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Abstract

CD30 has been considered a unique diagnostic and therapeutic target for CD30-positive 

lymphomas and some lung diseases. Additionally, CD30 has shown high expression in clinical 

lung cancer samples. In this study, 89Zr-radiolabeled brentuximab vedotin (BV) was developed for 

in vivo tracking of BV and imaging CD30 expression in lung cancer models via conjugation with 

desferrioxamine (Df). CD30 expression in three lung cancer cell lines (H460, H358, and A549) 

was quantified by Western blot. Flow cytometry and saturation binding assays were used to 

evaluate the binding capabilities of the tracer in vitro. After longitudinal positron emission 

tomography (PET) imaging and quantitative analysis were performed, ex vivo biodistribution and 

histological studies were used to verify PET results. Finally, dosimetric extrapolation of murine 
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data to humans was performed. At the cellular level, CD30 was found to be expressed on H460 

and A549 cells with the highest and lowest levels of expression, respectively. Both Df-BV and 
89Zr-Df-BV displayed high binding affinity to H460 cells. PET images and their quantification 

verified that BV accumulated in H460 tumor models (9.93 ± 2.70% ID/g at 24 h after injection; n 
= 4) at the highest level, followed by H358 and A549 tumors (8.05 ± 2.43 and 5.00 ± 1.56% ID/g; 

n = 4). The nonspecific 89Zr-labeled IgG showed a low tumor uptake of 5.2 ± 1.0% ID/g for H460 

models. Ex vivo biodistribution and fluorescence immunohistochemistry also corroborated these 

findings. Dosimetric results displayed safe dose estimations. Therefore, 89Zr-Df- BV provides a 

potential agent for evaluating CD30 expression noninvasively in lung cancer, and also for imaging 

of brentuximab vedotin for better understanding of its pharmacokinetics.
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INTRODUCTION

Cluster determinant 30 (CD30) is a 120 kDa transmembrane glycoprotein and recognized as 

the eighth member of the tumor necrosis factor receptor superfamily (TNFRSF8).1 It 

interacts with TRAF2 or TRAF5 proteins to activate the nuclear factor kappa B (NF-κB), 

and leads to cellular propagation and differentiation.2 CD30 is additionally expressed by T- 

or B-cell origin lymphoid cells in Hodgkin’s lymphoma, large cell anaplastic lymphoma, 

and some large B-cell lymphomas, and is thus considered a unique diagnostic and 

therapeutic target for these diseases, among others.1–3 Differential expression of CD30 has 

also been reported on the membranes of decidual cells, mesothelial cells, myoepithelial 

cells, NK cells, thymic cells, and macrophages.4 In addition to lymphomas, embryonal 

carcinoma and malignant mesothelioma are also CD30-positive such that it is of potential 

diagnostic and therapeutic value.5,6 Other cancers have been reported as CD30-positive, 

such as seminomas,7 melanoma,8 nasopharyngeal carcinoma,9 and cavernous and spindle 

cell hemangiomas.10 In the area of lung diseases, the CD30 ligand was reported as a lung 

cancer biomarker and observed to be upregulated in lung cancer serum11 and supports lung 

inflammation.12

Based on the critical role of CD30 in malignant lymphomas, several monoclonal antibodies 

(mAbs) targeting CD30 have been developed for clinical use. Two important first generation 

anti-CD30 antibodies are chimeric mAb SGN-30 (also known as cAC10) and MDX-060 

(also named 5F11).13 SGN-30 is constructed from the variable regions of a murine anti-
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CD30 mAb (named AC10) and human heavy and light chain constant regions.14 MDX-060 

is an intact anti-CD30 human G1κ IgG mAb.15 Because these mAbs showed low response 

rates and unpredictable side effects in clinical trials, some modified anti-CD30 mAbs were 

developed to improve their treatment efficiency. Among them, antibody–drug conjugates 

(ADCs) have shown obvious enhanced antitumor activity.16

Brentuximab vedotin (BV, Seattle Genetics, Adcetris), also named SGN-35, is one of the 

most successful ADCs. It is composed of SGN-30 attached via an enzyme-cleavable 

dipeptide linker to an antitubulin agent, monomethyl auristatin E (MMAE).17 After binding 

to CD30, BV is internalized and transported to lysosomes, and MMAE is released through 

proteolytic cleavage. MMAE binds to tubulin and disrupts the microtubule network within 

the cell, causing arrest of the cell cycle and apoptotic cell death.18 Additional means of 

tumor cell destruction are contributed by antibody-dependent cellular phagocytosis, 

bystander effects in the tumor microenvironment, and immunogenic cell death.17,19 Because 

BV revealed high response rates as a single agent for treatment, it was speedily approved for 

CD30-positive relapsed Hodgkin lymphoma and relapsed systemic anaplastic large-cell 

lymphoma (sALCL) by the FDA.20 Therefore, the trafficking of ADCs and monitoring of 

their therapeutic effect in vivo are important for understanding the effects of lymphoma 

treatment.

In vivo tracking of mAbs enables the visualization of tumor targeting and estimation of the 

dose delivered to off-target tissues. Positron emission tomography (PET) imaging is 

commonly used in the clinic for tumor detection and therapeutic efficacy monitoring.21–23 

ImmunoPET combines the high specificity and selectivity of mAbs with the high resolution 

and quantitative aspects of PET. Therefore, immunoPET is an ideal imaging modality for 

tumor detection.22 Compared with short-lived PET radionuclides such as 18F(t1/2 = 108 min) 

or 68Ga (t1/2 = 68 min), 89Zr (t1/2 = 78.4 h) is highly suitable for imaging intact mAbs which 

typically need up to 4 days to realize optimal tumor-to-nontumor ratios.22

One previous report used a 89Zr-labeled murine mAb (AC10) for immunoPET imaging of 

CD30 in lymphoma models.24 Although AC10 displays high and specific binding affinity to 

CD30, the major limitation of murine mAbs is the immunogenicity of the foreign protein, 

which might induce adverse effects and loss of efficacy.13 The anti-CD30 chimeric mAb 

SGN-30, the native antibody component of brentuximab vedotin, is safer to use in humans. 

Thus, far, no studies have been reported on PET imaging using radiolabeled BV or SGN-30. 

Moreover, the in vivo distribution of BV should be further clarified to determine the 

biological impact of conjugation of MMAE on the binding ability to CD30. Therefore, we 

radiolabeled BV with 89Zr for tracking BV and imaging CD30 expression noninvasively in 

three lung cancer models. This study enables visualization of the dynamic distribution of 

brentuximab vedotin and validates radiolabeled brentuximab vedotin for immunoPET 

imaging of CD30 in vivo for possible future clinical application.
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EXPERIMENTAL SECTION

Cell Culture

Three human lung cancer cell lines (H460, H358, and A549) were purchased from the 

American Type Culture Collection (ATCC, USA). Cells were cultured in RPMI 1640 

medium with 10% fetal bovine serum (FBS; Thermo Fisher Scientific, USA) and 1% 

penicillin–streptomycin (Thermo Fisher Scientific, USA) at 37 °C in a humidified incubator 

with 5% CO2.

Radiolabeling of Brentuximab Vedotin

For successful radiolabeling of BV with 89Zr, SCN-Bn-deferoxamine (Df, Macrocyclics, 

USA) was conjugated to the antibody through the exposed lysine residues. This procedure 

was described previously.21,22 Briefly, 4 mg of BV (in PBS) was incubated with Df (in 

DMSO) at a molar ratio of 1:10 (brentuximab vedotin:Df) and reacted at room temperature 

for 2 h. The pH value was adjusted to 8.5-9.0 by Na2CO3. Df-BV was purified by a PD-10 

column (GE Healthcare, USA) to remove unreacted Df molecules. By using a PETrace 

cyclotron (GE Healthcare, USA), 89Zr was produced via proton irradiation of natural yttrium 

foils.25 For radiolabeling, 400 μg (100 μg/mCi) of Df-BV was mixed with 74–148 MBq (2–

4 mCi) of 89Zr-oxalate in 0.5 mL of 0.5 M HEPES buffer (pH 7.0) for 30 min at 37 °C. 89Zr-

Df-BV was purified using a PD-10 column and assayed for radiochemical yield by 

collecting different parts of elutions. For a nonspecific control, 89Zr-labeled human serum 

IgG (ThermoFisher Scientific, USA) was used and prepared using the same procedures 

described above.

Western Blot

Lung cancer cells were lysed with RIPA buffer (Boston BioProducts, USA) supplemented 

with 1:100 Inhibitor Cocktail (ThermoFisher Scientific, USA) overnight at 4 °C. Protein 

concentration was measured using the Pierce Coomassie Protein Assay Kit (ThermoFisher 

Scientific, USA), and 30 μg of total protein was loaded into a 4–12% Bolt Bis-Tris Plus gel 

(ThermoFisher Scientific, USA), along with the protein marker Chameleon Duo ladder (LI-

COR Biosciences, USA). Gels were electrophoresed at 110 mV and 4 °C for 75 min, and, 

using the iBlot 2 system (ThermoFisher Scientific, USA), proteins were transferred to a 

nitrocellulose membrane. The membrane was blocked with Odyssey blocking buffer (LI-

COR Biosciences, USA) overnight at 4 °C and then incubated with the primary antibodies 

including mouse anti-human CD30 antibody (1:1500) and rabbit anti-human β-actin 

antibody (1:2000) for another 12 h at 4 °C. All primary antibodies were purchased from 

Novus Biologicals (Littleton, CO, USA). After washing with PBS-T (phosphate buffered 

saline with Tween 20), the membrane was incubated with secondary antibodies (donkey 

anti-mouse IRDye 800CW and goat anti-rabbit IRDye 680RD; LI-COR, USA) for 1 h at 

room temperature. The membrane was washed, scanned, and quantitatively analyzed using 

the Odyssey infrared Imaging System (LI-COR, USA).
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Flow Cytometry

The binding of the antibody to CD30 was assessed by flow cytometry in H460, H358, and 

A549 cells. Cells were harvested, washed with cold PBS, and resuspended in Flow 

Cytometry Staining Buffer Solution (eBioscience, USA) at a concentration of 1 × 106 

cells/mL. Cells were incubated for 60 min on ice with either BV or Df-BV (at 5 or 25 

μg/mL) and washed. Cells were then incubated with 3 μg/mL of goat anti-human AF488 

secondary antibody (Thermo-Fisher Scientific, USA) for 30 min on ice. After washing, cells 

were analyzed using a LSRFortessa cytometer (BD Biosciences, USA) and mean 

fluorescence intensities were quantified using FlowJo (Tree Star, USA).

Saturation Binding Assay

H460 cells were seeded in a 96-well plate at 1 × 105 cells/well, and gradient concentrations 

of 89Zr-Df-BV in PBS were added to each well (from 0.03–100 nM). 1 μMmol of unlabeled 

BV was used to evaluate nonspecific binding. Following a 2 h incubation at room 

temperature, wells were washed three times with PBS, and cells were collected and counted 

using a gamma counter (PerkinElmer, USA). The total binding and nonspecific binding 

isotherms were plotted using GraphPad Prism software 7.00 (La Jolla, CA, USA). Saturation 

binding: one site total and nonspecific binding was used for fitting of the overall binding 

curve. Saturation binding: one site specific binding was applied for Specific binding curve; 

and linear regression fitting was used for Nonspecific binding. The equilibrium dissociation 

constant (Kd), maximum binding (Bmax) value, and receptor density were calculated.

Animal Models

All animal studies were conducted with approval from the University of Wisconsin 

Institutional Animal Care and Use Committee. 4- to 6-week-old female athymic mice 

(Envigo, United Kingdom) were used for subcutaneous tumor implantation. After 

harvesting, cells were resuspended in Matrigel (Invitrogen, USA) at a concentration of 5 × 

106 cells/mL. 200 μL of H460, H358, or A549 lung cancer cells were subcutaneously 

injected into the lower right flank of each mouse. Mice were monitored for general health 

and tumor volumes every other day.

PET Imaging and Image Analysis

Tumor-bearing mice (n = 4 per group) were intravenously injected with 7.4–11.1 MBq of 
89Zr-Df-BV. At 6, 12, 24, 48, 72, 96, and 120 h postinjection of 89Zr-Df-BV or 89Zr-Df-IgG, 

PET images were acquired using an Inveon microPET/CT (Siemens Medical Solutions, 

USA). Mice were placed in the prone position in the scanner after anesthesia was induced 

and maintained with 2% isoflurane. Twenty million coincidence events were acquired per 

mouse for every static PET emission scan. PET images were reconstructed using the 3D 

ordered subset expectation maximization (OSEM3D) algorithm. Quantitative region-of- 

interest (ROI) data were analyzed by the Inveon Acquisition Workplace (Siemens Medical 

Solutions, USA) and recorded as the percentage of injected dose per gram (% ID/g). Ratios 

of organ-to-blood were also calculated.
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Ex Vivo Biodistribution Studies

Following the 120 h PET scan, mice were euthanized by CO2 inhalation and their blood and 

major organs were collected and weighed before the activities were counted using a gamma 

counter (PerkinElmer, USA). The radioactive uptake was presented as % ID/g (mean ± SD).

Immunofluorescent Staining

Immunofluorescent staining of tumor tissues used procedures previously described.23 

Briefly, tumors were extracted, sectioned, fixed in cold acetone for 30 min, and dried at 

room temperature for 15 min. After blocking with 2.5% donkey serum at room temperature 

for 1 h, the slides were incubated overnight at 4 °C with anti-human CD30 (Novus 

Biologicals, USA) and anti-mouse CD31 (ThermoFisher Scientific, USA) at concentrations 

of 1:150 and 10 μg/mL, respectively. The sections were then washed and incubated with 

Cy3-labeled donkey anti-rat and Alexa- Fluor488 labeled goat anti-mouse antibodies 

(ThermoFisher Scientific, USA) at room temperature for 2 h. After washing, the slides were 

coverslipped using Vectashield and Fluoro- mount mediums (Novus Biologicals, USA) for 

fluorescence microscopy with DAPI (Vector Laboratories, USA). Imaging was performed on 

a Nikon A1R confocal microscope (Nikon Instruments, USA).

Dosimetric Extrapolation

Using PET tracer uptake data from ROI analysis along with biodistribution data of 89Zr-Df-

brentuximab vedotin, whole-body and organ doses to an adult human were estimated using 

OLINDA.2

Statistical Analysis

Quantitative data are expressed as mean ± standard deviation (SD). Statistical significance 

was analyzed using ANOVA. P-values less than 0.05 were considered statistically 

significant.

RESULTS

CD30 Expression in Lung Cancer Cell Lines

Relative expression levels of CD30 in three lung cancer cell lines (H460, H358, and A549) 

were measured by Western blot analysis. 61.9 kDa bands represented CD30, while 45 kDa 

bands represented β-actin. H460 and H358 cells were shown to highly express CD30, 

whereas A549 was found to express CD30 at a much lower level relative to the expression of 

β-actin (Figure 1a).

Cellular Binding Abilities of BV, Df-BV, and 89Zr-Df- BV

Flow cytometry was performed to validate the cell binding and immunoreactivity of BV 

toward CD30 expressed on lung cancer cells and to determine the impact that conjugation of 

the chelator Df would have on BV’s binding affinity (Figure 1b). In H460 cells, BV showed 

high cell binding ability at both concentrations of 5 and 25 μg/mL, which presented as a 

stronger shift to the right in the fluorescence histograms. H358 cells express a lower level of 

CD30, and A549 cells express a background level of CD30. Compared to A549 cells 
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incubated with secondary antibody only, no significant shift was found with cells incubated 

with BV or Df-BV. Conjugation of the chelator did not affect the interaction between BV 

and CD30, as there were minimal changes in signal between BV and Df-BV at both 

concentrations in H460 cells.

After purification with PD-10 columns, the radiolabeling yield of 89Zr-Df-BV was shown to 

be greater than 85% with a radiochemical purity of over 95%. The affinity of 89Zr-Df-BV 

for CD30 was determined via a receptor saturation binding assay. The assay calculated Kd as 

2.07 ± 1.86 nM in H460 cells. This value suggests a strong binding affinity between 89Zr-

Df-BV and CD30. Additionally, the receptor density of CD30 on the surface of H460 cells 

was found to be 7.4 × 103 receptors/cell.

PET Imaging

Representative maximum intensity projection (MIP) images from H460, H358, and A549 

tumor-bearing mice are shown in Figure 2. Quantitative data were obtained from ROI 

analyses of the tumor, blood (heart), liver, spleen, kidney, and bone (Figure 3a). 

Additionally, 89Zr-radiolabeled nonspecific IgG was injected into H460 tumor-bearing mice 

to exclude nonspecificity of the targeted tracer. For H460 tumor-bearing mice, tumors were 

effectively visualized with high tracer uptake. 89Zr-Df-BV uptake in H460 increased over 

time from 6.48 ± 0.39% ID/g to 9.93 ± 2.70% ID/g during 24 h and remained around 9% 

ID/g through 120 h postinjection (n = 4). For A549 tumor-bearing mice, tumors showed very 

low tracer accumulation, which was significantly lower than that in H460 tumors, at up to 

5.00 ± 1.56% ID/g at 72 h postinjection (n = 4, p < 0.05 when compared with the H460 

group). Concordantly, H358 tumors also demonstrated high tracer uptake with a maximum 

of 8.05 ± 2.43% ID/g at 48 h postinjection (n = 4). Therefore, 89Zr-Df-BV demonstrated 

differential signal in tumors with different CD30 expression.

As a nonspecific control probe, 89Zr-Df-IgG showed very low tumor accumulation (5.2 ± 

tumor-bearing mice. For all three lung cancer models, the liver showed the highest uptake 

among all main organs, suggesting the main metabolic path of the tracer in vivo. After 

injection of 89Zr-Df-BV, radioactive uptake in the blood, spleen, and kidneys steadily 

declined in all tumor models, whereas bone uptake remained constantly low. We further 

measured the ratios of organ-to-blood activity for the H460 model postinjection of 89Zr-Df-

BV or 89Zr-Df-IgG (Figure 3b). Tumor-to-blood ratios reached 2.41 ± 0.45 for 89Zr-Df-BV, 

but only 1.16 ± 0.13 for 89Zr-Df-IgG at 120 h, suggesting its specific distribution in tumor. 
89Zr-Df-BV and 89Zr-Df-IgG showed similar organ-to-blood ratios in the spleen, kidney, and 

bones. Even though the bone-to-blood ratio increased, it was lower than that of the kidney 

and spleen and below 1 within 120 h.

Biodistribution

After the final imaging time point at 120 h postinjection, mice were euthanized, and the 

blood, major organs, and tissues were collected for ex vivo validation. Biodistribution 

studies showed similar findings to the PET imaging results (Figure 4). After injection of 
89Zr-Df-BV, a statistically significant difference in tumor uptake was found between H460 

and A549 or H358 and A549 models (n = 4, p < 0.05), further corroborating the PET data. 
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Blood and liver signals also correlated well with the PET data. Maximum uptake was found 

in the liver. Tumor uptake of 89Zr-Df-IgG in H460 (3.12 ± 1.59% ID/g) was also 

significantly lower than that of 89Zr-Df-BV (9.19 ± 0.62% ID/g), which suggested that 89Zr-

Df-BV had specific tumor binding in vivo.

Immunofluorescent Staining of Lung Tumors

Immunofluorescent staining of tumor tissues further verified the in situ expression levels of 

CD30 in lung cancer models. H460 and H358 tumor tissues showed high staining of CD30 

with more homogeneous expression of CD30 than A549 tumors (Figure 5). A549 tumors 

showed near-background levels of staining for CD30. Anti-mouse CD31 staining visualized 

vessels in the tumor tissues. The CD30 staining intensities correlated with the tumor uptake 

found in PET imaging analysis, further verifying the ability of 89Zr-Df-BV to visualize 

CD30 expression noninvasively in lung cancer.

Dosimetry

Utilizing biodistribution and quantitative ROI data of 89Zr-Df-BV, approximate doses to 

normal organs following administration of 89Zr-Df-BV were calculated. As shown in Figure 

6, the liver was the highest uptake organ after administration of 89Zr-Df-BV in lung cancer 

models. The calculated absorbed doses to the liver were approximately 2.48 ± 0.67 (H460 

model), 2.85 ± 0.22 (H358 model), and 3.13 ± 0.29 (A549 model) mGy/MBq. Since the 

mice in this group received 200 μCi of 89Zr-Df-BV, the estimated doses to the liver were 

relatively low, at approximately 1.6 Gy.

DISCUSSION

CD30 is upregulated upon T-cell activation and regulates cytotoxic NK and T-cell effector 

function, as well as thymocyte survival.27 While CD30 has been recognized as an important 

marker for lymphomas for quite some time,17 its role in lung cancer remained obscure. One 

study showed that the CD30 ligand can be a lung cancer biomarker, upregulated in lung 

cancer patients’ serum.11 In clinical settings, the need to maximize drug delivery to CD30-

positive cancer cells while minimizing nontarget distribution has put forth the development 

of BV, which consists of a CD30-specific chimeric monoclonal antibody SGN-30 (also 

named cAC10) and an anti-tubulin drug (MMAE). Previous studies presented CD30 as a 

potential target for BV treatment in epithelial-type mesothelioma,6 and BV has allowed for 

durable responses with moderate adverse effects. Yet, little is known about the 

biodistribution of BV in vivo. For these purposes, we radiolabeled BV via conjugation with 

Df to investigate its localization in vivo and evaluated differential CD30 expression of three 

lung cancer models using 89Zr-Df-BV.

Even though the biodistribution and metabolism of ADCs can be inferred from studies with 

antibodies alone, there is also evidence that these characteristics of ADCs may be different 

from those of pure antibodies.28 When evaluating the biodistribution of an ADC, 

longitudinal immunoPET may provide a noninvasive method to show the dynamic 

transportation of the ADC and the active expression of the target molecule in vivo.29 One 

previous study used a 89Zr-radiolabeled murine mAb AC10 to image CD30 expression in 
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murine lymphoma models.24 However, this murine antibody is different from SGN-30 (or 

cAC10), the antibody part of brentuximab vedotin. Moreover, the conjugation of drug 

molecules, such as MMAE, will likely lead to a decreased serum half-life. In this study, 

heart (blood) uptake of 89Zr-Df-BV dropped more than 50% from 24 to 72 h after injection, 

while that of 89Zr-Df-AC10 decreased by less than 30% in the previous study. Additionally, 

the liver uptake of 89Zr-Df-BV in the CD30-positive H460 group maintained at 

approximately 20% ID/g from 24 to 72 h postinjection in our study, while the liver uptake of 
89Zr-Df-AC10 decreased from 15.22 ± 1.71% ID/g to 11.78 ± 2.43% ID/g during the same 

time period in a CD30-positive lymphoma model. This difference is likely caused by the 

high liver metabolism of the drug conjugate, which enhanced the hydrophobicity of BV in 
vivo. One preclinical study showed that the major elimination pathway of another ADC 

(ado-trastuzumab) is also the fecal/biliary route.28 Similar to other antibody-based agents, 

the metabolism of 89Zr-Df-BV in our study is thought to take place by hepatic elimination 

through proteolytic degradation.

One important consideration for accurate PET imaging is that the tracer is adequately stable 

in vivo. As is well-known, free detached 89Zr accumulates in bone. Interestingly, our study 

showed that the bone uptake of 89Zr-Df-BV remained low (less than 3% ID/g even at 120 h), 

while 89Zr-Df-AC10 showed obviously increased bone uptake (more than 5% ID/g at the 

earlier time point of 72 h). The low bone uptake in this study represented the high stability 

of 89Zr-Df-BV in the body.

Data from immunoPET can allow quantification of the radiation doses to organs-of-interest. 

In a clinical study, the quantification of blood-pool activity from PET images agreed well 

with the collected blood sample activity using a 89Zr-radiolabeled mAb.30 Our study showed 

that the liver is the major elimination organ for the ADC, so the dosimetry in the liver should 

be considered for safety concerns. The calculated doses to the liver were approximately 2.48 

± 0.67 (H460 model), 2.85 ± 0.22 (H358 model), and 3.13 ± 0.29 (A549 model) mGy/MBq, 

which were far less than toxic limits, suggesting its potential safety for future clinical 

imaging.

Besides immunoPET imaging discussed in our study, radiotherapy using radiolabeled CD30 

antibodies or ADCs for targeted treatment of lymphoma has provoked broad interest. Due to 

the sensitivity of lymphomas to radiotherapy, several preclinical studies have applied 131I-

labeled Ki-4 and 90Y-labeled HeFi-1 (anti-CD30 antibodies) for treatment of Hodgkin’s 

lymphoma.31,32 However, these treatments were only temporarily effective and associated 

with severe unpredictable hematotoxicity. To maximize treatment effects, radiolabeled 

ADCs should be rapidly internalized to better transfer cytotoxic drugs into tumor cells, and 

elicit treatment effects due to the radioisotopes.16 The excellent targeting ability of BV and 

its rapid internalization into tumor cells may allow for efficient radiotherapy of CD30-

positive lymphoma and other types of cancer.17 As for the choice of radioisotopes, 90Y is 

more promising due to its higher beta-energy and longer path length than those of 131I. 

However, toxicity concerns have limited the widespread use of radioimmunoconjugates.2 

Liver toxicity might be caused by high accumulation of ADCs in the liver. In comparison, 

smaller antibody fragments such as F(ab′)2 showed lower liver uptake postinjection, as well 
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as faster blood clearance.33 At this point, antibody fragments with smaller sizes might be a 

better choice for radioimmunotherapy to avoid liver toxicity, but further studies are needed.

CONCLUSIONS

In conclusion, brentuximab vedotin was radiolabeled with Zr-89 to enable biodistribution 

investigations using PET imaging. 89Zr-Df-BV was later found useful for evaluating CD30 

expression in lung cancer, and differential CD30 expression was found in three different 

lung cancer murine models. Therefore, 89Zr-Df-BV may be developed as an imaging agent 

of CD30 expression in clinical settings, allowing for patient stratification and post-treatment 

management.
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Figure 1. 
In vitro analysis of CD30 expression and binding ability of BV in H460, H358 and A549 

lung cancer cell lines: (a) Western blot analysis; (b) flow cytometry.
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Figure 2. 
PET maximum intensity projection (MIP) images of H460, H358, and A549 lung cancer 

subcutaneous models following injection of 89Zr-Df-BV or 89Zr-Df-IgG. Tumors are shown 

by red circles.
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Figure 3. 
Quantitative results of PET imaging after injection of 89Zr-Df-BV or 89Zr-Df-IgG in H460, 

H358, and A549 lung cancer models: (a) radioactivity uptake; (b) organ-to-blood ratios.
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Figure 4. 
Ex vivo biodistribution results at 120 h after injection of 89Zr-Df-BV or 89Zr-Df-IgG, which 

verified the results from PET imaging. *p < 0.05.
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Figure 5. 
Immunofluorescent staining of ex vivo tumor tissues. Scale bar: 100 μm.
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Figure 6. 
Estimated doses of 89Zr-Df-BV to normal organs using biodistribution and quantitative ROI 

data in H460, H358, and A549 lung cancer models, extrapolated to an adult human.
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