
ONCOLOGY REPORTS  27:  174-181,  2012174

Abstract. To be able to evaluate new radiopharmaceuticals 
and optimize diagnostic and therapeutic procedures, relevant 
animal models are required. The aim of this study was to 
evaluate the medullary thyroid carcinoma GOT2 animal 
model by analyzing the biodistribution of 177Lu-octreotate and 
111In-minigastrin (MG0). BALB/c nude mice, subcutaneously 
transplanted with GOT2, were intravenously injected with 
either 177Lu-octreotate or 111In-MG0, with or without excess 
of unlabeled human minigastrin simultaneously with 111In-
MG0. Animals were sacrificed 1-7 days after injection in the 
177Lu-octreotate study and 1 h after injection of 111In-MG0. 
The activity concentrations in organs and tissues were deter-
mined and mean absorbed doses from 177Lu were calculated. 
There was a specific tumor uptake of either 177Lu-octreotate 
or 111In-MG0. 177Lu-octreotate samples showed high activity 
concentrations in tissues expressing somatostatin receptors 
(SSTR). For both radiopharmaceuticals the highest activity 
concentrations were found in the kidneys. Compared to results 
from similar studies in mice with another MTC cell line (TT) 
the biodistribution was favorable (higher tumor uptake) for 
the GOT2 model, while compared to other animal models 
expressing SSTR, the tumor uptake of 177Lu-octreotate was 
modest. In conclusion, the GOT2 animal model is a valuable 
model for evaluation and optimization of diagnostic and thera-
peutic procedures using radiolabeled somatostatin, CCK2 and 
gastrin analogues prior to clinical studies.

Introduction

The recent advances in diagnostic imaging and radionuclide 
therapy of neuroendocrine (NE) tumors using radiolabeled 
somatostatin analogues have been prominent (1). The radiola-
beled somatostatin analogue 111In-[DTPA0, D-Phe1]-octreotide 
(111In-octreotide) is routinely used for localization of soma-
tostatin receptor (SSTR) expressing tumors of various types. 
177Lu-[DOTA0, Tyr3]-octreotate (177Lu-octreotate) is used for 
therapy of carcinoid and endocrine pancreatic tumors with 
promising results. Much effort has been spent on finding 
other receptors overexpressed in tumors and radiolabeled 
receptor-binding peptides that could be used for radionuclide 
scintigraphy and therapy of other tumor types, e.g. cholecys-
tokinin-2 (CCK2)/gastrin receptors expressed by medullary 
thyroid carcinoma (MTC).

To be able to study methods to enhance the therapeutic 
results and to compare the usefulness of new radiopharma-
ceuticals, relevant animal models are required for testing and 
optimization of the procedures. To enable translation of results 
to patients, the animal model should resemble the treatment 
situation as closely as possible, and include human tumors 
with retained properties relevant for therapy. Important issues 
are similar biodistribution and dosimetric data, tumor charac-
teristics (tumor size and growth rate), radiation sensitivity, and 
similar normal tissue characteristics, including toxicity.

Today, there are few animal models available with peptide 
receptor-expressing human tumors. The GOT1 tumor cell 
line was derived from a human midgut carcinoid (2,3). The 
GOT1 tumor cells have been transplanted on nude mice and 
have well-preserved NE differentiation, express SSTR1-5 
(mainly SSTR2 and 5) and have a slow growth rate (about 
14-16 days doubling time). The low tumor growth rate can 
be an advantage, leading to more realistic therapeutic results. 
The NCI-H69 is a human small cell lung cancer cell line with 
rapid growth expressing SSTR (4,5). The BON cell line is a 
human pancreatic carcinoid cell line, expressing gastrin and 
somatostatin receptors, transplantable to nude mice, and with a 
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doubling time of about 13 days (6,7). KRJ-I is a human malig-
nant ileal carcinoid cell line that has been characterized and 
confirmed to be of enterochromaffin (EC) cell type (8,9).

The TT cell line is a human MTC cell line, transplantable 
to nude mice, and expresses gastrin receptors and SSTR (10). 
For the study of MTC treatment strategies other models have 
been used, e.g. transfection of CCK2/gastrin receptors to 
human embryonic kidney cells (HEK293) or to human epider-
moid carcinoma cells (A431) with subsequent transplantation 
to nude mice (11-13).

Numerous studies on radiolabeled octreotide, or octreotate, 
have been made on nude mice xenografted with GOT1 (14-17) 
or NCI-H69 (18-21). Studies using radioiodinated meta-iodo-
benzylguanidine (MIBG) have been performed in vitro or on 
nude mice xenografted with BON tumors (22,23).

Human MTC can have high expression of CCK2/gastrin 
receptors (24-26). These receptors can be targeted with gastrin 
analogues, e.g., Minigastrin-0 (MG0) (27). Targeting of CCK2/
gastrin receptors with radiolabeled gastrin-like peptides may 
be a tool for radionuclide imaging and therapy, as previously 
studied in TT (28-31), HEK293 (32) and A431 cells/models 
(31) with different results.

Diagnostic imaging with gastrin-like peptides labeled 
with 111In, or 99mTc, has previously been studied clinically with 
promising results (27,29,33-35). One study also examined the 
potential therapeutic effects of 90Y-DTPA-MG0 leading to 
tumor stabilization at the cost of severe renal toxicity (27). 
Scintigraphic imaging studies of patients injected with 111In 
labeled gastrin-like peptides, or octreotide, showed higher 
tumor detection rate using gastrin- than somatostatin-receptor 
images (94 vs. 41%) (35).

Since the access to human transplantable somatostatin 
and gastrin receptor expressing cell lines is limited, many 
researchers have used animal cell lines: the SSTR expressing 
rat pancreatic cell lines, AR42J and CA20948, from a hyper-
plastic exocrine pancreatic nodule and an acinar pancreatic 
tumor, respectively, after induction with azaserine (36-38).

The human MTC cells GOT2 can be xenotransplanted 
to nude mice (39) and have slow growth rate; an estimated 
doubling time of about 3 weeks. No biodistribution studies 
have to date been performed on GOT2 cells using radiolabeled 
somatostatin or CCK2/gastrin receptor targeting peptides.

The aim of this study was to evaluate the usefulness of 
the GOT2 animal model for evaluation of radiolabelled radio-
pharmaceuticals directed towards SSTR and CCK2/gastrin 
receptor by analyzing the biodistribution of 177Lu-octreotate 
and 111In-DOTA-MG0. The results were compared with 
similar data obtained in other animal models.

Materials and methods

Radiopharmaceuticals. 177Lu-trichloride and [DOTA0, 
Tyr3]-octreotate were purchased f rom the Nuclear 
Research and consultancy Group (NRG, Petten, The 
Netherlands). Radiolabeling of [DOTA0, Tyr3]-octreotate 
with 177Lu-trichloride was performed according to the 
instructions of the manufacturer. The fraction of peptide-
bound 177Lu was higher than 99%, as determined by instant 
thin layer chromatography (ITLC) with 0.1  M sodium 
citrate as the mobile phase.

DOTA-conjugated MG0 was obtained from the 
Department of Nuclear Medicine at Radboud University 
Nijmegen Medical Centre in Nijmegen, The Netherlands. 
Human minigastrin (MG) was purchased from Sigma-Aldrich 
Sweden AB, Sweden. The DOTA-MG0 was radiolabeled with 
111In by incubation with 111InCl3 (Mallinckrodt Medical B.V., 
Petten, The Netherlands) in 0.1 M ammonium acetate buffer, 
pH 5.5, for 30 min at 95˚C. The fraction of peptide-bound 111In 
was higher than 95% according to ITLC.

GOT2 animal model. GOT2 tumor tissue samples were inocu-
lated subcutaneously (s.c.) in the neck of female BALB/c nude 
mice (Charles River, Japan and Germany), aged 4-6 weeks, under 
anesthesia using 2.5% Avertin i.p. (Sigma-Aldrich Sweden AB). 
The age of the mice at start of experiments was 3-7 months; 
the tumor sizes were 30-615 mm3 in the 177Lu-octreotate and 
100-1600 mm3 in the 111In-MG0 studies. Water and autoclaved 
food were available ad libitum. The studies were approved by 
the Ethics committee for Animal Research at University of 
Gothenburg, Göteborg, Sweden.

Biodistribution of 177Lu-octreotate. GOT2 tumor-bearing 
nude mice were divided into seven groups injected with 
177Lu-octreotate; 5  MBq (3 groups, n=5/group), 10  MBq 
(3 groups, n=6/group), and 30 MBq (1 group, n=5/group), 
corresponding to 0.2, 0.4 and 1.3 µg peptide, respectively. The 
tumor size distribution within the groups was kept as similar 
as possible. All animals were injected intravenously into the 
tail vein. To determine the amount of radiopharmaceutical 
administered to each mouse, the syringes were measured 
before and after administration, using a well-type ionization 
chamber (CRC-15R, Capintec, NJ, USA), and values were 
corrected for detector background.

At day 1, 3 or 7 after injection, the mice were sacrificed by 
cardiac puncture under anesthesia with 2.5% Avertin (Sigma-
Aldrich Sweden AB). Samples of blood and thigh muscle, 
together with the adrenals, spleen, kidneys, liver, heart, 
pancreas and tumor were collected. All tissue samples were 
weighed and the 177Lu activity in each sample was measured 
using a Wallac 1480 γ counter (WIZARD™ 3'' Wallac Oy, 
Finland) with a 10% energy window over the 208 keV photon 
peak. Corrections for background and dead time were made. 
A calibration factor between the ionization chamber and the γ 
counter was determined and used.

Biodistribution of 111In-MG0. Ten GOT2 tumor-bearing 
mice were divided into two groups (n=5/group). The mice 
were injected intravenously in the tail vein with 22 kBq of 
111In-DOTA-MG0 (111In-MG0) in 0.15 ml solution. One group 
also received a 100-fold molar excess of unlabeled human 
minigastrin simultaneously.

All syringes containing 111In-MG0 were drawn from the 
same batch solution and injected activity was determined by 
measurements on several 0.15-ml samples of the batch solu-
tion prior to injection using the γ counter described above. 
Correction for detector background was made.

The mice were sacrificed 1 h after injection as described 
above. The animals were immediately dissected and 111In 
activity measurements were made ex vivo on adrenals, heart, 
kidneys, liver, lungs, spleen, tumor and samples of blood 
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(0.5-1 ml, from cardiac puncture) and muscle (from femur)  
using the γ counter.

Dosimetry. The 177Lu and 111In activity concentration in tissue 
at the time of injection, Ctissue, was calculated as the fraction of 
the injected activity, Ainjected, per unit mass of the tissue:

where Atissue is the activity of 177Lu and 111In in the tissue 
sample, corrected for radioactivity decay to the time of injec-
tion, and mtissue is the mass of the tissue.

The mean tumor-to-normal-tissue activity concentration 
ratio, tumor/normal-tissue, at the time of injection was calcu-
lated: 

To estimate the mean absorbed dose from 177Lu-octreotate 
in the normal tissue and in the tumor the MIRD (Medical 
International Radiation Dose) (40) formalism was used:

where Ãtissue is the cumulated activity i.e. the number of decays 
in the tissue source region during the time of interest, and 
was determined by estimating the area under curve for the 
injected activity concentration in each tissue vs. time. The 
product nE is the mean energy emitted per nuclear transfor-
mation (147 keV/decay for 177Lu including the contribution 
from β particles, Auger and conversion electrons). ¦ is the 

absorbed fraction and was set to 1 (electrons), and m is the 
mass of the tissue sample.

Statistical analysis. All results are expressed as the mean 
value and standard error of the mean (SEM). Student's t-test 
was used to analyse data between groups. P-values <0.05 were 
considered statistically significant. Linear regression analysis 
was performed using IBM SPSS statistics 18 (IBM Co., NY, 
USA) for the relationship tumor uptake vs. tumor mass and 
tumor/blood vs. tumor mass.

Results

Biodistribution of 177Lu-octreotate. The 177Lu activity concen-
tration in tissue samples from nude mice transplanted with 
GOT2 after injection of 177Lu-octreotate is shown in Table I. 
The highest 177Lu activity concentration was found in the 
kidneys. High activity concentration was also found in other 
tissues expressing SSTR, e.g. the tumor, adrenals and pancreas. 
The uptake in tumor tissue was lower than the in adrenals and 
pancreas, which also express SSTR. Blood, heart, liver, spleen 
and muscle had lower activity concentrations compared with 
the tissues mentioned at all time points studied. The activity 
concentration decreased with time after injection in the 
normal tissues as well as in the tumor. For most of the organs 
the activity concentration decreased faster between 24 h and 3 
days, with a slower reduction rate between 3 day and 7 day. In 
adrenals, heart, pancreas and tumor the activity concentration 
decreased with the amount of activity (amount of peptide), 
with higher values for 5 MBq than for 10 MBq (p<0.05, except 
for adrenals at day 1), which in turn gave higher values than for 
30 MBq at 24 h after injection (p<0.05).

The tumor/normal-tissue activity concentration ratio was 
highest for blood (12-26), and muscle (13-43) vs. all other 
tissues (Table II). The lowest tumor/normal-tissue value was 

Table I. Activity concentration (%IA/g) of 5, 10 or 30 MBq 177Lu-octreotate, corrected for radioactive decay, in different tissues 
in GOT2 tumor bearing nude mice at 24 h (n=5-6/group), 3 days (n=5-6/group) and 7 days (n=5-6/group) after injection.

	 177Lu activity concentration (%IA/g)
	 -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
	 5 MBq	 10 MBq	 30 MBq
Time after	 ------------------------------------------------------------------------------------------	 ----------------------------------------------------------------------------------------------------	 --------------------------
injection	 24 h	 3 days	 7 days	 24 h	 3 days	 7 days	 24 h

Tissue							     
	 Adrenals	 0.87 (0.17)	 0.62 (0.08)	 0.43 (0.05)	 0.72 (0.10)	 0.44 (0.03)	 0.18 (0.02)	 0.30 (0.01)
	 Blood	 0.020 (0.006)	 0.011 (0.004)	 0.0027 (0.0007)	 0.0099 (0.0023)	 0.0049 (0.0038)	 0.0016 (0.0002)	 0.011 (0.002)
	 Heart	 0.054 (0.004)	 0.036 (0.004)	 0.027 (0.002)	 0.036 (0.001)	 0.035 (0.002)	 0.014 (0.001)	 0.027 (0.003)
	 Kidneys	 5.0 (0.1)	 1.5 (0.3)	 0.62 (0.13)	 6.2 (0.3)	 2.4 (0.3)	 0.63 (0.11)	 5.4 (0.5)
	 Liver	 0.14 (0.01)	 0.076 (0.006)	 0.048 (0.002)	 0.12 (0.004)	 0.11 (0.01)	 0.040 (0.003)	 0.13 (0.01)
	 Muscle	 0.012 (0.002)	 0.057 (0.001)	 0.0024 (0.0003)	 0.023 (0.013)	 0.0083 (0.0012)	 0.0042 (0.0019)	 0.01 (0.01)
	 Pancreas	 2.0 (0.4)	 0.70 (0.06)	 0.28 (0.04)	 0.77 (0.12)	 0.48 (0.06)	 0.095 (0.011)	 0.48 (0.08)
	 Spleen	 0.12 (0.01)	 0.074 (0.009)	 0.058 (0.006)	 0.093 (0.006)	 0.077 (0.007)	 0.032 (0.002)	 0.11 (0.02)
	 Tumor	 0.37 (0.01)	 0.21 (0.01)	 0.094 (0.011)	 0.23 (0.02)	 0.086 (0.006)	 0.039 (0.001)	 0.13 (0.01)

Values are given as mean (SEM). 
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found for the kidneys. Initially (24 h after injection), tumor/
normal-tissue was higher than unity for blood, heart, liver, 
muscle and spleen. The ratio increased with time for blood, 
kidneys, and pancreas (5 MBq), and remained constant, or 
decreased with time, for the other tissue types. The tumor/
kidney and tumor/adrenals decreased with increased amount 
of activity/peptide at all points-in-time studied (p<0.05).

The linear regression analysis showed no correlation 
between tumor uptake and tumor mass for any peptide amount 
or time after injection, p>0.05 (Fig. 1A). Likewise, no relation-
ship between tumor/blood 177Lu activity concentration ratio 
and tumor mass was obtained, p>0.05 (Fig. 1B).

The mean absorbed dose from 177Lu-octreotate in the 
tumor was 0.013  Gy/MBq. In comparison, the absorbed 
dose was higher in the adrenals (0.051 Gy/MBq), pancreas 

(0.036 Gy/MBq), and the kidneys (0.35 Gy/MBq) compared 
to the tumor.

Biodistribution of 111In-MG0. The 111In activity concentrations 
(Ctissue) and tumor/normal-tissue of 111In-MG0 in nude mice 
transplanted with GOT2 are shown in Fig. 2A. The activity 
concentration was highest in kidneys and muscle followed by 
tumor. There was a significantly lower 111In activity concentra-
tion in the tumor in the mice that also received an excess of 
unlabeled human minigastrin simultaneously with the 111In-
MG0 (0.32%IA/g vs. 0.79%IA/g, p=0.01). This effect could 
also be seen for adrenals, liver, lungs, and spleen (p<0.05).

After injection of 111In-MG0 tumor/normal-tissue ratio 
was highest for heart and spleen, and values above unity were 
found for all tissue types except for the kidneys (Fig. 2B). In 

Table II. Tumor/normal-tissue activity concentration ratio (T/N) of 5, 10 or 30 MBq 177Lu-octreotate, corrected for radioactive 
decay, in different tissues in nude mice bearing the GOT2 tumor at 24 h (n=5-6/group), 3 days (n=5-6/group) and 7 days (n=5-6/
group) after injection.

	 Tumor/normal-tissue 177Lu activity concentration ratio (T/N)
	 -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
	 5 MBq	 10 MBq	 30 MBq
	 -----------------------------------------------------------------------------	 --------------------------------------------------------------------------------------	 -------------------------
Time after injection	 24 h	 3 days	 7 days	 24 h	 3 days	 7 days	 24 h

Tissue							    
	 Adrenals	 0.51 (0.11)	 0.35 (0.05)	 0.24 (0.04)	 0.36 (0.07)	 0.27 (0.03)	 0.20 (0.02)	 0.43 (0.02)
	 Blood	 23 (4)	 29 (8)	 46 (12)	 26 (3)	 27 (6)	 48 (7)	 12 (2)
	 Heart	 7.0 (0.6)	 6.1 (0.8)	 3.5 (0.3)	 6.6 (0.5)	 3.8 (0.4)	 2.8 (0.2)	 4.8 (0.4)
	 Kidneys	 0.073 (0.002)	 0.18 (0.06)	 0.18 (0.04)	 0.038 (0.003)	 0.040 (0.003)	 0.048 (0.005)	 0.023 (0.002)
	 Liver	 2.8 (0.2)	 2.8 (0.1)	 2.0 (0.2)	 2.0 (0.1)	 1.3 (0.2)	 0.93 (0.08)	 0.97 (0.12)
	 Muscle	 37 (7)	 38 (4)	 43 (11)	 20 (4)	 19 (4)	 14 (4)	 13 (1)
	 Pancreas	 0.20 (0.03)	 0.31 (0.03)	 0.36 (0.06)	 0.34 (0.06)	 0.60 (0.12)	 0.57 (0.09)	 0.29 (0.05)
	 Spleen	 3.2 (0.2)	 3.0 (0.4)	 1.7 (0.2)	 2.6 (0.3)	 1.4 (0.1)	 0.97 (0.06)	 1.2 (0.2)

Values are given as mean (SEM).

Figure 1. (A) Activity concentration (%IA/g) in GOT2 tumor tissue, and (B) corresponding tumor/blood 177Lu activity concentration ratio at 24 h, 3 days, and 7 
days after injection of 5, 10 or 30 MBq 177Lu-octreotate in nude mice as a function of tumor mass (g). Values are corrected for radioactive decay. No relationship 
between tumor uptake vs. tumor mass and tumor/blood vs. tumor mass was found (p>0.05).
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the mice that also received excess of unlabeled human mini-
gastrin, significantly lower tumor/normal-tissue values were 
found for all tissue types except for muscle (p<0.05).

No correlation between activity concentration of 111In-
MG0 in tumor and tumor mass could be seen (p>0.05). This 
finding was also observed for tumor/blood vs. tumor mass 
(p>0.05).

Discussion

In this study we evaluated the biodistribution of radiolabeled 
octreotate (somatostatin analogue) and MG0 (gastrin analogue) 
in nude mice transplanted with GOT2 tumor. The origin of 
GOT2 was a tumor biopsy from a patient with MTC harvested 
at surgery. Many MTCs overexpress SSTR and CCK2/gastrin 
receptors (24-26,41). Somatostatin receptor scintigraphy can 
be used for localization of MTC prior to surgery (42), and 
therapy using radiolabeled somatostatin analogues have been 
suggested for patients with high SSTR expression and non-
resectable tumor (41). Furthermore, many radiolabeled CCK2 
and gastrin analogues are produced and tested for binding 
specificity in order to find new radiopharmaceuticals useful 
for localization of tumors expressing CCK2/gastrin receptors 
(12,31,32).

A moderate, but specific, uptake of 177Lu-octreotate 
was demonstrated in the GOT2 tumors. No studies on 
177Lu-octreotate in other MTC animal models were found in 
the literature. When comparing the biodistribution data of 
177Lu-octreotate with corresponding data in animal models 
with other types of SSTR-expressing tumors differences 
between the models were found (Table III). The 177Lu activity 
concentration in GOT2 was much lower than that of the 
midgut carcinoid GOT1 and small cell lung cancer (SCLC) 
H69 (about 45 and 10 times lower, respectively) based on 
studies performed in our laboratory (17,18). The reason is the 
very high SSTR expression in these cell lines and low SSTR 
expression in GOT2 (39). Also the activity concentrations in 
CA20948 in rats and AR42J in nude mice were higher than 
in GOT2 (43).

Saturation of the SSTR is an issue that must be consid-
ered when using radiolabeled somatostatin analogues in 
animal models. In the GOT1 mouse model with very high 
expression of SSTR2 and 5, saturation was found at peptide 
amounts higher than 1 µg octreotide (15). In the present study 
reduced 177Lu activity concentration with increased amount 
of activity administered was found in GOT2 tumor tissue as 
well as in the SSTR expressing pancreas and adrenals. The 
effect was most prominent for pancreas with a reduction by a 
factor of 3 between the 5 MBq (0.2 µg) and 10 MBq (0.4 µg) 
groups. Since DOTA-octreotate has higher affinity for SSTR 
than DTPA-octreotide (44) and thus higher uptake in SSTR 
expressing tumors, the saturation should occur at even lower 
peptide amounts in the present study compared to GOT1 
studies. In the present study it was not possible to define the 
level of possible saturation.

The high kidney uptake of 177Lu-octreotate in the present 
study can be explained by the fact that kidneys in mice are 
one of few non-NE organs besides the pancreas that express 
all five SSTR (45-47). Further, there is a difference in the 
expression pattern of SSTR between human and mice kidneys, 
which complicates the translation of uptake data and dosi-
metry between species. Thus, high radionuclide concentration 
in kidneys in mice does not necessarily mean high uptake in 
human kidneys after injection of radiolabeled somatostatin 
analogues. On the other hand, the tumor/blood value in GOT2 
model was higher than in AR42J model (23 vs. 13 at 1 day after 
injection); a similar relationship was found for tumor/kidney. 
Furthermore, tumor/blood and tumor/kidney increased with 
time for GOT2 and H69 (by a factor of 2-3), while it clearly 
decreased with time for CA20948 (by a factor of 3-5). This 
longer retention in GOT2 and H69 indicates a higher internal-
ization in the tumor cells.

When comparing GOT2 with GOT1 model, only tumor/
blood, tumor/kidney, tumor/muscle (5  MBq) and tumor/
pancreas increased for GOT2 with time, while for GOT1 
the tumor/normal-tissue values for all normal tissues studied 
increased with time 3-14 days after injection of 177Lu-octreotide 
(14).

Figure 2. (A) 111In activity concentration in GOT2 tumor tissue (%IA/g), corrected for radioactive decay, and (B) corresponding tumor/normal-tissue 111In 
activity concentration ratios at 1 h after injection of 111In-MG0 in GOT2 tumor bearing nude mice. *Statistically significant difference between the groups, 
p<0.05). 
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As a consequence of the lower GOT2 uptake the mean 
absorbed dose to the tumor from 177Lu-octreotate was much 
lower for GOT2 tumors (0.011  Gy/MBq) than for GOT1 

tumors (1.6-4.0 Gy/MBq) (17,48) and H69 tumors (0.29 Gy/
MBq) (18). It should be noted that successful therapy has been 
achieved both in the GOT1 and H69 mouse models (17,19).

Table III. Biodistribution, given as 177Lu activity concentration [%IA/g] in various tumor bearing animal models 1 and 7 days 
after injection of 177Lu-octreotate.

Tumor type	 GOT2	 NCI-H69	 GOT 1	 AR42J	 CA20948
(animal)	 (nude mouse)	 (nude mouse)	 (nude mouse)	 (nude mouse)	 (rat)
Study	 Present study	 Schmitt et al (18)	 Kölby et al (17)	 de Araújo et al (43)	 Lewis et al (51)
Injected activity	 5 MBq (0.2 µg)	 3.3 MBq (0.7 µg)	 7.5 MBq (0.25 µg)	 0.74 MBq (1 µg)	 1.3 MBq (0.67 µg)
(peptide amount)

	 177Lu activity concentration (%IA/g)
Time after	 -----------------------------	 ---------------------------------	 -----------------------------------	 ------------------------------------	 ----------------------------------
injection	 1 day	 7 days	 1 day	 7 days	 1 day	 7 days	 1 day	 1 day	 7 days

Tissue
	 Adrenals	 0.87	 0.43	 0.34	 0.43	 -	 -	 2.1a	 0.21	 0.11
	 Blood	 0.020	 0.0027	 0.008	 0.001	 -	 -	 0.06	 0.030	 0.010
	 Heart	 0.054	 0.027	 0.034	 0.011	 -	 -	 0.1	 0.000	 0.070
	 Kidneys	 5.0	 0.62	 2.2	 0.27	 6-8	 -	 4.4	 1.7	 0.94
	 Liver	 0.14	 0.048	 0.1	 0.068	 -	 -	 0.4	 0.28	 0.18
	 Muscle	 0.012	 0.0024	 0.011	 0.001	 -	 -	 0.03	 0.012	 0.00
	 Pancreas	 2.0	 0.28	 0.41	 0.032	 -	 -	 1.6	 2.3	 1.1
	 Spleen	 0.12	 0.058	 0.12	 0.032	 -	 -	 0.3	 0.010	 0.010
	 Tumor	 0.37	 0.094	 3.7	 1.2	 17	 8	 0.8	 6.1	 0.65

Data are corrected for physical decay. aIn adrenals in this study the results were expressed as %IA/organ.

Table IV. Biodistribution, given as 111In activity concentration [%IA/g] in various tumor bearing animal models (all nude mice) 
1, 2 and 4 h after injection of 111In-MG0 using either DOTA or DTPA as chelating agent.

Tumor type	 GOT2	 HEK293-CCK2i4svR	 TT	 A431-CCK2R	 AR42J
Study	 Present study	 Lavermanet al (32)	 Béhé et al (30)	 Laverman et al (31)	 Mather et al (50)
Chelate	 DOTA	 DOTA	 DTPA	 DOTA	 DTPA
Injected activity	 22 kBq (20 ng)	 370 kBq (20 ng)	 555 kBq (10 µg)	 370 kBq (0.03 nmol)	 1300-1700 kBq (200 ng)
(peptide amount)

	 111In activity concentration (%IA/g)
Time after	 -----------------------------	 -----------------------------------------	 -------------------------------	 ---------------------------------------	 ----------------------------------------------
injection	 1 h	 2 h	 1 h	 1 h	 4 h

Tissue					   
	 Adrenals	 0.42	 -	 -	 -	 -
	 Blood	 0.32	 0.2-0.3	 0.20	 <0.1	 0.06
	 Heart	 0.15	 -	 -	 -	 -
	 Kidneys	 71	 60	 54	 55-60	 60
	 Liver	 0.24	 1.2-1.3	 0.12	 -	 -
	 Lungs	 0.32	 0.2-0.3	 -	 -	 -
	 Muscle	 2.3	 <0.1	 -	 <0.1	 -
	 Spleen	 0.17	 0.8-0.9	 0.10	 -	 -
	 Tumor	 0.79	 6.1	 0.45	 13	 2.6

Data are corrected for physical decay.
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The tumor/blood values for GOT2 animal model was 
compared with corresponding values for patients with MTC 
tumors obtained from biopsies during surgery (41,49) in Fig. 3. 
The values in the model are clearly in accordance with the 
clinical data, although tumor/blood values for some of the 
patients were much higher than those obtained in GOT2 model. 
Therapy of MTC using 177Lu-octreotate has been suggested for 
patients with high SSTR expression and non-resectable tumor 
(41). Based on the concordance of our clinical and GOT2 
data, the xenograft model seems to be useful as a relevant test 
model, even though therapy would not be efficient in patients 
with such a low uptake as seen in GOT2 cells.

Regarding 111In-MG0 there was a significantly lower uptake 
in GOT2 tumors in mice receiving an excess of unlabeled 
human minigastrin along with the 111In-MG0, which indicates 
a specific binding to the CCK2/gastrin receptors. This finding 
was, however, also seen in most other organs. High kidney 
uptake and relatively low tumor uptake, as obtained in the 
GOT2 model with 111In-MG0, have previously been shown for 
111In-DTPA-MG0 in nude mice bearing the human TT MTC 
cell line (71%IA/g and 0.79%IA/g, respectively, in the present 
study vs. 54%IA/g and 0.45%IA/g in the TT model after 1 h) 
(Table IV). The higher uptake and tumor/blood value in GOT2 
vs. TT tumors might depend on higher receptor expression. 
Differences in affinity due to separate chelating agents used 
in the two studies cannot be excluded. Activity concentrations 
in other organs and tissues were similar but slightly lower in 
the TT model.

In comparison with other studies performed with 
111In-labeled MG0 on BALB/c mice, bearing various tumor 
types, the highest tumor uptake was found in the CCK2/gastrin 
receptor transfected cell lines (6.1 and 13%IA/g vs. 0.79%IA/g 
for GOT2 after 1 h) (31,32,50) (Table IV). The uptake in the rat 
endocrine pancreatic tumor model AR42J was higher than in 
GOT2, but lower than in the transfected tumors (50).

All studies with 111In-labeled MG0 displayed high 
kidney uptake (55-70%IA/g after 1-4 h). One of the studies 

also demonstrated that co-injection of polyglutamic acids 
effectively reduced the kidney uptake of 111In-DTPA-MG0 
with up to 90% (30), which suggests that radiolabeled gastrin 
analogues might be useful for diagnosis, and possibly therapy, 
despite the high kidney uptake.

In the H69 model we previously found an inverse rela-
tionship at 24 h, but not at 3 and 7 days after injection of 
177Lu-octreotate between activity concentration and tumor 
mass, demonstrating a higher uptake in smaller tumors (18). 
No such correlations between activity concentration and tumor 
mass, or tumor/blood and tumor mass, were seen for GOT2 
given 177Lu-octreotate or 111In-MG0.

Despite the relatively moderate uptake of both 
177Lu-octreotate and 111In-MG0 in GOT2 tumors in mice, the 
conclusion is that this xenograft model may be suitable for 
the evaluation of radiolabeled somatostatin, CCK and gastrin 
analogues for diagnosis and therapy of MTC. The possibility 
of blocking the uptake of radionuclide in the kidney should be 
considered.
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