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Abstract

The overexpression of CD146 in breast cancer is considered a hallmark of tumor progression and
metastasis, particularly in triple negative breast cancer. Aimed at imaging differential CD146
expressions in breast cancer, a noninvasive method for predictive prognosis and diagnosis was
investigated using a $4Cu-labeled CD146-specific monoclonal antibody, YY146. CD146
expression was screened in human breast cancer cell lines using Western blotting. Binding ability
was evaluated using flow cytometry and immunofluorescent staining. Y'Y146 was conjugated with
1,4, 7-triazacyclononane-triacetic acid (NOTA) and radiolabeled with 84Cu following standard
procedures. Serial PET or PET/CT imaging was performed in orthotopic and metastatic breast
cancer tumor models. Biodistribution was performed after the final time point of imaging. Finally,
tissue immunofluorescent staining and hematoxylin and eosin (H&E) staining were performed on
tumor tissues. The MDA-MB-435 cell line showed the highest CD146 expression level, whereas
MCF-7 had the lowest level at the cellular level. ImmunoPET showed that MDA-MB-435
orthotopic tumors had high and clear radioactive accumulation after the administration of $4Cu-
NOTA-YY146. The tumor uptake of %4Cu-NOTA-YY146 in MDA-MB-435 was significantly
higher than that in MCF-7 and nonspecific 1gG control groups (P < 0.01). Biodistribution verified
the PET imaging results. For metastatic models, 84Cu-NOTA-Y Y146 allowed for the visualization
of high radioactivity accumulation in metastatic MDA-MB-435 tumors, which was confirmed by
ex vivo biodistribution of lung tissues. H&E staining proved the successful building of metastatic
tumor models. Immunofluorescent staining verified the differential expression of CD146 in
orthotopic tumors. Therefore, 54Cu-NOTA-Y'Y146 could be used as an immunoPET probe to
visualize CD146 in the breast cancer model and is potentially useful for cancer diagnosis,
prognosis prediction, and monitoring therapeutic response.

Graphical Abstract
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INTRODUCTION

Breast cancer is a disease with high morbidity and mortality. The latest cancer statistics
report reveals that breast cancer is the second-leading cause of female cancer deaths (about
15%) in the United States. In 2020 alone, it is estimated that there will be 279,100 new
breast cancer cases and 42,690 deaths.! Early diagnosis, treatment, and monitoring of
therapeutic effects are still the main means for breast cancer. Among various noninvasive
diagnostic methods, imaging is an indispensable method. Mammaography is inexpensive and
well-tolerated, but it has limitations relating to insensitivity to small lesions and high
radiation dosages.? Ultrasound diagnosis is widely used without radiation, but it is not
specific for the differential diagnosis of benign and malignant breast nodules.3 Magnetic
resonance imaging (MRI) and positron emission tomography (PET) have high sensitivity in
breast cancer diagnosis, and single photon emission computed tomography (SPECT)
provides an important value in bone metastasis.*® However, these conventional imaging
methods lack specificity. With the development of technology, the treatment of cancer has
become increasingly personalized, with precision medicine being seen as the future
developmental trend. Therefore, new and specific imaging methods are needed for tumor
diagnosis, prognosis prediction, and monitoring of therapeutic effects.

ImmunoPET is a developed specific imaging method using radionuclide-labeled specific
monoclonal antibodies (mAbs) or fragments for imaging. This method noninvasively shows
the expression and distribution of targeted antigens at the living level.”-° CD146 is a
transmembrane glycoprotein cell adhesion molecule with a molecular weight of about 110
kDa, first found in malignant melanoma, which is also known as melanoma cell adhesion
molecule (MCAM) or MUC18.10 CD146 has been proven to be associated with poor breast
cancer prognosis and is generally expressed at high levels in high-grade, estrogen receptor
(ER) negative, progesterone receptor (PR) negative, or triple (ER/PR/human epidermal
growth factor receptor 2 (HER2)) negative breast cancer (TNBC).1112 Besides, CD146
expression is also related to the resistance of endocrine therapy.1314 When the expression
level of CD146 in the primary breast tumor is high, the overall survival (OS), recurrence-
free survival (RFS) and distant metastasis-free survival (DMFS) are significantly reduced.!3

Therefore, the imaging of differential CD146 expression in breast cancer may provide a
noninvasive method in cancer diagnosis, staging, prognosis prediction, and efficacy
evaluation. Our team previously developed CD146-specific mAb YY146, which had been

Bioconjug Chem. Author manuscript; available in PMC 2022 July 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lietal.

Page 4

studied in lung cancer, glioblastoma, melanoma, and hepatocellular carcinoma, with
immunoPET imaging being successfully performed with high-quality images.>-1° However,
whether radiolabeled Y146 could be effectively used in breast cancer, especially metastatic
models, is still unknown. Therefore, in this study, we developed a 54Cu-labeled Y'Y146
radioactive tracer and evaluated its application in the noninvasive imaging of differential
CD146 expression in orthotopic and lung metastatic breast cancer models, which is the first
instance of immunoPET imaging of CD146 in breast cancer to our knowledge.

MATERIALS AND METHODS

Cell Culture.

Five breast cancer cell lines (MDA-MB-435, ZR-75-30, SKBR3, MCF-7, and MDA-
MB-231) were purchased from American Type Culture Collection (ATCC). The cells were
cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS,
Invitrogen) and 1% penicillin/streptomycin (Invitrogen) with 5% CO, partial pressure at 37
°C. When the confluence of cells was 75-90%, cells were used for in vitro or in vivo
experiments.

Orthotopic and Metastatic Tumor Models.

Animal studies were approved by the Wisconsin University Institutional Animal Care and
Use Committee and Peking University First Hospital (No. 201859). BALB/c nude mice (4-6
weeks old, Envigo) were used to establish xenograft tumor models. Approximately 1 x 107
cells were resuspended in 200 4L of Matrigel (Invitrogen) and then injected subcutaneously
in the right upper mammary fat pad of the mice to construct orthotopic tumor models.
Approximately 1 x 108 cells were resuspended in 200 z4 of phosphate buffer saline (PBS)
and injected via tail vein to construct lung metastatic tumor models. The health status and
tumor volume of the mice were monitored every other day.

Western Blotting.

Western blotting was performed following the standard protocols.2? Collected proteins were
loaded in 4-12% Bolt Bis-Tris Plus gel (ThermoFisher Scientific) and electrophoresed for
60 min under 120 V at 4 °C. The protein was transferred to the nitrocellulose membrane
using the iBlot 2 system (ThermoFisher Scientific) at 160 mA for 30 min. The membrane
was blocked with Odyssey blocking buffer (LI-COR Biosciences) at room temperature (RT)
for 1 h. Mouse anti-human monoclonal CD146 primary antibody (Santa Cruz) was diluted to
1:100, and rabbit anti-human B-actin (LI-COR Biosciences) primary antibody was diluted to
1:400. The donkey anti-mouse IRDye 800CW and goat anti-rabbit IRDye 680RD (LI-COR
Biosciences) secondary antibodies were diluted to 1:1500.After the incubation, the
membrane was scanned using the LI-COR Odyssey infrared imaging system.

Flow Cytometry.

The binding capacity and specific immunoreactivity of YY146 in breast cancer cell lines
were tested by flow cytometry. Cells were harvested and resuspended in cold PBS buffer
(pH 7.4) containing 1% BSA at 1 x 10° cells/tube (200 z4_). Y'Y146 and nonspecific control
1gG were labeled with NHS-fluorescence (NHS-FITC, ThermoFisher) as previously
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described.8 FITC-YY146 was incubated with MDA-MB-435 cells for 1 h at RT, whereas
FITC-1gG and FITC only were used as control groups. In the blocking experiment, 500
g/mL (50 folds), 200 pg/mL (20 folds), and 100 tg/mL (10 folds) of Y'Y 146 were
incubated with MDA-MB-435 cells for 1 h before the incubation of FITC-YY146 (30 min at
RT). All cells were washed twice with cold PBS and then analyzed using LSRFortessa cell
analyzer (BD Biosciences). Mean fluorescence intensities were processed by FlowJo
analysis software (Tree Star, USA).

Cell Immunofluorescent Staining.

MDA-MB-435 cells were incubated with Y'Y 146 at 10 zg/mL overnight when the cell
density was 40-60% cultured in six-well plates. The cells were washed with cold PBS three
times and then incubated with rabbit anti-mouse secondary antibodies labeled with AF488
(Alexa Fluor 488) at RT for 30 min. Afterward, the cells were washed three times with cold
PBS again and treated with DAPI (4’,6-diamidino-2-phenylindole, Vector Laboratories)
containing hard mount medium. Imaging was performed using a Nikon confocal system
(ALRS). MCF-7 cells were treated in the same way as a negative control group.

Conjugation and Radiolabeling.

Y'Y 146 was preserved in our laboratory.19 Details of 1,4,7-triazacyclononane-1,4,7-triacetic
acid (NOTA, Macrocyclic) conjugation and 84Cu (t1/» = 12.7 h) labeling of Y'Y146 have
been reported previously.” In brief, YY146 and NOTA were first incubated in a carbonate
buffer (pH 9.2) at a molar ratio of 1:20 and shaken for 2 h at RT. Then, a PD-10 column (GE
Healthcare) was used to purify NOTA-Y'Y146 with PBS (pH 7.0) as a mobile phase.
Subsequently, the purified NOTA-YY146 was incubated with $4CuCl, in a sodium acetate
buffer (pH 4.5-5.5) at 37 °C for 1 h under constant shaking. The ratio of YY146 and
radionuclide was not below 25 zg/mCi. Then, 84Cu-NOTA-Y Y146 was purified via PD-10
columns. Radiochemical purity was evaluated by radio-thin-layer chromatography (radio-
TLC), using ethylene diamine tetraacetic acid (EDTA, 50 mM, pH 4.5) as the mobile phase.
Nonspecific human IgG (ThermoFisher Scientific) was prepared as a nonspecific control
tracer via similar methods as described above.

ImmunoPET, PET/CT Imaging, and Quantitative Analysis.

For orthotopic models, mice were injected with 5-10 MBq of $4Cu-NOTA-YY 146 (~200
L) per mouse via the tail vein. The mice were anesthetized with 2% isoflurane and placed
in an Inveon micro-PET/CT scanner (Siemens). Small animal PET scans were performed at
4 h, 12, 24, and 48 h after the injection of 54Cu-NOTA-Y'Y146 in orthotopic xenograft tumor
models. PET/CT scanning was performed in lung metastatic tumor models at 48 h. At least
20 million coincidence events were collected per mouse for PET scanning. CT was
conducted at the following parameters: energy window 350-650 keV, time window 3.43 ns,
axial resolution 1.5 mm. All images were reconstructed using the Inveon Acquisition
Workplace (Siemens). Quantitative region of interest (ROI) analysis was performed on PET
images after attenuation correction. Radioactive uptake of tumors and normal tissues was
presented as the percentage of injected dose per gram (%ID/g). Besides, ex vivo PET
imaging was performed on the ablated lung tissues from metastatic tumor models.
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Ex Vivo Biodistribution Studies.

After the terminal imaging time point (48 h) in orthotopic xenograft tumor models, the mice
were euthanized. Tumors and major organs including the heart, liver, spleen, lung, kidney,
stomach, intestine, pancreas, tail, skin, muscle, bone, brain, and blood were all collected and
weighed. An automatic gamma counter (PerkinElmer) was used to measure the radioactivity
counts. Biodistribution data was presented as %ID/g. For metastatic models, the whole lungs
were removed for the measurement of biodistribution data using the same method.

Hematoxylin and Eosin (H&E) Staining.

The lungs of metastatic tumor models were harvested after PET/CT imaging, and the mice
were euthanized using carbon dioxide. After collecting the lung, it was fixed with 4%
paraformaldehyde (PFA) for 24 h and then placed in 50% alcohol for longterm storage. The
lung tissue was embedded in paraffin and sectioned with a thickness of 5 ym. Before H&E
staining, the lungs were warmed up at 50-60 °C for at least 40 min. Dimethylbenzene and
alcohol of different concentrations were then used to dewax, with each process taking
roughly 5 min. After that, the slices were left to stand for 5 min in distilled water. After the
slices were dyed in hematoxylin for 1-5 min, they were placed in distilled water for 10-30
min until they turned blue. Eosin was dyed for 1-5 min and then dehydrated in different
concentrations of ethanol and dimethylbenzene in sequence, with each process taking about
1 min. Finally, the slices were sealed with neutral resin adhesive. Images were collected
using a Nikon microscope.

Tissue Immunofluorescent Staining.

Tissue immunofluorescent staining was performed to evaluate CD146 and CD31 expression
in orthotopic tumor models according to established procedures.?1:22 The tumor was quickly
removed after the terminal imaging time point (48 h) and prepared into slides at 5 zm.
Frozen slides were fixed with cold acetone for 10 min and dried in air for 30 min. Tissue
sections were then rinsed with PBS and blocked with 10% donkey serum at 25 °C for 60
min. Next, the slides were incubated with YY146 (10 g/mL) and rat anti-mouse CD31
primary antibody (1:100, BD BioSciences) at 4 °C overnight. After rinsing with PBS, the
slides were stained with AF488-labeled goat anti-mouse antibody and Cy3-labeled donkey
anti-rat antibody. A hard mount medium (Vector Laboratories) was used to apply coverslips
to each slide for fluorescence microscopy with DAPI. All images were acquired using an
AI1R confocal microscope (Nikon).

Statistical Analysis.

All quantitative data were presented as means + standard deviation (SD). Repeated-measures
ANOVA and student’s t-test were used for comparisons among groups. P values less than
0.05 were considered statistically significant.
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RESULTS

Cellular Evaluation of CD146 Expression and Binding Affinity Test.

Western blotting showed that MDA-MB-435 cells expressed the highest level of CD146
while MCF-7 cells expressed the lowest level. CD146 was moderately expressed in ZR-75—
30, SKBR3, and MDA-MB-231 cell lines (Figure 1A). In flow cytometry, compared with
FITC only and FITC-1gG control groups, FITC-YY146 showed a strong shift of peak after
incubated with MDA-MB-435 cells and was blocked using >10-fold concentration of
YY146. These results indicated that the binding between FITC-YY146 and MDA-MB-435
cells was specific (Figure 1B). The cell immunofluorescent staining was performed on the
MDA-MB-435 and MCF-7 cells (Figure 1C). MDA-MB-435 cells showed strong CD146
fluorescence signals around the cell membrane, whereas MCF-7 cells had weak signals.
Therefore, the MDA-MB-435 cell line was chosen as the CD146-overexpressed model and
MCF-7 as the low-expressed model. The schematic diagram of this study is displayed in
Figure 1D. ImmunoPET and PET/CT imaging were performed on orthotopic and metastatic
tumor models, respectively, to evaluate the different CD146 expression levels.

ImmunoPET Imaging of Orthotopic Breast Cancer Model.

After conjugated with NOTA, Y'Y146 was successfully labeled with 4Cu with a high
labeling efficiency of more than 90% (7= 4). The radiochemical purity of 54Cu-NOTA-
YY146 exceeded 95%. The maximum intensity projection (MIP) images of the orthotopic
tumor models showed that the tumor uptake of 54Cu-NOTA-YY146 in MDA-MB-435
increased over time. The MDA-MB-435 tumor was delineated as early as 12 h after injection
of 64Cu-NOTA-Y'Y146, and tracer uptake reached its highest at 48 h. MCF-7 and 64Cu-
NOTA-IgG in MDA-MB-435 showed background tracer uptake, confirming the specificity
of YY146 to CD146 in vivo (Figure 2). Radioactive uptake was mainly found in the heart,
blood, and liver and decreased over time, indicating $*Cu-NOTA-YY146 and 4Cu-NOTA-
IgG had favorable blood clearance.

Quantitative ROI analysis (Figure 3A) observed that the tumor uptake of $4Cu-NOTA-
YY146 in MDA-MB-435 was high and sustained (>6.05%ID/g) and reached its highest at
48 h post injection (p.i.), about 14.7 + 1.75%ID/g (7= 4). On the contrary, MCF-7 and 84Cu-
NOTA-IgG in MDA-MB-435 could not be clearly shown and the highest tumor uptake was
only 5.13 + 0.70 and 5.0 + 0.70%ID/g, respectively (1= 3). The tumor uptake of $4Cu-
NOTA-YY146 in MDA-MB-435 was significantly different from that of MCF-7 and 84Cu-
NOTA-IgG in MDA-MB-435 (P < 0.01). There was no significant difference in tumor
uptake between 54Cu-NOTA-YY146 in MCF-7 and 54Cu-NOTA-1gG in MDA-MB-435 (P>
0.05). Tracer accumulation in the heart, liver, and kidney gradually decreased over time. The
heart uptake of 84Cu-NOTA-YY146 in MDA-MB-435 was significantly lower than that in
MCEF-7 (P< 0.05), whereas liver and kidney uptake had no significant difference (P> 0.05).
The tumor/blood and tumor/liver ratios of 84Cu-NOTA-Y'Y 146 in MDA-MB-435 were also
significantly higher than the other two control groups (P< 0.01) (Figure 3B). These
semiquantitative results indicated that 54Cu-NOTA-Y'Y146 could specifically evaluate
CD146 expression level in vivo.
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Ex Vivo Biodistribution of Orthotopic Models.

The ex vivo biodistribution result was consistent with the in vivo immunoPET imaging
(Figure 3C). The tumor uptake of 4Cu-NOTA-YY146 in MDA-MB-435 was 18.09 +
3.51%ID/g (1= 4), which had significant differences from MCF-7 and $4Cu-NOTA-IgG in
MDA-MB-435 (n= 3, 3.08 £ 0.98 and 4.47 + 0.55%I1D/g, P< 0.01, respectively). There was
no statistical difference in the radioactive uptake of other organs among the three groups (P
> 0.05) except tumors. All tumor-bearing mice showed similar blood radioactivity uptake,
indicating that the antibody was stable during circulation. The decrease of radioactivity
uptake in liver, kidney, and spleen was smaller than those of other organs p.i., indicating that
YY146 might be cleared mainly through the hepatobiliary circulatory and urinary systems.

PeT/CT Imaging of Lung Metastatic Models.

PET/CT imaging was performed at 48 h p.i. of $4Cu-NOTA-YY146 in lung metastatic tumor
models. For both MDA-MB-435 and MCF-7 models, the metastatic lesion in the lung was
visualized clearly by CT images, by representing small lung nodules. However, from PET
imaging, the lung lesion showed high radioactivity accumulation in MDA-MB-435 models.
In comparison, the metastatic lung lesion showed slight radioactive uptake in MCF-7 models
(n=3, Figure 4).

After imaging at 48 h, the whole lungs were removed, weighted, and measured for their
radioactivity counts (Figure 5A and B). The ex vivo imaging results confirmed the in vivo
imaging. Lung metastatic lesions in MDA-MB-435 had significantly higher uptake of 84Cu-
NOTA-YY146 than MCF-7 (7.06 + 0.18%ID/g vs 2.17 + 0.21%ID/g, < 0.01). These
results showed that 54Cu-NOTA-Y Y146 could identify different CD146 expression levels in
metastatic lesions.

H&E Staining.

H&E staining of the removed lung tissue verified metastatic lesions (Figure 5C). The
collection of lung images showed that scattered small nodular metastases could be seen on
the surface of the lung. H&E staining results displayed several tumor lesions located around
the edge of the lung tissue. Tumor cells were grown in clusters, with irregular cell
morphology, deeply stained nuclei, mitotic images, and obvious atypia.

Tissue Immunofluorescent Staining.

MDA-MB-435 and MCF-7 tumors from orthotopic models were collected for
immunofluorescent staining of CD146 expression. MDA-MB-435 tumor tissues showed
strong CD146 expression (green signals), whereas the MCF-7 tumor showed weak signals
(Figure 6). The expression of CD31 (red signals), a vessel marker, was similar in both
tumors. The immunofluorescent staining results verified the CD146 expression level in
tumors.

DISCUSSION

Breast cancer has obvious individual differences in pathological morphology, molecular
immunophenotype, and tumor biological behavior because of its highly heterogeneous
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nature. Patients of different subtypes will respond differently to the same treatment even if
the clinical stage is the same.23 At present, detecting the expression of ER, PR, and HER2
before treatment can help predict prognosis and promote the development of more
personalized treatment plans that are more beneficial to patients.24 As far as we know,
CD146 is associated with the poor prognosis of breast cancer and generally highly expressed
in high-grade, ER negative, PR negative, or triple negative breast cancer.1! Studies had
shown that about 63.9% of TNBC patients had a high level of CD146 expression compared
to other molecular subtypes.?® In our study, we successfully applied a 84Cu-NOTA-YY 146
radioactive tracer to visualize the differential CD146 expression in orthotopic and lung
metastatic murine tumor models by immunoPET and PET/CT imaging methods.

Molecular imaging is a highly repeatable, safe, and noninvasive imaging technique that has
been widely used in the diagnosis, staging, prognosis prediction, and efficacy evaluation of
various malignant tumors, including breast cancer, which is an ideal method for identifying
breast cancer subtypes.226 Compared to other imaging methods, immunoPET is currently
the most promising molecular imaging method and combines high specificity, affinity, and
antibody sensitivity. It is expected to be widely used to enable clinicians not only to see the
location of tumors in vivo but also to visualize the expression, activity, and biological
processes of specific molecules.48 Previous studies have shown that immunoPET imaging
of 89Zr-labeled trastuzumab can characterize the HER?2 status of breast cancer patients. 89Zr-
trastuzumab PET/CT imaging was positive in 88.2% of HER2 positive (30/34) patients and
negative in 93.7% of HER2 negative (15/16) patients.2” 89Zr-trastuzumab could detect
unsuspected HER?2 positive metastases in patients with HER2 negative breast cancer.28 The
evaluation of HER2 expression has limited value for negative patients, especially for TNBC
patients. Therefore, it is necessary to find better targets and probes for these patients.

CD146 has been found to participate in the growth and spread of tumors in melanoma,
pancreatic cancer, renal cancer, prostate cancer, lung cancer, hepatocellular cancer, breast
cancer, and other malignant tumors, which relates to poor prognosis because of high
proliferation rates and high dissemination capacity.1%:16 Overexpression of CD146 in various
malignant tumors has been considered as a hallmark of cancer and relates to tumor
progression and poor treatment outcome.2> The most important role of CD146 in breast
cancer is to participate in epithelial-mesenchymal transition (EMT), which plays an
important role in the process of tumor dissemination and metastasis.2%39 Tumor cells
undergoing EMT have tremendous changes in morphology, gaining the invasive ability and
migration function, and the expression level of epithelial cell adhesion molecule (EpCAM)
is reduced.2? EMT can allow tumor cells to infiltrate blood vessels to become circulating
tumor cells (CTCs), inducing distant metastases.3!

High expression of CD146 is more common in breast cancer tissues of high-grade, high-
metastatic potential, and younger patients. Approximately 11% of primary breast cancers
and 63.9% of TNBC express CD146. Patients with positive CD146 expression have shorter
MFS and OS and have a poorer prognosis.2> The level of CD146 expression was also closely
associated with chemotherapy resistance.32 Liang et al. found that CD146 was involved in
tamoxifen resistance in breast cancer.13 The evaluation of CD146 at the living level can
allow for early and specific diagnosis of high-grade breast cancer (especially TNBC) while
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also have a certain predictive effect on prognosis and drug resistance. Our study showed that
MDA-MB-435 tumor-bearing mice, which had high CD146 expression, could be visualized
clearly with high radioactive uptake after the injection of 4Cu-NOTA-YY 146, whereas
MCF-7 tumor-bearing models displayed near background uptake in vivo all of the time. At
the same time, 54Cu-NOTA-Y'Y 146 could achieve specific uptake of metastases through
PET/CT imaging. Therefore, the tumor uptake of 54Cu-NOTA-YY 146 was positively
correlated with the expression level of CD146.

YY146 is a mAb developed by our team that specifically targets CD146 and has been
applied to immunoPET imaging of various tumors.1>-19 In melanoma-related research, 89Zr-
Df-YY146 and IR700-Y'Y 146 were synthesized as a radioactive tracer and
photoimmunotherapy (PIT) therapeutic agent, respectively.1® In the A375 melanoma cell
line tumor model with high expression of CD146, the highest tumor uptake was obtained at
72 h p.i. of 89Zr-Df-Y'Y 146 (26.48 + 3.28%ID/g), with an unspecific tracer 89Zr-Df-19G
recording a value of only 4.8 + 1.75%ID/g. PIT reduced glucose metabolism and CD146
expression because of the generation of reactive oxygen species, which effectively inhibited
tumor growth. In the study of hepatocellular carcinoma, 89Zr-Df-Y'Y146-ZW800, a
dualmodal imaging agent, was synthesized, which can simultaneously perform PET and
near-infrared fluorescence imaging.1® There was an obvious and persistent accumulation of
tracers in HepG2 tumors with high CD146 expression, and the T/NT ratio was significantly
higher than CD146 negative Huh7 tumors. Y'Y 146 had adequate imaging effects in the
xenograft tumor models of glioblastoma implanted under the skin.819 These studies have
shown that Y'Y146 has high affinity, specificity, and stability for CD146 in vivo, which is
consistent with our results. Our study obtained high-quality images with steady and specific
tumor uptake of 84Cu-NOTA-YY146 in CD146 overexpressed breast cancer xenograft tumor
models.

We prepared 84Cu-NOTA-Y'Y146 for immunoPET imaging in breast cancer tumor models.
The half-life time of $4Cu is 12.7 h, and the emission positron abundance and energy of the
nuclide are 18% and 0.65 MeV, respectively.33 The radioactive tracers had high
radiochemical purity and specific activity and were suitable for immunoPET research in
vivo. The imaging results displayed that Y'Y 146 had significantly high uptake in tumors with
the high CD146 expression, whereas the uptake in CD146 weaker expression models was
close to the background, indicating that 54Cu-NOTA-Y Y146 could specifically evaluate the
expression level of CD146 in breast cancer at in vivo level. It could provide help for the
formulation of clinical treatment plans and evaluation of treatment effects and even predict
the degree of malignancy and drug resistance of breast cancer. Based on our team’s research
of lung cancer, glioblastoma, melanoma, and hepatocellular carcinoma,1>19 it has been
found that radionuclide or fluorescently labeled Y'Y 146 has certain therapeutic effects,
which gives us some hints. In the future, we can choose therapeutic radionuclides such as
1771_u to label Y'Y146 for the treatment of breast cancer patients, providing a new treatment
method for patients who are not sensitive to chemotherapy.

Bioconjug Chem. Author manuscript; available in PMC 2022 July 21.
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CONCLUSION

In this study, immunoPET imaging was performed in orthotopic breast cancer xenograft
tumor models using 84Cu-labeled Y'Y 146, which specifically targeted CD146. The imaging
results showed that the tumor uptake of $4Cu-NOTA-YY 146 was specific in orthotopic
models. Moreover, 84Cu-NOTA-Y'Y 146 can also be effectively used to visualize lung
metastatic lesions with specific radioactive uptake. $4Cu-NOTA-Y'Y 146 might be potentially
used for diagnosis, staging, prognosis prediction, and efficacy evaluation in breast cancer,
especially TNBC and drug resistant breast cancer.
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Figure 1.

Screening of CD146 expression at the cellular level and schematic diagram.
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Figure 2.
64Cu-NOTA-YY146 PET imaging in MDA-MB-435 and MCF-7 orthotopic tumor models.
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Semiquantitative analysis and biodistribution of 4Cu-NOTA-Y'Y 146 in orthotopic tumor

models.
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Figure 4.
PET/CT imaging of lung metastatic tumor models at 48 h after the injection of 4Cu-NOTA-
YY146.
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Figure 5.
Ex vivo imaging, biodistribution, and H&E staining of metastatic lungs.
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Figure 6.
Tissue immunofluorescent staining of CD146 and CD31 of orthotopic tumors.
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