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Supplementary Data 

 

Sapra, et al., “Long-term tumor regression induced by an antibody-drug conjugate 

that targets 5T4, an oncofetal antigen expressed on tumor-initiating cells.” 
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Supplemental Figure S1.  Representation of A1mcMMAF and its proposed 

processing.  

 

 

 

Supplemental Figure S2.  Chromatographic characterization of A1mcMMAF. 
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Supplemental Figure S3.  LC-MS analysis of A1mcMMAF ADC. 
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Supplemental Figure S4.  Anti-5T4 A1 antibody binding to 5T4 orthologs. 

 

 

 

 

 

 

 

 

 

 

Supplemental Figure S5.  Anti-5T4 A1 antibody binding to cancer cell lines. 
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Supplemental Figure S6.  Cytotoxic activity of A1mcMMAF on TIC-enriched 

TUM622 spheroids. 

 

Supplemental Figure S7.  In vivo pharmacology in MDAMB435/5T4. 
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Supplemental Figure S8.  No activity of A1mcMMAF in a 5T4-negative tumor. 
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Supplemental Figure Legend 

Figure S1.  Representation of A1mcMMAF and its proposed processing. 

A1mcMMAF consists of the humanized A1 anti-5T4 IgG1 antibody, an auristatin based payload 

(MMAF) and a non-cleavable maleimidocaproyl (mc) linker. The maleimide of mcMMAF was 

conjugated to cysteine sulfhydryl groups on the antibody. It is proposed that the ADC, upon 

internalization into target cells, is catabolized in the lysosome, resulting in the release of cys-

mcMMAF which inhibits tubulin polymerization resulting in apoptosis and cell death (Doronina 

et al., 2006). 

 

Figure S2. Chromatographic characterization of A1mcMMAF. 

Top panel, Hydrophobic Interaction -HPLC chromatogram of A1mcMMAF. The average 

loading is 4 mol/mol drug/antibody, with a range of 2-8 mol/mol as indicated by the peaks 

labeled E0, 0 mol/mol; E2, 2 mol/mol; E4a and E4b, 4 mol/mol; E6, 6 mol/mol; E8, 8 mol/mol. 

E4a and E4b represent two 4-loaded species that differ by the cysteine residues that are 

conjugated to mcMMAF. There are 8 cysteine residues that comprise the 4 interchain disulfide 

bonds on human IgG1, and thus different species are possible for loading less than 8. In the case 

of E4a and E4b, the HIC column resolves the species because the drug is exposed to solvent to 

differing extents depending on the cysteine to which it is conjugated.  Materials and Methods: 

Instrument:  Agilent 1200 HPLC. Mobile Phase: A: 1M K2HPO4 pH=8.5; B: Water. Gradient: 

90% A - 10% B to 20% A - 80% B in 40 min, 5 min post time. Column: TSKgel Butyl-NPR 

4.6*35 mm 2.5 µm (TOSOH).  Column Temp: 25°C.  Flow Rate: 0.5 ml/min.  Sample 
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preparation: ADCs mixed with 2M potassium phosphate buffer pH=8.5, final buffer 

concentration 0.7M. 

Bottom panel, Size Exclusion -HPLC chromatogram of A1mcMMAF indicated monomer purity 

~99%. 

 

Figure S3. LC-MS analysis of A1mcMMAF ADC. 

A, LC-MS analysis of the light chain (top) and heavy chain (bottom) of a representative batch of 

A1mcMMAF. Each peak is labeled with the number of drug conjugates (DC) that it represents.  

See Materials and Methods below. 

B, The proportions of light chains and heavy chains with various numbers of drug conjugates, as 

determined by the LC-MS data above. These distributions are used to calculate the average 

drug:antibody ratio as well as the proportion of unconjugated antibody in the ADC preparation 

(typically 0.2% for A1mcMMAF). See Materials and Methods below. 

 

Figure S4. Anti-5T4 A1 antibody binding to 5T4 orthologs. 

Humanized A1 antibody binds to human and cynomolgus monkey 5T4 but not to rat or mouse 

5T4. Briefly, ELISA plates were coated with 5T4-ECD-Fc fusion proteins, biotinylated A1 

antibody was added at various concentrations, and then specific binding was detected using the 

SA-HRP reagent. Detailed methods on protein generation and ELISA are described below. 

OD450, optical density at 450 nm; Ab, antibody (concentration in Molar units). 
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Figure S5. Anti-5T4 A1 antibody binding to cancer cell lines. 

In vitro cell binding of A1 was determined for a panel of 11 cell lines, including 2 breast tumor 

lines (MDAMB468  and MDAMB361DYT2), 3 lung tumor lines (NCI-H157, PC14PE6 and 

H1975), 3 pancreatic tumor lines (BxPC3, Panc-1, Su-86), 1 kidney tumor line (Caki-2), 1 

prostate tumor line (PC3mm2), 1 skin tumor line (A-431), and the stably transfected cell line 

MDAMB435/5T4. The expression of 5T4 was homogeneous in the cultured cell lines. No 

binding was observed on Raji cells. 

 

Figure S6. Cytotoxic activity of A1mcMMAF on TIC-enriched TUM622 spheroids. 

Images show the 5 μg/ml treatment corresponding to the data shown in Figure 2D and described 

in the main text. 

 

Figure S7. In vivo pharmacology in MDAMB435/5T4. 

A, Athymic (nu/nu) mice bearing MDAMB435/5T4 tumor xenografts were treated with vehicle, 

A1mcMMAF or control ADC on the schedule Q4Dx2. A1mcMMAF at 10 and 3 mg/kg were 

significantly different than vehicle from day 3 and from day 7 onward, respectively. Statistical 

significance is based on p < 0.05. 

B, Unconjugated anti-5T4 A1 antibody has no anti-tumor activity against MDAMB435/5T4 

xenografts. Athymic (nu/nu) mice bearing MDAMB435/5T4 tumor xenografts were treated with 

vehicle or 30 mg/kg A1 antibody on the schedule Q4Dx2. 
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Figure S8. No activity of A1mcMMAF in a 5T4-negative tumor. 

A, Subcutaneous tumor xenografts of Ramos cancer cells do not express 5T4 antigen. Samples 

were stained using the same IHC method described in the text for all other samples. A positive 

control was run at the same time (not shown). 

B, Athymic (nu/nu) mice bearing subcutaneous tumor xenografts of the 5T4-negative Ramos  

cell line were treated with vehicle, A1mcMMAF or control ADC on the schedule Q4Dx4. 
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Supplemental Table S1.  Humanized A1 BIAcore Affinity Constants for Human 
and Cynomolgus Monkey 5T4 at pH 7.4 

Species KD (nM) ka 
1E+05  (M-1s-1) 

kd 
1E-04 (s-1) 

Human 0.48 2.75 1.32 
Cynomolgus monkey 1.80 1.51 2.73 
KD = equilibrium dissociation constant; ka = association rate constant; kd = dissociation rate constant. 
Detailed methods are provided in the text. 

 

Supplemental Table S2.  Representative internalization in MDAMB435/5T4. 

 A1 A1mcMMAF 
 RLU 

(avg) 
Std. 
Dev. 

Internalized RLU 
(avg) 

Std. 
Dev. 

Internalized 

t = 0 2143 102  1942 178  
t = 1 hr 865 112 60 % 746 53 62 % 
t = 4 hrs 379 35 82 % 284 63 85 % 
Average RLU values (after background subtraction) are shown at t = 0 and t = 1 and 4 hrs at 
37°C. The proportion of internalized antibody is 1 minus the ratio of the signal after incubation 
at 37°C relative to t = 0, and is expressed as a percentage. Experimental details are provided in 
the text. 

 

Supplemental Table S3.  Comparison of in vitro cytotoxicities of ADC vs. free 
payload (IC50 values expressed in nM auristatin). 

Treatment MDAMB435/5T4 MDAMB361DYT2 MDAMB468 Raji (5T4-) 

MMAF-OMe 0.056 ± 0.002 0.166 0.183 ± 0.057 0.449 ± 0.091 

A1mcMMAF 0.168 ± 0.037 11.1 ± 4.72 23.8 ± 2.32 >1,200 

Control ADC 560 >1,200 >1,200 >1,200 
Increasing concentrations of cell-permeable form of free payload MMAF-OMe, or ADC 
(A1mcMMAF or nonbinding control) were incubated for 96 h with tumor cell lines in monolayer 
culture.  The inhibitory concentration of 50% (IC50) was calculated by logistic nonlinear 
regression and is reported as the mean ± SEM of multiple experiments (n=8 or more experiments 
for A1mcMMAF, and n=3 for MMAF-OMe except for MDAMB361DYT2). All values are 
expressed in nM equivalents of MMAF based on 4 mol/mol average MMAF/antibody ratio for 
the ADCs. The raw data for A1mcMMAF and control ADC treatments are the same as shown in 
terms of ng/mL antibody in the Table in the main manuscript. 
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Supplemental Methods & Materials 

 

Anti-5T4 antibody 

To generate the anti-5T4 antibody, CT-26 mouse colon adenocarcinoma overexpressing human 

5T4 (cells provided by Oxford BioMedica, Oxford, UK) were used to immunize BALB/c mice at 

Silverlake Research, Monrovia, CA.  After characterization of the hybridoma clones, the heavy 

chain and light chain variable regions (VH and VL) from the A1 hybridoma were cloned and 

sequenced to enable antibody humanization, a process in which the mouse complementarity 

determining regions (CDRs) were grafted onto stable human acceptor frameworks, DP-54 (VH3 

subgroup) for the A1 VH and DPK9 (VKI subgroup) for the A1 VL.  The CDR grafted 

humanized A1 VH retained 5T4 binding properties, however the CDR grafted A1 VL had 

compromised affinity.  Additional mutations of the human framework acceptor sequences were 

made to restore mouse A1 VL residues believed to be involved in antigen contacts and/or 

residues involved in the structural integrity of the antigen-binding site.  Replacing serine with 

tyrosine at position 67 in humanized A1 VL completely restored 5T4 binding properties.  The 

CDR grafted VH and VL with a single back-mutation (S67Y) were fused to the human IgG1 and 

human Kappa constant regions respectively to generate humanized A1 antibody. 

 

Constructing 5T4 Ectodomain Orthologs for Cross-species Binding Analysis 

To determine which 5T4 orthologs A1 antibody can bind, soluble 5T4 ectodmain (ECD) 

ortholog proteins were generated.  The 5T4 ECD includes the amino-terminal secretory leader 

region, two leucine-rich repeats, and the intervening hydrophilic region.  Mouse and rat 5T4 
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ectodomains contain a 6 amino acid direct repeat within their hydrophilic region.  5T4 ECD from 

human (GenBank accession Z29083 amino acids 1 – 355), cynomolgus (Pfizer Global Research 

& Development [PGRD], Cambridge, MA , amino acids 1 – 355), mouse (GenBank accession 

AJ012160 amino acids 1 - 361) and rat (GenBank accession AF063939 amino acids 1 – 361) 

were fused to an Fc constant region domain from human IgG1.  DNA encoding the various 5T4 

ortholog ECD-Fc fusion proteins was transiently transfected into COS-1 cells to generate 

protein.  The resultant conditioned medium containing these 5T4 ortholog ECD-Fc fusion 

proteins was quantitated by total human IgG sandwich ELISA.  5T4 binding properties were 

evaluated using a direct binding ELISA and BIAcore (SPR). 

 

Summary of BIAcore method: 

BIAcore® analysis was performed to determine the affinity constants for huA1-huIgG1 

(humanized A1) binding to either human or cynomolgus 5T4 at pH 7.4.  BIAcore® technology 

utilizes changes in the refractive index at the surface layer upon binding of the antibody to the 

human 5T4 protein immobilized on the layer.  Binding is detected by surface plasmon resonance 

(SPR) of laser light refracting from the surface.  Analysis of the signal kinetics on-rate and off-

rate allows the discrimination between non-specific and specific interactions.  The 5T4 proteins 

used for this analysis consisted of the human or cynomolgus 5T4 ectodomain fused to the human 

IgG1-Fc domain (Pfizer, human 5T4-EK-Fc lot number KM625 and cyno 5T4-Fc lot number 

KM657) and low densities (45.1 and 45.4 RU for human and cynomolgus respectively) were 

immobilized onto a CM5 chip to accurately measure affinity constants.  The measurement of 

specific binding to the 5T4 ectodomain was attained by subtracting binding to a reference surface 
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that had only human IgG1-Fc protein immobilized onto the CM5 chip at the same density to that 

on the 5T4-Fc surfaces.  Next, various concentrations of the A1 antibody in HBS-EP pH 7.4 

buffer were injected over the surface.  The surface was regenerated two times with Glycine pH 

1.7 + 0.05% Surfactant P20 (GE Healthcare, BR-1000-54) between injection cycles.  Overall 

results show that A1 antibody had comparable affinity constants for human and cynomolgus 

5T4.  The nominal differences in binding kinetics between human and cynomolgus 5T4 are 

within expected experimental range for SPR and could be due to using crude protein preparations 

for this analysis. 

 

ELISA 

Binding of humanized A1 to the human, cynomolgus monkey (cyno), mouse and rat 5T4 ECD 

protein was done using the following direct binding ELISA.  96-well plates (Costar, catalog 

number 3590, Corning Inc, Corning, NY) were coated with human 5T4-ECD-Fc, cyno 5T4-

ECD-Fc, rat 5T4 ECD-Fc and mouse 5T4-ECD-Fc conditioned medium from transiently 

transfected COS-1 cells; each at 1 µg/ml in PBS and incubated overnight at 4°C.  Plates were 

blocked with PBS + 0.02% casein (100 µl per well) for 3 hours at room temperature.  Next, 100 

µl of biotinylated A1 with concentrations ranging from 0.005 – 3.3 nM was added to the wells 

and incubated for 1 hour at room temperature.  The wells were washed four times with PBS + 

0.03% Tween-20.  Streptavidin-HRP (Southern Biotech, catalog number 7100-05, Birmingham, 

Alabama) diluted 1:10,000 was added and incubated for 30 minutes at room temperature.  The 

wells were washed four times with PBS + 0.03% Tween-20 and TMB (BioFx Labs, Owing 

Mills, MD) was added.  The reaction developed for 5 – 10 minutes and was then quenched with 
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0.18 N H2SO4. The absorbance at 450nm was determined using a Molecular Devices kinetic 

microplate reader.   

 

Immunohistochemistry 

Five micrometer thick formalin fixed, paraffin embedded tissue sections were deparaffinized in 

xylene substitute, rehydrated with graded alcohols to distilled water. To expose antigenic sites, 

tissue sections were heated in: EDTA buffer pH 8.0 (Invitrogen) for sequential 5T4 and Ki67 co-

staining, Borg Decloaker buffer pH 9.5 (Biocare Medical) for anti-human IgG detection and 

10mM citrate buffer pH 6.0 (Labvision) for Phospho-Histone H3 detection in a pressure cooker 

(Retriever; Electron Microscopy Sciences) and cooled to room temperature. Endogenous 

peroxidase activity was inactivated with 3% hydrogen peroxide for 15 min. Non specific protein 

interactions were blocked by a 10-minute incubation with UV Block (Labvision). Tissue sections 

were incubated with primary antibodies for one hour. Antibodies and dilutions are provided in 

the main text. Primary antibodies were detected with Signalstain Boost Reagent (8114, Cell 

Signaling Technologies) for 30 minutes.  For 5T4, human IgG and Phospho Histone H3 staining, 

color was developed with DAB+ (DAKO) for 5 minutes.  For Ki67 staining, color was 

developed with ImmPACT VIP reagent (Vector Laboratories) for 5 minutes.  Finally, all sections 

were counterstained with Hematoxylin QS (Vector Laboratories), washed in tap water, 

dehydrated in graded alcohols, cleared in xylene substitute, and mounted with Permount 

Mounting Medium (FisherChemicals, Fair Lawn, NJ). 
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In vitro characterization of A1mcMMAF: 

To assess cell binding of the antibody and the ADC, cells were incubated on ice with 10µg/mL 

primary antibody in 3% BSA in DPBS, followed by washes and incubation with PE conjugated 

Goat Anti-Human IgG Fc (Jackson ImmunoResearch Labs #109-115-098). Cells were analyzed 

by flow cytometry. To quantitate antibody-binding capacity, cells were labeled with saturating 

concentrations of murine monoclonal antibody A1 (20 µg/ml) followed by FITC-conjugated 

secondary antibody. Fluorescence was correlated with the number of bound primary antibody 

molecules on the cells and quantitated based on calibration beads supplied by the manufacturer 

(Dako K0078).  

Internalization of surface bound antibody was defined by the loss over time of surface signal and 

measured in plate format.  MDAMB435/5T4 cells seeded in 96-well plates were incubated on ice 

with 1 µg/mL primary antibody, followed by washes and incubation at 37°C for 0,  1, 4, or 21 

hours. Cells were then incubated with peroxidase-conjugated Affinity Pure Goat Anti-Human 

IgG Fc (Jackson ImmunoResearch Labs #109-035-008), washed and exposed to substrate, 

Lumiglo (Kirkegard & Perry Labs #54-61-01). Antibody internalization at each time point was 

expressed as ratio of average relative fluorescence compared to the zero timepoint. For 

visualization of internalized ADC by microscopy, MDAMB435/5T4 cells were incubated on ice 

with A1mcMMAF, washed and incubated at 37°C for 0 or 4 hr. Cells were fixed and 

permeabilized with Cytofix.  A1mcMMAF was detected with goat-anti-human IgG conjugated to 

AlexaFluor488.  Lysosomes were visualized with anti-LAMP1 (CD107a Ab, Becton Dickinson) 

and goat anti-mouse IgG conjugated to AlexFluor568. 
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In vivo pharmacology 

Female athymic nu/nu mice (18-23 g) were obtained from Charles River Laboratories, 

Wilmington, MA. ADCs were dosed based on Ab content at 1, 3 and/or 10 mg Ab/kg on a q4D 

(every 4 day) schedule, with 6 to 10 mice per group. The number of dosing cycles varied from 2 

to 4 depending on the model and is specified in the main text. Blood samples for 

pharmacokinetic analysis were collected 48 following the last administration of compound in 

xenograft studies. Tumors were measured at least once a week and their size (mm3 ± SEM) was 

calculated as mm3 = 0.5 x (tumor width)2 x (tumor length). For bioimaging studies, animals with 

subcutaneous H1975 tumor xenografts were injected with 2 mg/kg iv A1 anti-5T4 antibody or 

non-binding control antibody, both labeled with AlexaFluor750.  Images were acquired with an 

IVIS Spectrum (Caliper Life Sciences) and analyzed with Living Image 3.0 software (Caliper 

Life Sciences). 

The TIC frequency assay was based on the protocol described by Hoey et al. (2009). Animals 

with staged 37622A1 tumors were dosed q4Dx4 with vehicle, control ADC or A1mcMMAF. 

Tumors were measured 2-3 times per week, and when the average tumor size in the 

A1mcMMAF group had decreased to ~50% of staging size (approximately Day 21 after staging), 

tumors from all groups were harvested. Tumors were minced, dissociated with 

collagenase/hyaluronidase (Stem Cell Technologies), and subjected to red blood cell lysis 

(Roche #11814389001) and debris and dead cell removal with Accu-Prep (Accurate Chemical & 

Scientifc Corp.). To deplete the mouse cells, the cell suspension was incubated with biotin-

labeled anti-mouse CD45 and anti-mouse H2K(d), both from BD Biosciences, washed and then 

incubated with Dynabeads Biotin Binder (Invitrogen #110.47). Efficient depletion of mouse cells 

was confirmed by flow cytometry. The live human tumor cells were counted using Trypan Blue 
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exclusion and reimplanted at 4 dilutions in 50% Matrigel (BD Biosciences) into naïve animals. 

The optimal dilutions for 37622A1 PDX (1,000; 3,000; 10,000 and 30,000 cells per animal) were 

determined in a pilot experiment.  Tumor incidence was monitored for 98 days (predetermined 

based on a pilot study) and subjected to limit dilution analysis with two separate software 

packages which yielded comparable results (L-Calc, Stem Cell Technologies, and ELDA [Hu, Y 

and Smyth, GK (2009). ELDA: Extreme limiting dilution analysis for comparing depleted and 

enriched populations in stem cell and other assays. Journal of Immunological Methods 347, 70-

78]. 

Tolerability and toxicokinetics: 

For mouse studies, tumor bearing (MDAMB435/5T4) athymic nu/nu mice were administered 

either one (1 mg/kg) IV bolus dose of A1mcMMAF with samples taken 336 hours later, or two 

(3 mg/kg) IV bolus doses four days apart with samples taken 48 hours after the second dose. 

Plasma samples were pooled and tumor samples were homogenized prior to analysis.  For the 

mouse pharmacokinetic study, tumor bearing (MDAMB361-DYT2) athymic nu/nu mice were 

administered one (3 mg/kg) IV dose of A1mcMMAF with samples taken up to 240 h after dosing 

for AB, ADC and released payload (cys-mcMMAF) determination 

LC-MS: 

Equipment: 

 LCMS qToF with deconvolution software 

 Materials: 

1M DTT in DI H20, 0.1% trifluoroacetic acid (TFA) in Water/ACN mobile phase, PBS. 
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Sample Preparation:  Add 1 µL of 1M DTT solution into 40 µL of antibody drug conjugate 

solution and vortex. The resulting solution stands at room temperature for at least 30 min before 

LC-MS analysis. Prepare blank sample run (PBS or other solution ADC was prepared in). 

 

HPLC condition: 

#Mobile phase A: 0.1% trifluoroacetic acid (TFA) in 95% HPLC grade water/5%HPLC grade 

acetonitrile 

#Mobile phase B: 0.1% trifluoroacetic acid (TFA) in 5%HPLC grade water/95%HPLC grade 

acetonitrile 

#LC Column: 2 x 100 mm ReliaSil C4 column, 1000 Å, 7 µM 

#Flow rate: 0.2 mL/min 

#Column oven temperature: 30°C 

#UV detector: 200-400 nm 

#Injection volume: calculated according to concentration of ADC to achieve 30 µg of the ADC 

loaded on the column. 

#HPLC gradient profile: 

Time (min) %A %B

0 95 5 

5 95 5 

6 70 30 

22 46 54 

23 5 95 
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30 5 95 

30.5 95 5 

40 95 5 

 

The average DAR is calculated by quantifying the various loaded HC (HC-1, HC-2 and HC-3) 

and the only loaded LC (LC-1) as described  

 

Total DAR is a sum of  DAR for LC and HC multiplied by 2 (the number of LC and HC in the 

ADC):    DAR=2 x (0.5+1.5) = 4.0 

 

Calculating the quantity of unconjugated antibody: 

Since each ADC is made up of 2 HC and 2 LC, to obtain unconjugated antibody all 4 chains 

have to be unconjugated.  To obtain that probability multiply percent of unconjugated light chain 

(LC0) and unconjugated heavy chain (HC0) in the format described below. 

Example: when LC0 = 46% and HC0 = 12% the probability of unconjugated antibody is 0.46 x 

0.46 x 0.12 x 0.12 x 100 = 0.3% 
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The HIC method for unconjugated antibody is not as robust as the LCMS method, hence we use 

the LCMS method to calculate the unconjugated antibody.  We have sometimes observed some 

singly conjugated species co-elutes or closely elutes with the unconjugated antibody. 

 

 

 


