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ABSTRACT 

 

Carbonic anhydrase IX (CA-IX) is a HIF-1-inducible enzyme that is 

overexpressed in many cancer subtypes to promote survival and invasion in hypoxic 

niches. Pharmacologic inhibition of CA-IX is achievable through sulfonamide-based 

inhibitors and has been shown to reduce primary growth of cancers and distant metastasis 

in preclinical models. We explored a multivalent approach for targeting CA-IX in vivo, 

non-invasively, with positron emission tomography. Three 68Ga-labeled tracers 

containing either one, two, or three 4-(2-aminoethyl)benzenesulfonamide moieties were 

synthesized and evaluated for protein binding and imaging properties. Biodistribution and 

PET/CT imaging were performed using immunocompromised mice bearing CA-IX 

expressing HT‐29 colorectal tumours. All three tracers allowed for the visualization of 

tumour xenografts at 1 h post-injection (p.i.), with the monomer displaying the highest 

contrast. Tumour uptake of the monomer was blockable in the presence of acetazolamide, 

confirming target specificity. The monomer was excreted predominantly through the 

kidneys, while the dimer and trimer were cleared by both renal and hepatobiliary 

pathways. According to biodistribution analysis, tumour uptake (%ID/g) of the 

monomeric, dimeric and trimeric tracers were 0.81 ± 0.15, 1.93 ± 0.26, and 2.30 ± 0.53 at 

1 h p.i.. This corresponded to tumour-to-muscle ratios of 5.02 ± 0.22, 4.07 ± 0.87, and 

4.18 ± 0.84 respectively. The successful development of CA-IX targeting PET tracers 

enables physicians to identify patients that will benefit from treatments targeting this 

protein.
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INTRODUCTION 
 

Tumour hypoxia has long been recognized as an impediment to radiotherapy and 

chemotherapy. Cancers that are hypoxic tend to be aggressive, with high propensity for 

distant metastasis (1). As hypoxia is a salient feature of most solid cancers, targeting 

components of the hypoxia-induced signaling cascade has been proposed as a means for 

oncologic treatment (2,3). The key enzyme mediating hypoxia-induced stress response in 

cancers is carbonic anhydrase IX (CA-IX). Regulated by hypoxia-inducible factors 1/2 

(HIF1/2), CA-IX catalyzes the reversible hydration of carbon dioxide to bicarbonate ion 

(4,5). CA-IX promotes cancer cell survival by transporting bicarbonate ions into the cell 

to maintain pH homeostasis during glycolysis (4,5). Overexpression of CA-IX has been 

observed in a broad spectrum of cancers including: breast, cervix, ovarian, bladder, brain, 

colon, lung, kidney, head and neck, and oral cancers (2). In healthy individuals, CA-IX is 

expressed at low levels except in the gastrointestinal tract where it is involved in the 

process of cell differentiation (2). As CA-IX is pathologically expressed by cancer cells 

and located at the cell surface, it has emerged as a promising imaging/therapeutic target.  

 

In preclinical settings, monoclonal antibodies and small molecule inhibitors have 

shown great promise in targeting CA-IX expressing cancers (2,6,7); however, there 

remains a need for an effective platform to screen for cancers that will respond to these 

drugs. As the most sensitive molecular imaging modality, positron emission tomography 

(PET) is well-suited for characterizing and quantifying expression of target 

proteins/oncogenes in primary lesions and metastatic sites. PET can detect the 

distribution of minimal amount (10-9~10-12 mole) of radioisotope-tagged molecules in the 

body, non-invasively (8,9). In oncology, PET already plays an extensive role in diagnosis 

and staging, treatment planning, and treatment monitoring (10). With the introduction of 

novel radiotracers into the clinic, PET can provide valuable diagnostic information that 

can be readily integrated with pharmaceuticals to increase effectiveness and safety of 

cancer treatments (11). In the present study, we communicate the synthesis and biological 

evaluation of three 68Ga-labeled sulfonamide derivatives for CA-IX molecular targeted 

PET imaging.  
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MATERIALS AND METHODS 

Chemicals and instrumentation 

All chemicals and solvents were obtained from commercial sources, and used without 

further purification. Proton NMR spectra were obtained using a Bruker (Billerica, MA) 

Avance 400inv spectrometer, and were reported in parts per million downfield from 

internal tetramethylsilane. Mass analyses were performed using a Bruker Esquire-LC/MS 

system with ESI ion source. Purification and quality control of 68Ga-labeled CA-IX 

inhibitors were performed on an Agilent (Santa Clara, CA) HPLC system equipped with 

a model 1200 quaternary pump, a model 1200 UV absorbance detector, and a Bioscan 

(Washington, DC) NaI scintillation detector. The HPLC columns used were a 

semipreparative column (Phenomenex C18, 5 µ, 250 × 10 mm) and an analytical column 

(Eclipse XOB-C18, 5 µ, 150 × 4 mm). [68Ga]GaCl3 was eluted from either a 30-mCi 
68Ge/68Ga generator from Eckert & Ziegler (Berlin, Germany) or a 50-mCi generator 

from iThemba LABS (Faure, South Africa). Radioactivity of 68Ga-labeled tracers were 

measured using a Capintec (Ramsey, NJ) CRC®-25R/W dose calibrator, and the 

radioactivity of mouse tissues collected from biodistribution studies were counted using a 

Packard Cobra II 5000 Series auto-gamma counter. PET imaging experiments were 

conducted using a Siemens Inveon microPET/CT scanner (Malvern, PA). 

 

Chemistry and radiolabeling 

Synthesis scheme accompanied by detailed synthesis and radiolabeling procedures can be 

found in Supplemental Data section. 

 

Binding affinity measurement 

Inhibition constants (Ki) for CA-I, CA-II, CA-IX and CA-XII were determined with CA 

catalyzed CO2 hydration assays following published procedures (12). 

 

Stability in mouse plasma 

Stability of the radiotracers were assessed in balb/c mouse plasma (Innovative Research) 

for 2 h at  37°C following published procedures (13).    

 

Lipophilicity measurement 

Measured octanol:water distribution coefficient at pH 7.4 (LogD7.4) values  

 

Cell lines and animal models 

HT-29 human colorectal cancer cells were obtained as a gift from Dr. Donald Yapp (BC 

Cancer Research Centre, Vancouver, Canada). HT-29 cells were cultured in Dulbecco’s 

Modified Eagle’s Medium (Sigma) supplemented with 10% fetal bovine serum (Sigma), 

100 U/mL penicillin-streptomycin (Thermo Scientific), and non-essential amino acids 

(Gibco). Cells were incubated at 37°C in an atmosphere containing 5% CO2 and used for 

in vitro or in vivo experiments when 80-90% confluence was reached.  

 

All animal studies were performed in accordance with the Canadian Council on Animal 

Care guidelines and approved by the animal care committee of the University of British 

Columbia. Male immunodeficient NOD.Cg-PrkdcscidIl2rgtm1Wjl/SzJ (NSG) mice bred in-

house at the Animal Research Centre, BC Cancer Research Centre were used for this 
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study. Under anesthesia with 2.5% isoflurane in 2.0 L/min of oxygen, mice were 

subcutaneously inoculated with 5 x 106 HT-29 cells (in 100 µL PBS and BD Matrigel 

Matrix at 1:1 ratio) under the right dorsal flank. Biodistribution studies and PET/CT 

imaging were performed when tumours reached 7-9 mm in diameter. 

 

PET imaging and biodistribution studies 

PET imaging studies of 68Ga-labeled tracers were conducted on HT-29 tumour bearing 

mice. Under 2.5% isoflurane anesthesia in oxygen at 2.0 L/min, 3.7-7.4 MBq of 68Ga-

DOTA-AEBSA, 68Ga-DOTA-(AEBSA)2 or 68Ga-NOTGA-(AEBSA)3 in a volume of 200 

µL was administered intravenously through the caudal vein. For blocking experiments, 

mice were intravenously pre-injected with 10 mg/kg acetazolamide 1 h (100 – 200 µL in 

saline, i.v.) before administering the radiotracer. At 1 h p.i., a 10 min PET scan was 

performed using an Inveon micro PET/CT scanner. For anatomical localization, a 10 min 

CT scan was performed prior to each PET acquisition. Body temperature of mice was 

maintained at 37°C with the use of thermal pads. PET data were acquired in list mode 

acquisition, reconstructed using the 3d-OSEM-MAP algorithm with CT-based 

attenuation correction, and coregistered for dataset alignment. Three-dimensional regions 

of interests (ROIs) were placed on the reconstructed images to determine the %ID/g of 

tissue using the Inveon Acquisition Workplace software (conversion factor was 

predetermined using a germanium source).  

 

Biodistribution studies were performed to confirm the quantitative ROI uptake values 

observed from PET scans. At 1 h p.i., mice were euthanized by CO2 asphyxiation 

followed by cervical dislocation. Tissues of interest (blood, testes, stomach, intestine, 

spleen, liver, pancreas, kidney, lung, heart, tumour, muscle, bone and brain) were 

collected. Tissues were rinsed with PBS (except blood), blotted dry, weighed, and 

measured on a gamma counter.  

 

Data Analysis  

All statistics were performed using Prism 6 software (GraphPad). P values for the 

difference of tracer uptake in mouse tissues between unblocked and blocked groups were 

calculated using a Student’s t-test (unpaired, one-tailed) and values < 0.05 were 

considered statistically significant.  
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RESULTS AND DISCUSSION 
 

Rationale and design 

Carbonic anhydrases are a large family of zinc metalloenzymes that share a highly 

conserved protein domain for catalysis (6). Inherently, the design of CA-IX selective 

imaging agents is hindered by potential off-target binding to other CA isoforms. Whereas 

most CAs are found intracellularly (ex. CA-I and CA-II are expressed in high abundance 

in erythrocytes), CA-IX and CA-XII are the two isoforms that reside at the extracellular 

surface (6,14). Although CA-XII is also ectopically expressed by cancers in response to 

hypoxia, it has lower expression profile and catalytic activity than CA-IX (14). Based on 

the spatial distribution of the various CA isoforms, small molecule inhibitors that are cell 

impermeable have enhanced selectivity for CA-IX. Different strategies to confer CA-IX 

selectivity include introducing bulk (fluorophores, albumin binders, glycosylation, 

multimeric design (15-19), net charge (pyridinio sulfonamides) (20,21), and/or enhancing 

hydrophilicity (polyaminocarboxylate chelators) (22-24). Rami et al. synthesized several 

series of aromatic sulfonamides conjugated to DTPA, DOTA, and TETA chelators for 

Cu2+ complexation, and proposed their application for 64Cu PET imaging (22). Although 

these hydrophilic Cu2+-polyaminocarboxylate-chelator complexes successfully prevented 

the sulfonamide inhibitors from entering erythrocytes, 64Cu-DTPA/DOTA/TETA 

complexes are known to exhibit poor stability in vivo (25). 

 

For our study, we synthesized monomeric (DOTA-AEBSA), dimeric (DOTA-(AEBSA)2) 

and trimeric (NOTGA(AEBSA)3) sulfonamide inhibitors and radiolabeled them with 
68Ga (Figure 1A). 68Ga has a short radioactive half-life (67.7 min) that makes it suitable 

for labeling pharmaceuticals that have rapid targeting and clearance profiles (26). As an 

imaging isotope, 68Ga decays 89% via positron emission with an average 740 keV (E+
βmax 

= 1.899 MeV) positron energy per disintegration (26). 68Ga-DOTA/NOTGA complexes 

are highly stable (27), and several 68Ga-DOTA peptide derivatives have successfully 

entered the clinic setting for targeting somatostatin receptors in neuroendocrine tumours 

(28). More significantly, as 68Ga can be eluted from 68Ge/68Ga generators for on-demand 

synthesis, this allows facilities without access to a cyclotron to readily synthesize these 

tracers. We hypothesized that this multivalent approach may increase binding avidity to 

CA-IX and afford cell impermeability through accumulation of molecular weight. 

 

Conjugation of sulfonamide moieties to polyaminocarboxylate chelators does not 

hinder CA-IX binding and inhibition  

Sulfonamide derivatives inhibit CA-IX enzymatic activity by forming coordination with 

Zn2+ ion of the catalytic domain and displacing H2O (6). The primary concern with 

incorporating a multidentate chelator into our structural design was the possibility of 

steric hindrance. To ensure that our compounds can bind to CA-IX after coupling to 

either DOTA (monomer and dimer) or NOTGA (trimer), we first evaluated their binding 

affinity (Ki) using a CA catalyzed CO2 stopped-flow hydration assay. Ki of Ga-DOTA-

AEBSA, Ga-DOTA-(AEBSA)2, and Ga-NOTGA-(AEBSA)3 for CA-IX were determined 

to be 10.8, 25.4, and 7.7 nM, respectively (Table 1). For acetazolamide, a pan CA 

inhibitor, a Ki value of 25.0 nM for CA-IX was measured under the same assay 

conditions.  
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68Ga-labeled tracers were obtained in high radiochemical yield, specific activity with 

good ex vivo stability  

Results of the radiolabeling experiments are summarized in Table 1. All three tracers 

were successfully radiolabeled with 68Ga with decay-corrected isolated yields of > 64% 

(n ≥ 3). The specific activities measured were 536.5 ± 187.1, 269.5 ± 176.9, and 50.9 ± 

8.4 GBq/µmol for 68Ga-DOTA-AEBSA, 68Ga-DOTA-(AEBSA)2, and 68Ga-NOTGA-

(AEBSA)3 respectively. After purification by radio-HPLC, tracers were obtained in ≥ 

97.5% average radiochemical purity for in vitro and in vivo experiments. Stability of the 

tracers was assessed by incubating the tracers in mouse plasma. Tracers were highly 

stable in plasma, as > 90% of them remaining intact after for 2 h incubation at 37°C 

(Supplement Figure 2). 

 
68Ga-labeled sulfonamides generated modest-contrast images in CA-IX expressing 

tumour xenografts  

Representative decay-corrected PET images of HT-29 tumour-bearing mice at 1 h p.i. are 

shown in Figure 4. Tracer uptake was observed in tumour xenografts for all three tracers. 

From the PET images, it is evident that the 68Ga-DOTA-AEBSA is eliminated faster from 

non-target tissues than both the 68Ga-DOTA-(AEBSA)2 and 68Ga-NOTGA-(AEBSA)3. 

While 68Ga-DOTA-AEBSA was excreted predominantly through the kidneys, 68Ga-

DOTA-(AEBSA)2 and 68Ga-NOTGA-(AEBSA)3 were cleared by both renal and 

hepatobiliary pathways. The differences in pharmacokinetic profile may be attributed to 

tracer lipophilicity. The incorporation of each additional benzenesulfonamide moiety 

increased overall lipophicility. The measured octanol:water distribution coefficient at pH 

7.4 (LogD7.4) were -4.37 ± 0.08, -3.52 ± 0.01, and -2.39 ± 0.01 for 68Ga-DOTA-AEBSA, 
68Ga-DOTA-(AEBSA)2, and 68Ga-NOTGA-(AEBSA)3, respectively (Table 2). As 68Ga-

DOTA-AEBSA generated the highest contrasted images, blocking studies were 

performed by pre-injecting acetazolamide (10 and 20 mg/kg, intravenous) before tracer 

administration. Uptake in HT-29 tumours was successfully blocked compared to baseline 

studies indicating tracer specificity (Figure 3).   

 

Biodistribution analysis corroborated observations of the PET images (Table 3). Tumour 

uptake of 68Ga-DOTA-AEBSA, 68Ga-DOTA-(AEBSA)2, and 68Ga-NOTGA-(AEBSA)3 

were 0.81 ± 0.15, 1.93 ± 0.26, and 2.30 ± 0.53 %ID/g at 1 h p.i.. Absolute uptake 

appeared to correlate positively with the number of targeting moieties as well as 

molecular weight of the tracers. For 68Ga-DOTA-AEBSA, minimal uptake was noted in 

non-target tissue with kidneys being the only organ with higher uptake (4.37 ± 1.04 

%ID/g) than tumour at 1 h p.i.  For 68Ga-DOTA-(AEBSA)2 and 68Ga-NOTGA-

(AEBSA)3, enhanced tumour uptake is accompanied by an increase of radioactivity in 

kidneys (14.84 ± 7.21 and 14.40 ± 1.65) and in liver (3.78 ± 1.06 and 8.01 ± 3.58). 

Uptake in latter indicated the involvement of the hepatobiliary pathway in the excretion 

profiles of both the dimer and trimer. Pre-injection with 10 mg/kg of acetazolamide 

significantly reduced the uptake of 68Ga-DOTA-AEBSA in tumours to 0.41 ± 0.10 

%ID/g. Injection of a higher dose of acetazolamide (20 mg/kg) showed further reduction 

in tumour and selected organs, but was comparable to 10 mg/kg dose.   
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Longitudinal imaging: uptake of 68Ga-DOTA-AEBSA is correlated with tumour 

growth   

Positive correlation between hypoxia and CA-IX expression has previously been 

demonstrated using PET hypoxia tracers and CA-IX immunohistochemical staining (29), 

but not vice versa due to the lack of suitable CA-IX tracers. Using 68Ga-DOTA-AEBSA 

as the imaging tracer, PET studies were performed at 17, 24 and 33 days after cell-

inoculation for one mouse which exhibited slower tumour growth compared to other 

subjects (Figure 4). Absolute uptake and overall contrast improved as the tumour grew 

over the three imaging sessions. Tumour size and hottest 2 × 2 voxel cluster (based on 

drawn ROIs) were 91.8 mm3 and 0.21 %ID/g, 830.9 mm3 and 0.40 %ID/g, and 1225.1 

mm3 and 0.65 %ID/g for 17, 24, and 33 days, respectively. By the second and third 

imaging session, distribution of radioactivity in tumour is visibly heterogeneous with 

several areas of focality. While additional studies are needed to determine if uptake of 
68Ga-DOTA-AEBSA corresponds to the degree of hypoxia, the clinical utility of tracers 

will be improved if they can serve as surrogate hypoxia imaging agents. As CA-IX is an 

endogenous marker of hypoxia, tumours that express CA-IX are not only susceptible to 

emergent CA-IX inhibitors, but to hypoxia-targeting therapies as well.    

 
68Ga-labeled benzenesulfonamides represent a significant advancement over 

reported attempts to image CA-IX using small molecule inhibitors 

Historically the clinical detection of CA-IX has mainly been facilitated by CA-IX 

specific mAbs: M75 and cG250. Both mAbs bind to the proteoglycan-like domain of CA-

IX and have been explored for use as imaging agents. 125I-M75 was used for pre-clinical 

imaging studies (30,31), and is now commercially available as part of an enzyme-linked 

immunosorbent assay kit from Siemens (32). On the other hand, cG250 (RENCAREX®, 

WILEX AG) has been radiolabeled with an assortment of imaging isotopes including 124I, 
111In, and 89Zr (33-35). 124I-cG250 advanced to Phase III clinical trials for the diagnosis 

of clear cell renal cell carcinoma with PET (33). Despite the success of these mAbs, there 

is significant interest in developing small molecule inhibitors for imaging CA-IX in vivo.  

The high molecular weight of mAbs, combined with tumour interstitial pressure and 

aberrant vasculature, could limit tissue penetrance and ability to bind CA-IX. 

 

The development of CA-IX inhibitors as PET imaging agents have been met with limited 

success. Those that have been evaluated in the pre-clinical setting have shown low 

tumour uptake, lack of isoform selectivity, and/or instability in vivo (36-39). Recently, 

we reported the synthesis and biological evaluations of four 18F-labeled sulfonamide 

derivatives for CA-IX imaging (19). For each tracer, HT-29 tumour xenografts were 

readily visualized with modest contrast (tumour-to-muscle ratios of 3.18-9.55). In vivo 

selectivity for CA-IX was achieved through the use of a multivalent design; however, 

absolute uptake in tumour remained low (0.30-0.64 %ID/g at 1 h p.i.). Furthermore, high 

sequestration of activity in liver and GI tract precludes their use for imaging lesions in 

these organs. By comparison, all three tracers presented in this paper had higher absolute 

uptake with comparable contrasts. 68Ga-DOTA-AEBSA and to a lesser extent 68Ga-

DOTA-(AEBSA)2 showed favourable pharmacokinetic profiles that will enable detection 

of lesions within the abdominal thorax. To the best of our knowledge, this paper 

describes the first series of sulfonamide-based tracers radiolabeled with 68Ga that is 
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successful for CA-IX imaging. Given the prognostic and therapeutic significance of CA-

IX, we believe that polyaminocarboxylate chelator-conjugated sulfonamides will warrant 

further investigation for potential translation to the clinic upon further optimization. 
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CONCLUSION 

 

We have demonstrated that 68Ga-labeled benzenesulfonamide inhibitors can be used for 

non-invasive imaging of CA-IX. Easily produced, with favourable pharmacokinetics and 

rapid tumour targeting, these tracers represent attractive alternatives to conventional 

mAb-based imaging systems. Clinically, these nanomolar affinity compounds will enable 

physicians to determine if patients’ tumours express sufficiently high levels of CA-IX to 

make them candidates for personalized treatments targeting this protein. As CA-IX is 

considered an endogenous marker for hypoxia in certain cancer subtypes, correlative 

imaging studies with established hypoxia PET tracers like 18F-MISO or 18F-EF5 would be 

yield valuable information.   
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Table 1. Binding affinity (Ki) of sulfonamide inhibitors to CA-I, CA-II, CA-IX and CA-

XII were determined via a stopped-flow CO2 hydration assay.  

 

 

 

 

*Errors in the range of 5-10% of the reported value from three different assays.  

 Ki affinity (nM)* 

CA-I CA-II CA-IX CA-XII 

Ga-DOTA-AEBSA 38.0 136.8 10.8 30.7 

Ga-DOTA-(AEBSA)2 37.6 41.2 25.4 7.4 

Ga-NOTGA-(AEBSA)3 34.4 7.2 7.7 6.5 

Acetazolamide 250 12.0 25.0 6.0 
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Table 2. Molecular weight, radiolabeling, LogD7.4, and plasma stability of 68Ga CA-IX inhibitors. 

 Molecular 

Weight 

(dalton) 

% Isolated 

Radiochemical 

Yielda 

% 

Radiochemical 

Purity 

Specific 

Activity 

(GBq/µmol) 

LogD7.4 

(Octanol/PBS) 

Stability in 

Plasma after 

2h (% intact) 

68Ga-DOTA-

AEBSA 

653.36 91 ± 3 97.5 ± 1.9 536.5 ± 187.1 -4.37 ± 0.08 > 91 

68Ga-DOTA-

(AEBSA)2 

835.6 84 ± 4 97.8 ± 1.8 269.5 ± 176.9 -3.52 ± 0.01 > 96 

68Ga-NOTGA-

(AEBSA)3 

1132.93 64 ± 8 99.3 ± 0.3 50.9 ± 8.4 -2.39 ± 0.01 > 92 

Perimeters are presented as mean values ± standard deviation (n ≥3), except for plasma stability (n =1).  
aDecay-corrected. 
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Table 3. Biodistribution and tumour to non-target ratios for 68Ga CA-IX inhibitors 

Organ 68Ga-DOTA-AEBSA 

 

68Ga-DOTA-

(AEBSA)2 

68Ga-NOTGA-

(AEBSA)3 

Unblocked 

(n=5) 
10 mg/kg 

AZAa (n=5) 

20 mg/kg 

AZAa (n=4) 

Unblocked 

(n=5) 
Unblocked 

(n=5) 

 

Blood 

 

0.63 ± 0.15 

 

0.33 ± 0.13b 

 

0.25 ± 0.08b 

 

1.53 ± 0.25 

 

0.92 ± 0.35 

Fat 0.09 ± 0.04 0.08 ± 0.07 0.04 ± 0.01b 0.24 ± 0.13 0.21 ± 0.14 

Testes 0.16 ± 0.05 0.10 ± 0.05 0.06 ± 0.02b 0.41 ± 0.06 0.37 ± 0.09 

Stomach 0.17 ± 0.07 0.14 ± 0.12 0.24 ± 0.33 0.77 ± 0.34 2.77 ± 1.74 

Spleen 0.25 ± 0.05 0.16 ± 0.07b 0.07 ± 0.02b 1.77 ± 1.44 1.08 ± 0.54 

Liver 0.83 ± 0.29 0.48 ± 0.08b 0.32 ± 0.10b 3.78 ± 1.06 8.01 ± 3.58 

Pancreas 0.15 ± 0.04 0.08 ± 0.02b 0.05 ± 0.01b 0.49 ± 0.21 0.46 ± 0.11 

Adrenals 0.40 ± 0.06 0.32 ± 0.25 0.08 ± 0.03b 1.23 ± 0.51 1.16 ± 0.61 

Kidney 4.37 ± 1.04 1.92 ± 0.46b 1.28 ± 0.32b 14.84 ± 7.21 14.40 ± 1.65 

Lungs 0.56 ± 0.13 0.32 ± 0.13b 0.16 ± 0.05b 1.86 ± 0.37 2.27 ± 0.44 

Heart 0.20 ± 0.07 0.12 ± 0.04 0.12 ± 0.04 0.67 ± 0.15 0.70 ± 0.18 

Muscle 0.16 ± 0.03 0.08 ± 0.03b 0.09 ± 0.11 0.49 ± 0.10 0.56 ± 0.15 

Bone 0.20 ± 0.05 0.22 ± 0.16 0.04 ± 0.01b 0.60 ± 0.24 0.40 ± 0.27 

Brain 0.05 ± 0.01 0.04 ± 0.03 0.01 ± 0.00b 0.11 ± 0.06 0.07 ± 0.03 

Tumour 0.81 ± 0.15 0.41 ± 0.10b 0.35 ± 0.17b 1.93 ± 0.26 2.30 ± 0.53 

Tumour/liver 1.03 ± 0.21 0.85 ± 0.16 1.04 ± 0.22 0.48 ± 0.15 0.30 ± 0.05 

Tumour/blood 1.29 ± 0.11 1.31 ± 0.26 1.37 ± 0.24 1.28 ± 0.18 2.67 ± 0.72 

Tumour/muscle 5.02 ± 0.22 5.63 ± 1.52 6.26 ± 2.74 4.07 ± 0.87 4.18 ± 0.84 

Biodistribution and ratios are at 1 h post-injection. Values are presented as mean ± standard deviation.  
aBlocked by pre-injection of acetazolamide 1 h before administering radiotracer.  
bPre-injection significantly reduced uptake of the same organ for the tracer (p<0.05) 
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Figure 1. Inhibition of CA-IX with benzenesulfonamide derivatives. Chemical 

structures of CA-IX inhibitors used in this study: (A) DOTA-AEBSA, (B) DOTA-

(AEBSA)2 and (C) NOTGA-(AEBSA)3.  
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Figure 3. Maximal intensity projections of PET/CT and PET with 68Ga tracers at 1 h post-injection. (A) 68Ga-DOTA-AEBSA; 

(B): 68Ga-DOTA-AEBSA pre-blocked with 10 mg/kg of acetazolamide; (C): 68Ga-DOTA-(AEBSA)2; and (D): 68Ga-NOTGA-

(AEBSA)3. Tumour uptake was observed for all three compounds with 68Ga-DOTA-AEBSA displaying highest contrast. t = tumour; l 

= liver; k = kidney; bl = bladder 
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Figure 4. Longitudinal study: uptake of 68Ga-DOTA-AEBSA in HT-29 tumour 

xenograft increases as tumour grows. Tumour bearing mice was imaged 17, 24 and 33 

days post-cell inoculation with 68Ga-DOTA-AEBSA.  

 


