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Abstract

Colorectal cancer (CRC) is one of the most common malignant tumours worldwide.
Diarylheptanoids, secondary metabolites isolated from Zostera marina, are of interest
in natural products research due to their biological activities. Zosterabisphenone B
(ZBP B) has recently been shown to inhibit the viability of CRC cells. The aim of this
study was to investigate the therapeutic potential of ZBP B for targeting human CRC
cells. Cell viability was determined using the MTT assay. Flow cytometry and West-
ern blot analyses were used to assess apoptosis and autophagy. A CRC xenograft
model was used to evaluate the in vivo effect of ZBP B. No cytotoxic effect on HCEC
cells was observed in the in vitro experiments. ZBP B caused morphological changes
in HCT116 colon cancer cells due to an increase in early and late apoptotic cell popu-
lations. Mechanistically, ZBP B led to an increase in cleaved caspase-3, caspase-8,
caspase-9, PARP and BID proteins and a decrease in Bcl-2 and c-Myc proteins. In the
xenograft model of CRC, ZBP B led to a reduction in tumour growth. These results
indicate that ZBP B exerts a selective cytotoxic effect on CRC cells by affecting apo-
ptotic signalling pathways and reducing tumour growth in mice. Taken together, our
results suggest that ZBP B could be a lead compound for the synthesis and develop-
ment of CRC drugs.
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numerous and interesting new bioactive compounds against cancer
(Santaniello et al., 2022).

Several marine-derived drugs have been approved by the Food and
Drug Administration (FDA) and other global regulatory agencies for
the treatment of various cancers. There are about 240,000 known
marine species, including various types of organisms: Animalia, Bacte-

ria, Plantae, Protozoa, Archaea, Fungi and so forth, and they could offer

Nunzio Antonio Cacciola and Paola De Cicco contributed equally to this study.

Zostera marina L (Zosteraceae) is the most widespread temperate
seagrass and is widely distributed in the Northern Hemisphere. It is
one of the best-studied seagrass species in the world, both in terms of
the diversity of natural products and their bioactivity. Most of the nat-
ural compounds reported are phenolics, mainly flavonoids and
sulphated flavonoids (Zidorn, 2016). Other phenols described from
Z. marina are simple phenylpropanoids, caffeic acid, coumaric acid,
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ferulic acid, zosteric acid and rosmarinic acid (Sazvdal Dybsland
et al., 2021). For these compounds, several studies have investigated
the anticoagulant, anti-inflammatory, antiviral and anti-tumour activi-
ties (Sevimli-Gur & Yesil-Celiktas, 2019; Teles et al., 2018).

Recently, a new class of secondary metabolites from Z. marina
has also been described. This includes seven diarylheptanoids: one tri-
cyclic diarylheptanoid (isotedarene A), three tetracyclic diarylhepta-
noids, tedarene B, zosteraphenol A and B, and three unique
diarylheptanoid dimers, ZBPs A, B, and C (Grauso et al., 2020; Grauso
et al., 2022; Li et al., 2021). Diarylheptanoids consist of two phenolic
aromatic rings linked by a linear seven-carbon chain, and they are clas-
sified into linear, cyclic and dimeric diarylheptanoids or diarylhepta-
noids with special moieties.

Diarylheptanoids are mainly found in the roots, rhizomes and bark
of various genera of plants such as Alpinia, Zingiber, Curcuma and Alnus
species. In the last 20 years, they have become of interest in natural
products research due to their remarkable anticancer, antiemetic,
estrogenic, antimicrobial and antioxidant activities (Ganapathy
et al,, 2019). Ginger is one of the major producers of diarylheptanoids
in nature. Diarylheptanoids isolated from Zingiber officinale rhizomes
showed cytotoxic effects against five tumour cell lines (A549, HepG2,
Hela, MDA-MB-231 and HCT116) by affecting DNA damage signal-
ling pathway.

In a previous paper, it was reported that zosterabisphenones iso-
lated from Z. marina exerted a cytotoxic effect on a human colon car-
cinoma cell line (HCT116), with zosterabisphenone B (ZBP B) being
more effective and potent (Li et al., 2021). In this study, we thor-

oughly investigated the anti-tumour activity of ZBP B against the

(@)

OMe

—
O
-

ZBP B 10pM

HCT116 morphology

FIGURE 1
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human colon cancer cell line HCT116 and in vivo using a human colon
cancer xenograft model.

2 | MATERIALS AND METHODS

21 | Drugs

Zosterabisphenone B (ZBP B) (Figure 1a) is a dimeric diarylheptanoid
found in the seagrass Z. marina. The biological source, isolation, purifi-
cation and characterization of ZBP B have been reported in detail in a
previous paper (Li et al., 2021). The purity of the sample of ZBP B
used for the experiments was judged >98% by HPLC analysis as well
as by *H NMR spectroscopy (see Supplementary Material S1). MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] was
obtained from Sigma-Aldrich (Milan, Italy). All cell culture reagents
were purchased from Sigma-Aldrich (Milan, Italy), Bio-Rad Laborato-
ries (Milan, Italy) and Aurogene Srl (Rome, Italy). The vehicles used for
the in vitro (0.1% v/v ethanol) and in vivo (ethanol/Tween 20/saline
in a 5:1:4 ratio) experiments had no effect on the responses under

study.

22 | Celllines

The human colon adenocarcinoma cell line (HCT116) was purchased
from the American Type Culture Collection (ATCC from LGC Stan-
dards, Milan, Italy). The immortalised healthy human colonic epithelial
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(a) Chemical structure of zosterabisphenone B (ZBP B). (b) Effect of different concentrations of ZBP B (0.1-10 uM) in HCT116

and HCEC cells, expressed as a percentage of cell viability inhibition. ****P < 0.0001 as assessed by two-way ANOVA. Each value represents the
mean + SEM of 3 experiments including 5-6 replicates for each treatment. (c) Representative images of morphological changes in HCT116 and
HCEC cells. The cells were incubated in the absence (vehicle) or presence of 10 uM ZBP for 48 h (x100).
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cells (HCEC), derived from human colon biopsies, were kindly gifted
by Fondazione Callerio Onlus (Trieste, Italy). HCT116 cells (passage
15-25) were cultured in McCoy's 5A medium (catalog number
10-050-CV, Corning) while HCEC (passage 14-18) were cultured in
Dulbecco's modified Eagle's medium (DMEM) (Sigma-Aldrich, Milan,
Italy) both supplemented with 10% foetal bovine serum (FBS)
(Sigma-Aldrich, Milan, Italy) 100 U/mL penicillin, and 100 pg/mL
streptomycin (Euroclone). Cell lines were cultured at 37°C in a humidi-
fied incubator with 5% CO..

2.3 | Cell viability assay

The MTT assay was used to assess cell viability. Briefly, HCT116 cells
(5 x 10° cells/well) and HCEC cells (1 x 10* cells/well) were seeded
in 96-well culture plates for 24 h in medium containing 10% FBS.
Cells were then treated with or without ZBP B at concentrations of
0.1-10 puM for 48 h in medium containing 1% FBS. At the end of the
treatment period, a stock MTT solution (250 ug/mL) was added to
each well. After an incubation period of 1 h at 37°C, the intracellular
formazan crystals were dissolved with DMSO and the absorbance of
the solution was measured at 570 nm using a microplate reader
(Cytation 3, BioTek Instruments, Inc.). The morphological changes of
the cells were recorded with the ZOE™ Fluorescent Cell Imager
(Bio-Rad).

24 | Apoptosis assay

Apoptosis was assessed using the FITC Annexin V Apoptosis Detec-
tion Kit | (BD Biosciences, CA, USA) according to the manufacturer's
instructions. In brief, HCT116 seeded in 6-well plates at a density of
4 x 10° cells/well, were treated with ZBP B (3-10 uM) in medium
containing 1% FBS for 24 h. After the treatment period, cells were
detached by trypsinisation, washed with PBS and incubated in 200 pL
binding buffer 1x containing 5 pL Annexin V-FITC and 5 pL PI for
15 min. Viable cells, early apoptotic cells, late apoptotic cells and
necrotic cells were detected by flow cytometry analysis
(BD Accuri Cé).

2.5 | Protein extraction and Western blot analysis

Whole-cell extracts were prepared from HCT116 cells (1 x 10° cells)
treated or not with ZBP B (10 uM, 24 h). Briefly, cells were lysed in
RIPA buffer (20 mM Tris-Cl [pH 7.5], 1 mM Na,EDTA, 150 mM NaCl,
1% NP-40, 1% [v/v] sodium deoxycholate) supplemented with prote-
ase (Roche, Monza, Italy) and phosphatase inhibitors (Sigma-Aldrich,
Milan, Italy). Thirty-sixty micrograms of protein extract were sepa-
rated by sodium dodecyl sulphate-polyacrylamide gel electrophoresis
and then transferred to nitrocellulose membranes (Bio-Rad). Mem-
branes were incubated for 1 h at room temperature (RT) with blocking

buffer solution Tris-buffered saline (TBS) solution containing 25 mM

Tris (pH 7.4), 150 mM NaCl, and 5% non-fat dry milk (Bio-Rad) under
a gentle shaker. Blot membranes were cut using standard band posi-
tions and then incubated with the appropriate antibodies. Membranes
were then incubated overnight at 4°C with specific primary anti-
bodies: cleaved caspase-8 (#9496 Cell Signaling Technology Inc., USA,
1:1000), cleaved caspase-9 (#20750 Cell Signaling Technol-
ogy, 1:1000), cleaved caspase-3 (#9664 Cell Signaling Technology,
1:1000), cleaved PARP (#5625, Cell Signaling Technology, 1:1000),
c-Myc (#18583, Cell Signaling Technology, 1:1000), Bcl-2
(E-AB-22004, 1:1000), BID (#2002, Cell Signaling Technology,
1:1000),  anti-tubulin ~ (1:20,000, E-AB-20036, Elabscience
Biotechnology Inc.); anti-actin (1:20,000, sc-47778, Santa Cruz Bio-
technology Inc., USA). After 1 h incubation with HRP-conjugated sec-
ondary antibodies (anti-rabbit, #7074 or anti-mouse, #7076.) the
immunoreactive bands were detected on x-ray films using an
enhanced chemiluminescent kit and quantified by densitometry using
Image) software (National Institutes of Health, Bethesda,
Maryland, USA).

2.6 | Animals

Female BALB/c nude mice (age 6-8 weeks, 24-26 g) were purchased
from Charles River (Sant'Angelo Lodigiano, Italy). Mice were housed in
the conventional animal house of the Department of Molecular Medi-
cine and Biotechnologies of the University of Naples Federico Il
(Naples, Italy) and kept in cages equipped with additional environmen-
tal conditions. The mice were fed ad libitum with sterile mouse chow
and kept under pathogen-free conditions in IVC cages. All experimen-
tal procedures and protocols were performed in compliance with
European (EEC Directive 2010/63) and Italian (D.L. 4 March 2014
n. 26) legislation. All studies involving animals are reported in accor-
dance with the guidelines of ARRIVE. Every effort has been made to

minimise the number of animals used and their suffering.

2.7 | Xenograft model

The xenograft model of CRC was performed by subcutaneous injec-
tion of HCT116 cells (2.5 x 10°, 200-uL PBS) into the back of BALB/c
nude mice (Charles River, Sant'Angelo Lodigiano, ltaly). Once the
tumours reached a volume of about 200 mm?®, the mice were ran-
domly divided into a control and a treatment group. The control group
received a peritumoural injection of a vehicle solution (ethanol/
Tween20/saline in a ratio of 5:1:4), while the treatment groups
received a daily peritumoural injection of 20 mg/kg ZBP B for the
entire duration of the experiment. The peritumoural route of adminis-
tration was chosen because the therapeutic treatment of CRC con-
sists of the combination of immunotherapeutic and chemotherapeutic
drugs and peritumoural injection has proven to be the best route of
administration for combined immuno-chemotherapy to avoid systemic
side effects and to achieve a direct effect on the tumour cells (Ma

et al,, 2021; Wu et al.,, 2017). Tumour size was measured daily with a
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digital calliper and tumour volume was calculated using the modified
ellipsoid volume formula (volume = n1/6 x length x width?). Six days
after the start of treatment, the mice were humanely killed, the
tumours removed, measured (volume), weighted and stored at —80°C

for later analysis. All outcome assessments were performed in blind.

2.8 | Statistical analysis

Statistical analysis, conducted using GraphPad Prism 9.2.0, was per-
formed using Student's t-test for comparing a single treatment mean
with a control mean and one-way ANOVA or two-way ANOVA fol-
lowed by Dunnett's multiple comparisons test for the comparison of
multiple groups. Two-way ANOVA was used to compare different
concentration/day-effect curves. A p-value <0.05 was considered sta-
tistically significant. Data were expressed as mean + mean standard
error (SEM) of n experiments. The study was designed to form groups
of equal size, with randomisation and blinded analysis.

3 | RESULTS

3.1 | ZBP B cytotoxic effect is selective for colon
cancer cells

The cytotoxic effect of ZBP B against the colon human cancer cell line
HCT116, as well as its selectivity against another cancer cell line, was
previously investigated using the MTT assay (Li et al., 2021). Here, we
investigated the anti-tumour effect of ZBP B in detail and evaluated
its selectivity compared to healthy cells. Exposure of the human
healthy colonic epithelial cell line (HCEC) to various concentrations of
ZBP B (0.1-10 uM) for 48 h resulted in a significant decrease in cell
viability only at the highest concentrations tested [% cell viability
(mean + SEM): control, 100 + 0.68; ZBP B 0.1 uM, 101 + 1.33; ZBP B
0.3puM, 103+ 1.17; ZBP B 1uM, 102 +1.21; ZBP B 3 uM, 94.5
+0.90**; ZBP B 10 uM, 94 + 1.25***; **P < 0.01, ***P < 0.001; three
experiments including 5-6 replicates for each treatment]. Compared
to HCT116 cells, the cytotoxic effect of ZBP B was less effective and
potent (HCEC % of viability: 95% and 94% at 3 and 10 uM, respec-
tively) (Figure 1b). The selective cytotoxic effect of ZBP B on HCT116
compared to HCEC was also demonstrated by morphological analysis.
Indeed, treatment of HCEC and HCT116 cells with 10 uM ZBP B for
48 h resulted in morphological cellular changes indicative of cell death
and growth inhibition only in HCT116 cells; no morphological changes

were observed in HCEC (Figure 1c).

3.2 | ZBP B induces apoptosis in CRC cells

To gain insight into the function of ZBP B in triggering cell death, we
performed apoptosis studies. HCT116 cells treated with or without
ZBP B were stained with Annexin V-FITC/PI and analysed by flow
cytometry. Analysis of the results showed that apoptotic cells

accounted for 7.6% and 15.1% of cells in early apoptosis (lower right
quadrant) and for 18.9% and 43.5% of cells in late apoptosis (upper
right quadrant) following a 24 h treatment with 3 and 10 uM ZBP B,
respectively (Figure 2a, b). The pro-apoptotic effect of ZBP B was fur-
ther confirmed by the increased expression of cleaved caspase-3 and
its downstream effector PARP1 (Figure 2c).

3.3 | ZBP B activates both the intrinsic and the
extrinsic pathways of apoptosis in colon cancer cells

To date, it is known that there are two main pathways of apoptosis:
the extrinsic or death receptor pathway and the intrinsic or mitochon-
drial pathway. To explore the molecular mechanism(s) by which ZBP B
induces apoptosis of HCT116 cells, the levels of key proteins involved
in both pathways were measured by western blotting. Our results
showed that caspase-8, the key initiator caspase in the death
receptor-dependent apoptosis pathway (Huang et al., 2016), and its
downstream substrate BID were cleaved in HCT116 cells treated with
ZBP B (Figure 3a). As shown in Figure 3b, ZBP B also promoted the
induction of the mitochondrial apoptotic pathway, as indicated by
the increased levels of cleaved caspase-9 and the decreased protein
expression levels of the anti-apoptotic protein Bcl-2 in HCT116 cells
(Figure 3b). The c-Myc protein has been shown to be an important
regulator of the apoptotic pathway (Huang et al., 2022). We sought to
investigate the effect of ZBP B on c-Myc expression. As shown in
Figure 3b, protein expression of c-Myc was also decreased by treat-
ment with ZBP-B in HCT116 cells. These results suggest that ZBP B
regulates both the intrinsic and extrinsic pathways of apoptosis in
HCT116 cells.

3.4 | ZBP Binduced autophagic cell death in colon
cancer cells

There is evidence that autophagy and apoptosis occur simultaneously
in the cell and may have synergistic effects in inducing cancer cell
death (Xie et al., 2020). To investigate whether ZBP B was able to trig-
ger autophagic cell death in HCT116 cells, we analysed the conver-
sion of LC3 from LC3A (cytosolic form) to a lipidated LC3B form
(autophagosome membrane-bound form). As shown in Figure 4a,
treatment with ZBP B resulted in accumulation of LC3B protein in
HCT116 cells. We also examined the level of the autophagic marker
p62. As shown in Figure 4b, treatment with ZBP B promoted the
upregulation of p62. Our results suggest that ZBP B induces autopha-
gic cell death in HCT116 cells.

3.5 | ZBP B significantly reduces tumour growth in
xenograft mice

To investigate the anticancer effect of ZBP B in vivo, we used a

human colon cancer xenograft model in which HCT116 cells were
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FIGURE 2 (a) Flow cytometry of Annexin V and PI double staining of HCT116 cells treated or not with zosterabisphenone (ZBP) B at
different concentrations (3 and 10 M) for 24 h. (b) Columns show the percentage of viable, early apoptotic, late apoptotic and necrotic HCT116
cells incubated or not with 3 and 10 uM of ZBP B for 24 h. Values are expressed as mean + SEM of 3 experiments including 3 replicates;

**p < 0.01 and ****p < 0.0001 versus control (Ctrl, vehicle) as assessed by two-way ANOVA followed by Dunnett's multiple comparisons test.

(c) Representative immunoblots and densitometric analysis of cleaved caspase-3 and PARP protein expression in HCT116 cells treated or not
with 10 uM ZBP B for 24 h. Values are expressed as mean + SEM of 3 experiments including 3 replicates; **p < 0.01 versus control (Ctrl, vehicle)
as assessed by Student's t-test.
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FIGURE 3 Effect of zosterabisphenone (ZBP) B on the protein expression of apoptotic related proteins. Representative immunoblots and
densitometric analysis of (a) cleaved caspase-8 and BID, (b) cleaved caspase-9, Bcl-2 and c-Myc protein expression in HCT116 cells treated or not
with ZBP B (10 uM). Protein expression was evaluated by Western blot analysis and normalized to a housekeeping protein. Values are expressed as
mean = SEM of 3 experiments including 3 replicates; **p < 0.01 and ****p < 0.0001 versus control (Ctrl, vehicle) as assessed by Student's t-test.
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FIGURE 4 Effect of zosterabisphenone (ZBP) B on the protein
expression of autophagic related proteins. Representative
immunoblots and densitometric analysis of (a) LC3A/B and (b) p62
protein expression in HCT116 cells treated or not with ZBP B

(10 uM). Protein expression was evaluated by Western blot analysis
and normalized to the housekeeping protein. Values are expressed as
mean = SEM of 3 experiments including 3 replicates; ***p < 0.001 and
****p < 0.0001 versus control (Ctrl, vehicle) as assessed by Student's
t-test.

4 | DISCUSSION

Numerous studies have reported that seaweeds are rich in secondary
metabolites that are not only economically important in the field of
food additives and nutraceuticals, but also possess a variety of biologi-
cal activities in the pharmaceutical industry (e.g., antibacterial, antifun-
gal, anticancer and anti-inflammatory) (Li et al., 2021; loanna
et al, 2005; loanna et al, 2008; Kuo-Feng et al, 2006; Cliff
et al., 2008; Khotimchenko et al., 2012). We have previously shown
that ZBP B is a bioactive compound with cytotoxic effects on human
colon cancer cells (HCT116). To date, the mechanism by which ZBP B
exerts its anti-tumour effect on colon cancer cells is unknown. We
have shown here for the first time that the diarylheptanoid heterodi-
mer ZBP B isolated from the seaweed Zostera marina is able to induce
morphological changes in the colon cancer cell line HCT116, and that
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FIGURE 5

Effect of zosterabisphenone (ZBP) B on tumour growth in the xenograft model of CRC. Xenograft was performed by subcutaneous

injection of HCT 116 cells (2.5 x 10°, 200-uL PBS) into the back of BALB/c nude mice. Treatment started 8 days after cell inoculation (i.e., once
tumours had reached a size of about 200 mm?3). Tumour size was measured each day with a digital caliper and tumour volume was calculated. ZBP B
(20 mg/kg, peritumoural) was administered every day for the entire duration of the experiment. (a) Representative images of animals with tumours and
of explanted tumours treated or not with ZBP B. (b) Analysis of tumour volume of mice receiving vehicle (control) or ZBP B in a 6-day time course.
Each dot represents the means + SEM of 5/6 mice; ****p < 0.0001 versus control as assessed by Two-way ANOVA. (c) Analysis of tumour volume and
weight of the explanted tumours from mice treated with or not with ZBP B. *p < 0.05 versus control (Ctrl, vehicle) as assessed by Student's t-test.
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FIGURE 6 Proposed schematic representation of zosterabisphenone (ZBP) B-mediated effects in HCT116 cells. ZBP B-induced apoptosis
suggests a central role of apoptosis in its cytotoxic effects.

these morphological changes are associated with the induction of the
apoptotic pathway, as demonstrated by flow cytometry and Western
blot analyses. We also showed that ZBP B induces autophagic cell
death in HCT116 cells. When we investigated the cytotoxic activity of
ZBP B on normal immortalised human colon epithelial cells (HCEC),
we found that this compound has an excellent safety profile, as the
cytotoxic effect is selective against cancer cells. Furthermore, in vivo
studies showed that ZBP B was able to reduce the growth of human
colon cancer xenografts in mice.

It is well known that chemotherapeutic agents can induce cell
death through various mechanisms (Okada & Mak, 2004; Qi
et al., 2022). Among them, apoptosis or programmed cell death is a
multistep process characterised by specific morphological and bio-
chemical changes such as cell shrinkage, cell condensation, increased
cytoplasmic density, protein-DNA degradation and phagocytosis (Kari
et al.,, 2022). Consistent with these observations, we detected mor-
phological changes in HCT116 ZBP B-treated cells using light micros-
copy, indicating activation of the apoptotic pathway. Indeed, after
exposure to 10 uM ZBP B, HCT116 cells had a round shape and
floated in the cell culture medium. Using flow cytometry and western
blot assay, we confirmed that ZBP B induced apoptosis by leading to
an increase in both early and apoptotic cell populations and cleaving
caspase 3 and its substrate poly (ADP-ribose) polymerase 1 (PARP1).
Apoptosis can occur via two major signalling pathways, namely the
cell death receptor (extrinsic pathway) involving caspase 8 and
the mitochondrial or the ER stress-mediated (intrinsic pathway)
involving caspase 8 and 9 (Ashkenazi, 2002; Fan et al., 2005;

Gupta, 2003; Thornberry & Lazebnik, 1998). Interestingly, exposure
of HCT116 cells to ZBP B resulted in a marked increase in cleaved
caspase-8, cleaved caspase-9 and their substrate BID and a concomi-
tant reduction in Bcl-2 protein expression levels, suggesting simulta-
neous induction of both the extrinsic and intrinsic pathways.

C-Myc is a proto-oncogene that is increased in more than 70% of
CRC (Arango et al., 2003) and is involved in cell growth, proliferation,
cell cycle, metabolism and apoptosis in cancer cells (Dang, 2013). Our
results showed that ZBP B decreased the expression of c-Myc, which
is another indication of a possible mechanism for its anti-tumour
effect.

Autophagy and apoptosis are both typical types of programmed
cell death and have a reciprocal relationship in anti-tumour therapy
(Xie et al., 2020). Consistent with these findings, we have shown that
treatment with ZBP B promotes an increase in LC3B and p62 expres-
sion, both of which are required for the induction of autophagy
(Puissant et al., 2010). To translate the in vitro results in vivo, we used
a colon cancer xenograft model obtained by subcutaneous injection
of human HCT116 cells into BALB/c nude mice. We showed that ZBP
B inhibited tumour growth by about 40% compared to the control.

We speculated that ZBP B acts by cleaving caspase-8, which in
turn activates Bid at Asp60, leading to translocation of the carboxyl-
terminal p15 fragment (tBid) to the outer mitochondrial membrane.
Translocation of Bid is accompanied by the release of cytochrome c
from the mitochondria and leads to complex formation with Apaf-1
and caspase-9, resulting in caspase-9 activation. ZBP B thus transmits

an apoptotic signal from the cell surface to the mitochondria and
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triggers caspase activation. However, this is only a hypothesis that still
needs to be confirmed (Figure 6).

In summary, this study shows that ZBP B both triggers caspase-
dependent apoptosis in HCT116 cells by activating intrinsic and
extrinsic signalling pathways and downregulates c-Myc expression.
Finally, ZBP B reduces the growth of CRC in vivo. Taken together, our
results suggest that ZBP B may represent a novel compound that
could be used in its current form or as a lead compound for the syn-

thesis and development of CRC drugs.
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