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Abstract 

Breast cancer has the highest incidence and mortality rate of all cancers in women. Tumor 

necrosis factor (TNF)-related apoptosis inducing ligand (TRAIL) is a potential anti-cancer 

agent as it is able to induce apoptosis via the death receptors in a variety of cancer cells while 

leaving healthy cells unharmed. Osteoprotegerin (OPG), as the decoy receptor of TRAIL, can 

block the induction of apoptosis through sequestering the available TRAIL. OPG was discovered 

to show tumor-promoting effects in breast cancer, mainly due to the high expression of OPG 

by breast tumor cells inhibiting the TRAIL-induced apoptosis. Therefore, TRAIL variants that 

can efficiently bind to death receptors without binding to OPG are of interest for targeting 

breast cancer cells without the obstruction of high OPG production. Here, a structural model 

of TRAIL-OPG complex was created, and through comparing the 3D structures of TRAIL-

DR4, TRAIL-DR5 and TRAIL-OPG, we have built a structure-based TRAIL mutants library. 

Our results show that TRAIL_D269 residue is important for OPG binding. Through 

computational protein design and a combination strategy, we found that the double mutant 

TRAIL_D269H/Y209M and the triple mutant TRAIL_D269H/Y209M/K179P showed 

lowered binding to OPG and these variants can induce apoptosis in breast cancer cells MDA-

MB-231 and MDA-MB-436 in the presence of OPG. The generation of TRAIL mutants with 

reduced binding to OPG is a promising approach for targeting breast tumors in high OPG 

microenvironments. 

Keywords: TRAIL, OPG, breast cancer, apoptosis  



Novel TRAIL variants with reduced binding to decoy receptor OPG 

133 
 

7 

Introduction 

Breast cancer, with the highest incidence of all cancers in women, has a serious impact on 

women‘s health including a high mortality rate [2]. Worldwide, it occupies 30% of all cancers 

diagnosed in women with more than 1,677,000 new cases and over 520,000 deaths each year 

[3]. Metastasis in the early stages causes a major risk in the prognosis and survival of breast 

cancer [4]. Despite the recent improvements in breast cancer detection and treatment, the lack 

of understanding of the molecular mechanisms and its pathogenesis limits the treatment 

effects and prognosis [2,4,5].  

Tumor necrosis factor (TNF)-related apoptosis inducing ligand (TRAIL), also known as Apo2 

ligand (Apo2L), is an important ligand of the TNF superfamily that selectively induces 

apoptosis in a variety of tumor cells [6]. TRAIL binds to five cognate receptors: death 

receptor 4 (DR4/TRAIL-R1), death receptor 5 (DR5/TRAIL-R2), decoy receptor 1 

(DcR1/TRAIL-R3), decoy receptor 2 (DcR2/TRAIL-R4), and the soluble receptor 

osteoprotegerin (OPG) [7]. Only upon binding to DR4 and DR5, TRAIL can activate the 

extrinsic pathway through the recruitment of the Fas-associated death domain and the 

activation of the initiator caspase-8 [8,9]. Binding of TRAIL to DcR1 or DcR2 does not 

induce apoptosis because they lack a functional death domain [10]. OPG, as a soluble protein, 

can also block the induction of apoptosis through sequestering the available TRAIL. 

Interestingly, a number of studies have shown the role of OPG in cancers including prostate 

cancer, breast cancer and colon carcinoma, demonstrating that OPG production from tumor 

cells could lead to tumor growth and metastasis [1,11,12]. This may be caused by the 

overexpression of OPG to block the TRAIL-induced apoptosis [13]. Especially in breast 

cancer, OPG is reported to be expressed in 40% of breast cancers, but not in normal breast 

tissue [5]. Moreover, OPG was found highly expressed in breast cancer cell lines like MCF-7 

and MDA-MB-231 [12], and TRAIL-induced apoptosis could be considerably inhibited by 

the accumulation of OPG produced by MDA-MB-436 cell [5,13]. Therefore, TRAIL variants 

that can efficiently bind to DR4 and/or DR5 without binding to OPG are of interest for 

targeting breast cancer cells without the obstruction of high OPG production. 

Previously, a Computational Protein Design (CPD) method has been successfully used to 

generate DR5-selective variant TRAIL_D269H/E195R (DHER) and DR4-selective variant 

TRAIL_4C7 [7,14]. TRAIL_DHER was also reported to show a decreased affinity to OPG 

and can overcome TRAIL resistance in bone microenvironment with high OPG expression 
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[15], however, the lowered binding of TRAIL_DHER to OPG was obtained without rational 

structure analysis. Therefore, through structure-based analysis, it is still possible to achieve 

new TRAIL variants with a lowered affinity to OPG. OPG also acts as the decoy receptor of 

receptor activator of nuclear factor NF-κB Ligand (RANKL), and recently a RANKL variant 

Q236D lacking binding to OPG was developed through comparing the crystal structure 

complexes RANKL-RANK and RANKL-OPG, which indicates the possibility of making 

TRAIL variants using the same approach [16]. 

In the present study, a model of the TRAIL-OPG complex was created, and through 

comparing the 3D structures of TRAIL-DR4, TRAIL-DR5 and TRAIL-OPG, we have built a 

structure-based TRAIL mutants library aimed at lowering the affinity for OPG. Our results 

show that TRAIL_D269 residue is important for OPG binding. Through computational 

protein design and a combination strategy, we found the double mutant 

TRAIL_D269H/Y209M and the triple mutant TRAIL_D269H/Y209M/K179P showing 

lowered binding to OPG compare to TRAIL_DHER, and these variants could induce 

apoptosis in breast cancer cells in the presence of OPG. The generation of TRAIL mutants 

with reduced binding to OPG is a promising strategy for targeting breast tumors in high OPG 

microenvironments. 

 

Results 

Design of TRAIL-OPG complex 

Several 3D structures of TRAIL in complex with the DR4 or DR5 receptor are available [17–

19], while the crystal structure of TRAIL in complex with the OPG receptor has still not been 

resolved. The available 3D structure of human RANKL-OPG complex (PDB code 3URF) 

offered us the possibility to build the complex model of TRAIL and OPG [20]. As shown in 

figures 1A and 1B, we extracted the structures of hTRAIL dimer and hOPG monomer from 

hTRAIL-DR5 and hRANKL-OPG complexes (Protein Data Bank codes 1D4V and 3URF), 

respectively. Docking of proteins was performed using ZDOCK module in BIOVIA 

DISCOVERY STUDIO 4.5 software, where TRAIL_Y216 was selected as filtered binding 

residue because of its conservation in receptor binding, and TRAIL_S165, located far away 

from the receptor-binding interface, was set as a blocked residue [7]. 5000 poses from 362 

clusters passed the filters after ZDOCK process. Through comparing all the poses with the 



Novel TRAIL variants with reduced binding to decoy receptor OPG 

135 
 

7 

structure of hRANKL-OPG, 23 poses from 7 clusters were selected manually. Afterward, the 

selected poses were refined by using the RDOCK module for energy minimization and 

evaluation [21].  Seven top poses from each cluster were further selected as candidates. We 

further compared the protein interfaces of these 7 poses to the structure of the hRANKL-OPG 

complex (3URF), and pose 2569 was selected as the highest-confident model because it 

showed the most conserved interactions with hRANKL-OPG complex (Fig. 1C).  

 

Fig 1. Molecular modeling of TRAIL and OPG. A) The top view of the hTRAIL-DR5 trimer-trimer complex 

(PDB code: 1D4V); B) The side view of the hRANKL-OPG monomer-monomer complex (PDB code: 3URF); C) 

The model of TRAIL-OPG complex where TRAIL dimer and OPG monomer were extracted from hTRAIL-DR5 

and hRANKL-OPG complexes, respectively. 

 

TRAIL-DR4/DR5/OPG binding interface analysis leads to the structure-based design of 

mutants 

For the computational screening, the binding interfaces of TRAIL-DR4 (5CIR), TRAIL-DR5 

(1D4V) and TRAIL-OPG (pose 2569) complexes were analyzed. As shown in suppl. Table. 1, 

via analyzing all the interactions including hydrogen bonds, electrostatic, and hydrophobic 
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properties among TRAIL-DR4, TRAIL-DR5 and TRAIL-OPG complexes, all residues of 

TRAIL that show interactions with any of the three receptors were identified. Positions K145, 

G148, K179, Y209, E252 were selected for full mutation because they show interactions with 

OPG, but not DR4 and DR5. Therefore, it is supposed that these can change the binding of 

TRAIL to OPG without influencing the binding of TRAIL to DR4 and DR5. TRAIL_R130 

was also selected because it shows interactions with both OPG and DR5, but not DR4, which 

may achieve DR4-selective TRAIL mutants. On the other hand, other single substitutions of 

TRAIL_K251D, K251E, D269H, D269R and D269K were selected on the basis of the 

interactions with OPG and DR4. Taken together, as shown in figure 2, in total 102 variants 

were proposed and constructed for further evaluation. 

 

Fig 2. Mutation library of TRAIL.  The wild-type amino acid residue at each position is indicated by black 

bolder, and white squares represent variants that are not present in the library. The colors represent different 

properties of amino acid group: yellow (non-polar), blue (polar), green (positive charge) and red (negative 

charge). 

 

Prescreen of TRAIL mutants with reduced binding to OPG 

After expression and purification using His-affinity chromatography in 96-well plates, 70 out 

of these 102 variants were obtained successfully. Most TRAIL_G148 and Y209 variants were 

produced in inclusion bodies, which could be explained by the importance of these residues 

for the TRAIL structure. To assess the binding of TRAIL variants to immobilized OPG-Fc, 

DR4-Fc and DR5-Fc, a prescreen ELISA assay was performed. The bindings of TRAIL 

variants to OPG-Fc, DR4-Fc and DR5-Fc were calculated relative to the response of 

TRAIL_WT. DR4-specific TRAIL_4C7 and DR5-specific TRAIL_DHER were reported 

before and used as control [14,15]. Several variants, displayed in figure 3, showed less 
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binding to OPG-Fc compared to TRAIL_WT and these were further analyzed. Among these 

variants, TRAIL_D269H and D269R kept the binding to DR5 while showing approximately 

60% lower binding to OPG. However, they also lost the binding to DR4 receptor indicating 

the importance of this position to both OPG and DR4 binding. TRAIL_Y209M, Y209F and 

K145W were also selected because of their lowered binding to OPG. TRAIL_K179T, K179T 

and K179M, although showing comparable binding to OPG as TRAIL_WT, were selected 

due to their increased DR4 binding and therefore decreased OPG/DR4 binding ratio.  

 

Fig 3. Comparison of the relative bindings of TRAIL mutants towards mOPG-Fc, hDR4-Fc and hDR5-Fc, as 

determined by ELISA. Receptor binding to mOPG-Fc and DR4-Fc was calculated relative to the response of 

TRAIL_WT (100%) at 0.2 nM, and the binding to DR5-Fc was calculated relative to the response of 

TRAIL_WT (100%) at 0.1 nM. 

 

Combination of single variants 

From the prescreen ELISA, several amino acid substitutions resulted in a lowered OPG 

binding relative to TRAIL_WT. However, none of them is better than TRAIL_DHER, which 

contains two mutations D269H and E195R. TRAIL_DHER was constructed to achieve a 

DR5-specific variant and had been found to have lowered binding to OPG as well [15]. 

Therefore, we combined the single mutants selected from the prescreen ELISA. The most 

promising variants TRAIL_D269H and D269R were combined with one of the three variants, 

TRAIL_ Y209M, Y209F and K145W. Interestingly, as shown in figure 4A, the six double 

mutants, TRAIL_D269H/Y209M, D269H/Y209F, D269H/K145W, D269R/Y209M, 

D269R/Y209F and D269R/K145W, all showed lowered binding to OPG compared to the 
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single mutants, and they also showed increased binding to DR5 compared to TRAIL_DHER. 

Unfortunately, the double mutants also lost the binding to the DR4 receptor, like 

TRAIL_DHER, confirming that D269 is crucial for the interaction with DR4. The triple 

mutant TRAIL_D269H/Y209M/K179P, which included the increased-DR4-binding single 

mutant, could not help to rescue the binding to DR4. 

To further determine the bindings of TRAIL variants to OPG, DR4 and DR5, these variants 

were purified to homogeneity and subsequently, ELISA was performed with serial dilutions 

of TRAIL proteins. The binding curves were recorded using TRAIL concentrations ranging 

from 0.001 to 10 nM per well. As shown in figures 4B-4D, the results further confirm the 

decrease in bindings between the selected TRAIL variants to OPG and DR4, while they show 

similar binding to DR5, compared to TRAIL_WT. Interestingly, the double mutant 

TRAIL_D269H/Y209M and the triple mutant TRAIL_ D269H/Y209M/K179P even showed 

lowered binding to OPG, when compared with TRAIL_DHER. Therefore, these two TRAIL 

variants were taken for further biological evaluation. 

 

Fig 4. Receptor binding of TRAIL_WT and selected TRAIL double and triple mutants to mOPG-Fc, DR4-Fc 

and DR5-Fc, as determined by ELISA. A) Comparison of the relative bindings of TRAIL double and triple 



Novel TRAIL variants with reduced binding to decoy receptor OPG 

139 
 

7 

mutants towards mOPG-Fc, DR4-Fc and DR5-Fc. Receptor binding to mOPG-Fc and DR4-Fc was calculated 

relative to the response of TRAIL_WT (100%) at 0.2 nM, and the binding to DR5-Fc was calculated relative to 

the response of TRAIL_WT (100%) at 0.1 nM. Receptor binding of TRAIL_WT and selected TRAIL mutants to 

B) mOPG-Fc, C) DR4-Fc and D) DR5-Fc were also performed with serial dilutions of TRAIL proteins. This was 

performed in three independent experiments and calculated relative to the response of TRAIL_WT at 10 nM. 

The error bars reflect the SD of three independent experiments. 

 

Biological activity of the variants 

The biological activities of TRAIL_WT and the variants TRAIL_D269H/E195R, 

TRAIL_D269H/Y209M and TRAIL_ D269H/Y209M/K179P were measured in the breast 

cancer cell lines MDA-MB-231 and MDA-MB-436. As shown in figures 5, for TRAIL 

sensitive cell line MDA-MB-231, at low concentration (5 ng/ml), the variants were better 

inducers of apoptosis when compared with TRAIL_WT, while at high concentrations, 

TRAIL_WT could induce more than 80% cell death and the variants caused 50%-60%. For 

MDA-MB-436 cell line, which is intermediate-sensitive to TRAIL, TRAIL_WT could induce 

25% cell death at the highest concentration 100 ng/ml, and the TRAIL variants behaved better 

to cause 25% to 40% cell death.  To assess the biological consequences of the variants toward 

OPG, we analyzed the survival of the breast cancer cell lines in the presence of 100 ng/ml 

OPG-Fc upon the addition of TRAIL_WT, TRAIL_D269H/E195R, TRAIL_D269H/Y209M 

and TRAIL_ D269H/Y209M/K179P. Both cell lines became less sensitive to apoptosis when 

treated with TRAIL_WT, while the addition of OPG-Fc did not block these two cell lines 

from apoptosis induced by the variants TRAIL_D269H/E195R, TRAIL_D269H/Y209M and 

TRAIL_ D269H/Y209M/K179P. 
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Fig 5. Biological activity of TRAIL_WT, D269H/E195R, D269H/Y209M, and D269H/Y209M/K179P in breast 

cancer cells with or without the addition of OPG. A) – D) MDA-MB-231 cells and E) – H) MDA-MB-436 cells 

were treated with TRAIL_WT, D269H/E195R, D269H/Y209M, and D269H/Y209M/K179P for 24 h in the 

presence or absence of 100 ng/ml OPG. The error bars reflect the SD from one independent experiments 

performed in triplicate. 
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Discussion 

OPG was first discovered and identified through sequence homology to the TNF receptor 

superfamily [22]. As the natural decoy receptor of RANKL, OPG inhibits the RANKL/RANK 

interaction, blocks osteoclast maturation and regulates bone remodeling system by 

sequestering RANKL [23]. Therefore, early studies about OPG and breast cancer were 

focused on bone metastases. In bone microenvironment, tumor cells form osteolytic 

metastases and OPG could prevent bone loss by blocking RANKL/RANK interaction [24]. 

However, primary breast tumors and breast cancer cells also express OPG, indicating the role 

of OPG in breast tumorigenesis [12]. Notably, as a ligand, OPG was found to have direct 

effects on tumor cells through binding to different receptors on cell surfaces such as 

Syndecan-1, αVβ5 integrin, and β-catenin. These bindings trigger different pathways such as 

PI3K/Akt, ERK or Wnt pathways, which results in the expression of various cell survival 

genes and causes cell survival, proliferation and angiogenesis [5]. On the other hand, as a 

decoy receptor of TRAIL, OPG can exert an anti-apoptotic effect on breast tumors by 

preventing the interactions of TRAIL and death receptors [12,13]. Therefore, TRAIL variants 

that can efficiently bind to death receptors without binding to OPG are of interest to trigger 

the apoptosis of breast cancer cells without being obstructed by high OPG production. 

Previously we used CPD method to construct a structure-based RANKL mutant 

RANKL_Q236D with decreased affinity to OPG [16]. This stimulated us to design a TRAIL 

variant with lowered binding to OPG as well, despite the lack of a crystal structure complex 

for TRAIL-OPG. Therefore, in this study, we first built up a model of the TRAIL-OPG 

complex by using DISCOVERY STUDIO 4.5 software. Through ZDOCK, which is an 

initial-stage protein-protein docking algorithm, we accomplished to search all possible 

binding modes; followed by RDOCK for minimization, and protein interface analysis, we 

finally got a model of the TRAIL-OPG complex (pose 2569). To confirm the accuracy of this 

model, we used the same way to build up the TRAIL-DR4 complex and then compared it to 

the published 3D TRAIL-DR4 structure (PDB code: 5CIR). It turned out that 70% of the 

residues involved in the interactions and 50% of the interactions in the published TRAIL-DR4 

structure were predicted in our model, indicating the accuracy of the modeling method.  

The model of TRAIL-OPG complex was used as the starting point for analyzing the binding 

surface. Several residues of TRAIL, K145, G148, K179, Y209, E252, K251 and D269, stand 

out as they show more interactions with OPG than DR4 and/or DR5. Receptor binding 
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experiments using a prescreen ELISA revealed that only several mutants showed lowered 

binding to OPG. However, it also confirmed the predictions that residue TRAIL_D269 is one 

of the most important residues for OPG binding. Like it was explained previously [7,15], 

TRAIL_D269 interacts with a conserved lysine in all the receptors, except for DR5 where it is 

D120. Changing this TRAIL_D269 to another amino acid with the opposite charge (D269H) 

would break the interaction of TRAIL-D269 and OPG_K67; however, it breaks the 

interaction between TRAIL_D269 and DR4_K120 as well. This may explain that if we use 

TRAIL_D269 as a start point to design TRAIL variants that do not bind to OPG, these might 

also lose the binding to DR4. 

TRAIL_D269H/E195R was reported to show decreased affinity to OPG [15]. However, from 

the modeling structure (figure 6A), it can be seen that TRAIL_E195 is too far away to make 

an interaction with OPG. Therefore, it is hard to understand any contribution of 

TRAIL_E195R in decreasing the affinity to OPG. This led us to ignore position E195 for 

further improving TRAIL variants that do not bind to OPG. Through a combination strategy, 

we found the double mutant TRAIL_D269H/Y209M and the triple mutant TRAIL_ 

D269H/Y209M/K179P, which even show lowered binding to OPG, when compared with 

TRAIL_DHER. In line with these results, structural analysis shown in figures 6B-6D explains 

the importance of position Y209. In TRAIL_WT Y209 shows a hydrogen bond with 

OPG_I94. Although the single mutant TRAIL_D269H breaks the interactions between 

TRAIL_D269 and OPG_K67, it brings new electrostatic interaction between TRAIL_D269H 

and OPG_E95, which is located next to OPG_I94. When we combine the mutation Y209M 

with D269H, the two interactions (TRAIL_Y209-OPG_I94; TRAIL_D269H-OPG_E95) may 

all disappear because of the slight shift of the structure and the larger distances from 

TRAIL_Y209M and TRAIL_D269H to OPG_I94 and OPG_E95. 
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Fig 6. Structural analysis and comparison of TRAIL_D269H/E195R and TRAIL_D269H/Y209M.  A) The side 

view of TRAIL-OPG complex, indicating the location of TRAIL_E195; Predicted area of interactions of TRAIL 

and OPG around position 269 and 209 in B) TRAIL_WT, C) TRAIL_D269H and D) TRAIL_D269H/Y209M. 

 

In conclusion, we have found that the double mutant TRAIL_D269H/Y209M and the triple 

mutant TRAIL_D269H/Y209M/K179P showed decreased binding to OPG compare to 

TRAIL_DHER. These variants can efficiently target breast cancer cells by bypassing the 

interference caused by decoy receptor OPG. The generation of TRAIL mutants with reduced 

binding to OPG forms the available option for therapeutic intervention in breast cancers. 

 

Methods and Materials 

Modeling of TRAIL-OPG complex 

Docking of hTRAIL-OPG complex was performed by using BIOVIA DISCOVERY STUDIO 

4.5 software (Accelrys, CA, USA). The 3D structures of hTRAIL and hOPG were extracted 
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from hTRAIL-DR5 and hRANKL-OPG complexes (Protein Data Bank codes 1D4V and 

3URF), respectively. The crystal water in these proteins was deleted. Then the proteins were 

cleaned and prepared by building missing loops and being protonated. Docking of proteins 

was proposed using ZDOCK module where TRAIL_Y216 was selected as filtered binding 

residue because of its conservation in receptor binding, and TRAIL_S165, located far away 

from the receptor-binding interface, was set as a blocked residue [7]. The region on the hOPG 

from OPG_G127 to H168 was also set as blocked residues. 5000 poses from maximum of 500 

clusters passed the filters and promising poses were selected manually by comparing with the 

structure of hRANKL-OPG. Selected poses were refined by using the RDOCK module based 

on the CHARMm simulations program and the top poses from each cluster were further 

selected as candidates. We selected the highest-confidence model through analyzing and 

comparing the protein interface to the structure of the hRANKL-OPG complex (3URF). 

Interactions including hydrogen bond, electrostatic and hydrophobic effects between TRAIL-

OPG. TRAIL-DR4 and TRAIL-DR5 complexes were analyzed.  

 

Site-directed mutagenesis of selectivity Mutants 

cDNA corresponding to rhTRAIL (aa 114-281) was cloned in pET15b (Novagen, Darmstadt, 

Germany) using NcoI and BamHI restriction sites. For saturation mutation of each residue, the 

small-intelligent method was used to design primers by mixing four pairs of complementary 

primers with codons NDT, VMA, ATG, and TGG at a ratio of 12 : 6 : 1 : 1 [25]. Mutants 

were obtained by the QuikChange PCR method using Phusion DNA polymerase (New 

England Biolabs, Ipswich, MA, USA) as previously described [16]. The PCR products were 

digested with DpnI (Fermentas, St. Leon, Lithuania) restriction enzymes and then transformed 

into Escherichia coli DH5a cells. The produced colonies were sequenced by GATC Biotech 

(Constance, Germany). 

 

Expression and purification of selectivity Mutants 

After confirming the mutations by DNA sequencing, the plasmids were transformed into E. 

coli BL21(DE3). Homotrimeric TRAIL proteins were produced and purified as described 

before [10]. For prescreen using ELISA assay, proteins were purified using His MultiTrap™ 

Fast Flow GE Healthcare 96-well plates (Thermo). The purities of the TRAIL samples after 
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this one step purification were sufficient. Briefly, cells were harvested from 10 ml culture and 

lysed by sonication. Supernatants were loaded to the 96-well His trap column with binding 

buffer (50 mM Tris-HCl, 100 mM NaCl, 20 µM ZnSO4 and 25 mM imidazole, 10% glycerol, 

pH 8.0). After washing, TRAIL proteins were eluted by elution buffer containing 250 mM 

imidazole. 

 

ELISA 

For the prescreen ELISA, the 96-well high binding plate was immobilized with 10 nM of 

hDR4-Fc, hDR5-Fc and murine OPG-Fc (100 μl/well) (R&D Systems, Minneapolis, MN, 

USA) in 0.1 M NaHCO3 buffer pH 8.6 overnight at 4 °C, respectively. After washing the 

plate with PBS buffer including 0.05% v/v Tween 20 (PBST), pH 7.4, the remaining binding 

places were blocked with 2% w/v BSA (Roche, Mannheim, Germany) for 2 h at room 

temperature (RT). The wells were washed with PBST three times, 100 μl of diluted one-step 

purified TRAIL_WT or mutants were added and incubated at RT for 1 h. For the binding to 

OPG-Fc and DR4-Fc, 0.2 nM of TRAIL_WT or mutants were added; for the binding to DR5-

Fc, 0.1 nM was added. After washing with PBST buffer for three times, a 1 : 500 - 1 : 1000 

dilution of Rabbit anti-TRAIL antibody (Cell signaling) was added and incubated at 4 °C 

overnight, and after washing, the plate was subsequently incubated with a 1 : 1000 anti-rabbit 

HRP-conjugated antibody (Dako). After washing, the signal was quantified by adding 100 μl 

of One-step Turbo TMB reagent (ThermoScientific, Rockford, IL, USA) and stopped by 100 

μl of 1 M sulfuric acid solution. The absorbance was measured at 450 nm. The percentage of 

TRAIL mutants bound to OPG-Fc, DR4-Fc or DR5-Fc was measured relative to the binding 

of TRAIL_WT. 

 

Cell lines and reagents 

Human breast cancer cell lines MDA-MB-231 and MDA-MB-436 were obtained from 

American Type Culture Collection (ATCC, Wesel, Germany). The cells were maintained in 

Dulbecco‘s modified Eagle‘s medium (Life Technologies, Carlsbad, CA, USA) supplemented 

with 10% fetal bovine serum (Costar Europe, Badhoevedorp, The Netherlands) and 2 mM 

penicillin/streptomycin at 37 °C with 5% CO2. 
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Cell viability assay 

Cells were seeded in 96-well plates at a density of 10,000 cells/well and maintained overnight 

prior to the treatment. Subsequently, cells were treated with 0-100 ng/ml of TRAIL_WT, 

TRAIL_DHER or other selected variants with or without OPG-Fc (Bio Legends, San Diego, 

CA, USA). For the treatment combined with OPG-Fc, rhTRAIL proteins were preincubated 

with OPG-Fc for 1h at 37 °C and then added to the plates. After 24 h incubation, 20 µl of 

MTS reagent (Promega, Madison, WI, USA) was added to each well according to the 

manufacturer‘s instruction. Cell viability was determined by measuring the absorption at 490 

nm. 
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TNF - Tumor Necrosis Factor 

TRAIL - Tumor Necrosis Factor Related Apoptosis Inducing Ligand 

OPG - Osteoprotegerin 

DR - Death Receptor 

DcR - Decoy Receptor 

CPD - Computational Protein Design 

RANKL - Receptor Activator of Nuclear Factor-κB-ligand 

PI3K - Phosphoinositide 3-kinase 

ERK - Extracellular signal-regulated kinases 

  



Novel TRAIL variants with reduced binding to decoy receptor OPG 

149 
 

7 

Supplementary  

Supple Table. 1. Interaction analysis between TRAIL-OPG, TRAIL-DR4 and TRAIL-

DR5 complexes 

 TRAIL-OPG  TRAIL-DR4/DR5 

 Interaction Category 
 Interaction Category 

K145 TRAIL1:K145:NZ - OPG:E85:OE2 Electrostatic    

 TRAIL1:K145:CE - OPG:E85:OE2 Hydrogen Bond    

 TRAIL1:K145 - OPG:V83 Hydrophobic    

      

G148 OPG:R117:HE - TRAIL1:G148:O Hydrogen Bond    

 OPG:R117:HH21 - TRAIL1:G148:O Hydrogen Bond    

      

K179 TRAIL1:K179:NZ - OPG:D57:OD2 Electrostatic    

 TRAIL1:K179:NZ - OPG:E58:OE2 Electrostatic    

 TRAIL1:K179:CE - OPG:D57:OD2 Hydrogen Bond    

      

Y209 OPG:I94:HN - TRAIL1:Y209:OH Hydrogen Bond  
  

 
  

   

      

E252 OPG:K22:NZ - TRAIL1:E252:OE2 Electrostatic  
 

 OPG:T55:HG1 - TRAIL1:E252:OE1 Hydrogen Bond  
  

      

R130 TRAIL2:R130:NH1 - OPG:E95:OE2 Electrostatic  TRAIL2:R130:HD1 - DR5:C116:O Hydrogen Bond 

      

K251 TRAIL1:K251:HZ1 - OPG:S56:OG Hydrogen Bond  TRAIL 1:K251:HZ1 - DR4:N160:O Hydrogen Bond 

 TRAIL1:K251:HZ1 - OPG:E58:O Hydrogen Bond  TRAIL 1:K251:HZ3 - DR4:N160:O Hydrogen Bond 

 TRAIL1:K251:HZ2 - OPG:S56:OG Hydrogen Bond  
  

 TRAIL1:K251:HZ3 - OPG:E58:O Hydrogen Bond  
  

 TRAIL1:K251 - OPG:L60 Hydrophobic    

 OPG:H54 - TRAIL1:K251 Hydrophobic    

   
  

 
D269 OPG:K67:HZ1 - TRAIL2:D269:OD2 Hydrogen Bond;Electrostatic  DR4:K171:HZ3 - TRAIL2:D269:OD2 Hydrogen Bond;Electrostatic 

 OPG:K67:HZ2 – TRAIL2:D269:OD2 Hydrogen Bond;Electrostatic  DR4:K171:HE2 - TRAIL2:D269:OD1 Hydrogen Bond 

 

 

 



 

 
 

 

  


	Chapter 7

