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Abstract

The atypical chemokine receptor ACKR3 (formerly CXCR7), overexpressed in various cancers
compared to normal tissues, plays a pivotal role in adhesion, angiogenesis, tumorigenesis,
metastasis and tumor cell survival. ACKR3 modulates the tumor microenvironment and regulates
tumor growth. The therapeutic potential of ACKR3 has also been demonstrated in various murine
models of human cancer. Literature findings underscore the importance of ACKR3 in disease
progression and suggest it as an important diagnostic maker for non-invasive imaging of ACKR3
overexpressing malignancies. There are currently no reports on direct receptor-specific detection
of ACKR3 expression. Here we report the evaluation of a radiolabeled ACKR3-targeted
monoclonal antibody (ACKR3-mADb) for the non-invasive in vivo nuclear imaging of ACKR3
expression in human breast, lung and esophageal squamous cell carcinoma cancer xenografts.

Methods—ACKR3 transcripts were extracted from Cancer Cell Line Encyclopedia (CCLE), The
Cancer Genome Atlas (TCGA) and the Clinical Lung Cancer Genome Project (CLCGP). 89zr-
ACKR3-mADb was evaluated /in vitro and subsequently /n vivo by positron emission tomography
(PET) and ex vivo biodistribution studies in mice xenografted with breast (MDA-MB-231-ACKR3
(231-AC-KR3), MDA-MB-231 (231), MCF7), lung (HCC95) or esophageal (KYSE520) cancer
cells. In addition, ACKR3-mAb was radiolabeled with lodine-125 and evaluated by single photon
emission computed tomography (SPECT) imaging and ex vivo biodistribution studies.

Results—ACKR3 transcript levels were highest in lung squamous cell carcinoma (LUSC)
among the 21 cancer type data extracted from TCGA. Also, CLCGP data showed that LUSC has
the highest CXCR?7 transcript levels compared to other lung cancer subtypes. The 89Zr-ACKR3-
mADb was produced in 80+5% radiochemical yields with >98% radiochemical purity. /n vitro cell
uptake of 89Zr-ACKR3-mAb correlated with gradient levels of cell surface ACKR3 expression
observed by flow cytometry. /n vivo PET imaging and ex vivo biodistribution studies in mice with
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breast, lung and esophageal cancer xenografts consistently showed enhanced 89Zr-ACKR3-mAb
uptake in high ACKR3 expressing tumors. SPECT imaging of 125]-ACKR3-mAb showed the
versatility of ACKR3-mADb for /n vivo monitoring of ACKR3 expression.

Conclusions—Data from this study suggest ACKR3 to be a viable diagnostic marker and
demonstrate the utility of radiolabeled ACKR3-mAb for /n vivo visualization of ACKR3
overexpressing malignancies.
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INTRODUCTION

The atypical chemokine receptor ACKR3, formerly CXCR?7, is a 7-transmembrane G-
protein coupled receptor, encoded by the RDC1 gene, with two endogenous ligands,
CXCL11 and CXCL12. The ACKR3-CXCL11/12 interaction does not lead to typical G-
protein coupled receptor -mediated calcium mobilization and chemotaxis, but rather the
recruitment of B-arrestin, resulting in internalization of the receptor (1-5). For this reason,
ACKR3 is referred to as an atypical chemokine receptor. ACKR3 expression, while low in
healthy venule endothelium and arteriole smooth muscle cells, is upregulated with malignant
transformation (6-12). ACKR3 modulates the tumor microenvironment by mediating
adhesion, angiogenesis, tumorigenesis and tumor cell survival (2). It also oversees tumor
growth by regulating angiogenic, proliferative and signaling pathways (13,14).

ACKR3 is overexpressed in >30% of all breast cancers (including in situ and invasive ductal
and lobular carcinomas), with 97% of studied specimens (106 of 109) exhibiting robust
vascular ACKR3 staining with undetectable expression in normal breast tissues (10,15). This
overexpression is correlated with poor overall survival and lung metastasis-free survival in
patients with invasive ductal carcinomas as well as reduced relapse-free survival in patients
with ER+ breast cancer (14,16). ACKR3 overexpression has also been confirmed in 45% of
esophageal squamous cell carcinomas (7) and 60% of LUSC with undetectable expression in
adjacent normal lungs. In patients with lung cancer, this overexpression is correlated with
advanced stage, lymphatic invasion and poor survival rates (17,18). Microarray profiling of
LUSC in transgenic mouse models has also shown ACKR3 to be highest expressed (19).
Similar results have been reported in other malignancies including soft tissue tumors,
cervical, renal and prostate cancer where ACKR3 expression is 2-3 fold higher in prostate
cancer and metastatic legions, compared to benign and prostatic intraepithelial neoplasia
(8,10).

The functional role of ACKR3 in modulating the tumor microenvironment has become more
apparent with recent reports suggesting ACKR3 as a therapeutic target for reducing tumor
burden and angiogenesis (20). Attesting to this fact, small molecule ACKR3 inhibitors have
been shown to limit tumor growth in syngenic mouse models of human breast cancer, B
lymphoma and lung carcinoma mouse models (2). ACKR3 also regulates metastasis by
acting as a critical scavenger of CXCL12, a key chemokine responsible for homing of
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primary tumor cells to CXCL12-rich metastatic sites such as bone marrow, lungs and brain
(21,22). In addition, the transforming growth factor-p1 (TGF-B1), a key regulator of the
tumor microenvironment and chemokine gradients (23,24), increases ACKR3 expression in
the lung tumor microenvironment (20). Perhaps more important is that ACKR3 silencing
results in reversal of TGF-p1-induced changes on epithelial-mesenchymal transition, cancer
cell invasion and migration. Patients with high ACKR3 and TGF-B1 levels, however,
exhibited worse prognosis and survival rates. Taken together, these findings underscore the
pathological importance of ACKR3 in cancer regulation and progression to metastasis. They
also suggest the importance of ACKR3 as a valuable prognostic marker and urge the need
for non-invasive detection and monitoring of ACKR3 expression.

There are currently no reports on the direct, receptor specific /n vivo detection of ACKR3
expression. In one report, a fluorophore-tagged CXCL12 analogue was utilized for /n vivo
optical imaging of ACKR3 expression (25). However, while CXCL12 exhibits a high
ACKRS binding affinity, its relatively short half-life makes it a poor choice for further
development as an imaging agent and routine clinical use (26). In addition, limited depth
penetration associated with optical imaging could further limit the utility of that agent. More
importantly, however, is the fact that CXCL12 binds to both CXCR4 and ACKR3 receptors.
As a result, the observed signal could not be discretely assigned to ACKR3 expression
alone, further conveying the need for ACKR3-specific imaging agents.

For a more comprehensive overview of ACKR3 expression in cell lines and tumors, we first
extracted mRNA expression levels from CCLE, TCGA and CLCGP. We then tested the
feasibility of in vivoimaging of ACKR3 expression by PET using a 89Zr-labeled ACKR3-
targeted monoclonal antibody (89Zr-ACKR3-mAb). The specificity of the high affinity
ACKR3 antibody clone used in our study (clone 11G8; IC50 = 8.1nM against 125]-CXCL12
and 25nM against 1251-CXCL11) has been illustrated in literature reports (1,6,10,27). This
clone has also been shown to block CXCL11 and CXCL12 binding to CXCR7 and inhibit
chemokine-mediated B-arrestin2 recruitment (1). The ability of 89Zr-ACKR3-mAb to detect
ACKR3 expression was demonstrated in NOG (NOD/Shi-scidlIL-2Ry™!) mice xenografted
with human breast, lung or esophageal cancers. These malignancies were selected as proof
of concept for /n vivoimaging of ACKR3 expression as they all overexpress this receptor at
varying levels (7,10). In addition, the applicability of ACKR3-mAb for use with other
modalities was also illustrated SPECT imaging of 12°I-labeled ACKR3-mAb (1251-ACKR3-
mADb) in mice bearing human breast cancer xenografts. Our results demonstrate the
application of radiolabeled ACKR3-mAb for /n vivo visualization of ACKR3 overexpressing
cancers and suggest ACKR3 as a viable diagnostic marker.

MATERIALS AND METHODS

Please refer to the supplementary information for detailed methods and experimental
procedures.
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ACKR3 expression in various cancers by CCLE, TCGA and CLCGP

A comprehensive overview of ACKR3 expression in various tumor types has not yet been
reported. Therefore, we first extracted MRNA data from CCLE (Fig. 1), which showed
elevated ACKR3 mRNA expression levels in multiple malignancies, including upper
aerodigestive tract, kidney and esophageal cancer cell lines. Multiple cell lines with high
ACKR3 expression levels were also noted in breast and lung LUSC tumor types. To further
explore the ACKR3 expression profile in human tumors, we extracted ACKR3 mRNA
expression levels from TCGA (Fig. 1). Data from 21 human tumor types showed the highest
ACKR3 mRNA expression in LUSC with esophageal and breast (BRCA) cancers centered
in the expression profile. Similarly, CXCR7 expression levels were highest in LUSC among
the lung cancer subtype data extracted from CLCGP (Fig. 1). As a result, we focused on
beast, esophageal and LUSC tumor types for noninvasive detection of ACKR3 expression.

Generation of 89Zr-ACKR3-mAb

Antibodies were first conjugated with desferrioxamine (on average 2 desferrioxamine
molecules per antibody, Supplemental Fig. 1) via isothiocyanate-amine chemistry, for
subsequent 89Zr-chelation. Radiolabeling with Zr-89 was optimized with radiochemical
yields of 85 + 5% and radiochemical purities > 98% as determined by instant thin layer
chromatography (Supplemental Fig. 2). Specific activities were 296+18 MBg/mg (8.0 + 0.5
mCi/mg) for in vitro studies and 92+7 MBg/mg (2.5 £ 0.2 mCi/mg) for /in vivo studies. The
integrity of ACKR3-mADb at various levels of modification (desferrioxamine conjugation as
well as radiolabeling) was confirmed using sodium dodecyl sulfate polyacrylamide gel
electrophoresis (Coomassie staining), under reducing and non-reducing conditions, and
autoradiography, respectively (Supplemental Fig. 3).

897r-ACKR3-mADb exhibits rapid internalization in vitro

The immunoreactive fraction of the radiolabeled antibody, as determined by Lindmo assay
(28), was 95+4% (Supplemental Fig. 4A). /n vitro 89Zr-ACKR3-mAb uptake in 231-ACKR3
cells, with 231 cells as the negative control, demonstrated rapid internalization over 2hrs of
incubation, but plateaued between thereafter, up to 6hrs of incubation (Fig. 2C). ACKR3
internalization was significantly reduced at 4°C as evident by lower 89Zr-ACKR3-mAb
uptake.

In vitro 89Zr-ACKR3-mAb uptake correlates with ACKR3 expression levels

To evaluate 89Zr-ACKR3-mAb /n vitro, uptake assays were carried out in breast, LUSC and
esophageal squamous cell carcinoma cancer cell lines. ACKR3 Expression levels were
evaluated by flow cytometry and were shown to be in the order of 231-
ACKR3>MCF7>MDA-MB-231-CXCR4 (231-CXCR4)>KYSE520>HCC95>231 (Fig. 2A).
Uptake of 89Zr-ACKR3-mAb (Fig. 2B) correlated with ACKR3 expression levels detected
by flow cytometry. This selective binding was inhibited with 10meq of unlabeled ACKR3-
mADb in 231-ACKR3 and 231 cells, further confirming an ACKR3-mediated uptake. In
addition, the selectivity of 89Zr-ACKR3-mAb for ACKR3 over CXCR4, a structurally
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similar receptor that forms heterodimers with ACKR3, was illustrated by an approximately
15 fold higher uptake in 231-ACKR3 cells (Fig. 2B). This finding was further confirmed
with minimal uptake of 89Zr-ACKR3-mAb by two additional cell lines exhibiting high
CXCR4 and low CXCR4 expression levels (Supplemental Fig. 4B).

ImmunoPET demonstrates enhanced 89Zr-ACKR3-mAbuptake by TNBC and ER+ luminal A
breast cancer xenografts

The specific activity of 89Zr-ACKR3-mAb for /n vivo PET-CT imaging studies was
optimized with ex vivo biodistribution studies in NOG mice xenografted with 231-ACKR3
and the parental 231 cells. The highest 231-ACKR3 to 231 tumor ratio (5.1+0.4) was
observed with a 9MBq/100ug (250Ci/100ug) mAb dose per mouse (Fig. 2D), which was
used thereafter for imaging studies.

PET-CT imaging of NOG mice baring 231-ACKR3 and 231 tumors over 120h indicated
preferential uptake of 89Zr-ACKR3-mAb by 231-ACKR3, compared to 231, tumors (Fig.
3A). These results were quantified by ex vivo biodistribution studies, showing the highest
tumor uptake of 12.1+0.2%ID/g in 231-ACKR3 tumors 48hrs post injection (Fig. 3A). Non-
specific retention was observed in liver, spleen and kidneys. /17 vivo specificity of ACKR3-
mediated uptake was confirmed by blocking studies, showing a significant reduction in 89Zr-
ACKR3-mADb uptake by 231-ACKR3 tumors in PET-CT images (Fig. 3B). These results
were further supported by /n vivo image analysis, which revealed a 41% decrease in tumor
uptake (25.2+1.4%ID/cc for non-blocked versus 14.9+1.5%ID/cc for blocked) with the
blocking dose (Fig. 3B). Higher ACKR3 immunoreactivity in excised 231-ACKR3,
compared to 231, tumors further supported ACKR3-mediated 89Zr-ACKR3-mAb uptake
(Fig. 3C).

Following the target specificity observed in subcutaneous TNBC xenografts, we tested the
applicability of 89Zr-ACKR3-mAb for non-invasive detection of ACKR3 expression in other
breast tumor subtypes. 89Zr-ACKR3-mAb-PET successfully visualized ACKR3
overexpressing ER+ luminal A MCF-7 breast cancer xenografts in NOG mice (Fig. 4).
Quantitative analysis of PET images (Figure 4) revealed a 6.3+0.5%ID/cc uptake in MCF7
tumors 48hrs post injection.

897r-ACKR3-mAb-PET for visualization of ACKR3 expression in other cancers

Similar results were obtained in HCC95 NOG mice. ImmunoPET (Fig. 4) with 89Zr-
ACKR3-mADb was able to detect ACKR3 expression in HCC95 tumors. Quantitative image
analysis (Fig. 4) showed a 4.7+0.1%ID/cc uptake in HCC95 tumors, 48hrs post injection. In
KYSE520/231 xenografts, 89Zr-ACKR3-mAb was preferentially retained in high ACKR3
expressing KYSE520, compared to 231 control tumors (Fig. 5A). Ex vivo biodistribution in
these xenografts showed 10.7+0.4%ID/g in KYSE520 and 5.9+£0.2%ID/g in 231 tumors,
48hrs post injection (Fig. 5A). ImmunoPET imaging following /in vivo blocking, as well the
corresponding /n vivo image analysis, demonstrated a significant reduction
(11.46%3.47%IDlcc) in 89Zr-ACKR3-mAb uptake by KYSE520 tumors (Fig. 5B), further
confirming the specificity of 89Zr-ACKR3-mAb for ACKR3 receptors. This ACKR3-
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mediated uptake was also supported by enhanced ACKR3 immunoreactivity in excised
KYSES520, compared to 231, tumors (Fig. 5C).

125 ACKR3-mAb-SPECT for non-invasive in vivo detection of ACKR3 expression

The feasibility of radiolabeled ACKR3-mAb for /n vivo visualization of ACKR3 expression
with other modalities was assessed by SPECT imaging of 1251-ACKR3-mAb. While 125]-
ACKR3-mADb was initially non-specifically taken up by 231 tumors, preferential uptake and
retention by 231-ACKR3 tumors was observed 120hrs post injection (Fig. 6). Non-specific
retention of 1251-ACKR3-mAb was observed in the thyroid (owing to /77 vivo de-iodination),
liver, spleen, lungs, small intestines and kidneys. £x vivo biodistribution studies with 125]-
ACKR3-mADb, 120hrs p.i., in the same mouse xenografts showed a 1251-ACKR3-mAb
uptake of 4.3+0.3%ID/g in 231-ACKR3 and 1.6+0.6%ID/g in 231 tumors (Fig. 6). These
findings confirm the applicability of radiolabeled ACKR3-mAb for /n vivo visualization of
ACKR3 overexpressing tumors using either PET or SPECT modalities.

DISCUSSION

Upregulation of ACKR3 expression occurs with malignant transformation. This
overexpression is observed in an array of malignancies including soft tissues tumors, breast,
lung, esophageal, and prostate cancers (7,8,10). Recent accumulating literature has
established the pivotal role of ACKR3 in modulating the tumor microenvironment and
regulating tumor cell adhesion, angiogenesis, tumorigenesis and metastasis (13,14). The
critical role of ACKR3 in cell migration and disease progression has also been further
implicated through its scavenging of CXCL12 and heterodimerziation with CXCR4, both of
which are key variables in cell migration during developmental, immune response and
pathological processes (21,22,29,30). Although accumulating literature reports have
emphasized the pathological significance of ACKR3 expression, there are currently no
reports on direct receptor-specific imaging of ACKR3. In this report, we assessed 89Zr-
ACKR3-mAb-PET for the non-invasive /n vivo detection of ACKR3 overexpression.

In vitro evaluation of 89Zr-ACKR3-mAb in human breast, lung and esophageal squamous
cell carcinoma cell lines showed an uptake correlating with cell-surface ACKR3 expression
and demonstrated the suitability of this mAb for /n vivo evaluation. In addition, in agreement
with the ACKR3 specificity shown for the 11G8 clone (1,6,10,27), our /n vitro data also
support preferential selectivity of 89Zr-ACKR3-mAb for ACKR3 over CXCR4. However,
given the reported constitutive formation of ACKR3-CXCR4 dimers, visualization of 89Zr-
ACKR3-mADb uptake may reflect monomeric or homo/hetero-dimeric ACKR3. /n vivo 89Zr-
ACKR3-mAb-PET and ex vivo biodistribution studies in mice harboring TNBC tumors with
graded ACKR3 expression levels agreed with /n vitro findings, showing a direct correlation
between 89Zr-ACKR3-mAb uptake and ACKR3 expression. This ACKR3-mediated uptake
was confirmed by /n vivo blocking, which resulted in a significant reduction of signal in
high ACKR3-expressing tumors as indicated by PET-CT and quantitative /7 vivo image
analysis. 89Zr-ACKR3-mAb-PET was also able to visualize ACKR3 expression in other
tumor models including MCF7 ER+ luminal A breast cancer, lung and esophageal squamous
cell carcinoma xenografts. In addition, our results also show the capability of radiolabeled
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ACKR3-mADb for in vivo ACKR3 imaging by other nuclear modalities. This was
demonstrated by 1251-ACKR3-mAb-SPECT in mice xenografted with TNBC, thereby
proving the flexibility of this approach for a broader range of imaging applications. It is
important to note that because the ACKR3 antibody clone used in this study, 11G8,
recognizes mouse and human ACKR3, both receptor types are visualized by 89Zr-ACKR3-
mAb (10,31). The capability to image human ACKR3 expression in tumors and mouse
ACKR3 expression in other tissues is advantageous in allowing for a more detailed analysis
of the overall ACKR3 expression profile in preclinical models compared to the use of
antibodies only recognizing human or mouse receptors.

Clearance from non-specific organs such as liver and spleen was observed 120hrs post
injection of 89Zr-ACKR3-mAb. It should be noted that splenic venous sinusoidal endothelial
cells in immunodeficient mice (6), as well as splenic marginal zone B-cells (MZB) (32), also
express ACKR3 receptors, thereby contributing to the spleen uptake. In addition, low
ACKRS levels have also been reported in kidneys of immunodeficient mice, which could be
a possible contributing factor for the observed renal retention (6). Accumulation of Zr-89 in
bones is likely a result of 89Zr-ACKR3-mAb metabolism, leading to transchelation and
sequestration of Zr-89 to phosphate groups in bones. Similar bone accumulation of Zr-89
has been observed with other antibodies such as the 89Zr-labeled J591 mAb, currently in
clinical trials for immunoPET of the prostate-specific membrane antigen in prostate cancer
patients (33,34).

CONCLUSIONS

Results from our study show that ACKR3 is highly expressed in LUSC among solid tumors.
Our studies also show that ACKR3 is a viable diagnostic maker and confirm the capability
of radiolabeled ACKR3-mADb for the direct, receptor-specific and non-invasive /in vivo
monitoring of ACKR3 expression with either PET or SPECT. The elasticity in the selection
of imaging modality allows for chelation of a more extensive range of radioisotopes, with
varying decay properties and energy windows, thus allowing for a broader array of
applications. Development of ACKR3-targeted molecular imaging agents may provide a
more effective route for detection of ACKR3 overexpressing cancers with currently limited
diagnostic options.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

ACKR3 expression in human cancers. ACKR3 mRNA expression in various cancers by
CCLE and TCGA as well as CLCGP for various types of lung cancers; UAD — upper
aerodigestive tract cancers, CNS — central nervous system, NSCLC — non-small cell lung
cancer, SQ — squamous cell lung cancer, LC — large cell lung carcinomas, AD - lung
adenocarcinomas, CA — lung carcinoid tumors, LUSC - lung squamous cell carcinoma;
KIRC — kidney renal clear cell carcinoma; HNSC — head and neck squamous cell carcinoma;
GBM - glioblastoma multiforme; BLCA — bladder urothelial carcinoma; LGG — brain lower

J Nucl Med. Author manuscript; available in PMC 2017 January 24.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Azad et al.

Page 11

grade glioma; SCLC - small cell lung carcinoma; PAAD — pancreatic adenocarcinoma;
CESC - cervical squamous cell carcinoma and endocervical adenocarcinoma; THCA —
thyroid carcinoma; UCEC — uterine corpus endometrial carcinoma; BRCA — breast invasive
carcinoma; READ - rectum adenocarcinoma; LUAD — lung adenocarcinoma; COAD —
colon adenocarcinoma; KIRP — kidney renal papillary cell carcinoma; LIHC — liver
hepatocellular carcinoma; KICH — kidney chromophobe; PRAD — prostate adenocarcinoma;
LAML - acute myeloid leukemia; SKCM - skin cutaneous melanoma.
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Figure 2.
Evaluation of 89Zr-ACKR3-mAb /n vitro and optimization of its specific activity /7 vivo.

ACKR3 cell-surface expression by flow cytometry illustrated by overlapping histograms and
mean fluorescence intensity (MF1) (A); /in vitro binding assay with 89Zr-ACKR3-mAb (B);
internalization assay in 231-ACKR3 cells (C); optimization of 89Zr-ACKR3-mAb specific
activity using ex vivo biodistribution; organs from NOG mice bearing 231/231-ACKR3
tumors were harvested 48hrs post injection of 1.5MBq (40uCi) of 89Zr-ACKR3-mAb
accompanying 10, 30, 70 or 100ug of non-labeled ACKR3-mAb (D); 231-ACKR3
represents MDA-MB-231-ACKR3; 231 represents MDA-MB-231; 231-CXCR4 represents
MDA-MB-231-CXCR4; p £ 0.05 (*), < 0.0001 (****).
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Figure 3.
897r-ACKR3-mAb demonstrates enhanced ACKR3-mediated 77 vivo uptake by ACKR3

overexpressing TNBC. Volume rendered PET-CT imaging (left) and ex vivo biodistribution
(right) of 89Zr-ACKR3-mAb in 231 (black arrows)/231-ACKR3 (white arrows) xenografts
(A); PET-CT imaging following blocking with 10meq of ACKR3-mAb (left) with /in vivo
image analysis (right) comparing blocked and non-blocked 89Zr-ACKR3-mAb tumor uptake
(B); H&E staining and ACKR3 immunohistochemistry of excised tumor tissues (C), scale
bars represent 50um, ACKR3 expression in IHC is demonstrated by light brown color; 231-
ACKR3 represents MDA-MB-231-ACKR3; 231 represents MDA-MB-231; p < 0.01 (**), <
0.001 (***), <0.0001 (****).
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Figure 4.
897r-ACKR3-mAb-PET detects ACKR3 overexpressing ER+ luminal A breast and LUSC

tumors. Transaxial PET-CT images of MCF-7 (white arrow) and HCC95 (white arrow)
xenografted mice 48hrs after a 9MBq (250uCi) intravenous injection of 89Zr-ACKR3-mAb
(left); quantitative PET image analysis of 89Zr-ACKR3-mAb tumor uptake in MCF7 and
HCC95 xenografted mice (right); p < 0.001 (***), < 0.0001 (****).
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Figureb.
897r-ACKR3-mAb exhibits enhanced ACKR3-mediated uptake in ACKR3 overexpressing

esophageal squamous small cell tumors. Volume-rendered and transaxial PET-CT images
of 89Zr-ACKR3-mAb 48hrs p.i. (left) as well as ex vivo biodistribution (right) of 89Zr-
ACKR3-mADb in 231/KYSE520 xenografts 48hrs and 120hrs p.i. (A); volume-rendered and
transaxial PET-CT images of 89Zr-ACKR3-mAb with a 10meq blocking dose of ACKR3-
mADb (left) and the /n vivo image analysis (right) comparing blocked and non-blocked 8°9Zr-
ACKR3-mADb tumor uptake (B); H&E and ACKR3 immunohistochemistry of excised 231
and KYSE520 tumor tissues (C); 231 denotes MDA-MB-231; p < 0.01 (**), < 0.0001

(****) i
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Figure®6.
Evaluation of 1251-ACKR3-mAb for /n vivo SPECT imaging of ACKR3 expression.

Volume-rendered SPET-CT imaging (left) and ex vivo biodistribution (right) of 125]-
ACKR3-mADb in NOG mouse harboring 231 (black arrow) and 231-ACKR3 (white arrows)
tumors, following a 37MBq (1mCi) injection of 125-ACKR3-mAb; 231-ACKR3 represents
MDA-MB-231-ACKR3; 231 represents MDA-MB-231; p < 0.05 (*).
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