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Introduction
Neuroblastoma is the third most common cancer of childhood, second only to leu-kemia 

and brain tumors [1]. Neuroblastoma arises from primitive sympathetic ganglion cells 
(neural crest cells), so it can arise anywhere throughout the sympathetic nervous systems. 
Among them, adrenal gland is the most common site (48%) followed by ex-tra-adrenal 
abdominal location (18%), and the remainder arise from the posterior medias-tinum, 
thorax, neck, pelvis and other locations. Because it has a high possibility of metas-tasis at 
the time of diagnosis, it accounts for nearly 15% of all childhood cancer fatalities [2]. It has 
been reported that children within 1 year old at diagnosis of neuroblastoma have a higher 
5-year survival rate compared with those older children when received diagnosis [3]. Early 
diagnosis and therapy are of great significance. There are several imaging techniques to 
diagnosis and evaluate neuroblastoma and every method has its strengths and weaknesses. 
Ultrasonography (US) is the first technology to be considered when an abdominal mass is 
suspected in a child because it is safe without radiation and fast [4]. To further evaluate the 
extent of disease and assist in staging, Computed Tomography (CT) and Magnetic Resonance 
(MR) imaging are needed. Whole-body MR imaging show high sensitivity for detecting 
skeletal metastases, but the specificity remains low because it is difficult for MR to determine 
whether a lesion was ac-tive after treatment [5].

Nuclear medicine as a functional imaging technique has the potential to detect the tumor 
viability and certain molecular expression and guide the therapy regimen. MIBG is an analog 
of norepinephrine and can be taken up by norepinephrine transporters which expressed 
in up to 90% neuroblastomas [6]. Iodine 123 (123I)–labeled MIBG single photon emission 
computed tomography (SPECT)/CT has become the test of choice for identifying metastatic 
disease because of its high specificity [7]. But the use of 123I-MIBI is limited by unavailability. 
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Abstract
 Early diagnosis and therapy of neuroblastoma are critical which determine the prog nosis. Nuclear 
medicine plays a crucial role in theranostics and new radioactive agents are exploring in neuroblastoma. 
68Ga-FAPI-04 has become a valuable radiotracer to detect metabolic lesions clinically. To explore the 
possible application of 68Ga-FAPI-04 in neuro-blastoma, we evaluated its uptake in neuroblastoma-
bearing mice compared with 18F-FDG and extracted the xenografts for IHC assay. The PET-CT imaging 
showed significant up-take of tumor both in 68Ga-FAPI-04 and 18F-FDG at 50min, and the tumor-to-
muscle of 68Ga-FAPI-04 (3.29±0.62) and 18F-FDG (3.25±0.32) are similar. The tumor-to-muscle was still 
high at 90min. IHC assay demonstrated positive FAP expression of neuroblastoma xenografts which 
consisted with the PET-CT imaging. 68Ga-FAPI-04 showed high tissue contrast and prolonged uptake in 
neuroblastoma, and this result shows the viability of 68Ga-FAPI-04 in neuroblastoma.
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Fluorine 18 (18F) fluorodeoxyglucose (FDG) positron emission 
tomography (PET)/CT is the most common method to evaluate 
tumor metabolism and activity in most tumors in clinic [8]. But the 
FDG response does not always correlate with the response of MIBG 
[9]. Octreotate labeled with 68Ga (68Ga-DOTATATE, 68Ga-DOTATOC 
and 68Ga-DOTANOC) are investigated currently in neuroblastoma 
which expressed somatostatin receptor 2 [10]. In addition, new 
radiotracers are exploiting to capture more meaningful information 
of neuroblastoma. In this study, 68Ga-FAPI-04 which targets 
tumor stroma was performed in neuroblastoma preclinically to 
preliminarily evaluate the feasibility and compare with 18F-FDG.

Materials and Methods
Preparation of radiopharmaceuticals 

The precursor molecules of FAPI-04 were obtained from 
Shanghai Nice-labeling Bio-Technology Co., LTD. The precursors 
were of chemical purity above 99%. 68Ga was eluted by HCl (0.05 
mol/L) from 68Ge/68Ga-generator. In a typical labeling procedure, 
100µg FAPI-04 dissolved in 1mL sodium acetate (0.25mol/L) were 
mixed with 185MBq 68Ga eluted by 4mL HCl and reacted at 100 ℃ 
for 10min to get 68Ga-FAPI-04. The final product was sterile and 
pyrogen-free, and the radiochemical purity was > 95%. 18F-FDG 
was obtained from Shanghai Atomic Pharmaceutical Co., Ltd., 
radiochemical purity > 95%.

Cells and animal models 
Murine neuroblastoma cell IMR-32 was obtained from National 

Collection of Authenticated Cell Cultures. The cells were cultured in 
DMEM medium containing 10% Fetal Bovine Serum (FBS) and 1% 
penicillin–streptomycin. The cells grew adherent when cultured at 
37 ℃, 5% CO2 and appropriate humidity. SCID female mice were 
obtained from Shanghai Lingchang Biotechnology Co., LTD. The 
animals were kept in the Animal Experiment Center of Changhai 
Hospital of SPF level. Then, 1 × 106 IMR-32 cells in 0.1mL mixture 
of PBS and Matrigel at a 1:1 ratio was inoculated subcutaneous 
into the right trunk of the mice. When the tumor reached an 
average volume of 300 – 500 mm3, experiments of imaging can be 
performed.

PET-CT imaging
All imaging acquisition was performed on a clinical used PET-

CT scanner (Bio-graph64, Siemens Healthcare, Erlangen, Germany). 
Before imaging, the model mice were injected with 50μL sodium 
pentobarbital (3%) into the abdominal cavity for anaesthesia. 3.7 
MBq tracers were injected Intravenously (IV) into IMR-32 tumor-
bearing mice and 68Ga-FAPI-04 (n = 3) and 18F-FDG (n = 3) image 
scanning was performed at 50 min and 90min post-injection. For 
quantification of tracer uptake, 3D Regions of Interest (ROI) were 
drawn on the muscle and tumor.

FAP expression analysis by IHC staining
Tumor samples extracted from tumor-bearing mice were 

fixed with 4% paraformaldehyde. The samples were trimmed, 
dehydrated, embedded, sliced, stained and sealed when in good 
fixation in strict accordance with the instruction of pathological 
experiment examination. Rabbit monoclonal antibodies against FAP 
Rabbit anti-human FAP was used for IHC analysis. Tissue sections 
were scanned using a panoramic slice scanner (3DHISTECH, 
PANNORAMIC DESK/MIDI/250/1000). CaseViewer2.4 scanning 
software was used to select the target area of the slice for imaging.

Statistical analysis

Statistical analyses were performed GraphPad Prism software 8.0. 
Measurement data were expressed as mean ± standard deviation, 
and T test was used for comparison between groups. P < 0.05 was 
considered statistically significant.

Results
PET-CT imaging

The PET-CT images showed significantly high uptake of 68Ga-
FAPI-04 and 18F-FDG in IMR-32 tumors (Figure 1a & 1b) with 
different distribution invivo. Compared to 18F-FDG, 68Ga-FAPI-04 
accumulated more in liver and gastrointestinal tract. However, the 
quantitative analysis demonstrated similar tumor-to-muscle-ratio 
based on SUVmax values of tumors in both 50min and 90min post-
injection.

Figure 1:
(a) PET-CT imaging (cross-sectional images and coronal images) of 68Ga-FAPI-04 and 18F-FDG in IMR-32-

bearing mice at 50min post-injection. 
(b) The tumor-to-muscle ratio of 68Ga-FAPI-04 and 18F-FDG in 50min and 90min post-injection.



643

Gastro Med Res   Copyright © Changjing Zuo

GMR.000660.7(2).2022

Histopathology 
Immunohistochemical assays were performed to detect FAP 

level of IMR-32 xenografts. Hematoxylin and Eosin (H&E) staining 

revealed a good tissue morphology of IMR-32 xenografts (Figure 
2a). In addition, immunohistochemical staining revealed the 
positive FAP expression in the IMR-32 xenografts (Figure 2b). 

Figure 2:
(a)	 Hematoxylin	and	eosin	(H&E)	staining	of	IMR-32	tumors	(magnification,	×10).
(b) Immunohistochemical staining of IMR-32 tumor xenografts using an FAP antibody (yellow arrows indicate 

FAP	positive)	(magnification,	×10).

Discussion
Fibroblast Activation Protein (FAP) is a type II transmembrane 

serine protease and is overexpressed on Cancer-Associated 
Fibroblasts (CAFs) found in the tumor stroma of various tumors 
[11]. Several FAP Inhibitors (FAPI) variants have been labeled 
with multiple radionuclides for PET and SPECT imaging and show 
great potential in detecting pan-cancer [12-15]. Among these 
radiotracers, FAPI-04 labeled with 68Ga presents remarkably high 
uptake and image contrast in several highly prevalent cancers 
through the implement on 28 different tumor entities in clinic 
patients [16]. Sarcoma, esophageal, breast, cholangiocarcinoma, 
and lung cancer patients showed the highest uptake (SU-Vmax >12), 
while the lowest uptake of 68Ga-FAPI-04 (SUVmax <6) was detected 
in pheochromocytoma, renal cell, differentiated thyroid, and gastric 
cancers were. 68Ga-FAPI-04 has shown excellent application in 
clinical diagnosis and is superior to 18F-FDG in de-tecting small 
metastases [17]. However, there are almost no studies of 68Ga- FAPI-
04 in neuroblastoma. In this study, we found that 68Ga-FAPI-04 PET-
CT imaging demonstrated the uptake in the neuroblastoma tumors 
which is according with the IHC result of positive-FAP expression. 
Although the uptake in liver and gastrointestinal tract could 
influence the imaging of tumor, the tumor-to-muscle demonstrated 
its good contrast similar to the common radiotracer 18F-FDG.

FAP-targeting radiotracers can not only assist in tumor 
detection, but also show potential in therapeutics. By labeling 
with therapeutic radionuclides 90Y, two metastatic breast cancer 
patients tolerated treatments very well with 90Y-FAPI-04, indicating 
that the treatment was safe [18]. Kuyumcu et al. [19] used low-
dose 177Lu-FAPI-04 to evaluate radiation-absorbed doses to normal 
organs, finding that the dose to critical organs was significantly 
low [19]. Recently, 177Lu-FAPI2286 was reported a higher radiation 
dose to pancreatic cancer lesions in clinic and presented excellent 

therapeutic effect [20]. A series of re-searches show the promising 
application of radionuclide labeling-FAP variant in theranostic. 
However, the experience on targeted radionuclide applications 
is mainly restricted to a small number of disease entities, and 
exploration to neuroblastoma is meaningful.

Foundation: 2020YPT002.

Conclusion
 We constructed mouse neuroblastoma models and detected 

the tumor uptake successfully with 68Ga-FAPI-04 PET-CT. Compared 
to 18F-FDG, 68Ga-FAPI-04 showed more up-take in liver and 
gastrointestinal tract, but the tumor-to-muscle is similar. The result 
of FAP expression by IHC consisted with the PET-CT imaging.
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