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Targeted radionuclide therapy using radioisotopes is emerging as 
a very important technology in diagnosing and treating cancer in 
the field of cancer therapy [1]. There are several methods for using 
targeted radionuclide therapy, but they are largely classified into 
two methods, using antibodies or using peptides, depending on the 
type of carrier [2]. Antibodies are protein-type substances and mac-
romolecules with a very large structure. Therefore, structural dena-
turation easily occurs; handling conditions are very difficult, and 
the price is high. However, when trying to increase the integration 
rate for a specific target, there is the advantage of high specificity. 
On the other hand, peptides have a relatively small structure, and 
the synthesis method is simple; therefore, they are easy to handle, 
and their price is low [3]. Because they have a low molecular weight 
structure compared to antibodies, the binding specificity of pep-
tides with a specific target may be small; however, depending on 
the selection of the target, effective results may be produced at a 
lower cost than with an antibody. Generally, the carrier material la-
belled with the radioisotope is a combination of a material capable 
of binding to a specific target in the body and a chelator [4]. Many 
studies have recently been done on radioactive isotopes such as Lu-
177, called theragnostic nuclides, because they can simultaneously 
emit beta and gamma rays to perform treatment and diagnosis at 
the same time [5]. The use of a pair-isotope is a way to replace and 
compensate for the defects of the theragnostics, and the represen-
tative pair-isotope is Scandium-44/47 [6]. The two elements have 
the same chemical properties, but they emit radiation with different 
properties because the physical properties differ depending on the 
difference in mass number. In the case of Sc-47, radiation that is 
good for treatment is generally emitted; thus, it can be used as a 
therapeutic radioisotope, and in the case of Sc-44, radiation that 
is good for diagnosis is released; therefore, it can be used as a di-
agnostic radioisotope [7]. Theragnostic nuclides are nuclides that 
are attracting attention because one nuclide can be used for both 
diagnosis and treatment at the same time, but it is impossible to 
completely replace the pair-isotope if the diagnosis and treatment 
need to be reliably separated into distinct stages. 

CCK receptors are overexpressed in several cancer cells and have a 
high expression rate, especially in lung cancer and pancreatic cancer 
[8]. CCK receptors are pharmacologically divided into two main 
categories depending on their suitability with gastrin. The suitabil-
ity of the CCK1 receptor is low, but the CCK2 receptor exhibits a 
high binding strength due to its high suitability with gastrin [9]. In 
CCK receptors, Tyr residues have a great influence on determining 
binding ability. When the Tyr residue is sulfurized, the bonding 
strength with the peptide can be maintained very high [10]. In the 
case of CCK binding to the CCK receptor, the amino acid residues 
in the C-terminal are used for binding to the receptor [11]. The 
C-terminal consists of Trp-Met-Asp-Phe-NH2, and the synthesis of 
CCK-like peptides using these amino acid sequences results in a 

The Cholecystokinin (CCK) receptors are known to overexpress in various types of 
tumors. Through a previous study, a cyclic CCK analogue, DOTA-[Nle]-cCCK, was 
confirmed to have high in vivo stability and the tumor target ability of DOTA-[N-
le]-cCCK capable of binding to the CCK receptor was confirmed through Lu-177 
labeling. In this study, DOTA-[Nle]-cCCK was labeled with the pair-isotope, Sc-
44/47, to confirm a technology that possibly could be applicable to radiopharma-
ceutical. First, we confirmed that the CCK receptor was overexpressed in AR42J, a 
cancer cell overexpressed in cancer tissue, and measured the binding ability of the 
receptor and DOTA-[Nle]-cCCK. We established the labeling method of radioactive 
scandium, and we confirmed that the Sc-44 labeled DOTA-[Nle]-cCCK adminis-
tered to mice remained mostly in the bladder within an hour. Cell experiments 
with Sc-47 labeled DOTA-[Nle]-cCCK confirmed that more than half of the cancer 
cells were killed at a concentration of 5 MBq/ml. Through this study, we were able 
to confirm the diagnostic/therapeutic applicability of the DOTA-[Nle]-cCCK label 
with pair-isotope Sc-44/47.
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material that can bind specifically to CCK receptors. In addition, 
by combining substances that can be labeled with radioisotopes to 
the N-terminal part, it is possible to synthesize substances that can 
be used in the development of labeling drugs targeting CCK recep-
tors using radioisotopes.

MATERIAL AND METHODS
Chemicals

RPMI-1640 media were purchased from LONZA (MD, Walkers-
ville, USA). DyLight 488 NHS Ester was purchased from Thermo 
Scientific (NH, Hudson, USA). Fetal bovine Serum (FBS), peni-
cillin, streptomycin, L-glutamine, 0.25% trypsin-EDTA, Dimeth-
yl Sulfoxide (DMSO), phosphate-buffing saline, formaldehyde 
(CH2O), sucrose, propidium iodide and crystal violet dyes were 
purchased from Sigma-Aldrich Co., Ltd., Louis St.

Cells

AR42J pancreatic cancer cells were purchased from ATCC (Manas-
sas, VA, USA) and cultured in RPMI-1640, supplemented on a 
100 mm plate with 100 units/mL penicillin, 100 g/mL strepto-
mycin and 10% fetal bovine serum. In addition, AR42J pancreatic 
cancer cells were cultured at 37°C for fusion of up to 90% in a 5% 
CO2 atmosphere in air.

Animals

Male C57BL/6 mice (18-22 g, 6 weeks) were supplied by Nara 
Biotec Inc. (Seoul, Korea). All animals were kept in wire cages at 
20 and 22oC and given standard laboratory chow and water ad li-
bitum, and the humidity was maintained at 50 ± 10 %. The man-
agement protocols and test system and animal care were authorized 
by the committee of Korea Atomic Energy Research Institute. All 
experiments were conducted in accordance with the relevant guide-
lines and regulations.

Peptide

The DOTA-[Nle]-cCCK was synthesized by the automated Mul-
tiple Biomolecular Synthesizing System from Peptron, Daejeon, 
South Korea (Figure 1). Fmoc-amino acid bond 4-Methylbenzhy-
drylamine (MBHA) resin was used as a fixed polymer support for 
solid phase synthesis. The Fmoc protector was removed from the 
resin boundary Fmoc-Met-OH under standard cutting conditions, 
and as a result, the peptide was separated from the polymer sup-
port by mixing with 90% TFA containing 2.5% Triisopropylsilane 
(TIS), 2.5% Ethianisol (EDT), 2.5% thionisol and 2.5% deionized 
water [12].

Combining receptors

AR42J cells were cultured in cover glass-bottom plate for the anal-
ysis of binding a residual amount of DOTA-[Nle]-cCCK. AR42J 
cells were treated for 20 minutes with 10 mL of DyLight 488 NHS 
Ester or DyLight 488 NHS Ester-conjugated DOTA-[Nle]-cCCK, 
and propidium iodide was added for nuclear detection. The cells 

were fixed with 4% CH2O and 3% sucrose. Fluorescent micros-
copy (Leica Microsystems, Wetzlar, Germany) was used to observe 
the stained cells.

Radiolabeling

DOTA-[Nle]-cCCK was liquefied with a sodium acetate buffer (50 
mM, pH 5.5) to give 10-6 mol/mL. The final volume was 1 mL 
by injecting a diluted 44ScCl3 or 47ScCl3 solution (37 MBq) of 
5.5 M HCl into the vial of the peptide (10-8 mol) solution. Then, 
the bottle was heated at 90°C for 20 minutes. Radioactive label-
ing yield, radioactive chemical purity, and stability of the radioac-
tive labeling compounds were analyzed by a water chromatograph 
equipped with an X-Terra C-18 column. A binary gradient system 
with a flow rate of 1.0 mL/min was dissolved using a 0.1% elution 
solvent, 5% acetonitrile, 0.1% acetonitrile, and 5% acetonitrile.

In vivo excretion

The mice were anesthetized by exposure to 2% isoflurane with oxy-
gen. Small animal PET images were taken in the mice with Sc-44, 
Sc-44-DOTA and Sc-44-DOTA-[Nle]-cCCK at intervals of 1 hour 
and 17 hours after intravenous injection through the tail veins.

Cytotoxicity

AR42J cells were plated on to a 12-well culture plate with 1 ml of 
RPMI-1640 growth medium at a density of 1 × 105 and cultured 
at 37 °C and 5% CO2 for 24 hours in a humidified atmosphere of 
95% air. The growth medium was replaced by FBS containing a 
phenol red pre-experimental medium and 10 μl of DMSO. The 
treatment lasted 24 hours. At the end of the culture, the cyto-
toxicity of the compound was evaluated by a dye absorption test 
using crystal violet as described above [13]. Optical density mea-
surements were obtained at 540 nm using a microplate reader. The 
average absorbance value of the control device was considered as 
100% cell viability.

Statistical analysis

All values are expressed as the mean ± Standard Deviation (SD). 
Student’s t-test was used to evaluate differences between groups and 
the two-sided Spearman’s correlation coefficient was used to deter-
mine the relationship between variables. A probability of less than 
0.05 was considered to be statistically significant.

RESULTS

We found from immune-histogram images that many CCKRs 
were stained in lung cancer tissues, but there was little expression 
of CCKR in normal lung tissues (Figure 2). From this result, it was 
confirmed that CCKR, which was confirmed to be overexpressed 
only in cancer tissue, was a suitable target for use in this experiment. 

In Figure 3, red staining indicates the cell nucleus, and both the 
“NORMAL” and the “SAMPLE” groups have red stained nu-
clei, indicating that actual cells exist. However, in the case of the 

Fig. 1. Structure of DOTA-[Nle]-cCCK.

Fig. 2.  Immunohistogram image of CCKR stained cells. Normal 
(a) and cancer (b) cells were stained with CCKR targeted
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green-looking DyLight 488 NHS ester, a large amount remained 
after washing in the “SAMPLE” group treated with DOTA-[N-
le]-cCCK, while little remained after washing in the “NORMAL” 
group treated only with the DyLight 488 NHS ester. From this ex-
periment, it was confirmed that DOTA-[Nle]-cCCK binds well to 
the cancer cell AR42J, and even when applied to actual treatment, 
it was expected to bind to cancer cells and have a role in killing 
cancer cells.

A labeling experiment was done to check whether DOTA-[N-
le]-cCCK is labeled with Sc-44. From this experiment, it was pos-
sible to confirm the labeling rate and establish a stable labeling 
protocol. After the labeling, we conducted ITLC using Na-citrate 
deployment solvent for free Sc-44, Sc-44-DOTA and Sc-44-DO-
TA-[Nle]-cCCK. As a result of the experiment, it was confirmed 
that one peak came out neatly for each group, and the location of 
each peak was different. As a result of the ITLC measurements, 
free Sc-44 was measured at 78 mm; Sc-44-DOTA was measured 
at 43 mm, and Sc-44-DOTA-[Nle]-cCCK was measured at 21 
mm. When the Na-citrate buffer was used as a deployment sol-
vent, the affinity with the deployment solvent was high in the order 
of free Sc-44, Sc-44-DOTA, and Sc-44-DOTA-[Nle]-cCCK, and 
through this method, it was possible to check whether it was la-
beled (Figure 4).

To measure in vivo excretion, free Sc-44, Sc-44-DOTA, and Sc-
44-DOTA-[Nle]-cCCK were injected into the mouse at a con-
centration of 0.045 mCi/100 μL, respectively. The mouse was 
anesthetized using isoflurane, and PET imaging was performed 
immediately after injection, 1 hour after injection, and 17 hours 

after injection. From the PET imaging results, unlike free Sc-44, it 
was confirmed that only a little residual amount of Sc-44-DOTA 
and Sc-44-DOTA-[Nle]-cCCK remained in the body other than in 
the bladder after 1 hour. To have high value as a radioactive drug, 
substances that are not bound to the target must be excreted quick-
ly. Through this experiment, high excretion rates were confirmed, 
and in the case of Sc-44-DOTA-[Nle]-cCCK, unlike Sc-44-DO-
TA, the possibility as a radiopharmaceutical could be confirmed 
because target accumulation in the body can be expected through 
the peptide (Figure 5).

Cell viability experiments of Sc-47-DOTA-[Nle]-cCCK to confirm 
its cancer treatment capacity showed that almost half of the can-
cer cells were killed when treated with 5 MBq/ml of Sc-47-DO-
TA-[Nle]-cCCK. This result is similar to the values derived from 
the experiment using radioisotopes for the treatment, and it was 
confirmed that there is a possibility that the Sc-47-DOTA-[Nle]-
cCCK can be used as an actual therapeutic agent (Figure 6).

DISCUSSION

Using radiopharmaceuticals that emit radiation have many difficul-
ties. First, to produce radiopharmaceuticals, a separate production 
facility capable of handling radiation must be secured to proceed 
with the production process placing workers at risk of exposure. 
When using radiation therapy, it is necessary to secure separate iso-
lation beds in hospitals, and only those with specific qualifications 
can handle radiopharmaceuticals [14]. In addition, related wastes 
generated during production and use should be treated as radio-
active waste. To proceed with this process, it takes a lot of money 
and requires various procedures. Therefore, radiopharmaceuticals 
are inevitably avoided if there are other pharmaceuticals that can 
replace them.

However, the reason why radiopharmaceuticals are still used is that 

Fig. 3. Fluorescent microscope images of AR42J binding with DOTA-[N-
le]-cCCK. AR42J cells were treated with fluorescent samples (a, b) or 

fluorescent samples bonded to DOTA-[Nle]-cCCK (c, d) and confirmed with 
fluorescent microscopy. Red represents the nucleus stained through PI 

dyeing, and green represents a fluorescent sample.

Fig. 5. Small Animal PET Image of excretion in mice. Free Sc-44 (a), Sc-44 
labeled DOTA (b), and Sc-44 labeled DOTA-[Nle]-cCCK (c) were adminis-

tered to mice. The excretion of the administered substances was confirmed 
through PET imaging at 0, 1, and 17 hours after administration.

Fig. 6. Cytotoxicity of Sc-47 labeled DOTA-[Nle]-cCCK. 1 × 105 AR42J cells were 
cultured on a 12-well culture plate, treated with Sc-47 labeled DOTA-[Nle]-cCCK 
by concentration. The amount of cells was measured by washing 1 hour after 

the treatment, incubating for 24 hours, and then using the Crystal Violet meth-
od. All data are expressed as mean ± SD (n=4 in a single experiment). *P<0.05 

versus Non group. **P<0.005 versus Non group.

Fig. 4. Sc-44 labeling confirmation graph using ITLC. Free Sc-44 (a), Sc-44 
labeled DOTA (b), and Sc-44 labeled DOTA-[Nle]-cCCK (c) were confirmed 

through ITLC. Peaks were formed at the following positions: 78 mm (a), 43 
mm (b) and 21 mm (c).
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their effectiveness, which cannot be replaced by other pharmaceu-
ticals, can be expected. Radiation emitted by radioisotopes is a 
characteristic of radiopharmaceuticals that is difficult to artificially 
produce in other alternative pharmaceuticals, and radiopharmaceu-
ticals that effectively utilize radiation are useful [15-17].
Recently, research has been actively conducted on the development 
of radiopharmaceuticals using theragnostic radioisotopes that can 
be applied simultaneously for diagnostic and treatment purposes by 
simultaneously emitting beta and gamma rays [18-20]. A pair-iso-
tope is a more customized way to use theragnostic radioisotopes, 
which are applied simultaneously as one nuclide for diagnosis and 
treatment [21]. Even if the dose is adjusted to use the drug labeled 
with the theragnostic radioisotopes only for diagnosis, the effect 
of beta-ray emission on the body cannot be completely prevented. 
However, when a pair-isotope is used, radioactive drugs with the 
same chemical properties but different types of radiation emitted 
can be developed. For diagnosis, gamma-ray-emitting radioisotopes 
can be administered to block unnecessary in vivo effects by the be-
ta-rays, and for treatment, beta-ray-emitting radioisotopes can be 
selected and administered, and if both are administered at the same 
time, it is possible to confirm the movement in vivo. Consider-
ing the characteristics of radioisotopes, Sc-44 and 47 are a suitable 
pair-isotope for medical applications [7].

CONCLUSION

The aim of this study was to confirm the medical applicability of 
labeling Sc-44/47, a pair-isotope, on a carrier compound derived 
in a previous study and to confirm the movement in vivo and its 
ability as a cancer therapy. The carrier compound was prepared 
targeting CCKR, which was confirmed to have increased expres-
sion in cancer cells, and its binding ability with the receptors was 
confirmed following previous studies. By standardizing the label-

ing protocol of radioactive scandium, it was confirmed that it was 
stably labeled with a yield of 95% or more. In the case of radio-
pharmaceuticals, it is important that non-binding substances are 
excreted quickly without being accumulated in the liver or kidneys, 
and when Sc-44-DOTA-[Nle]-cCCK was administered to mice, it 
was confirmed that most of it gathered in the bladder within an 
hour. Finally, using Sc-47-DOTA-[Nle]-cCCK as a treatment, it 
was confirmed that AR42J cancer cells were killed, and the possibil-
ity of using it as a cancer treatment was also confirmed.
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