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SUMMARY

Introduction: TRAIL cytokine (TNF-Related Apoptosis-Inducing Ligand) inter-
acts with five receptors, four of which are expressed at the plasma membrane (DR4,
DRS5, DcR1, DcR2), and the fifth is a soluble osteoprotegerin receptor (OPG). Only
the death receptors DR4 and DRS5 contain the cytoplasmic death domain (DD),
which is involved in triggering the apoptotic cascade. These receptors are found in
tumor cells of various types, including ovarian cancer cells. Purpose: The aim of this
article is to describe in a systematic review the presence of death receptors in cancer
cells of patients and to discuss the clinical implications of this approach on various
signs and clinical mechanisms of cancer. Method: The systematic review was
performed on June 1, 2022, using PubMed Central - PMC, SCOPUS (Else-
vier), Web of Science, Cochrane Library, and Biblioteca Virtual em Saide - BVS
(BIREME). The data were summarized in tables and critically analyzed. After
the database search, five relevant studies were identified for review. Results:
Analysis of these studies revealed evidence of increased survival in patients
with ovarian cancer who detected these receptors in cancer tissue. In addition,
we seek to understand the biological mechanisms involved in the resistance of

cancer cells to TRAIL-induced apoptosis.
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RESUMEN

Receptores TRAIL como marcador de prondstico y predictores de
la supervivencia en el cincer de ovario: una revision sistematica
de estudios clinicos y metandlisis

Introduccién: La citocina TRAIL (Ligando inductor de apoptosis relacionado con
TNF) interactda con cinco receptores, cuatro de los cuales se expresan en lamembrana
plasmética (DR4, DRS, DcR1, DcR2), y el quinto es un receptor de osteoprotege-
rina soluble (OPG). Solo los receptores de muerte DR4 y DRS contienen el dominio
de muerte citoplasmatico (DD), que estd involucrado en el desencadenamiento de
la cascada apoptdtica. Estos receptores se encuentran en células tumorales de varios
tipos, incluidas las células de cincer de ovario. Propésito: El objetivo de este articulo
es describir en una revisién sistemdtica la presencia de receptores de muerte en células
cancerosas de pacientes y discutir las implicaciones clinicas de este enfoque en varios
signos y mecanismos clinicos del cdncer. Método: La revision sistemdtica se realizd
el 1 de junio de 2022, utilizando PubMed Central - PMC, SCOPUS (Elsevier), Web
of Science, Cochrane Library y Biblioteca Virtual em Satde - BVS (BIREME). Los
datos se resumieron en tablas y se analizaron criticamente. Después de la bisqueda
en la base de datos, se identificaron 5 estudios relevantes para su revisién. Resul-
tados: El andlisis de estos estudios revelé evidencia de una mayor supervivencia en
pacientes con cdncer de ovario en quienes se detectaron estos receptores en el tejido
canceroso. Ademads, buscamos comprender los mecanismos bioldgicos involucrados

en la resistencia de las células cancerosas a la apoptosis inducida por TRAIL.

Palabras clave: Céncer de ovario, Inductor de apoptosis, TRAIL, DR4, DRS,
Caspasa.

REsuMO

Receptores TRAIL como marcadores de progndstico e preditores
da sobrevivéncia no cAncer de ovario: uma revisio sistematica
de estudos clinicos e metanalises

Introdugao: A citocina TRAIL (TNF-Related Apoptosis-Inducing Ligand) interage
com cinco receptores, quatro dos quais sio expressos na membrana plasmatica (DR4,
DRS, DcR1, DcR2) e o quinto é um receptor soltvel de osteoprotegerina (OPG).

Apenas os receptores de morte DR4 ¢ DRS contém o dominio citoplasmético de
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morte (DD), que est4 envolvido no desencadeamento da cascata apoptética. Esses
receptores sao encontrados em células tumorais de varios tipos, incluindo células de
cincer de ovirio. Propdsito: O objetivo deste artigo ¢ descrever em uma revisio
sistemdtica, a presenca de receptores de morte em células cancerigenas de pacientes
e discutir as implicacoes clinicas desta abordagem em vérios sinais ¢ mecanismos
clinicos do cincer. Método: A revisio sistematica foi realizada em 1° de junho de
2022, utilizando PubMed Central - PMC, SCOPUS (Elsevier), Web of Science,
Cochrane Library e Biblioteca Virtual em Satide - BVS (BIREME). Os dados foram
resumidos em tabelas e analisados criticamente. Ap6s a busca nos bancos de dados,
cinco estudos relevantes foram identificados para revisio. Resultados: A andlise
desses estudos revelou evidéncias de aumento da sobrevida em pacientes com cAncer
de ovario nos quais esses receptores foram detectados no tecido canceroso. Além
disso, buscamos entender os mecanismos bioldgicos envolvidos na resisténcia das

células cancerigenas 4 apoptose induzida por TRAIL.

Palavras chaves: Cancer de ovério, Indutor de apoptoses, TRAIL, DR4, DRS,
Caspase.

INTRODUCTION

Despite remarkable progress in understanding the biology of cancer and the develop-
ment of new diagnostic and therapeutic strategies, cancer remains one of the leading
causes of death. Worldwide, 225,500 new cases of ovarian cancer are diagnosed each
year, and 140,200 people die from this cancer [1, 2]. Although ovarian cancer was
considered a single entity, it can be divided into different histological subtypes with
different identifiable risk factors, cells of origin, molecular compositions, clinical fea-
tures, and treatments [3].

Effective screening strategies for early detection of ovarian cancer do not exist, but
individuals at high risk for developing ovarian cancer, such as those with germline
mutations in BRCA1 or BRCA2 or other genes associated with high risk for develop-
ing ovarian cancer, can be identified [3, 4]. The discovery of this unique feature among
members of the TNF superfamily has laid the foundation for testing the clinical
potential of TRAIL-R targeted therapies in cancer clinics [5]. However, the efficacy
of TRAIL-based cancer therapies has yet to be demonstrated, as most cancer cells are
TRAIL-resistant or develop resistance after multiple treatments [6, 7].

TRAIL is a multifunctional cytokine produced and secreted by most normal tissue
cells. It acts in the process of cellular apoptosis, mainly in tumor cells [8]. Targeting the
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apoptosis death receptor pathway represents a promising approach for the development
of new cancer therapies, as cell surface death receptors are directly linked to the apoptotic
machinery, preferentially in cancer cells, while sparing non-malignant cells [9].

Therefore, in this study, we aim to summarize the currently available evidence on
whether TRAIL receptors serve as prognostic markers and predict survival in ovar-
ian cancer through a systematic review and meta-analysis, and to present the extent of
clinical relevance of these genes.

This systematic review summarizes the mechanisms of TRAIL-induced apoptosis via
extrinsic and intrinsic apoptotic signaling pathways. It also reviews the mechanisms of
cancer cell resistance to TRAIL-induced apoptosis in ovarian cancer.

METHODS

The presence of death receptors significantly correlated with cancer patient survival
in experimental models was assessed by a systematic review and meta-analysis per-
formed according to the principles described in the Cochrane Handbook [10]. The
steps related to the search and selection of articles and the extraction, analysis, and
interpretation of data of interest, were performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [11]. To iden-
tify studies of interest, we applied the PEOS strategy to the articles from the electronic
search as follows: “population,” patients with ovarian cancer; “exposure,” presence or
absence of death receptors; “outcomes,” survival; “study design,” clinical, observational,
and epidemiologic hospital surveillance studies [12].

Search strategy

First, a systematic search was performed in five databases (PubMed Central, SCOPUS,
Web of Science, Cochrane Library, and Biblioteca Virtual em Saiide) using the Medical
Subject Heading (MeSH) term “TNFRSF10A” in conjunction with at least two of
each of the following descriptors: “track R1,” “TNFRSF10A,” “death receptors,” “can-
cer,; “survival, “mortality.” For the search, these descriptors were combined with the
connector “AND” between them, as in the following example: “cancer” AND “track
R1”. The search was conducted through June 1, 2022, and was limited to studies writ-
ten in English, with no date limit. A search for gray literature in theses and dissertations
was also conducted through the Thesis and Dissertation Catalog of the Coordenagio
de Aperfeicoamento de Pessoal de Nivel Superior (CAPES) and the Digital Library of
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Theses and Dissertations of the Universidade Federal de Minas Gerais (UFMG) and
the Universidade de Sao Paulo (USP). In addition, the reference lists of all included
articles and relevant narrative reviews in the field were reviewed for relevant articles.

Study selection

In addition to the electronic search, studies identified as review articles, notes, corre-
spondence, editorials, and letters were excluded. Other studies were excluded based on
the following criteria: (i) in silico and in vitro studies; (ii) studies in which the death
receptor was not identified; (iii) studies in which ovarian cancer was not identified;
(iv) studies in which none of the main outcomes (survival) were examined. In cases
where the article met the inclusion criteria but the full text was not available, the cor-
responding author was contacted three times by e-mail (14 days apart), and articles
were included if received by the last contact. The details of the search strategy for each
database are provided in the supplementary files.

In the first phase of selection, two independent researchers (J.C.M.B. and P.C.)
searched the databases. Duplicate records were deleted using Rayyan (a web and mobile
app for systematic reviews) [13] and the titles and abstracts of the selected studies were
reviewed according to PEOS eligibility criteria. Studies that examined cancer patient
survival in the presence of death receptors were selected and subsequently assessed by
full-text review.

Any disagreements were resolved through discussion with the other investigator
(L.M.S), and the kappa coefficient (with a 95% confidence interval) was used to ana-
lyze the level of agreement between assessors [14].

Data extraction and statistical analysis

After a complete analytical reading, all data of interest were summarized in a table for
further critical analysis and interpretation. Ovarian cancer patient mortality rates with
death were analyzed by meta-analysis using RStudio” software, using the meta package
and metaprop command. Heterogeneity of the primary data was determined using the
I-squared index (%), were I*> 50% was considered to be substantial heterogeneity [15].
To calculate the frequency of death receptors between ovarian cancer patients, either the
fixed effects model low heterogeneity or the random effects model with high heterogene-
ity was used to pool the data [16]. For all methods, the significance level was 5%.
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REsuULTS

Study inclusion

Bibliographic searches of the databases yielded a review of 1,527 articles, including 82
from PubMed/MEDLINE, 756 from Scopus, 545 from BVS, 55 from Web of Science,
and 89 from Cochrane. No additional study was identified in the gray literature search
or by screening the reference list of included studies, Figure 1.

Records identified through database searching
5 on June 01,2022 (n = 1527)
g= e Pubmed Central (n = 82)
é e Scopus (n = 756)
= o Web of Science (n = 55)
"§ e Cochrane (n = 89)
o Additional records identified through other
sources (n = 0) Additional records identified
e Biblioteca Virtual de Saade(n = 545) through other sources (n=0)
Records after duplicates removed
» (n= 1286)
(=]
(9]
g 4
95) Records screened
(n=1286)
Records excluded by title
» | and abstract and keywords
! analysis (n = 1264)
o Full-text articles assessed
:E' for eligibility (n = 22)
= Full-text articles excluded,
Yo} >
= with reasons (n = 17)
53]
o Different study design
(n=3);
e Incomplete text (n = 2);
v ¢ Different outcome
o = 11 H
-~ Studies included in (n. ) .
= o ) o Different population
- qualitative synthesis (n=1);
S (n=5) ’

Figure 1. Flowchart of the selected articles for systematic review according to PRISMA criteria [10].
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After exclusion of duplicate studies, 1,286 records were screened by title and abstract,
leaving 22 studies that met the inclusion criteria. Therefore, 22 full-text articles were
screened for eligibility and 17 were excluded for the following reasons: Different study
design (n=2); or incomplete text (n=2); different outcomes (n=11); and different
population (n=1) (Figure 1). Finally, 5 studies were selected for qualitative analysis
[17-21]. Of these articles, 2 were also included in the quantitative studies and used to
perform the meta-analysis [17, 19], Figure 2. The degree of agreement between the two
researchers was found to be substantial, as indicated by the kappa coeflicient of 0.7963.

Characteristics of the studies

According to Table 1, the studies included 809 patients with ovarian cancer.

Table 1. Main characteristics of included studies

oce Method Receptors/ Outcomes Ref.
(n) Gene
o Favorable overall survival for low
55 OCP with grade (grade 1 versus grade 2-3;
DR4 p-value 0.047) and low stage (FIGO
Immunohistochemical = 49 OCP with /I versus I11/1V; p-value 0.0008)
68 analysis DRSS in OCP with TRAIL. (17]
54 OCPwith , DR4and DR5 expression levels in
TRAIL OCP were predictors for survival
benefit.
245 OCP
with DR4 e TRAIL was associated with low
359 Immunohistochemical = 330 OCP tumor grade and better progression- (19]
analysis with DR S free survival (HR 0.63, p-value
49OCPwith ~ 0.018).
TRAIL
e OCP-10-fold higher mean TRAIL
expression than normal ovarian
epithelial samples (p-value <0.001);
o OCP with high TRAIL expression
Mean prolonged survival 2.2-fold higher
120 QRT-PCR TRAIL gene (p-value 0.03); [20]
cxpression o TRAIL expression was 2.3-fold
higher in cancers from women who
lived >5 years than in cancers from
those who died in <1 year (p-value
0.03);
(Continued)
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oCP
(n)

Method

Receptors/
Gene

Outcomes

Ref.

120

QRT-P

CR

Mean
TRAIL gene

expression

e Advanced-stage (III/1V) cases,
relative TRAIL expression was
2.2-fold higher (1.6 versus 0.9) in
cancers of women who lived >5
years than in cancers from those
who lived <1 year (p-value 0.18);

e Association between high TRAIL
expression and favorable survival

(p-value 0.14).

27

qRT-PCR

19 OCP with
TRAIL-R3

e No signiﬁcant associations were
observed between the TRAIL-3
expression level in primary
ovarian cancer and the cumulative
progression-free survival or the
overall survival.

235

Immunohistochemical

analysis

e DRS5 and DcR1 had higher
expression levels in grade 2 and 3
tumors compared with the levels in
grade 0 tumors (p-value 0.01);

e Trail and DR4 had lower expression
levels in higher grade tumors
(p-value 0.01)

e Lower expression levels of Trail
were observed for grade 3 tumors;

¢ Grade2 tumors expressed
significantly higher levels of Trail
and DR4 compared with grade 3

tumors.

OCP: ovarian cancer patients.

The death receptor was identified by immunohistochemical analysis (427/809;
52.78%), 300 ovarian cancer patients (OCP) with DR4 (300/427; 70.26%), and 379
OCP with DRS (379/427; 88.75%) by [17, 19]. The OCP with TRAIL (103/427;
24.12%) [17, 19], TRAIL-R3 (19/27; 70.37%) [18] and mean TRAIL gene expres-

sion were also quantified [20].
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High expression of DR4 and DRS in OCP were predictors of survival benefit [17].
DRS5 and DcR1 had higher expression levels in grade 2 and 3 tumors compared with
levels in grade 0 tumors (p-value 0.01). TRAIL and DR4 had lower expression levels in
higher grade tumors (p-value 0.01). Lower expression of TRAIL was observed in grade
3 tumors, and grade2 tumors expressed significantly more TRAIL and DR4 compared
with grade 3 tumors [21].

TRAIL was associated with low tumor grade and better progression-free survival (HR
0.63, p=0.018) [19], favorable overall survival in low grade (grade 1 versus grade 2-3;
p-value) and low stage (FIGO I/II versus III/IV; p-value 0.0008) OCP with TRAIL
[17]. Association between high TRAIL expression and favorable survival (p-value
0.14). Tenfold higher mean TRAIL expression than normal ovarian epithelial sam-
ples (p-value 0.001) with high TRAIL expression prolonged survival 2.2-fold (p-value
0.03). TRAIL expression was 2.3-fold higher in cancers from women who lived more
than 5 years than in cancers from women who died in less than1 year (p-value 0.03),
and in advanced stage cases (III/IV), relative TRAIL expression was 2.2-fold higher
in cancers from women who lived more than 5 years than in cancers from women who
lived less than 1 year (1.6 versus 0.9, p-value 0.18) [20]. In addition, no significant asso-
ciation was found between the TRAIL-3 expression level in primary ovarian cancer
and cumulative progression-free survival or overall survival [18].

All five included studies examined the association between patient survival and the
presence of death or TRAIL receptors using Kaplan-Meier curves and log-rank tests.
They found a significant difference in patient survival (p-value of log-rank test<0.05)
when DRS, DR4 and Flip, DcR1 and DRS, Flip and DRS, DcR2 and Cyc, TRAIL
and DRS5, Flip and DcR2 were detected in patients [17, 19, 21]. When TRAIL was
detected, the survival rate of patients was significantly increased [19, 20].

DR4, DRS, and TRAIL incidence in patients with ovarian cancer

Two studies [17, 19] with 427 confirmed DR4 and DRS5 receptors were combined
in this meta-analysis. Consistent with the presence of the death receptor in OCP, the
analysis revealed an incidence of DR4 in OCP of 73% (95% CI: 62% to 81%; p-value
0.04), DR5 in OCP of 85% (95% CI: 67% to 94%; p-value 0.01), and TRAIL in OCP
of 44% (95% CI: 8% to 88%; p-value 0.01), as shown in Figure 2.
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Study Events Total Proportion 95%—Cl Weight
Horak et al., 2005 55 68 —il— 0.81 [0.70; 0.89] e
Duiker et al., 2010 245 359 R 2 0.68 [0.63; 0.73] P
—
Horak et al., 2005 49 68 —— 0.72 [0.60; 0.82] s
Duiker et al., 2010 330 359 : | 0.92 [0.89; 0.95] s
e
Horak et al., 2005 54 68 —F}— 0.79 [0.68; 0.88] sk
Duiker et al., 2010 49 359 % 0.14 [0.10; 0.18] —

Random effects model 1281 — 0.70 [0.44; 0.87] 100.0%
Heterogeneity: /* = 99%, % =1.7491, p <0.01
Test for subgroup differences: x% =3.07, df = 202=0.22% 0.6 08

Figure 2. Forest plot of the incidence of death receptors in ovarian cancer. CI, confidence interval;

heterogeneity (I?); heterogeneity’s p-value (p).

DiscussioN

The most effective therapeutic agents for newly diagnosed ovarian cancer are platinum
analogs (cither cisplatin or carboplatin) to which taxane (paclitaxel or docetaxel) is
added. Recurrence of cancer after initial platinum-based chemotherapy is very com-
mon in women with advanced cancer, but the problem with treating cancer in these
women is the possible development of platinum resistance [3].

Current therapeutic strategies for the treatment of cancer patients aim to overcome
two essential features of cancer, namely excessive proliferation and resistance to apop-
tosis. Apoptosis is an essential process in several basic physiological processes and is
controlled by numerous intracellular and extracellular signals [22].

Endogenous biochemical signaling pathways, which include apoptotic and non-apop-
totic signaling pathways, are activated in cancer cells by TRAIL. Alterations in these
signaling pathways are major hallmarks of ovarian cancer [23]. TRAIL binds to sev-
eral receptors, including TRAIL-R1 (DR4), TRAIL-R2 (DRS), TRAIL-R3 (DcR1),
TRAIL-R4 (DcR2), and OPG (Figure 3). When TRAIL interacts with DR4 and

DRS5 receptors containing a conserved death domain motif (DD), formation of the
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death-inducing signaling complex (DISC) occurs with recruitment of Fas-associated
protein with death domain (FADD). FADD recruits pro-caspase-8 or -10 via its death
effector domain (DED), and the activated caspases-8 or -10 then cleave effector cas-
pases-3, -6, and -7 and directly stimulate the activation of a protease cascade via the
extrinsic pathway of apoptosis, ultimately leading to cell death [24, 25].

< -, Membrane
- Plasmatic

repeat

Transmembrane

Glycosyl-phosphoinositol Death Death
domain .

anchor domain receptor

Figure 3. TRAIL-R system. TRAIL Cytokine interacts with death receptors expressed on the plasma
membrane (TNFRSF10A/DR4, TNFRSF10B/DRS, TMFRSF10C/DcR1, TNFRSF10D/DcR2).
Death receptors DR4 and DRS5 contain the cytoplasmic death domain (DD) involved in triggering
the apoptotic cascade, and decoy receptors DcR1 and DcR2 inhibit TRAIL-mediated apoptosis.

The caspase cascade can also be activated by the intrinsic pathway of apoptosis, through
the formation of a complex called the apoptosome. The apoptosome is formed in the
cytosol when cytochrome c is released from mitochondria in response to a cell death
stimulus and binds the monomer of apoptotic protease activation factor 1 (APAF-1),
promoting the formation of a heptameric APAF-1 complex accompanied by synchro-
nized recruitment of procaspase-9. Activation of apoptosis-initiating caspase-9 also
promotes activation of effector caspases [26].

Members of the Bcl-2 family such as Bid, Bax and Bak provide a link between intrinsic
and extrinsic apoptosis pathways and control the life or death decision of a cell. Smac/
DIABLO, a proapoptogenic mitochondrial protein, is also released into the cytosol
when the TRAIL-caspase-8-tBid-Bax cascade is required to reverse the inhibitory
effect of X-linked inhibitor of apoptosis (XIAP). XIAP consists of three BIR domains,
BIR1, BIR2 and BIR3, with Smac/ DIABLO interacting with the BIR2 and BIR3

domains and allowing the release of caspase-3 and caspase-9, respectively [27, 28].
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In humans, the gene encoding TRAIL is located on chromosome 3q26 and is directly
regulated by the p53 protein. However, the tumor suppressor gene p53 is often inacti-
vated in ovarian cancer cells that develop resistance to TRAIL. Resistance to TRAIL
can be caused by several mechanisms. For example, inactivation of Bax in mismatch
repair (MMR)-deficient tumors may cause resistance to TRAIL because Bax is
required for the release of Smac/ DIABLO and consequently exerts an antagonistic
effect on the IAP protein family. Increased expression of caspase inhibitors such as
XIAP or overexpression of Bcl-2 are mechanisms that mediate resistance to TRAIL-
induced apoptosis [27, 29].

TRAIL death receptors can induce pro-inflammatory, invasion- and metastasis-pro-
moting non-apoptotic signaling pathways under certain conditions [25], as shown
in Figure 4. Indeed, anti-apoptotic signaling pathways such as NF-kB, MAPKs, p38
and other signaling pathways such as ERK1/2, PI3K/AKT and JAK-STAT repair
TRAIL-induced apoptosis [27]. These survival signaling cascades have also been asso-
ciated with resistance to TRAIL therapy in most primary cancer cells [30]. Akt acti-
vation upregulates the level of the c- FLIP protein, which has sequence homology to
caspase-8 and -10 but lacks protease activity. Recruitment of FLIP to DISC instead of
caspase-8 or -10 results in its inhibition, leading to resistance of TRAIL in ovarian can-
cer. Silencing of BID suggests that BID is important for TRAIL-induced cell death,
and as Akt expression increases, BID transcription is downregulated. Activation of the
ERK -signaling pathway leads to upregulation of the anti-apoptotic Mcl-1 protein and
thus also contributes to TRAIL-resistance [31, 32].

Nowadays it has been described that TRAIL-R2 can act as a negative regulator of p53.
TRAIL-R2 facilitates the degradation of p53 and regulates the stability of p53 protein
by interacting with promyelocytic leukemia (PML) protein, which has elucidated an
oncogenic role of TRAIL-R2 in tumorigenesis [33].

The tumor microenvironment (TME) plays an important role in modulating TRAIL
signaling through cellular compounds (e.g., neutrophils, macrophages, NK cells, cyto-
toxic T cells, and stromal cells), hypoxia, increased acidity, mechanical stress, glucose
availability, and changes in the extracellular matrix (ECM). All factors have a direct
effect on tumor cell apoptosis induced by TRAIL [34, 35].

Dynamin-1, a protein involved in clathrin-mediated endocytosis (CME), regulates the
endocytosis of TRAIL-DR in several cancer cells, attenuating apoptotic signals and
increasing cell survival [36].
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e

Figure 4. Mechanisms that may play a role in TRAIL-R resistance. 1) Autophagy and endocytosis
might be involved in the regulation of TRAIL death receptors DR4 and DRS [37]. 2) The TRAIL-
receptors may be subject to regulation by the UPS (ubiquitin-proteasome system). The E3 ligase
¢c-Cbl has been shown to directly regulate ubiquitination of TRAIL-R after receptor activation.
Stimulation with the ligand TRAIL-induced ¢-Cbl-mediated mono-ubiquitination of TRAIL-R1
and TRAIL-R2, resulting in the degradation of the internalized receptors by the proteasome [38].
3) TRAIL-R2 may be associated with the process of miRNA maturation when it interacts with
the central microprocessor complex Drosha/DGCRS. Through this interaction, TRAIL-R2 inhi-
bits the maturation of miRNA let-7 and consequently increases the levels of let-7 targets Lin28B
and HMGAZ2. In this mechanism, inhibition of let-7 maturation by TRAIL-R2 promotes tumor
cell malignancy by upregulating the Lin28B and HMGAZ2 genes, which increases cell proliferation
[39]. 4) TRAIL-R3 effectively acts as a “decoy” receptor when expressed at much higher concen-
trations or has significantly higher affinity than the two “lethal” receptors (TRAIL-R4 and -R2).
In this mechanism, the higher concentration in ovarian cancer could be due to the increased proli-
feration and apoptosis resistance inherent in this tumor type due to the competitive binding of the
ligand at the cell surface [18].

Recently, it was also reported that TRAIL can induce necroptosis, a programmed form

of necrosis or inflammatory cell death, by recruiting RIPK1 and RIPK3. When RIPK1
is activated, it recruits and phosphorylates RIPK3, which phosphorylates a mixed lin-
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cage kinase domain like pseudokinase (MLKL), resulting in the formation of pores in

the cell membrane [23, 29, 35]

As an example of treatments based on TRAIL-resistance, several reports have shown
that treatment with proteasome inhibitors can upregulate the expression of TRAIL-
R receptors on the cell surface, leading to increased sensitivity to TRAIL-induced
apoptosis. The clinically used proteasome inhibitor bortezomib (Velcade, Millen-
nium Pharmaceuticals, Inc., Cambridge, MA, and Johnson & Johnson Pharmaceutical
Research & Development, L.L.C., Raritan, NJ) has been shown to increase sensitivity
to TRAIL by upregulating TRAIL-R2 expression in NSLCC cells [40]. Inhibition of
the proteasome triggers TRAIL-R2-dependent apoptosis in cells unable to activate the
mitochondrial apoptosis pathway. In response to proteasome inhibition, TRAIL-R2
eventually accumulates in cytosolic complexes containing FADD and RIPK1, which
serve to activate caspase-8 [41]. The importance of extrinsic apoptosis triggered by
caspase-8 activation has been demonstrated in various scenarios, and RIPK1 is a key
component of caspase-8 activating complexes (ripoptosomes) [41].

Similar to other human cancers, ovarian cancer is thought to arise from an accumu-
lation of mutations in genes that regulate cellular proliferation and apoptosis [20].
Characteristic of all cancers is the deregulation of the apoptotic machinery, in which
the extrinsic apoptotic pathway is activated by the binding of death receptors from the
tumor necrosis factor (TNF) family to their corresponding cell surface receptors [19].
The authors also showed that the majority of ovarian carcinomas in their study of 382
patients expressed at least one death receptor as well as caspase 8 and its anti-apoptotic
homologc- FLIP. TRAIL expression was associated with lower tumor grade and better
progression-free survival when all tumors were analyzed. These results suggest that loss
of expression of TRAIL confers a survival advantage to tumor cells, possibly because
they evade apoptosis induction by para- or autocrine-released TRAIL.

A study using real-time quantitative PCR in 120 epithelial ovarian cancer (11 stages I/
I1, 109 stages I1I/IV) and 8 normal ovarian surface epithelial samples found that high
expression of the tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)
gene was associated with prolonged survival in advanced ovarian cancer [20]. TRAIL
has attracted particular interest because of its apparent tumor cell-specific apoptosis-
inducing ability.

Bertsch and coworkers found intracellular localization of the receptors, suggesting that
the intracellular TRAIL-R1/DR4 and TRAIL-R2/DRS5 may provide a growth advan-
tage or other benefits to tumor cells [39]. Correlation of expression status with clini-
cal parameters revealed the predominant prognostic significance of high expression of
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death receptors, with TRAIL-R2 and occasionally TRAIL-R1 in particular identified
as negative prognostic markers. The evaluation of their value as prognostic markers for
cancer mainly took into account the overall expression of TRAIL-receptors in the tis-
sue and occasionally their presence at the cell surface [39].

Immunohistochemical analyzes of a tissue sample from 235 serous tumors of varying
grade and stage to determine if there is differential protein expression for these can-
didates and Trail’s 4 death cell receptors: Dr4, Dr5, DcR1 and DcR2 [21]. This study
showed that TRAIL (Tnfsf10, Apo2L) was overexpressed in LMP tumors (low malig-
nant potential) compared to all invasive tumors and was underexpressed in grade 3
tumors TOV (borderline and invasive) compared to grade 1 and 2 tumors TOV and
overexpressed in early stages. It was observed that high expression of Dr5 was associated
with poorer patient prognosis either when TOV tumors of all grades were included or
when only the subset of grade 3 tumors TOV were included, compared to advanced
stages when all tumors were included in the analysis [21]. Ouellet and coworkers also
observed that high expression of Dr5 was associated with poorer patient prognosis
either when TOV tumors of all grades or when only the subset of grade 3 tumors were

included TOV [21].

The patient cohort studied by Horak and coworkers included 68 women with epithe-
lial ovarian cancer. TRAIL was expressed by epithelial ovarian cancer cells in 40.4%
at different levels. In stromal cells, TRAIL was stained in 43.9% [17]. In both cases,
the staining was cytoplasmic. They found statistically significant higher expression of
DRS5, but not DR4, in the epithelium of ovarian cancer cells, which also had increased

expression of TRAIL (p = 0.041).

However, there was also statistically significant expression of DR4 and DRS in ovarian
cancer cells (p = 0.021). They also investigated the influence of TRAIL and its recep-

tors on the survival of ovarian cancer patients [17].

In a univariate regression analysis, neither epithelial DR4 and DRS5 expression nor the
levels of TRAIL or FLIPL in the epithelium and/or stroma of ovarian cancer were sta-
tistically significant predictors of survival benefit in our study population, but TRAIL
showed a survival benefit at the mRNA level in advanced ovarian cancer [17]. They
observed a loss of DR4 and/or DRS expression in a corresponding number of cases, a
factor that may contribute to tumor cell tolerance to TRAIL. This loss of DR4 and/or
DRS5 was significantly more frequent in tumors that did not overexpress FLIPL, sug-
gesting two independent mechanisms of resistance in the TRAIL-induced apoptotic
pathway in ovarian cancer. These data demonstrate that in addition to downregulation

of DR4/DRS3, the sensitivity of TRAIL can also be significantly altered by overexpres-
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sion of FLIPL, and that increased stromal TRAIL expression confers a survival advan-
tage for patients with advanced-stage ovarian cancer [17].

The resulting heterogeneity of ovarian cancer and the factors underlying clinical
response make it difficult to define prognostic and predictive factors for individualized

treatment. The absence of TRAIL-R2/R1 could be a marker for TRAIL resistance.

This meta-analysis has some limitations. The heterogeneity of our meta-analysis was
high because of the small number of studies. Nevertheless, these results are consistent
with the Kaplan-Meier results, in which the presence of these same death receptors
(DR4 and DRS5) were the only variables significantly associated with patient survival
[17, 19]. Finally, it should be emphasized that the correlation found in the meta-
analysis does not imply a causal relationship and that there is always the possibility of
residual confounding in the included studies.

CONCLUSION

Our findings unveil that the presence of DR4, DR5 and TRAIL was predominantly
identified in OCP using immunohistochemical analysis and qRT-PCR. Furthermore,
we emphasize the crucial role played by elevated levels of DR4 and DRS5 expression in
OCP, predicting a survival advantage. Notably, in cases where TRAIL was detected,
the survival rate of patients was significantly increased. The outcomes of meta-analytic
investigations also validate the prevalence of DR4, DRS, and TRAIL in OCP, as well
as the correlation between patient survival and the presence of death or TRAIL recep-
tors. This underscores the importance of these signaling pathways as pivotal markers in
the context of ovarian cancer. Finally, this study accentuates the necessity for ongoing
research aimed at harnessing the potential of TRAIL in modulating cellular responses
for enhanced health outcomes.
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SUPPLEMENTARY FILE: DETAILS OF THE SEARCH STRATEGY

Search in PubMed Central - PMC:

((((Receptors, TNF Related Apoptosis Inducing Ligand) OR (Tumor Necrosis Factor
Receptor Superfamily, Member 10) OR (TRAIL Receptors) OR (Receptors, TRAIL)
OR (Receptors, Tumor Necrosis Factor, Member 10) OR (TNF-Related Apoptosis-
Inducing Ligand Receptors) OR (TNF Related Apoptosis Inducing Ligand Recep-
tors) OR (Receptors, Tumor Necrosis Factor, Member 10d) OR (Decoy Receptor
2, Tumor Necrosis Factor) OR (Receptor, TRAIL-4) OR (Receptor, TRAIL 4) OR
(TRAIL-4 Receptor) OR (DCR2 Receptor) OR (Receptor, DCR2) OR (TRAIL
Receptor 4) OR (Receptor 4, TRAIL) OR (Receptors, Tumor Necrosis Factor,
Member 10a) OR (Tumor Necrosis Factor Receptor Superfamily, Member 10a) OR
(APO2 Receptor) OR (Receptor, APO2) OR (Receptor, TRAIL-1) OR (Receptor,
TRAIL 1) OR (TRAIL-1 Receptor) OR (TRAIL Receptor 1) OR (DR4 Receptor)
OR (Receptor, DR4) OR (Death Receptor-4) OR (Death Receptor 4) OR (Recep-
tor-4, Death[Title/Abstract])) OR (Receptors, Tumor Necrosis Factor, Member 10b)
OR (TRAIL Receptor 2) OR (Receptor, TRAIL-2) OR (Receptor, TRAIL 2) OR
(TRAIL-2 Receptor) OR (DRS5 Receptor) OR (Receptor, DR5) OR (Tumor Necro-
sis Factor Receptor Superfamily, Member 10b) OR (TNEF-Related Apoptosis-Induc-
ing Ligand Receptor 2) OR (TNF Related Apoptosis Inducing Ligand Receptor 2)
OR (Death Receptor-5) OR (Death Receptor 5) OR (trail) OR (TNFRSF10) OR
(TNFRSF10C) OR (TRAILR3)) AND ((cancer[ Title/Abstract] OR cancers| Title/
Abstract] OR necoplasm[Title/Abstract] OR neoplasms)[Title/Abstract])) AND
(ovary[Title/Abstract] OR ovarian[ Title/Abstract])) AND (survive[ Title/ Abstract]
OR mortality[ Title/ Abstract] OR survivorship[ Title/Abstract] OR (disease free sur-
vival) [ Title/Abstract] OR (overall survival)[ Title/ Abstract]).

Search in SCOPUS (Elsevier):

TITLE-ABS-KEY ( ( receptors, AND tnf AND related AND apoptosis AND induc-
ing AND ligand ) OR ( tumor AND necrosis AND factor AND receptor AND
superfamily, AND member 10 ) OR ( trail AND receptors ) OR ( receptors, AND
trail ) OR ( receptors, AND tumor AND necrosis AND factor, AND member 10 )
OR ( tnf-related AND apoptosis-inducing AND ligand AND receptors ) OR ( tnf
AND related AND apoptosis AND inducing AND ligand AND receptors ) OR
( receptors, AND tumor AND necrosis AND factor, AND member AND 10d )
OR ( decoy AND receptor AND 2, AND tumor AND necrosis AND factor ) OR
( receptor, AND trail-4 ) OR ( receptor, AND trail 4 ) OR ( trail-4 AND receptor )
OR (dcr2 AND receptor ) OR ( receptor, AND dcr2 ) OR ( trail AND receptor 4 )
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OR (receptor AND 4, AND trail ) OR ( receptors, AND tumor AND necrosis AND
factor, AND member AND 10a ) OR ( tumor AND necrosis AND factor AND
receptor AND superfamily, AND member AND 10a ) OR (apo2 AND receptor ) OR
( receptor, AND apo2 ) OR ( receptor, AND trail-1 ) OR (' receptor, AND trail 1) OR
(trail-1 AND receptor ) OR ( trail AND receptor 1 ) OR ( dr4 AND receptor ) OR
(receptor, AND dr4 ) OR ( death AND receptor-4 ) OR ( death AND receptor 4 ) OR
( receptor-4, AND death ) OR ( receptors, AND tumor AND necrosis AND factor,
AND member AND 10b ) OR ( trail AND receptor 2 ) OR ( receptor, AND trail-2
) OR ( receptor, AND trail 2 ) OR ( trail-2 AND receptor ) OR ( dr5 AND receptor
) OR ( receptor, AND dr5 ) OR ( tumor AND necrosis AND factor AND recep-
tor AND superfamily, AND member AND 10b ) OR ( tnf-related AND apoptosis-
inducing AND ligand AND receptor 2 ) OR ( tnf AND related AND apoptosis AND
inducing AND ligand AND receptor 2 ) OR ( death AND receptor-5 ) OR ( death
AND receptor 5 ) OR (trail ) OR ( tnfrsf10 ) OR ( tnfrsf10c ) OR ( trailr3 ) ) AND
TITLE-ABS-KEY ( cancer OR cancers OR neoplasm OR neoplasms ) AND TITLE-
ABS-KEY ( ovary OR ovarian ) AND TITLE-ABS-KEY (survive OR mortality OR
survivorship OR ( disease AND free AND survival ) OR (overall AND survival ))

Search in Web of Science:

(((TT=(trail OR TNFRSF10 OR Death Receptor)) OR AB=(trail OR TNFRSF10
OR Death Receptor)) AND (TI=(cancer OR cancers OR neoplasm OR neoplasms)
OR AB=( cancer OR cancers OR neoplasm OR neoplasms)) AND (TI=(ovary OR
ovarian) OR AB=(ovary OR ovarian)) AND ((TI=(survive OR mortality OR survi-
vorship)) OR AB=(survive OR mortality OR survivorship)))

Search in Cochrane Library:

#1 - ((receptors, AND tnf AND related AND apoptosis AND inducing AND ligand
) OR ( tumor AND necrosis AND factor AND receptor AND superfamily, AND
member 10 ) OR ( trail AND receptors ) OR ( receptors, AND trail ) OR ( recep-
tors, AND tumor AND necrosis AND factor, AND member 10 ) OR ( tnf-related
AND apoptosis-inducing AND ligand AND receptors ) OR ( tnf AND related AND
apoptosis AND inducing AND ligand AND receptors ) OR ( receptors, AND tumor
AND necrosis AND factor, AND member AND 10d ) OR ( decoy AND receptor
AND 2, AND tumor AND necrosis AND factor ) OR ( receptor, AND trail-4 ) OR
( receptor, AND trail 4 ) OR ( trail-4 AND receptor ) OR ( dcr2 AND receptor ) OR
( receptor, AND dcr2 ) OR ( trail AND receptor 4 ) OR ( receptor AND 4, AND
trail ) OR ( receptors, AND tumor AND necrosis AND factor, AND member AND
10a ) OR ( tumor AND necrosis AND factor AND receptor AND superfamily, AND
member AND 10a ) OR ( apo2 AND receptor ) OR ( receptor, AND apo2 ) OR

1160



TRAIL receptors as prognostic markers and survival predictors in ovarian cancer

( receptor, AND trail-1 ) OR ( receptor, AND trail 1 ) OR ( trail-1 AND receptor )
OR ( trail AND receptor 1) OR ( dr4 AND receptor ) OR ( receptor, AND dr4
) OR ( death AND receptor-4 ) OR ( death AND receptor 4 ) OR ( receptor-4,
AND death ) OR ( receptors, AND tumor AND necrosis AND factor, AND mem-
ber AND 10b ) OR ( trail AND receptor 2 ) OR ( receptor, AND trail-2 ) OR (
receptor, AND trail 2 ) OR ( trail-2 AND receptor ) OR ( dr5 AND receptor ) OR
(receptor, AND dr5 ) OR ( tumor AND necrosis AND factor AND receptor AND
superfamily, AND member AND 10b ) OR ( tnf-related AND apoptosis-inducing
AND ligand AND receptor 2 ) OR (tnf AND related AND apoptosis AND induc-
ing AND ligand AND receptor 2 ) OR ( death AND receptor-5) OR ( death AND
receptor 5 ) OR (trail ) OR ( tnfrsf10 ) OR ( tnfrsf10c ) OR ( trailr3 ) )

#2 - ( cancer OR cancers OR neoplasm OR neoplasms )
#3 - (ovary OR ovarian )

#4 - ( survive OR mortality OR survivorship OR ( disease AND free AND survival )
OR (‘overall AND survival ) )

#5-#1 AND 2# AND 3# AND 4#

Search in Biblioteca Virtual emSatde - BVS (BIREME):

( ( (receptors, AND tnf AND related AND apoptosis AND inducing AND ligand )
OR ( tumor AND necrosis AND factor AND receptor AND superfamily, AND mem-
ber 10 ) OR ( trail AND receptors ) OR ( receptors, AND trail ) OR ( receptors, AND
tumor AND necrosis AND factor, AND member 10 ) OR ( tnf-related AND apoptosis-
inducing AND ligand AND receptors ) OR ( tnf AND related AND apoptosis AND
inducing AND ligand AND receptors ) OR ( receptors, AND tumor AND necrosis
AND factor, AND member AND 10d ) OR ( decoy AND receptor AND 2, AND
tumor AND necrosis AND factor ) OR ( receptor, AND trail-4 ) OR ( receptor, AND
trail 4 ) OR ( trail-4 AND receptor ) OR (der2 AND receptor ) OR ( receptor, AND
dcr2 ) OR ( trail AND receptor 4 ) OR ( receptor AND 4, AND trail ) OR ( recep-
tors, AND tumor AND necrosis AND factor, AND member AND 10a) OR ( tumor
AND necrosis AND factor AND receptor AND superfamily, AND member AND
10a ) OR (‘apo2 AND receptor ) OR ( receptor, AND apo2 ) OR ( receptor, AND
trail-1 ) OR ( receptor, AND trail 1 ) OR ( trail-1 AND receptor ) OR ( trail AND
receptor 1 ) OR (dr4 AND receptor ) OR ( receptor, AND dr4 ) OR ( death AND
receptor-4 ) OR (. death AND receptor 4 ) OR (receptor-4, AND death ) OR ( recep-
tors, AND tumor AND necrosis AND factor, AND member AND 10b ) OR ( trail
AND receptor 2 ) OR ( receptor, AND trail-2 ) OR ( receptor, AND trail 2 ) OR
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( trail-2 AND receptor ) OR ( dr5 AND receptor ) OR ( receptor, AND dr5 ) OR
(tumor AND necrosis AND factor AND receptor AND superfamily, AND member
AND 10b ) OR ( tnf-related AND apoptosis-inducing AND ligand AND receptor 2)
OR (tnf AND related AND apoptosis AND inducing AND ligand AND receptor 2)
OR (death AND receptor-5 ) OR ( death AND receptor 5 ) OR ( trail ) OR ( tnfrsf10
) OR ( tnfrsf10c ) OR ( trailr3 ) ) AND ( cancer OR cancers OR neoplasm OR neo-
plasms ) AND ( ovary OR ovarian ) AND ( survive OR mortality OR survivorship
OR (disease AND free AND survival ) OR ( overall AND survival ) ) )
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