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• Table S4. Ex vivo biodistribution of 89Zr-malDFO-169 cDb in the anti-

PD-L1/CT26 immunotherapy model.      p. S16 

	  

MATERIALS AND METHODS 

Construction of anti-mCD8 169 cys-diabody. Site directed mutagenesis was used to 

reduce the linker length of the anti-CD8 169 Mb (1) derived from the YTS169.4.2.1 

hybridoma (2) from 18 amino acids to (GSTSGGGSGGGSGGGGSS) to five aa 

(GGGGS) following the manufacturer’s protocol (Agilent Technologies) using the 

following primers: forward 5’- 

GTCACCGTGTCCAGCGGCGGCGGAGGAAGCGACATCGTGCTGACCCAGAGC 

and reverse 5’- 

GGTCAGCACGATGTCGCTTCCTCCGCCGCCGCTGGACACGGTGACCATCAC. 

PCR was then used to retain the N-terminal AgeI and introduce C-terminal cys- and his-

tags (AAAGCGGHHHHHH) at the end of the VL to remove the CH3 domain followed by 

a stop codon and EcoRI for restriction digest and ligation into the pSecTag2 vector. 

 

Expression and purification of anti-CD8 169 cys-diabody. 293-F cells (Life 

Technologies) were cultured in DMEM (Cellgro) plus 10% FetalPlex (Gemini) and 1% 

non-essential amino acids (Gibco) and transfected using LipofectamineTM 2000 

(Invitrogen) as previously described (3). Briefly, for stable cell line generation the 

pSecTag2-169 cDb and LipofectamineTM 2000 complex was added to 1x106 293-F cells 

plated one day earlier in OptiMEM (Gibco) media in a 6-well plate for 6 h. The following 

day, cells were diluted 1:10 in growth medium and Zeocin (300 µg/mL; InvivoGen) was 

added the next day. For monitoring transgene expression, supernatant was analyzed by 
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sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) followed by 

western blot analysis using HisDetector Western Blot Kit (KPL) for detection. 

Maleimide-Alexa Fluor 488 conjugation. Conjugation of the 169 cDb to Alexa Fluor 

488 C5-maleimide (Life Technologies; mal488) was performed as previously described 

(3). The 169 cDb was reduced with 15-fold molar excess of tris(2-

carboxyethyl)phosphine (TCEP; Pierce) for 30 min at room temperature. A 10-fold molar 

excess of mal488 was then added and allowed to react for 2 h at room temperature. 

Excess dye was removed using a dye removal kit (Thermo Scientific) or PD-10 desalting 

columns (GE Healthcare) that were pre-equilibrated with PBS. PD-10 eluted protein was 

concentrated using Amicon Ultra centrifugal filters (0.5 mL and 10 kDa MWCO; 

Milipore) that had been washed once with PBS. Conjugation efficiency was evaluated 

using the NanoDrop (Thermo Scientific) to calculate the molar ratio of Alexa488 to 

moles protein. Conjugation efficiency was measured qualitatively by size exclusion 

chromatography using a Superdex 75 column on an AKTA purifier and SDS/PAGE-

Coomassie stain analysis. To detect Alexa488 conjugation to the cDb, the SDS/PAGE gel 

of the conjugated and unconjugated cDb was placed in an AlphaImager HP 

transilluminator (Alpha Innotech). 

 

Maleimide-DFO conjugation. Conjugation of the 169 cDb to N-(3,11,14,22,25,33-

hexaoxo-4,10,15,21,26,32-hexaaaza-10,21,32-trihydroxytetratriacontane)maleimide 

(malDFO; Macrocyclics) was performed as previously described (3). All solutions were 

rendered metal-free (MF) using Chelex 100 (1.2 g/L; BioRad). 169 cDb was dialyzed 

overnight in MF-PBS using Slide-A-Lyzer MINI dialysis units (Thermo Scientific). The 
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169 cDb at 2.2 mg/mL was reduced with 20-fold molar excess of TCEP for 30 min at 

room temperature. A 20-fold molar excess of malDFO was then added and allowed to 

react for 2 h at room temperature. Excess malDFO was removed using PD-10 columns 

that were pre-equilibrated with MF-PBS. Eluted protein was concentrated with Amicon 

Ultra centrifugal filters that had been washed twice with MF-PBS. Conjugation efficiency 

was measured qualitatively by size exclusion chromatography using a Superdex 75 

column on an AKTA purifier and SDS/PAGE-Coomassie stain analysis. 

 

89Zr-radiolabeling. 89Zr-oxalate was obtained from Washington University School of 

Medicine, Division of Radiological Sciences, St. Louis Missouri or 3D Imaging LLC. 

Upon arrival, 89Zr-oxalate was diluted with 40% (v/v) 2 M Na2CO3 and allowed to 

incubate for 3 min. The activity was then diluted with 2.5x volume of 1 M HEPES (pH 

7.0). Final pH was checked with pHydrion plastic indicator strips (Micro Essential 

Laboratory) to confirm a pH of 7. MalDFO-conjugated protein was incubated for 1 h at 

room temperature at about 4-5 µCi/µg. Radiolabeling efficiency was measured by ITLC 

(Biodex Medical Systems) using 20 mM citrate buffer pH 5.6 as the mobile phase. The 

ITLC strip was cut in half and sections were counted using a Wizard 3” 1480 Automatic 

Gamma Counter (Perkin-Elmer). Protein was purified using either BioRad6 Spin 

columns or PD-10 desalting columns equilibrated with PBS. Radiochemical purity was 

assessed by ITLC as above. 

 

Immunoreactivity. The percentage of functional 89Zr-malDFO-169 cDb post-

radiolabeling was measured by incubating 25-40 ng of radiolabeled cDb with >30 x 106 
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antigen positive (TK-1; from ATCC) or antigen-negative (EL4; from ATCC) murine 

lymphoma cells in PBS + 1% FBS for 1 h at room temperature. Cells were centrifuged 

and the activity in the supernatant and pellet were counted in a gamma counter. The 

immunoreactive fraction was calculated as (% cell bound activity/total activity)*100. 

 

MicroPET imaging. 150 µL doses containing 0.92-1.3 MBq (36 - 54 µCi, 3.5 – 4.9 

µCi/µg) 89Zr radiolabeled cDb were prepared in saline for i.v. injection. Mice were 

anesthetized using 2% isoflurane and microPET scans were acquired using an Inveon 

microPET scanner (Siemens) followed by microCT scan (ImTek). MicroPET images 

were reconstructed using non-attenuation or scatter corrected maximum a posteriori 

(MAP) reconstruction and AMIDE was used for image analysis and display. MicroPET 

imaging was also performed on mice that were treated with a bolus injection of 3 mg/kg 

non-radiolabeled cDb in combination with the radiolabeled 89Zr-malDFO-conjugated 

cDb. 

 

Biodistribution. At 22 h post-injection, mice were euthanized, the organs and blood 

were collected, weighed and the radioactivity was counted. The percent-injected dose per 

gram of tissue (%ID/g) was calculated using a standard containing one percent of the 

injected dose. 

 

Immunohistochemistry. Freshly isolated tumors were embedded in OCT and snap 

frozen in liquid nitrogen. Samples were provided to the UCLA Translational Pathology 
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Core Laboratory for cryostat sectioning and subsequent anti-murine CD8 

immunohistochemistry. 

 

Data analysis. Data values are reported as mean ± standard deviation (SD) unless 

otherwise stated. Statistical analysis was performed using a two-tailed Student t-test. 

MicroPET/CT images are displayed as 2 or 25 mm transverse or coronal maximum 

intensity projections (MIPs). 
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