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colorectal cancer cells to TRAIL-induced cell death

Kelly Xue Jing Jong' - Elsa Haniffah Mejia Mohamed' - Saiful Effendi Syafruddin? - Farid Nazer Faruqu' -
Kumutha Malar Vellasamy? - Kamariah Ibrahim* - Zaridatul Aini Ibrahim’

Received: 20 June 2024 / Accepted: 27 August 2024
© The Author(s), under exclusive licence to Springer Nature B.V. 2024

Abstract

Background Tumour necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) is an apoptosis inducer that exhibits
an ideal therapeutic safety profile with less adverse effects than conventional chemotherapy. However, the occurrence of
TRAIL resistance has been reported in various cancers including colorectal cancer (CRC). Substantial efforts have been
channelled towards managing TRAIL resistance including identifying molecular targets. Interleukins (ILs) have been
recently shown to play critical roles in modulating TRAIL sensitivity in cancer cells.

Methods and Results This study investigated the roles of two ILs, IL-8 and ILa, in TRAIL resistance in CRC. TRAIL-resis-
tant HT-29 and TRAIL-sensitive HCT 116 cells, were treated with human recombinant IL-8 and IL-1a. The results indicated
that treatment with IL-8 (2.5 ng/mL) significantly protected TRAIL-sensitive HCT 116 cells from TRAIL-induced cell death
(p<0.05). However, IL-1a did not play a role in modulating CRC cells’ responses to TRAIL. Data from RT-qPCR and West-
ern blotting revealed the molecular regulations of IL-8 on TRAIL decoy receptor genes (OPG) and autophagy-related genes
(BECNI and LC3B) expression. The activation of the phosphoinositide 3-kinase (PI3K) pathway was shown to counteract
TRAIL-induced cell death. By inhibiting its activation with wortmannin, the protective role of IL-8 against TRAIL treatment
was reversed, suggesting the involvement of the PI3K pathway.

Conclusion Collectively, findings from this study identified the role of IL-8 and PI3K in modulating CRC cells’ sensitivity
to TRAIL. Further validation of these two potential molecular targets is warranted to overcome TRAIL resistance in CRC.
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Introduction

According to the latest report from the Global Cancer Obser-
vatory (GLOBOCAN) in 2022, colorectal cancer (CRC) has
become the second leading cause of mortality worldwide.
Over 1.9 million new cases of CRC are expected every year
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with a projected number of at least 904,000 deaths [1]. Early
detection of the disease has always been the priority for a
good five-year survival prognosis in CRC patients. How-
ever, despite the emergence of new screening and diagnostic
tools, 61% of cases were diagnosed at an advanced stage
with distant metastases. Surgical resection along with adju-
vant therapy remains the mainstay treatment for patients
with advanced CRC [2]. When tumour lesions become
metastatic, optimal treatment shifts from curative surgical
control to systemic treatment [3].

Chemotherapy has been around as the mainstay therapy
in managing metastatic CRC. However, the adverse effects

@ Springer


https://orcid.org/0000-0001-7829-2160
http://crossmark.crossref.org/dialog/?doi=10.1007/s11033-024-09895-7&domain=pdf&date_stamp=2024-9-11

978 Page 2 of 10

Molecular Biology Reports (2024) 51:978

of CRC chemotherapy systemic toxicity and low tumour-
specific selectivity have led to the development of targeted
therapies [4, 5]. Tumour necrosis factor (TNF)-related
apoptosis-inducing ligand (TRAIL), a potent inducer of
apoptosis, has been identified to play an important role in
immune surveillance and the elimination of cancer cells [6,
7]. Moreover, IL demonstrates a high specificity to cancer
cells [6, 8]. This superior safety profile prompts the devel-
opment of TRAIL-based therapies for cancer clinical appli-
cations. Promising results were obtained in both preclinical
studies and early-phase clinical trials [9], However, these
TRAIL-based therapies have yielded unsatisfactory out-
comes in the subsequent randomised clinical trials [10].
TRAIL resistance has become one of the significant chal-
lenges in TRAIL-based therapy among a vast proportion of
human cancers, including bladder, prostate, and colorectal
cancer [11-13]. Understanding the mechanisms underlying
TRALIL resistance in cancer is, therefore, crucial to over-
coming this hurdle and improving the outcomes of TRAIL-
based treatment.

Recently, the overexpression of interleukins has been
found to promote TRAIL resistance in breast and pancreatic
cancer [14, 15]. To date, in CRC, only interleukin (IL)-4 and
— 6 have been recognised to play crucial roles in drug resis-
tance [16—18]. Hence, IL-8 and IL-1 alpha (IL-1a) are the
subjects of interest in this study. These two interleukins are
vital immune system components and have been shown to
regulate CRC cells’ drug sensitivity [19, 20]. IL-8 was first
identified as a chemoattractant, responsible for neutrophil
infiltration in acute inflammation [19]. On the other hand,
IL-10, a member of damage-associated molecular patterns
(DAMPs), is involved in the initiation of inflammation and
restoration of cellular homeostasis [21]. Interestingly, apart
from their physiological roles, the elevated levels of IL-8
and IL-1a found in several cancers, especially CRC, under-
scoring their potential correlation with the pathogenesis of
this disease [22].

IL-8 activates several downstream signalling cascades,
including the pro-survival phosphoinositide 3-kinase
(PI3K) is crucial for cancer metastases, and drug resistance
[19, 23, 24]. In the study by Wilson et al., IL-8 attenu-
ated TRAIL-induced cell death in prostate cancer cells via
upregulating the expression of cellular FLICE (FADD-like
IL-1B-converting enzyme)-inhibitory protein (c-FLIP) [15].
However, the role of IL-8 in modulating CRC cells’ sensi-
tivity to TRAIL treatment is yet to be investigated. Apart
from investigating the anti-apoptotic protein expression,
how the TRAIL decoy receptors (DcR); DcR1, DcR2 and
osteoprotegerin (OPG) influence TRAIL sensitivity should
also be explored in CRC cells. This is because the three
decoy receptors are known to inhibit TRAIL-induced cell
death and studies have found that the decoy receptor levels
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are elevated in both serum and tumour samples of CRC
patients [25-29].

Similar to IL-8, the understanding of another IL family
member, IL-1a and its role in modulating TRAIL sensitiv-
ity in CRC is limited. Recently, a study by Pimentel et al.,
utilising breast cancer cells demonstrated that the down-
regulation of IL-1a via siRNA technique restored TRAIL
sensitivity, as indicated by the increase in colony formation
and cell growth [14]. In CRC cells, Cheng et al. showed that
stimulation with IL-1a significantly upregulates the expres-
sion of the TRAIL decoy receptor, OPG [20]. However, it
remains unclear whether the IL-1a-induced OPG overex-
pression influences CRC cells’ TRAIL sensitivity.

Thus, this study aimed to investigate the role of IL-8
and IL-1o in modulating CRC cell’s sensitivity to TRAIL
treatment. Apart from identifying the regulators of TRAIL
sensitivity, this study also focuses on elucidating potential
mechanisms that could modulate TRAIL sensitivity in CRC
cells. Therefore, this study hypothesises that these ILs mod-
ulate TRAIL sensitivity in CRC cells via the activation of
the PI3K pathway. The findings of this study showed that the
CRC cells’ responses to TRAIL treatment are dependent on
IL-8 and PI3K pathways while independent of IL-1a. Fur-
ther exploration of these two molecular targets is warranted
to better understand their roles and potentially enhance the
efficacy of TRAIL-based therapies in CRC.

Materials and methods
Cell culture

Human CRC cell lines HT-29 and HCT 116 were obtained
from the American Type Culture Collection (ATCC, USA).
The HT-29 and HCT 116 cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) medium (Corning, USA)
supplemented with glucose (4.5 g/L), l-glutamine (584 mg/
mL) and sodium pyruvate (110 mg/mL) containing 10%
foetal bovine serum (FBS), penicillin (100 U/mL) and strep-
tomycin (100 pg/mL) in Cells were incubated in a humidi-
fied incubator at 37 °C with 5% of CO2.

Cell treatment

The ICs, of TRAIL was determined to evaluate the TRAIL
sensitivity in both HT-29 and HCT 116 cells. Briefly, cells
were seeded in 96-well plates and treated with recombi-
nant human TRAIL (PeproTech, USA, 310-04) in a con-
centration-dependent manner (3.81-4000 ng/mL) for 24 h.
To investigate the role of IL-1a and IL-8 in modulating
the sensitivity towards TRAIL treatment in both HT-29
and HCT 116, cells were pre-treated with the recombinant
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human interleukin IL-1a (Sigma, USA, SRP6295) or IL-8
(Sigma, USA, 208-IL-010) before treating the cells with
TRAIL (44.2 ng/mL). To study the role of PI3K in modulat-
ing TRAIL sensitivity, cells were pre-incubated with IL-8
(2.5 ng/mL) in the presence of PI3K inhibitors (wortmannin
10 uM, Abcam, USA) or the vehicle control (0.04% etha-
nol, Fisher Scientific, USA) for 72 h followed by TRAIL
treatment.

3-(4, 5-dimethylthiazolyl-2)-2,
5-diphenyltetrazolium bromide (MTT) assay

MTT assay was utilised to determine the viability of the
cells. At the end of the cell treatment time point, the cell cul-
ture media was removed, and 100 pL of fresh media consist-
ing of 1 mg/mL of MTT powder was added into each well.
After 25-30 min of incubation time at 37 °C, the media was
withdrawn. A hundred pL of dimethyl sulfoxide (DMSO)
was added to each well, followed by gentle shaking until
purple formazan crystals were fully dissolved. The absor-
bance indicating viable cells was measured at 570 nm using
a multi-mode microplate reader (Spectramax).

RT-qPCR

Cells were treated with recombinant human IL-1a (100
ng/mL) and IL-8 (2.5 ng/mL) for 24 and 72 h. A two-step
RT-qPCR assay was utilised to assess the gene expressions
of TRAIL receptors (DR4, DRS, DcR1, DcR2 and OPG),
apoptosis gene (caspase 3, 8, 9, cFLIP and cytochrome c)
and autophagy-related genes (beclin-1, LC3B, p62 and
GABARAP). Total RNA extraction was performed using
Monarch® Total RNA MiniPrep Kit (New England Biolabs,
USA, T2010) according to the manufacturer’s guidelines.
A Nanodrop Spectrophotometer (Thermo Scientific) was
used to quantify and determine the purities of the extracted
RNA samples. RNA samples were then reversed transcribed
to complementary DNA (cDNA) using LunaScript RT
SuperMix Kit (New England Biolabs, USA, E3010) and
96-well PCR Thermal Cycler (Veriti®, Applied Biosystems)
according to the manufacturer’s instructions. The conditions
were as follows: 25 C for 2 min, 55 °C for 10 min and 95C
for 1 min. Following that, qPCR was performed with the
cDNA generated using Luna® Universal gPCR Master Mix
(New England Biolabs, USA, M3003) and Real-Time PCR
machine. The thermocycling conditions were as follows:
initial denaturation at 95 °C for 1 min, followed by each step
of denaturation at 95 C for 15 s and annealing extension at
55 C for 30 s, for 40 cycles. The glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) was chosen to be the inter-
nal reference gene for the conversion of CT value to relative

expression with the 2722t data analysis method. Details of
the primer sequences are listed in Supplementary Table 1.

Western blotting

Western blotting was used to investigate the phosphoryla-
tion of the PI3K pathway in HCT 116 cells. Briefly, upon
IL-8 exposure, the cells were lysed by adding 100 pL of
RIPA Lysis Buffer System (Santa Cruz Biotechnology Inc,
USA, sc-24948 A) in the presence of 1% phenylmethylsul-
phonyl fluoride (PMSF), 1% protease inhibitor cocktail and
1% sodium orthovanadate. Subsequently, cell lysates were
collected and centrifuged at 10,000 g with a refrigerated cen-
trifuge (TOMY, CAX 371) for 10 min to remove cell debris.
Protein concentration was quantified using the Nanodrop
Spectrophotometer (Thermo Scientific 2000). Sixty pug of
protein was denatured in SDS-PAGE sample loading buffer,
Laemmli 2x Concentrate (Sigma, USA, S3401) at 100 °C
for 10 min and loaded into 10% TGX FastCast Acrylamide
Gels (BioRad Laboratories, USA, 1610173). Proteins were
separated at 60 V for 30 min and 175 for 45 min (BioRad
Laboratories, USA, 1658033) in 1x SDS Running Buffer and
transferred to a 0.2 pm polyvinylidene difluoride (PVDF)
membrane at 115 V for 50 min in ice-cold 1x Transfer Buf-
fer. The membrane was blocked overnight at 4 °C in 5%
bovine serum albumin (BSA) (Capricorn Scientific, USA,
BSA-1 S) to prevent non-specific binding. Subsequently,
the membrane was incubated overnight at 4 °C with primary
antibodies; phosphorylated and total PI3K, AKT and protein
S6 diluted in 5% BSA. Details of antibodies and dilutions
are listed in Supplementary Table 2. Next, the membrane
was washed with 0.1% PBS/ Tween-20. The membrane
was incubated with HRP-conjugated secondary antibodies
(1:5000) at room temperature for 1.5 h. The bands of the
proteins were detected using enhanced chemiluminescence
(ECL) (BioRad Laboratories, USA) and visualised using
the FluoChemR Imaging System. To ensure equal loading
of protein samples, the membranes were re-probed with
housekeeping antibody (b-actin). Densitometric analysis of
protein bands was performed using Imagel software (ver-
sion 1.53).

Statistical analysis

Mean data were presented as absolute values+ standard
error mean (SEM). Statistical analysis was performed using
one-way with Dunnett’s post hoc test when comparing
stimulants to the control group. One/two-way ANOVA with
Bonferroni’s correction post-hoc test was used when there
were intragroup comparisons (i.e. stimulation in the pres-
ence/absence of inhibitors).
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Fig. 1 HT-29 and HCT 116 cells exhibit differential responses upon
TRAIL treatment. Cells were seeded in 96-well plates and treated with
TRAIL in a concentration-dependent manner for 24 h. The graph above
represents cell viability % against the log concentration of TRAIL
treatment (3.91-4000 ng/mL). MTT assay was utilised to determine
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Fig.2 The mRNA relative expression of TRAIL receptors in HCT 116
cells. Cells were treated with (a) IL-8 (2.5 ng/mL) for 72 h and (b)
IL-1o (100 ng/mL) for 24 h, followed by quantitative RT-qPCR to
determine the relative mRNA expression levels of the TRAIL death

Results
The IC50 of TRAIL in HT-29 and HCT 116 CRC cells

The HT-29 and HCT 116 CRC cells exhibited contrasting
responses to TRAIL treatment. To assess their sensitivity to
TRAIL, a cell viability assay using MTT was conducted.
The cells were treated with increasing TRAIL concentra-
tions (3.81-4000 ng/mL) to ascertain the half-maximal
inhibitory concentration (ICsy). This highest concentra-
tion was selected based on the findings by Toscano et al.
[30]. The viability of HT-29 cells was not affected by the
increasing concentration of TRAIL (Fig. la). In contrast,
the viability of HCT 116 cells decreased in a concentration-
dependent manner (Fig. 1b). The ICs, of TRAIL in HCT
116 cells was determined to be 44.2 ng/mL, while this could
not be determined in HT-29 as the cells were irresponsive to
TRAIL. To study the effect(s) of interleukins in modulating
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the cell viability in (a) HT-29 and (b) HCT 116 cells. The results were
presented as a percentage of cell viability relative to control. Each data
point represented the mean + SEM of three independent experiments,
the biological triplicates (n=3). ND = Not determined.
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(DR4 and DRS5) and decoy receptors (DcR1, DcR2 and OPG). Bars
represent mean data (= SEM). One-way ANOVA with Dunnett’s cor-
rection was used to determine statistical differences. A p-value <0.05
is considered statistically significant

TRAIL sensitivity, the TRAIL-sensitive HCT 116 cells were
utilised for the subsequent experiments.

The role of IL-8 and IL-1a. in modulating the
expression of TRAIL receptors

The potential role of these interleukins in regulating the
expression of TRAIL receptors was then investigated in the
TRAIL-sensitive cell line, HCT 116. The results indicated
that IL-8 significantly enhanced the expression of OPG
approximately 2.5-fold (Fig. 2a). In comparison, the expres-
sions of death receptors (DR4 and DRS) and the two other
decoy receptors (DcR1 and DcR2) remained unchanged
with IL-8. In a study conducted by Granci et al., the impor-
tance of the ratio of death receptors: decoy receptors was
reported. A higher risk of disease progression was found in
patients who concomitantly expressed low/medium levels
of DR4 and high levels of DcR1 [31]. In this study, when
the ratio of IL-8-induced OPG against both death receptors
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(OPG: DR4 and OPG: DR5) was assessed, there was an
increase of more than two-fold. These results suggest that
the presence of IL-8 may influence TRAIL sensitivity by
modulating the expression of TRAIL decoy receptor OPG.
In contrast, IL-1a did not affect the expression of TRAIL
death and decoy receptors (Fig. 2b).

The role of IL-8 and IL-10. in apoptosis induction

TRAIL-mediated cell death occurs via the induction of
apoptosis. To examine whether IL-8 and IL-1o influence
TRAIL sensitivity by regulating apoptosis, the expression
levels of apoptosis effectors (caspase-8, -3 and —9) and
inhibitors (cytochrome c¢ and cFLIP) were assessed upon
treatment with IL-8 and IL-1a. Both IL-8 and IL-1a treat-
ment did not result in the expression change of the apoptosis
effectors and inhibitor-related genes (Fig. 3a and b).

The role of IL-8 and IL-1a in autophagy activation

Autophagy and apoptosis are closely related mechanisms in
which their regulators’ crosstalk influences TRAIL sensitiv-
ity. Hence, the expression levels of autophagy-related genes
(beclin-1, LC3B, p62 and GABARAP) were investigated
in HCT 116. Stimulation with IL-8 resulted in significant
downregulation of BECN (Fig. 4a) and upregulation of the
LC3B (Fig. 4b). IL-1a did not regulate the mRNA expres-
sions of autophagy-related genes in HCT 116 cells. This
finding was validated by western blot analysis of the LC3B
and p62 protein (Fig. 4c).

The role of IL-8 and IL-10. in modulating HCT 116
cells’ TRAIL sensitivity

Cell viability assessment was conducted to elucidate the
functional consequences of IL-8 and IL-1a on TRAIL sen-

sitivity in HCT 116 cells. The cells were treated with TRAIL
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Fig.3 The mRNA expression of apoptosis regulators in HCT 116 cells.
HCT 116 cells were treated with (a) IL-8 (2.5 ng/mL) for 72 h and
(b) IL-1a (100 ng/mL) for 24 h, followed by quantitative RT-qPCR
to determine the relative mRNA expression of apoptosis effectors and

in the presence and absence of IL-8 (Fig. 5a) or IL-la
(Fig. 5b) pre-stimulation. Cell viability was unaffected
by IL-la pre-stimulation, whereas IL-8 pre-stimulation
resulted in an increased in cell viability. This suggests that
IL-8 but not IL-1a may have a direct role in modulating the
sensitivity of HCT 116 cells to TRAIL treatment.

The role of PI3K pathway activation in modulating
TRAIL sensitivity

In cancer, IL-8-induced phosphorylation of ribosomal pro-
tein S6, a downstream target of the PI3K pathway has been
implicated in the resistance to targeted therapies including
the TRAIL therapy [32]. Hence, Western blot analysis was
conducted to explore the effect of IL-8 on the phosphoryla-
tion of protein S6. Time course experiments showed that
exposure to IL-8 did not consistently induce phosphoryla-
tion of protein S6 (Supplementary Fig. 1). In addition, the
phosphorylation of upstream proteins in the PI3K pathway
(PI3K and AKT) was also examined. Despite the total pro-
teins were detectable and not regulated, their phosphory-
lated proteins were undetectable (Supplementary Fig. 2). To
confirm the role of PI3K, further investigation using phar-
macological inhibitors should be conducted in response to
TRAIL treatment. Wortmannin, an inhibitor of PI3K was
used to elucidate the role of PI3K in the functional conse-
quences of IL-8 on TRAIL sensitivity. Cells were pre-incu-
bated with IL-8 in the presence or absence of wortmannin.
Subsequently, cells were exposed to TRAIL treatment and
an MTT assay was conducted. Consistent with the previ-
ous findings, IL-8 significantly increased the cell viability
to TRAIL treatment reducing TRAIL sensitivity (Fig. 6). In
addition, the presence of wortmannin significantly reversed
the increase in cell viability induced by IL-8. Contradicting
with the previous western blot data, this MTT data sheds
light on the potential involvement of the PI3K pathway in
modulating TRAIL sensitivity in CRC.
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inhibitors. Bars represent mean data (= SEM). One-way ANOVA with
Dunnett’s correction was used to determine statistical differences. A
p-value <0.05 is considered statistically significant
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Fig. 4 The impact of IL-8 and IL-1a on autophagy-related genes and
proteins. HCT 116 cells were treated with (a) IL-8 (2.5 ng/mL) for
72 h and (b) IL-10 (100 ng/mL) for 24 h followed by quantitative
RT-qPCR to determine the relative mRNA expression of autophagy-
related genes. (¢) cells were treated with IL-1a (100 ng/mL) followed

Discussion

In this study, the response of CRC cells to TRAIL and the
role of IL-8 and IL-1a in modulating TRAIL sensitivity were
investigated. The results showed that HCT 116 cells were
susceptible to TRAIL-induced cell death, whereas HT-29
cells were resistant. Distinct regulatory roles of interleukins
were observed. IL-8 protected TRAIL-sensitive HCT 116
cells from TRAIL-induced cell death while IL-1a did not
have any modulatory effect. Additionally, IL-8 regulated

@ Springer

- et

6 8 10 12 16

el B

C.
2.0+
g 1.54
=
<
=
<
= 1.0+
&
o
o
2. 0.5+
0.0~
(Hours) ctrl 0 4 6 10 12 16 (Hours)

by Western blotting to determine the relative protein expression of
autophagy-related proteins. Bars represent mean data (= SEM). One-
way ANOVA with Dunnett’s correction was used to determine statisti-
cal differences. A p-value <0.05 is considered statistically significant

the gene expression of TRAIL decoy receptor (OPG) and
autophagy-related markers; beclin-1 and LC3B in HCT
116 cells, while IL-1a had no effect. The role of the PI3K
pathway in modulating TRAIL sensitivity was investigated
by using a pharmacological PI3K inhibitor, wortmannin. In
the presence of wortmannin, the protection offered by IL-8
from TRAIL-induced cell death was reversed suggesting
that IL-8 mediates its effect by a PI3K-dependent pathway.

The differences in cellular viability pattern between
the HT-29 and HCT 116 with a gradually increasing
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Fig. 5 The effect of IL-8 and IL-1a on the cell viability of HCT 116
cells. Cells were pre-treated with (a) IL-8 (2.5 ng/mL) for 72 h and (b)
IL-1a (100 ng/mL) for 24 h followed by TRAIL treatment for 24 h.
MTT assay was utilised to determine the cell viability. The results were

Fig. 6 The modulatory role of
IL-8 in CRC cells is potentially
dependent on the activation of the
PI3K pathway. Cells were treated
with TRAIL in the presence or
absence of [L-8 (2.5 ng/mL) and
PI3K inhibitor (wortmannin).
Vehicle control was to ensure
results observed were due to

the inhibition of PI3K and not
ethanol used for reconstitution.
The results were presented as a
percentage of cell viability rela-
tive to the untreated control. Bars
represent mean data (= SEM).
One-way ANOVA with Bonfer-
roni’s correction was used to
determine statistical differences.
A p-value <0.05 is considered
statistically significant. * =
p<0.05; **=p<0.01

TRAIL(44.2 ng/mL)
IL-8 (2.5 ng/mL)
Wortmannin (uM)
Vehicle control (Ethanol)

concentration of TRAIL demonstrate the distinctive sen-
sitivities against TRAIL treatment. Several studies have
also obtained similar results to the findings observed in this
study [33-35]. Recently, this distinctive responsiveness to
TRAIL was shown to be associated with the microsatellite
stability of these cells [33]. In the study by Fohlen et al.,
HCT 116 was categorised as a cell line with microsatellite
instability (MSI) whereas HT-29 was microsatellite stable
(MSS) [36]. In a clinical study involving CRC patients with
known MSI/MSS status, it was reported that patients with
MSI status have better prognosis when compared to patients
with MSS status [34]. However, in CRC cell lines (HCT
116 and HT-29) the association between the MSI status and
TRAIL sensitivity is yet to be established. Comprehensive
analysis of the gene expression profiles between MSI and
MSS CRC cell lines could provide further insights into the
mechanisms underlying differential response observed to
TRAIL therapy.

Relative cell viability%

presented as a percentage of cell viability relative to untreated control
and TRAIL alone treatment. Statistical analysis was performed using
one-way ANOVA with Dunnett’s correction+SEM (N at least 3). A
p-value <0.05 is considered statistically significant

120-
100

80

In addition, the mutation in the tumour suppressor gene
(TP53) is also one of the factors that can influence TRAIL-
induced cell death in CRC [30, 35]. Willms et al. Showed
that cells with wild-type (WT) p53 were reported to be more
sensitive to TRAIL treatment than p53-mutated cells [35].
Furthermore, p53 also regulates the expression of TRAIL
decoy receptors impacting TRAIL sensitivity [30]. A pre-
vious study documented the status of p53 as WT in HCT
116 cells while mutated in the HT-29 cells [36]. This current
study demonstrated that HCT 116 (WT p53) are susceptible
to TRAIL, while HT-29 (mutated p53) is resistant, support-
ing the notion that p53 status influences TRAIL sensitivity
between CRC cell lines. Detail investigations into the con-
trasting characteristics of these two CRC cell lines will help
identify potential predictive markers for selecting patients
who would benefit most from TRAIL-based therapy.

The significance of IL-8 in modulating TRAIL sensitiv-
ity via the PI3K pathway was demonstrated in this study.
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In the present study, the inhibition of PI3K with wortman-
nin sensitised the response of IL-8-treated HCT 116 cells
to TRAIL, indicating the importance of the PI3K pathway
in TRAIL resistance. This finding is in line with a previous
study where the PI3K pathway activation has been shown to
counteract TRAIL-induced apoptosis in pancreatic cancer
[15]. The role of PI3K in modulating drug sensitivity has
been implicated in various studies where the inhibition of
the PI3K pathway successfully re-sensitised cancer cells to
the anti-cancer therapy [24, 37]. This suggests that targeting
the PI3K pathway could be a viable strategy to overcome
drug resistance including TRAIL resistance and enhance the
effectiveness of anti-cancer treatment.

IL-8 modulated the expression of TRAIL decoy recep-
tors and autophagy markers such as beclin-1 and LC3B but
did not impact significantly apoptosis. This suggests that
IL-8 may enhance TRAIL resistance through regulations
of autophagy activation and decoy receptor overexpression,
shedding light on its mechanism of action. The interplay
between autophagy and TRAIL-induced apoptosis has been
documented in the tumorigenesis and progression of CRC
[38]. Autophagy activation in colon cancer cells offers pro-
tection against TRAIL-induced apoptosis [39]. Although it
is tempting to speculate that IL-8-mediated TRAIL-resis-
tance occurs via autophagy activation, however, in this cur-
rent study IL-8 only upregulates LC3 while downregulates
BECNI. As both LC3B and beclin-1 are important regula-
tors of autophagy and were hypothesised to be upregulated
by IL-8, further analysis on other markers of autophagy
using other techniques such as immunofluorescence with
live microscopy is required before confirming the mecha-
nism of IL-8.

IL-1a did not alter TRAIL-induced cell death in CRC
cells, consistent with its molecular analysis where expres-
sion of TRAIL receptor genes, autophagy-related genes and
apoptosis genes were not regulated. It is worth noting that
a previous study conducted by Cheng et al. documented
that IL-1a upregulated the protein expression TRAIL decoy
receptor OPG in HT-29 cells [20]. However, the association
between OPG and TRAIL sensitivity was not explored in
this study.

Conclusion

Findings from this study may unlock potential clues in com-
bating the development of TRAIL resistance in CRC. While
this study focuses on in vitro analysis, however, further vali-
dation in an in vivo model of CRC and clinical trials will
be important to translate these findings into effective treat-
ments for patients. An in vivo model of CRC would dem-
onstrate a more complex tumour interaction and network

@ Springer

involving IL-8, PI3K and TRAIL sensitivity. Additionally,
in the clinical context, several antibodies and drugs against
IL-8 have been developed and brought to clinical trials for
efficacy testing. AMY 109, a long-acting recycling anti-IL-8
antibody has demonstrated clinical potency by lowering
the level of IL-8 [40]. Phase I clinical trials of HuMax-1L8
also show its ability to make tumour cells less resistant to
treatment [41]. Alpelisib is a PI3K inhibitor that has been
approved by the Food and Drug Administration (FDA) for
the treatment of metastatic breast cancer [42]. However,
none of the drugs have been used to tackle TRAIL resis-
tance in CRC. Therefore, research on additional potential
targets implicated in IL-8-induced TRAIL resistance should
be highly promoted. This effort is crucial for maximizing
the effectiveness of TRAIL-based treatments in CRC.

The clinical significance of this study lies in its poten-
tial to improve treatment outcomes for patients with CRC
by elucidating the roles of IL-8 and the PI3K pathway in
mediating susceptibility to TRAIL-induced cell death. The
current research highlights novel targets for therapeutic
intervention. Understanding these molecular mechanisms
allows the development of strategies to enhance the effec-
tiveness of TRAIL-based therapies, and bring TRAIL to
the clinic. Furthermore, the study suggests that biomarkers
like IL-8 and components of the PI3K pathway could be
used to identify patients who are more likely to respond to
TRAIL therapy, leading to more personalized and effective
treatment plans. Ultimately, these insights could contribute
to reducing CRC mortality and enhancing quality of life
through individualising therapeutic approaches.
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