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Most neuroendocrine neoplasms (NEN) are characterized by the presence of so-
matostatin receptors (SSTR) which we use in location diagnostics and treatment. 
The aim of this study was to evaluate the expression of somatostatin receptors 
by immunohistochemistry in tissue obtained after surgery of the primary focus in 
the small intestine.
The group of patients consisted of 41 people, in 18 cases the primary tumor was in 
the jejunum and in 23 in the ileum. The immunohistochemical method was used to 
visualize the receptors, using polyclonal antibodies in a two-stage peroxidase method.
In patients with NEN of the small intestine, the SSTR2a and SSTR5 receptors 
are most commonly expressed, followed by SSTR2b and 3. In statistical analysis, 
it was shown that the expression of somatostatin receptors was not dependent on 
the primary site of the tumor (p > 0.05). The dependence of SSTR expression 
on histological maturity is evident. SSTR1, SSTR2b, SSTR3 and SSTR5 are more 
common in tumors with grading G1 (p < 0.05). In the study group, the exception 
was SSTR2a, whose incidence was comparable in both groups (p = 0.35).
In NEN of the small intestine, the expression SSTR2a and SSTR5 is the most 
common.
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Introduction

Neuroendocrine neoplasms (NENs) are unusual 
and relatively rare tumors that present many clinical 
challenges. Neuroendocrine neoplasms derive from 
diffuse neuroendocrine system cells, distributed in 
the gastrointestinal tract, pancreas and lungs. They 
characteristically synthesize, store and secrete a va-
riety of peptides and neuroamines which can lead to 
the development of distinct clinical syndromes, in-

cluding the carcinoid syndrome, however many are 
clinically silent until late presentation with mass ef-
fects. Classification of NENs was discussed regarding 
of their embryonal origin and secretory pattern with 
emphasis to the contemporary diagnostic procedures. 
A new classification has been developed by the WHO 
in 2017 dividing neuroendocrine neoplasms into well 
differentiated tumors G1 (Ki-67: below 3%), G2 
(Ki-67: 3-20%), G3 (Ki-67: 21-55%) and poorly  
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differentiated carcinoma with proliferative index 
Ki- 67 more than 55% [1, 2]. Neuroendocrine neo-
plasms of the small intestine arise from the midgut 
region and most of them are hormonally active and 
produce serotonin. Neuroendocrine tumors are char-
acterized by the presence of somatostatin receptors 
(SSTRs) on their surface [3, 4, 5, 6, 7, 8, 9]. Soma-
tostatin receptors belong to the group of membrane 
receptors which have seven transmembrane loops and 
contain both extracellular and intracellular domains. 
These receptors are also associated with G protein 
(G protein-coupled receptor), and five subtypes 
of SSTRs (SSTR1–5) are identified. They are encoded 
by separate genes located on distinct chromosomes 
(SSTR1 on chromosome 14, SSTR2 on 17, SSTR3 
on 22, SSTR4 on 20, and SSTR5 on 16) [10, 11, 12, 
13]. The receptor subtype 2 occurs in two splicing 
variants, named as SSTR2a and SSTR2b. Recently, 
the occurrence of two additional SSTR5 variants has 
also been detected. In contrast to the classical form 
of the receptor, they contain five (SSTR5 TMD5) or 
four transmembrane domains (SSTR5 TMD4), re-
spectively. The natural endogenous ligands for SSTRs 
are two molecular variants of somatostatin, composed 
of 14 and 28 amino acids. Both isoforms have high 
affinity for all SSTR subtypes. The treatment of neu-
roendocrine tumors with the somatostatin analogs is 
essentially based on inhibition of hormone secretion 
and cell proliferation, induction of apoptosis, and 
inhibition of angiogenesis [14, 15, 16, 17, 18, 19]. 
The largest study on the occurrence of various SSTR 
subtypes in neuroendocrine tumors, in which poly-
merase chain reaction (PCR) and immunohistochem-
istry were used in parallel, was presented by Papotti et 
al. [20]. In this study, 81 NEN cases were examined, 
including 28 gastrointestinal neoplasms and 53 pan-
creatic tumors. Their findings proved that the most 
commonly observed SSTR subtypes in NEN, detect-
ed in over 80% of the cases, were SSTR1 and SSTR2. 
SSTR3 and SSTR5 were present in 60% of the cas-
es, while SSTR4 expression was rare. The expression 
of SSTRs was dependent on the histological grading 
of tumor tissue. Low-grade tumors with higher ma-
lignancy feature weak SSTR expression, and many 
authors have indicated the dominance of SSTR2 in 
NENs [21, 22]. Hubalewska-Dydejczyk et al. [23] 
investigated the presence of SSTR in gastrointestinal 
neuroendocrine tumors by immunohistochemistry, 
and SSTR2a was found to be present in all the exam-
ined tumors. SSTR5 was shown to be present in half 
of the examined tumors, whereas SSTR4 was not de-
tected in any of the cases. Many studies have demon-
strated variations in the location of particular SSTR 
subtypes; SSTR2a was mostly located in the mem-
brane of the cell, while other subtypes were located in 
both cytoplasm and cellular membrane. The location 
of SSTR in the cellular membrane is an evidence for 

its preserved functionality. Reubi’s study [24] indi-
cates that the cytoplasmic location of the reaction 
is the result of internalization of the receptor under 
the influence of the agonist and depends on the con-
centration of somatostatin in the surrounding envi-
ronment of tumor cells. The aim of this study was 
to evaluate the expression of SSTR subtypes (SSTR1, 
SSTR2a, SSTR2b, SSTR3, and SSTR5) in the tissue 
material obtained after surgery, where the primary 
lesions were located in the small intestine, by immu-
nohistochemistry analysis.

Material and methods 

The study group, in whom NENs were diag-
nosed in the small intestine, comprised 41 pa-
tients, including 29 women (70.7%) and 12 men 
(29.3%). At the beginning of the observation, 
the age of the subjects was in the range of 33-80 
years (mean: 63.09 ±9.23 years). All subjects un-
derwent surgical removal of the primary tumor with 
subsequent histopathological evaluation of the tu-
mor tissue by the 2017 WHO classification system. 
In 18 patients, the primary focus was located in 
the jejunum, while in the remaining 23 cases it was 
located in the ileum (Table I). The study group was 
diagnosed and treated with somatostatin analogues 
in Endocrinology Department University of Medi-
cal Sciences, Poznan, Poland. Tumor tissue samples 
obtained from intestinal tumor after surgery were 
fixed in 10% buffered formalin (pH 7.4). The im-
munohistochemical technique was used to visualize 
the receptors, by incubating with appropriate poly-
clonal rabbit antibodies in a two-stage peroxidase 
method using the DAKO EnVision TM Flex kit (in-
cubation with HRP – complex and Chromogen –  
complex). The results of the study were evaluated 
based on the immunoreactivity score (IRS) [25], 
which was calculated by multiplying the percentage 
of positive tumor cells with the staining intensity 
(Table II). Approval for the study (no. 969/10) was 
obtained from the Ethics Committee of the Poznań 
University of Medical Sciences.

Statistical analysis

The correlation between qualitative variables was 
analyzed by the χ2 test or Fisher’s test. A significance 
level of 0.05 was chosen for this analysis. Hence, all 
p-values > 0.05 were interpreted to indicate statisti-
cally significant dependencies. The analysis was car-
ried out in the R program, version 3.3.1.

Results

 In the group of patients with the primary loca-
tion of the neuroendocrine tumor in the small intes-
tine (grading G1 and G2), the SSTR2a and SSTR5 
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Table I. Characteristics of patients with small intestinal neuroendocrine neoplasms

number Patient gender

(f/m)
age

(years)
Primary 
tumOr

liver invOlvement 
by metastasis

(%)

Ki 67
(%)

grading

(g1/g2)

1. K. K. F 60 ileum 10 2 G1

2. R .S. M 65 ileum 10 2 G1

3. G. L. F 75 ileum 25 5 G2

4. A. K. F 53 jejunum 25 10 G2

5. Z. C. F 67 ileum 10 10 G2

6. M. G. M 60 jejunum 10 4 G2

7. J. D. F 73 jejunum 25 5 G2

8. D. G. F 70 ileum 10 10 G2

9. J. B. F 67 jejunum 10 5 G2

10. M. A. F 78 jejunum 25 10 G2

11. Z. D. F 55 ileum 10 1 G1

12. Z. K. M 60 ileum 10 4 G2

13. A.G. F 69 ileum 25 5 G2

14. I. U. F 49 ileum 25 10 G2

15. J. W. F 73 jejunum 25 10 G2

16. A.W. F 33 jejunum 10 4 G2

17. B. S. F 58 jejunum 10 2 G1

18. J. S. M 61 ileum 10 2 G1

19. S. R. M 65 ileum 10 2 G1

20. S. S. M 66 jejunum 25 5 G2

21. J. S. F 71 ileum 25 2 G1

22. J. N. F 68 ileum 10 2 G1

23. K.P. F 80 ileum 10 2 G1

24. U. R. F 67 ileum 10 2 G1

25. A. S. M 63 jejunum 10 2 G1

26. B. R. F 65 ileum 25 10 G2

27. M. P. F 71 ileum 10 1 G1

28. Z. P. M 66 jejunum 25 10 G2

29. B. R. F 67 jejunum 10 2 G1

30. A. Ł. M 51 ileum 10 2 G1

31. R. P. F 77 jejunum 25 10 G2

32. E. W. F 48 jejunum 10 2 G1

33. K. D. M 54 ileum 25 5 G2

34. H. K. F 65 jejunum 10 2 G1

35. I. J. F 67 ileum 25 5 G2

36. Ł.T. F 59 jejunum 25 5 G2

37. J. W. F 51 ileum 25 10 G2

38. J. S. M 57 jejunum 25 10 G2

39. U. S. F 61 ileum 10 2 G1

40. M. T. M 57 jejunum 25 10 G2

41. E. K. F 65 ileum 10 2 G1
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receptors were most commonly expressed, followed 
by SSTR2b and SSTR3, while the presence of SSTR1 
was found to be least frequent. When the degree 
of expression of particular SSTR subtypes was as-
sessed, applying the IRS classification system, strong 

SSTR expression (IRS score = 3) was most evident 
in the subtype SSTR2a (36.59%) (Fig. 1). Moder-
ate SSTR expression (IRS score = 2) was most fre-
quently observed in the subtypesSSTR2a (24.39%) 
and SSTR5 (21.95%) (Fig. 2).Weak SSTR expression 
(IRS score = 1) was noted in the subtypes SSTR2b 
(63.41%), SSTR1 (51.22%), and SSTR3 (46.34%) 
(Fig. 3). No expression of particular SSTR subtype 
(IRS score = 0) was most often observed in the sub-
types of SSTR1 (48.78%) and SSTR3 (39.02%). In 
subsequent stages, the expression of particular SSTR 
subtypes and their intensities were evaluated, based 
on both the primary site (jejunum/ileum) and grad-
ing (G1 and G2) of the tumor.

Evaluation of the expression of somatostatin 
receptor subtypes according to primary tumor 
localization

The results regarding the frequency of expres-
sion of particular SSTR subtypes, in the group 

Table II. Point scale of immunoreactivity – IRS

Percentage Of POsitive cellular reactiOns intensity Of cOlOr 
reactiOn

the irs scale Of immunOreactivity (0-12)

0 = lack of reaction 0 = lack of color reaction 0-1 = negative

1 = < 10% of positive cellular reactions 1 = weak reakction 2-3 = weak

2 = 10-50% of positive cellular reactions 2 = mild reaction 4-8 = mild

3 = 51-80% of positive cellular reactions 3 = strong 9-2 = strong

4 = > 80% of positive cellular reactions

irs – number Of POints irs – classificatiOn

0-1 0 = negative

2-3 1 = positive weak reaction

4-8 2 = positive mild reaction

9-12 3 = positive strong reaction
Point assessment of positive cell reactions and the intensity of color reaction in immunohistochemical evaluation of somatostatin receptors expression

Fig. 1. Strong expression of SSTR2a (IRS score = 3) in 
ileum (cytoplasmic immunohistochemical reaction, 400×)

Fig. 2. Moderate expression of SSTR5 (IRS score = 2) in 
jejunum (membranous – cytoplasmic immunohistochemi-
cal reaction, 400×)

Fig. 3. Weak expression of SSTR1 (IRS score = 1) in ileum 
(cytoplasmic immunohistochemical reaction, 400×)
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of patients with tumor located in the jejunum, 
in the descending order are as follows: SSTR2a 
(94.44%), SSTR5 (66.67%), SSTR3 (55.56%), 
SSTR2b (50.00%), and SSTR1 (44.44%). In 
the group of patients with tumor located in the il-
eum, the expression pattern was found to be as 
follows: SSTR2a (82.61%), SSTR2b (82.61%), 
SSTR5 (78.26%), SSTR3 (65.22%), and SSTR1 
(56.52 %). It is worth noting that both groups 
showed high expression of SSTR2a and low expres-
sion of SSTR1. However, the incidence of SSTR3 
expression was comparable in both the groups. 
When the expression of SSTR2b and SSTR5 was 
analyzed, a slight predominance of these subtypes 
was observed in the group of patients in whom 
the tumor was localized within the ileum. Sta-
tistical analysis showed that despite the presence 
of small differences in the SSTR expression pat-
tern, the expression of particular SSTR subtypes 
was not dependent on the primary tumor location 
(p > 0.05) (Table III).

Evaluation of the expression of particular 
somatostatin receptor subtypes according to 
grading

Among the patients with G1 tumors, SSTR5 
and SSTR2b each (100.00%) and SSTR2a (94.74%) 
were most frequently observed, whereas SSTR1 and 
SSTR3 each (84.21%) were found to be the least 
frequent. In the group of patients with G2 tumors, 
the expression rates were significantly different and 
presented as follows: SSTR2a (81.82%), SSTR5 
(50.00%), SSTR2b and SSTR3 each (40.91%), and 
SSTR1 (22.73%). The analysis clearly shows the de-
pendence of SSTR expression on tumor grading, 
that is, SSTR1, SSTR2b, SSTR3, and SSTR5 were 
more commonly present in tumors with grading G1 
(p < 0.05). In the study group, an exception with re-
gard to the expression of SSTR2a was evident, the in-
cidence of which was comparable in both the groups 
(p = 0.35) (Table IV).

Table III. The expression of SSTR receptors and primary tumor localization

recePtOr sstr exPressiOn (Primary lOcalizatiOn) P **

ileum (n = 18) JeJunum (n = 23)

n % * n % *

SSTR1 8 44.44% 13 56.52% 0.651

SSTR2a 17 94.44% 19 82.61% 0.363 F

SSTR2b 9 50.00% 19 82.61% 0.059

SSTR3 10 55.56% 15 65.22% 0.759

SSTR5 12 66.67% 18 78.26% 0.489 F
* Percentages do not add up to 100% due to multiple-choice question.

** χ2 test 

F Fisher’s exact test (low expected values in the table)

SSTR – somatostatin receptors type 1, 2a, 2b, 3 and 5

Table IV. Expression of SSTR receptors according to grading

recePtOr sstr exPressiOn (grading) P **

g1 g2

n % * n % *

SSTR1 16 84.21% 5 22.73% < 0.001

SSTR2a 18 94.74% 18 81.82% 0.35 F

SSTR2b 19 100.00% 9 40.91% < 0.001

SSTR3 16 84.21% 9 40.91% 0.012

SSTR5 19 100.00% 11 50.00% 0.001
* Percentages do not add up to 100% due to multiple-choice question.

** χ2 test 

F Fisher’s exact test (low expected values in the table)

SSTR – somatostatin receptors type 1, 2a, 2b, 3 and 5. Grading - histological maturity determined by the proliferative index Ki 67
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Discussion

Consistent with the reports of other publications, 
the results of our study also demonstrated simulta-
neous presence of various SSTR subtypes in the same 
specimen [26, 27]. The findings of this study were 
in agreement with those reported for SSTR2a, which 
was observed to be the most frequently occurring 
SSTR subtype [28]. However, other authors report-
ed that SSTR1 and SSTR5 were the most frequent 
subtypes of the SSTR [29]. Among the tumors ex-
amined in this study, the incidence rate of SSTR sub-
types in a descending order was as follows: SSTR2a 
(87.80%), SSTR5 (73.17%), SSTR2b (68.29%), 
SSTR3 (60.98%), and SSTR1 (51.22). In the study 
group (n = 41), in whom the primary location 
of the tumor was the small intestine, SSTR2a and 
SSTR5 were the most common receptors, where-
as SSTR2b, SSTR3, and SSTR1 were less frequent. 
Similar results were presented by Zamora et al. [30] 
for SSTR2a and SSTR5, where both subtypes were 
the most common. Diakatou et al. [31] presented 
the analysis of SSTR expression results in NENs, 
and the frequency of the mentioned receptors was 
as follows: SSTR2a (61.8%), SSTR2b (48.6%), 
SSTR1 (39.4%), SSTR3 (38.2%), SSTR5 (37.8%), 
and SSTR4 (15.4%). Volante et al. [32] analyzed  
107 cases of neuroendocrine tumors, mainly evalu-
ating the expression of SSTR2a, SSTR3, and SSTR5 
subtypes. The results of the study indicated that for 
well-differentiated tumors, the incidence was SS-
TR2a (79%), SSTR5 (71%), and SSTR3 (44%), and 
for less differentiated neuroendocrine carcinomas 
the incidence was 44%, 28%, and 17%, respectively. 
In addition, it was observed that in the group treated 
with octreotide LAR there was 75% agreement be-
tween the results of SSTR2a expression and response 
to treatment [33]. This observation confirms the fact 
that SSTR2a is the main receptor subtype that has 
the potential to be used for imaging, diagnostics, and 
therapy.

In our study, we also performed a correlation anal-
ysis between histopathological grading and SSTR 
expression. In the G1 group, the most frequently ex-
pressed receptors were SSTR5 and SSTR2b (100%) 
and SSTR2a (94.74%), whereas in the G2 group, 
the incidence of the above receptor subtypes was 
lower and the following trend was observed: SSTR2a 
(81.82%), SSTR5 (50.00%), and SSTR2b (40.91%). 
Also, the incidence of SSTR1 and SSTR3 was lower in 
the G2 group. It is worth emphasizing that in a study 
that evaluated the relationship between the degree 
of SSTR expression and grading, the results showed 
a stronger association in the G1 group, which ex-
hibited high IRS scores (2-3), while the scores were 
low (0-1) in the G2 group. Kim et al. [39] showed 
that well-differentiated NENs were characterized by 

more intense SSTR expression compared to tumors 
with a high mitotic index. Yerci et al. [34] report-
ed a lack of correlation between the expression and 
grading of tumors with regard to SSTR2, while this 
relationship was demonstrated in the case of SSTR5, 
when using the same semi-quantitative assessment 
for evaluating the SSTR expression. There are also 
reports that NENs expressing SSTR2 and SSTR5 are 
characterized by a better prognosis, which can be ex-
plained by the fact that lesions with a lower Ki-67 
proliferation index are characterized by better histo-
logical differentiation and higher expression of these 
receptors. The use of universal method for the as-
sessment of SSTR expression, which includes the IRS 
classification system, however, has its limitations 
related to the subjectivity of evaluation, which may 
influence the final evaluation and comparison of test 
results. Therefore, the challenge was to compare 
the manual and automated analysis methods of SSTR 
expression [35]. Bad Berka Score1 is a virtual immu-
nohistochemical staining score that compares the re-
sults of automatic evaluation method with those 
of the manual method, carried out using the tech-
nique of light microscopy. The analysis used includes 
SSTR1, SSTR2a, SSTR4 and SSTR5. IRS and Her2 
scales were used in this study, which demonstrated 
a positive correlation between the automatic and 
manual methods with regard to SSTR2a and SSTR5 
expression. Attempts were also made to compare 
the results obtained in this study with PET/CT im-
aging methods (68Ga-DOTA-NOC), yielding quite 
promising results. The method proposed by German 
scientists seems to be effective and may, after a series 
of subsequent studies and modifications of the meth-
odology, allow creating a standard for the evaluation 
of receptor expression by applying computer pro-
grams. It should be emphasized that further research 
is needed to assess the correlation between the ex-
pression of SSTRs, in particular SSTR2 and SSTR5, 
and the course of the disease, which would aid in both 
assessing the nature of the tumor and potential re-
sponse to the therapy. The gold standard in the treat-
ment of carcinoid syndrome symptoms are currently 
somatostatin analogues, which have high affinity for 
somatostatin receptors (mostly SSTR2a and SSTR5) 
located on the tumor surface. The most commonly 
used preparations with a long duration of action are 
octreotide and lanreotide, which have the highest af-
finity for the SSTR2 and SSTR5 receptor, and less 
so for SSTR3, and no affinity for SSTR1 and SSTR4. 
A very important element in qualifying for treatment 
with SSA analogs is the evaluation of the expression 
of these receptors using whole body receptor scin-
tigraphy (99mTc-EDDA/HYNIC-TOC and PET/ 
CT using 68Ga-DOTA/TATE), or an immunohisto-
chemical assessment of the occurrence of SSTR in tis-
sue material collected during surgery or biopsy [36, 
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37, 38, 39, 40]. Summing up, it should be stated 
that the assessment of somatostatin receptor expres-
sion in neuroendocrine tumors is a key element in 
the planning of diagnosis and treatment.

The authors declare no conflict of interest. 

References
1. Woltering EA, Bergsland EK, Beyer DT, et al. Neuroendo-

crine Tumors of the Stomach. American Joint Committee on 
Cancer 2017. In: Amin MB, et al (eds.) AJCC Cancer Staging 
Manual. Eight Edition. Springer 2017; 351-359.

2. Basturk O, Yang Z, Tang LH, et al. The high-grade (WHO G3)  
pancreatic neuroendocrine tumor category is morphologically 
and biologically heterogenous and includes both well differen-
tiated and poorly differentiated neoplasms. Am J Surg Pathol 
2015; 39: 683-690.

3. Burke AP, Thomas RM, Elasyed AM. Carcinoid of the jejunum 
and ileum-an immunohistochemical and clinicopathological 
study of 167 cases. Cancer 1997; 79: 1086-1093.

4. Monson JP. The epidemiology of endocrine tumors. Endocr 
Relat Cancer 2000; 7: 29-36.

5. Modlin IM, Kidd M, Latich I. Current status of gastrointesti-
nal carcinoids. Gastroenterology 2005; 128: 1717-1751.

6. Gut P, Waligórska-Stachura J, Czarnywojtek A, et al. Hind-
gut neuroendocrine neoplasms – characteristics and prognosis. 
Arch Med Sci 2017; 13: 1427-1432.

7. Eriksson B, Kloppel G, Krenning G. Consensus guidelines for 
the management of patients with digestive neuroendocrine tu-
mors – well differentiated jejunal-ileal tumor/carcinoma. Neu-
roendocrinology 2008; 87: 8-19.

8. Modlin IM, Lye KD, Kidd M. A 5-decade analysis of 13,715 
carcinoid tumors. Cancer 2003; 97: 934-959.

9. Yalcin S, Bayram F, Erdamar S, et al. Gastroenteropancreatic 
neuroendocrine tumors: recommendations of Turkish multi-
disciplinary neuroendocrine tumor study group on diagnosis, 
treatment and follow-up. Arch Med Sci 2017; 13: 271-282.

10. Florio T, Rim C, Hershberger RE, et al. The somatostatin re-
ceptor SSTR1 is coupled to phosphotyrosine phosphatase ac-
tivity in CHO-K1 cells. Mol Endocrinol 1994; 8: 1289-1297.

11. Reardon DB, Wood SL, Brautigan DL, et al. Activation 
of a protein tyrosine phosphatase and inactivation of Raf-1 by 
somatostatin. Biochem J 1996; 314: 401-404.

12. Sharma K, Patel YC, Srikant CB. C-terminal region of human 
somatostatin receptor 5 is required for induction of Rb and G1 
cell cycle arrest. Mol Endocrinol 1999; 13: 82-90.

13. Sharma K, Patel YC, Srikant CB. Subtype-selective induction 
of wild-type p53 and apoptosis, but not cell cycle arrest, by 
human somatostatin receptor 3. Mol Endocrinol 1996; 10: 
1688-1696.

14. Duran Prado N, Gahete MD, Martinez Fuentes AJ. Identifica-
tion and characterization of two novel truncated but functional 
isoforms of the somatostatin receptor subtype 5 differentially 
present in pituitary tumors. J Clin Endocrinol Metab 2009; 
94: 2634-2643.

15. Kunikowska J, Pawlak D, Bąk MI, et al. Long-term results and 
tolerability of tandem peptide receptor radionuclide therapy 
with 90Y/177Lu-DOTATATE in neuroendocrine tumors with 
respect to the primary location: a 10-year study. Ann Nucl 
Med 2017; 31: 347-356

16. Pawlikowski M, Pisarek H, Kunert Radek J. Somatostatin re-
ceptors in GH-secreting pituitary adenomas- their relationship 
to the response to octreotide. Endokrynol Pol 2008; 59: 196-
199.

17. Culler MD, Pawlikowski M. Somatostatin analogs: lessons in 
functional complexity and receptor interactions. Landes Biosci-
ence Austin 2007: 21-37.

18. Kos-Kudła B, Blicharz-Dorniak J, Strzelczyk J, et al. Diag-
nostic and therapeutic guidelines for gastro-entero-pancreatic 
neuroendocrine neoplasms (recommended by the Polish Net-
work of Neuroendocrine Tumors). Endokrynol Pol 2017; 68: 
79-110.

19. Pisarek H, Stepień T, Kubiak R, et al. Expression of somatosta-
tin receptor subtypes in human thyroid tumors: the immuno-
histochemical and molecular biology (RT-PCR) investigation. 
Thyroid Res. 2009; 2: 10-16.

20. Papotti M, Bongiovanni M, Volante M, et al. Expression of so-
matostatin receptor types 1-5 in 81 cases of gastrointestinal 
and pancreatic endocrine tumors. A correlative immunohisto-
chemical and reverse-transcriptase polymerase chain reaction 
analysis. Virchows Arch 2002; 440: 461-475.

21. Corleto VD, Falconi M, Panzuto F, et al. Somatostatin receptor 
subtypes 2 and 5 are associated with better survival in well-dif-
ferentiated endocrine carcinomas. Neuroendocrinology 2009; 
89: 223-230.

22. Mehta S, de Reuver PR, Gill P, et al. Somatostatin Receptor 
SSTR-2a Expression Is a Stronger Predictor for Survival Than 
Ki-67 in Pancreatic Neuroendocrine Tumors. Medicine (Balti-
more) 2015; 94: 1281-1287.

23. Hubalewska-Dydejczyk A, Trofimiuk M, Szybiński P, et al. 
Somatostatin receptors expression in pancreatic GEP-NET 
tumors-preliminary results. 5th Annual ENETS Conference. 
2008; abstr B14.

24. Reubi JC, Waser B, Liu Q, et al. Subcellular distribution of so-
matostatin sstr2A receptors in human tumors of the nervous 
and neuroendocrine systems, membranous versus intracellular 
location. J Clin Endocrinol Metab 2000; 85: 3882-3891.

25. Kaemmerer D, Peter L, Lupp A, et al. Comparing of IRS and 
Her2 as immunohistochemical scoring schemes in gastroen-
teropancreatic neuroendocrine tumors. Int J Clin Exp Pathol 
2012; 5: 187-194.

26. Fjällskog ML, Ludvigsen E, Stridsberg M, et al. Expression 
of somatostatin receptor subtypes 1 to 5 in tumor tissue and 
intratumoral vessels in malignant endocrine pancreatic tu-
mors. Med Oncol 2003; 20: 59-67.

27. Kulaksiz H, Eissele R, Rössler D, et al. Identification of soma-
tostatin receptor subtypes 1, 2A, 3, and 5 in neuroendocrine 
tumors with subtype specific antibodies. Gut 2002; 50: 52-60.

28. Diakatou E, Kaltsas G, Tzivras M, et al. Somatostatin and do-
pamine receptor profile of gastroenteropancreatic neuroendo-
crine tumors: an immunohistochemical study. Endocr Pathol 
2011; 22: 24-30.

29. Mizutani G, Nakanishi Y, Watanabe N, et al. Expression of So-
matostatin Receptor (SSTR) Subtypes (SSTR-1, 2A, 3, 4 and 5) 
in Neuroendocrine Tumors Using Real-time RT-PCR Method 
and Immunohistochemistry. Acta Histochem Cytochem 2012; 
45: 167-176. 

30. Zamora V, Cabanne A, Salanova R, et al. Immunohistochemi-
cal expression of somatostatin receptors in digestive endocrine 
tumors. Dig Liver Dis 2010; 42: 220-225.

31. Diakatou E, Kaltsas G, Tzivras M, et al. Somatostatin and do-
pamine receptor profile of gastroenteropancreatic neuroendo-
crine tumors: an immunohistochemical study. Endocr Pathol 
2011; 22: 24-30.

32. Volante M, Brizzi MP, Faggiano A, et al. Somatostatin recep-
tor type 2A immunohistochemistry in neuroendocrine tumors: 
a proposal of scoring system correlated with somatostatin re-
ceptor scintigraphy. Mod Pathol 2007; 20: 1172-1182.

33. Kim HS, Lee HS, Kim WH, et al. Clinical significance of pro-
tein expression of cyclooxygenase-2 and somatostatin receptors 
in gastroenteropancreatic neuroendocrine tumors. Cancer Res 
Treat 2011; 43: 181-188.



37

SomatoStatin receptorS in neuroendocrine tumorS of the Small inteStine

34. Yerci O, Sehitoglu I, Ugras N, et al. Somatostatin receptor 2 and 
5 expressions in gastroenteropancreatic neuroendocrine tumors 
in Turkey. Asian Pac J Cancer Prev 2015; 16: 4377-4381.

35. Kaemmerer D, Athelogou M, Lupp A, et al. Somatostatin re-
ceptor immunohistochemistry in neuroendocrine tumors: com-
parison between manual and automated evaluation. Int J Clin 
Exp Pathol 2014; 7: 4971-4980. 

36. Gatto F, Barbieri F, Arvigo M, et al. Biological and biochemical 
basis of the differential efficacy of first and second generation 
somatostatin receptor ligands in neuroendocrine neoplasms. 
Int J Mol Sci 2019; 20: 3940.

37. Saif MW, Parikh R, Ray D, et al. Medical record review of tran-
sition to lanreotide following octreotide for neuroendocrine tu-
mors. J Gastrointest Oncol 2019; 10: 674-687.

38. Ryan P, McBride A, Ray D, Pulgar S, et al. Lanreotide vs oct-
reotide LAR for patients with advanced gastroenteropancreat-
ic neuroendocrine tumors: An observational time and motion 
analysis. J Oncol Pharm Pract 2019; 25: 1425-1433.

39. Brominska B, Gabryel P, Jarmołowska-Jurczyszyn D, et al. Clin-
ical significance of nestin and its association with survival in neu-
roendocrine lung tumours. Pol J Pathol 2017; 68: 291-296. 

40. Simtniece Z, Vanags A, Strumfa I, et al. Morphological and 
immunohistochemical profile of pancreatic neuroendocrine 
neoplasms. Pol J Pathol 2015; 66: 176-194.

Address for correspondence
Paweł Gut
Department of Endocrinology, Metabolism and Internal Medicine
Poznan University of Medical Sciences
Przybyszewskiego 49
60-355 Poznan, Poland
e-mail: gutpj@poczta.onet.pl


