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                        ORIGINAL ARTICLE    

 Gastrointestinal stromal tumors (GISTs) express somatostatin 
receptors and bind radiolabeled somatostatin analogs      

    GABRIELLA     ARNE  1  ,       BENGT     NILSSON  2  ,       JOHANNA     DALMO  3  , 
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  1 Department of Pathology, Sahlgrenska Cancer Center, Institute of Biomedicine, Sahlgrenska Academy at the University 
of Gothenburg, Gothenburg, Sweden,  2 Department of Surgery, Institute of Clinical Sciences, Sahlgrenska Academy at the 
University of Gothenburg, Gothenburg, Sweden,  3 Department of Radiation Physics, Institute of Clinical Sciences, 
Sahlgrenska Academy at the University of Gothenburg, Gothenburg, Sweden and  4  Mathematical Statistics, Chalmers 
University of Technology, Gothenburg, Sweden                             

  Abstract 
  Background.  Gastrointestinal stromal tumors (GISTs) can be effectively treated with tyrosine kinase inhibitors (TKIs). 
However, some patients with GIST develop drug resistance, and alternative treatment strategies are therefore needed. The 
aim of this study was to analyze the expression of somatostatin receptors (SSTR) in GIST as a target for peptide receptor-
mediated radiotherapy (PRRT).  Material and methods.  Expression profi ling of SSTR1 – 5 was performed on biopsies from 
34 GISTs (16 gastric tumors, 15 small intestinal tumors, and three rectal tumors). SSTR scintigraphy ( 111 In-octreotide) and 
measurement of  111 In activity in tumor specimens was performed in seven patients. Uptake and internalization of  177 Lu-
octreotate was studied in primary cell cultures from two patients.  Results.  Quantitative PCR analysis showed expression of 
SSTR1 and SSTR2 in the majority of tumors, while SSTR3 – 5 were expressed at low levels. Immunohistochemical analysis 
confi rmed the presence of SSTR1 and SSTR2 proteins in all GISTs, and SSTR3 – 5 in a subset of tumors. Diagnostic imag-
ing by SSTR scintigraphy, using  111 In-octreotide, demonstrated tumor uptake of  111 In in three of six GIST patients. Measure-
ment of  111 In activity in excised tumor specimens from fi ve patients gave tumor-to-blood (T/B) activity ratios of between eight 
and 96. Tumor cells in primary culture (gastric and small intestinal GIST) specifi cally bound and internalized  177 Lu when 
incubated with the therapeutic compound  177 Lu-octreotate for 4 – 48 hours (p    �    0.05).  Conclusion.  Peptide receptor-mediated 
radiotherapy via SSTR may provide a novel treatment strategy in carefully selected GIST patients with TKI-resistant 
tumors.   

 Gastrointestinal stromal tumor (GIST) is the most 
common mesenchymal tumor of the gastrointestinal 
tract. Mutations of  KIT  or  PDGFRA  are the primary 
events in tumor development and cause constitutive 
activation of the receptor tyrosine kinase (TK). 
Approximately 80% of all GISTs carry  KIT  muta-
tions, while 5 – 8% have mutations in  PDGFRA . 
About 12 – 15% of GISTs lack such mutations [1]. 
Tumors carrying  KIT  or  PDGFRA  mutations can be 
successfully treated with the tyrosine kinase inhibitor 
(TKI) imatinib. The median overall survival of 
patients with GIST has improved markedly after the 
introduction of imatinib, which has become the 
primary treatment in patients with high-risk tumors 
[2,3]. Primary resistance to imatinib is seen in 

10 – 15% of GIST patients and is related to the type 
of  KIT  or  PDGFRA  mutation harbored. Secondary 
resistance develops in 50 – 70% of patients after pro-
longed treatment [4]. Sunitinib is used as second-
line therapy after imatinib failure, but the duration 
of response is often limited [5] emphasizing the need 
for alternative therapeutic strategies [6]. Targeting of 
mTOR and IGF1R in wild-type and pediatric GIST 
are examples of such strategies [7,8]. 

 With the identifi cation of a neuroendocrine (NE) 
phenotype in GIST, e.g. expression of peptide recep-
tors [9,10], peptide receptor-mediated radiotherapy 
(PRRT) may become a future treatment option. 
Somatostatin receptors (SSTRs) can be targeted by 
radiolabeled somatostatin analogs, as already shown 
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for neuroendocrine tumors [11]. There are fi ve 
different receptor subtypes, SSTR1 – 5, which bind 
ligands with different affi nities. SSTR2 is the most 
widely expressed SSTR subtype in NE tumors. Oct-
reotide, a long-acting somatostatin analog, preferen-
tially binds to SSTR2 & 5. NE tumor cells expressing 
SSTR2 & 5 bind and internalize radiolabeled oct-
reotide and will thus deliver the radionuclide close 
to the nucleus of the tumor cell [12]. 

 The aim of this study was to determine whether 
SSTR-mediated radiotherapy could be a therapeu-
tic option for a subgroup of GIST patients. Firstly, 
we characterized the SSTR expression profi le in 
GISTs. Secondly, we explored whether diagnostic 
studies with  111 In-octreotide could be helpful in 
localizing tumors. Finally, we quantitated the 
binding and uptake of the therapeutic compound 
 177 Lu-octreotate both  in vitro  and  in vivo .  

 Material and methods  

 Patients and tumor material 

 This retrospective study included 34 patients with 
GIST who had undergone surgery at the Depart-
ment of Surgery, Sahlgrenska University Hospital, 
Gothenburg, Sweden, 1997 – 2008. The histopatho-
logical diagnosis was confi rmed by typical morphol-
ogy and positive staining for KIT and ANO1 
(DOG1). For details on clinicopathological data see 
Table I. The series included nine females and 
25 males with a median age of 65 (range 10 – 82) 
years at the time of diagnosis. The location of the 
primary tumor was: stomach (n    �    16), small intes-
tine (n    �    15), and rectum (n    �    3). Twenty-two tumors 
were classifi ed as high-risk, four as intermediate-
risk, and eight as low-risk tumors according to the 
NIH consensus classifi cation [13]. Four patients 
were on neoadjuvant and two patients were on pal-
liative treatment with imatinib at the time of surgery. 
Follow-up of recurrence-free survival (RFS) and 
overall survival (OAS) ended by December 2010. 
The median RFS was 38 months (range 0 – 131 
months) and OAS was 63.5 months (range 15 – 552 
months) following diagnosis [14,15].   

 Ethics 

 For the use of clinical materials for research pur-
poses, we obtained consent from the patients and 
approval from the Regional Ethical Review Board in 
Gothenburg, Sweden.   

 Quantitative real-time polymerase chain reaction (qPCR) 

 SSTR1 – 5 mRNA expression in fresh tumor biopsies 
obtained at surgery and primary cell cultures was 
analyzed by qPCR. Total RNA was isolated from 

biopsies and cell cultures using Trizol Reagent and 
RNeasy Mini Kit (Qiagen, Hilden, Germany) and 
this was followed by DNase treatment (DNA- free ; 
Ambion Inc., Austin, TX, USA). cDNA was synthe-
sized using TaqMan reverse transcription reagents 
(Applied Biosystems, Foster City, CA, USA). Prim-
ers and probes were purchased from Applied Biosys-
tems: Hs00265617_s1 (SSTR1), Hs00990356_m1 
(SSTR2), Hs01066399_m1 (SSTR3), Hs01566620_
s1 (SSTR4), Hs00990407_s1 (SSTR5), and 
Hs99999903_m1 (ACTB). The samples were ana-
lyzed in triplicates and subjected to qPCR cycling 
conditions according to the manufacturer ́ s protocol 
(Applied Biosystems). The cycle threshold (C t ) of 
target genes and the housekeeping gene,  ACTB , was 
determined. mRNA expression values for each target 
gene were calculated relative to the housekee-
ping gene as fold change per 1000 ACTB copies 
[1000 x 2 -(Ct(target gene)-Ct(ACTB)) ].   

 Immunohistochemistry 

 All tumors were analyzed by immunohistochemistry for 
SSTR1 – 5 receptor protein. Formalin-fi xed paraffi n-
embedded tumor specimens were subjected to immu-
nohistochemical staining using Dako EnVision �  
System HRP-labeled polymer according to the man-
ufacturer ’ s protocol (DakoCytomation, Glostrup, 
Denmark). The following primary antibodies were 
used: anti-SSTR1 [clone (15F10) 2D7, mouse 
monoclonal; Advanced Targeting Systems, San 
Diego, CA, USA], anti-SSTR2 (rabbit polyclonal; 
Human Protein Atlas, Sweden), anti-SSTR3 (rabbit 
polyclonal; Novus Biologicals, Littleton, CO, USA), 
anti-SSTR4 (rabbit polyclonal; Novus Biologicals), 
and anti-SSTR5 (rabbit polyclonal; Thermo Fisher 
Scientifi c Inc., Waltham, MA, USA). Positive tissue 
controls were normal human cerebellum (for SSTR1, 
2, 3 and 5) and human insulinoma (for SSTR4). 
Negative controls were sections incubated identi-
cally, except for the primary antibody, which was 
omitted. The extent of tumor labeling was scored by 
two independent observers. Tumor biopsies were cat-
egorized as being positive when labeling was con-
fi ned to the cytoplasm and cell membrane of tumor 
cells, and scored into three groups (1    �    score: between 
10% and 25% of all tumor cells labeled; 2    �    score: 
between 25% and 75% of all tumor cells labeled; and 
3    �    score: more than 75% of all tumor cells labeled). 
Biopsies with less than 10% labeling of tumor cells 
were categorized as negative.   

 Immunocytochemistry and confocal laser microscopy 

 GIST tumor cells (see below) were grown on 
collagen-coated chamber slides (8-well Biocoat  ®   
CultureSlide; BD Biosciences, Bedford, MA, USA). 
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  Table I. Clinico-pathological and genetic characterization of 34 patients with gastrointestinal stromal tumor.  

  Primary tumor  Therapy  Follow-up 

 Pat. 
no.  Age/Sex  Site  NIH risk  Mutation  Surgery 

 Imatinib 
setting 

 Observed response 
to imatinib 

 Second-line 
treatment 

 Disease 
status 

 Survival 
RFS/OAS 
(months) 

1 82/F S inter.  KIT (11) D579 del R0 no n.d. – DOC 39/39
2 71/F S inter.  KIT (11) D579 del R0 no n.d. – NED 87/87
3 48/M S high  KIT (11) W557_E561 del R2 P resistant 

(secondary)
sunitinib DOD 0/65

4 67/M S high  KIT (11) W557_E561 del R0 A responsive; 
rec/responsive

– AWD 60/68

5 74/M S high  KIT (11) W557_K558 del R1 N, A responsive; 
rec/resistant

– AWD 18/62

6 66/F S high  KIT (11) W557_Q575 del R2 P n.d. e – DOD 0/60
7 63/M S high  KIT (11) E579_F591 dup R0 N, A responsive; 

rec/responsive
– AWD 37/50

8 77/M S inter.  KIT (11) P573_Y578 dup R0 no n.d. – NED 31/31
9 71/M S high  KIT (11) Y578_H580 dup R0 N, A responsive – NED 103/103

10 59/F S high  KIT (11) V559A mis R0 A responsive – NED 66/66
11 65/M S low  KIT (11) V560D mis R0 no n.d. – NED 101/101
12 a 15/F S low  KIT/PDGFRA  (wt) R0 no n.d. f – AWD 131/552
13 b 10/F S high  KIT/PDGFRA  (wt) R0 no n.d. f – AWD 48/228
14 66/M S low  PDGFRA (18) D842V mis R0 no n.d. f – NED 50/50
15 65/M S low  PDGFRA (18) D842V mis R0 A resistant (primary) f sunitinib NED 24/24
16 60/F S low  PDGFRA (18) I843_D846 

del
R0 A responsive – NED 75/75

17 69/M SI high  KIT (9) A502_Y503 dup R2 P resistant 
(secondary)

sunitinib DOD 0/33

18 68/M SI high  KIT (9) A502_Y503 dup R0 N, A responsive; 
rec/responsive

– AWD 28/65

19 63/M SI high  KIT (9) A502_Y503 dup R2 P resistant (primary) – DOD 0/15
20 55/F SI high  KIT (11) P551_Q556 del R0 A responsive; 

rec/responsive
– AWD 37/68

21 35/M SI high  KIT (11) V555_Q575 del R0 A responsive; 
rec n.d.

– AWD 46/84

22 71/M SI high  KIT (11) V559_E561 del R2 P resistant 
(secondary)

– DOD 0/67

23 36/M SI high  KIT (11) V560_D572 del R0 A responsive – NED 60/60
24 42/F SI high  KIT (11)P551_Y568 

V579 del
R2 no n.d. – DOD 0/24

25 74/M SI high  KIT (11) P573_Y578 dup R2 P d responsive; 
rec/responsive

– AWD 0/78

26 75/M SI inter.  KIT (11) W557R mis R0 no n.d. – NED 46/46
27 60/M SI low  KIT (11) V559D mis R0 A responsive – NED 60/60
28 c 64/M SI low  KIT/PDGFRA  (wt) R0 A responsive f – NED 94/94
29 70/M SI high  KIT/PDGFRA  (wt) R2 A resistant (primary) f – DOD 0/23
30 57/M SI high  KIT/PDGFRA  (wt) R2 P resistant (primary) f – DOD 0/18
31 75/M SI high  PDGFRA (18) D842V mis R1 P resistant (primary) f – DOD 20/34
32 48/M R high  KIT (11) K558_V560 del R0 A responsive – NED 112/112
33 73/M R high  KIT (11) K558S W559 del R2 P d resistant 

(secondary)
rapamycin DOD 0/55

34 55/M R low  KIT (11) W557M mis R1 A responsive; 
rec/responsive

– AWD 79/264

    A, adjuvant treatment; AWD, alive with disease; del, deletion; DOC, dead of other cause; DOD, dead of disease; dup, duplication; F, 
female; inter., intermediate-risk; M, male; mis, missense; N, neoadjuvant treatment; n.d., not determined; NED, no evidence of disease; 
OAS, overall survival; P, palliative treatment; Pat. no., patient number; R, rectum; R0, radical surgery; R1, microscopically, not radical 
surgery; R2, macroscopically, not radical surgery; rec, late recurrence; RFS, recurrence-free survival; S, stomach; SI, small intestine; 
wt, wild-type.  
   a pediatric GIST patient with Carney triad [17].   
  b pediatric GIST patient.   
  c patient with NF1 and Carney-Stratakis syndrome [17].   
  d patient on imatinib treatment at time for surgery.   
  e treatment terminated due to adverse effects of TKI.   
  f primary resistance expected from mutational status.     
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Tumor cells were fi xed in 4% buffered paraformal-
dehyde and incubated with primary antibodies 
directed against KIT (rabbit polyclonal; Dako), 
DOG-1 (clone K9, mouse monoclonal; Novocastra  ™   
Leica Microsystems GmbH, Wetzlar, Germany), 
CD34 (clone QBEnd10, mouse monoclonal; Dako), 
and SSTR1 – 5 (see above). As secondary antibodies, 
we used goat anti-mouse (Alexa Fluor 488-conjugate; 
Molecular Probes Inc., Eugene, OR, USA) and goat 
anti-rabbit (Alexa Fluor 594-conjugate; Molecular 
Probes Inc.). Tumor cells incubated identically 
served as controls, except that the primary antibody 
was omitted. DAPI was used as nuclear counter-
staining. Tumor cells were examined with confocal 
microscopy using a Zeiss LSM 510 META system.   

 Tumor cell cultures 

 Tumor biopsies from two patients with GIST 
(patients nos. 15 and 25) were obtained at surgery. 
Biopsies were enzymatically dissociated using colla-
genase and DNase before tissue culture. The tumor 
cells were seeded onto collagen-coated, 24-well 
tissue culture plates (Biocoat  ®   Multiwell Plate; BD 
Biosciences) at a density of 750 000 cells per well 
and incubated at 37 ° C in 250  μ l RPMI 1640 
medium supplemented with 10% fetal calf serum, 
L-glutamine, and PEST in a humidifi ed atmosphere 
with 5% CO 2 . The experiments were performed on 
tumor cells after four days in primary culture. Cell cul-
tures consisted of approximately 80 – 90% tumor cells.   

 Radiopharmaceuticals 

 Radiolabeling of DOTA-Tyr 3 -octreotate with  177 Lu 
( 177 Lu-octreotate) and of DTPA-D-Phe 1 -octreotide 
with  111 In ( 111 In-octreotide) (OctreoScan  ®  ) was per-
formed according to the instructions of the manu-
facturers (NRG, Petten, the Netherlands and Tyco 
Healthcare, Mallinckrodt, St Louis, MO, USA, 
respectively). Chromatography of radiopharmaceuti-
cals was performed using instant thin layer chroma-
tography (ITLC-SG) (Gelman Instrument Company, 
Ann Arbor, MI, USA) with 0.1 M sodium-citrate 
(pH 5) as the mobile phase. The fractions of peptide-
bound  177 Lu and  111 In were shown to be more than 
98% and 99%, respectively.   

  177 Lu-octreotate binding to cultured tumor cells 

 Cultured tumor cells were incubated with 250  μ l 
medium containing  177 Lu-octreotate, correspond-
ing to 10 nM of octreotate (approximately 8 – 9 kBq/
well), at 37 ° C for 4, 24, and 48 hours (four repli-
cates for 4 and 24 hours, and eight replicates for 
48 hours). Tumor cells incubated with 250  μ l 

medium containing 10 nM  177 Lu-octreotate sup-
plemented with 5  μ M octreotide (Sandostatin; 
Novartis, Basel, Switzerland) served as controls. 
Otherwise, the controls were treated identically. At 
the end of the experiment, the medium was removed 
and saved for measurement of  177 Lu activity 
(unbound  177 Lu). The cells were subsequently 
washed with Ca- and Mg-free PBS and incubated 
with 0.5 ml 0.05% trypsin solution (cat. no. 
15090046; Invitrogen) at 37 ° C for 15 minutes. The 
trypsin/cell medium was transferred to plastic tubes 
and centrifuged at 900    �     g  for 5 minutes. The 
supernatant was saved for measurement of  177 Lu 
activity (surface-bound  177 Lu). The cell pellets 
were washed with PBS and saved for measurement 
of  177 Lu activity (internalized  177 Lu). The  177 Lu 
activity in each sample was determined with a 
Wallac 1480 gamma counter (WIZARD  ™   3 ” ; 
Wallac Oy, Finland) with a 10% energy window 
over the 208 keV photon peak. At least 1000 counts 
for each sample were collected to obtain low sta-
tistical uncertainties. Corrections were made for 
physical decay, background, and dead time.   

  111 In-octreotide scintigraphy and  111 In activity 
concentration in tumor samples 

 Seven GIST patients (nos. 8, 19, 25, 29, 31, 32, 
and 34) received 170 – 240 MBq  111 In-DTPA-D-
Phe 1 -octreotide ( 111 In-octreotide) by intravenous 
injection. Scintigraphy was performed in six of 
the patients at around 24 hours after injection of 
 111 In-octreotide using a gamma camera (General 
Electric 400 AC/T; General Electric, London, UK). 
Static anterior and posterior images from the base of 
the skull to the pelvis were acquired for all patients. 
One patient was not analyzed by scintigraphy due to 
logistic reasons. Surgery was performed 2 – 22 days 
after the injection of  111 In-octreotide. In fi ve patients, 
tumor samples together with blood samples were 
drawn during surgery. Samples were weighed, and 
 111 In activity in each sample was measured with a 
Wallac 1480 gamma counter (WIZARD  ™   3 ” ). The 
 111 In activity concentration in a tissue sample was 
determined as the fraction of injected  111 In activity 
per unit mass of that tissue sample (corrected for 
decay in radioactivity to the time of injection), and 
given as %IA/g. The tumor-to-blood  111 In activity 
concentration ratio (T/B) was calculated.   

 Statistics 

 The binding effi ciency between  177 Lu-octreotate-
incubated cell cultures and controls was tested by 
robust linear regression in the statistical language R 
version 2.13.0, using the MASS package.    
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 Results  

 GISTs regularly express SSTR1 and SSTR2 

 SSTR subtypes 1 and 2 were detected in 33/34 
biopsies analyzed by qPCR. SSTR1 showed higher 
mRNA values than SSTR2 (target copies per 
1000 ACTB; median for SSTR1: 0.40; and median 
for SSTR2: 0.33). However, there was large 
variation in the expression of these two receptor 
subtypes, which was refl ected by their mean values 
and ranges [SSTR1: mean 54 (range 0.00 – 445); 
and SSTR2: mean 0.62 (range 0.00 – 3.26)] 
(Table II). For C t  and  Δ C t  [C t (target gene)  –  
C t (ACTB)] values, see Supplementary Table 1 to 
be found online at http://informahealthcare.com/

do i / abs /10 .3109 /0284186X.2012 .733075. 
SSTR3 – 5 was detected in 6 – 41% of tumors. The 
SSTR mRNA profi le of GIST was different from 
that of NE tumors (medullary thyroid carcinoma, 
midgut carcinoid) with lower expression of 
SSTR2 & 5 in GIST (Figure 1). Immunohistochem-
ical analysis showed that all tumors were positive 
for SSTR1 and SSTR2, while positive labeling 
for SSTR3 – 5 was detected in 0 – 29% (Table II). 
Labeling for SSTR1, 2, 3, and 5 was observed 
over tumor cell cytoplasm (Figure 2). Weak label-
ing for SSTR1, 2, 3, and 5 was also observed over 
stroma and blood vessels. Immunocytochemical 
analysis of cultured tumor cells confi rmed predo-
minantly cytoplasmic localization of SSTR1, 2, 3, 

 Table II. Expression profi les of somatostatin receptors in gastrointestinal stromal tumors. Biopsies from 34 patients with GIST were 
analyzed by real-time qPCR and IHC. qPCR values are expressed as fold change of target gene per 1000  ACTB  copies. IHC labeling was 
scored as the number of positive tumor cells: -    �    no labeling, 1 �     �    10 – 25%, 2 �     �    25 – 75%, 3 �     �     �    75%. 

  qPCR  IHC 

 Pat. no.  Tumor tissue  SSTR1  SSTR2  SSTR3  SSTR4  SSTR5  SSTR1  SSTR2  SSTR3  SSTR4  SSTR5 

1 P 99.20 0.01 – 0.10 0.02 3 � 3 � – – –
2 P 0.06 0.31 0.01 – – 3 � 2 � – – –
3 P – 0.26 – – 0.07 3 � 3 � – – –
4 P 0.01 0.15 – – 0.03 3 � 3 � – – –
5 P 0.06 1.50 – – – 3 � 3 � – – –
6 P 0.29 0.14 – 0.14 – 3 � 2 � – – –
7 P 196.15 0.08 – – – 3 � 3 � – – –
8 a,b P 110.85 0.66 – – – 3 � 3 � – – –
9 P 1.84 1.17 – – – 3 � 3 � 3 � – –

10 P 0.01 1.42 – – – 3 � 3 � – – –
11 P 1.16 0.17 – 0.01 – 3 � 3 � – – –
12 R 34.99 1.32 – – – 3 � 3 � 3 � – 2 � 
13 R 0.27 1.19 – 0.09 0.01 3 � 3 � 1 � – 3 � 
14 P 85.36 0.12 – – – 3 � 3 � 1 � – –
15 c P 107.09 0.38 – – – 3 � 3 � 1 � – –
16 P 15.18 1.34 – – – 3 � 3 � 2 � – –
17 R 90.11 0.28 – – – 3 � 2 � 1 � – –
18 P 0.04 0.36 – – 0.11 3 � 3 � – – –
19 a,b P 0.27 0.10 – – – 3 � 3 � – – 2 � 
20 R 0.27 2.34 – – 0.22 3 � 2 � – – –
21 P 2.09 3.26 – – 0.16 3 � 3 � – – 2 � 
22 P 0.27 0.46 – 0.08 – 3 � 3 � – – –
23 P 0.12 0.64 – 0.01 0.11 3 � 3 � – – –
24 R 0.05 0.22 – 0.04 0.10 3 � 3 � – – –
25 a,b,c R 444.88 0.60 – 0.01 0.01 3 � 3 � – – 3 � 
26 P 0.07 0.14 – – – 3 � 3 � – – –
27 P 1.05 0.17 – – 0.01 3 � 3 � 1 � – –
28 P 0.18 0.63 – 0.01 0.11 3 � 3 � 1 � – –
29 a,b P 0.13 0.38 – 0.01 – 3 � 2 � – – –
30 P 0.51 0.18 – – 0.01 3 � 3 � – – –
31 a P 243.26 0.18 – – – 3 � 3 � 2 � – –
32 b P 403.72 0.16 – 12.23 – 3 � 2 � – – –
33 R 3.34 0.76 0.06 0.03 0.05 3 � 3 � – – –
34 a P 0.04 0.08 – 0.03 – 3 � 2 � – – –

    IHC, immunohistochemistry; P, primary tumor analyzed; pPCR, quantitative real-time polymerase chain reaction; R, recurrent tumor 
analyzed; SSTR, somatostatin receptors; -, not detectable.  
   a analyzed by SSTR scintigraphy (OctreoScan  ®  ).   
  b analyzed for tumor-to-blood (T/B) ratio.   
  c analyzed in cell culture.   
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and 5 in tumor cells, while SSTR4 was 
negative (Figure 3).   

 GIST tumors accumulate  111 In-octreotide 
and can be visualized by scintigraphy 

 Six patients were subjected to SSTR scintigraphy 
preoperatively (nos. 8, 19, 25, 29, 31, and 34). Posi-
tive tumor imaging was obtained in three patients 
(nos. 25, 29, and 34) (Figure 4). In fi ve patients, the 
 111 In activity concentration was studied in excised 

  Figure 2.      Expression of somatostatin receptor protein in GIST. 
SSTR1, 2, 3, and 5 proteins localized to tumor cell cytoplasm. 
SSTR4 protein was undetectable. Immunoperoxidase staining 
of consecutive sections from tumor biopsy from patient no. 12 
(small intestinal, low-risk, wt in  KIT  and  PDGFRA ). 
Brown    �    antibody labeling. Blue    �    nuclear counter staining. Left 
panel (A, C, E, G, I): low power (bar equals 50  μ m). Right panel 
(B, D, F, H, J): high power (bar equals 20  μ m).  * indicates luminal 
side of vascular profi le.  

  Figure 1.      (A) Comparison of tumor-to blood activity concentrations 
between patients with GIST and NE tumors, i.e. medullary 
thyroid carcinoma (MTC) and midgut carcinoids (MC). The 
ratios are classifi ed as groups dependent on disease type and time 
after injection. Data on T/B values in MTC and MC were from 
Forssell-Aronsson et   al. [18]. In general MC had higher ratios 
than MTC (biopsied according to the same time scale). On the 
other hand, GIST were biopsied according to a protracted time 
scale making direct comparison diffi cult. However, the GIST 
patient with highest T/B ratio (96) long time after injection 
(13 days) seemed to be suitable for PRRT. (B) Comparison of 
SSTR mRNA values in GIST tumors (n    �    34) compared to NE 
tumors (MTC, n    �    5; MC, n    �    12). MTC and MC showed high 
expression of SSTR2 & 5 (with high affi nity for octreotide/
octreotate), while GIST have much lower expression of these two 
receptor subtypes.  
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tumor biopsies. The T/B activity concentration ratio 
was 8.0 – 96 (Figure 4). The T/B values in GIST 
seemed to be lower than in NE tumors (medullary 
thyroid carcinoma, carcinoids) (Figure 1). 

 GIST cells in primary culture bind and 
internalize  177 Lu – octreotate 

 GIST in primary cell culture specifi cally bound 
 177 Lu when incubated with  177 Lu-octreotate 
(Figure 5). The amount of surface-bound  177 Lu 
increased with incubation time (p    �    0.05). In con-
trol cultures, surface-binding of  177 Lu was reduced 
by 80 – 82% at 48 hours, when excess unlabeled 

  Figure 3.      GIST in primary culture. Tumor cells were positive for 
the GIST markers KIT and DOG1 (ANO1). The marker CD34 
was positive in one tumor. Tumor cells also expressed SSTR1 and 
2 with membrane and cytoplasmic labeling. (A – E) Patient no. 15 
(gastric, low-risk,  PDGFRA  exon 18 (D842V) missense mutation). 
(F – J) Patient no. 25 (small intestinal, high-risk,  KIT  exon 11 
(P573_Y578) duplication mutation). Immunofl uorescent labeling 
and confocal laser microscopy; antibody labeling in green color 
and DAPI-stained nuclei in blue color. Bar equals 20  μ m.  

  Figure 4.      SSTR scintigraphy and tumor-to-blood  111 In activity 
concentration ratios (T/B) in tumor biopsies from GIST 
patients injected with  111 In-DTPA-D-Phe 1 -octreotide. (A) 
Tumor imaging of patient no. 25 with primary small intestinal 
GIST non-radically resected, and multiple abdominal (arrows) 
and liver (double arrow) recurrences four years after primary 
surgery. The primary tumor had  KIT  exon 11 duplication 
mutation and responded to imatinib. (B) Tumor imaging of 
patient no. 29 with primary GIST close to the ligament of 
Treitz (arrow) and multiple liver metastases in the right liver 
lobe (double arrow). This patient was wt for  KIT  and  PDGFRA  
and resistant to imatinib. The patient survived for only two 
years after surgery. (C) Summary of observations at SSTR-
scintigraphy and maximal T/B values in GIST patients.  
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octreotide was added. GIST cells also internalized 
 177 Lu after incubation with  177 Lu-octreotate. 
The amount of internalized  177 Lu increased 
conti nuously during the incubation period 
(p    �    10 �15 ). In control cultures, internalization of 
 177 Lu was reduced by 98 – 99% at 48 hours when 
unlabeled octreotide was added. The relative 
amount of internalized vs. surface-bound  177 Lu 
increased from 1.8 – 2.5 at 4 hours to 7.0 – 9.8 at 
48 hours. The primary cell cultures from gastric 
GIST (patient no. 15) and small intestinal GIST 
(patient no. 25) bound and internalized  177 Lu to 
the same degree (Figure 5 and Supplementary 

Table 2 to be found online at http://informahealthcare.
com/doi/abs/10.3109/0284186X.2012.733075.    

 Discussion 

 GISTs are successfully treated with surgery and ima-
tinib, resulting in markedly prolonged patient sur-
vival. However, resistance to imatinib is an increasing 
clinical problem, and alternative treatment strategies 
are therefore needed. Targeted radiotherapy via SSTR 
may be such an alternative treatment option in care-
fully selected patients. In this study, we explored the 
prerequisites for successful PRRT in GIST by exam-

  Figure 5.      Binding and internalization of  177 Lu-DOTA-Tyr 3 -octreotate in cultured GIST cells. Tumor cells were cultured with 
 177 Lu-octreotate (10 nM) with or without unlabeled octreotide (5  μ M). The fraction of unbound, surface-bound, and internalized 
 177 Lu in GIST tumor cells was measured after 4, 24, and 48 hours. Values represent mean of 4 – 8 replicates. Error bars are smaller 
than symbols. Internalization of  177 Lu was signifi cantly higher in  177 Lu-octreotate-incubated tumor cells than in controls (p    �    10 -15 ). 
The amount of internalized  177 Lu increased steadily during the incubation period. (A – C) Patient no. 15 (gastric, low-risk,  PDGFRA  
exon 18 (D842V) missense mutation; SSTR1/2 mRNA values: 107/0.38). (D – F) Patient no. 25 [small intestine, high-risk,  KIT  exon 
11 (P573_Y578) duplication mutation; SSTR1/2 mRNA values: 445/0.60; clearly positive imaging; T/B: 96]. Further statistical details 
are presented in Supplementary Table 2 to be found online at http://informahealthcare.com/doi/abs/10.3109/0284186X.2012.733075.  
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ining the expression profi le of SSTR in tumors and 
also binding and uptake of radiolabeled somatostatin 
analogs in vitro. All GISTs examined expressed 
SSTR, as determined by qPCR and immunohis-
tochemistry. SSTR1 and 2 were the most abundant 
receptor subtypes, being present in more than 97% 
of all tumors analyzed by qPCR, while SSTR3 – 5 
were detected at lower frequencies. Differences in the 
expression of SSTRs determined by qPCR and 
immunohistochemistry were noted (Table II). Our 
results extend the observations made by Palmieri 
et   al., who demonstrated SSTR expression in a small 
group of GISTs by immunohistochemistry [10]. In 
the present study, we further tested the possibility of 
visualizing SSTR-expressing tumors by scintigraphy. 
SSTR scintigraphy was performed in six patients, 
with all tumors being visualized clearly in three of the 
patients. Measurements of  111 In activity concentra-
tion in excised tumor specimens confi rmed that there 
was specifi c uptake of radionuclide in tumor tissue 
with T/B values ranging from 8 to 96. The maximum 
T/B values in GIST were compared to those in medul-
lary thyroid carcinoma and midgut carcinoids at vari-
ous intervals after injection of radionuclide (Figure 1). 
T/B values in GIST seemed to be in the same range 
as in medullary thyroid carcinoma but in general 
lower than in midgut carcinoids.  177 Lu-octreotate 
treatment via SSTR has been given in few patients 
with differentiated thyroid carcinomas. Single 
patients showed partial tumor response [16]. The 
patient (no. 25) with the highest T/B value (96) had 
multiple tumors, all visualized by SSTR scintigra-
phy. Binding and internalization of radiolabeled 
somatostatin analog was studied in tumor cells from 
two patients (nos. 15 and 25). Both experiments 
showed specifi c binding and internalization with 
rapid and continuous accumulation of radionuclide. 
Patient no. 25 underwent adjuvant imatinib treat-
ment and developed a late non-resectable recur-
rence. He could have been a candidate for palliative 
PRRT. Patient no. 15 was recurrence-free two years 
after surgery and adjuvant treatment with imatinib/
sunitinib. Considering the high degree of internaliza-
tion of  177 Lu in this patient, he might have been 
suitable for PRRT in case of non-resectable recur-
rence or TKI resistance. Of nine patients with  
primary  resistance, four had SSTR1 mRNA 
values     �    10 (nos. 12, 14, 15, and 31). These tumors 
had low values of SSTR2 (Table II). Of the four 
patients with  secondary  resistance (nos. 3, 17, 22, and 
33), only one (no. 17) had a high SSTR1 mRNA 
value (90.1). All these tumors had low SSTR2 values 
and two tumors had low SSTR5 values (Table II). 
For one of the patients with resistance (no. 15), 
binding and internalization of  177 Lu-octreotate were 
demonstrated in vitro. 

 A comparison between GISTs and NE tumors 
showed similarities and differences in SSTR expres-
sion and binding of radiolabeled somatostatin analogs 
(Figure 1). Both kinds of tumors express multiple 
SSTR subtypes: GISTs mainly SSTR1 & 2 and carci-
noid tumors mainly SSTR2 & 5 [17]. The majority of 
NE tumors are imaged by  111 In-octreotide scintigra-
phy due to preferential binding of octreotide to 
SSTR2 & 5. Heterogeneity among tumor lesions in the 
same patient, i.e. marked differences in  111 In-octreotide 
uptake, is common in patients with NE tumors [18]. 
Our data on SSTR1 & 2 expression indicate tumor het-
erogeneity in GIST, e.g. good tumor visualization in 
patients nos. 29 and 34 was obtained despite low SSTR 
expression values in the analyzed biopsies (Figure 4 and 
Table II) [18]. The uptake of radiolabeled somatostatin 
analog in cultured GIST cells was characterized by a 
high specifi c binding and internalization, similar to that 
described for NE tumors [12]. 

 Our experimental results show that there might 
be suitable conditions for PRRT via SSTR in 
certain GIST patients with TKI resistance. Cur-
rently available radiolabeled somatostatin analogs 
(e.g.  111 In-octreotide,  177 Lu-octreotate, and  90 Y-
octreotide) need to be evaluated for tumor specifi c-
ity and toxicity, but would still not be optimal for 
therapy of GIST. Instead, the radiolabeled soma-
tostatin analog should be optimized for this tumor 
type. The fact that SSTR1 is expressed at higher 
levels than SSTR2 in most GISTs, suggests that an 
analog with preferential binding to SSTR1, or to 
both SSTR1 & 2, should be tried. Octreotide and 
lanreotide have much higher affi nity for SSTR2 
than SSTR1, while the multi-receptor ligand pasir-
eotide binds to SSTR1 & 2 with approximately the 
same affi nity [19], but radiolabeled pasireotide is 
not yet available. Before clinical trials with radiola-
beled somatostatin analogs can be initiated, further 
studies on biodistribution and dosimetry of radio-
nuclides are needed. If designing improved radiola-
beled somatostatin analogs for GIST, one must 
consider both differences in binding affi nities and 
internalization between receptor subtypes. The high 
uptake of  111 In and  177 Lu observed in this study 
most likely represents internalization of radiolabeled 
analog after binding to SSTR2 & 5. Experimental 
studies on human SSTR1 – 5 in transfected CHO-K1 
cells showed maximal internalization of SSTR3, 
followed by SSTR5, 4, and 2 in decreasing order. 
No internalization was observed for SSTR1 [20]. 
On the other hand, transfected HEK cells expressing 
rat SSTR of subtypes 1 – 5 showed a different pattern 
of receptor internalization, with maximal internal-
ization of SSTR1 – 3 [21]. The reported differences 
in SSTR1 receptor internalization are probably due 
to species differences and specifi c tumor types. 



792 G. Arne et al. 

 In conclusion, GISTs express multiple SSTR 
subtypes that can bind and internalize radiolabeled 
somatostatin analogs. The experimental data suggest 
that SSTR may be used for targeted radiotherapy in 
selected patients with non-resectable GIST and TKI 
resistance. Optimization of radiolabeled analogs and 
biodistribution and dosimetry studies will be needed 
before clinical trials of PRRT via SSTR can be 
started in GIST patients.                     
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