
Supplementary Material and Methods: 

Recombinant proteins: 

Briefly, human, mouse and rat CDH6 extracellular domains were gene synthesized based on 
amino acid sequences from the GenBank or Uniprot databases (see appendix).  Cynomolgus 
CDH6 cDNA template was gene synthesized based on amino acid sequences and homology 
information generated using mRNA from various cyno tissues (e.g. Zyagen Laboratories, San 
Diego, CA).  
 

Overview of sequences used for antigen and CHO cell line generation. 

Antigen/Antibody Accession/Source Description Mature sequence 

hCDH6aa54-
615 APPavi 

NM_004932.
3 

human full-
length ECD 
 

SWMWNQFFLLEEYTGSDYQYVGKLHS
DQDRGDGSLKYILSGDGAGDLFIINENT
GDIQATKRLDREEKPVYILRAQAINRRTG
RPVEPESEFIIKIHDINDNEPIFTKEVYTAT
VPEMSDVGTFVVQVTATDADDPTYGNS
AKVVYSILQGQPYFSVESETGIIKTALLN
MDRENREQYQVVIQAKDMGGQMGGLS
GTTTVNITLTDVNDNPPRFPQSTYQFKT
PESSPPGTPIGRIKASDADVGENAEIEYS
ITDGEGLDMFDVITDQETQEGIITVKKLLD
FEKKKVYTLKVEASNPYVEPRFLYLGPF
KDSATVRIVVEDVDEPPVFSKLAYILQIR
EDAQINTTIGSVTAQDPDAARNPVKYSV
DRHTDMDRIFNIDSGNGSIFTSKLLDRET
LLWHNITVIATEINNPKQSSRVPLYIKVLD
VNDNAPEFAEFYETFVCEKAKADQLIQT
LHAVDKDDPYSGHQFSFSLAPEAASGS
NFTIQDNKDNTAGILTRKNGYNRHEMST
YLLPVVISDNDYPVQSSTGTVTVRVCAC
DHHGNMQSCHAEALIHPTGLSTGA  
 

cynoCDH6 FL 
 

See above 
description 
on 
cynomolgus 
sequence 
derivation 

Cynomolgus 
(Macaca 
fascicularis) 
full-length 
CDH6 
 

SWMWNQFFLLEEYTGSDYQYVGKLHS
DQDRGDGSLKYILSGDGAGDLFIINENT
GDIQATKRLDREEKPVYILRAQAINRRTG
RPVEPESEFIIKIHDINDNEPIFTKEVYTAT
VPEMSDVGTFVVQVTATDADDPTYGNS
AKVVYSILQGQPYFSVESETGIIKTALLN
MDRENREQYQVVIQAKDMGGQMGGLS
GTTTVNITLTDVNDNPPRFPQSTYQFKT
PESSPPGTPIGRIKASDADVGENAEIEYS
ITDGEGLDMFDVITDQETQEGIITVKKLLD
FEKKKVYTLKVEASNPHVEPRFLYLGPF
KDSATVRIVVEDVDEPPVFSKLAYILQIR
EDAQINTTIGSVTAQDPDAARNPVKYSV
DRHTDMDRIFNIDSGNGSIFTSKLLDRET
LLWHNITVIATEINNPKQSSRVPLYIKVLD
VNDNAPEFAEFYETFVCEKAKADQLIQT



LRAVDKDDPYSGHQFSFSLAPEAASGS
NFTIQDNKDNTAGILTRKNGYNRHEMST
YLLPVVISDNDYPVQSSTGTVTVRVCAC
DHHGNMQSCHAEALIHPTGLSTGAGSE
FRHDSGLNDIFEAQKIEWHE 

moCDH6 FL NM_007666.
3 

Mouse (Mus 
musculus) full-
length CDH6 
 

SWMWNQFFLLEEYTGSDYQYVGKLHS
DQDRGDGSLKYILSGDGAGDLFIINENT
GDIQATKRLDREEKPVYILRAQAVNRRT
GRPVEPESEFIIKIHDINDNEPIFTKDVYT
ATVPEMADVGTFVVQVTATDADDPTYG
NSAKVVYSILQGQPYFSVESETGIIKTALL
NMDRENREQYQVVIQAKDMGGQMGGL
SGTTTVNITLTDVNDNPPRFPQSTYQFK
TPESSPPGTPIGRIKASDADVGENAEIEY
SITDGEGHEMFDVITDQETQEGIITVKKL
LDFEKKKVYTLKVEASNPHVEPRFLYLG
PFKDSATVRIVVDDVDEPPVFSKLAYILQI
REDARINTTIGSVAAQDPDAARNPVKYS
VDRHTDMDRIFNIDSGNGSIFTSKLLDRE
TLLWHNITVIATEINNPKQSSRVPLYIKVL
DVNDNAPEFAEFYETFVCEKAKADQLIQ
TLRAVDKDDPYSGHQFSFSLAPEAASSS
NFTIQDNKDNTAGILTRKNGYNRHEMST
YLLPVVISDNDYPVQSSTGTVTVRVCAC
DHHGNMQSCHAEALIHPTGLSTGAGSE
FRHDSGLNDIFEAQKIEWHE 

ratCDH6 FL NM_012927.
1 

Rat (Rattus 
norvegicus) 
full-length 
CDH6 
 

SWMWNQFFLLEEYTGSDYQYVGKLHS
DQDRGDGSLKYILSGDGAGDLFIINENT
GDIQATKRLDREEKPVYILRAQAINRRTG
RPVEPESEFIIKIHDINDNEPIFTKDVYTAT
VPEMADVGTFVVQVTATDADDPTYGNS
AKVVYSILQGQPYFSVESETGIIKTALLN
MDRENREQYQVVIQAKDMGGQMGGLS
GTTTVNITLTDVNDNPPRFPQSTYQFKT
PESSPPGTPIGRIKASDADVGENAEIEYS
ITDGEGHDMFDVITDQETQEGIITVKKLL
DFEKKRVYTLKVEASNPHIEPRFLYLGPF
KDSATVRIVVDDVDEPPVFSKLAYILQIR
EDAQINTTIGSVAAQDPDAARNPVKYSV
DRHTDMDRIFNIDSGNGSIFTSKLLDRET
LLWHNITVIATEINNPKQSSRVPLYIKVLD
VNDNAPEFAEFYETFVCEKAKADQLIQT
LHAVDKDDPYSGHQFSFSLAPEAASGS
NFTIQDNKDNTAGILTRKNGYNRHEMST
YLLPVVISDNDYPVQSSTGTVTVRVCAC
DHHGNMQSCHAEALIHPTGLSTGAGSE
FRHDSGLNDIFEAQKIEWHE 

 

 



Antibody internalization assay: 

IgGs were added to the cell containing microtiter plate and incubated for 2h at 37°C to permit 
IgG internalization. Subsequently, cells were fixed using CellFix, followed by permeabilization 
using 0.1% Triton X-100 and blocking using Odyssey blocking buffer (Licor) for 2h at RT. To 
detect internalized IgGs secondary antibody Alexa Fluor® 488 goat anti-human IgG (1:1000 
dilution) supplemented with Hoechst nuclear dye (1:10,000 dilution) were added per well and 
incubated for 1 h at RT in the dark. Cells were washed and loaded into the Cellomics VTI 
ArrayScan HC reader and analyzed using the Spot Detector V4 algorithm (ThermoScientific 
Cellomics®), specifically measuring the mean average spot intensity (MSAI) per cell. 

Cellular cytotoxicity assays: 

Cells were plated at 1000 cells/well in 384-well plates (Corning Costar#3707) and incubated at 
37 °C, 5% CO2 for 20 hh. Serial dilutions of test agents were added and cells were further 
incubated for 5 days, followed by measuring cell viability using CellTiter-Glo® reagent 
(Promega) according to the manufacturer’s instructions. For surrogate ADC assays 
unconjugated IgGs were complexed with anti-human, SMCC-DM1 conjugated Fab fragments at 
a 1:2 ratio followed by serial dilution. Viability was normalized to untreated control wells and 
median percent inhibition was calculated based on 3-6 replicates. Logistic regression curve fit 
was used to determine IC50s in Spotfire (Tibco). 

Protein crystallography: 

Various truncations of CDH6 extracellular domain fused to a C-terminal affinity tag (six amino 
acids: EFRHDS) were co-transfected with a plasmid encoding LTV977 IgG into Expi293TM 
(ThermoFisher Scientific) into cells cultured in Expi293™ Expression medium (ThermoFisher 
Scientific). After 5 days, the expression product was pulled down from the medium using an 
affinity resin and analyzed by SDS-PAGE and analytical size exclusion. CDH6 EC5 was 
sufficient to pull down LTV977 IgG and was used to produce a complex with LTV977 Fab for 
crystallization. Deglycosylated CDH6 EC5/LTV977 Fab complex was concentrated to 9.3 mg/ml, 
centrifuged at 20,000 g for 5 min, and screened for crystallization. Crystals for data collection 
are grown by hanging drop vapor diffusion at 20 °C. Crystals of CDH6 EC5/LTV977 complex 
were grown by mixing 1.2 μl of the complex with 1 µl of reservoir solution containing 20% (v/v) 
PEG3350 and 0.2 M di-ammonium hydrogen citrate, and equilibrating the drop against 450 µl of 
the same reservoir solution plus 50 μl water. Before data collection, the crystals were 
transferred to 75% of reservoir solutions plus 25% glycerol and flash cooled in liquid nitrogen. 
Diffraction data were collected at beamline 17-ID at the Advanced Photon Source (Argonne 
National Laboratory, USA). Data were processed and scaled using Autoproc (Global Phasing, 
LTD). The data of CDH6 EC5/LTV977 complex were processed to 2.3 Å in space group P 21 21 

2121 with cell dimensions a=78.83 Å, b=88.86 Å, c=186.73 Å, alpha=90°, beta=90°, 
gamma=90°. The structures of the complexes were solved by molecular replacement using 
Phaser (3) with in-house Fab structures as search models. The structure of CDH6 EC5 is built 
de novo using Buccaneer (4) in the CCP4 program suite (5). The final models are built in COOT 
(6) and refined with Buster (Global Phasing, LTD). For CDH6 EC5/LTV977 complex, the 
R(work) and R(free) values are 21.2% and 25.2%, respectively; and root-mean-square (r.m.s) 



deviation values of bond lengths and bond angles are 0.010 ÅÅ and 1.24°, respectively. All 
statistics of data collection and structure refinement are summarized in Supplementary Table 9. 
The structure was submitted to the Protein Data Bank with the PDB ID “5VEB”.  

Flow cytometry: 

Cell suspensions were prepared by treating cells in culture with Accutase® Cell Dissociation 
Reagent (Gibco) according to the manufacturer’s instructions followed by washing the cells in 
FACS buffer (PBS/1%BSA, Gibco). Cells were resuspended in FACS buffer at 1x106 cells/ml 
and aliquoted into a 96-well round bottom plate (Corning) at 100 µlµl/well. Titrations of the 
primary antibodies/ADCs were prepared and added to the cell suspension. As a negative 
control antibody human isotype control IgG (R&D systems #1-001-A) was used. Cells were 
incubated with the primary antibody solutions for 30 minutes on ice, followed by three washes in 
200µl of cold FACS buffer. The cells were resuspended in 100µl of PE-conjugated anti-human 
Human Fc used at 1/500 dilution (Jackson Immuno Research #109-116-098) and incubated for 
30 minutes on ice. Following three washes in 200µl cold FACS buffer, cells were analyzed on a 
BD FACS Canto II® (BD Biosciences). The geometric mean of signal per sample was 
determined using FlowJo® software and EC50s were determined by plotting the geometric 
mean of signal versus concentration and using non-linear regression curve fitting using 
GraphPad Prism.   

Jurkat-NFAT-luc reporter assay and NK ADCC assays 

Jurkat-CD16a-NFAT-luc effector cells were harvested and combined with target cells (OVCAR3) 
and resuspended at 3x106 and 0.5x106 cells/ml in assay medium RPMI with 10% FBS, 
Glutamax, respectively. In a 96 well assay plate (Costar #3917) 30 ulul of target cells and 40 μl 
of the appropriate antibody dilution were added and followed by addition of 30 μl effector cells, 
resulting in an effector to target cell ratio of 6:1. Plates were gently tapped several times to mix, 
followed by spinning the plate at 200g for 4 minutes with no break and incubation at 37 °C, 5% 
CO2 incubator for 4 h. Following equilibration of plates at RT, 60 ulul of Bright Glo reagent was 
added (Promega #E2620) to each well except the three wells for background read of effector 
and target cells only.  Plates were mixed in the dark for 3 minutes. For readout, 150 μl of the 
lysate were transferred from each well to FALCON 96-well plates (FALCON #353296) and 
luminescence was measured on an Envision (Perkin Elmer) plate reader.    

ADCC assay with primary NK cells or NK3.3 cell line 

Primary NK cells were isolated from fresh primary peripheral blood mononuclear cells (PBMC) 
obtained from healthy donor blood provided by NIBR Health Services as follows: 15 ml of fresh 
blood was diluted 1:1 with PBS (Gibco 14190-144) and underplayed with 15ml of Ficoll (GE 
Healthcare 17-1440-02) in a 50ml conical tube.  The tubes are then spun in a centrifuge at 400g 
for 30 minutes with no brake. The interface PBMC layer was collected and washed with PBS 
followed by counting the total number of PBMCs. Natural Killer (NK) cells were isolated using 
the Miltenyi NK cell isolation kit (Miltenyi Biotech 130-092-657) and manufacturer’s protocol for 
negative selection. Resulting NK cells were counted and cultured overnight in RPMI (Gibco 



11875-093) + 10% FBS (Gibco 26140-079) + 15mM HEPES (Gibco 15630-080) + 100pg/ml IL-
2 (PeproTech 200-02) + 1% L-Glutamine at 0.5 x 106 cells per milliliter.  

The next day, target cells were prepared for the assay by Calcein-AM dye loading as follows: 
OVCAR3 cells were collected, washed and resuspended at 1x106 per ml in assay buffer (RPMI 
+ 10% FBS + 15mM HEPES + 22ng/ml IL-2 + 1% L-glutamine). 17 μlμl of Calcein-AM dye 
(Invitrogen # C3100MP) resuspended in DMSO (Life Technologies D12345) was added and 
cells were incubated at 37°C for 60 minutes. Cells were washed twice with assay medium and 
resuspended at 0.15x106 cell per ml in assay buffer.  Serial dilutions (50 μl) of the testing 
antibody were combined with 50μl of target cells in a round bottom 96 well plate (Costar #3799) 
in triplicate, followed by incubation of the plates at room temperature for 15 minutes.  The 
primary NK cells set up the day before were collected and washed with assay medium twice 
followed by resuspension at 0.3 x 106 cell per ml in assay buffer. 50μl of effector cells were 
added per well of the assay plate, resulting in a effector to target cell ratio of 2:1. Control wells 
included target cells only (to measure spontaneous lysis), target cells + Triton X-100 (Sigma 
93443) to measure maximum lysis, and media only wells (to measure background).  Assay 
plates were centrifuged at 1200 rpm for 7 minutes with no break.  After incubation for 1.5 hours 
at 37 °C, 5% CO2, plates were spun at 1200 rpmrpm for 4 minutes with no brake and 100 μlμl of 
supernatant were transferred to a black 96-well assay plate (Costar #3904) followed by 
measurement of fluorescence (excitation 485 and emission 535) on an Envision plate reader. 
The resulting signal was analyzed by averaging the background signal and subtracting that from 
the sample signals.  The percent of maximal target cell lysis was determined by the following 
equation: ((sample - spontaneous) / (maximum release-spontaneous)) *100%.  

For the NK3.3 ADCC assay, NK3.3 cells were starved from IL-2 and IL-10 two days prior the 
experiment by culturing in RPMI media containing 10% FBS and 15mM HEPES only.  Calcein-
AM labeled target cells were prepared and used in the same way as described for primary NK 
assay above. Before adding the NK3.3 effector cell to assay plates, NK3.3 cells were washed in 
assay buffer RPMI containing 10% FBS, 15 mM HEPES and 20 ng/ml IL-2 and resuspened at 
3x10^6 cell per ml.  All the following procedures were the same as described above, except an 
effector to target cell ratio of 20:1 was used.  

CDC assay 

OVCAR3 cells were seeded at a cell density of 50,000 cells/well in quadruplicate. Antibodies 
and rabbit complement (Pelfreez #31060-1) were prediluted to a 3 fold working solution and 
added to the cells and incubated for 2 hours incubation at 37 °C.  Each plate included a blank 
(B) well where only CDC buffer was included, a target cells only well (T) that allowed the 
measurement of the spontaneous lysis of the target cells, a negative control (N) well that 
contained both target cells and complement but no antibody that was used for calculation of the 
specific lysis. Additionally a well was included where a 3% Triton-X solution (final concentration 
1%) was added to wells containing only target cells that caused complete lysis of the target cells 
(Max) and was also used for the calculation of specific lysis. After incubation, 100 µL of Cell 
Titer Glo® was added to the wells followed by incubation of the plates in the dark at RT for 30 
min. Plates were analyzed on a Spectramax M5 and luminescence was read with an integration 



time of 500 ms, top read. Specific lysis (%) was calculated according to the following equation: 
[(mean of sample – negative (N)) / (maximum (Max) – negative (N))] * 100%. Results for six 
donors were averaged and plotted with the SEM using Spotfire (Tibco). 

Biacore affinity measurements 

Affinity of the antibodies for recombinant CDH6 protein from human, cynomolgus, rat and 
mouse origin was determined using SPR technology on a Biacore® T100 instrument (GE 
Healthcare). Briefly, the recombinant, purified extra cellular domains of CDH6 proteins were 
diluted in PBS to 1 mg/ml.  HBS-EP (0.01 M HEPES, pH 7.4, 0.15 M NaCl, 3 mMmM EDTA, 
0.005% v/v Surfactant P20) supplemented with 0.25% Bovine Albumin Fraction V (7.5% 
solution) (Gibco 15260-037) was used as the running buffer for the Biacore experiments. The 
immobilization level and analyte interactions were measured by response unit (RU) and all four 
flow cells of a CM5 sensor chip were used. Each flow cell was immobilized with about 5000 RU 
of anti-human Fc by amine coupling.  In each experiment the CDH6 antibody/ADC binding to 
CDH6 protein was tested in total of seven cycles (antibody capture, injection of CDH6 protein, 
regeneration) with each antibody/ADC capture level at about 250 RU.  CDH6 protein injection 
was prepared as 2-fold dilutions from the highest concentration of 100 nM to the lowest at 1.56 
nM along with one blank (running buffer only) injection of CDH6 protein.  Capture of 
antibody/ADC for each cycle was performed at 10 µl/min for 30 second, injection of CDH6 
protein was performed at 80 µl / min for 200 seconds followed by 500 seconds dissociation time.  
Regeneration of both flow cells was performed with injection of 10mM Glycine (pH2.0) at 60 
µl/min for 60 second. All experiments were performed at 25 °C and data were analyzed using 
Biacore T100 Evaluation software with 1:1 model fit.  Prior to curve fitting a double referencing 
was applied by subtracting reference flow cell (flow cell 1 with no antibody capture) curve from 
each experimental curve and subtraction of zero concentration (buffer only, no CDH6 protein) 
curve. 

PDX models & PDX Clinical Trial 

Patient tumor specimens (untreated or treated) were obtained from non-profit and commercial 
vendors in the US. All patients provided informed consent for the tumor samples procured by 
Novartis, Inc. from: the National Disease Research Interchange, Philadelphia, Pennsylvania, 
USA; National Cancer Institute, Rockville, Maryland, USA; Maine Medical Center, Portland, 
Maine, USA; Tufts Medical Center, Boston, Massachusetts, USA; The Mt Group Inc., Van Nuys, 
California, USA. Clinical and pathologic data were entered and maintained in Novartis 
databases. 

Patient tumor material was collected in culture medium and kept on wet ice for engraftment 
within 24 h after resection. Upon arrival, necrotic and supporting tissues were carefully removed 
using a surgical blade. Three ~30–50-mg tissue fragments were flash frozen and stored at −80 
°C for genomic profiling, and ~50–100-mg tissue fragments were fixed in 10% neutral-buffered 
formalin and paraffin embedded for histopathologic analysis. Approximately 20–30-mg tissue 
fragments were implanted subcutaneously into the flank region of athymic nude (nu/nu) female 
mice using a trocar. Successfully engrafted tumor models were then passaged and banked after 



three passages in mice. The identity of the established PDXs was confirmed by SNP48 analysis 
before and after PCT studies 

Tumors were subcutaneously implanted into nude mice at passages between p4 and p10. 
Tumors (~200 mm3) were enrolled on a rolling base and treated with single agents or 
combinations without pre-selection on the basis of their genetic or proteomic, or growth 
latency/doubling time 

The standard treatment schedule was 21 d. Fast-growing tumors were dosed until the tumors 
reached ~1500 mm3, and treatment was continued until the tumor volume doubled at least 
twice for slow-growing tumors. The tumor size was evaluated twice weekly by caliper 
measurements, and the approximate volume of the mass was calculated using the modified 
ellipsoid formula (l × w× w) × (π/6), where l is the major tumor axis and w is the minor tumor 
axis. In the absence of progression or an adverse event, treatment was continued for at least 90 
d. 

The response was determined by comparing tumor volume change at time t to its baseline: % 
tumor volume change = ΔVolt = 100% × ((Vt – Vinitial) / Vinitial). The BestResponse was the 
minimum value of ΔVolt for t ≥ 10 d. For each time t, the average of ΔVolt from t = 0 to t was 
also calculated. We defined the BestAvgResponse as the minimum value of this average for t ≥ 
10 d. This metric captures a combination of speed, strength and durability of response into a 
single value. The criteria for response (mRECIST) were adapted from RECIST criteria21 and 
defined as follows (applied in this order): mCR, BestResponse < −95% and BestAvgResponse 
< −40%; mPR, BestResponse < −50% and BestAvgResponse < −20%; mSD, BestResponse < 
35% and BestAvgResponse < 30%; mPD, not otherwise categorized 

The Ovarian PCT included many treatment groups each with different vehicles and dosing 
regimen, consequently an untreated control group was used as the negative control. Tumor 
growth kinetics in response to  treatment is represented by Best Minimum Response and 
Average Minimum Response. All PCT data were compiled into a single TIBCO Spotfire library. 
Correlation analyses between data sets were performed within Spotfire using the regression 
modelling tool. All R2 values and P values represented are as generated within Spotfire 
following regression analysis and the F-Statistic tool. 

Xenograft Studies 

For OVCAR3 xenograft studies female NOD.Cg-Prkdc<scid>Il2rg<tm1Wjl>/SzJ mice (NSG 
mice) from The Jackson Laboratory, were implanted with 10x106 cells per mouse in a 
suspension containing 50% phenol red-free matrigel (BD Biosciences) in Hank’s balanced salt 
solution. For the OVCAR3Luc xenograft SCID Beige mice from Charles River were implanted 
intraperitoneally with 1x106 cells per mouse suspended in Hanks balanced salt solution. For 
each PDX model was propagated by serial passage of tumor fragments in female nu/nu mice 
from either Harlan or Charles River. Tumors were used at similar passages to the range in the 
PCT. For the RENCA WT and RENCAmCDH6 xenograft studies female Balb/J mice from 
Jackson Laboratories were implanted subcutaneously with 1x105 cells/mouse suspended in 
Hanks balanced salt solution. For all xenograft studies, tumors were measured following implant 



until tumors reached an appropriate starting volume, at which point they would be randomized 
into groups of equal mean tumor volume prior to treatment initiation. Responses to treatment 
were calculated as follows:  

%T/C = 100  T/C if T ≥ 0 

% Regression = 100  T/Tinitial if T < 0 

where: 

T = mean tumor volume of the drug-treated group on the final day of the study; 

T = mean tumor volume of the drug-treated group on the final day of the study – mean tumor 
volume of the drug-treated group on initial day of dosing; 

Tinitial = mean tumor volume of the drug-treated group on initial day of dosing; 

C = mean tumor volume of the control group on the final day of the study; and 

C = mean tumor volume of the control group on the final day of the study – mean tumor 
volume of the control group on initial day of dosing. 
 

All plotted data are expressed as mean ± standard error of the mean (SEM) but delta tumor 
volume from first dose was used for statistical analysis. Delta tumor volume data were tested for 
normal distribution via a Shapiro-Wilks Test and the skewness of the data were calculated. In 
the case of non-normal distribution with a positive skew, data would be transformed by 
logarithmic, reciprocal, or square root transformation. Normalized data were then subjected to 
one way ANOVA and subsequent all pairwise comparison test (Tukey test). * P<0.05, ** 
P<0.001, *** P<0.0001. 

Pharmacokinetics 

At each time point whole blood was collected via tail nick for serum separation. Blood was given 
time to clot in the tubes prior to centrifugation to enable removal of sera supernatant. 10 ul of 
Serum was added to 90 ul of 0.5% BSA/PBS buffer solution. Serum concentrations of total 
antibody (Ab) and total antibody-ADC were measured on Gyrolab xP instrument using ELISA 
method. f. Ab and ADC levels were analyzed in each serum sample. Ab was captured using 
anti-human IgG (Biotinylated goat anti-human IgG, Jackson ImmunoResearch Cat#109-065-
097). ADC was captured using anti-Maytansine (Biotinylated anti DM,  IMGN#E001834-20).  
Briefly, 100 ug/ml of each capture antibody diluted in PBST was immobilized on a streptavidin 
column, serum samples or reference standard prepared in Rexxip AN buffer (Gyros  
#P0004994) were then applied to the column.  Anti-human IgG or anti-Maytansine was detected 
with a fluorescently conjugated antibody (Alexa 647 goat anti-human IgG, (Jackson 
ImmunoResearch 109-605-088) prepared in 25 nM Rexxip F buffer ( Gyros #P0004825). 
Visualization and measurement was achieved by laser induced fluorescence detection at 647 
nm. 

Ab and ADC standard curve were prepared separately.  The initial stock of HKT288 was diluted 
in PBS with 0.5% BSA to 5 ug/ml. Standrad curves were prepared in Gyros AN buffer.Serum 
sample (10µl) from each time point were collected directly into 90 µl of PBS/0.5% BSA sample 



buffer and were stored in -80 degree freezer until PK assay analysis.  On the day of assay 
samples were thawed on ice and diluted in sample buffer and final dilution using Gyros AN 
buffer 

Each data point of standard or sample was tested in duplicates.  The back calculation of 
standard was within ± 15%.  

Concentration of total Ab refers to measurement of total Ab with or without payload conjugated 
to antibody via linker. Concentration of total ADC refers to measurement of only ADC. 

Pharmacokinetic parameters for total ADC were calculated for individual mice using 
noncompartmental analysis (Phoenix 64, version 6.3).  

Toxicology  studies 

Cynomolgus macaques (Macaca fascicularis) of Chinese or Indonesian origin, aged 2–5 years 
were used for nonhuman primate studies. Wistar-Han rats, aged 8-12 weeks, were used in the 
rodent safety studies. All in-life procedures were conducted in compliance with the Animal 
Welfare Act, the Guide for the Care and Use of Laboratory Animals and the Office of Laboratory 
Animal Welfare. 

Single and repeat dose studies were completed, with doses ranging from 0.5 to 15 mg/kg in 
monkeys and 0.5 to 20 mg/kg in rats.  Repeat doses were given on a weekly, once every two 
weeks or once every 3 week interval (Supplementary Table 11).  In studies conducted 
according to Good Laboratory Practice (GLP) study endpoints included clinical observations 
(daily cageside and weekly detailed), body weights (weekly), ophthalmology (in monkeys once 
predose, once during weeks 2 and 4 of dosing phase, and once during week 3 of recovery 
phase), respiration rates (monkeys), electrocardiography (monkeys), modified Irwin battery 
(rats), clinical pathology (complete panel of hematology, coagulation, chemistry and urinalysis) 
and histopathology. Serum samples were collected from all nonclinical studies to confirm 
exposure to the total ADC, the total antibody, and free-DM4. 

Immunohistochemistry for xenograft and human tumor tissue sections 

At sacrifice, tumors from the untreated control group were immediately excised, collected into 
histology cassettes and fixed in 10% buffered formalin for approximately 24 hours. Cassettes 
were then transferred into 70% Ethanol until processing, processed and embedded in paraffin 
using routine histological procedures. Experimental FFPE blocks were cut at 3.5 um either as 
whole sections or multi tissue section on slides and stained with a rabbit polyclonal anti-CDH6 
antibody (Sigma HPA007047). The optimized protocol included standard exposure to Ventana 
Cell Conditioning #1 antigen retrieval reagent (Cat # 950-124). The primary antibody was diluted 
to a concentration of 1:200 in DAKO Cytomation Antibody Diluent (Cat # S0809), applied in 100 
ul volume and incubated for 60 minutes at 37 °C. Subsequently incubation with Ventana 
OmniMap prediluted HRP-conjugated anti-rabbit secondary antibody (Cat #760-4311) was 
performed for 4 minutes. The secondary antibody was then detected using the ChromoMap 
DAB kit (Cat # 760-159) and slides were counterstained for 4 minutes with Ventana 



Hematoxylin (Cat # 760-2021), followed by Ventana Bluing Reagent (Cat # 760-2037) for 4 
minutes. Slides were dehydrated in increasing concentrations of ethanol (95-100%), then in 
xylenes, followed by coverslipping. Coverslipped slides were evaluated by light microscopy and 
scanned by Leica/Aperio ScanScope slide scanner. Digital images were then viewed and 
analyzed by Indica Labs HALO launching images from Leica eSlide Manager/Aperio Spectrum. 
Representative images were taken using Figure Maker Module in Indica Labs HALO. 

Scanned images of the stained slides were launched in Indica Labs HALO (Corrales, NM) 
opening from integrated Leica eSlide Manager/Aperio Spectrum (Vista, CA). Digital images 
were viewed, annotated and analyzed using Area Quantification Algorithm (Area Quantification 
v1.0) either with Classifier Module for tumor detection or without Classifier Module. Image 
analysis algorithms that were used detect any intensity. Internally derived HALO Image Analysis 
Algorithms were used. Image Analysis data were visualized by % Stain 2 Positive Tissue (% 
positive area) on Y-axis and Model on X-axis. 

Histopathology methods including immunohistochemistry (IHC) and in-situ RNA 
hybridization (ISH) for toxicology assessments: 

Gross pathology assessments were performed on all animals and microscopic examinations 
were conducted on a selected list of organs and tissues from all surviving animals and all 
tissues collected from all unscheduled deaths. Tissues for histopathology were fixed in 10% 
neutral buffered formalin, or, in the case of eyes and testis, in Modified Davidson’s solution for 
24 hours, then transferred to 10% NBF for storage. Tissues were processed to paraffin block, 
sectioned at 5 micrometers and stained with hematoxylin and eosin, according to standard 
laboratory operating procedures.  

In situ RNA hybridization was performed using Advanced Cell Diagnostics (ACD)/Ventana 
systems probes and reagents. The CDH6 probe (cat#403019) was designed by ACD using 
accession number NM_004932.3 covering the region of nucleotides 805 – 1764. The reagents 
utilized included: 1) RNAscopeVS control probe sets PPIB (Cat#313906-C2, positive control) 
and DapB (Cat#310048, negative control), 2) RNAscopeVS FFPE reagent kit (Cat#320600) 
including Pretreat A, pretreat B, and Amp1 through 7, 3) RNAscopeVS FFPE accessory kit 
(Cat#320630) and 4) RNAscopeVS FFPE offline CC Kit (Cat#320043) including 10x pretreat 2 
solution. For the Ventana automated system the reagents used were 1) mRNA DAB detection 
kit (Cat#760-224), 2) mRNA probe amplification kit (Cat#760-222), and 3) mRNA pretreatment 
kit (Cat# 760-223 ). The ISH method followed protocols established by ACD Bio and Ventana 
systems. Briefly the sections were baked at 60 degrees for 30 minutes.  The protocol was 3 
steps xylene for 3 minutes; 2 times 100% alcohol for 3 minutes; once 95% alcohol for 3 minutes; 
followed by one step 80% alcohol for 3 minutes; distilled water rinse for one minute; and tap 
water for 2 min. Rehydration was follow by offline tissue conditioning at 99 degree for 15 
minutes.  Finally, the slides were transferred to Ventana Ultra for finishing the ISH procedure 
including protease pretreatment; hybridization and amplification for three hours; and detection 
with HRP and hematoxylin counter stain. In addition to PPIB and DAPB control probes, cell lines 
with known levels of CDH6 expression were included in each run. 

Catabolite analysis 



For analysis of samples with sulfo-SPDB conjugates, 100 µl of TRIS buffer containing 5 mM 
NEM were added, mixed, and allowed to stand for two hours to allow derivatization of the DM4 
catabolite. After this time, 300 µl 67/33 (v/v) methanol/water solution containing 53.3 ng/mL of 

internal standard (I.S.) was added. For analysis of samples with SMCC conjugates, 400 l of 
50/50 (v/v) methanol/water solution containing 40.0 ng/ml I.S. was added without NEM 
derivatization step. For both ADC conjugation platforms, mixtures were then sonicated for 10 
minutes and allowed to rest on ice for 30 minutes followed by centrifugation for 10 minutes at 
15k rcf. Composition of the I.S. is shown in below along with quantitation parameters for each 
analyte. Calibration standards in the appropriate calibration range were prepared in 50/50 
methanol /water (v/v) and contained mixtures of all analytes that were to be quantified. LC-
MS/MS analysis of tumor extracts was performed using an AB6500 triple quadrupole mass 
spectrometer (AB Sciex) coupled to a 1290 Infinity UHPLC system from Agilent consisting of a 
binary separation module, a cooled autosampler, and a thermostated column compartment. 
Mobile phase A was 0.1% FA in water and mobile phase B 0.1% FA in ACN. LC separation of 
samples with sulfo-SPDB conjugates was done using a Phenomenex Kinetex XB-C18, 50 mm x 

2.1 mm, 2.5 m particle size LC column (Phenomenex) at 40°C. Gradient separation at 0.5 
mL/min flow rate was done as follows: 30% B from start to 0.3 min, then ramp to 95% B in 2.2 
min. Hold at 95% to 2.7 min, and then equilibrate at initial conditions of 30% B from 2.8 min to 
3.2 min. LC separation of samples with SMCC conjugates was done using a Waters Acquity C-

18 HSS, 50 mm x 2.1 mm, 1.8 m particle size LC column (Waters) at 40°C.  LC gradient at 0.5 
mL/min flow rate was as follows: 10% B to 0.3 min, then ramp to 60% B at 2.2 min followed by a 
step change to 95% B at 2.3 min. Hold at 95% B to 2.8 min and then re-equilibrate to initial 
conditions of 10% B from 2.9 min to 3.6 min. For both methods, samples were kept at 6°C in the 
autosampler and 5 µl was injected to LC-MS/MS. MS analysis was done in positive electrospray 
ionization (ESI) mode at 550C and 5.5kV. MS acquisition was done in a multiple reaction 
monitoring mode (MRM) using 45 msec dwell time and parameters as described in the Table 
below along with the I.S. assignment for each analyte. Since no standards were available for S-
cysteinyl-DM4, it was evaluated by peak area only and not quantified (data not shown). 
Quantitation of analytes was based on linear regression with calibration curves in the 
appropriate range for each analyte. 

MRM MS/MS Data Acquisition Parameters for In Vivo Catabolite Analysis. 

 

Analyte MRM 
Transition 

I.S. I.S. MRM 
Transition 

Concentration 
Range (ng/mL) 

Lys-SMCC-DM1 552.3547.1 (13C,15N)Lys-SMCC-DM1 556.1547.1 1.0 – 500  

Lys-sSPDB-
DM4 

553.9547.1 (13C,15N)Lys-SMCC-DM1 556.1547.1 0.5 – 100 

NEM-DM4 905.2547.1 d5-NEM-DM4 910.2547.1 0.1 – 100 

S-methyl-DM4 794.1547.1 d5-NEM-DM4 910.2547.1 0.1 – 100 

DM4 780.7547.1 d5-NEM-DM4 910.2547.1 0.1 – 100 

S-cysteinyl-DM4 899.3547.1 N/Aa N/A N/A 



a Not Applicable, evaluated by peak area only (data not shown) 
 

RNA expression analysis of TCGA and GTEx data: 

RNA sequence reads from TCGA and GTEx were aligned to the Human B37 genome using the 
Omicsoft Sequence Aligner by the Omicsoft Corporation (7). Read counts for the UCSC gene 
models were calculated by the software. Read counts were used to determine expression in 
transcripts per million (TPM) for the UCSC gene models.   

RNA expression analysis was performed for the set of 2,475 surface protein genes selected as 
described below. To identify candidate ADC targets, we required that target genes be 
expressed substantially higher in tumor samples than in normal, and that elevated expression 
among tumor samples be highly prevalent. We thus ranked surface protein genes based on two 
metrics: the fold-change of mean expression between samples from a given tumor type (TCGA; 
n = 4,962) and all available healthy tissue samples (GTEx, BLUEPRINT; n = 9,183) 
[PMIDs:23715323, 24091925]; and the percentage of tumor samples with gene expression 
levels higher than the maximum expression level among healthy tissue samples. After ranking 
genes using these two metrics, a final ranking metric was calculated as the sum of ranks for 
each gene from the two ranked lists. 

Finally, we reduced the set of ranked genes by requiring that healthy expression levels be 
relatively restricted. We therefore considered only genes for which the maximum expression 
value among the 9,183 healthy tissue samples was in the lowest 25th percentile of maximum 
healthy expression values for all genes. Genes ranking highly in final, reduced gene set were 
identified as candidate targets. 

Selection of Surface Protein Genes: 

Surface protein genes were identified using combined annotations from three sources. We first 
limited our set to genes annotated as trans-membrane in the Swiss-Prot database by either 
manual curation or computational prediction [PMID:26519399]. We then further filtered for 
genes expected to localize to the plasma membrane using Gene Ontology’s (GO) Cellular 
Component annotation database [PMID:25428369], resulting in a list of 1,905 putative surface 
protein genes. Finally, we expanded the gene set to include those validated as surface proteins 
by the Cell Surface Protein Atlas (CSPA) project using a mass-spectrometry-based approach 
[PMID: 25894527]; however, we only included genes that fell in CSPA’s top two out of three 
quality categories (‘high confidence’ or ‘putative’), for a total of 1,286 genes. The combined 
gene set included 2,475 genes either predicted or verified as coding for surface proteins. 

Ranking Results for CDH6: 

Based on differential expression patterns between tumor and normal tissues, CDH6 ranked in 
the top 0.3% of all surface protein genes for ovarian serous, renal clear cell, and papillary 
carcinoma (rank of 8, 4 and, 8 out of 2,475, respectively). 
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