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Abstract

Purpose—Without a standard test for pancreatic carcinomas, this highly lethal disease is 

normally diagnosed at its advanced stage, leading to a low survival rate of patients. Trophoblast 

cell-surface antigen 2 (Trop-2), a transmembrane glycoprotein, is associated with cell proliferation 

and highly expressed in most of solid epithelial tumors, including pancreatic cancer. A non-

invasive method of imaging Trop-2 would greatly benefit clinical diagnosis and monitoring of 

pancreatic cancer. In the current study, 89Zr-labeled anti-Trop-2 antibody (AF650) was recruited 

for the systemic evaluation of Trop-2 as an immunoPET target for pancreatic cancer imaging.

Methods—AF650 was conjugated with desferrioxamine (DFO) and then radiolabeled with 
89Zr. Trop-2 expression levels were determined in three pancreatic cancer cell lines (BxPC-3, 
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MIA PaCa-2, and AsPC-1) via western blot, flow cytometry, saturation binding assay, and 

immunofluorescence staining. The targeting capacity of 89Zr-DFO-AF650 was evaluated in mouse 

models with subcutaneous xenograft of pancreatic cancers via PET imaging and bio-distribution 

studies. In addition, a Trop-2-positive orthotopic cancer model was recruited for further validating 

the targeting specificity of 89Zr-DFO-AF650.

Results—BxPC-3 cells expressed high levels of Trop-2, while AsPC-1 and MIA PaCa-2 cells 

expressed low levels of Trop-2. Additionally, 89Zr-DFO-AF650 exhibited high specificity to 

Trop-2 in BxPC-3 cells (Kd = 22.34 ± 2.509 nM). In subcutaneous xenograft models, about 28.8 

± 7.63%ID/g tracer accumulated in the BxPC-3 tumors at 120 h post injection, which was much 

higher than those reaching MIA PaCa-2 (6.76 ± 2.08%ID/g) and AsPC-1 (3.51 ± 0.69%ID/g) 

tumors (n = 4). More importantly, 89Zr-DFO-AF650 could efficiently distinguish primary tumors 

in the orthotopic BxPC-3 cancer model, showing high correlation between PET imaging and 

bio-distribution and sensitivity.

Conclusions—89Zr-DFO-AF650 can be effectively used to detect pancreatic cancer via Trop-2-

mediated immunoPET in vivo, clearly revealing the great potential of Trop-2-based non-invasive 

imaging in pancreatic cancer detection and treatment monitoring.
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Introduction

The mortality rate of cancer is gradually decreasing, with a 29% overall decline of death 

in 2017 compared with that of 1991 [1]. Interestingly, the largest single-year drop (2.2%) 

has been observed in 2014. Despite this, the incidence of pancreatic cancer is increasing. 

Pancreatic carcinoma, the most dangerous type of pancreatic cancer, shows a 5-year survival 

rate of only 9.0% including all stages, which is the lowest survival rate among all forms 

of cancer [1]. More importantly, pancreatic cancer is generally diagnosed at late stages, 

which greatly shortens the life-span of patients. Developing methods to detect and monitor 

pancreatic cancer is more critical for improving the survival rate than improving therapeutic 

regimens which are nevertheless unable to assist in advanced stages of the disease.

As general anatomical imaging strategies, ultrasonography, magnetic resonance imaging 

(MRI), near infrared imaging (NIR), and computed tomography (CT) have been widely 

employed for cancer diagnosis, especially the triphasic CT that has already been used for 

the initial detection of pancreatic cancer [2–5]. However, these imaging modalities have 

limits to their sensitivity and specificity to cancerous cells. Conversely, highly sensitive 

and non-invasive images are easily generated at the molecular level via positron emission 

tomography (PET) imaging [6–8]. The broad-spectrum PET tracer, 18F-fluorodeoxyglucose, 

has been widely used in the clinic for tumor scanning [9–11]. Nevertheless, these results 

could be misleading due to physiological differences (e.g., glucose metabolism) among 

individuals [12]. Notably, the method of antibody-based PET (i.e., immunoPET) can 

selectively detect malignant tissue by targeting specific cancer surface makers, for instance, 
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human epidermal growth factor receptor 2 (HER2), which may offer an effective strategy for 

pancreatic cancer detection [13].

Trophoblast cell-surface antigen 2 (Trop-2) is a transmembrane glycoprotein that is 

overexpressed in various solid cancer cells such as pancreatic and breast carcinoma 

[14]. It is known that tumor progression, including behaviors such as cell proliferation 

and invasion, are promoted by high expression of Trop-2 [14–16]. Additionally, Trop-2 

expression is already a prognostic factor for various carcinomas, including pancreatic cancer 

[17, 18]. Recently, the Trop-2 antibody–drug conjugate (ADC), sacituzumab govitecanhziy, 

successfully targeted this antigen and induced positive response in patients with metastatic 

triple-negative breast cancer [19]. Thus, Trop-2 plays a key role in cancer progression, 

which gives it significant potential as a target for cancer diagnosis, treatment monitoring, 

and therapy (e.g., ADC and radioimmunotherapy via 177Lu or 90Y conjugation). To date, 

the investigation of Trop-2-targeted immunoPET has been limited, with only a few studies 

investigating fragment antigen-binding (Fab) fragment of anti-Trop-2 antibodies as potential 

PET tracers for prostate cancer imaging [20, 21]. Notably, there are no reports about Trop-2 

based immunoPET for pancreatic cancer detection.

We developed and evaluated an immunoPET strategy for pancreatic carcinoma detection 

via 89Zr-DFO-AF650 (an antibody that binds to Trop-2) tracer, showing a highly efficient 

method of imaging cancerous lesions. Our findings demonstrate that immunoPET via 89Zr-

labeled Trop-2 antibody may allow physicians to detect Trop-2-positive pancreatic cancer at 

earlier stages as well as monitor the status of malignant lesions after therapy.

Materials and methods

Deferoxamine (DFO) conjugation and 89Zr-labeling of AF650

The conjugation of DFO and 89Zr labeling of AF650 were conducted via the same strategies 

reported previously [6]. In brief, anti-human Trop-2 antibody (Goat IgG) AF650 (Research 

and Diagnostic Systems, Inc.) was mixed with p-SCN-Bn-DFO in dimethyl sulfoxide 

(DMSO) at a molar ratio of 1:15 (pH 8.5 ~ 9.0), followed by 2-h incubation at room 

temperature. The resulting product was purified via PD-10 desalting cartridge. 89Zr was 

generated by a PET trace cyclotron (GE Healthcare, Milwaukee, WI) via the 89Y(p,n)89Zr 

reaction. To radiolabel DFO-AF650, around ~ 37 MBq (~ 1 mCi) of 89Zr was added to 0.5 

mM HEPES buffer (pH 7.0) and incubated with DFO-AF650 (~ 150 ug) at 37 °C for 60 

min. 89Zr-DFO-AF650 was purified via a PD-10 column. As a nonspecific antibody, Goat 

serum IgG was employed and radiolabeled via the same strategy, which will be referred to as 
89Zr-DFO-IgG.

Cell culture

Human pancreatic cancer cell lines including BxPC-3, AsPC-1, and MIA PaCa-2 cells were 

obtained from the American Type Culture Collection (ATCC) (Manassas, VA, USA). Cells 

were cultured in standard RPMI-1640 or Dulbecco’s modified Eagle’s medium (DMEM) 

with 10% fetal bovine serum (FBS) (GE Healthcare, Chicago, IL, USA) as a supplement at 

37 degrees with 5% CO2.
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Western blot

BxPC-3, AsPC-1, and MIA PaCa-2 cells were harvested and suspended in lysis buffer 

(BioRad). Total protein concentrations were detected via the BCA protein assay kit (Thermo 

Fisher Scientific). Certain amounts of each protein were separated by Bis–Tris plus gel 

(Thermo Fisher Scientific) via electrophoresis and then detected via first (AF650 and Beta-

actin, Novus Biologicals) and secondary (Donkey antiGoat/mouse IgG-DyLight 800/680, 

Novus Biologicals) antibodies. The resulting membrane was detected and scanned on a 

LI-COR Odyssey infrared imaging system (LI-COR Biosciences).

Flow cytometry

BxPC-3, AsPC-1, and MIA PaCa-2 cells were washed and re-suspended in eBioscience™ 

flow cytometry staining buffer (Thermo Fisher) at a final concentration of 105 cells/mL. 

Immunostaining of cells was conducted by using AF650, AF650-DFO, and donkey anti-

Goat IgG-Alexa Fluor 488 at final concentrations of 10 and 5 μg/mL. Cells after staining 

were examined on a MACSQuant cytometer (Miltenyi Biotec). The data and plots were 

analyzed by the FlowJo software.

AF650 saturation binding assay

Briefly, BxPC-3 cells were added into a 96-well filter plate (Corning®) with a concentration 

of 100,000 cells per well. Then, a series of 89Zr-DFO-AF650 solutions (PBS with 

0.1% BSA) were prepared, and cells were incubated in these solutions for 2 h at 

room temperature, with different final concentrations ranging from 0.03 to 100 nM. In 

parallel, unlabeled AF650 (1 μM) was added for determination of nonspecific binding. 

After incubation, cells were washed and analyzed via the gamma counter (PerkinElmer). 

According to the overall and nonspecific bindings, the surface expression of Trop-2, Kd, and 

Bmax were identified in GraphPad Prism (version 8.0) software.

Animal models

All procedures associated with animals were conducted with protocols approved by the 

University of Wisconsin Institutional Animal Care and Use Committee. Female athymic 

nude mice (4 ~ 6 weeks) were used in this study. Briefly, the BxPC-3, AsPC-1, and 

MIA PaCa-2 cells were harvested and engrafted (2 × 106 cells) into the lower right 

flank subcutaneously with Matrigel (BD Biosciences). For the orthotopic BxPC-3 xenograft 

model, an incision was made on the left side of the mice under anesthesia. Then, 1 million 

cells mixed with Matrigel were slowly administered into the pancreas. On a weekly basis, 

the development of orthotopic tumors was monitored using ultrasound (Vevo 2100).

PET/CT, biodistribution, and imaging analysis

The mice bearing tumor (subcutaneous (S.C.) and orthotopic model) was intravenously 

administered with 5.5 ~ 7.4 MBq of 89Zr-DFO-AF650 or 89Zr-DFO-IgG and scanned on 

an Inveon micro-PET/CT rodent model scanner (Siemens Medical Solutions) at several 

intervals (4, 24, 48, 72, 96, and 120 h) post injection. After 5-day scanning, the major 

organs (e.g., the heart, spleen, kidney, liver, and tumor) were harvested for quantification 

of the tracer accumulated on PET/CT scanner or a gamma counter (PerkinElmer). The 
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biodistribution (BioD) among organs was analyzed and presented as a percentage of 

injected dosage/gram of organ (%ID/g). Size of tumor was calculated by following formula: 

1/2(length × width2). The region of interest (ROI) were drawn on key tissues (including 

the heart, spleen, kidney, liver, tumor, and muscle) for studying the pharmacokinetics of 
89Zr-DFO-AF650. The linear regression (ROI and BioD) and heat map (ROI) analysis 

were also performed for further confirmations of the correlation (ROI and BioD) and ROI 

significance among Trop-2-positive and Trop-2-negative groups.

Immunofluorescence staining

Tumors of BxPC-3, AsPC-1, and MIA PaCa-2 were collected and embedded in the 

optimal cutting temperature compound (OCT compound). Frozen Sects. (5 mm) of 

tumor tissues were processed by the Experimental Pathology Laboratory, Carbone Cancer 

Center, University of Wisconsin. Obtained specimens were treated via the general 

immunofluorescence staining procedure. Briefly, the slides were fixed and washed with 

4% paraformaldehyde (PFA) and PBS, respectively. After blockage with 10% donkey 

serum, samples were incubated with AF650 and CD31 antibody with final concentration 

at 10 μg/mL (Thermo Fisher Scientific) at 4 degrees overnight. The specific secondary 

antibodies with Alexa Fluor 488 or Cy3 were applied for developing immunofluorescence. 

Finally, the immunofluorescence images of sections were obtained on a Nikon A1R confocal 

microscope (Nikon).

Statistical analysis

All the data were analyzed on PRISM 8 (GraphPad) via unpaired student t test, one- or 

two-way ANOVA analysis. P values < 0.05 were considered as statistically significant.

Results

Trop-2 expression and binding affinity of AF650 in pancreatic cancer cells

To identify the relative expression of Trop-2 among various pancreatic cancer cells, AF650 

was employed as the primary antibody for detection. As shown in Fig. 1a, Trop-2 was highly 

expressed in BxPC-3 cancer cells, while its expression was hardly detected in AsPC-1 and 

MIA PaCa-2. More specifically, the expression level in BxPC-3 cells was more than 4 and 

20 times higher than those in AsPC-1 and MIA PaCa-2 cells, respectively (Figure S1). It was 

found that AF650 could selectively bind to BxPC-3 cells, which is indicated by a significant 

shift in the fluorescent signal peak, suggesting that AF650 is highly efficient in detecting 

Trop-2-positive cells (Fig. 1b). It is notable that DFO conjugation did not affect the binding 

efficiency of AF650. In comparison, the AF650-based signal slightly shifted in AsPC-1 and 

MIA PaCa-2 cells.

To further evaluate the binding affinity of AF650, a saturation binding assay was conducted 

in BxPC-3 cells with highly-expressed Trop-2. Figure 1c shows that the 89Zr-DFO-AF650 

could attach to BxPC-3 cells effectively, with a Trop-2 affinity constant (Kd) at 22.34 ± 

2.51 nM. The amount of expressed Trop-2 was also determined as (0.70 ± 0.03) × 106 

receptors/cell.
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ImmunoPET imaging and biodistribution of 89Zr-DFO-AF650 in mice bearing subcutaneous 
tumors

To further evaluate its targeting efficiency, 89Zr-DFO-AF650 was employed for imaging 

various pancreatic cancers in a subcutaneous xenograft mice model. Before the final 

scanning, a series of PET scans had been completed at 4, 24, 48, 72, 96, and 120 h post 

injection of the tracer. Meanwhile, the biodistribution of tracer among various organs was 

defined at the last time point. As shown in Fig. 2a, the circulation of 89Zr-DFO-AF650 

was desirable, with clear signals at the blood pool. It is noteworthy that it accumulated in 

BxPC-3 tumors just after 4 h (11.7 ± 1.23%ID/g) and eventually reached 19.3 ± 2.21%ID/g 

at 120 h post injection (Fig. 2a–b) (n = 4), which was significantly higher than those in the 

other two tumors (P < 0.0001 at all time points). In comparison, 89Zr-DFO-AF650 rarely 

attached to AsPC-1 and MIA PaCa-2 tumors due to the low expression level of Trop-2, with 

the highest accumulation at 3.12 ± 0.71 and 4.70 ± 1.14%ID/g, respectively (Fig. 2a–b) (n ≥ 

3).

Similarly, the biodistribution (BioD) assays at day 5 further confirmed that 89Zr-DFO-

AF650 was particularly selective to BxPC-3 tumors rather than the others, showing 28.8 ± 

7.63, 3.51 ± 0.69, and 6.76 ± 2.08%ID/g in BxPC-3, AsPC-1, and MIA PaCa-2 tumors, 

respectively (P < 0.0001) (Fig. 2c) (n ≥ 3). Nevertheless, both PET and BioD tracer kinetics 

were similar among the three different tumors in various organs (Fig. 2).

As a negative control, the nonspecific antibody, 89ZrDFO-IgG was recruited (Figure S2). 

Obviously, the uptake of 89Zr-DFO-IgG in BxPC-3 tumor was much lower than that of 89Zr-

DFO-AF650, with PET and BioD values at 6.90 ± 1.28 and 8.66 ± 4.95%ID/g, respectively 

(Figure S2) (n = 3). This affirms that 89Zr-DFO-AF650 is highly selective to BxPC-3 

malignant tissues.

Immunostaining of Trop-2 and CD31 in tumor tissues

For confirmation of the Trop-2 expression and growth status of cancerous tissues, three 

tumor sections were stained with Trop-2 and CD31 antibodies. As can be seen in Fig. 3, the 

Trop-2 was greatly expressed in the BxPC-3 malignant lesion, but not on AsPC-1 and MIA 

PaCa-2 cancer cells. This is well correlated to the trend of trace uptake by three tumors. 

Meanwhile, extensive blood vessels (CD31) were observed among three cancer models, 

showing the active growth stage of tumors.

ImmunoPET and biodistribution assays of 89Zr-DFO-AF650 in the orthotopic tumor mice 
model

Considering the different environments between pancreatic and subcutaneous tissues, the 

orthotopic BxPC-3 tumor model was established for evaluating the Trop-2 targeting 

efficiency of 89Zr-DFO-AF650 in a real pancreatic cancer case. According to the PEC/CT, 

accumulation of tracer in BxPC-3 tumors gradually increased from 8.35 ± 1.61 to 18.1 ± 

4.00%ID/g during the period of 120 h after injection (Fig. 4). Notably, the 89Zr-DFO-AF650 

was able to detect the tumor with a size around 45 mm3 via immunoPET, showing a clear 

signal (17.5%ID/g) within the tumor on day 5 (Figure S3). Meanwhile, the kinetics of tracer 

among organs were similar to previous data (Fig. 4b).
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The ex vivo PET scanning further identifies the accumulation of 89Zr-DFO-AF650 within 

orthotopic pancreatic cancer lesions, while signals were hardly detected in surrounding 

organs including the pancreas and spleen (Fig. 5a–b). Similarly, the BioD data indicates that 

the tracer accumulated in tumors reached 26.0 ± 6.43%ID/g at 120 h post injection (Fig. 5c). 

In comparison, 89Zr-DFO-AF650 rarely attached to the normal pancreatic tissue with a BioD 

signal at only 3.20 ± 1.40%ID/g, which is similar to other organs. This suggests that the 

present method is capable of efficiently detecting and distinguishing pancreatic malignant 

lesions from normal pancreatic cells.

Evaluation of Trop-2 immunoPET for detecting pancreatic cancer via 89Zr-DFO-AF650

To systemically evaluate the potential of Trop-2 targeting immunoPET in pancreatic cancer 

diagnosis, the correlation of PET and BioD assays of 89Zr-DFO-AF650 was further 

examined. As shown in Fig. 6a, a good concordance could be observed in terms of tumor 

signal, showing an R square at 0.9444 (P < 0.0001). For defining the sensitivity and 

efficiency in tumor detection, a series of heat maps and receiver operating characteristic 

(ROC) curves had been generated from PET ROI data as well (Fig. 6b and Figure S4–

5). The heat map profiles could efficiently classify and distinguish the BxPC-3 bearing 

mice (including both subcutaneous and orthotopic models) with 89Zr-DFO-AF650 from 

other groups at only 4 h post injection. This finding indicates the high efficiency of 

Trop-2 targeting immunoPET, which is consistent with the outcome from receiver operating 

characteristic (ROC) curves (with 100% sensitivity and specificity, > 6.50%ID/g) (Figure 

S5). These clearly illustrate the accuracy of performed Trop-2 immunoPET for detecting 

pancreatic cancers and its promising feasibility in future clinic applications.

Discussion

In the current study, 89Zr-DFO-AF650 was recruited and systemically studied as an 

immunoPET tracer for imaging Trop-2-positive pancreatic cancer. Of the three pancreatic 

cancer cell lines, BxPC-3 expressed high levels of Trop-2, while AsPC-1 and MIA 

PaCa-2 seemed to have minimal expression of Trop-2. 89Zr-DFO-AF650 was able to 

bind the BxPC-3 malignant cells with 28.8 ± 7.63%ID/g tracer accumulation, which was 

about 4.26 and 8.20 times higher than those of MIA PaCa-2 and AsPC-1, respectively. 

Moreover, 89Zr-DFO-AF650 could effectively and specifically detect the malignant lesions 

in orthotopic xenograft tumor model, including a small tumor with a size of about 45 mm 
3. More importantly, results obtained from immunoPET greatly correlated to the ex vivo 

biodistribution results, which could efficiently identify Trop-2-positive tumors from others. 

These findings suggest that Trop-2 targeting immunoPET is viable for use in the diagnosis 

and monitoring of Trop-2-positive pancreatic cancer.

Trop-2 is vitally important for tumor progression, yet there are few studies of non-invasive 

cancer imaging with Trop-2 (fab fragment) in comparison to other tumor targets such 

as HER2 (human epidermal growth factor receptor 2) and VEGFR2 (vascular epithelial 

growth factor receptor 2) [20–24]. Nevertheless, these studies have all been conducted on 

subcutaneous prostate cancer models. Specifically, the Trop-2 Fab was able to target S.C. 

PC-3 tumor with a 20.0%ID/g tumor uptake at 16 h post injection [20]. Similarly, our 
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current study shows that the BxPC-3 (Trop-2 positive) tumor signal was 20.4 ± 1.22%ID/g 

at 1 day after injection (Fig. 2).

Considering the overexpression of Trop-2 in cancerous cells and patients with pancreatic 

cancer (≥ 55%, n = 197) [25], the development of Trop-2-based immunoPET for diagnosis 

of pancreatic carcinoma is very promising. Especially, the tumor tissues with higher grades 

exhibit more abundant expression of Trop-2. The percentage of positive staining increases 

obviously from 48 to 77% when pancreatic cancer develops from stage T2 to T4. All 

these suggest that quantitative imaging of Trop-2 in vivo can faithfully reflect the variable 

concentration of Trop-2 in pancreatic cancer tissues of different stages. It also implies that 

early detection of pancreatic cancer based on in vivo characterization of Trop-2 expression 

at relatively early stages is possible. Notably, its targeting efficiency (~ 20.0%ID/g) is higher 

than other reported immunoPET targets such as tissue factor and insulin-like growth factor 1 

receptor (IGF-1R), which achieve signals of 16.5 ± 2.6 and 8.24 ± 0.51%, respectively [26, 

27]. Moreover, Trop-2 expression levels are highly related to the prognosis of patients with 

pancreatic carcinoma [25], suggesting that, in addition detection of pancreatic cancer, this 

method may also be used to help monitor prognosis.

Furthermore, the monitoring period of this method is strongly associated with the isotope 

of selection. Compared to an isotope with a short half-life, such as 64Cu (12 h), an isotope 

with a longer half-life, such as 89Zr (about 3.3 days), would be more favorable for use in a 

clinical setting [6, 28]. It was shown in this study that the accumulation of tracer in BxPC-3 

S.C. tumors quickly achieved the plateau phase just 24 h post injection, but it took more than 

72 h for 89Zr-DFO-AF650 to reach peak value in BxPC-3 orthotopic tumors (Figs. 2 and 

4). As malignant lesions generated in the original organ could well mimic the real cancer, 

the findings obtained from the orthotopic model should be more reliable and accurate. 

Therefore, Trop-2 immunoPET may require more than 3 days to obtain the most accurate 

image in a clinical setting. In addition, long-term scanning is highly recommended for 

monitoring the prognosis of patients after treatment. For these reasons, 89Zr-labeled tracer 

is particularly suitable for Trop-2 immunoPET imaging. It is notable that the efficiency of 

Trop-2-mediated immunoPET was investigated in the orthotopic model first, which would 

offer more information for future translation of Trop-2-based cancer imaging. In addition 

to the application of PET imaging, the highly specific accumulation would also enable the 

feasibility of Trop-2 based radioimmunotherapy by conjugating isotopes like 177Lu, 90Y, and 
225Ac.

An important observation in this study was that 89ZrDFO-AF650 was able to detect a tiny 

tumor (≤ 45 mm3) in the orthotopic tumor model (Figs. 4 and S3). Generally, patients 

with pancreatic cancer (stage 1A) have tumors that are smaller than 20 mm in diameter, 

with a life expectancy of 17.2 ± 8.2 months [29]. Once the tumor reaches a certain size 

(≥ 30 mm), the life expectancy dramatically decreases to 7.6 ± 1.2 months (P = 0.021). 

Thus, a sensitive detection method such as Trop-2-mediated immunoPET may improve 

detection of pancreatic cancerous lesions with small diameter and extend the life expectancy 

of patients. Furthermore, immunoPET via 89Zr-DFO-AF650 was correlated to the real 

distribution of Trop-2 in cancerous tissues and showed a high selectivity in distinguishing 

Trop-2-positive cancerous tissues (Fig. 6). In the recent past, various tracers have been 
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successfully employed in immunoPET for tumor detection, but somehow many studies 

fail to systemically evaluate their sensitivity and accuracy as a diagnosis strategy [13]. In 

contrast, the performance of Trop-2 targeting immunoPET confirms its feasibility in the 

clinic for pancreatic cancer diagnosis.

In the last three decades, the average size of pancreatic tumors after diagnosis was 31 mm 

[30]. With the help of multidetector computed tomography (MDCT), pancreatic lesions 

that are smaller than 20 mm can be detected [31]. However, such precision detection 

of pancreatic cancer cannot be achieved with general anatomical imaging approaches. 

Although the current tracer, 89Zr-DFO-AF650, cannot be further translated for clinical usage 

due to its immunogenicity issues, our findings systemically evaluated and confirmed the 

feasibility of the Trop-2 targeting immunoPET via a 89Zr-radiolabelling strategy. Therefore, 

this study may accelerate and promote the real translation of Trop-2-mediated immunoPET 

in the clinic and eventually improve small lesion detection and monitoring of pancreatic 

cancer.

It is known that the expression of Trop-2 in normal tissues is significantly lower than 

that in the cancerous tissue. However, the xenograft models employed in this study are 

established using mouse species, and our tracer was derived from an anti-human Trop-2 

antibody. Therefore, a potential limitation of the current experimental design is the lack of 

consideration of possible existence of antigen sink in patients, which should be investigated 

in detail in future preclinical/clinical studies.

Conclusion

In the current study, we investigated the efficiency of 89Zr-DFO-AF650 as an immunoPET 

tracer for monitoring in vivo Trop-2 expression in pancreatic cancer. 89Zr-DFO-AF650 

specifically, rapidly, and persistently accumulated in Trop-2-positive tumors (BxPC-3) either 

in subcutaneous or orthotopic xenograft models. Notably, data well correlated between the 

immunoPET and the real bio-distribution of tracer, demonstrating the high sensitivity and 

accuracy of Trop-2 based immunoPET in detecting malignant pancreatic tissues, as well as 

small lesions. These findings suggest that the immunoPET via Trop-2 targeting could be 

employed for the sensitive detection and monitoring of pancreatic malignancies.
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Fig. 1. 
The binding affinity of AF650 to Trop-2. a The expression level of Trop-2 among three 

pancreatic cancer cell lines. b The Trop-2 expression among three cancer cell lines via 

DFO-AF650 or AF650 mediated flow cytometry. c The Trop-2 saturation binding assays of 
89Zr-DFO-AF650 on BxPC-3 cells; unlabeled DFO-AF650 was recruited for determining 

the nonspecific binding (n = 3)
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Fig. 2. 
ImmunoPET of 89Zr-DFO-AF650 among subcutaneous pancreatic cancer models. a The 

serial PET maximum intensity projection (MIP) images of 89Zr-DFO-AF650 at 4, 24, 48, 

72, 96, and 120 h post injection (n ≥ 3); tumors are indicated by white dash circles, H, 

blood pool; L, liver. b The curves of PET region of interest (ROI) including the tumor, 

heart, liver, spleen, kidney, and muscle at different time points. c The bio-distribution of 
89Zr-DFO-AF650 among different organs harvested at day 5 (n ≥ 3). **** shows P < 0.0001
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Fig. 3. 
Trop-2 expression within tumor tissues from pancreatic cancer cells. The 

immunofluorescence staining of BxPC-3, AsPC-1, and MIA PaCa-2 tumor sections with 

DAPI (blue), Trop-2 (green), and CD31 (red) antibodies. Scale bar = 100 μm
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Fig. 4. 
Evaluation of 89Zr-DFO-AF650 in detecting BxPC-3 cancer cells in an orthotopic tumor 

model via ImmunoPET. a The MIP PET images of 89Zr-DFO-AF650 in mice bearing 

BxPC-3 orthotopic tumors at different time points, and the representative MIP/CT and 

PET/CT images at day 5 (n = 4); the tumor site is highlighted by the dashed line. b 
The time-activity curves of PET ROI among organs from 4 to 120 h after initial tracer 

administration (n = 4)
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Fig. 5. 
The high specificity of 89Zr-DFO-AF650 in detecting the orthotopic BxPC-3 tumor. The 

(a) optical and (b) MIP PET images of tissues harvested from mice injected with 89Zr-DFO-

AF650 at day 5 (n = 4); c the bio-distribution of 89Zr-DFO-AF650 tracer among organs 

collected at day 5 (= 4)
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Fig. 6. 
Evaluation of 89Zr-DFO-AF650 imaging metrics for Trop-2 immunoPET among pancreatic 

cancer models. a The correlation between ROI and BioD (%ID/g); ORT, orthotopic 

model; S.C., subcutaneous model. b–c The Z-normalized heat map of 89Zr-DFO-AF650 

accumulated values in various organs via specified ROI (%ID/g) at 4 and 24 h post injection; 

groups including A: AF650 (AsPC-1, S.C.), B: AF650 (BxPC-3, S.C.), I: IgG (BxPC-3, 

S.C.), M: AF650 (MIA PaCa-2, S.C.), O: AF650 (BxPC-3, ORT)
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