
A human scFv antibody against TRAIL receptor 2 induces autophagic cell death in both 

TRAIL-sensitive and –resistant cancer cells 

 

Kyung-Jin Park1,4, Seung-Hyun Lee1,4, Tae-In Kim2,4, Hae-Won Lee1, Chang-Han Lee1, Eun-Hee 

Kim1,3, Ji-Young Jang2, Kyeong Sook Choi1,3, Myung-Hee Kwon2, and Yong-Sung Kim1

 

1Dept. of Molecular Science and Technology, Ajou University, San 5, Woncheon-dong, Yeongtong-gu, 

Suwon 443-749, Korea; 2Dept. of Microbiology and 3Institute for Medical Sciences, Ajou University 

School of Medicine, San 5, Woncheon-dong, Yeongtong-gu, Suwon 443-749, Korea. 

 

Supplementary Data 

Supplementary Methods. 

Supplementary References. 

Legends for Supplementary Figures. 

Supplementary Figures S1, S2, S3, S4, and S5. 

 

Supplementary methods 

Protein expression and purification.  The previously isolated human scFv HW1 (281 amino acids, 

30.9 kDa) against the extracellular domain of TR2 (TR2-ECD) from a yeast surface-displayed pseudo-

immune scFv library (1) was subcloned into a bacterial expression plasmid resulting in a pKJ1-HW1 

plasmid.  The plasmid encodes N-terminal PelB signal peptide for targeting protein expression to the 

periplasm under the control of T7 promoter and C-terminal FLAG and 6×His tags.  The constructs 

were confirmed by sequencing and transformed into E. coli BL21 (DE3) pLysE cells (Novagen).  

The detailed expression and purification procedures of HW1, TRAIL-His (residues 114-281 with a C-

terminal 6×His-tag), TRAIL-Flag (residues 114-281 with a C-terminal Flag tag), TR2-ECD-His, TR1-

ECD-His, TR3-ECD-His, and TR4-ECD-His were performed essentially as described before (2, 3).  

The purified proteins were sterilized by filtration using a cellulose acetate membrane filter (0.2 µm) 
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(Nalgene Co.) before usages in cell assays.  The protein concentrations were determined using the 

Bio-Rad protein assay. 

 

Competitive ELISA.  ELISA plates (Nunc, Invitrogen Ltd.) were coated with 10 μg/mL of TR2-

ECD overnight at 4oC and blocked with 2% (w/v) bovine serum albumin (Sigma).  After incubations 

with varying concentrations of HW1 (0.001-30 µg/mL) in the absence or presence of 20 µg/mL 

TRAIL-His, the bound HW1 was detected with anti-Flag M2 mouse mAb (Sigma) and alkaline 

phosphatase-conjugated goat anti-mouse mAb (Sigma).  Absorbance was read at 405 nm in a 

VersaMax microplate reader (Molecular devices, Crawley, UK). 

 

Size exclusion chromatography.  Size exclusion chromatography analysis of HW1 was performed, 

essentially as described before (2).  The injection concentration ranged between 5 and 20 µmol/L of 

proteins in a volume of 20 µL.  A set of molecular weight standard marker (Sigma) ranging from 

13.7 to 66 kDa was used. 

 
Surface plasmon resonance (SPR).  Kinetic measurements of HW1 interactions with the antigens, 

TR2-ECD, TR1-ECD, TR3-ECD, TR4-ECD, CD95, TNFR1 and TNFR2, were performed at 25oC 

using a Biacore 2000 SPR biosensor (Pharmacia, Sweden), as described before (2, 3).  After 

immobilization of the antigens onto the carboxymethylated dextran surface of a CM5 sensor chip at a 

level of about 1000 response units, 30 μL of HW1 (0.05-4 μmol/L) in PBS (137 mmol/L NaCl, 2.7 

mmol/L KCl, 10 mmol/L Na2HPO4, 2 mmol/L KH2PO4, pH 7.4) was injected into the flow cell at a 

flow rate of 30 μL/min.  The dissociation and association rate constants, and the dissociation 

equilibrium constant (KD) values, were determined by the 1:1 binding model using the BIAevaluation 

software provided by the manufacturer. 

 

Flow cytometric analysis of HW1 binding to cell surface-expressed TR2.  For the flow cytometry 

analysis of HW1 binding to endogenously expressed TR2, HCT116 cells were left untreated or 
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pretreated with 10 µmol/L sulforaphane for 1 hour to overexpress TR2 on the cell surface (4) and then 

labeled with Alexa488-labeled-HW1 (5 µg/mL) for 30 min at 4oC.  After washing (3×) with 1 mL 

ice-cold PBS, cells were analyzed using a Becton Dickinson FACSCaliburTM.  Goat anti-human TR2 

(R&D Systems, 1:400) and then FITC-conjugated anti-goat antibody (Pierce, 1:500) were used as a 

positive control for TR2 binding.  An irrelevant PE-conjugated anti-goat Ig (Pierce, 1:500) was used 

as a negative control. 

 

Clonogenic assay.  Clonogenic assay was performed according to the procedure described by 

Sinicrope et al. (5).  HCT 116 cells were seeded at a concentration of 2 × 104 cells/ml in a 24-well 

plate and grown for 24 hours.  The cells were pretreated with 3-MA (125 µmol/L), SP600125 (10 

µmol/L), or Z-VAD (10 µmol/L) for 1 hour and then incubated with medium alone, HW1 (25 µg/mL) 

for 30 hours, TRAIL (200 ng/mL) for 90 min.  After washing away all the agents, a known number 

of cells were re-seeded in 6-well plate and incubate for 7 days to allow colony development.  Plates 

were stained with crystal violet containing 2% ethanol and taken photography.  The colony numbers 

in each well were also counted in the whole area of each well.   

 

Transient transfection of wtJNK2 and dnJNK2.  The plasmids of pcDNA3-JNK2 and pSR2- 

dnJNK2 encoding wild type JNK2 (wtJNK2) and dominant negative JNK2 (dnJNK2) (6), respectively, 

was kindly provided by Prof Choi KY (Yonsei University, Korea).  Transient transfections with an 

empty plasmid of pcDNA3.1 (Invitrogen), pcDNA3-JNK2, or pSR2-dnJNK2 were carried out using 

Lipofectamine 2000 reagent (Invitrogen) in HCT116 and U87MG cells, according to the 

manufacturer’s instructions.  Twenty-four hour posttransfection, the cells were subjected to Western 

blotting using anti-JNK antibody or further incubated with HW1 (25 µg/mL) for 30 hours prior to 

MTT assay. 
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Legends for Supplementary Figures 

 

Supplementary Figure S1.  Specific binding activity of HW1 for TR2.  A, SPR determination of 

the binding activity of HW1, injected at 125 µg/mL (~4 µmol/L), for the death receptors of TR1-ECD, 

TR3-ECD, TR4-ECD, TNFR1, TNFR2, and CD95.  HW1 at 4 µmol/L exhibited very weak binding 

to TR4-ECD and TR1-ECD.  However, in the concentration ranges of 0.1-1.5 µmol/L, HW1 bound 

to TR2 (Fig. 1C), but did not show any binding activities for the other death receptors (data not 

shown), suggesting that HW1 does not have significant cross-reactivity in those concentrations.  The 

highest concentration of HW1 used in the cell death assay was 25 µg/mL (~0.81 µmol/L).  B, the 

binding activity of TRAIL-His to cell-surface expressed TR2 and TR4.  Alexa633-labeled TRAIL-

His (5 µg/mL) was incubated for 30 min at 4oC with HCT116 cells transiently transfected with 

TR2 ΔCD-YFP (top panel) and TR4 ΔCD-YFP (bottom panel), respectively, and then visualized by 

confocal fluorescence microscopy.  Nuclei were costained with DAPI.  C, oligomeric complexes of 

HW1-TR2 observed on the plasma membrane.  After staining of HCT116 cells expressing TR2ΔCD-

YFP with Alexa633-labeled HW1 (5 µg/mL) at 4oC, samples were incubated at 37oC for 5 min and 

then visualized by confocal fluorescence microscopy.  In B and C, Magnification, 630×. 

 

Supplementary Figure S2.  Enhanced binding and cell death-inducing activities of HW1 in HCT116 

cells overexpressing TR2.  A, specific binding activity of HW1 for TR2 overexpressed in HCT116 

cells by pretreatment with sulforaphane, monitored by flow cytometry.  Binding of TR2-specific 

mAb (top panel) as a positive control or HW1 (bottom panel) to endogenously expressed TR2 on the 

cell surface of HCT116 cells.  HCT116 cells were left untreated or pretreated with 10 μmol/L 

sulforaphane for 1 hour and then labeled with either goat anti-human TR2 followed by FITC-

conjugated anti-goat antibody or Alexa488-labeled HW1 (5 µg/mL).  B, enhanced cell death-

inducing activity of HW1 for HCT116 cells overexpressing TR2 by pretreatment with sulforaphane.  

Cells were left untreated or pretreated with 10 µmol/L sulforaphane for 1 hour to up-regulate cell 
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surface expression of TR2 and then incubated with the indicated concentrations of TRAIL-His for 5 

hours or HW1 for 30 hours. 

 

Supplementary Figure S3. Accumulation of lysotracker-red in autophagic vacuoles in TRAIL-

sensitive HCT116 (A) and TRAIL-resistant U87MG cells (B), which were treated with HW1 in the 

absence or presence of various inhibitors.  Cells were pretreated for 1 hour with either Z-VAD (10 

µmol/L), SB203580 (10 µmol/L), SP600125 (10 µmol/L), or 3-MA (50 µmol/L) and then further 

incubated with 25 µg/mL HW1 for 20 hours.  After the cells were stained with 500 nmol/L 

lysotracker-red DND-99 (Molecular probes) for 30 min at 37oC, images were obtained by confocal 

fluorescence microscopy.  Nuclei were costained with DAPI.  Magnification, 630×.  All 

experiments were repeated at least twice with essentially same results showing the representative 

images. 

 

Supplementary Figure S4.  Blocking the cell death of HCT116 cells induced by TRAIL with Z-

VAD (A, B) or by HW1 with either 3-MA or SP600125 (C, D), respectively, efficiently rescued the 

colony forming capability of the cells.  HCT 116 cells were pretreated with 3-MA (125 µmol/L), 

SP600125 (10 µmol/L), or Z-VAD (10 µmol/L) for 1 hour and then incubated with medium alone 

(control), HW1 (25 µg/mL) for 30 hours, or TRAIL-His (200 ng/mL) for 90 min.  After washing 

away all the agents, cells were cultured for 7 days to allow colony development.  Representative plate 

images stained with crystal were shown (A, C).  The colony numbers in each well were also counted 

in the whole area of each well (B, D).  Errors bars indicate the standard deviations for at least 

duplicated experiments. 

 

Supplementary Figure S5.  Effect of the ectopic expression of wtJNK2 and dnJNK2 on the HW1-

induced cell death in TRAIL-sensitive HCT116 (A) and TRAIL-resistant U87MG (B) cells.  Twenty-

four hour posttransfection, the cells were subjected to Western blotting using anti-JNK antibody for 

the analyses of expression of wtJNK2 and dnJNK2 or further incubated with 25 µg/mL HW1 for 30 

 6



hours prior to MTT assay.  Transfected cells with the empty vector of pcDNA3.1 were also left 

untreated or treated with HW1 under the same conditions.  Cell viability was presented as percentage 

of viable cells compared with HW1-untreated, pcDNA3.1-transfected cells. 
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