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TRAIL and targeting cancer cells: between promises and obstacles
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Abstract
Targeting cancer cells is one of the challenges of current treatment strategies. TRAIL represents a promising therapeutic approach and over the past decades there 
was an increased interest in targeting TRAIL signaling to treat cancer. Indeed, TRAIL can specifically target cancer cells and exhibits very low cytotoxicity towards 
normal cells. However, rapidly accumulating experimental evidence has started to shed light on multiple factors which induce resistance against TRAIL in cancer 
cells.  This resistance consists of various mechanisms including downregulation of death receptors and caspase-8 and overexpression of decoy receptors as well 
as antiapoptotic factors such as members of Bcl-2 family. Even if several studies focused on elucidating those resistance mechanisms, there still remain gray areas 
that need to be fully elucidated. Thus, therapeutic approaches could consist of targeting both resistance signaling pathways and TRAIL signaling to enhance TRAIL 
therapy efficiency.
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Introduction

Cancer is a major health concern and one of lead-
ing causes of death worldwide. Current therapy consists 
mainly of surgical resection -when it is possible- in 
combination with radiation and chemotherapy. Data ob-
tained through high-throughput technologies has con-
siderably improved our understanding of complex and 
multifaceted nature of cancer. The advances in molecu-
lar biology to understand the molecular basis of tumor 
initiation and progression allowed developing strategies 
that directly target molecular mechanisms in cancer 
cells. Most current therapeutic strategies aim to induce 
apoptosis to inhibit excessive cell proliferation and to 
overcome resistance to apoptosis, one key hallmark in 
cancer (1). Despite progress in tumor treatment over 
the past decades, cancer is still a major health concern 
mainly due to intrinsic and acquired drug resistance and 
to the side effects of current therapeutic strategies. Fur-
thermore, conventional anticancer drugs lack selectivity 
and target generally signaling pathways that are essen-
tial for the survival of normal cells too. Tumor necro-
sis factor-related apoptosis-inducing ligand (TRAIL) 
has emerged as one amongst the most extensively and 
deeply studied protein reportedly involved in selective 
targeting of cancer cells (2, 3).

TRAIL 

TRAIL was first identified by Wiley et al. in 1995, 
however one year later, the same protein was described 
by Pitti et al. but called it Apo-2 ligand (Apo-2L) (4,5). 
TRAIL has attracted considerable attention because of 
its ability to selectively induce apoptosis in cancer cells 
while leaving normal cells intact (6-9).

Structurally, TRAIL possesses characteristics of type 
II membrane proteins. The C terminus of TRAIL is pro-
teolytically cleaved into a soluble form. Both soluble 
form and full-length of TRAIL efficiently induce apop-
tosis in diverse cancer cells as evidenced by in-vitro 
analysis (10). Trail expression is reported in various cell 
types and human tissues, including ovary, liver, thymus, 
lung, small and large intestine, placenta and heart.

TRAIL is structurally made up of shorter cytosolic 
domain, a transmembrane and a large extracellular re-
gion and undergoes homotrimerization. Homotrimer-
ized form binds to extracellular portion of three cys-
teine-rich receptors (10-12). TRAIL can interact with 
five distinct receptors having higher sequence based ho-
mology in their extracellular domains even if separate 
genes encode them. While two of these receptors, DR4 
and DR5 can transduce apoptotic signals. Contrarily, 
two other receptors, membrane bound decoy receptors 
(DcR1, DcR2) do not transduce TRAIL-induced signals 
intracellularly. It is relevant to mention that DcR1 lacks 
cytosolically located domain, while functionally inac-
tive truncated death domain (DD) is present in DcR2. 
The other receptor that can interact with TRAIL is os-
teoprotegerin (OPG) and plays a potentially regulatory 
role in TRAIL function but it shows very low affinity 
binding to it (13-15).

TRAIL-induced apoptosis

Apoptosis is a widely studied physiological process 
that control tissue homeostasis. Several diseases includ-
ing cancer and neurodegenerative diseases show a de-
fect in apoptosis program. Therefore, the understanding 
of the mechanisms that lead to these defects (excess or 
default of apoptosis) should provide a better compre-
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hension of these diseases and thereby a better treatment 
(16).

Two major proapoptotic pathways have been de-
scribed; intrinsically controlled mitochondrial pathway 
and extrinsic or death receptor pathway (17). The mito-
chondrial pathway is generally initiated by an intracel-
lular stimuli such as endoplasmic reticulum (ER) stress 
or DNA damage which lead to mitochondrial membrane 
permeabilization and cytosolic accumulation of pro-
apoptotic mitochondrial factors to the cytoplasm such 
cytochrome c and Smac (second mitochondria-derived 
activator of caspases). Once released, cytochrome c ac-
tivates initiator caspase-9 while Smac acts as an antago-
nist of cIAPs (cellular inhibitor of apoptosis proteins), 
e.g. XIAP which prevents effector caspase activity (18, 
19). 

The extrinsic pathway is initiated by binding of 
death ligands as TNF-α, FasL or TRAIL to respective 
death receptors (20).

TRAIL-induced apoptosis is initiated upon binding 
of trimerized TRAIL to DR4 and/or DR5 leading to re-
ceptor clustering and the subsequent recruitment of Fas-
associated death domain (FADD). This latter recruits 
pro-caspase-8 and/or pro-caspase-10 forming the death-
inducing signaling complex (DISC) and leads to its acti-
vation. Activated DISC leads to proteolytic cleavage of 
the executioner caspases-3, -6 and -7 leading to apopto-
sis (21-23). The extrinsic apoptotic pathway can cross 
activate the mitochondrial pathway through caspase-
8-dependent cleavage and activation of Bid (24). 

Characteristically, tumor cells are sub-divided into 
two categories including type 1 or type 2 cells. In type 
1 cells, DISC activation significantly and stably induces 
caspase-8 activation. In this case, caspase-8 activation 
directly and fully activates caspase-3 which results in 
apoptotic cell death. Surprisingly, DISC-induced cas-
pase-3 activation was not sufficient to trigger apopto-
sis in type 2 cells therefore mitochondrially amplified 
apoptotic signal via tBid is required to induce apoptosis 
(25).

TRAIL-induced necroptosis

Confluence of information highlighted that death re-
ceptors activation by TNF, FasL and TRAIL may also 
lead to necroptosis induction (26-30). Necroptosis is a 
caspase-independent mechanism that depends on the 
formation of a complex called necrosome. The necro-
some is a nano-machinery consisting of RIP3 and RIP1 
and assembles either in absence of caspase-8 or when 
its activity is inhibited. This complex recruits and phos-
phorylates the pseudokinase MLKL that is required for 
necroptosis induction (31, 32). However there are still 
gray areas by which mechanism MLKL leads to necrop-
tosis induction. Nevertheless, recent studies suggest that 
MLKL positioning at plasma membrane might be con-
tributory in pore formation leading to membrane per-
meabilization (33, 34). 

Resistance to TRAIL-induced apoptosis 

Even if TRAIL induces apoptosis selectively in can-
cer cells, not all tumor cells are responsive to TRAIL 
treatment. Indeed, numerous cancer cells show intrinsic 

or acquired resistance to TRAIL-induced apoptosis. In 
this paragraph, we are going to give an overview of dif-
ferent mechanisms that render cancer cells resistant to 
TRAIL. 

Overexpression of DcRs and OPG
It has previously been experimentally verified that 

DcRs do not transduce signals intracellularly and their   
overexpression induced resistance against TRAIL-in-
duced apoptosis. In a study, Bouralexis et al. demon-
strated that DcR2 overexpressing cancer cells acquired 
resistance to TRAIL (35). However, blockade of DcR2 
restored sensitivity to TRAIL (35). In another study, it 
has been shown that DcR1 upregulation also induced 
resistance against TRAIL in cancer cells (36). In addi-
tion, high expression levels of DcRs in mucosal T cells 
render them resistant to apoptosis (37).

Several lines of evidence demonstrated contributory 
role of OPG in development of resistance to TRAIL-
induced apoptosis. Indeed, in OPG-expressing tumors 
OPG allows overcoming antitumor immune surveil-
lance exerted by TRAIL by inhibiting its ability to in-
duce apoptosis in cancer cells. Furthermore, in vitro 
studies showed that exogenous OPG causes resistance 
to TRAIL and this was reverted by the removal of OPG. 
Finally, advanced colorectal cancer patients exhibit in-
creased levels of OPG in serum (38).

Dysregulation of DR4/DR5
Several studies demonstrated that downregulation of 

DR4/DR5 is instrumental in development of resistance 
against TRAIL-based therapeutics as these receptors are 
the only ones that possess death domain and therefore 
able to transmit apoptotic signal. Indeed, low expression 
of DRs at the surface of cancer cells causes resistance to 
apoptosis preventing further caspases-8 activation (39, 
40). Furthermore, intriguingly, constitutive endocytosis 
of DR4 and DR5 significantly reduced cell surface ex-
pression of death receptors (41). Furthermore, low lev-
els of DRs correlated notably with increased multidrug 
resistance (MDR) (42). Another study showed that mu-
tation in or near the ligand binding domain of DR4 con-
siderably impaired TRAIL interaction with DR4 (43). In 
addition it has been reported that aberrant methylation 
of DR4 promoters contributes to TRAIL resistance (44).

Upregulation of anti-apoptotic factors
Such as in the mitochondrial pathway, upregulation 

of anti-apoptotic factors leads to resistance to TRAIL-
induced apoptosis. Thus, overexpression of factors such 
as members of the anti-apoptotic Bcl-2 family con-
tributes to TRAIL resistance. For instance, Mcl-1 was 
found to play a crucial role in determining the sensitiv-
ity of glioblastoma to TRAIL (45). Also, a decrease in 
Bid content was associated with inhibition of TRAIL-
induced caspase-8 activation and thereby TRAIL resis-
tance (46). Furthermore, the Bcl-2 nineteen kilodalton 
interacting protein (BNIP3) was reportedly involved in 
developing resistance against TRAIL. Nuclear BNIP3 
binds to DR5 promoter to transcriptionally downregu-
late DR5 expression (47). c-FLIP has also been stud-
ied extensively because of its involvement in TRAIL 
resistance. Mechanistically it has been noted to inhibit 
formation of functionally active caspase-8 (48). In addi-
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(65). Mapatumumab, a fully human agonist monoclonal 
antibody directed against DR4 did not show any clini-
cal efficacy when administered combinatorially with 
carboplatin and paclitaxel in advanced non-small-cell 
lung cancer patients (66). Tigatuzumab (CS-1008), a 
humanized monoclonal antibody directed against DR5 
in combination with gemcitabine was well tolerated in 
chemotherapy-naive patients (67). 

Conclusion 

Most current therapeutic approaches in cancer treat-
ment aim to overcome two key hallmarks of cancer, i.e., 
uncontrolled proliferation and resistance to apoptosis. 
Understanding the mechanisms that underlie resistance 
and developing strategies to overcome it is crucial for 
effective treatment. 

TRAIL represents a promising therapeutic approach 
as it specifically targets cancer cells with very low cy-
totoxicity towards normal cells (68, 69, 70). However, 
some issues have been raised using TRAIL in cancer 
treatment due to intrinsic and acquired resistance to 
TRAIL-induced apoptosis. Indeed, many therapeutic 
strategies have been developed to sensitize TRAIL re-
sistant cancer cells (71). There are direct evidences re-
lated to efficient delivery of TRAIL gene and proteins 
to target sites using nanotechnologically assisted meth-
ods (72).  Thus, many recombinant variants of TRAIL 
and agonistic antibodies against its receptors have been 
used in clinical trials. However, the clinical efficacy was 
not very promising mainly due to resistance to TRAIL-
induced apoptosis. Even if the signaling pathways in-
volved in TRAIL resistance have been widely investi-
gated, there are still gray areas to clarify probably due to 
the type of tumor and to heterogeneity of tumors which 
furthermore might differ from a patient to another. 

Nevertheless, this approach remains a promising 
therapeutic strategy. The challenge, then, is to overcome 
this resistance may be using combined treatment to tar-
get resistance signaling pathways to render cancer cells 
sensitive to TRAIL treatment.

Other articles in this theme issue include references (73-
84).

References

1. Hanahan, D. and Weinberg, R.A., Hallmarks of cancer: the next 
generation. Cell. 2011, 144: 646-74. doi: S0092-8674(11)00127-9 
(pii)10.1016/j.cell.2011.02.013
2. Ashkenazi, A., Pai, R.C., Fong, S., Leung, S., Lawrence, D.A., 
Marsters, S.A., Blackie, C., Chang, L., McMurtrey, A.E., Hebert, 
A., DeForge, L., Koumenis, I.L., Lewis, D., Harris, L., Bussiere, J., 
Koeppen, H., Shahrokh, Z., and Schwall, R.H., Safety and antitumor 
activity of recombinant soluble Apo2 ligand. J Clin Invest. 1999, 
104: 155-62. doi: 10.1172/JCI6926
3. Walczak, H., Miller, R.E., Ariail, K., Gliniak, B., Griffith, T.S., 
Kubin, M., Chin, W., Jones, J., Woodward, A., Le, T., Smith, C., 
Smolak, P., Goodwin, R.G., Rauch, C.T., Schuh, J.C., and Lynch, 
D.H., Tumoricidal activity of tumor necrosis factor-related apop-
tosis-inducing ligand in vivo. Nat Med. 1999, 5: 157-63. doi: 
10.1038/5517
4. Wiley, S.R., Schooley, K., Smolak, P.J., Din, W.S., Huang, C.P., 
Nicholl, J.K., Sutherland, G.R., Smith, T.D., Rauch, C., Smith, C.A., 

tion, high levels of X-linked inhibitor of apoptosis pro-
tein (XIAP) also contribute to TRAIL resistance (49). 
Mutations in pro-apoptotic protein Bax have been de-
scribed to induce resistance to TRAIL-induced apopto-
sis in human colon carcinoma cells (50).

Dysregulation of caspase-8
As described previously, caspase-8 activation is a 

key element in TRAIL signaling as upon its activation, 
it induces caspases cascade leading to apoptosis. Then, 
loss or just a lower level expression of caspase-8 cause 
sTRAIL resistance as shown in several studies (51-53).

Signaling pathways involved in TRAIL resistance
Several studies reported a critical role for NF-κB in 

TRAIL resistance in various cancer cells. Indeed, NF-κB 
is a transcription factor that positively regulates several 
genes implicated in TRAIL resistance including Mcl-1, 
c-FLIP and XIAP. Studies showed that inhibition of NF-
κB restored cell sensitivity to TRAIL (54-56). However, 
certain hints have emerged emphasizing on apoptosis 
promoting role of NF-κB in TRAIL-treated cancer cells 
(57). Overexpression of Akt, PKC and MAPK also con-
tribute in development of resistance against TRAIL (46, 
58, 59). Recently, another study revealed that Src and 
CXCR4 overexpressing breast cancer cells were resis-
tant to TRAIL (60). 

Preclinical Studies

Leucine zipper-tagged TRAIL has recently been 
tested for efficacy in xenografted mice and results 
showed that it was pharmacokinetically safe in cyno-
molgus monkeys without abnormalities in drug exposed 
animal models (61). Albumin-cross-linked polyethyl-
ene glycol (PEG) hydrogel loaded with TRAIL protein 
considerably inhibited tumor growth in mice xeno-
grafted with pancreatic cancer MIA PaCa-2 cells (62). 
Recombinant CD19-Ligand × Soluble TRAIL (CD19L-
sTRAIL) combined with low dose total body irradiation 
was highly efective against radio-resistant advanced 
stage CD19+ murine lymphoblastic leukemia with lym-
phomatous features in CD22ΔE12xBCR-ABL double 
transgenic mice (63).

Clinical Trials

It is essential to mention that TRAIL has attracted 
most interest in translational oncology because of its 
ability to selectively kill cancer cells. Tremendous 
breakthroughs have been made in translating the labo-
ratory findings to clinically effective therapeutics and 
accordingly, first human recombinant TRAIL was gen-
erated by Genentech. In this section we discuss most 
recent advancements in TRAIL based therapeutics. 

TAS266, a novel agonistic tetravalent Nanobody(®) 
has been designed to specifically target DR5 receptor. In 
a Phase I study, significant but reversible hepatotoxic-
ity was noted in TAS266 treated patients with advanced 
solid tumors (64). Circularly permuted TRAIL (CPT), 
a recombinant mutant of TRAIL was tested for clinical 
efficacy in an open-label phase II trial. Results revealed 
that CPT was well tolerated with no dose-limiting toxic-
ities in thalidomide resistant multiple myeloma patients 



36Copyright © 2015. All rights reserved.

Y. Limami et al. / TRAIL and cancer.

and et al., Identification and characterization of a new member of the 
TNF family that induces apoptosis. Immunity. 1995, 3: 673-82. 
5. Pitti, R.M., Marsters, S.A., Ruppert, S., Donahue, C.J., Moore, 
A., and Ashkenazi, A., Induction of apoptosis by Apo-2 ligand, a 
new member of the tumor necrosis factor cytokine family. J Biol 
Chem. 1996, 271: 12687-90. 
6. Aggarwal, B.B., Gupta, S.C., and Kim, J.H., Historical 
perspectives on tumor necrosis factor and its superfamily: 25 
years later, a golden journey. Blood. 2012, 119: 651-65. doi: 
blood-2011-04-325225 (pii)10.1182/blood-2011-04-325225
7. Cretney, E., Shanker, A., Yagita, H., Smyth, M.J., and Sayers, 
T.J., TNF-related apoptosis-inducing ligand as a therapeutic agent in 
autoimmunity and cancer. Immunol Cell Biol. 2006, 84: 87-98. doi: 
ICB (pii)10.1111/j.1440-1711.2005.01413.x
8. Falschlehner, C., Schaefer, U., and Walczak, H., Following 
TRAIL’s path in the immune system. Immunology. 2009, 127: 145-
54. doi: IMM3058 (pii)10.1111/j.1365-2567.2009.03058.x
9. Kelley, S.K. and Ashkenazi, A., Targeting death receptors in 
cancer with Apo2L/TRAIL. Curr Opin Pharmacol. 2004, 4: 333-9. 
doi: 10.1016/j.coph.2004.02.006S1471489204000840 (pii)
10. Hymowitz, S.G., O’Connell, M.P., Ultsch, M.H., Hurst, A., 
Totpal, K., Ashkenazi, A., de Vos, A.M., and Kelley, R.F., A unique 
zinc-binding site revealed by a high-resolution X-ray structure of 
homotrimeric Apo2L/TRAIL. Biochemistry. 2000, 39: 633-40. doi: 
bi992242l (pii)
11. Cummins, J.M., Kohli, M., Rago, C., Kinzler, K.W., Vogelstein, 
B., and Bunz, F., X-linked inhibitor of apoptosis protein (XIAP) is a 
nonredundant modulator of tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL)-mediated apoptosis in human cancer cells. 
Cancer Res. 2004, 64: 3006-8. doi: 
12. Idriss, H.T. and Naismith, J.H., TNF alpha and the TNF receptor 
superfamily: structure-function relationship(s). Microsc Res Tech. 
2000, 50: 184-95. 
13. Emery, J.G., McDonnell, P., Burke, M.B., Deen, K.C., Lyn, S., 
Silverman, C., Dul, E., Appelbaum, E.R., Eichman, C., DiPrinzio, 
R., Dodds, R.A., James, I.E., Rosenberg, M., Lee, J.C., and Young, 
P.R., Osteoprotegerin is a receptor for the cytotoxic ligand TRAIL. J 
Biol Chem. 1998, 273: 14363-7.  
14. Gaur, U. and Aggarwal, B.B., Regulation of proliferation, sur-
vival and apoptosis by members of the TNF superfamily. Biochem 
Pharmacol. 2003, 66: 1403-8. doi: S0006295203004908 (pii)
15. Bhardwaj, A. and Aggarwal, B.B., Receptor-mediated choreog-
raphy of life and death. J Clin Immunol. 2003, 23: 317-32. 
16. Lockshin, R.A. and Zakeri, Z., Cell death in health and disease. 
J Cell Mol Med. 2007, 11: 1214-24. doi: JCMM150 (pii)10.1111/
j.1582-4934.2007.00150.x
17. Ashkenazi, A., Targeting death and decoy receptors of the tu-
mour-necrosis factor superfamily. Nat Rev Cancer. 2002, 2: 420-30. 
doi: 10.1038/nrc821nrc821 (pii)
18. Fulda, S. and Vucic, D., Targeting IAP proteins for therapeutic 
intervention in cancer. Nat Rev Drug Discov. 2012, 11: 109-24. doi: 
nrd3627 (pii)10.1038/nrd3627
19. Verhagen, A.M., Ekert, P.G., Pakusch, M., Silke, J., Connolly, 
L.M., Reid, G.E., Moritz, R.L., Simpson, R.J., and Vaux, D.L., Iden-
tification of DIABLO, a mammalian protein that promotes apoptosis 
by binding to and antagonizing IAP proteins. Cell. 2000, 102: 43-53. 
doi: S0092-8674(00)00009-X (pii)
20. Wilson, N.S., Dixit, V., and Ashkenazi, A., Death receptor signal 
transducers: nodes of coordination in immune signaling networks. 
Nat Immunol. 2009, 10: 348-55. doi: ni.1714 (pii)10.1038/ni.1714
21. Kischkel, F.C., Lawrence, D.A., Chuntharapai, A., Schow, P., 
Kim, K.J., and Ashkenazi, A., Apo2L/TRAIL-dependent recruit-
ment of endogenous FADD and caspase-8 to death receptors 4 and 
5. Immunity. 2000, 12: 611-20. doi: S1074-7613(00)80212-5 (pii)

22. Kischkel, F.C., Lawrence, D.A., Tinel, A., LeBlanc, H., Virmani, 
A., Schow, P., Gazdar, A., Blenis, J., Arnott, D., and Ashkenazi, A., 
Death receptor recruitment of endogenous caspase-10 and apopto-
sis initiation in the absence of caspase-8. J Biol Chem. 2001, 276: 
46639-46. doi: 10.1074/jbc.M105102200M105102200 (pii)
23. Sprick, M.R., Rieser, E., Stahl, H., Grosse-Wilde, A., Weigand, 
M.A., and Walczak, H., Caspase-10 is recruited to and activated at 
the native TRAIL and CD95 death-inducing signalling complexes in 
a FADD-dependent manner but can not functionally substitute cas-
pase-8. EMBO J. 2002, 21: 4520-30. 
24. Li, H., Zhu, H., Xu, C.J., and Yuan, J., Cleavage of BID by cas-
pase 8 mediates the mitochondrial damage in the Fas pathway of 
apoptosis. Cell. 1998, 94: 491-501. doi: S0092-8674(00)81590-1 
(pii)
25. Schug, Z.T., Gonzalvez, F., Houtkooper, R.H., Vaz, F.M., and 
Gottlieb, E., BID is cleaved by caspase-8 within a native complex on 
the mitochondrial membrane. Cell Death Differ. 2011, 18: 538-48. 
doi: cdd2010135 (pii)10.1038/cdd.2010.135
26. Linkermann, A. and Green, D.R., Necroptosis. N Engl J Med. 
2014, 370: 455-65. doi: 10.1056/NEJMra1310050
27. Holler, N., Zaru, R., Micheau, O., Thome, M., Attinger, A., Vali-
tutti, S., Bodmer, J.L., Schneider, P., Seed, B., and Tschopp, J., Fas 
triggers an alternative, caspase-8-independent cell death pathway 
using the kinase RIP as effector molecule. Nat Immunol. 2000, 1: 
489-95. doi: 10.1038/82732
28. Jouan-Lanhouet, S., Arshad, M.I., Piquet-Pellorce, C., Martin-
Chouly, C., Le Moigne-Muller, G., Van Herreweghe, F., Takahashi, 
N., Sergent, O., Lagadic-Gossmann, D., Vandenabeele, P., Samson, 
M., and Dimanche-Boitrel, M.T., TRAIL induces necroptosis in-
volving RIPK1/RIPK3-dependent PARP-1 activation. Cell Death 
Differ. 2012, 19: 2003-14. doi: cdd201290 (pii)10.1038/cdd.2012.90
29. Voigt, S., Philipp, S., Davarnia, P., Winoto-Morbach, S., Roder, 
C., Arenz, C., Trauzold, A., Kabelitz, D., Schutze, S., Kalthoff, H., 
and Adam, D., TRAIL-induced programmed necrosis as a novel ap-
proach to eliminate tumor cells. BMC Cancer. 2014, 14: 74. doi: 
1471-2407-14-74 (pii)10.1186/1471-2407-14-74
30. Geserick, P., Hupe, M., Moulin, M., Wong, W.W., Feoktis-
tova, M., Kellert, B., Gollnick, H., Silke, J., and Leverkus, M., 
Cellular IAPs inhibit a cryptic CD95-induced cell death by limit-
ing RIP1 kinase recruitment. J Cell Biol. 2009, 187: 1037-54. doi: 
jcb.200904158 (pii)10.1083/jcb.200904158
31. Sun, L., Wang, H., Wang, Z., He, S., Chen, S., Liao, D., Wang, 
L., Yan, J., Liu, W., Lei, X., and Wang, X., Mixed lineage kinase 
domain-like protein mediates necrosis signaling downstream of 
RIP3 kinase. Cell. 2012, 148: 213-27. doi: S0092-8674(11)01422-X 
(pii)10.1016/j.cell.2011.11.031
32. Murphy, J.M., Czabotar, P.E., Hildebrand, J.M., Lucet, I.S., 
Zhang, J.G., Alvarez-Diaz, S., Lewis, R., Lalaoui, N., Metcalf, D., 
Webb, A.I., Young, S.N., Varghese, L.N., Tannahill, G.M., Hatch-
ell, E.C., Majewski, I.J., Okamoto, T., Dobson, R.C., Hilton, D.J., 
Babon, J.J., Nicola, N.A., Strasser, A., Silke, J., and Alexander, 
W.S., The pseudokinase MLKL mediates necroptosis via a molec-
ular switch mechanism. Immunity. 2013, 39: 443-53. doi: S1074-
7613(13)00348-8 (pii)10.1016/j.immuni.2013.06.018
33. Cai, Z., Jitkaew, S., Zhao, J., Chiang, H.C., Choksi, S., Liu, J., 
Ward, Y., Wu, L.G., and Liu, Z.G., Plasma membrane translocation 
of trimerized MLKL protein is required for TNF-induced necrop-
tosis. Nat Cell Biol. 2014, 16: 55-65. doi: ncb2883 (pii)10.1038/
ncb2883
34. Chen, X., Li, W., Ren, J., Huang, D., He, W.T., Song, Y., Yang, 
C., Zheng, X., Chen, P., and Han, J., Translocation of mixed lineage 
kinase domain-like protein to plasma membrane leads to necrotic 
cell death. Cell Res. 2014, 24: 105-21. doi: cr2013171 (pii)10.1038/
cr.2013.171



37Copyright © 2015. All rights reserved.

Y. Limami et al. / TRAIL and cancer.

48. Guseva, N.V., Rokhlin, O.W., Taghiyev, A.F., and Cohen, M.B., 
Unique resistance of breast carcinoma cell line T47D to TRAIL but 
not anti-Fas is linked to p43cFLIP(L). Breast Cancer Res Treat. 
2008, 107: 349-57. doi: 10.1007/s10549-007-9563-2
49. Shrader, M., Pino, M.S., Lashinger, L., Bar-Eli, M., Adam, L., 
Dinney, C.P., and McConkey, D.J., Gefitinib reverses TRAIL resis-
tance in human bladder cancer cell lines via inhibition of AKT-medi-
ated X-linked inhibitor of apoptosis protein expression. Cancer Res. 
2007, 67: 1430-5. doi: 67/4/1430 (pii)10.1158/0008-5472.CAN-06-
1224
50. LeBlanc, H., Lawrence, D., Varfolomeev, E., Totpal, K., Morlan, 
J., Schow, P., Fong, S., Schwall, R., Sinicropi, D., and Ashkenazi, A., 
Tumor-cell resistance to death receptor--induced apoptosis through 
mutational inactivation of the proapoptotic Bcl-2 homolog Bax. Nat 
Med. 2002, 8: 274-81. doi: 10.1038/nm0302-274nm0302-274 (pii)
51. Grotzer, M.A., Eggert, A., Zuzak, T.J., Janss, A.J., Marwaha, S., 
Wiewrodt, B.R., Ikegaki, N., Brodeur, G.M., and Phillips, P.C., Re-
sistance to TRAIL-induced apoptosis in primitive neuroectodermal 
brain tumor cells correlates with a loss of caspase-8 expression. On-
cogene. 2000, 19: 4604-10. doi: 10.1038/sj.onc.1203816
52. Kim, H.S., Lee, J.W., Soung, Y.H., Park, W.S., Kim, S.Y., Lee, 
J.H., Park, J.Y., Cho, Y.G., Kim, C.J., Jeong, S.W., Nam, S.W., Kim, 
S.H., Lee, J.Y., Yoo, N.J., and Lee, S.H., Inactivating mutations of 
caspase-8 gene in colorectal carcinomas. Gastroenterology. 2003, 
125: 708-15. doi: S001650850301059X (pii)
53. Szegezdi, E., O’Reilly, A., Davy, Y., Vawda, R., Taylor, D.L., 
Murphy, M., Samali, A., and Mehmet, H., Stem cells are resistant 
to TRAIL receptor-mediated apoptosis. J Cell Mol Med. 2009, 13: 
4409-14. doi: JCMM522 (pii)10.1111/j.1582-4934.2008.00522.x
54. Ismail, B., Fagnere, C., Limami, Y., Ghezali, L., Pouget, C., 
Fidanzi, C., Ouk, C., Gueye, R., Beneytout, J.L., Duroux, J.L., 
Diab-Assaf, M., Leger, D.Y., and Liagre, B., 2’-Hydroxy-4-meth-
ylsulfonylchalcone enhances TRAIL-induced apoptosis in prostate 
cancer cells. Anticancer Drugs. 2014, 26: 74-84. doi: 10.1097/
CAD.0000000000000163
55. Trauzold, A., Wermann, H., Arlt, A., Schutze, S., Schafer, H., 
Oestern, S., Roder, C., Ungefroren, H., Lampe, E., Heinrich, M., 
Walczak, H., and Kalthoff, H., CD95 and TRAIL receptor-mediated 
activation of protein kinase C and NF-kappaB contributes to apopto-
sis resistance in ductal pancreatic adenocarcinoma cells. Oncogene. 
2001, 20: 4258-69. doi: 10.1038/sj.onc.1204559
56. Ricci, M.S., Kim, S.H., Ogi, K., Plastaras, J.P., Ling, J., Wang, 
W., Jin, Z., Liu, Y.Y., Dicker, D.T., Chiao, P.J., Flaherty, K.T., Smith, 
C.D., and El-Deiry, W.S., Reduction of TRAIL-induced Mcl-1 and 
cIAP2 by c-Myc or sorafenib sensitizes resistant human cancer cells 
to TRAIL-induced death. Cancer Cell. 2007, 12: 66-80. doi: S1535-
6108(07)00150-X (pii)10.1016/j.ccr.2007.05.006
57. Shetty, S., Gladden, J.B., Henson, E.S., Hu, X., Villanueva, J., 
Haney, N., and Gibson, S.B., Tumor necrosis factor-related apopto-
sis inducing ligand (TRAIL) up-regulates death receptor 5 (DR5) 
mediated by NFkappaB activation in epithelial derived cell lines. 
Apoptosis. 2002, 7: 413-20. 
58. Weldon, C.B., Parker, A.P., Patten, D., Elliott, S., Tang, Y., Frigo, 
D.E., Dugan, C.M., Coakley, E.L., Butler, N.N., Clayton, J.L., Alam, 
J., Curiel, T.J., Beckman, B.S., Jaffe, B.M., and Burow, M.E., Sen-
sitization of apoptotically-resistant breast carcinoma cells to TNF 
and TRAIL by inhibition of p38 mitogen-activated protein kinase 
signaling. Int J Oncol. 2004, 24: 1473-80. 
59. Shankar, E., Sivaprasad, U., and Basu, A., Protein kinase C ep-
silon confers resistance of MCF-7 cells to TRAIL by Akt-dependent 
activation of Hdm2 and downregulation of p53. Oncogene. 2008, 
27: 3957-66. doi: onc200839 (pii)10.1038/onc.2008.39
60. De Luca, A., D’Alessio, A., Gallo, M., Maiello, M.R., Bode, 
A.M., and Normanno, N., Src and CXCR4 are involved in the inva-

35. Bouralexis, S., Findlay, D.M., Atkins, G.J., Labrinidis, A., 
Hay, S., and Evdokiou, A., Progressive resistance of BTK-143 
osteosarcoma cells to Apo2L/TRAIL-induced apoptosis is medi-
ated by acquisition of DcR2/TRAIL-R4 expression: resensitisation 
with chemotherapy. Br J Cancer. 2003, 89: 206-14. doi: 10.1038/
sj.bjc.66010216601021 (pii)
36. Kang, S., Park, S.Y., Lee, H.J., and Yoo, Y.H., TRAIL upregulates 
decoy receptor 1 and mediates resistance to apoptosis in insulin-se-
creting INS-1 cells. Biochem Biophys Res Commun. 2010, 396: 731-
5. doi: S0006-291X(10)00882-X (pii)10.1016/j.bbrc.2010.05.004
37. Fayad, R., Brand, M.I., Stone, D., Keshavarzian, A., and Qiao, 
L., Apoptosis resistance in ulcerative colitis: high expression of de-
coy receptors by lamina propria T cells. Eur J Immunol. 2006, 36: 
2215-22. doi: 10.1002/eji.200535477
38. De Toni, E.N., Thieme, S.E., Herbst, A., Behrens, A., Stieber, P., 
Jung, A., Blum, H., Goke, B., and Kolligs, F.T., OPG is regulated by 
beta-catenin and mediates resistance to TRAIL-induced apoptosis in 
colon cancer. Clin Cancer Res. 2008, 14: 4713-8. doi: 14/15/4713 
(pii)10.1158/1078-0432.CCR-07-5019
39. Jin, Z., McDonald, E.R., 3rd, Dicker, D.T., and El-Deiry, 
W.S., Deficient tumor necrosis factor-related apoptosis-inducing 
ligand (TRAIL) death receptor transport to the cell surface in hu-
man colon cancer cells selected for resistance to TRAIL-induced 
apoptosis. J Biol Chem. 2004, 279: 35829-39. doi: 10.1074/jbc.
M405538200M405538200 (pii)
40. MacFarlane, M., Harper, N., Snowden, R.T., Dyer, M.J., Bar-
nett, G.A., Pringle, J.H., and Cohen, G.M., Mechanisms of resis-
tance to TRAIL-induced apoptosis in primary B cell chronic lym-
phocytic leukaemia. Oncogene. 2002, 21: 6809-18. doi: 10.1038/
sj.onc.1205853
41. Zhang, Y. and Zhang, B., TRAIL resistance of breast cancer 
cells is associated with constitutive endocytosis of death recep-
tors 4 and 5. Mol Cancer Res. 2008, 6: 1861-71. doi: 6/12/1861 
(pii)10.1158/1541-7786.MCR-08-0313
42. Kim, C.H. and Gupta, S., Expression of TRAIL (Apo2L), DR4 
(TRAIL receptor 1), DR5 (TRAIL receptor 2) and TRID (TRAIL 
receptor 3) genes in multidrug resistant human acute myeloid leuke-
mia cell lines that overexpress MDR 1 (HL60/Tax) or MRP (HL60/
AR). Int J Oncol. 2000, 16: 1137-9. 
43. Fisher, M.J., Virmani, A.K., Wu, L., Aplenc, R., Harper, J.C., 
Powell, S.M., Rebbeck, T.R., Sidransky, D., Gazdar, A.F., and El-
Deiry, W.S., Nucleotide substitution in the ectodomain of trail recep-
tor DR4 is associated with lung cancer and head and neck cancer. 
Clin Cancer Res. 2001, 7: 1688-97. 
44. Bae, S.I., Cheriyath, V., Jacobs, B.S., Reu, F.J., and Borden, 
E.C., Reversal of methylation silencing of Apo2L/TRAIL recep-
tor 1 (DR4) expression overcomes resistance of SK-MEL-3 and 
SK-MEL-28 melanoma cells to interferons (IFNs) or Apo2L/
TRAIL. Oncogene. 2008, 27: 490-8. doi: 1210655 (pii)10.1038/
sj.onc.1210655
45. Murphy, A.C., Weyhenmeyer, B., Noonan, J., Kilbride, S.M., 
Schimansky, S., Loh, K.P., Kogel, D., Letai, A.G., Prehn, J.H., 
and Murphy, B.M., Modulation of Mcl-1 sensitizes glioblastoma 
to TRAIL-induced apoptosis. Apoptosis. 2014, 19: 629-42. doi: 
10.1007/s10495-013-0935-2
46. Sivaprasad, U., Shankar, E., and Basu, A., Downregulation of 
Bid is associated with PKCepsilon-mediated TRAIL resistance. 
Cell Death Differ. 2007, 14: 851-60. doi: 4402077 (pii)10.1038/
sj.cdd.4402077
47. Burton, T.R., Henson, E.S., Azad, M.B., Brown, M., Eisenstat, 
D.D., and Gibson, S.B., BNIP3 acts as transcriptional repressor 
of death receptor-5 expression and prevents TRAIL-induced cell 
death in gliomas. Cell Death Dis. 2013, 4: e587. doi: cddis2013100 
(pii)10.1038/cddis.2013.100



38Copyright © 2015. All rights reserved.

Y. Limami et al. / TRAIL and cancer.

GM, Farooqi AA. Dealing naturally with stumbling blocks on high-
ways and byways of TRAIL induced signaling. Asian Pac J Cancer 
Prev. 2014, 15(19): 8041-6.
72. Farooqi AA, De Rosa G. TRAIL and microRNAs in the treat-
ment of prostate cancer: therapeutic potential and role of nanotech-
nology. Appl Microbiol Biotechnol. 2013, 97(20): 8849-57.
73. Li, Y., Ahmad, A., Sarkar and F. H., ASPP and iASPP: Implica-
tion in cancer development and progression. Cell. Mol. Biol. 2015, 
61(6): 2-8.
74. Masood, N.,, Qureshi, M. Z. and Yasmin, A., Association of 
NOTCH with different microRNAs in head and neck cancer. Cell. 
Mol. Biol. 2015, 61(6): 9-16. 
75. Amirkhah,  R., Farazmand, A., Irfan-Maqsood, M., Wolkenhau-
erand, O. and Schmitz, U., The role of microRNAs in the resistance 
to colorectal cancer treatments. Cell. Mol. Biol. 2015, 61(6): 17-23.
76. Wang, Z., Chen, J. and Capobianco, A. J., The Notch signal-
ing pathway in esophageal adenocarcinoma. Cell. Mol. Biol. 2015, 
61(6): 24-32.
77. Silva Galbiatti-Dias, A. L., Pavarino, É. C., Kawasaki-Oyama, 
R. S., Maniglia, J. V., Maniglia, E. J. V. and Goloni Bertollo, E. M., 
Cancer stem cells in head and neck cancer: A Mini Review. Cell. 
Mol. Biol. 2015, 61(6): 39-43.
78. Musella, A., Marchetti, C., Gasparri, M. L., Salerno, L., Caso-
relli, A., Domenici, L., Imperiale, L., Ruscito, I., Abdul Halim, T., 
Palaia, I., Di Donato, V., Pecorini, F., Monti, M., Muzii, L. and Pani-
ci, P. B., PARP inhibition: A promising therapeutic target in ovarian 
cancer. Cell. Mol. Biol. 2015, 61(6): 44-61.
79. Attar, R., Tabassum, S., Fayyaz, S., Ahmad, M. S., Nogueira, 
D. R., Yaylim, I., Timirci-Kahraman, O., Kucukhuseyin, O., Cacina, 
C., Farooqi, A. A. and Ismail, M., Natural products are the future of 
anticancer therapy: Preclinical and clinical advancements  of Viscum 
album  phytometabolites. Cell. Mol. Biol. 2015, 61(6): 62-68.
80. Hsu, Y-C., Hsieh, Y-H., Liao, C-C., Chong, L-W., Lee, C-Y., Yu, 
Y-L. and Chou, R-H., Targeting post-translational modifications of 
histones for cancer therapy. Cell. Mol. Biol. 2015, 61(6): 69-84. 
81. Chong, L-W., Chou, R-H., Liao, C-C., Lee, T-F., Lin, Y., Yang, 
K-C. and Hsu, Y-C. Saturated fatty acid induces cancer stem cell-
like properties in human hepatoma cells. Cell. Mol. Biol. 2015, 
61(6): 85-91.
82. Smina, T. P., Mohan, A., Ayyappa, K. A., Sethuraman, S. and 
Krishnan, U. M., Hesperetin exerts apoptotic effect on A431 skin 
carcinoma cells by regulating mitogen activated protein kinases and 
cyclins. Cell. Mol. Biol. 2015, 61(6): 92-99.
83. Ahmadi, M., Jafari, R., Marashi, S. A. and Farazmand, A., In-
direct role of microRNAs and transcription factors in the regulation 
of important cancer genes: A network biology approach. Cell. Mol. 
Biol. 2015, 61(6): 100-107.
84. Zahoor, A., Mansoor, Q., Farooqi, A. A., Fayyaz, S., Naz, G. 
and Ismail, M., Genetic variants in the tumor necrosis factor-related 
apoptosis-inducing ligand (TRAIL) and death receptor (DR4) genes 
contribute to susceptibility to colorectal cancer in pakistani popula-
tion. Cell. Mol. Biol. 2015, 61(6): 108-112.

siveness of breast cancer cells with acquired resistance to lapatinib. 
Cell Cycle. 2014, 13: 148-56. doi: 26899 (pii)10.4161/cc.26899

 61. Jiang, J., Liu, X., Deng, L., Zhang, P., Wang, G., Wang, S., 
Liu, H., Su, Y., GMP production and characterization of leucine zip-
per-tagged tumor necrosis factor-related apoptosis-inducing ligand 
(LZ-TRAIL) for phase I clinical trial. Eur J Pharmacol. 2014, 5: 
740:722-32.
62. Kim, I., Choi, JS., Lee, S., Byeon, HJ., Lee, ES., Shin, BS., Choi, 
HG., Lee, KC., Youn, YS., In situ facile-forming PEG cross-linked 
albumin hydrogels loaded with an apoptotic TRAIL protein. J Con-
trol Release. 2015, 16: 214:30-39.
63. Uckun, FM., Myers, DE., Ma, H., Rose, R., Qazi, S., Low Dose 
Total Body Irradiation Combined With Recombinant CD19-Ligand 
× Soluble TRAIL Fusion Protein is Highly Effective Against Radia-
tion-Resistant B-Precursor Acute Lymphoblastic Leukemia in Mice. 
EBioMedicine. 2015, 2(4) :306-316.
64. Papadopoulos, KP., Isaacs, R., Bilic, S., Kentsch, K., Huet, HA., 
Hofmann, M., Rasco, D., Kundamal, N., Tang, Z., Cooksey, J., Ma-
hipal, A., Unexpected hepatotoxicity in a phase I study of TAS266, a 
novel tetravalent agonistic Nanobody® targeting the DR5 receptor. 
Cancer Chemother Pharmacol. 2015, 75(5): 887-95.
65. Geng, C., Hou, J., Zhao, Y., Ke, X., Wang, Z., Qiu, L., Xi, H., 
Wang, F., Wei, N., Liu, Y., Yang, S., Wei, P., Zheng, X., Huang, Z., 
Zhu, B., Chen, WM., A multicenter, open-label phase II study of 
recombinant CPT (Circularly Permuted TRAIL) plus thalidomide in 
patients with relapsed and refractory multiple myeloma. Am J He-
matol. 2014, 89(11): 1037-42.
66. von Pawel, J., Harvey, JH., Spigel, DR., Dediu, M., Reck, M., 
Cebotaru, CL., Humphreys, RC., Gribbin, MJ., Fox, NL., Camidge, 
DR., Phase II trial of mapatumumab, a fully human agonist mono-
clonal antibody to tumor necrosis factor-related apoptosis-inducing 
ligand receptor 1 (TRAIL-R1), in combination with paclitaxel and 
carboplatin in patients with advanced non-small-cell lung cancer. 
Clin Lung Cancer. 2014, 15(3): 188-196.
67. Forero-Torres, A., Infante, JR., Waterhouse, D., Wong, L., Vick-
ers, S., Arrowsmith, E., He, AR., Hart, L., Trent, D., Wade, J., Jin, 
X., Wang, Q., Austin, T., Rosen, M., Beckman, R., von Roemeling, 
R., Greenberg, J., Saleh, M., Phase 2, multicenter, open-label study 
of tigatuzumab (CS-1008), a humanized monoclonal antibody tar-
geting death receptor 5, in combination with gemcitabine in che-
motherapy-naive patients with unresectable or metastatic pancreatic 
cancer. Cancer Med. 2013, 2(6):925-32.
68. Farooqi, AA., Yaylim, I., Ozkan, NE., Zaman, F., Halim, TA., 
Chang, HW., Restoring TRAIL mediated signaling in ovarian cancer 
cells. Arch Immunol Ther Exp (Warsz). 2014, 62(6): 459-74.
69. Fayyaz, S., Yaylim, I., Turan, S., Kanwal, S., Farooqi, AA., He-
patocellular carcinoma: targeting of oncogenic signaling networks in 
TRAIL resistant cancer cells. Mol Biol Rep. 2014, 41(10): 6909-17.
70. Halim, TA., Farooqi, AA., Zaman, F., Nip the HPV encoded evil 
in the cancer bud: HPV reshapes TRAILs and signaling landscapes. 
Cancer Cell Int. 2013, 13(1): 61.
71. Rana A, Attar R, Qureshi MZ, Gasparri ML, Donato VD, Ali 


