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Abstract 
Background: Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) 
is a key player in the extrinsic pathway of apoptosis; it selectively damages 
cancer cells through binding to its surface receptors, however, cancers can 
escape this pathway through expression of dysfunctional decoy receptors. 
Purpose: The present study directed mainly to elucidate the serum TRAIL 
levels in breast cancer patients and to explore the variation in gene expression 
of TRAIL death and decoy receptors in breast cancer tissues, and to explore 
their role as prognostic markers in breast cancer as well as to detect their cor-
relation with Patients’ Clinical Characteristics. Subjects and Methods: TRAIL 
levels were assayed in the sera of 124 breast cancer patients and 150 healthy 
females. Moreover, the expression of TRAIL death and decoy receptors was 
determined in both malignant and adjacent normal breast tissues collected 
from patients. ER, PR and Her-2 expression in breast cancer tissue were per-
formed using immunohistochemical method. Apoptotic index (AI) was ana-
lyzed using H&E stain under light microscopy. Results: Serum levels of 
TRAIL in breast cancer patients were significantly lower  than controls (P < 
0.001), additionally, the expression of DR4, DR5 and DcR1 were significantly 
up-regulated (p < 0.001, p < 0.001, p = 0.039, respectively), however, no signifi-
cant difference was found in the expression of DcR2 in breast cancer tissues as 
compared to the corresponding normal tissues. Moreover, the apoptotic index 
in breast cancer tissues was significantly higher than the corresponding nor-
mal tissues. On the other side, decreased Serum TRAIL levels and increased 
DcR1 expression were associated with decreased overall patients’ survival. 
Conclusions: The expression of both DR4 and DR5 is required for TRAIL- 
induced apoptosis in breast cancer tissues; in addition, serum TRAIL and pro-
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filing of TRAIL receptors expression may serve as prognostic markers in breast 
cancer patients. 
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1. Introduction 

One of the most essential hallmarks of cancer is apoptosis-resistance [1]. Cancer 
cells escape apoptosis either through the overexpression of anti-apoptotic pro-
teins or the inhibition of the pro-apoptotic signals. With regard to breast cancer 
(BC), previous studies reported resistance of BC cells to receptor-mediated apop-
tosis, even with the presence of receptors in cancer cells [2]. 

Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) is expressed 
mainly by immune system cells; it triggers the extrinsic pathway of apoptosis 
through interacting with its surface receptors expressed on the target cells. TRAIL 
binds to two pro-apoptotic receptors known as death receptor 4 (DR4/ TRAIL-R1), 
death receptor 5 (DR5/TRAIL-R2), and two decoy receptors DcR1 (TRAIL-R3), 
DcR2 (TRAIL-R4) [3]. As their names imply, only two of these receptors (TRAIL-R1 
and TRAIL-R2) are functional death receptors as they possess the functional cy-
toplasmic domain and are capable of transmitting the apoptotic signals into 
cells. Conversely, TRAIL-R3 and TRAIL-R4 are decoy receptors that lack the 
functional death domains (DD), and their overexpression may result in blocking 
of TRAIL-mediated apoptosis [4]. 

Interestingly, TRAIL preferentially induce apoptosis and kill cancer cells with-
out affecting normal cells, thus rendering it a highly promising approach in can-
cer treatment [5]. However, cancer cells express innate or acquired resistance to 
TRAIL-induced apoptosis through the expression of the dysfunctional decoy re-
ceptors (DCR1 and DcR2); these receptors compete with the functional death re-
ceptors (DR4 and DR5) for the binding sites on TRAIL. Binding to decoy recep-
tors disrupts TRAIL-induced apoptosis through either ability to dilute out TRAIL 
ligands (like DcR1) or supply anti-apoptotic signals (like DcR2) to cells [6]. 

On the other side, TRAIL-induced apoptosis is crucial for tumor surveillance 
through induction of immune-mediated clearance of metastatic cells [7], loss of 
TRAIL receptor-expression is associated with worse prognosis and tumor recur-
rence in patients suffering from different tumors [8]. Additionally, increased ex-
pression of decoy receptors correlated with both tumor stage and metastasis in 
patients suffering from colorectal cancer [9]. In spite of the increasing interest 
for TRAIL-receptors as therapeutic approach in management of cancer, studies 
on the genetic expression, distribution and relevance of TRAIL-receptors as 
prognostic markers in breast cancer are still lacking. 

To the best of our knowledge, few previous studies concern with the variation 
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in serum TRAIL level and the expression of TRAIL receptors in breast cancer, 
and no correlation studies linked the expression of TRAIL receptors to prognosis 
among breast cancer patients. Therefore, the present study is directed mainly 
toward elucidating the variation of gene expression of TRAIL receptors R1-R4 in 
BC tissues, and to explore their role as prognostic markers in breast cancer. 

2. Subjects and Methods 
2.1. Subject 

The present study included 274 females categorized in two groups; Group 1 in-
cluded 124 females diagnosed with primary breast cancer and Group 2 included 
150 age-matched normal healthy females as a control group. Patients were se-
lected from those admitted to the Cancer Management and Research Deprat-
ment, Medical Research Institute, Alexandria University during the period from 
October 2012 till February 2014, all patients had histologically confirmed opera-
ble, non-metastatic breast cancer. Patients who had second primary malignancy or 
distant metastasis, previous radio or chemotherapy, myeloplastic syndrome, active 
Hepatitis B or C, psychitric diseases or any other diseses preventing signing the 
informed consent were excluded from the study. This study was approved by the 
local ethics committee, Medical Research Institute, Alexandria University. 

2.2. Sample Collection 

After providing an inforned consent a blood sample was withdrawn from all 
enrolled participants. Subjects’ sera were kept at −80˚C until the time of use. All 
enrolled patients underwent modified radical mastectomy. During surgery, two 
tissue samples were taken, one from the resected tumor and the other from the 
adjacent apparently normal tissue. A part of each tissue was embedded in paraf-
fin for histopathological examinations, while the rest was immediately trans-
ferred to −80˚C for further analysis. Patients were clinically followed up for a 
mean time of 60 months. 

2.3. Methods 
2.3.1. Apoptotic Index (AI) 
From the paraffin embedded tissue, two 4 µm thickness sections were stained 
with hematoxylin and eosin (H&E) for calculating the apoptotic index (AI). The 
H&E stained sections were examined using oil immersion lenses (×100). From 
each section, 10 fields devoid of artifacts were selected. 1000 cells were evaluated 
for presence of apoptotic cells and apoptotic bodies. The AI was expressed as a 
percentage of the total number of non-apoptotic cells counted. 

2.3.2. Quantification of Genetic Expression of DR4, DR5, DcR1  
and DcR2 by qPCR 

Singleplex fluorescent-based quantitative real-time PCR assay (qPCR) was per-
formed for the determination of the genetic expression of DR4, DR5, DcR1 and 
DcR2 in the breast cancer and normal tissue specimens. Total RNA was ex-
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tracted from 100 mg of the collected tissues (tumor as well as normal tissues) 
using miRNeasy mini kit (QIAGEN Co, Hilden, Germany), according to the 
manufacturer’s instructions. The purity and concentration of extracted RNA 
were mesured by NanoDrop(R) ND-1000 UV-Visible Spectrophotometer (Ther-
mo Fischer Scientific, USA). The extracted total RNA was then reversely tran-
scribed using Quantitect RT kit (QIAGEN Co, Hilden, Germany) following the 
manufacturer’s instructions. The quantitative PCR analysis was performed using 
SYBR Green Master mix (Bio-Rad Laboratories, Inc., USA). The thermal profile 
consisted of 10 min/95˚C activation step, followed by 40 cycles of denaturation 
for 20 sec/95˚C and the primer annealing and extension for 1 min/60˚C on a 
Real Time PCR Detection System (Bio-Rad Laboratories, Inc., USA). Relative 
quantification analysis for the DR4, DR5, DcR1 and DcR2 mRNA expression 
was calculated by the comparative 2−ΔCT method. mRNA expression of all genes 
was normalized using the GAPDH reference gene, the primer pair used for each 
gene are represented in Table 1. 

 
Table 1. Real-time PCR primers. 

Treget gene Primer sequence Annealing temperature 

DR4 
Forward: 5’-TCCAGCAAATGGTGCTGAC-3’ 
Reverse: 5’-GAGTCAAAGGGCACGATGTT-3’ 

60˚C 

DR5 
Forward: 5’-CCAGCAAATGAAGGTGATCC-3’ 
Reverse: 5’-GCACCAAGTCTGCAAAGTCA-3’ 

61˚C 

DcR1 
Forward: 5’-TCCTGCTGCCAGTCCTAGCTTAC-3 
Reverse: 5’-TGAGATCCTGCTGGACACTCCTC-3’ 

61˚C 

DcR2 
Forward: 5’-GCCGGTCCGGGTTGACTC-3’ 
Reverse: 5’-TGAGATCCTGCTGGACACTCCT-3’ 

60˚C 

GADPH 
Forward: 5’-TGCACCACCAACTGCTTAG-3’ 
Reverse: 5’-GGATGCAGGGATGATGTT-3’ 

58˚C 

2.3.3. Serum TRAIL Quantification Assay 
Quantitative determination of serum levels of TRAIL in the sera of enrolled pa-
tients as well as control subjects was done using an Enzyme-linked Immunosor-
bent Assay (ELISA) Kit (Uscn Life Science Inc., China) according to the manu-
facturer’s instructions. 

2.3.4. Immunohistochemical Staining for ER, PR, Her-2Neu Receptors 
Thin 5 µm sections were cut from each paraffin-embedded specimen, transferred 
onto poly-L-lysine-coated slides, deparaffinized in xylene, rehydrated in descend-
ing ethanol series followed by distilled water, rinsed in phosphate-buffered saline 
(PBS), then immersed in pre-heated 0.01 M citrate buffer at pH 6.0 at (95˚C - 
99˚C) for 40 minute. After cooling down, tissue sections were incubated with the 
primary ER, PR and Her-2neu primary rabbit monoclonal antibodies in a humid-
ity chamber overnight at room temperature then incubated with biotinylated rabbit 
anti-mouse secondary antibody for 30 minutes. Streptavidin-conjucated horse-
radish peroxidase was added for 30 mins. The bound primary antibodies were 
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visualized by avidin-biotin complex assay (DAKO) with 3,30-diaminobenzidine 
tetrahydrochloride (DAB) and the sections were counterstained with Meyer’s 
Haematoxylin, washed with water, dehydrated through alcohol, cleared in xy-
lene, and mounted on coverslips with DPX. The nuclear positivity for ER and PR 
was determined as per the Allred score. Her2new scoring was also done accord-
ing to standard criteria [10] [11]. 

2.3.5. Statistical Analyses 
Data were analyzed using SPSS software package version 20.0 (IBM Corporation, 
Chicago, Illinois, USA). The distributions of quantitative variables were tested 
for normality using Kolmogorov-Smirnov test. Mann-Whitney test was used to 
compare between two studied groups, for Kruskal Wallis test was used to com-
pare between more than two groups. Wilcoxon signed ranks test was used to 
compare expression levels between cancer and adjacent normal tissues, Spear-
man correlation test was used to study the correlation with the clinicopathologi-
cal parameters. Cox proportional hazards regression model analysis was done to 
investigate the prognostic value of studied parameters. At all statistical analyses, 
p value was considered significant at ≤0.05. 

3. Results 
3.1. Patients’ Clinical Characteristics 

The clinicopathological characteristics of the enrolled patients are presented in 
Table 2. The median age of enrolled patients didn’t differ significantly from that 

 
Table 2. Description of the clinicopathological features of breast cancer patients and controls. 

Characteristic Breast cancer (124) 
Number (%) 

Controls (150) 

Age (years) 
Median 
range 

48 
37 - 74 

46 
36 - 74 

Tumor size cm (Mean± SD) 4.6 ± 3.4  

Histological grade 
I 
II 
III 

11 (8.9) 
62 (50.0) 
51 (41.1) 

 

Clinical stage 
I 
II 
III 

11 (8.9) 
53 (42.7) 
60 (48.4) 

 

Estrogen receptor 
negative 
positive 

36 (29.0) 
88 (71.0) 

 

Progesterone receptor 
negative 
positive 

42 (33.9) 
82 (66.1) 

 
 

Lymph node invasion 
negative 
positive 

54 (43.5) 
70 (56.5) 

 

Vascular invasion 
negative 
positive 

53 (42.7) 
71 (57.3) 
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of control. Regarding the clinical stage, about half of patients were of stage III. 
Moreover, 50% of specimens were of histological grade II. Majority of cases 
represented with positive ER and PR expression. Vascular invasion and lymph 
node involvement was positive in 43.5% and 42.7% of cases, respectively. 

3.2. Decreased Serum Levels of TRAIL in Sera of Breast Cancer 
Patients Compared to Healthy Subjects 

The serum TRAIL levels in breast cancer patients were found to be significantly 
lower than those in the healthy control (P < 0.001) (Figure 1(a)). 

3.3. Genetic Expression of TRAIL Death/Decoy Receptors and 
Apoptotic Index in Breast Cancer Tissues 

The apoptotic index in breast cancer tissues was significantly higher than that in 
the corresponding normal tissues (P < 0.001) (Figure 1(b)). Moreover, the ex-
pression of DR4, DR5 and DcR1 showed a significant up-regulation in cancerous 
tissues as compared to normal tissues (p < 0.001, p < 0.001, p = 0.039, respec-
tively), however, the genetic expression of DcR2 didn’t show any significant dif-
ference between cancerous tissues and normal tissues (p > 0.05) (Figure 1(c)). 

3.4. TRAIL, DR4, DR5, DcR1 and DcR2 Are Correlated  
to Apoptotic Index 

Apoptotic index showed significant positive correlations with both serum 
TRAIL levels and expression of DR4; however, it had a significant negative cor-
relation with expression of DcR1. On the other hand, the expression of DR5 and 
DcR2 didn’t show any significant correlation with apoptotic index (Table 3). 

3.5. TRAIL, DR4, DR5, DcR1 and DcR2 Are Correlated  
to Clinicopathological Characteristics 

Serum TRAIL levels showed a significant negative correlation with tumor size, 
grade, and clinical stage, but the correlation with receptor status, lymph node 
invasion, and vascular invasion was found to be insignificant. On the other 
hand, the expression of DcR1 showed a significant positive correlation with tu-
mor size, however, TRAIL DR4, DR5 and DcR2 didn’t show any significant cor-
relation with any of the clinicopathological parameters (Table 3). On the other 
side, Apoptotic index correlated negatively with the grade, while positively cor-
related with the positive expression of ER and PR (Table 3). 

3.6. Association between TRAIL, DR4, DR5, DcR1, DcR2 and 
Apoptotic Index and Clinicopathological Characteristics 

Stratification analyses revealed significant association between serum TRAIL 
levels with lower histological grade and clinical stage, and between the expres-
sion of DcR1 with the tumor stage. Moreover, both serum TRAIL and DcR1 
expression showed a significant association with mortality among BC patients 
(Table 4). 
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Figure 1. (a) serum TRAIL levels in BC patients and healthy controls, (b) apoptotic index in malignant 
tissues and adjacent normal tissues, (c) relative expression of DR4, DR5, DcR1, and DcR2 in malignant 
tissues and adjacent normal tissues. 
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Table 3. Correlation between different parameters in BC-patients (n = 124). 

 AI TRAIL RD4 DR5 DcR1 DcR2 

Tumor size rs 

p 
0.161 
0.072 

−0.670 
<0.001* 

−0.093 
0.302 

0.127 
0.161 

0.203 
0.024* 

−0.122 
0.177 

Histological grade rs 

p 
−0.201 
0.025* 

−0.224 
0.013* 

−0.019 
0.834 

0.048 
0.597 

0.093 
0.302 

0.158 
0.080 

Clinical stage rs 

p 
0.107 
0.228 

−0.248 
0.006* 

0.114 
0.207 

0.022 
0.808 

0.006 
0.950 

0.127 
0.159 

ER+/PR+ rs 

p 
0.166 
0.042* 

0.110 
0.213 

0.144 
0.103 

−0.173 
0.392 

0.028 
0.754 

0.041 
0.568 

Lymph nodes invasion rs 

p 
0.048 
0.551 

0.072 
0.327 

0.151 
0.111 

0.039 
0.663 

0.117 
0.189 

0.140 
0.131 

Vascular invasion rs 

p 
0.141 
0.129 

0.126 
0.177 

−0.047 
0.594 

0.113 
0.208 

0.105 
0.247 

0.072 
0.327 

Apoptotic index rs 

p 
- 

0.412 
<0.001* 

0.385 
<0.001* 

0.149 
0.098 

−0.187 
0.037* 

0.042 
0.572 

rs: Spearman coefficient; *: Statistically significant at p ≤ 0.05. 
 

Table 4. Stratification analyses of TRAIL, DR4, DR5, DcR1, and DcR2 in patients with 
different clinicopathological status. 

 
TRAIL DR4 DR5 DcR1 DcR2 

ER      

− 50.1 ± 21 12.8 ± 5.9 1.9 ± 0.4 1.9 ± 0.4 1.4 ± 0.2 

+ 48.1 ± 26.9 11.9 ± 5.8 1.9 ± 0.4 1.8 ± 0.5 1.5 ± 0.2 

U (p) 1409 (0.336) 1949.5 (0.459) 1576.5 (0.967) 1308.5 (0.129) 1235.0 (0.054) 

PR      

− 52.2 ± 23.5 12.8 ± 5.8 1.9 ± 0.4 1.9 ± 0.4 1.4 ± 0.2 

+ 47 ± 26.1 11.9 ± 5.9 1.9 ± 0.4 1.8 ± 0.5 1.5 ± 0.2 

U (p) 1422 (0.113) 1556 (0.318) 1676.0 (0.808) 1500 (0.241) 1442.5 (0.140) 

Lymph node involvement    

− 50.8 ± 25.9 12.4 ± 5.5 1.9 ± 0.4 1.8 ± 0.4 1.4 ± 0.2 

+ 47.1 ± 24.8 12 ± 6.1 1.9 ± 0.4 1.9 ± 0.5 1.5 ± 0.2 

U (p) 1716 (0.380) 1825.5 (0.745) 1682.5 (0.295) 1813.5 (0.700) 1684.0 (0.299) 

Histological grade     

I 63 ± 41.2 10.4 ± 5.6 2 ± 0.6 1.7 ± 0.4 1.4 ± 0.3 

II 51.1 ± 22 13 ± 5.6 1.9 ± 0.3 1.8 ± 0.5 1.4 ± 0.2 

III 42.7 ± 23.4 11.6 ± 6.1 1.9 ± 0.5 1.9 ± 0.5 1.5 ± 0.2 

H (p) 6.299 (0.044*) 3.009 (0.209) 0.874 (0.646) 0.957 (0.620) 2.218 (0.330) 

Clinical stage      

II 67.2 ± 34.9 12.4 ± 4.7 2 ± 0.6 1.8 ± 0.4 1.5 ± 0.2 

III 51 ± 23.4 11.1 ± 5.6 1.9 ± 0.3 1.9 ± 0.4 1.4 ± 0.2 
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Continued 

IV 43.3 ± 23.3 13.1 ± 6.1 1.9 ± 0.4 1.8 ± 0.5 1.5 ± 0.2 

H (p) 8.225 (0.016*) 3.133* (0.042*) 0.461 (0.794) 0.664 (0.718) 7.064* (0.029*) 

Vascular invasion     

− 52.9 ± 27.9 12.2 ± 5.4 1.9 ± 0.4 1.8 ± 0.5 1.5 ± 0.2 

+ 45.6 ± 22.8 12.2 ± 6.2 1.9 ± 0.4 1.9 ± 0.5 1.5 ± 0.2 

U (p) 1578 (0.125*) 1877 (0.982) 1792.5 (0.653) 1800.5 (0.682) 1842.5 (0.844) 

Mortality      

Alive 28.6 ± 13.9 12.9 ± 6.2 1.9 ± 0.4 2.2 ± 0.4 1.5 ± 0.2 

Died 58 ± 23.9 11.9 ± 5.7 1.9 ± 0.4 1.7 ± 0.4 1.5 ± 0.2 

U (p) 360.5 (0.001*) 1475 (0.326) 1512.0 (0.433) 604 (0.001*) 1541.0 (0.530) 

U: Mann Whitney test; H: H for Kruskal Wallis test; p: p value for association between studied parameters 
and different parameters; *: Statistically significant at p ≤ 0.05. 

3.7. Decreased Serum TRAIL and Overexpression of DcR1 Are  
Prognostic Factors for Poor Overall Survival among BC Patients 

Univariate and multivariate analyses were performed on BC cases to identify 
factors that correlate with prognosis using Cox proportional hazards regression 
model analysis. The results showed that decreased serum TRAIL (p ≤ 0.001), in-
creased expression of DcR1 (p ≤ 0.001), were associated with worse overall sur-
vival. Moreover, the multivariate analysis indicated that they can be independent 
prognostic factors for overall survival among BC patients (Table 5). 

 
Table 5. Univariate and multivariate Cox regression for prediction mortality. 

 
Univariate Multivariate 

HR (95% C.I.) p HR (95% C.I.) p 

TRAIL 0.937 (0.918 - 0.957) <0.001* 0.919 (0.890 - 0.949) <0.001* 

Tumor size 1.314 (1.176 - 1.468) <0.001* 0.903 (0.759 - 1.075) 0.251 

Histological grade 1.940 (1.121 - 3.356) 0.018* 1.042 (0.537 - 2.020) 0.904 

Clinical stage 2.279 (1.269 - 4.091) 0.006* 1.540 (0.734 - 3.233) 0.254 

ER 0.770 (0.458 - 1.783) 0.903   

PR 1.009 (0.518 - 1.964) 0.979   

Lymph node 1.536 (0.798 - 2.955) 0.199   

Vascular invasion 1.472 (0.765 - 2.832) 0.247   

DR4 1.031 (0.975 - 1.090) 0.288   

DR5 0.778 (0.349 - 1.737) 0.541   

DcR1 8.543 (4.422 - 16.504) <0.001* 6.569 (3.419 - 12.619) <0.001* 

DcR2 0.670 (0.163 - 2.743) 0.577   

HR: Hazard ratio; C.I.: Confidence interval; #: All variables with p < 0.05 were included in the multivariate; 
*: Statistically significant at p ≤ 0.05. 
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4. Discussion 

TRAIL is a key member of TNF family that induces apoptosis upon binding to 
its surface receptors; because of the unique selectivity of TRAIL in damaging 
cancer cells without any harmful effects to the normal cells, TRAIL became a 
promising therapeutic approach in cancer management; moreover, it has been 
already entered in some clinical trials for treatment of many solid tumors. How-
ever, some tumors unfortunately develop resistance to TRAIL-mediated apopto-
sis through expression of decoy receptors instead of death receptors [12]. 
Therefore, the expression of TRAIL death receptors and the downstream signal-
ing molecules of the TRAIL pathway represent prerequisite for TRAIL-based 
therapies. Furthermore, the expression ratio of death and decoy receptors may be 
decisive for the sensitivity of tumor cells to TRAIL [13]. Therefore, we investi-
gated the serum levels of TRAIL in BC patients in addition to analysis of the ex-
pression pattern of death as well as decoy receptors in BC tissues. 

The present study revealed a significant decrease in serum TRAIL level in 
breast cancer patients; these findings are in accordance with those of Toiyama D 
who demonstrated that serum TRAIL levels in RCC patients were markedly lower 
than the healthy controls [14]. Additionally, few previous studies reported a de-
crease in serum TRAIL levels in many cancers including metastatic melanoma 
[15] and chronic myeloid leukemia [16] as compared to its levels in healthy in-
dividuals. 

Decreased TRAIL increase the ability of cancerous cells to evade immune sur-
veillance and apoptosis, this in turn prompts cancer development and progression 
[14]. In RCC, serum TRAIL levels increased significantly after the complete resec-
tion of the primary tumor. This may be attributed to the involvement of cancer 
cells in the inhibition of TRAIL production circulation via two possible effects. 
First, cells may secrete some soluble factors that can inhibit immune cells pro-
duction of TRAIL, such as lymphocytes. The second possible mechanism may be 
through sequestration of TRAIL-producing immune, resulting in decreased se-
rum TRAIL levels [14]. This hypothesis can be supported by the finding of Liu et 
al. who reported decreased expression of TRAIL in breast cancer tissues com-
paring to the adjacent normal tissues [17]. Moreover, removal of the renal tumor 
might result in the return of circulating TRAIL levels to baseline values [14]. 

The significant upregulation of TRAIL DR4 and DR5 may be attributed to the 
fact that the increased expression of TRAIL receptors may enhance the apoptotic 
response induced by TRAIL and lead to an increase in the apoptotic rate among 
tumor cells [18] [19]. These results were supported by the positive correlation 
between the expressions of TRAIL DR4 and the apoptotic index in the breast 
cancer tissues. Previous studies indicated possible selectivity of DR4 vs. DR5 
apoptotic signaling in tumor cells from different origins. Tumors such as pan-
creatic carcinoma [20], chronic lymphocytic leukemia or mantle cell lymphoma 
prefer DR4 for apoptosis induction [21] [22]; other types, including colorectal or 
other epithelial cancer cells appear to prefer DR5 as an apoptosis inducer [23] 
[24]. Regarding BC, Zhang et al. reported that the expression of both DR4 and 
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DR5 are required for rhTRAIL to induce the maximal killing effect of breast can-
cer cells, moreover, the loss of cell surface expression of DR4 or DR5 lead to cel-
lular resistance to their corresponding antibody and correlates with a decreased 
sensitivity of cells to TRAIL [25]. 

On the other hand, the significant overexpression of DcR1 overexpression in 
malignant tissues contributes to ability of cancerous cells to evade the TRAIL- 
mediated apoptosis. TRAIL-R3 and TRAIL-R4 decoy receptors lack the func-
tional intercellular death domain, this in turn prevent their association with 
procaspases 8 and 10 to form DISC which is mandatory for activating downstream 
signaling pathway [26]. A previous study documented a significant upregulation 
of decoy-R1 (DcR1) but a downregulation in decoy-R2 (DcR2) in head and neck 
cancers [27]. Moreover, the expression of DcR2 was reported to be significantly 
increased in high grade meningiomas [28], DcR2 binds to TRAIL-R2 via the 
pre-ligand-binding assembly domain (PLAD) [29], thus the overexpression of 
DcR2 neutralizes the apoptosis-inducing capacity of TRAIL-DR5 and confers 
TRAIL resistance in higher tumor grades. Accordingly, DcR2 overexpression has 
been reported to inhibit TRAIL-induced apoptosis in many tumors [30] [31]. 

The negative correlation between serum TRAIL level and with tumour size, 
grade, and clinical stage, are in accordance with Toiyama D who reported in-
verse correlation between the serum TRAIL level the progression and aggres-
siveness of RCC. These findings suggest that decreased TRAIL may allow cancer 
cells to escape immune surveillance and apoptosis [14]. Verim A also indicated a 
statistically significant association between TRAIL, and clinical parameters in-
cluding stage, lymph node, metastasis, perineural invasion and degree of tumor 
differentiation in Lx SCC patients [32]. 

Decreased serum TRAIL levels and overexpression of DcR1 were associated 
with decreased overall survival among breast cancer patients, these findings are 
in accordance partly with Toiyama D who reported that decreased serum levels 
of TRAIL correlated to survival among RCC [14]. Furthermore, Liu et al. re-
ported increased survival rates in breast cancer patients with positive expression 
of TRAIL in their tissues over patients lacking tissue-TRAIL expression [17] On 
the contrary; Koschny reported the lack of correlation between TRAIL receptors 
with the progression-free or overall survival among meningioma patients [28]. 

In conclusion, serum TRAIL levels and TRAIL receptor expression pattern 
might be useful prognostic markers to follow up disease progression by virtue of 
their connection to clinical staging and pathologic grading in BC patients, moreo-
ver, profiling of TRAIL receptor expression be helpful in determining ideal pa-
tients’ targets for a TRAIL-mediated gene therapy. 
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