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Materials and Methods 

Phage display library selections 

MMP-14 catalytic domain (MMP-14-CD) (R&D Systems, Teaneck, NJ, USA) 

was biotinylated using the EZ-Link Sulfo-NHS-LC-Biotin reagent (Pierce, Rockford, IL, 

USA). Biotinylated MMP-14-CD was used as the target for selection against our human 

Fab phagemid library FAB310 (1). Selections were carried out essentially as described 

(1). Detailed protocol is described in the Supplemental Data. 

A hundred-fold excess of the library size of the FAB310 library was depleted on 

streptavidin-coated magnetic Dynabeads M-280 (Dynal Biotech, Inc., Lake Success, NY) 

to remove streptavidin binders. In a second selection arm, streptavidin bead depleted 

library was subjected to further depletion on carboxylic beads coupled with the 

physiological MMP inhibitor TIMP-2 (500nM) and MMP-14 (500nM) complex to 

remove non-active site binders. The depleted library was then incubated with biotinylated 

MMP-14-CD immobilized on streptavidin beads for 1 hr at room temperature (RT). The 

beads were washed 3 times with Tris buffer (50mM Tris; 50mM CaCl2; 150mM NaCl, 

pH 7.5) containing 2% (w/v) nonfat dry milk and 0.1% (v/v) Tween-20, 3 times with 

Tris/0.1% Tween-20 and 1 time with Tris buffer only. MMP-14 binders were eluted from 

the beads by incubation with 2.5µM of TIMP-2 for 1 hr at RT. The remaining phage were 

further eluted with 100mM triethylamine (TEA). Eluted phage were amplified by 

infecting TG1 bacteria cells, and underwent two additional rounds of selection under the 

same conditions as the first round, except that the streptavidin beads were loaded with 

100nM biotinylated MMP-14 and the number of washes were doubled. 



 

Fab-phage ELISA 

Phage enriched from the second and third round of each selection arm were 

screened by Fab-phage ELISA on active MMP-14 to identify positive MMP-14 binders. 

Three hundred eighty four well plates were coated with biotinylated bovine serum 

albumin (BSA) (2µg/ml) in Tris buffer (50mM Tris, 5mM CaCl2, 150mM NaCl, pH 7.5) 

for 1 hr at RT; and then washed 3 times with Tris/0.1% Tween-20. Streptavidin (10 

µg/ml) was captured overnight at 4°C on the coated plates in Tris buffer with 0.5% 

gelatin. Following washes with Tris/0.1% Tween-20, half of the plates were further 

coated with biotinylated MMP-14-CD (1µg/ml). The coated plates were incubated with 

rescued phage cultures and positively-bound Fab-displaying phage was detected using 

HRP-conjugated anti-M13 antibody and standard HRP methodologies as described 

previously (1). 

 

Production of rat, mouse and cynomolgus MMP-14 extracellular domains 

The extracellular domain (ECD) of rat MMP-14 (Genbank accession number 

NM_031056), mouse MMP-14 (Genbank accession number NM_008608) and 

cynomolgus MMP-14 (no Genbank accession number available) were cloned separately 

into the pIBV5His vector (Invitrogen). These DNA vectors allow for the secretion of 

corresponding proteins after insect cell transfection. Western blot analyses of the cell 

media containing the secreted proteins showed that the sizes of the recombinant proteins 

were consistent with what were expected, i.e., 61.5 kDa for the mouse, 61.6 kDa for the 

rat, 62 kDa for the cynomolgus monkey MMP-14 (these molecular weights include the 



V5 and His tag). The different insect cell conditioned media were purified by ion 

exchange in 20mM Tris-HCl, pH 8, 5mM CaCl2 and a NaCl gradient in the same buffer 

for elution. The active fractions that could be inhibited by DX-2400 to 95% or more were 

pooled, concentrated and used for Ki determination. 

 

Xenograft models 

The animal studies complied with national legislation and institutional or company policy 

on the Care and Use of Laboratory Animals with related codes and practice with respect 

to restraint, husbandry, surgical procedures, feed and fluid regulation, and veterinary 

care. Tolerability of treatment was assessed by body weight measurements and by 

frequent observations for signs of toxicity. Detailed protocols are described in 

Supplemental Table 1. 

 

MDA-MB-231 breast cancer xenograft model 

1- DX-2400 as monotherapy  

a- Orthotopic model 

Five-week-old female BALB/c nu/nu mice (Charles River Laboratories, St. 

Constant, QC, Canada) were used for this study (2, 3). Cell pellets (5 x 105 cells/mouse) 

were resuspended in 100µL of Matrigel (Becton Dickinson Labware, Oxford, UK) and 

saline mixture (20% Matrigel) and injected subcutaneously (s.c.) into the mammary fat 

pad of mice.  On day 1 of the study, mice bearing established tumors (mean 80-100mm3) 

were randomized and treated with DX-2400 (0.1, 1 and 10mg/kg), vehicle alone or 

isotype control IgG1 (10mg/kg), i.p.Q2D to end. Tumor volumes were determined from 



caliper measurement at weekly intervals using the formula: Length x Width²/2 = tumor 

volume (mm³). Administration was discontinued after 4 weeks, the animals were 

sacrificed and their lungs and livers as well as the primary tumors were removed for 

further analysis.  

b- Subcutaneous models 

* Dose-ranging study 

Eight to nine week old female nude athymic mice (nu/nu, Harlan) were used for 

this study. Tumors were established by s.c. implantation of 5x106 cells in the right flank 

of each tested mouse. On Day 1 of the study, mice bearing established tumors (mean 

91.4-92.6mm3) were sorted into seven treatment groups (n=10). Group 1 remained 

untreated for the duration of this 34 day study. Groups 2-7 received DX-2400 at 0.1, 0.3, 

1, 3, 10 and 30mg/kg respectively. All dosing was done i.p., Q2D to end. Treatment 

outcome was based on tumor growth inhibition determination (TGI). Mice were bled at 

day 10, day 20 and at study termination for the pharmacokinetic/pharmacodynamic study 

(n = 10 per treatment group).  

 

* Frequency study 

Female nude athymic mice (nu/nu, Harlan) 10-11 weeks old were used for this 

study. MDA-MB-231 xenograft tumors were established by s.c. implantation of 5x106 

cells in the right flank of each tested mouse. On day 1 of the study, mice bearing 

established tumors (mean 86-87mm3) were sorted into 5 groups (n=10). Group 1 received 

the PBS vehicle Q2D for the duration of this 36 day study. Groups 2-5 received DX-2400 

(10mg/kg) using the respective schedules; on alternate days (Q2D); every third day 



(Q3D); every fourth day (Q4D); and once weekly to study end (Q7D). Treatment 

outcome was based on TGI determination. 

 

2- DX-2400 in combination with bevacizumab. Six to seven weeks old female 

nude athymic mice (nu/nu, Harlan) were used for this study. Xenografts were initiated by 

s.c. implanting 5x106 cells in the right flank of each tested mouse. On day 1 of the study, 

mice bearing established tumors (mean 104mm3) (n=10/group) received PBS alone, 

control IgG1 (10mg/kg, Q2D) alone, DX-2400 alone (10mg/kg, Q2D), control 

IgG1(10mg/kg, Q2D) in combination with bevacizumab (5mg/kg, twice weekly) 

(Avastin, Genentech, 25mg/mL) or DX-2400 (10mg/kg, Q2D) in combination with 

bevacizumab (5mg/kg, twice weekly). Mice were euthanized when their tumors reached 

an endpoint volume of 1500mm3 or on day 83, and the time to endpoint (TTE) was 

calculated for each mouse. Treatment response was determined from % tumor growth 

delay (TGD), defined as the percent increase in the median TTE in treated versus vehicle 

control mice. Response was also evaluated based on the logrank significance of 

differences in survival and regression response.  

 

MCF-7 breast cancer xenograft model 

Eight weeks old female nude athymic mice (nu/nu, Harlan) were used for this study. Five 

days prior to tumor cell implantation, estrogen pellets (0.36mg estradiol, 60-day release, 

Innovative Research of America, Sarrasota, FL) were implanted s.c. between the scapulae 

of all test animals using a sterilized trocar. Xenografts were initiated by s.c. implanting of 

1x107 cells in the right flank of each tested mouse. On day 1 of the study, mice bearing 



established tumors (mean 105mm3) (n=12/group) were sorted into 3 groups. Group 1 

received the PBS vehicle Q2D for the duration of this 15 day study. Group 2 received 

DX-2400 (10mg/kg, Q2D) and group 3 received Tamoxifen (tamoxifen citrate salt, 

Sigma-Aldrich) (1mg/mouse, Q2D). Treatment outcome was based on TGI 

determination. 

 

BT-474 breast cancer xenograft model 

Four to six week old severe combined immunodeficiency (SCID) female mice 

(Charles River Laboratories) were used for this study. BT-474 tumor xenografts were 

initiated by implantation of tumor fragments (98-100mm³) from established tumors on 

day 1. At this stage animals were randomized and treated with vehicle alone, DX-2400 

alone (10mg/kg, Q2D i.p. to end), paclitaxel alone (25mg/kg) (Q2D for 5 times) or a 

combination of DX-2400 and paclitaxel (10mg/kg). Tumors were measured using 

calipers twice weekly for the duration of the study (85 days). Each animal was euthanized 

when its tumor reached the endpoint volume of 1000mm³ or on the final day of the study 

(day 85) and the TTE was calculated for each mouse. Treatment outcome was determined 

by % TGD, defined as the percent increase in median TTE of treated versus vehicle-

treated control mice. Animals were also monitored for partial regression (PR) and 

complete regression (CR) responses.  

 

B16F1 melanoma model 

Four to six weeks old C57/BL6 (CR) mice were used for this study. A total of 

5x105 cells were inoculated by tail vein injection into the mice. One day later, animals 



were randomized and treated with DX-2400, vehicle alone or isotype control IgG1 via 

i.p. route, Q2D for 2 weeks. At the end of the study (day 15), lung tissues were fixed in 

Bouin’s medium from all the animals. Total number of black and white lung nodules 

were counted in each lung. Results are expressed as the mean ± SEM of at least triplicate 

determinations.



References 

 

1. Hoet, R. M., Cohen, E. H., Kent, R. B., Rookey, K., Schoonbroodt, S., Hogan, S., 
Rem, L., Frans, N., Daukandt, M., Pieters, H., van Hegelsom, R., Neer, N. C., 
Nastri, H. G., Rondon, I. J., Leeds, J. A., Hufton, S. E., Huang, L., Kashin, I., 
Devlin, M., Kuang, G., Steukers, M., Viswanathan, M., Nixon, A. E., Sexton, D. 
J., Hoogenboom, H. R., and Ladner, R. C. Generation of high-affinity human 
antibodies by combining donor-derived and synthetic complementarity-
determining-region diversity. Nat Biotechnol, 23: 344-348, 2005. 

2. Guo, Y., Higazi, A. A., Arakelian, A., Sachais, B. S., Cines, D., Goldfarb, R. H., 
Jones, T. R., Kwaan, H., Mazar, A. P., and Rabbani, S. A. A peptide derived from 
the nonreceptor binding region of urokinase plasminogen activator (uPA) inhibits 
tumor progression and angiogenesis and induces tumor cell death in vivo. Faseb J, 
14: 1400-1410, 2000. 

3. Pakneshan, P., Szyf, M., Farias-Eisner, R., and Rabbani, S. A. Reversal of the 
hypomethylation status of urokinase (uPA) promoter blocks breast cancer growth 
and metastasis. J Biol Chem, 279: 31735-31744, 2004. 

 
 


