 detection rates in IHC were
100% in meningioma samples from both species. The prevalent, intense

and widespread signal was interpreted to represent SSTR expres-

sion because preincubation of the primary antibody with the target
protein inhibited SSTR detection on tumour slides, and confirmation
of antibody cross-reactivity was obtained through WB. Additionally,
IHC data coincided with the PCR data. Furthermore, former investi-
gations have documented similar IHC stain patterns, such as diffuse
and cytoplasmic staining (Behling et al., 2022; Sanchez-Navarro et al.,
2010).

However, the interpretation of the IHC results must be approached
with caution, as the presence of potential non-specific antibody
binding, as indicated by non-specific background staining in nega-
tive control slides, raises concerns regarding the accuracy of the
expression intensity. Therefore, we did not score expression inten-
sity.

Nevertheless, despite these challenges, presenting the IHC results
is deemed important as they complement the findings from PCR and
WB analyses, providing a comprehensive understanding of the experi-
mental outcomes while acknowledging the limitations inherent in each
technique. Further studies should be re-evaluated using SSTR anti-
bodies from different manufacturers if this issue arises widely and to
exclude any non-specific binding.

Expression rate in canine and feline meningioma was slightly higher
than the detection rate in human studies, ranging between 62%-98%
and 81%-100% for SSTR1 and SSTR2, respectively (Ahsan et al., 2019;
Barresi et al., 2008; Oliveira Silva et al., 2015; Volante et al., 2007). This
difference could be due to species specific differences in SSTR expres-
sion of meningiomas, different properties of the included meningiomas
or the use of different antibodies for IHC. In a study by Foiani et al.
(2019), which used the same antibody as us for the screening of 21
canine meningiomas, the detection rate of SSTR2 by IHC was lower
(81%), which might be related to the larger number of cases and grade
Il meningiomas in their study.

Currently, no data are available on the correlation between SSTR1
expression in canine and feline meningioma and therapeutic success.
Membranous staining was present in all canine and 83% of feline
meningiomas, indicating that SST-analogue therapy may be a viable
option for treating meningiomas as it was found that membrane stain-
ingisimportant for therapeutic success (Volante et al., 2007). However,
the assessment scheme of Volante et al. differs from our study. Mem-
branous expression was assessed in our study as well, but it was not
divided into fully (grade Ill) or partially (grade Il) expression. Based
on the study of Volante et al. (2007), it would be interesting to
assess the form of membranous expression in future prospective stud-
ies that include the therapy response, particularly if there is a high
number of tumours with membranous expression in the retrospective
proportion.

Variations in histological subtype, IHC staining and gqPCR results
were observed between meningiomas obtained from the same cat. It
was also noted that histological subtypes can change in human menin-
gioma recurrence (Yamasaki et al., 2000, Arao et al., 1998). In addition,
further studies on recurrent meningioma in cats and dogs are neces-
sary to understand the behaviour of these tumours and improve the
prediction of recurrence rates based on histological subtype or SSTR

expression.
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The study is limited by the small sample size and the use of only two
out of five IHC antibodies. The sample size depended on the number
of surgical cases carried out at the university hospital. Furthermore,
due to standardized preparation protocols, only patients whose sam-
ples were obtained directly from the VetBiobank were included in the
study. Additionally, it is essential to acknowledge the limitations posed
by background staining in IHC, which could potentially confound the
interpretation of results, especially considering the variability in stain-
ing patterns and intensities that may occur with different antibodies. In
conclusion, the widespread expression of SSTR in these small cases of
canine and feline meningiomas encourages further studies with larger
samples to confirm the expression of SSTR. Once expression is con-
firmed in multiple studies, it will be important to conduct trials of
SST-analogues as an alternative treatment for inoperable meningiomas
or in cases where pet owners refuse surgery or radiotherapy. Prior to
treatment, SSTR scintigraphy should be performed to determine the
patient’s suitability for SST-analogue or peptide receptor radionuclide
therapy and, in turn, to determine which SSTR-analogue will produce
the best results. Alternatively, RT-qPCR of biopsy tissue can deter-
mine the expression levels of SSTR1-SSTR5 and guide the selection of
appropriate synthetic SSTR-analogues (Seystahl et al., 2016; Volante
et al., 2007; Wu et al., 2020).

AUTHOR CONTRIBUTIONS

Martin Immler: conceptualization (equal); formal analysis (support-
ing); data curation (equal); investigation (equal); methodology (equal);
project administration (lead); validation (equal); visualization (equal);
writing - original draft preparation (lead) Michael Wolfram: data
curation (equal); investigation (equal); Methodology (equal); resources
(equal); writing - review and editing (equal); Anna Oevermann: data
curation (equal); investigation (equal); methodology (equal); supervi-
sion (supporting); validation (equal); visualization (equal); writing -
review and editing (equal); Ingrid Walter: data curation (equal); inves-
tigation (equal); methodology (equal); resources (equal); supervision
(supporting); validation (equal); visualization (equal); writing - review
and editing (equal); Birgitt Wolfesberger: supervision (supporting);
validation (equal); writing - review and editing (equal); Alexander
Tichy: formal analysis (lead); writing - review and editing (sup-
porting); Gabriele Gradner: conceptualization (equal); methodology
(equal); resources (equal); supervision (lead); validation (equal); writing

- review and editing (equal).

ACKNOWLEDGEMENTS

| would like to thank Prof. Dr. Gilles Dupre, Dipl. ECVS, former Head
of Small Animal Surgery, for supporting this study. | would also like
to thank Prof. Dr. Eva Schnabl-Feichter, Dipl. ECVS, current Head
of the Department of Small Animal Surgery; Prof. Dr. Britta Vidoni,
Head of the Small Animal Clinic; Stefanie Burger, MSc.; Olga Olszan-
ska, Mag., and Reinhard Ertl, MSc. for their support. This research
was supported using resources of the VetCore Facility (Vetlmaging
|. This study is supported by the University of Veterinary Medicine
Vienna.

CONFLICT OF INTEREST STATEMENT
The authors declare no potential conflicts of interest with respect to
the research, authorship and/or publication of this article.

CELL LINE VALIDATION STATEMENT

There is no cell line validation needed because the samples which were
used were tumour samples that were formalin- and paraffin-embedded
and fresh frozen samples.

ETHICS STATEMENT
There was no ethics statement needed because the samples were
stored at the institute for pathology.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID
Martin Immler "= https://orcid.org/0009-0005-3507-1831
https://orcid.org/0000-0002-3569-8547
Ingrid Walter ") https://orcid.org/0000-0002-5038-188X
Birgitt Wolfesberger """ https://orcid.org/0000-0002-9536-5832

Alexander Tichy " https://orcid.org/0000-0001-8668-3858

Anna Oevermann

PEER REVIEW
The peer review history for this article is available at https://publons.
com/publon/10.1002/vms3.1537.

REFERENCES

Ahsan, S. A.,, Chendeb, K., Profyris, C., Teo, C., & Sughrue, M. E. (2019).
Pharmacotherapeutic options for atypical meningiomas. Expert Opin-
ion on Pharmacotherapy, 20(15), 1831-1836. https://doi.org/10.1080/
14656566.2019.1643840

Altschul, M., Simpson, K. W., Dykes, N. L., Mauldin, E. A, Reubi, J. C,
& Cummings, J. F. (1997). Evaluation of somatostatin analogues for
the detection and treatment of gastrinoma in a dog. Journal of Small
Animal Practice, 38(7), 286-291. https://doi.org/10.1111/j.1748-5827.
1997.tb03466.x

Arai, H., Beppu, T., Wada, T,, Yoshida, Y., Kubo, Y., Suzuki, M., & Ogawa, A.
(1998). Pathological analyses of early recurrence and malignant trans-
formation in meningiomas. Brain Tumor Pathology, 15(1), 37-40. https://
doi.org/10.1007/bf02482099

Arena, S., Barbieri, F., Thellung, S., Pirani, P,, Corsaro, A, Villa, V., Dadati,
P, Dorcaratto, A., Lapertosa, G., Ravetti, J.-L., Spaziante, R., Schettini,
G., & Florio, T. (2004). Expression of somatostatin receptor mRNA in
human meningiomas and their implication in in vitro antiproliferative
activity. Journal of Neuro-Oncology, 66(1), 155-166. https://doi.org/10.
1023/b:neon.0000013498.19981.55

Axlund, T. W., Mcglasson, M. L., & Smith, A. N. (2002). Surgery alone
or in combination with radiation therapy for treatment of intracranial
meningiomas in dogs: 31 Cases (1989-2002). Journal of the American
Veterinary Medical Association, 221(11), 1597-1600. https://doi.org/10.
2460/javma.2002.221.1597

Barresi, V., Alafaci, C., Salpietro, F., & Tuccari, G. (2008). Sstr2A immunohis-
tochemical expression in human meningiomas: Is there a correlation with
the histological grade, proliferation or microvessel density? Oncology
Reports, 20(3), 485-492. https://doi.org/10.3892/or_00000032

d v “¥T0T 'S601€50T

:sdny woxy

ASULDI'T SUOWIWO)) dANEa1) d[qear[dde auy Aq pauIdA0S I SI[AIIE V() SN JO SO[NI 10§ AIRIQIT SUIUQ AD[IAN UO (SUOHIPUOD-PUB-SULIN)/ W0 A[IM ATeIqI[ouI[uo/:sdny) suonipuoy) pue swid L, oyl 998 “[$70Z/L0/61] U0 A1e1qr duruQ) AS[IA\ “USIAN JBHSIOAIU() QYISTUIZIPAULIBULINOA AQ £ €S ESWA/ZO0T (1 /I0P/WOd" KI[IM”.


https://orcid.org/0009-0005-3507-1831
https://orcid.org/0009-0005-3507-1831
https://orcid.org/0000-0002-3569-8547
https://orcid.org/0000-0002-3569-8547
https://orcid.org/0000-0002-5038-188X
https://orcid.org/0000-0002-5038-188X
https://orcid.org/0000-0002-9536-5832
https://orcid.org/0000-0002-9536-5832
https://orcid.org/0000-0001-8668-3858
https://orcid.org/0000-0001-8668-3858
https://publons.com/publon/10.1002/vms3.1537
https://publons.com/publon/10.1002/vms3.1537
https://doi.org/10.1080/14656566.2019.1643840
https://doi.org/10.1080/14656566.2019.1643840
https://doi.org/10.1111/j.1748-5827.1997.tb03466.x
https://doi.org/10.1111/j.1748-5827.1997.tb03466.x
https://doi.org/10.1007/bf02482099
https://doi.org/10.1007/bf02482099
https://doi.org/10.1023/b:neon.0000013498.19981.55
https://doi.org/10.1023/b:neon.0000013498.19981.55
https://doi.org/10.2460/javma.2002.221.1597
https://doi.org/10.2460/javma.2002.221.1597
https://doi.org/10.3892/or_00000032

IMMLER ET AL.

Behling, F., Fodi, C., Skardelly, M., Renovanz, M., Castaneda, S., Tabatabai,
G., Honegger, J., Tatagiba, M., & Schittenhelm, J. (2022). Differences in
the expression of SSTR1-5 in meningiomas and its therapeutic potential.
Neurosurgical Review, 45(1), 467-478. https://doi.org/10.1007/s10143-
021-01552-y

Braat, A, Snijders, T. J., Seute, T., & Vonken, E. P. A. (2019). Will 777 Lu-
DOTATATE treatment become more effective in salvage meningioma
patients, when boosting somatostatin receptor saturation? A promis-
ing case on intra-arterial administration. Cardiovascular and Interven-
tional Radiology, 42(11), 1649-1652. https://doi.org/10.1007/s00270-
019-02262-1

Bruns, C., Lewis, I., Briner, U., Meno-Tetang, G., & Weckbecker, G. (2002).
SOM230: A novel somatostatin peptidomimetic with broad soma-
totropin release inhibiting factor (SRIF) receptor binding and a unique
antisecretory profile. European Journal of Endocrinology, 146(5), 707-
716. https://doi.org/10.1530/eje.0.1460707

Chalabi, M., Duluc, C., Caron, P, Vezzosi, D. Guillermet-Guibert, J.,
Pyronnet, S., & Bousquet, C. (2014). Somatostatin analogs: Does
pharmacology impact antitumor efficacy? Trends in Endocrinology and
Metabolism, 25(3), 115-127. https://doi.org/10.1016/j.tem.2013.11.
003

Chamberlain, M. C., Glantz, M. J., & Fadul, C. E. (2007). Recurrent menin-
gioma: Salvage therapy with long-acting somatostatin analogue. Neu-
rology, 69(10), 969-973. https://doi.org/10.1212/01.wnl.0000271382.
62776.b7

Dutour, A, Kumar, U., Panetta, R., Ouafik, L., Fina, F, Sasi, R., & Patel,
Y. C. (1998). Expression of somatostatin receptor subtypes in
human brain tumors. International Journal of Cancer, 76(5), 620-
627. https://doi.org/10.1002/(SICI)1097-0215(19980529)76:5%
3C620:AID-1JC2%3E3.0.CO;2-S

Foiani, G., Guelfi, G., Chiaradia, E., Mancini, F,, Trivelli, C., Vitellozzi, G., Lepri,
E.,&Mandara, M. T.(2019). Somatostatin receptor 2 expression in canine
meningioma. Journal of Comparative Pathology, 166(1),59-68. https://doi.
org/10.1016/j.jcpa.2018.11.002

Garcia-Luna, P. P, Relimpio, F., Pumar, A., Pereira, J. L., Leal-Cerro, A, Truijillo,
F., Cortés, A., & Astorga, R. (1993). Clinical use of octreotide in unre-
sectable meningiomas. A report of three cases. Journal of Neurosurgical
Sciences, 37(4),237-241.

Godara, A, Siddiqui, N. S., Byrne, M. M., & Saif, M. W. (2019). The safety
of lanreotide for neuroendocrine tumor. Expert Opinion on Drug Safety,
18(1), 1-10. https://doi.org/10.1080/14740338.2019.1559294

Goldbrunner, R., Minniti, G., Preusser, M., Jenkinson, M. D., Sallabanda, K.,
Houdart, E., Von Deimling, A., Stavrinou, P, Lefranc, F., Lund-Johansen,
M., Moyal, E. C.-J., Brandsma, D., Henriksson, R., Soffietti, R., & Weller,
M. (2016). EANO guidelines for the diagnosis and treatment of menin-
giomas. The Lancet Oncology, 17(9), 383-391. https://doi.org/10.1016/
S$1470-2045(16)30321-7

Gostelow, R., Scudder, C., Keyte, S., Forcada, Y., Fowkes, R. C., Schmid, H. A,,
Church, D. B., & Niessen, S. J. M. (2017). Pasireotide long-acting release
treatment for diabetic cats with underlying hypersomatotropism. Journal
of Veterinary Internal Medicine, 31(2), 355-364. https://doi.org/10.1111/
jvim.14662

Graillon, T., Romano, D., Defilles, C., Lisbonis, C., Saveanu, A., Figarella-
Branger, D., Roche, P--H., Fuentes, S., Chinot, O., Dufour, H., & Barlier,
A. (2017). Pasireotide is more effective than octreotide, alone or com-
bined with everolimus on human meningioma in vitro. Oncotarget, 8(33),
55361-55373. https://doi.org/10.18632/oncotarget.19517

Graillon, T., Romano, D., Defilles, C., Saveanu, A., Mohamed, A., Figarella-
Branger, D., Roche, P--H., Fuentes, S., Chinot, O., Dufour, H., & Barlier, A.
(2017). Octreotide therapy in meningiomas: In vitro study, clinical cor-
relation, and literature review. Journal of Neurosurgery, 127(3), 660-669.
https://doi.org/10.3171/2016.8.JNS16995

lacovazzo, D., Carlsen, E., Lugli, F., Chiloiro, S., Piacentini, S., Bianchi, A.,
Giampietro, A,, Mormando, M., Clear, A. J., Doglietto, F., Anile, C., Maira,
G., Lauriola, L., Rindi, G., Roncaroli, F., Pontecorvi, A., Korbonits, M., &

Wl LEY 110f 12

De Marinis, L. (2016). Factors predicting pasireotide responsiveness in
somatotroph pituitary adenomas resistant to first-generation somato-
statin analogues: An immunohistochemical study. European Journal of
Endocrinology, 174(2), 241-250. https://doi.org/10.1530/EJE-15-0832

Jaffrain-Rea, M.-L., Minniti, G., Santoro, A., Bastianello, S., Tamburrano, G.,
Gulino, A., & Cantore, G. (1998). Visual improvement during octreotide
therapy in a case of episellar meningioma. Clinical Neurology and
Neurosurgery, 100(1), 40-43. https://doi.org/10.1016/s0303-8467(97)
00110-8

Khanna, C., Prehn, J., Hayden, D., Cassaday, R. D., Caylor, J., Jacob, S., Bose,
S.M.,, Hong, S. H., Hewitt, S. M., & Helman, L. J. (2002). A randomized con-
trolled trial of octreotide pamoate long-acting release and carboplatin
versus carboplatin alone in dogs with naturally occurring osteosarcoma:
Evaluation of insulin-like growth factor suppression and chemotherapy.
Clinical Cancer Research, 8(7), 2406-2412.

Louis, D. N., Ohgaki, H., Wiestler, O. D., & Cavenee, W. K. (Eds.). (2016).
WHO classification of tumours of the central nervous system. In World
Health Organization classification of tumours Revised 4th edition (Vol. 1).
Lyon: International Agency for Research on Cancer. 231-247.

Louis, D. N., Ohgaki, H., Wiestler, O. D., Cavenee, W. K., Burger, P. C,,
Jouvet, A., Scheithauer, B. W., & Kleihues, P. (2007). The 2007 WHO
classification of tumours of the central nervous system. Acta Neu-
ropathologica, 114(2), 97-109. https://doi.org/10.1007/s00401-007-
0243-4

Louis, D. N., Perry, A., Reifenberger, G., Von Deimling, A, Figarella-Branger,
D., Cavenee, W. K., Ohgaki, H., Wiestler, O. D., Kleihues, P, & Ellison, D.
W. (2016). The 2016 World Health Organization classification of tumors
of the central nervous system: A summary. Acta Neuropathologica, 131(6),
803-820. https://doi.org/10.1007/s00401-016-1545-1

Louis, D. N., Perry, A., Wesseling, P, Brat, D. J., Cree, |. A, Figarella-Branger,
D., Hawkins, C.,Ng, H. K., Pfister, S. M., Reifenberger, G., Soffietti, R., Von
Deimling, A., & Ellison, D. W. (2021). The 2021 WHO classification of
tumors of the central nervous system: A summary. Neuro-Oncology, 23(8),
1231-1251. https://doi.org/10.1093/neuonc/noab106

Miller, A. D., Miller, C. R., & Rossmeisl, J. H. (2019). Canine primary intracra-
nial cancer: A clinicopathologic and comparative review of glioma,
meningioma, and choroid plexus tumors. Frontiers in Oncology, 9, 1151.
https://doi.org/10.3389/fonc.2019.01151

Mirian, C., Duun-Henriksen, A. K., Maier, A., Pedersen, M. M., Jensen, L. R.,
Bashir, A., Graillon, T., Hrachova, M., Bota, D., Van Essen, M., Spanjol,
P, Kreis, C., Law, I., Broholm, H., Poulsgaard, L., Fugleholm, K., Ziebell,
M., Munch, T., Walter, M. A,, & Mathiesen, T. (2021). Somatostatin
receptor-targeted radiopeptide therapy in treatment-refractory menin-
gioma: Individual patient data meta-analysis. Journal of Nuclear Medicine,
62(4), 507-513. https://doi.org/10.2967/jnumed.120.249607

Oliveira Silva, C. B, Ongaratti, B. R., Trott, G., Haag, T., Ferreira, N. P, Ledes,
C. G,, Pereira-Lima, J. F.,, & Oliveira, M. C. (2015). Expression of somato-
statin receptors (SSTR1-SSTR5) in meningiomas and its clinicopatholog-
ical significance. International Journal of Clinical and Experimental, 8(10),
13185-13192.

Patel, Y., & Srikant, C. (1997). Somatostatin receptors. Trends in Endocrinol-
ogy and Metabolism, 8(10), 398-405. https://doi.org/10.1016/s1043-
2760(97)00168-9

Patel, Y. C., Greenwood, M. T., Panetta, R., Demchyshyn, L., Niznik, H., &
Srikant, C. B. (1995). The somatostatin receptor family. Life Sciences,
57(13), 1249-1265. https://doi.org/10.1016/0024-3205(95)02082-t

Pfister, C., Pfrommer, H., Tatagiba, M. S., & Roser, F. (2012). Vascular
endothelial growth factor signals through platelet-derived growth fac-
tor receptor 8 in meningiomas in vitro. British Journal of Cancer, 107(10),
1702-1713. https://doi.org/10.1038/bjc.2012.459

Pyronnet, S., Bousquet, C., Najib, S., Azar, R., Laklai, H., & Susini, C. (2008).
Antitumor effects of somatostatin. Molecular and Cellular Endocrinology,
286(1-2),230-237. https://doi.org/10.1016/j.mce.2008.02.002

Reichlin, S. (1983). Somatostatin. New England Journal of Medicine, 309(24),
1495-1501. https://doi.org/10.1056/NEJM198312153092406

d v “¥T0T 'S601€50T

:sdny woxy

ASULDI'T SUOWIWO)) dANEa1) d[qear[dde auy Aq pauIdA0S I SI[AIIE V() SN JO SO[NI 10§ AIRIQIT SUIUQ AD[IAN UO (SUOHIPUOD-PUB-SULIN)/ W0 A[IM ATeIqI[ouI[uo/:sdny) suonipuoy) pue swid L, oyl 998 “[$70Z/L0/61] U0 A1e1qr duruQ) AS[IA\ “USIAN JBHSIOAIU() QYISTUIZIPAULIBULINOA AQ £ €S ESWA/ZO0T (1 /I0P/WOd" KI[IM”.


https://doi.org/10.1007/s10143-021-01552-y
https://doi.org/10.1007/s10143-021-01552-y
https://doi.org/10.1007/s00270-019-02262-1
https://doi.org/10.1007/s00270-019-02262-1
https://doi.org/10.1530/eje.0.1460707
https://doi.org/10.1016/j.tem.2013.11.003
https://doi.org/10.1016/j.tem.2013.11.003
https://doi.org/10.1212/01.wnl.0000271382.62776.b7
https://doi.org/10.1212/01.wnl.0000271382.62776.b7
https://doi.org/10.1002/(SICI)1097-0215(19980529)76:5%3C620:AID-IJC2%3E3.0.CO;2-S
https://doi.org/10.1002/(SICI)1097-0215(19980529)76:5%3C620:AID-IJC2%3E3.0.CO;2-S
https://doi.org/10.1016/j.jcpa.2018.11.002
https://doi.org/10.1016/j.jcpa.2018.11.002
https://doi.org/10.1080/14740338.2019.1559294
https://doi.org/10.1016/S1470-2045(16)30321-7
https://doi.org/10.1016/S1470-2045(16)30321-7
https://doi.org/10.1111/jvim.14662
https://doi.org/10.1111/jvim.14662
https://doi.org/10.18632/oncotarget.19517
https://doi.org/10.3171/2016.8.JNS16995
https://doi.org/10.1530/EJE-15-0832
https://doi.org/10.1016/s0303-8467(97)00110-8
https://doi.org/10.1016/s0303-8467(97)00110-8
https://doi.org/10.1007/s00401-007-0243-4
https://doi.org/10.1007/s00401-007-0243-4
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.3389/fonc.2019.01151
https://doi.org/10.2967/jnumed.120.249607
https://doi.org/10.1016/s1043-2760(97)00168-9
https://doi.org/10.1016/s1043-2760(97)00168-9
https://doi.org/10.1016/0024-3205(95)02082-t
https://doi.org/10.1038/bjc.2012.459
https://doi.org/10.1016/j.mce.2008.02.002
https://doi.org/10.1056/NEJM198312153092406

IMMLERET AL.

120f 12 Wl LEY

Reubi, J. C., Maurer, R, Klijn, J. G. M,, Stefanko, S. Z., Foekens, J. A., Blaauw,
G., Blankenstein, M. A, & Lamberts, S. W. J. (1986). High incidence of
somatostatin receptors in human meningiomas: Biochemical character-
ization. Journal of Clinical Endocrinology and Metabolism, 63(2), 433-438.
https://doi.org/10.1210/jcem-63-2-433

Sakai, K., Yonezawa, T., Yamawaki, H., & Oyamada, T. (2015). Alteration of
somatostatin receptor 2 expression in canine mammary gland tumor.
Journal of Veterinary Medical Science, 77(10), 1319-1322. https://doi.org/
10.1292/jvms.15-0002

Sanchez-Navarro, |., Gamez-Pozo, A., Gonzalez-Bardn, M., Pinto-Marin, A.,
Hardisson, D., Lépez, R., Madero, R., Cejas, P,, Mendiola, M., Espinosa, E.,
&Vara, J. A.F.(2010). Comparison of gene expression profiling by reverse
transcription quantitative PCR between fresh frozen and formalin-fixed,
paraffin-embedded breast cancer tissues. Biotechniques, 48(5), 389-397.
https://doi.org/10.2144/000113388

Schulz, C., Mathieu, R., Kunz, U., & Mauer, U. M. (2011). Treatment of
unresectable skull base meningiomas with somatostatin analogs. Neu-
rosurgical Focus [Electronic Resource], 30(5), E11. https://doi.org/10.3171/
2011.1.focus111

Scudder, C. J., Gostelow, R., Forcada, Y., Schmid, H. A., Church, D., &
Niessen, S. J. M. (2015). Pasireotide for the medical management of
feline hypersomatotropism. Journal of Veterinary Internal Medicine, 29(4),
1074-1080. https://doi.org/10.1111/jvim.12608

Scudder, C. J,, Mirczuk, S. M., Richardson, K. M., Crossley, V. J., Regan, J. T.
C., Gostelow, R., Forcada, Y., Hazuchova, K., Harrington, N., Mcgonnell, I.
M., Church, D. B., Kenny, P. J., Korbonits, M., Fowkes, R. C., & Niessen, S. J.
M. (2019). Pituitary pathology and gene expression in acromegalic cats.
Journal of the Endocrine Society, 3(1), 181-200. https://doi.org/10.1210/
js.2018-00226

Seystahl, K., Stoecklein, V., Schiiller, U., Rushing, E., Nicolas, G., Schéfer, N.,
Ilhan, H., Pangalu, A., Weller, M., Tonn, J.-C., Sommerauer, M., & Albert, N.
L. (2016). Somatostatin receptor-targeted radionuclide therapy for pro-
gressive meningioma: Benefit linked to 68Ga-DOTATATE/-TOC uptake.
Neuro-Oncology, 18(11), 1538-1547. https://doi.org/10.1093/neuonc/
now060

Slingerland, L. I., Voorhout, G., Rijnberk, A., & Kooistra, H. S. (2008). Growth
hormone excess and the effect of octreotide in cats with diabetes mel-
litus. Domestic Animal Endocrinology, 35(4), 352-361. https://doi.org/10.
1016/j.domaniend.2008.07.004

Susini, C., & Buscail, L. (2006). Rationale for the use of somatostatin analogs
as antitumor agents. Annals of Oncology, 17(12), 1733-1742. https://doi.
org/10.1093/annonc/mdl105

Troxel, M. T., Vite, C. H., Van Winkle, T. J., Newton, A. L., Tiches, D., Dayrell-
Hart, B., Kapatkin, A. S., Shofer, F. S., & Steinberg, S. A. (2003). Feline
intracranial neoplasia: Retrospective review of 160 cases (1985-2001).

Journal of Veterinary Internal Medicine, 17(6), 850-859. https://doi.org/
10.1111/j.1939-1676.2003.tb02525.x

Volante, M., Brizzi, M. P, Faggiano, A, Rosa, S. L., Rapa, |., Ferrero, A,
Mansueto, G., Righi, L., Garancini, S., Capella, C., De Rosa, G., Dogliotti, L.,
Colao, A., & Papotti, M. (2007). Somatostatin receptor type 2A immuno-
histochemistry in neuroendocrine tumors: A proposal of scoring system
correlated with somatostatin receptor scintigraphy. Modern Pathology,
20(11),1172-1182. https://doi.org/10.1038/modpathol.3800954 ;

Walter, |., Burger, S., Stargardt, M., Kummer, S., & Wieser, M. (2020). Vet-
Biobank, Vetmeduni Vienna: A bioresource for clinical animal biospeci-
mens. Open Journal of Bioresources, 7(1673), 20140231. https://doi.org/
10.5334/0jb.60

Weckbecker, G., Lewis, I., Albert, R., Schmid, H. A., Hoyer, D., & Bruns, C.
(2003). Opportunities in somatostatin research: Biological, chemical and
therapeutic aspects. Nature Reviews Drug Discovery, 2(12), 999-1017.
https://doi.org/10.1038/nrd1255

Wu, W.,, Zhou, Y., Wang, Y., Liu, L., Lou, J, Deng, Y., Zhao, P, & Shao,
A. (2020). Clinical significance of somatostatin receptor (SSTR) 2 in
meningioma. Frontiers in Oncology, 10, 1633. https://doi.org/10.3389/
fonc.2020.01633

Yamasaki, F., Yoshioka, H., Hama, S., Sugiyama, K., Arita, K., & Kurisu,
K. (2000). Recurrence of meningiomas. Cancer, 89(5), 1102-1110.
https://doi.org/10.1002/1097-0142(20000901)89:5%3C1102:aid-
cncr20%3E3.0.co;2-1

Yigit, N., Gunal, A., Kucukodaci, Z., Karslioglu, Y., Onguru, O., & Ozcan,
A. (2013). Are we counting mitoses correctly? Annals of Diagnostic
Pathology, 17(6), 536-539. https://doi.org/10.1016/j.anndiagpath.2013.
05.005

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Immler, M., Wolfram, M., Oevermann,
A., Walter, |., Wolfesberger, B., Tichy, A., & Gradner, G. (2024).
Expression of somatostatin receptors in canine and feline
meningioma. Veterinary Medicine and Science, 10, e1537.
https://doi.org/10.1002/vms3.1537

d v “¥T0T 'S601€50T

:sdny woxy

ASULDI'T SUOWIWO)) dANEa1) d[qear[dde auy Aq pauIdA0S I SI[AIIE V() SN JO SO[NI 10§ AIRIQIT SUIUQ AD[IAN UO (SUOHIPUOD-PUB-SULIN)/ W0 A[IM ATeIqI[ouI[uo/:sdny) suonipuoy) pue swid L, oyl 998 “[$70Z/L0/61] U0 A1e1qr duruQ) AS[IA\ “USIAN JBHSIOAIU() QYISTUIZIPAULIBULINOA AQ £ €S ESWA/ZO0T (1 /I0P/WOd" KI[IM”.


https://doi.org/10.1210/jcem-63-2-433
https://doi.org/10.1292/jvms.15-0002
https://doi.org/10.1292/jvms.15-0002
https://doi.org/10.2144/000113388
https://doi.org/10.3171/2011.1.focus111
https://doi.org/10.3171/2011.1.focus111
https://doi.org/10.1111/jvim.12608
https://doi.org/10.1210/js.2018-00226
https://doi.org/10.1210/js.2018-00226
https://doi.org/10.1093/neuonc/now060
https://doi.org/10.1093/neuonc/now060
https://doi.org/10.1016/j.domaniend.2008.07.004
https://doi.org/10.1016/j.domaniend.2008.07.004
https://doi.org/10.1093/annonc/mdl105
https://doi.org/10.1093/annonc/mdl105
https://doi.org/10.1111/j.1939-1676.2003.tb02525.x
https://doi.org/10.1111/j.1939-1676.2003.tb02525.x
https://doi.org/10.1038/modpathol.3800954
https://doi.org/10.5334/ojb.60
https://doi.org/10.5334/ojb.60
https://doi.org/10.1038/nrd1255
https://doi.org/10.3389/fonc.2020.01633
https://doi.org/10.3389/fonc.2020.01633
https://doi.org/10.1002/1097-0142(20000901)89:5%3C1102:aid-cncr20%3E3.0.co;2-l
https://doi.org/10.1002/1097-0142(20000901)89:5%3C1102:aid-cncr20%3E3.0.co;2-l
https://doi.org/10.1016/j.anndiagpath.2013.05.005
https://doi.org/10.1016/j.anndiagpath.2013.05.005
https://doi.org/10.1002/vms3.1537

	Expression of somatostatin receptors in canine and feline meningioma
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Data
	2.2 | RT-qPCR
	2.2.1 | RNA of SSTR subtypes 1-5 was quantified using RT-qPCR

	2.3 | Western blotting
	2.4 | IHC
	2.5 | Statistics

	3 | RESULTS
	3.1 | Cases
	3.2 | WHO grading
	3.3 | Real-time-qPCR
	3.4 | Western blotting
	3.5 | IHC

	4 | DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	CELL LINE VALIDATION STATEMENT
	ETHICS STATEMENT
	DATA AVAILABILITY STATEMENT

	ORCID
	PEER REVIEW

	REFERENCES
	SUPPORTING INFORMATION




