
Supplementary Methods 

Prostate cancer, stromal and endothelial cell lines and culture: 

Prostate cancer lines PC-3, DU-145, LNCaP and VCaP and human umbilical vein 

endothelial cells (HUVEC) were obtained from American Type Culture Collection 

(ATCC) (Manassas, VA). C4-2B was obtained from the Characterized Cell Line Core 

Facility (MD Anderson Cancer Center, TX).  Plastic adherent hBM-MSCs were 

generated from human bone marrow aspirates (Lonza, MD) as previously described.1 

hBM-MSCs are defined by plastic adherent populations derived from healthy adult male 

bone-marrow aspirates with pluripotential differentiation and expression of cell-surface 

markers including CD73, CD90 and CD105.2,3 PC-3, DU145 and BM-MSC were 

cultured in DMEM supplemented with 10% FBS (Life Technologies, Carlsbad CA)  and 

P/S (Life Technologies, Carlsbad CA) Life Technologies.  C4-2B and LNCaP cells were 

cultured in RPMI supplemented with 10% FBS and P/S.  HUVEC were cultured in 

Human Endothelial-SFM (Life Technologies, Carlsbad CA) supplemented with 10 ng/mL 

of EGF and bFGF.  Cell line authentication and validation, which included STR 
analyses, were performed by ATCC and MD Anderson Cancer Center. PTEN, AR and 

prostate-specific antigen expression status was validated in each prostate cancer line in 

our laboratory, by Western Blot. Mycoplasma testing of lines was performed using the 
MycoFluor™ Mycoplasma Detection Kit (Thermofisher Scientific, Waltham, MA).  Cell 
lines were used in experiments between 3-10 passages after thawing.

qRT-PCR primers 

The primers used were as follows: hIGTA5, 5′- AGGGAACCTCACTTACGGCT -3′ 

(forward) and 5′- TAGGAGGCCATCTGTTCCCC -3′ (reverse); hIGTAV, 5′- 

GACAGAAAACCAAACCCGCC -3′ (forward) and 5′- CTGCTGGTGCACACTGAAAC -3′ 

(reverse);  hGAPDH, 5′- CTGGCCAAGGTCATCCATGAC -3′ (forward) and 5′- 

CTTGCCCACAGCCTTGGCAG -3′ (reverse). 

Antibodies 

Anti-integrin alpha V PE-conjugated antibody (FAB2528P) for flow cytometric labelling 

was obtained from R&D Systems, Minneapolis, MN.  Anti-integrin alpha 5 FITC-

conjugated antibody (11-0493-81) was obtained from Thermo Fisher Scientific, 

Waltham, MA.  

Anti-integrin alpha 5 (4705), anti-integrin alpha-v (4711), anti-pERK (5726), anti-pAkt 

(4060), and anti-GAPDH (97116) antibodies were obtained from Cell Signaling 

Technologies, Danvers, MA.  Anti-pFAK Y397 (sc-81493) and anti-FAK (sc-271126) 

were obtained from Santa Cruz Biotechnology, Dallas, TX.  Anti-Beta Actin antibody 

(PA1-183) was obtained from Thermo Fisher Scientific, Waltham, MA.   



Binding kinetics assay using the Biacore platform 

The binding kinetics of monospecific antibodies (MsAbα5β1 and MsAbαv) and 

BsAbα5β1/αv against target integrins (α5β1and αvβ3) and epidermal growth factor 

receptor (EGFR)  (recombinant his-tagged proteins, Acrobiosystems) were measured 

Biacore T200 using Series S nitrilotriacetic acid (NTA) Sensor chip, NTAcapture reagent 

with HBS-P+ running buffer supplemented with 25 µM EDTA (GE Healthcare 

Lifesciences). His-tagged integrins (α5β1 at Fc2, αvβ3 at Fc3 and EGFR at Fc4) and 

EGF receptor were captured on NTA surface of individual flow cell. For each flow cell, 

nickel (Ni++) was injected for 1 minutes at 5uL/min, followed by injection of 

corresponding his-tagged protein to targeted level (~200 response units (RU) for 

integrins and ~100 RU for EGFR). For each cycle, upon capture of three his-tagged 

proteins, antibody at a given concentration was injected for 120 seconds at a flow rate 

of 50 μL/ minute, followed by a dissociation phase of 600 seconds. At the end of each 

cycle, the surface is regenerated with three 1-minute pulses of 350mM EDTA with 

50mM NaOH at 30μL/min. The monospecific antibodies were injected as a 2-folds, 7-

step serial dilutions starting at 6 nM, while the BsAbα5β1/αv was injected at similar 

dilution starting with 60 nM. Buffer only injection was included for double referencing. 

Resulting data was visualized and analyzed with Biacore T200 Evaluation Software 

version 3.0. 
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Cell line α5 (MFI) αv (MFI) BsAbα5β1/αv (MFI) 

PC-3 16.9098 36.06465 75.75537 

C4-2B 18.37594 30.11774 92.1379 

DU-145 19.82366 43.15125 88.58395 

VCAP 3.802579 5.070503 9.707535 

RWPE-1 19.49864 31.3873 80.38211 

Correlation coefficient: R = 0.9187 

Figure 1. A genetic construct was designed to express a bispecific antibody to integrins 

α5β1 and αv in an IgG-scFv format (A).  The construct was expressed in 293T cells, 

and the resulting supernatant was purified by protein A chromatography. Antibody purity 

was demonstrated using SDS-PAGE and Coomassie staining (B).  A similar approach 

was used to generate α5β1 and αv IgG control antibodies with the same antigen-binding 

sequences as in the bispecific. 

The binding of the bispecific antibody to a range of prostate cancer cells lines was 

compared to commercially available α5 and αv binding antibodies in flow cytometric 

studies (C).  For each line, a median fluorescent intensity (MFI) of α5, αv and bispecific 

antibody binding was measured (see flow cytometry methods).  Then, a correlation 

coefficient (R = 0.9187) was calculated between the sum of α5 and αv stained MFIs and 

the bispecific stained MFI for each cell line, as a measure of the binding performance 

(specificity and affinity) of the BsAbα5β1/αv.  



 

Figure 2. Binding specificity (A) and kinetics (B) of antibody-antigen interactions 

for MAbs and BsAbα5β1/αv. Binding response curves of monospecific and bispecific 

antibodies interacting with immobilized target antigens (as well as EGFR as a negative 

control) were generated on the Biacore T200 platform. Binding response curves have a 

biphasic shape, with an association and dissociation phase.  The slope of the curve 

provides a measure of the on and off rates of the analyte-ligand interaction, with 

stronger interactions having faster (steeper) on rates and slower (gradual) off rates.  

The ratio of the off and on rate (KD, equilibrium dissociation constant) provides a 

quantitative measurement of antibody affinity.  The height of the response curve is 

proportional to the amount of analyte that binds. 

Each plot contains colored curves which represent a series of titrated antibody 

injections (legend, nanomolar concentrations) interacting with the given immobilized 

antigen.  The BsAbα5β1/αv demonstrates high-affinity, specific binding to its target 

antigens but not EGFR (A, top row).  Non-specific binding observed with MsAbα5β1 (A, 

middle row: EGFR), is markedly reduced in the bispecific format.  BsAbα5β1/αv also 

exhibits higher affinity binding to its targets compared to parental monospecific 

antibodies (B, Table: Dissociation constants (KD, M) for antibody-antigen interactions).   



 

 Figure 3. BsAbα5β1/αv induces variable effects on downstream FAK, Akt and 

MAPK signaling across genomically diverse prostate cancer cells Bsα5β1/αvAb 

treatment suppresses pErk in PC-3 (A), pAkt in LnCAP (B), and pFAK in DU-145 (D). 

Activation of MAPK/Erk and FAK signaling with BsAbα5β1/αv treatment is observed in 

LnCAP (B) and PC-3 (C), respectively. No signaling signature that correlates with the 

consistent impairment of tumor-stromal interactions induced by the BsAbα5β1/αv can 

be defined in our model system. A/B: Cell extracts were prepared 48h after treatment 

and re-plating, C/D: cell extracts were prepared 4h after treatment and re-plating.  

 

 

 



 

Figure 4. MMP-14 expression in prostate cancer cells following MAbs, 

cMAbs and BsAbα5β1/αv treatment.  Depletion of MMP-14 is noted with 

cMAbs and BsAbα5β1/αv alone. PC-3 cells were treated for 20 min on ice 

with MAbs (10 µg/mL), cMAbs (20µg/mL total) or BsAbα5β1/αv (10µg/mL) 

before being plated for culture. After 48h, cell extracts were harvested for 

WB assessment of MMP-14 expression. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 5. Migration of DU-145 cells, recovered and re-treated at 48h after 

initial antibody exposure.  DU-145 cells were treated for 20 min on ice with 

MAbs (10 µg/mL), cMAbs (20µg/mL total) or BsAbα5β1/αv (10µg/mL) before 

being plated for culture. After 48h, cells were re-treated under the same 

conditions before being used in the migration assay.  **:P<0.01.   

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Figure 6. Loss of integrin expression in C4-2B cells induced by cMAbs 

and BsAbα5β1/αv is reversed by lysosomal inhibition with chloroquine. 

Prostate cancer cells were treated for 20 min on ice with MAbs (10 µg/mL), 

cMAbs (20µg/mL total) or BsAbα5β1/αv (10µg/mL) with or without chloroquine 

before being plated for culture. Inhibitors: 50µM chloroquine 50µM, Selleck 

Chem, Houston TX. 

 




