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Introduction: In this study, Callyspongia aerizusa (CA), one of the most popular marine
sponges for cancer therapy research, was investigated for its phytochemical compounds and
evaluated for its anticancer activity in various cell lines. Since lung cancer is the most
frequently diagnosed cancer, a solution from this marine source is a good choice to address
the resistance to anticancer agents. Elucidation of the underlying mechanism of cell death
elicited by a CA extract in human lung carcinoma cells A549 was undertaken.

Methods: The presence of secondary metabolites in CA methanol extract was revealed by gas
chromatography-mass spectrometry (GC-MS) and evaluated on four cancerous cell lines and
a non-cancerous cell line using Cell Counting Kit-8. Since the activity of CA extract in A549
cells was then evaluated through clonogenic assay, morphological detection of apoptosis, poly-
merase chain reaction (PCR) and Western blot assay, were also presented in this study.
Results: GC-MS analysis revealed the presence of two ergosteroids, ergost-22-en
-3-one, (5B,22F), and ergost-7-en-3-ol, (35f) in the sponge extract that was suggested
to suppress A549 cells (ICs9 9.38 pg/mL), and another cancerous cell’s viability (ICsq
3.12-10.72 pg/mL) in 24 h, but not in the non-cancerous cells. Moreover, CA extract
was also able to reduce the colony-forming ability of A549 cells, and through A549
cells morphology seems that apoptosis is the underlying mechanism of cell death.
Further, the treatment with CA extract induced the up-regulation of caspase-9, cas-
pase-3, and PARP-1, and the down-regulation of BCL-2, in both mRNA and proteins
expression level, promoting apoptotic cell death via caspase cascade.

Conclusion: These findings suggest that the compounds in CA extract possess the ability to
induce apoptotic cell death in A549 cells and could become a promising candidate for future
anticancer therapy.
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Introduction
A lot of effort and investment has been devoted to developing cancer treatments,
proven by the number of related studies that had been conducted since the late 19th
century;' however, cancer remains a global problem to date. Lung cancer, the most
commonly diagnosed cancer, occurs in 12.9% of total cancer new cases and is
related to 19.4% of total cancer-related deaths.’

burden of this disease will rise by about 70% in the next two decades.’

Moreover, it is expected that the
Resistance
to anticancer drugs had been reported as a serious problem in the field of cancer and
causes 90% of the failures of chemotherapy.® Therefore, research to find novel
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therapeutic agents with a better pharmaco-toxicological
profile are still continuing to date.

The marine environment is known as a notable source of
novel bioactive natural products with structural and chemical
features that are often not found in terrestrial natural
products.”® So far, the majority of marine natural products
have been isolated from invertebrates, and Porifera has been
reported as the most dominant source.” Marine sponges are
known to not develop cancers due to their efficient biotrans-
formation and detoxification systems, which prevent the gen-
eration of DNA lesions.*” It is possible that this might be
related to the production of certain metabolites that act as
anticancer agents for the organisms. The potential anticancer
activities of marine sponge-derived metabolites are reported by
multiple cellular and molecular mechanisms, such as cell cycle

19 apoptosis,'’  anti-inflammatory activities'> and

arrest,
chemo-sensitization to radiotherapy.’> One of the marine
sponges that possesses efficacy to treat cancer is
Callyspongia aerizusa.

Callyspongia aerizusa (CA) was firstly introduced by
Desqueyroux-Faundez in 1984,'* however, there are only
a few scientific studies that have reported the therapeutic
potential of CA. A series of cyclic peptides isolated from
CA extract, the Callyaerins, are known to be biologically
active at various level of cytotoxicity against several types
of cancerous cell lines, such as mouse lymphoma cells
(L5178Y), rat pheochromocytoma cells (PC12), and cervi-
cal adenocarcinoma cells (HeLa).'> However, its potential
therapeutic effect on other types of cancer and its mole-
cular mechanism remains unknown.

In the present study, the active compound group in CA
extract was phytochemically screened and evaluated on
some cancerous (A549, Hep G2, MIA PaCa-2, and TE-8)
and non-cancerous (Het-1A) cell lines. The study was then
followed by a colony formation inhibition assay of A549
cells. Moreover, the mechanism of cell death elicited by
CA extract was morphologically observed, and its possible
molecular mechanism on A549 cells was presented in both

mRNA and protein expression levels in this study.

Materials and Methods

Callyspongia aerizusa Collection and
Extraction

The marine sponge, Callyspongia aerizusa (CA), was col-
lected by scuba diving at a depth of 20-30 m in the Polewali
Mandar West
Oceanographic Research Center, Indonesian Institute of

Sea, Sulawesi, Indonesia, under the

Sciences’ research project of Sulawesi Island marine sponge
screening and mapping, in Agust 2006. Specimens were
deposited at the Oceanographic Research Center, Indonesian
Institute of Sciences, Jakarta, Indonesia. The sponge was iden-
tified as Callyspongia aerizusa Desqueyroux-Fatndez, subge-
nus Callyspongia. As much as 200 g of the cleaned wet sponge
was chopped, ground and immediately macerated with 500 mL
of methanol three times at room temperature. The total mace-
rate was concentrated by using a rotary evaporator. The lyo-
philization process yielded 15.05 g (7.525%) of sponge extract
dry powder. The dry powder was stored at —20 °C and dis-
solved for the phytochemical and biological activity testing
purposes.

Gas Chromatography-Mass Spectrometry
(GC-MS) Analysis

CA extract dry powder (2 g) was dissolved in 10 mL
then 5 puL
Technologies 7890 Gas Chromatograph system (Santa
Clara, CA, USA) and 5975 Mass Selective Detector and
Chemstation Data System (Santa Clara, CA, USA). HP
Ultra 2, capillary column (Agilent Technologies) and

methanol, injected into the Agilent

helium gas were used as the carrier gas with a flow rate
of 1.2 uL/min. The column temperature was set at 80 °C
that increased 3 °C/min until it reached 150 °C, and then
the temperature increased 20 °C/min until it reached 280 °
C and was constant for 26 min.

Cell Line Culture

The human lung carcinoma cells A549, liver hepatocellu-
lar carcinoma cells Hep G2, pancreatic carcinoma cells
MIA PaCa-2, esophageal squamous cell carcinoma cell
TE-8, and esophageal squamous cells Het-1A were pur-
chased from American Type Culture Collection
(Manassas, VA, USA). The A549 and TE-8 cells were
cultured in Roswell Park Memorial Institute (RPMI)
1640 Medium (Gibco, Grand Island, NY, USA) supple-
mented with 10% fetal bovine serum (Gibco) and 1%
penicillin/streptomycin (Gibco). Hep G2 cells were cul-
tured in Eagle’s Minimum Essential Medium (Sigma-
Aldrich) supplemented with 10% fetal bovine serum. Mia
Paca-2 cells were culture in Dulbecco’s Modified Eagle’s
Medium (Sigma-Aldrich) supplemented with 10% fetal
bovine serum, 2.5% horse serum. Het-1A cells were cul-
tured in Bronchial Epithelial Cell Growth Basal Medium
kit (Lonza, Walkersville, MD, USA).
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Cell Proliferation Assay

To evaluate the anti-proliferative effect of the CA extract,
the viability of the cells treated with CA extract was
assessed for 24 h using Cell Counting Kit-8 (CCK-8)
assay (Dojindo, Kumamoto, Japan). As much as 50 pL
of cells suspension (about 1 x 10* cells) was seeded in 96-
well plates (Falcon, Franklin Lakes, NJ, USA) and incu-
bated overnight at 37 °C. Fifty microliters of saline with
various concentrations of CA extract was added to each
well and incubated at 37 °C for 24 h. To measure the
viability of the cells, 10 puL of the cell counting solution
was added to each well and incubated at 37 °C for 3 h. The
absorbance at 450 nm with the reference wavelength at
620 nm was measured by Infinite M200 PRO microplate
reader (Tecan, Minnedorf, Switzerland) 3 h after the
CCK-8 solution was given. The result was derived from
triplicate experiments, and the relative cell proliferation
inhibition (CPI) rate was calculated as a percentage by the
following formula: CPI rate (%) = (1 — absorbance of the
treated cells/absorbance of the untreated cells) x 100.

Clonogenic Assay

To determine the effects of the CA extract on A549 cells’
the cells
a suspension by the use of trypsin (Gibco) and trypan blue

colony-forming ability, were prepared in
(Gibco). The number of cells per milliliter was then counted
using a haemocytometer. As many as 500 cells were seeded
into 25 cm? cell culture flasks with a growth medium and
incubated for 24 h. The cells were then washed out using
a growth medium and treated with CA extract solution with
various concentrations (5, 10, 25, 50, and 100 pg/mL). The
cells were maintained in a humidified incubator at 37 °C for
2 weeks with the growth medium replacement every 2 days.
Colonies were fixed and stained with Giemsa solution
(Wako, Osaka, Japan). The number of colonies formed was
counted using a bright-field microscope. This experiment
was carried out in triplicate. Plating efficiency = the number
of colonies counted/number of cells plated x 100. Surviving
fraction (%) = plating efficiency of treated sample/plating
efficiency of control x 100.

Propidium lodide-Hoechst 33342 Stain
Apoptosis Detection

To know the mechanism of A549 cell death upon the CA
extract treatment, the A549 cells were observed every 6
h. After finding A549 cell blebs 12 h after being treated
with CA extract, a staining experiment was carried out in

order to see the phenomenon more clearly. A staining
experiment was performed through dual staining of
Hoechst 33342 (Dojindo) and propidium iodide (PI)
(Sigma-Aldrich). The A549 cells were seeded on a cover
glass and incubated for 24 h. The cells were then treated
with 10 pg/mL CA extract and incubated for 12 and 24
h before being transferred to a preparatory glass. The cells
were washed with non-phenol red RPMI medium (Gibco)
and stained with 100 pL PI and 100 pL Hoechst 33342.
A549 cells were then incubated for 20 min at room tem-
perature and in a dark room. A549 cells were then viewed
under Apotome.2 fluorescence microscope (Zeiss,
Oberkochen, Germany) with FIT-C (red) and DAPI
(blue) filter. This experiment was performed in triplicate.

Total RNA Isolation and Reverse
Transcription-Polymerase Chain Reaction
Analysis

The A549 cell culture was treated with 10 pg/mL CA extract
and incubated for 12 and 24 h. The untreated A549 cell culture
acted as the control group. Each treatment was performed in
triplicate. The total RNA of the harvested cells was isolated
from A549 cells using TRIzol™ reagent (Invitrogen,
Carlsbad, CA, USA) in accordance with the standard protocols
and used as a reverse transcription-polymerase chain reaction
(RT-PCR) template. The purity of the RNA was determined by
Infinite M200 PRO multimode microplate reader (Tecan) in
A260/A280 ratio. The RNA pellet was then stored at —20 °C
until further analysis. The mRNA expression of several genes
associated with apoptosis (caspase-9, caspase-3, B-cell lym-
phoma 2 (BCL-2), and poly (ADP-ribose) polymerase I
(PARP-1)) and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), as an internal expression control, was determined
using MyTaq™ One-Step RT-PCR kit (Bioline, London, UK)
as per standard protocol. GAPDH was used as the reference
gene.

The RT-PCR reaction was carried out using Labcycler
thermal cycler (SensoQuest, Gottingen, Germany) according
to the manufacturer’s instructions. All primer sequences were
purchased from Macrogen Inc. (Seoul, South Korea) with the
specifications as shown in Table 1 in 35 cycles.

To analyze the PCR products, 4.5 puL of each amplified
¢DNA solution was mixed with 0.5 pL GelPilot® DNA
loading dye (Qiagen, Hilden, Germany) and subsequently
subjected to gel electrophoresis. The gel matrix was made
of 2% agarose in Tris-Acetate-EDTA buffer (Vivantis,
Selangor, Malaysia) and stained with SYBR Safe Gel
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Table | Primer Sequences Specifications Used in This Study

Primer Sequences T* (°C)

Caspase-9 Forward 5-AAGTGACCCTCCCAAGTAGC-3 60.5
Reverse 5-GTTCTGGCCAGGTCTCTTCT-3

Caspase-3 Forward 5-AAAATACCAGTGGAGGCCGA-3’ 58.4
Reverse 5-GCACAAAGCGACTGGATGAA-3’

PARP-1 Forward 5-TGGAACATCAAGGACGAGCT-3’ 60.5
Reverse 5-CATCGCTCTTGAAGACCAGC-3

BCL-2 Forward 5-TCCTCTTTACACTGGCCAGG-3’ 60.5
Reverse 5'-GAGTATTTGTGCAGCGAGGG-3’

GAPDH Forward 5-AAGGTGAAGGTCGGAGTCAAC-3’ 57.3
Reverse 5'-CTTGATTTTGGAGGGATCTCG-3’

Note: *T = annealing temperature.

Stain (Invitrogen) in order to be visualized. The mRNA
expression level of several genes was quantified by an
image processing program, Image] (NIH, Bethesda,
MD, USA).

Western Blot Analysis

The A549 cells suspension was seeded in a 10 cm dish (1 x 10°
cell/mL). The cells were then treated with CA extract with the
dose of 10 pg/mL and incubated for 12 and 24 h. Each treat-
ment was performed in triplicate. The A549 cells without the
CA extract treatment were used as the control. Proteins were
extracted from the cells using Pro-Prep protein extraction
solution. The protein concentration was determined as per
standard protocol. The proteins (40 ug per lane) were separated
by 10% SDS-PAGE in Bio-Rad tank and transferred to an
Amersham™ Protran™ NC nitrocellulose membrane (GE
Healthcare, Chicago, IL, USA) in Mini-PROTEAN®™ Tetra
Cell (Bio-Rad, Hercules, CA, USA). The membrane was
then washed with phosphate-buffered saline Tween-20
(PBST) 0.1%, blocked with 1% skimmed milk and incubated
with primary antibodies at 4 °C overnight. Before being probed
with secondary antibodies, the membrane was then incubated
for 1 h at room temperature and washed with PBST.

The protein expressions were visualized using elec-
trochemiluminescence techniques and detected using the
C-DiGit"™ Blot Scanner (LI-COR Biosciences, Lincoln,
NE, USA). The band intensity was quantified by Image
Studio Digits v. 5.2 (LI-COR Biosciences). The primary
antibodies used in this study were purchased as the
Apoptosis Antibody sampler kit with cat. no. 9915, con-
taining caspase-9 (cat. no. 9508; 1:1000), caspase-3 (cat.
no. 14,220; 1:1000) and cleaved PARP (cat. no. 5625;

1:1000) and Bcl-2 (cat. no. 15071; 1:1000) in 4 °C for
24 h, while pB-actin (cat. no. 4967; 1:5000) (Cell
Signaling Technology, Danvers, MA, USA) in room
temperature for 1 h was used as a control. The secondary
antibodies used in this process were Anti-mouse IgG,
HRP-linked antibody (cat. no. 7076; 1:1000; Cell
Signaling Technology) and Anti-rabbit IgG, HRP-linked
7074; 1:1000; Cell

antibody (cat. no. Signaling

Technology).

Statistical Analysis

The quantitative data of protein expression were obtained
using the band scanner Image Studio Digits v. 5.2 (LI-
COR Biosciences). While the quantitative data of mRNA
expression were calculated using ImageJ 1.52v (NIH,
Bethesda, MD, USA). The measurements were assessed
in triplicate, and data were presented as mean standard
deviation. After calculation of the normality of the data
using a stem and leaf plot, one-way ANOVA followed
with Tukey’s post hoc test was performed to assess the
statistical significance of more than two groups. The dif-
ferences were considered statistically significant when the
P-value was <0.05. The statistical assessment for mRNA
and protein expression was performed using IBM SPSS
statistic 26 (IBM Corp., NY, USA).

Results
CA Extract Compound According to Gas

Chromatography-Mass Spectrometry

Compounds contained in the CA extract, according to the
results of GC-MS analysis, are shown in Table 2. From the
results, it was shown that most of the compounds
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Table 2 List of Compounds Contained in Callyspongia aerizusa Extract According to the Results of GC-MS Analysis

Retention time Compound Name Relative Abundance (%)
27.045 Cyclododecane 1.06
27.390 Hexadecanoic acid, methyl ester 3.27
28.672 I 1-Octadecenoic acid, methyl ester 535
28.824 Octadecanoic acid, methyl ester 3.22
28.996 (9E, 12E)-9, 12-Octadecadienoic acid 3.77
29.300 I-Docosene 1.04
29.458 Oleic Acid 1.73
29.851 Methyl icosanoate 1.25
30.320 Hexanoic acid, heptadecyl ester 24
30.348 (9Z) —9 -Octadecenamide 1.24
30.451 Arachidonic acid 1.34
30.720 Dososanoic acid, methyl ester 2.24
30.927 1,2 -Benzenedicarbolixylic acid dioctyl ester 35.88
30.975 3, I’-Dihydroxy preussomerin G 1.02
31.561 Tetracosanoic acid, methyl ester 1.31
32.409 5.9-Hexacosadienoic acid, methyl ester 2.93
33.809 Methyl 5, 9-octacosadienoate 2.64
34.175 (22E)-Cholesta-5,22, dien-3-ol 271
34.526 Cholesterol 2.64
34.995 Ergost-22-en-3-one, (58,22E) 7.1
35.643 Ergost-7-en-3-ol,(35B) 5.33
36.002 Stigmasterol 1.5
36.767 B-Sitosterol 1.72

contained in the extract were fatty acids and steroids. The
distinctive compounds found in these CA sponges were
ergost-22-en-3-one (5B, 22E; m/z 398.4; 7.11%) and
ergost-7-en-3-ol (35B; m/z 400.4; 5.33%) that was pre-
dicted as the active components. The graph of the GC-
MS analysis result of CA extract compounds is presented
in Figure 1. Since the efficacy of any ergosteroids from
CA has not been previously reported to any cancer cells,
we then conducted a screening test on several cancerous
cell lines and selected A549 cells in advance.

Cell Viability Inhibition by CA Extract in

Several Cells

CA extract was observed to inhibit the proliferation of some
cancerous cells in a dose-dependent manner. Table 3 shows the
ICsq value of CA extract against four cancerous human cell
lines (A549, Hep G2, MIA PaCa-2, and TE-8) and a non-
cancerous human cell line, Het-1A, after 24 h treatment. It was
found that CA extract demonstrated cytotoxicity toward all of
the cancerous cells. The A549 cells (ICso 9.38 pg/mL) were
shown to be more susceptible than the Hep G2 (ICso 10.62 pg/
mL) and the MIA PaCa-2 (ICso 10.72 ug/mL), however, the
TE-8 cells (ICsq 3.12 pg/mL) are three times more susceptible
than the A549 cells. Since A549 cells represented the most

prevalent type of lung cancer, this study then conducted several
tests focused on these cells. In contrast with the cancerous cell
line subjects, cytotoxicity was not seen in the non-cancerous
Het-1A cells, even after extract administration up to 1000 pg/
mL. The result suggests that the CA extract does not act as
a cytotoxic to non-cancerous cells.

Colony Formation Inhibition by CA
Extract in A549 Cells

Colony formation inhibition assay had shown the effect of
CA extract not only enhanced cell death but also attenuated
the survival of A549 cells by reducing the colony-forming
ability of the cells in a dose-dependent manner. Inhibition of
A549 cells colony formation by the CA extract was plotted as
cell survival rate curve in Figure 2.

A549 Cells Observation

Observation of A549 cells morphology after CA extract
treatment showed significant alterations compared to the
untreated one that is shown in Figure 3. The untreated
cells (Figure 3A) appeared to have an oval shape. This
0 h imaging portrayed the living cells with the normal
structural form before the process of apoptosis. In con-
trast, after 12 h treatment (Figure 3B), the cells treated

Drug Design, Development and Therapy 2021:15
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Figure | Graph of gas chromatography—mass spectrometry (GC-MS) chromatogram of CA sponges extract. (A) GC-MS chromatogram that represents overall peaks of CA
sponges extract compound, x-axis represents retention time in minutes and y-axis represent intensity. The peaks that are designated by an arrow are peaks of ergost-22-en
-3-one and ergost-7-en-3-ol. (B) GC-MS chromatogram of ergost-22-en-3-one and (C) ergost-7-en-3-ol mass weight (m/z). The chemical structure of compounds that are
shown are reproduced from Chem Draw software version 16.0.1.h (77) (Santa Clara, CA, USA).

with CA extract had exhibited the typical features of
apoptotic cells: the cells appeared to shrink, the con-
densed chromatin, and fragmented nuclear. These cells
also started to lose their plasma membrane integrity but
still maintained their cellular form. This result suggested
that the A549 cells were still in the process of apoptosis.
On the 24 h observation (Figure 3C), there was not
a form of cell that could be detected, perhaps due to
all A549 cells having gone completely through the
apoptosis process, where the cells had broken into apop-
totic bodies containing the organelles and destroyed
nucleus. Based on these observations, the apoptosis of
AS549 cells induced by the CA extract occurred between
12 and 24 h.

Table 3 IC5o of CA Methanol Extract Against Several Cell Lines

Cell Lines 1Cso (ng/mL)
A549 9.38

HEP G2 10.62

MIA PaCa-2 10.72

TE-8 3.12

Het-1A n.d.*

Note: *n.d. = not determined.

The mRNA Expressions in A549 Cells
Induced by CA Extract

The mRNA expressions of several genes in A549 cells
after the CA extract treatment were observed by RT-
PCR. The electrophoresis gel visualization detected the
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Figure 2 Reduction of A549 cells’ colony-forming ability after CA sponges extract
treatment. The cell’s survival rate curve plots the dose of CA sponges extract and
surviving fraction of retaining A549 cells.
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Figure 3 Morphological changes of A549 cells after treatment with CA sponges extract, detected by dual staining of Hoechst 33342 and propidium iodide (Pl). (A) The
untreated cells or 0 h observation, indicated structurally normal viable cells with normal nuclei. (B) After 12 h of CA sponges extract treatment, A549 cells were expected
to be apoptotic as evidenced by the cell shrinkage and the separation of condensed chromatin. (C) On 24 h observation, the plasma membrane of A549 cells had lost their

integrity and formed apoptotic bodies.

expression of apoptosis-related genes (caspase-9, caspase-
3, PARP-1, BCL-2) and GAPDH, as the internal control
(Figure 4A). After the 12 h treatment of CA extract, the
expression of caspase-9 appeared to have increased
(44.1%) compared to the expression in 0 h, as seen at
190 bp. A significant, similar gene-expression alteration
was also shown in caspase-3 (49.7%) at 107 bp (P =
0.009) according to one-way ANOVA analysis. Despite
its significance (P = 0.031), PARP-1 expression was also
found to slightly increase (25.2%), as seen at 187 bp. In
contrast, at the same time, the expression BCL-2 appeared
to have a significant decrease (5.7%) (P <0.0001), as seen
at 145 bp (Figure 4B). The escalation of caspase-9, cas-
pase-3 and PARP-1 expression and the decline of BCL-2
induced by the CA extract showed the involvement of the

caspase-cascade in the apoptotic process induced by the
CA extract. After 24 h, the mRNA expression of all genes
had declined; this result might be due to the end process of
apoptosis at the time.

The Protein Expressions in A549 Cells
Induced by CA Extract

Since the apoptotic cell death of A549 cells seemed to be
induced, based on the cell’s morphological appearance and
mRNA levels, in order to confirm the responsible proteins
were synthesized and activated, Western blot analyses were
carried out after the CA extract treatment. As shown in Figure
5A, the expression level of some pro-apoptotic proteins, cas-
pase-9 and caspase-3, and PARP-1 in A549 cells at 12 h were
detected to escalate, compared to the untreated ones. The
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measured using image] 1.52v (NIH). Data are presented as mean % standard deviation. One-way ANOVA followed by Tukey’s post hoc test was performed. *P <0.05.
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Figure 5 Protein expressions of the caspase-9, caspase-3, PARP-1, BCL-2 obtained by Western blotting in A549 cells treated with CA extract. (A) CA extract induced
apoptotic cell death through activation of caspase-9 then triggered caspase-3. Moreover, BCL-2 antiapoptotic protein in A549 cells was suppressed after being treated with
CA extract, shown in band and (B) bar graph. Quantitative data of band density measured using Image Studio Digits v. 5.2 (LI-COR Biosciences). One-way ANOVA followed
with Tukey’s post hoc test was performed. *P <0.05.

cleavage of caspase-9 (37 kDa) expression appeared to have  the CA extract treatment. The expression caspase-3 cleavage
slightly increased at 12 h (61.1%) and 24 h (67.8%) compared (19 kDa) appeared from 12 h (78.4%) and was found to
to 0 h, indicating that this initiator caspase was activated after  significantly increase (P = 0.006) at 24 h (205.6%). This result
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demonstrated caspase-3, as the executor caspase, was activated
after the induction of the activated caspase-9. The PARP-1
(116 kDa) expression was significantly increased (P = 0.001)
at 12 h (69.8%) and 24 h (75.1%) observation. In contrast,
BCL-2 expression seemed to be significantly suppressed (P =
0.01) after the CA treatment at 12 and 24 h compared to 0
h (Figure 5B). These results indicate that BCL-2 expression, as
an anti-apoptotic factor, was detected to be suppressed in order
to confirm that the apoptotic process occurred in A549 cells.
According to these results, the CA extracts were proven to be
able to induce apoptosis through the up-regulation of caspase-
9, caspase-3 and PARP-1, and also down-regulation of BCL-2.

Discussion

Current treatments for lung cancer have not yet obtained
satisfactory results, as evidenced by the prognosis for this
disease of less than 18%, which is the worst survival outcome
among cancer diseases.'® The fact that lung cancer has still
become the leading cause of cancer-related deaths (19.4%)
worldwide has set the high urgency to find a better therapeutic
agent for this disease. Recently, the series of cyclic peptides
isolated from CA, the Callyaerins, had been reported to possess
several biological activities, such as antibacterial, antifungal,
and anticancer."> However, in the present study, we found
some ergosteroids compounds, ergost-22-en-3-one (58,22F)
and ergost-7-en-3-ol (35B) derived from the CA that also
exhibited anti-proliferation effects on several cancerous cell
lines (ICso 3.12—-10.72 pg/mL). We also found that CA extract
exhibited colony formation suppression towards human lung
carcinoma cells A549 and induced apoptosis as its mechanism
of cell death. The cell death mechanism was further confirmed
by the up-regulation of caspase-9, caspase-3, PARP-1, and the
down-regulation of BCL-2 expression in both mRNA and
protein levels.

To investigate the metabolites presented in the extract, we
carried out a GC-MS analysis. The present phytochemical
result revealed that crude methanol extract of CA contained
ergosteroids (Table 2 and Figure 1). Ergost-22-en-3-one
(5B,22F) and ergost-7-en-3-ol (35B) are included in ergoster-
oids, which in some previous studies found on Aspergillus
which is symbiotic with certain sponges.'”'® The previous
in vitro studies have shown that constituents from CA extract
possessed  several  biological  activities, including
cytotoxicity.”> Some of the reported mechanisms possessed
by steroids enable them to act as anticancer agents by inhibiting
Whnt/B-catenin signaling in colon cancer,'” inhibiting PSA

. 2
expression, and glucose uptake.*

The proliferation assay data in the present study indicated
that CA extract significantly inhibited the proliferation of
human lung carcinoma cells A549 after 24 h treatment. The
ICs, of the CA extract was calculated to be 9.38 pg/mL, which
is categorized as a strong cytotoxic (<10 pg/mL).2! To date, no
other study has reported cytotoxicity levels of CA extract
towards the A549 cells, except for Callyaerins E and H, the
active cyclic peptide isolates derived from CA. These com-
pounds exhibited strong anti-proliferation in the L5178Y cell
lines with ICs, values of 0.50 and 0.51 pg/mL,"> however, the
stronger results in this previous study may have occurred due
to different cells having different susceptibilities. Another fac-
tor that may have affected the previous study result was the use
of pure isolates, while in the present study, we just examined
the activity of crude methanol extract. Compared to the non-
cancerous cell model of the present study using Het-1A cells,
cytotoxicity was not seen even after the maximum administra-
tion. Similar results were also found in a previous study, which
revealed that metabolites in CA exhibited no cytotoxicity
against normal lung fibroblast cells (MRC-5).*> The other
three cancerous cells lines in the present study that were
susceptible to CA extract also suggested that the extract was
able to selectively inhibit the proliferation of cancerous cells
and was found to be less toxic in non-cancerous cells.

The colony formation ability of A549 cells induced by
various concentrations of CA extract was further evaluated
after 14 days of incubation. As shown in Figure 2, the higher
concentration of CA extracted a lower plating efficiency of
A549 cells, as evidenced by the decreasing number of colonies
formed. This finding indicated that CA extract decreases the
clonogenic property of individual cells of A549, synergistically
as aresult of cell proliferation assay. Compared to the previous
A549 cells’ clonogenic assays using a methanol extract of
Haliclona sp., this result showed lower colony suppressing
ability at a dose of 100 pg/mL,* but interestingly, the CA
extract showed better performance for this assay at lower
concentrations. It might be possible that the A549 cells are
more sensitive toward CA extract compared to the extract of
Haliclona sp. A recent morphological study further confirmed
apoptosis as the underlying mechanism of cell death elicited by
the CA extract in A549 cancer cells. After 12 h treatment of CA
extract, the A549 cells showed the typical features of cells
undergoing apoptosis, and the cells appeared to shrink com-
pared to the control; the chromatin had condensed and the
nucleus had fragmented, shown as blue fluorescence due to
the Hoechst 33342 dye and the apoptotic bodies that had
started to form. After 12 h observation, the cells also started
to lose their plasma membrane integrity, as evidenced by red
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fluorescence from the PI dye. These results are similar to the
previous morphological study of apoptosis in A549 cells,
where under electron microscopy the A549 cells that were
undergoing apoptosis had some distinctive characteristics,
including cell shrinkage, chromatin aggregation, membrane
blebbing, and the appearance of apoptotic bodies.>* The same
result was also obtained in a previous morphological apoptosis
study of A549 cells treated with curcumin.®® Either CA extract
or curcumin had induced apoptosis within 24 h. The fact that
this extract could induce apoptosis to A549 cells is highly
desirable, since 50% of lung cancer types are associated with
p53 mutation, which causes failure of apoptosis activation.*’
As the CA extract might induce apoptosis, this agent can
eliminate malignant cells without damaging normal cells and
surrounding tissues.”®

The apoptotic molecular mechanism induced by CA
extract was investigated by assessing the alteration of apopto-
sis-related molecules in mRNA expression level. In the RT-
PCR results, during the 12 h observation, induction of apopto-
sis in A549 cells was accompanied by the up-regulation of pro-
apoptotic molecules (caspase-9, and caspase-3) and the down-
regulation of one of the anti-apoptotic molecules, BCL-2.
Caspase-9, as the initiator, is known to play a critical role in
the apoptosis signal transduction process.”’ The up-regulation
of caspase-9 was reported to trigger its self-activation and
consequently cause the activation of another member of the
caspase family, the executor caspases.’*>' Caspase-3, as the
main executor caspase, was involved in the division of other
proteolysis proteins, which in this study was PARP-1, which
was considered as a typical feature of apoptosis.**>> These
findings suggested that apoptosis occurred through the intrinsic
pathways as a result of CA extract treatment. In the 24
h observation, the expression of caspase-9, caspase-3, PARP-
1, and BCL-2 were decreased (Figure 4A); this might happen
due to the end process of apoptosis that was proven by the
unstable form of cells in a recent morphological study.?*
Previous studies have identified that before the end process
of apoptosis, caspase-3 activates the other executor proteins,
such as caspase-activated DNase,** an endonuclease that
degrades DNA and terminates the process of gene expression.
Apoptosis, as the mechanism of death, also occurred in this
study, supported by the suppressed expression of BCL-2. In
response to types of cell stress or damage, BCL-associated
X proteins will be released from the bond with BCL-2 and
create pores in the mitochondrial outer membrane, a condition
that leads to the release of cytochrome C and further caspase

pathway activation.*®

Intrinsic Apoptosis
Pathway

/ ———————
& z[”\
Caspase-3 -
Apoptosis
|
PARP-1 =

Figure 6 The summarized pathway mechanisms for CA-induced apoptosis in A549
cells.

The Western blot analysis confirmed the occurrence of the
caspase cascade as the apoptosis pathway induced by the
treatment of CA extract in A549 cells, which involved cas-
pase-9, caspase-3, PARP-1, and BCL-2 proteins. All of the
synthesized proteins have a similar expression pattern with the
genes encoding those proteins, indicating all of the genes were
expressed and translated into proteins. After the 12 h treatment,
the caspase-9 and caspase-3 were activated, as evidenced by
the presence of their cleavage (Figure 5A). The increased
expression of caspase-9 and caspase-3 cleavages indicated
the intrinsic pathway as the underlying mechanism of apopto-
sis. Moreover, this result was also supported by the detection of
protein expression of caspase-7 (data not shown), a protein
related to the extrinsic pathway, did which not show any
increase after the CA treatment. Despite PARP-1 also increas-
ing its expression, its cleavages were not seen either in 12 or 24
h, suggesting the fragment had not been formed at the time.
Meanwhile, the expression of BCL-2 was suppressed after the
12 and 24 h, suggesting the downstream of the apoptosis
signaling process was activated after the CA extract treatment.
Overall, the present comprehensive bioactive studies of CA
extract on human lung carcinoma cells A549 are summarized
in Figure 6.

Since it was proven that CA possesses the ability to induce
the internal pathway of apoptotic cell death via caspase cascade
in A549 cells, as a continuation of this research, we are going to
characterize other potential properties of this crude methanol
extract. To date, the different biological tests and exploration of
malignancy pathway by CA extract are ongoing research.
Meanwhile, for future research, a scale-up of CA extract

production and in vivo experiments is being planned.
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Conclusions

In conclusion, two ergosteroids derived from the marine
sponge Callyspongia aerizusa possess strong cytotoxic
and colony inhibition ability in human lung carcinoma
cells A549. The combination of properties, including the
up-regulation of proapoptotic molecules and inhibition
of anti-apoptotic molecules related to the caspase cas-
cade-dependent signaling pathway, shows these com-
candidates for future

pounds to be promising

anticancer therapy.
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