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Anti-CAIX ADC Supplement 
 

Material & Methods  
 

Phage library panning 

A cDNA encoding the human CAIX protein ectodomain fused with a C-terminal histag 

was cloned into a mammalian HKB-11 cell line, expressed and purified by Ni-NTA 

chromatography using standard methods, yielding a protein preparation that migrated 

as a single band SDS-PAGE. Solid phase panning was carried out by coating 

MaxiSorpTM plates (Nalgene Nunc International, Rochester, NY) or DynabeadsTM 

(Invitrogen, Carlsbad, CA) with purified recombinant human CAIX in PBS (1 μg/well 

or 1 μg/ 1 mg of beads). Wells containing bound CAIX protein were blocked with 5% 

milk in PBS, washed in PBS followed by a 2 hour incubation at room temperature 

with an aliquot of pre-blocked HuCAL GOLD phage library containing 1x1012 HuCAL 

GOLD Fab phage. Bound phage were washed and then eluted with 20 mM DTT in 

10 mM Tris buffer at pH 8.0. The recovered phage were used to infect TG1 cells 

which were amplified in 2xTY media supplemented with 34 μg/ml chloramphenicol 

and 1% glucose. After helper phage infection (VCSM13 ~2-6x1011 pfu/ml) at 37oC for 

30 minutes, TG1 cells were concentrated by centrifugation. The phage were 

amplified by incubation of the infected TG1 cells at 22oC overnight in 2xTY media 

containing 34 μg/ml chloramphenicol, 50 μg/ml kanamycin, and 0.25 mM IPTG. The 

recovered phage-containing supernatant was used for the next round of panning. In 

all, three rounds of panning were performed with progressively increasing wash 

stringency, with phage amplification conducted between each round as described 

above.  

 

Fab expression 

The pMORPH®23 cDNA from the recovered Fab-phagemid pool was EcoRI/XbaI 

digested and the Fab-encoding fragments, purified and then ligated into EcoRI/XbaI 

digested pMORPHx9_Fab_FH vector. The vector containing the Fab inserts was 

transformed into competent E.coli TG1 F- cells by electroporation and the cells were 

grown on LB plates containing 34 μg/ml chloramphenicol and 1% glucose o/n at 

37oC. Colonies (approximately 2000 in total) were picked and each was placed in 

100µL culture media containing 34 μg/ml chloramphenicol and 1% glucose. Glycerol 



 2

was added to 20% and these stock starter cultures were stored at -80oC. E. coli 

transformants were grown in 2xTY media containing 34 μg/ml chloramphenicol from 

stock starter cultures. Twelve hours prior to harvest Fab expression was induced by 

addition of IPTG (0.5 mM final concentration).  

 

Identification of CAIX-binding Fabs 

Harvested cells were lysed and 100 μl lysate was added per well of Maxisorp 96-well 

ELISA plates that had been pre-coated with 100 μl/well of purified human CAIX 

protein at 5 μg/ml in PBS and then milk-blocked for 2 hours at room temperature. 

Plates were then washed in TBS and Tween -TBS and bound Fabs detected with 

alkaline phosphatase-conjugated goat anti-human (Fab’)2 secondary antibody (Pierce 

Chemical, Rockford, IL) in conjunction with AttoPhos substrate (Roche Diagnostics, 

Alameda, CA) according to the manufacturer’s instructions (excitation at 430 nm and 

emission at 535 nm.) For ELISA with purified Fabs, E.coli transformants were grown 

in multiples of 1L shake flask cultures, harvested, and purified using Ni-NTA affinity 

chromatography using standard methods. 

 

Construction and expression of full-length antibodies from active Fab fragments 

This is described below as exemplified for one of the active Fabs referred to as 3ee9. 

The 350 bp fragment containing the kappa variable region within 3ee9pMORPHx9 

was recovered by digestion with EcoRV and BsiWI and inserted into the EcoRV – 

BsiWI restriction enzyme sites of H+LpattB (ML Laboratories) to generate vector 

3ee9kappapAttB. Next, the approximately 350 base pair MfeI-BllpI restriction enzyme 

fragment from 3ee9pMORPHx9 was inserted into the EcoRI – BlpI restriction enzyme 

sites of 3ee9kappapAttB to generate 3ee9H+LpattB. The 3ee9 heavy and light 

coding sequences were then recombined with pDONR221 (Invitrogen Cat.# 12536-

017) using Gateway BP Clonase II enzyme mix (Invitrogen Cat.# 11789-100) to 

generate vector 3ee9H+LpENTR. Vector 3ee9H+L.pCMVUCOE8 was generated by 

recombination between 3ee9H+LpENTR and pCMV_UCOE8_DEST using Gateway 

LR Clonase II enzyme mix (Invitrogen Cat.# 11791-100). The pCMV_UCOE8_DEST 

vector used above was obtained as follows. Gateway vector conversion cassette 

(Invitrogen; cat# 11828-029) was inserted into the SmaI site of pCET906 (ML 

Laboratories) to generate vector pCET906_gw. The approximately 2900 base pair 
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AgeI restriction enzyme fragment from pCET906_gw was then cloned into the AgeI 

site of pCET1015 (ML Laboratories). 

 

Isolation of CHO cell clones 

To transfect CHO-S cells with vector, 60 µg of 3ee9H+L.pCMVUCOE8 DNA in 2 ml 

of CD CHO (invitrogen#10743-029) containing 8mM L-glutamine and HT (invitrogen) 

without PenStrep was added to 2 mL of CD CHO complete media that contained 150 

µL of DMRIE-C (Invitrogen cat#10459-014) in a 250 ml Erlenmeyer flask, flushed 

with 5% CO2 and incubated at RT for 30 min. CHO-S cells (2x107 total cells) in 4 mL 

of CD CHO complete without Pen Strep were then added, gently swirled to mix and 

then flushed with 5% CO2 with gentle shaking at 125 rpm at 37°C for 4 hrs. Next, 32 

mL of CD CHO complete media without PenStrep was added to the flask, flushed 

with 5% CO2, and then returned to shaker (37ºC) overnight. After 24hrs, cells were 

counted, spun down, and re-suspended in CD CHO complete containing  5.5 mL/L 

PenStrep, 20% conditioned media and 12.5 μg/mL puromycin at a cell density 

appropriate for plating at 100, 300, 900, and 2700 cells/well in 96 well plates. The 

plates were then incubated in a 5% CO2 incubator for approximately 3 weeks. 

Individual clones were expanded from plates where less than 20% of the wells 

contained single colonies, expanded to non-tissue treated 24 well plates with 1 mL 

selective media per well and incubated for 1 week during which 500 μL of fresh 

media was added as needed. Antibody expression was tested by ELISA and positive 

clones were expanded into non-tissue treated 6 well plates seeded at 4x104 cells/mL. 

Protein expression was determined after 4 days by ELISA. Selected clones seeded 

at 2x105 cells/mL were adapted to suspension growth in 125 mL erlenmeyer shaker 

flasks.  

 

Antibody expression and purification 

CHO-S cell transfectants or clones were seeded at 500,000 cells/mL in Wave 

Bioreactors (Wave Biotech, NJ) and cultured at 10L scale for seven days in medium 

comprising 50% CD-CHO  (Invitrogen 10743), 50% Sigma CHO Number 5 (Sigma 

0363), 1% FCS, 1x HT supplement (Invitrogen 11067-030), Penicillin/Streptomycin 

(Invitrogen 15140-122), 8 mM L-Glutamine (Invitrogen 25030-081), and 12.5 µg/mL 

Puromycin (BD 631305) with rocking at 25 rpm under a 5% CO2 atmosphere at 

37°C. Spent culture media was harvested by centrifugation and sterile filtered (0.2 
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micron). Typically, 10 to 20 L of accumulated IgG-containing cell culture media was 

concentrated 2 to 5-fold on a Prep-Scale TFF-2 30 kD Cartridge (Millipore), adjusted 

to 50 mM Tris-Cl buffer, pH 7.5 containing 150 mM NaCl and loaded onto a 30 mL 

Protein A-sepharose column equilibrated with PBS pH7.4. The column was washed 

with PBS containing 0.1% Tween 20 and 1mM EDTA, followed by PBS only and then 

eluted with 100 mM glycine buffer pH 3.0. Eluted fractions were neutralized 

immediately to pH 7.5 with 1M Tris-Cl pH 7.8, dialysed into PBS and sterilized by 

filtration (0.2 micron). Typically 1 gram of purified protein was recovered from 20L of 

conditioned medium with an overall recovery of 50 to 75%. Final antibody 

preparations were adjusted to between 1 and 5 mg protein/mL and exhibited > 95% 

purity as determined by SDS PAGE gels stained with coomassie blue with major 

bands corresponding to the heavy (Mr = 50 kDa) and the light chains (Mr = 25 kDa). 

The preparations had endotoxin levels of less than 1 EU/mg of protein, and less than 

10% protein aggregate as determined by SEC HPLC. Product authenticity was 

confirmed by N-terminal sequencing using an ABI Procise 494 HT sequencer. In 

particular mAb 3ee9 exhibited the following expected sequence for the mature kappa 

light chain of: DIQMTQSPSSLSASVGDRVTIT-RASQDINNYLSWYQQKP-, while the 

heavy chain starting with Q was blocked as expected.  

 

Antibody binding kinetics using Surface Plasmon Resonance (SPR) 

CM5 biosensor chips were derivatized with goat anti-human IgG Fc at high density 

using a standard amine coupling kit (BIAcore, Uppsala, Sweden). Full-length mAbs 

were flowed over the chips and accumulated onto the chip until a 300 response unit 

BIAcore signal was obtained. The BIAcore was operated at 25oC and a flow rate of 

10 μL/min running buffer containing PBS/0.05% Tween-20, or containing 10mM Na-

HEPES, pH 7.5/150mM NaCl/3mM EDTA/0.005% Tween-20. After mAb capture, the 

flow rate was then increased to 25 μL/min and various concentrations of purified 

CAIX ectodomain between 1 and 50 nM were flowed over the surface for 10 minutes 

to monitor the association. Dissociation then proceeded for 35 minutes, followed by 

regeneration of the anti-human IgG Fc-immobilized surface at 100 μL/min with 100 

μL of 10 mM phosphoric acid. Sensorgrams were fitted using a 1:1 Langmuir binding 

model to calculate rate constants. Fab-CAIX binding was similarly determined except 

that Fab capture was with an anti-human-Fab IgG.  

 



 5

Assessment of cellular internalization of mAbs 

Antibody internalization was assessed using a Cellomics Array Scan automated 

confocal microscope system (Cellomics). Ten thousand PC3mm2 (CAIX positive) 

and DLD1 (CAIX negative) cells, respectively, were plated in RPMI 10% FBS in 

Packard 96-well plates and incubated for 16 hr to adhere. Antibodies or their 

corresponding MMAE- conjugates were incubated with the cells at 25 µg/mL final 

concentration for 30 min at room temperature in RPMI containing 10% FCS. The 

cells were then washed with PBS 1% BSA, fixed with 3.7 % formaldehyde followed 

by two washes. Cells were permeabilized with PBS containing 0.1% Triton X100 for 

90 sec., washed with PBS 1% BSA and incubated with secondary anti-human AF488 

(1:100) and Hoechst dye (1:2000) for 1 hr at room temperature. Cells were washed 

and then read on the Cellomics array scan. 

 

In vivo antibody distribution in mice 

Non-invasive in vivo imaging studies were conducted using the CRI Maestro™ in-

vivo imaging system with multi-spectral acquisition and analysis (CRI, Woburn, MA). 

Monoclonal antibodies were conjugated with Alexa Fluor 750 (Invitrogen Cat# 

A20011) according to manufacturer’s instructions achieving AF750/mAb (mol/mol) 

ratios of 6 (3ee9), 9 (control hIgG) and 6 (mAb M75). On day -12, Harlan Balb/C 

nude mice were implanted with 7.5x106 CAIX-negative MIAPaCa-2 cells (CAIX-

negative) cells in 50% Matrigel subcutaneously in the right flank, and 5x106 

MiaPaCa2 cells stably transfected with CAIX (CAIX-positive) cells in 50% Matrigel 

subcutaneously in the left flank. Conjugated mAb (4μg) was injected i.v. on day 0 (12 

days post implant) to each animal. Animals were anaesthetized (100mg/kg ketamine 

/10mg/kg xylazine, i.p.) and imaged on days 4, 5 and 10. Multi-spectral images were 

acquired every 10nm throughout the range 680 to 950nm (5s exposures) and 

analyzed with ImagePro Plus 6.0.  

 

Determination of tumor CAIX by Western blot 

In parallel with efficacy studies, a group of animals carrying each tumor type was 

sacrificed. Tumors were cut into 5 x 5mm fragments and each fragment  lysed in 

700µL buffer (150mM NaCl, 20mM Tris, pH 7.5, 1mM EDTA, 1mM EGTA, 1% Triton 

X-100, 10 mM NaF, Protease inhibitor table Roche, Phosphatase inhibitor I and II 

[MSD]) using tissue lyzer (Qiagen). 20µg protein were loaded in SDS sample buffer 
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NuPAGE 4-12% Midi Gel (Invitrogen). Proteins were transfered onto nitrocellulose 

using iBlot (Invitrogen). CAIX was detected using 10µg/mL anti-CAIX M75 mouse 

monoclonal antibody.  

 

 

Supplementary Figure Legends Anti-CAIX ADC 
 

 

Figure S1. Internalization of BAY 79-4620 into into CAIX+ positive PC-3mm2 cell at 1 

and 25 µg/ml and CAIX-negative DLD-1 cells at 25 µg/ml, by confocal microscopy, 

 

Figure S2. Targeted tubulin disruption in cultured CAIX-positive PC-3mm2 cells but 

not cultured CAIX-negative H460 cells in the presence of BAY 79-4620. Staining 

(green fluorescence) was with an anti-α/β tubulin antibody conjugate. The presence 

of abnormal spindles (located with arrowheads) in treated CAIX+ cells (upper right) 

and retention of normal spindles in CAIX- cells (lower right) is clearly evident. 

 

Figure S3. In vivo selectivity of human mAbs directed against CAIX. A) Alexaflour 

750- labeled mAb 3ee9 (left panel) localize to established tumors composed of 

MiaPaca-2 cells transfected with CAIX, (+ on the figure), but not to tumors composed 

of untransfected CAIX-negative MiaPaca-2 tumors (– on the figure), while a control 

IgG shows no tumor localization (right panel). Shown are representative animals 

imaged 5 days following a single 4µg dose of Alexaflour 750 tagged mAb.  

 

Figure S4. Schematic drawing of CAIX-ADC with linker and MMAE structures. 

 

Figure S5. Western blot analysis of CAIX expressed in several tumor models. CAIX 

runs as a double band at 54 and 58kDa, respectively. 

 

Table ST1. Affinities of different anti-CAIX antibodies isolated from the MorphoSys 

HuCAL library. 

 

Table ST2. Overview of tumor models and treatment schedules. 
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Table ST3. Statistical results of the in vivo experiments. For each study and each 

treatment, the adjusted p-value for the comparison of treatment tumor ratio vs. 

control tumor ratio is given. Additionally, an estimate of the ratio of ratios [treatment 

ratio / control ratio] is presented, accompanied by a 95% confidence interval for the 

estimation. 

 


