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Background: Personalized cancer treatments can be applied to the clinical use of recombinant human tumor
necrosis factor-related apoptosis-inducing ligand (rhTRAIL). rhTRAIL holds great promise because of its selectivity
for cancer cells. However, rhTRAIL clinical trials were conducted without the screening of patients' tumors for
rhTRAIL-binding death receptor (DR)4 and DR5, and the unselected treatment resulted in a lack of clinical benefit.
Herewe propose an in vitro test to analyze tumor cells isolated frompatients for themembrane expression of DRs
to determine patient suitability for rhTRAIL treatment.
Methods: Using a panel of malignant melanoma cell lines, the correlation between DR membrane expression
and rhTRAIL sensitivity was evaluated. Themembrane expression of DR4 andDR5was examined through staining
with anti-DR4 and -DR5 antibodies followed by fluorescence-activated cell sorting. rhTRAIL sensitivity was deter-
mined through Annexin-V and propidium iodide staining and Western blotting after rhTRAIL treatment.
Results: Here we show a direct correlation between the membrane expression of DRs and rhTRAIL sensitivity.
rhTRAIL-sensitive melanoma lines, on average, had nearly 4-fold more DR4 and >2-fold more DR5 than rhTRAIL-
resistant lines. For a cancer cell to display rhTRAIL sensitivity, the optimum expression of DRs is essential. To
overcome the apoptotic threshold, cancer cells must express DRs >2-fold higher compared with their benign
counterpart.
Conclusion: These data show the potential of this flow cytometry-based assay for the analysis of isolated tumor
cells for DR membrane expression. By first determining a patient's susceptibility to rhTRAIL-based treatments,
they can bemore appropriately placed in rhTRAIL clinical trials and improve rhTRAIL as an anticancer therapeutic.

IMPACT STATEMENT
Recombinant human tumor necrosis factor-related apoptosis-inducing ligand (rhTRAIL) holds great prom-

ise as an anticancer therapeutic because of its selectivity for cancer cells. Therefore, patients can experience

potent anticancer activity with minimal side effects. However, clinical trials with rhTRAIL failed because of lack

of clinical efficiency. However, these trials were conducted without prescreening patients. We believe that if

tumor cells isolated from patients with cancer are first screened for the membrane expression of death

receptors, patients can be more appropriately entered into rhTRAIL clinical trials, resulting in the successful

application of rhTRAIL for the treatment of cancer.
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The molecular characterization of tumors al-
lows for the application of appropriate antican-
cer treatments tailored to a particular patient.
Personalized cancer treatments are critical for
customizing therapies to individuals, resulting
in increased effectiveness while minimizing neg-
ative side effects (1). Individualized cancer plans
can be applied to the clinical utilization of recom-
binant human tumor necrosis factor-related
apoptosis-inducing ligand (rhTRAIL)5 as an antican-
cer therapeutic. Thedevelopmentof a test to identify
patients who would benefit from rhTRAIL-based
treatments is key to thesuccessful clinical application
of rhTRAIL.
rhTRAIL is the optimized form of the cytokine

TRAIL consisting of only the biologically active C-
domain (2). TRAIL is expressed by a number of
immune effector cells, such asmonocytes and nat-
ural killer cells, and it is essential in regulating
homeostasis through induction of apoptosis of
aberrant cells (3). The application of rhTRAIL as an
anticancer therapy shows great promise because
of its ability to selectively induce apoptosis in a
broad range of tumor types while showingminimal
toxicity to normal nontransformed cells. Themecha-
nismof cancer cell-specific rhTRAIL-induced apopto-
sis is through the binding of 2 proapoptotic death
receptors (DRs), DR4 and DR5, that are more abun-
dantly expressedoncancer cells comparedwithnor-
mal healthy cells (4–6). Binding of rhTRAIL to DR4
and/or DR5 initiates the extrinsic pathway of ap-
optosis characterized by an intracellular caspase
cascade involving the proteolytic cleavage of
proenzymes into their activated form. At the end
of the cascade, executioner caspases are acti-
vated and these carry out the hallmark events
of apoptosis, including DNA fragmentation, cell

shrinkage, and cytoplasmic budding into apo-
ptotic bodies (7, 8).
The application of rhTRAIL as an anticancer ther-

apeutic has been a rocky “trail”. Preclinical studies
were successful, showing the potent proapoptotic
activity of rhTRAIL to a wide variety of human can-
cers both solid and hematological in vitro and in
vivo (9). The human pharmacokinetics and tolera-
bility of rhTRAIL were evaluated in phase Ia trials
and the safety of rhTRAIL with no toxicity to normal
healthy cells and a half-life of approximately 1 h
(10, 11) was established. However, when rhTRAIL
entered phase Ib/II trials, alone and in combination
with established cancer therapeutics, the antitu-
morigenic effects of rhTRAIL were low. Only a small
cohort of patients responded to rhTRAIL therapy,
whereas the majority of patients were resistant
and experienced disease progression. Because of
the low efficacy and short half-life, the clinical use
of rhTRAIL has been discontinued (12).
rhTRAIL resistance can be attributed to a

multitude of different sources, but expression of
rhTRAIL-binding receptors DR4 and DR5 is a major
regulatory point for rhTRAIL sensitivity. Located at
the most apical part of the rhTRAIL-induced apo-
ptotic pathway, multiple reports claim that rhTRAIL
resistance is associated with the decreased ex-
pression of DRs on the cancer cell membrane (6,
13, 14). Consequently, the membrane expression
of DR4 and DR5 may be potential markers for pre-
dicting a patient's sensitivity to rhTRAIL and there-
fore identify which patients would benefit from
rhTRAIL therapy. We propose the development of
an in vitro test to analyze isolated tumor cells for
their membrane expression of DR4 and DR5 to
determine a patient's suitability for rhTRAIL treat-
ment. Here we test the value of measuring the
membrane expression of DR4 and DR5 by flow

The information in this paper was presented, in part, in Abstract A-21 at the 2016 AACC Annual Meeting in Philadelphia, PA.
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5Nonstandard abbreviations: rhTRAIL, recombinant human tumor necrosis factor-related apoptosis-inducing ligand; DR, death receptor;
FASC, fluorescence-activated cell sorter; PI, propidium iodide; SDS, sodium dodecyl sulfate.
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cytometry on a panel of malignant melanoma
cell lines as a prospective marker for rhTRAIL
sensitivity.

METHODS

Drugs and chemicals

rhTRAIL was produced according towell-defined
and previously detailed protocols (15–17).

Cell culture

Cells were incubated in a 90% humidified
atmosphere with 5% CO2 at 37 °C. Human adult
primary epidermal melanocytes (ATCC PCS-200–
013) were maintained in dermal cell basal medium
supplemented with an adult melanocyte growth kit
(ATCC PCS-200-042) and 1% antibiotic/antimycotic
solution. The malignant melanoma cell lines A375
(ATCC CRL-1619), WM9, and WM164 were main-
tained in DMEM, and MeWo (ATCC HTB-65) was
maintained in RPMI, both supplemented with 10%
fetal bovine serum and 1% antibiotic/antimycotic
solution.WM9 andWM164were a gift fromDr. Dan-
iel J. Lindner from the Cleveland Clinic Foundation.
Malignant melanoma lines are derived from patient
tumors. A375 was derived from an epithelial skin bi-
opsy. MeWo, WM9, and WM164 are metastatic ma-
lignant melanomas isolated from patients' lymph
nodes.

Death receptor membrane expression

Untreated and rhTRAIL-treated cells were col-
lected with enzyme-free PBS-based cell dissocia-
tion buffer (Gibco Life Technologies) and stained
with mouse antihuman DR4 or DR5 antibodies
conjugated to phycoerythrin (eBioscience). Briefly,
0.25 × 106 cells were incubated in 100 μL of stain-
ing buffer (2% fetal bovine serum and 0.02% so-
diumazide in PBS) and 5μL of anti-DR4 or anti-DR5
antibodies for 1 h on ice in the dark. As a negative
control to account for nonspecific antibody bind-
ing, all 4melanoma lineswere stained withmouse

IgG1κ, the same antibody isotype as DR4 and
DR5, under the same conditions. After incuba-
tion, cells were washed twice with staining buffer
and resuspended in 500 μL of staining buffer
and analyzed using a BD fluorescence-activated
cell sorter (FACS) Canto II using Diva software
(BD Bioscience).

Apoptosis assay

Cells were trypsinized, harvested, washed twice
with cold PBS, and resuspended in 100 μL of
Annexin-V binding buffer at a concentration of 1 ×
103 cells/μL. According to the manufacturer's pro-
tocol, cells were incubated with 5 μL of fluorescein
isothiocyanate–Annexin-V and propidium iodide
(PI) for 15 min at room temperature in the dark
(fluorescein isothiocyanate–Annexin-V Kit Apopto-
sis Detection Kit I; BD Pharminogen). Stained cells
were analyzed with a BD FACS Canto II using Diva
software. Single-color controls (Annexin-V or PI
only) were used to set up compensation and quad-
rants for FACS.

Western blot analysis

Total cell lysates were prepared using RIPA lysis
buffer (Sigma) containing 150 mmol/L sodium
chloride, 1.0% Triton X-100, 0.5% sodium deoxy-
cholate, 0.1% sodium dodecyl sulfate (SDS), and
50 mmol/L Tris, pH 8.0, plus a 1× mixture of pro-
tease inhibitors (Protease Inhibitor Cocktail Set I;
Calbiochem). Cells were lysed for 30 min at 4 °C
followed by centrifugation for 10 min at 10000
rpm at 4 °C. Protein concentrations were deter-
mined using bicinchoninic acid protein assay
(Pierce). A 35-μg protein aliquot wasmixed with 4×
Laemmli's SDS sample buffer (0.02% bromphenol
blue, 8% β-mercaptoethanol, 8% SDS, 40% glyc-
erol, and 250 mmol/L Tris-HCl, pH 6.8). Cell lysates
were heated for 5 min at 100 °C, resolved by
12% SDS–polyacrylamide gel electrophoresis, and
transferred to polyvinylidene fluoride membrane.
Themembranewas blockedwith 5%nonfatmilk or

ARTICLES Death Receptors Predict rhTRAIL Sensitivity

178 JALM | 176–185 | 02:02 | September 2017

...............................................................................................................

D
ow

nloaded from
 https://academ

ic.oup.com
/jalm

/article/2/2/176/5587532 by guest on 22 M
ay 2023



5% BSA for ≥1 h and incubated with primary anti-
bodies for poly-(ADP) ribose polymerase or
caspase 8 (Cell Signaling). After incubation, the
membrane was incubated with secondary antirab-
bit ormouse horseradish peroxidase-conjugated
antibodies (Bio-Rad). Proteins were visualized
through development by enhanced chemilumines-
cence (ECL 2Western Blotting Substrate, Pierce) and
exposure on x-ray film. The blots were reprobed for
β-actin to confirm equal protein loading.

Statistical analysis

Student t-test was used to determined signifi-
cance. P values <0.05 were deemed significant.

RESULTS

Melanoma death receptor expression

The membrane expression of DR4 and DR5
was examined on a panel of malignant mela-
noma lines, namely, A375, MeWo, WM9, and
WM164, through staining with saturating amounts
of antihuman DR4 and DR5 conjugated to phy-
coerythrin followed by FACS analysis. Comparing
the membrane expression of DRs for each line, 2
of the lines, A375 and WM9, on average, had
nearly 4-fold more membrane expression of
DR4 and >2-fold more DR5 compared with mel-
anoma lines MeWo and WM164 (P < 0.001) (Fig.
1, A and B). Previously, we have shown that me-
lanocytes, the nontransformed counterpart of
melanomas, also express both DR4 and DR5 but
do not undergo apoptosis when challenged with
rhTRAIL even at concentrations as high as 1
μg/mL (6). We normalized our melanoma DR
membrane expression to the expression of the
rhTRAIL-resistant noncancerous melanocytes
(Fig. 1C). A375 and WM9 lines expressed DR4 on
the membrane >2-fold more than melanocytes
(P < 0.05), whereas MeWo expressed DR4 at the
same level (P > 0.05) and WM164 expressed DR4
at only half the amount (P < 0.05). For DR5, A375

and WM9 lines had >2-fold higher membrane
expression (P < 0.05), whereas MeWo had
slightly more DR5 and WM164 had slightly less
than the melanocytes (P < 0.05).

Melanoma rhTRAIL sensitivity

To test rhTRAIL sensitivity, malignant melanoma
lines were treated with and without 100 ng/mL of
rhTRAIL for 72 h. Before treatment, control exper-
iments were performed to determine the optimal
conditions for rhTRAIL treatment (data not shown).
We tested rhTRAIL concentrations of 5–1000
ng/mL for 24, 48, and 72 h. The treatment of 100
ng/mL for 72 h was selected to best distinguish
between rhTRAIL-sensitive and rhTRAIL-resistant
melanomas. Posttreatment cells were analyzed
for induction of apoptosis through fluorescein
isothiocyanate–Annexin-V and PI staining followed
by FACS analysis (Fig. 2, A and B). Two of the 4 lines,
A375 and WM9, underwent apoptosis in response
to rhTRAIL treatment, whereas the other 2, MeWo
and WM164, did not. In response to rhTRAIL
treatment, A375 formed 29.2 (2.0)% apoptotic
cells (P < 0.001) and WM9 formed 36.9 (0.5)%
apoptotic cells (P < 0.001); however, MeWo and
WM164 did not form significant apoptotic cells
compared with the control (P > 0.05). To confirm
the event of rhTRAIL-induced apoptosis, West-
ern blotting was used with antibodies to various
components of the apoptotic cascade. rhTRAIL
significantly induced apoptosis in A375 and
WM9, noted by the fragmentation of the DNA
repair enzyme poly-(ADP) ribose polymerase,
but this did not occur in rhTRAIL-resistant mela-
nomas MeWo and WM164 (Fig. 2C). Treatment
with rhTRAIL effectively initiated the extrinsic
pathway of apoptosis in rhTRAIL-sensitive lines
A375 and WM9, as indicated by the cleavage of
procaspase 8 to caspase 8, which was not pres-
ent in rhTRAIL-resistant lines MeWo and WM164
after rhTRAIL treatment (Fig. 2C).
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DISCUSSION

rhTRAIL holds great promise as an anticancer
therapeutic. However, there remain challenges
for selecting patients who will benefit from
rhTRAIL-based treatments, as the use of rhTRAIL
is advantageous only to patients with rhTRAIL-
sensitive tumors. It is instrumental to develop a
sensitive and rapid test to identify patients who are
well-suited for rhTRAIL-based therapy. Here we
propose a flow cytometry-based companion diag-
nostic assay to measure the membrane expres-
sion of DRs on tumors cells isolated from cancer
patients. By first determining DR membrane

expression, rhTRAIL can bemore appropriately ap-
plied to patients with tumors predisposed to the
effects of rhTRAIL. rhTRAIL clinical trials held with
patients prescreened for DR expression will allow
for the more successful clinical application of
rhTRAIL. Using a malignant melanoma model, the
potential utilization of DR4 and DR5 asmarkers for
rhTRAIL sensitivity was tested.
Heterogeneity in rhTRAIL sensitivity was seen in

the panel of 4malignantmelanoma lines analyzed.
In response to rhTRAIL treatment, 2 of the 4 lines
were sensitive to rhTRAIL-induced apoptosis and 2
were resistant. In rhTRAIL-sensitive lines, A375 and
WM9, the hallmark events of apoptosis, generation

Fig. 1. Death receptor membrane expression.
Membrane expression of rhTRAIL-binding receptors DR4 and DR5 on malignant melanomas. Membrane expression of DR4
(A). Mean fluorescent intensity (MFI) ± SE (n = 9). Membrane expression of DR5 (B). MFI ± SE (n = 9). Melanoma DR expression
normalized to noncancerous melanocytes (C).
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of apoptotic cells (Annexin-V+ cells) (18) and the
fragmentation of the DNA repair enzyme poly-
(ADP) ribose polymerase (19), occurred. However,
these events did not transpire in rhTRAIL-resistant
lines MeWo and WM164 in response to rhTRAIL
treatment. Themechanismof rhTRAIL-induced ap-
optosis is mediated through the activation of the
extrinsic pathway of apoptosis. The extrinsic apo-
ptotic pathway is initiated by the binding of rhTRAIL
to DR4 and/or DR5 followed by the subsequent
activation of initiator caspase, caspase 8, from its
proform procaspase 8. Caspase 8 can then cleave
and activate downstream executioner caspases,
which ultimately carry out the events of apoptosis
(7, 20). Here we show that rhTRAIL can efficiently
activate the extrinsic pathway of apoptosis in
rhTRAIL-sensitive melanoma lines but not in
rhTRAIL-resistant lines. This is evidenced by the
formation of caspase 8 in rhTRAIL-sensitive lines
A375 and WM9 but not in rhTRAIL-resistant lines
MeWo and WM164 in response to rhTRAIL treat-

ment. The use of malignant melanomas for the
analysis of potential markers for rhTRAIL-based
treatments is pertinent because of the varying sen-
sitivity among malignant melanomas to rhTRAIL
(21, 22). This variability represents the broad range
of rhTRAIL sensitivities seen in the patient popula-
tion (23). Through tumor profiling, patients can be
matchedwith treatments that aremore likely to be
effective with fewer side effects. This therapeutic
matching highlights the need to develop an in vitro
clinical test to select patients who will benefit from
rhTRAIL treatment.
Decades of research have uncovered numerous

mechanisms that cancer cells use to evade
rhTRAIL-induced apoptosis. One mechanism of
rhTRAIL resistance is mediated by the upregula-
tion of antiapoptotic proteins termed inhibitors of
apoptosis proteins, particularly cFLIP, XIAP, cIAP,
and survivin, which inhibit caspase activity and
prevent cell death (24–26). Likewise, the equilib-
rium between proapoptotic and antiapoptotic

Fig. 2. rhTRAIL sensitivity.
Percent apoptotic cells ± SE (A). Average of 3 independent assays (n = 9). Representative histogram (B). Lower left quadrant:
viable cells (Annexin−/PI−); lower right quadrant: early apoptotic cells (Annexin+/PI−); upper right quadrant: late apoptotic cells
(Annexin+/PI+). Melanoma lines ± rhTRAIL subjected to Western blot analysis and probed with anti-poly-(ADP) ribose poly-
merase or anti-caspase 8 (C). β-actin was used as a loading control for each membrane. Representative β-actin is depicted.
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members of the Bcl-2 family plays an important
role in regulating rhTRAIL sensitivity. Overexpres-
sion of antiapoptotic proteins Bcl-2 and Bcl-xL cor-
relates highly with rhTRAIL resistance, whereas
downregulation of proapoptotic Bcl-2 proteins Bax
and Bak renders cells resistant to rhTRAIL (27–29).
Lastly, the optimum expression of proapoptotic
rhTRAIL receptors is indispensable in promoting
apoptosis. rhTRAIL binds to 5 receptors—2 pro-
apoptotic and 3 antiapoptotic. Proapoptotic re-
ceptors DR4 and DR5 contain cytoplasmic death
domains through which rhTRAIL can initiate apo-
ptosis. Antiapoptotic receptors, namely, decoy re-
ceptor 1, decoy receptor 2, and osteoprotegerin,
act as antagonistic receptors. These receptors lack
an intracellular death domain and cannot transmit
an apoptotic signal upon rhTRAIL binding (30).
Finding a predictive marker for rhTRAIL sensitiv-

ity is challenging because of the extreme complex-
ity of rhTRAIL resistance. However, the membrane
expression of DRs holds the most promise. Be-
cause DRs are at the most apical part of the
rhTRAIL-induced apoptotic pathway, without ade-
quate levels of membrane-bound DRs, there can
be no induction of apoptosis regardless of other
antiapoptotic factors. Originally, the differential ex-
pression of proapoptotic vs antiapoptotic recep-
tors was considered to be the cause for the
difference in rhTRAIL sensitivity. However, studies
have shown that the distribution between proapo-
ptotic and antiapoptotic receptors does not corre-
late with sensitivity (9). Several studies have shown
that downregulation of proapoptotic receptors
DR4 and DR5 on the membrane of cancer cells is
instrumental in conveying rhTRAIL resistance (21,
31, 32). Data show that lack of DR membrane ex-
pression correlates with rhTRAIL resistance re-
gardless of alterations in the levels of inhibitors of
apoptosis proteins or antiapoptotic Bcl-2 proteins.
In addition, although mRNA for DR4 and DR5 is
present in the vast majority of cancer cells, be-
cause of posttranslational modifications and intra-
cellular trafficking, total receptor expression does

not reflect the functional membrane expression of
DR4 and DR5 (13, 33). Therefore, the best reflec-
tion of rhTRAIL sensitivity is the amount of DRs on
the cancer cell membrane. In addition, the marker
for rhTRAIL sensitivity needs to be applicable to a
rapid and high-throughput clinical test. For mea-
suring DR4 and DR5, there are already sensitive
and specific fluorescent antibodies commer-
cially available. Finally, the utilization of a flow
cytometry-based technique allows for the rapid
interrogation of isolated tumor cells with little
sample preparation that can be easily integrated
into clinical testing.
Preliminary results show a direct correlation be-

tween DR expression and sensitivity to rhTRAIL-
induced apoptosis. rhTRAIL-resistant lines MeWo
and WM164 had significantly less DR4 and DR5
expressed on their membrane compared with the
rhTRAIL-sensitive lines, A375 and WM9. On aver-
age, the rhTRAIL-sensitive melanoma lines had
nearly 4-fold more DR4 membrane expression.
For DR5, on average, the rhTRAIL-sensitive mela-
noma lines had >2-fold more membrane expres-
sion than rhTRAIL-resistant lines.
Here we provide preliminary data for the associ-

ation between DR membrane expression and
rhTRAIL sensitivity. rhTRAIL-sensitive cancers have
significantly higher membrane expression of both
DR4 and DR5 than rhTRAIL-resistant cancers.
However, even resistant cancers still express some
levels of DR4 and DR5, although they do not un-
dergo apoptosis in response to rhTRAIL treatment.
We have shown that melanocytes, the nontrans-
formed counterpart of melanomas, are resistant
to rhTRAIL-induced apoptosis, although they do
express DR4 and DR5 on their cell membrane.
However, normal melanocytes have a much lower
membrane expression of both DR4 and DR5 com-
pared with rhTRAIL-sensitive melanoma cells (6).
For a cell to undergo rhTRAIL-induced apoptosis, a
threshold for apoptosis activation must be sur-
passed. For a cell to activate the process of apo-
ptosis, a certain amount of caspase 8 must be
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activated through the binding of DR4 and/or DR5
by rhTRAIL (34). Conclusively, cancer cells must ex-
press an optimumamount of DRs on the cell mem-
brane to overcome the apoptotic threshold and
render them sensitive to rhTRAIL. Our data sug-
gest that a 2-fold increase in DR expression com-
paredwith normal cells is enough to render cancer
cells sensitive to rhTRAIL-induced apoptosis. More
research is needed to confirm the threshold be-
tween DRmembrane expression and rhTRAIL sen-
sitivity. Using both established cancer cell lines and
patient samples, a clinical reference range of DR
expression must be set to determine a patient's
suitability for rhTRAIL treatment and for successful
utilization of this companion diagnostic test.
Using a flow cytometry-based technique and

cancer cell lines that derive from patient tumors,
we show the value of measuring DR membrane
expression to predict rhTRAIL sensitivity on estab-
lished malignant melanoma cell lines. This tech-
nique can be easily translated into a clinical test to
characterize tumor cells isolated frompatients, ap-
plicable to both solid and hematological cancers.
The use of flow cytometry to analyze solid tumors
is relatively novel and includes samples from sur-
gical specimens, fine needle aspirations, or frozen
or paraffin-embedded tissues. Analysis of solid tis-
sue involves the disaggregation of the sample into
a single cell suspension. This can be accomplished
mechanically or with enzymes such as collagenase
or a combination of both (35–37). Flow cytometry
in the analysis and diagnosis of hematological can-
cers such as leukemia and lymphoma is well estab-
lished and is currently clinically used (38, 39). The

application of multiparameter flow cytometry al-
lows for the rapid and sensitive detection of abnor-
mal cells in a tumor sample or whole blood.
Abnormal cells are identified by the presence of
antigens, such as clusters of differentiation, that
differ significantly from their normal counterpart
(40). Therefore, DR4 and DR5 can be easily added
to the panel of markers used for diagnosing such
cancers. However, the clinical development of
measuring DRs to predict rhTRAIL sensitivity re-
quires the optimization of blood volume and tissue
collected to ensure an adequate number of cells
are obtained.
The preclinical and early clinical trials of rhTRAIL

showed promising results. rhTRAIL acted as a po-
tent proapoptotic molecule and could be systemi-
cally applied without any major adverse effects.
However, once rhTRAIL proceeded further into
clinical trials, alone and in combination with tradi-
tional therapies, the results were disappointing.
Clinical trials were performed without prescreen-
ing patients' tumors for DRmembrane expression,
and the unselected treatment of patients with
rhTRAIL resulted in a lack of clinical benefit. These
data provide the rationale to implement a flow
cytometry-based technique to profile tumor cells
isolated from patients for DR membrane expres-
sion to determine patient suitability for rhTRAIL
treatment. If patients can be screened for DR ex-
pression, they can be more appropriately selected
for rhTRAIL clinical trials and give rhTRAIL a fighting
chance to act as an effective anticancer therapy in
patients who are well-suited for it.

Author Contributions: All authors confirmed they have contributed to the intellectual content of this paper and havemet the following
4 requirements: (a) significant contributions to the conception and design, acquisition of data, or analysis and interpretation of data; (b)
drafting or revising the article for intellectual content; (c) final approval of the published article; and (d) agreement to be accountable for
all aspects of the article thus ensuring that questions related to the accuracy or integrity of any part of the article are appropriately
investigated and resolved.

Authors’ Disclosures or Potential Conflicts of Interest:Uponmanuscript submission, all authors completed the author disclosure
form. Employment or Leadership: None declared. Consultant or Advisory Role: None declared. Stock Ownership: None
declared.Honoraria: None declared. Research Funding: This work was supported by funds from a grant from the Parker
Hannifin Foundation. Expert Testimony: None declared. Patents: None declared.

Death Receptors Predict rhTRAIL Sensitivity ARTICLES

September 2017 | 02:02 | 176–185 | JALM 183

...............................................................................................................

D
ow

nloaded from
 https://academ

ic.oup.com
/jalm

/article/2/2/176/5587532 by guest on 22 M
ay 2023



REFERENCES
1. Qattan M, Demonacos C, Krstic-Demonacos M. Roadmap

to personalized medicine. Croat Med J 2012;53:294–7.
2. Wiley S, Schooley K, Smolak P, Din W, Huang C-P, Nicholl

J, et al. Identification and characterization of a new
member of the TNF family that induces apoptosis.
Immunity 1995;3:673–82.

3. Duiker EW, Mom CH, de Jong S, Willemse B, Gietema JA,
van der Zee AGJ, et al. The clinical trail of TRAIL. Eur J
Cancer 2006;42:2233–40.

4. Ashkenazi A, Pai R, Fong S, Leung S, Lawrence D,
Marsters S, et al. Safety and antitumor activity of
recombinant soluble Apo2 ligand. J Clin Invest 1999;104:
155–62.

5. Kelley SK, Harris LA, Xie D, Deforge L, Totpal K, Bussiere J,
et al. Preclinical studies to predict the disposition of
Apo2L/tumor necrosis factor-related apoptosis-inducing
ligand in humans: characterization of in vivo efficacy,
pharmacokinetics, and safety. J Pharmacol Exp Ther
2001;299:31–8.

6. Turner KA, Lindner DJ, Kalafatis M. Recombinant human
tumor necrosis factor-related apoptosis-inducing ligand
selectively induces apoptosis in malignant melanoma. Int
J Cancer Oncol 2017;4:1–8.

7. Hengartner MO. The biochemistry of apoptosis. Nature
2000;407:770–6.

8. Cruchten V, den Broeck V. Morphological and
biochemical aspects of apoptosis, oncosis and necrosis.
Anat Histol Embryol 2002;31:214–23.

9. Ashkenazi A, Holland P, Eckhardt G. Ligand-based
targeting of apoptosis in cancer: the potential of
recombinant human apoptosis ligand 2/tumor necrosis
factor-related apoptosis-inducing ligand
(rhApo2L/TRAIL). J Clin Oncol 2008;26:3621–30.

10. Herbst R, Eckhardt G, Kurzrock R, Ebbinghaus S, O'Dwyer
P, Gordon M, et al. Phase I dose-escalation study of
recombinant human Apo2L/TRAIL, a dual proapoptotic
receptor agonist, in patients with advanced cancer. J Clin
Oncol 2010;28:2839–46.

11. Ling J, Herbst RS. Apo2L/TRAIL pharmacokinetics in a
phase 1a trial in advanced cancer and lymphoma. J Clin
Oncol 2006;24:3047.

12. Lim B, Allen J, Prabhu V, Talekar M, Finnberg N, El-Deiry
W. Targeting TRAIL in the treatment of cancer: new
developments. Expert Opin Ther Targets 2015;19:1171–
85.

13. Twomey J, Kim S-R, Zhao L, Bozza W, Zhang B. Spatial
dynamics of TRAIL death receptors in cancer cells. Drug
Resist Updat 2015;19:13–21.

14. Van Roosmalen I, Quax W, Kruyt F. Two death-inducing
human TRAIL receptors to target in cancer: similar or
distinct regulation and function? Biochem Pharmacol
2014;91:447–56.

15. Luo Q, Shen YL, Wei DZ, Cao W. Optimization of culture
on the overproduction of TRAIL in high-cell-density

culture by recombinant Escherichia coli. Appl Microbiol
Biotechnol 2006;71:184–91.

16. Shen YL, Zhang Y, Sun AY, Xia XX, Wei DZ, Yang SL. High-
level production of soluble tumor necrosis factor-related
apoptosis-inducing ligand (Apo2L/TRAIL) in high-density
cultivation of recombinant Escherichia coli using a
combined feeding strategy. Biotechnol Lett
2004;26:981–4.

17. Wang D, Shi L. High-level expression, purification, and in
vitro refolding of soluble tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL). Appl Biochem
Biotechnol 2009;157:1–9.

18. van Engeland M, Nieland LJ, Ramaekers FC, Schutte B,
Reutelingsperger CP. Annexin V-affinity assay: a review
on an apoptosis detection system based on
phosphatidylserine exposure. Cytometry 1998;31:1–9.

19. Boulares H, Yakovlev A, Ivanova V, Stoica B, Wang G, Iyer
S, Smulson M. Role of poly(ADP-ribose) polymerase
(PARP) cleavage in apoptosis caspase 3-resistant PARP
mutant increases rates of apoptosis in transfected cells. J
Biol Chem 1999;274:22932–40.

20. Lemke J, von Karstedt S, Zinngrebe J, Walczak H. Getting
TRAIL back on track for cancer therapy. Cell Death Differ
2014;21:1350–64.

21. Zhang X, Franco A, Myers K, Gray C, Nguyen T, Hersey P.
Relation of TNF-related apoptosis-inducing ligand (TRAIL)
receptor and FLICE-inhibitory protein expression to
TRAIL-induced apoptosis of melanoma. Cancer Res
1999;59:2747–53.

22. Thomas WD, Hersey P. TNF-related apoptosis-inducing
ligand (TRAIL) induces apoptosis in Fas ligand-resistant
melanoma cells and mediates CD4 T cell killing of target
cells. J Immunol 1998;161:2195–200.

23. Falschlehner C, Ganten TM, Koschny R, Schaefer U,
Walczak H. TRAIL and other TRAIL receptor agonists as
novel cancer therapeutics. Adv Exp Med Biol 2009;647:
195–206.

24. Griffith TS, Chin WA, Jackson GC, Lynch DH, Kubin MZ.
Intracellular regulation of TRAIL-induced apoptosis in
human melanoma cells. J Immunol 1998;161:2833–40.

25. Kimberley F, Screaton G. Following a TRAIL: update on a
ligand and its five receptors. Cell Res 2004;14:359–72.

26. Chawla-Sarkar M, Bae SI, Reu FJ, Jacobs BS, Lindner DJ,
Borden EC. Downregulation of Bcl-2. FLIP or IAPs (XIAP
and survivin) by siRNAs sensitizes resistant melanoma
cells to Apo2L/TRAIL-induced apoptosis. Cell Death Differ
2004;11:915–23.

27. Sun SY, Yue P, Zhou JY, Wang Y, Kim HR, Lotan R, Wu GS.
Overexpression of Bcl2 blocks TNF-related apoptosis-
inducing ligand (TRAIL)-induced apoptosis in human lung
cancer cells. Biochem Bioph Res Co 2001;280:788–97.

28. Wu G. TRAIL as a target in anti-cancer therapy. Cancer
Lett 2009;285:1–5.

29. Zhang L, Fang B. Mechanisms of resistance to TRAIL-

ARTICLES Death Receptors Predict rhTRAIL Sensitivity

184 JALM | 176–185 | 02:02 | September 2017

...............................................................................................................

D
ow

nloaded from
 https://academ

ic.oup.com
/jalm

/article/2/2/176/5587532 by guest on 22 M
ay 2023



induced apoptosis in cancer. Cancer Gene Ther 2004;12:
228–37.

30. Limami Y, Pinon A, Riaz A, Simon A. TRAIL and targeting
cancer cells: between promises and obstacles. Cell Mol
Biol (Noisy-le-grand) 2015;61:33–8.

31. Ouyang W, Yang C, Zhang S, Liu Y, Yang B, Zhang J.
Absence of death receptor translocation into lipid rafts
in acquired TRAIL-resistant NSCLC cells. Int J Oncol 2013;
42:699–711.

32. MacFarlane M. TRAIL-induced signalling and apoptosis.
Toxicol Lett 2003;139:89–97.

33. Zhang Y, Zhang B. TRAIL resistance of breast cancer cells
is associated with constitutive endocytosis of death
receptors 4 and 5. Mol Cancer Res 2008;6:1861–71.

34. Roux J, Hafner M, Bandara S, Sims J, Hudson H, Chai D,
Sorger PK. Fractional killing arises from cell-to-cell
variability in overcoming a caspase activity threshold. Mol
Syst Biol 2015;11:803.

35. Chang Q, Hedley D. Emerging applications of flow

cytometry in solid tumor biology. Methods 2012;57:359–
67.

36. Donnenberg VS, Donnenberg AD. Flow cytometry
on disaggregated solid tissues. Stem Cells 2011;81:
1–3.

37. Nguyen T, Zhang XD, Hersey P. Relative resistance of
fresh isolates of melanoma to tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL)-induced
apoptosis. Clin Cancer Res 2001;7:966–73.

38. Orfao A, Schmitz G, Brando B, Ruiz-Arguelles A, Basso G,
Braylan R, et al. Clinically useful information provided
by the flow cytometric immunophenotyping of
hematological malignancies: current status and future
directions. Clin Chem 1999;45:1708–17.

39. Craig FE, Foon KA. Flow cytometric immunophenotyping
for hematologic neoplasms. Blood 2008;111:3941–67.

40. O'Donnell E, Ernst D, Hingorani R. Multiparameter flow
cytometry: advances in high resolution analysis. Immune
Netw 2013;13:43–54.

Death Receptors Predict rhTRAIL Sensitivity ARTICLES

September 2017 | 02:02 | 176–185 | JALM 185

...............................................................................................................

D
ow

nloaded from
 https://academ

ic.oup.com
/jalm

/article/2/2/176/5587532 by guest on 22 M
ay 2023


	The Case Back on the TRAIL: Death Receptors as Markers for rhTRAIL Sensitivity
	Methods
	Drugs and chemicals
	Cell culture
	Death receptor membrane expression
	Apoptosis assay
	Western blot analysis
	Statistical analysis

	Results
	Melanoma death receptor expression
	Melanoma rhTRAIL sensitivity

	Discussion
	References


