SUPPLEMENTAL MATERIALS AND METHODS
Mouse monoclonal antibody generation
BALB/c mice were injected subcutaneously (s.c.) and intra-peritoneally (i.p.) with 35 µg of IMAC purified pentaHis-rhCAIX emulsified in TiterMax adjuvant (Pierce) and re-injected three weeks later. Serum titers were assessed 10 days later and responsive mice were boosted (50 µg, i.p.). Mice were sacrificed three days later and spleen cells were harvested, fused with NS0 myeloma cells and immediately plated (5x104 cells/well, 96-well microplates; Costar) in HAT medium (Iscove’s medium + 20% FBS, containing 100 M hypoxanthine, 0.4 M aminopterin, 16 M thymidine, 1 ng/mL murine IL-6, 50 U/mL penicillin and 50 µg/ml streptomycin). Supernatants were tested for anti-CAIX antibodies (10-20 days post-fusion) by direct Enzyme-Linked Immunosorbent Assay (ELISA) and positive clones were expanded (15 mL scale). hCAIX mAbs were then purified from the conditioned medium using a Protein A spin column, dialysed twice against PBS and finally concentrated (Amicon filter, cut-off MW30,000). Final antibody concentrations were determined by nano-drop while purity and integrity were assessed by UPLC-SEC.

Flow cytometry binding assays 
SK-RC-59 and SK-RC-52 cells were grown in growth medium to 80% confluency in T75 flasks, then washed with dPBS (Hyclone) and harvested using non-enzymatic cell dissociation buffer (Sigma). Cell suspensions were transferred to 50 mL tubes, spun down (1100 rpm, RT, 5 min), re-suspended in cell growth medium, counted and divided in 1x106 cell containing aliquots and spun down (1100 rpm, RT, 2 min). Cell pellets were re-suspended in ice-cold dPBS/10% Fetal Bovine Serum (FBS) containing mouse monoclonal anti-CAIX antibody (10 μg/mL final concentration) and incubated (50 min, 4C). Cells were washed with ice-cold dPBS/10% FBS, spun down (1100 rpm, 4C, 3 min), re-suspended in 500 μL ice-cold dPBS/10% FBS containing Alexa-488 Goat anti-mouse IgG (AL488-GM; 10 μg/mL final concentration) and incubated in the dark (25 min, 4C). Cells were washed with ice-cold dPBS/10% FBS, spun down (1100 rpm, 4C, 3 min), re-suspended in ice-cold dPBS/10% FBS containing Propidium Iodine (PI; 10 μg/mL final concentration) and filtered over a gauze mesh prior to flow cytometry using a LSR IITM flow cytometer (BD Biosciences), and data was analyzed using Graphpad Prism v8.

Surrogate ADC assay 
SK-RC-52 and SK-RC-59 cells were seeded (5000 cells/well) in Roswell Park Memorial Institute (RPMI) 1640 Medium containing 5% FBS (RPMI/5% FBS) in 96-well plates on grown o/n (37C, 5% CO2, humidified environment). The next day, 10 nM of mAb was mixed with 20 nM of the Mab-Zap secondary antibody (ATS) with and incubated (30 min, RT) prior to diluting the mixture 11x in RPMI/5% FBS. Finally, 10 μL of these mixtures was then added to the cells. After 72h of incubation (37C, 5% CO2, humidified incubator), cell viability was determined using a Sulforhodamine B (SRB) assay. For this, 25 μl of 50% TCA was added to each well and plates were incubated (1h, 4C), washed 4x with tap water and air-dried (RT), after which 100 μl SRB solution (0.4% (wt/vol) in 1% acetic acid) was added to each well and incubated (30 min, RT). Plates were then quickly rinsed 4x with 1% (v/v) acetic acid, air-dried (RT). Then 100 μl Tris base solution (10mM, pH10.5) was added, plates were incubated while gently shaking (5 min, RT), and read (Ex/Em: 510nm/540nm). Cell viability was expressed as the ratio of the cell viability of exposure to the mAb-ZAP secondary conjugate alone. Experiments were carried out in triplicate and repeated twice. Final data was analyzed using Graphpad Prism v8.


SUPPLEMENTAL TABLES
Supplemental Table S1: Overview of the characteristics of the hybridoma-derived anti-hCAIX mAbs. Selected mAbs that were sequenced are indicated in red; sequences of the Heavy and Light Chain Complementarity-Determining Regions (CDRs) can be found in Supplemental Table S2.
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	CA-IX inhibition 
(% Inhibition)
	Flow Cytometry 
(Index)
	ADC 
(% Cell viability)

	Key
	Grading
	Key
	Grading
	Key
	Grading

	<5%
	-
	<1000
	-
	50-75%
	++

	5-25%
	+
	1000-2500
	+
	75-90%
	+

	25-50%
	++
	2500-5000
	++
	90-95%
	+/-

	50-75%
	+++
	5000-7500
	+++
	>95%
	-

	100%
	++++
	7500-10000
	++++

	
	>10000
	+++++


MAbs with non-specific binding activity: 							2A12, 10F2, 12H11, 1D1, 3A5, 3A7, 4B1, 5H4, 7D8
MAbs inhibiting enzyme activity CA-IX: 							2H9, 7B11, 7D12, 9B6, 4A2
MAbs binding strongly binding to sk-rc-52 cells (high CA-IX) but not to sk-rc-59 (low CA-IX): 	11H9, 2D10, 6E11, 2C7, 2D7, 4D11
MAbs preferably binding CA-IX monomer over dimer by SPR: 					7E11, 7E2
MAbs suitable as ADC (cytotoxicity induced ≥ M75 mAb):					11H9, 12H8, 2C7	
*Reverse Phase Protein Arrays (RPPA): Assays were conducted using the ECD of 40 unrelated human proteins in addition to the ECD of hCAIX (used for mAb generation) as described1 with modifications.

1.	Aguilar-Mahecha A, Cantin C, O'Connor-McCourt M, Nantel A, Basik M. Development of reverse phase protein microarrays for the validation of clusterin, a mid-abundant blood biomarker. Proteome Sci 2009; 7:15.
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SUPPLEMENTAL LEGENDS
Supplemental Figure S1: Production and purification of rhCAIX. A) SDS-PAGE (left panel) and UPLC-SEC assessment (right panel) of IMAC purified rhCAIX ECD monomer (M) / dimer (D) mixture from CHO-3E7 conditioned medium under non-reducing (NR) and reducing (R) conditions which was used for mouse immunization. B) Evaluation of SEC fractions that were pooled based on the SDS-PAGE (NR) results. C) Assessment of the pooled rhCAIX-M (top) and rhCAIX-D (middle) fractions by UPLC-SEC after long-term storage at 4C; an overlay of the two chromatograms (bottom) confirms the stability of each of the fractions.

Supplemental Figure S2: Functional screening of the anti-hCAIX mAbs purified from small scale (15 mL) hybridoma cultures. A) Evaluation of antibody binding using hCAIX positive SK-RC-52 cells. Briefly, cells were incubated with a fixed concentration of mAbs (100 µg/mL), followed by secondary antibody AL488-GM IgG (10 µg/mL) and evaluated by flow cytometry. M75, MAB2188 and secondary antibody (2nd) alone were used as positive and negative controls, respectively. Selected enzyme inhibiting mAbs (4A2, 9B6), ADC candidates (11H8, 12H9, 2C7), enzyme inhibiting mAbs (4A2, 9B6), and the imaging/detection mAb (2D7) are indicated in green, blue and red, respectively. B) Screening of the mAbs (10 nM) for their suitability as an ADC on SK-RC-52 cells using the commercially available anti-M-ZAP ADC kit (https://atsbio.com/products/it30/). M75, MAB2188 and MAP-ZAP alone were used as positive and negative controls, respectively. Cell viability was determined after 3 days of mAb-ZAP combo exposure using Sulforhodamine B (SRB). Experiments were carried out in triplicate and repeated twice; cell viability was expressed as the % of the viability of non-treated control cells, and data was analyzed using Graphpad Prism v8 software. Selected ADC candidates (2C7, 11H9, 12H8) are indicated in green. C) Inhibition of the enzyme activity of rhCAIX ECD dimer (0.5 M) was evaluated in the absence or presence of the various mAbs (1 M) by monitoring the 100 M 4-Methylumbelliferylacetate substrate-released fluorescence as a function of time. M75 was used control. Experiments were carried out in duplicate and repeated twice; representative values are expressed as a % of CTL hCAIX ECD dimer hydrolysis rate (t=0-100s) in absence of antibody (NoMab). Data analysis was carried out using Graphpad Prism v8 software. Selected enzyme inhibitors (4A2, 9B6) are indicated in blue. For details see Suppl. Mat & Meth.

Supplemental Figure S3: Epitope mapping using PepScan. Graphs show the signal intensity (Y-axis) of mAb c11H9, c12H8, 22C7, c2D7, m4A2 and m9B6 binding to either immobilized overlapping 15-mer linear (black) or Cys-flanked 10-mer ‘single loop’ (red) peptides covering the ECD of hCAIX. The hCAIX ECD with its PG domain (hatched) or catalytic domain (solid) are depicted over each graph. For details see https://www.pepscan.com/.

Supplemental Figure S4: A) Immunohistochemical (IHC) staining of sequential FFPE tissue sections from MDA-MB231-LM2-4 human orthotopic breast cancer tumors. Three selected mAbs (c11H9, strong positive; m9B6, weak positive; c2D7, negative) were further evaluated in a clinical primary human breast tumor sample (B). In both cases, a commercial anti-hCAIX mAb (MAB2188) was used as positive control, while species-specific control Goat (G) and murine (M) IgGs were used as negative controls, respectively.
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