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The main cause of cervical cancer is infection with Human Papilloma Virus

(HPV). Loss of apoptotic control allows cancer cells to survive longer and allows

time for mutation accumulation thereby increasing the ability to invade during

tumor development. Treatment options for cervical cancer today are surgery,

radiotherapy, and chemotherapy. Toxicity to normal cells, adverse side effects,

and drug resistance are the main barriers to the use of chemotherapy. Among

marine organisms such as bacteria, fungi, actinobacteria, and seaweed have

been used for the treatment of cancer. Caulerpa has bioactive metabolites,

namely alkaloids, terpenoids, flavonoids, steroids and tannins and its bioactivity

has been reported against many diseases including cancer. This study aimed to

evaluate the anticancer activity of C. racemosa on HeLa cervical cancer cells.

The study used a true experimental post-test only control group design to

determine the effect of C. racemosa extract on HeLa cancer cells. C. racemosa

extract was given in doses of 50 mg/mL, 100 mg/mL, 200 mg/mL, and 0 mg/mL as

controls. Quantitative measurement of apoptosis was measured using

flowcytometry and the expression of Bcl-2, BAX, and cleaved-caspase 3 as

pro and anti-apoptotic proteins was measured using immunofluorescence.

Trypan blue exclusion test was performed tomeasure cell viability.C. racemosa

extract significantly increased the expression of pro-apoptotic proteins BAX

and cleaved caspase-3 compared to controls. Annexin V-PI analysis showed

the induction of apoptosis in treated cells and decreased HeLa cell viability at

24 hours and 48 hours post-treatment (p-value <0.05). C. racemosa extract

has potential as an anti-cancer with pro-apoptotic and anti-proliferative
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activity on HeLa cancer cells and can be explored further as a cervical

cancer therapy.
KEYWORDS

anti-cancer, anti-proliferative, cervical cancer, HeLa cell, apoptosis, Bcl-2, viability,
cleaved-caspase 3
Introduction

Cancer is a major cause of morbidity and mortality

worldwide (1). Data from the Global Cancer Observatory 2020

from the World Health Organization (WHO) provides an

overview of cervical cancer cases as the second most common

type of cancer in women in Indonesia as many as 36,633 cases or

17.2% of the total cases (2). The main risk factor for the

development of preinvasive or invasive cervical carcinoma is

HPV infection. HPV infection is common, especially in young

women. Persistence of HPV infection leads to an increased risk

of developing precancerous and cancerous lesions. Subtypes 16

and 18 are the types most closely associated with dysplasia and

advanced cancer. Acute infection with HPV types 16 and 18

confers an 11-fold to 16.9-fold risk of rapid progression of high-

grade Cervical Intraepital Neoplasia (CIN) (3).

After infection, the human papillomavirus encodes proteins

E6 and E7 which together promote cell proliferation, prolong

cell cycle progression, and prevent apoptosis (4, 5). E6 and E7

initiate oncogenesis through interactions with tumor suppressor

genes—TP53 for E6 and retinoblastoma protein for E7 (6, 7).

TP53 has an important role in protecting genome integrity

through apoptosis or inducing cell cycle arrest until errors in

DNA replication can be corrected (8). E6 targets TP53 for

degradation via the ubiquitin pathway, preventing apoptosis

and allowing potentially transformed cells to replicate (7, 9).

E7 contributes to oncogenesis through its interaction with

members of the retinoblastoma family RB1, RBL1, and RBL2,

termed pocket proteins. E7 binds to this protein and targets it for

degradation. This action results in the release and activation of

the transcription factor E2F that drives the expression of S-phase

genes, including the genes encoding cyclins A and E, which in

turn accelerates cell cycle entry and promotes DNA synthesis

(10–12).

Apoptosis is a regulated program for cell death (13). TP53

located on chromosome 17pl3 is involved in cell proliferation,

cell cycle regulation, DNA repair, promoting apoptosis,

suppressing angiogenesis and tumor cell migration thereby

preventing metastasis. Inactivation and malfunction of the p53

gene have been found to be associated with the development and

progression of human cancers including cervical cancer. The

onco-protein of the HPV virus is known to regulate host tumor
02
suppressor proteins such as p53 leading to dysfunction of tumor

suppressor proteins (14–18). The p53 protein regulates the

expression of Bcl-2 and BAX which play a role in apoptosis.

P53 degradation decreases tumor suppression and regulation of

caspase-dependent pathways (19, 20). In the cytoplasm,

cytochrome c interacts with APAF 1, procaspase-9, and ATP

to form multiprotein complexes called apoptosomes. As a result

of this interaction, procaspase-9 is converted into its active form,

then acts on procaspase-3 and forms caspase-3. Loss of apoptotic

control allows cancer cells to survive longer and allows time for

accumulation of mutations that can enhance invasiveness during

tumor development (20, 21).

Treatment options for cervical cancer today are surgery,

radiotherapy, and chemotherapy. The three therapies can be

combined (22). The failure rate of chemotherapy in solid tumors

over the past six decades is 90% according to government

agencies and industry (23). Toxicity to normal cells, adverse

side effects, and drug resistance are major barriers to

chemotherapy use (24). Because chemotherapy drugs circulate

in the blood, side effects are widespread in the body including

nausea and vomiting, loss of appetite, hair loss, dry mouth,

fatigue, diarrhea, anemia, neutropenia, and thrombocytopenia

(22). This effect is considered to reduce the patient’s quality of

life (24).

Studies to find new therapeutic agents with better pharmaco-

toxicological profiles are still ongoing (25). Natural marine

products have been used as compounds for drug discovery (26).

Among marine organisms such as bacteria, fungi, actinobacteria,

and seaweed have been used for the treatment of cancer (27). Sea

grapes is a term for varieties of green seaweed of the genus

Caulerpa (28). Caulerpa was found to have very high economic

value (29). Caulerpa species have been recorded in the FAO data

set as one of the fundamental algae for business use particularly as

nourishment for human being (30). They are frequently utilized in

plated of mixed greens and vegetables, beauty care products, and

drugs (31–33). Japanese people known to begin consuming sea

grapes one of them as medication (antidiabetic and rheumatism).

In Indonesia sea grapes usually consumed as vegetables (29, 34).

Caulerpa has bioactive metabolites, namely alkaloids, terpenoids,

flavonoids, steroids and tannins and its bioactivity has been

reported against many diseases including cancer. Caulerpa’s

anticancer metabolites such as caulerpenyne (Cyn), caulerpin,
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caulersin, and racemosin C, have unique structural features and

are known to exhibit different effects on cancer cells (35), whose

chemical structure is depicted below using ChemDraw

visualization (Figure 1) (ChemDraw 21.0.0).

There has been no research on the benefits of C. racemosa

originating from Indonesia. In addition, the mechanism of

apoptosis signaling that become the target of C. racemosa is not

yet clear. Therefore, based on this background, it is necessary to

study the potential of C. racemosa from Indonesia as an anticancer

by inhibiting antiapoptosis (Bcl-2), increasing proapoptosis (BAX)

and cleaved caspase-3 in vitro. To determine the expression of Bcl-2,

BAX, and caspase 3, immunofluorescence method was used. While

to determine the ability of apoptosis this study using flowcytometry

and trypan blue exclusion test.
Materials and methods

HeLa cell culture

HeLa cancer cells were obtained from the American Type

Culture Collection (ATCC) and stored in the Biomedical

Laboratory, Faculty of Medicine, Universitas Brawijaya,

Malang, Indonesia. The cells were then incubated at 37 °C in a

5 percent CO2 incubator. HeLa cells were cultured in media

supplemented with Dulbecco’s Modified Eagle Medium
Frontiers in Oncology 03
(DMEM) containing 10% fetal bovine serum (FBS) and

antibiotics (100 l/ml-penicillin, 100 l/ml-streptomycin) and

kept at pH 7.2-7.4. Cells were routinely grown and harvested

using a trypsin-EDTA solution (36). Under a microscope, HeLa

cell cultures were treated until they reach of 80% confluence.
Caulerpa racemosa extract

Caulerpa racemosa was found in shallow seawater (5-10

meters above sea level) in Mantehage, North Sulawesi,

Indonesia. Botanical identification and authentication were

confirmed at the Department of Pharmacology, Faculty of

Mathematics and Natural Sciences, Sam Ratulangi University,

Indonesia. The extraction was started at Sam Ratulangi

University and finished at the Biomedical Laboratory, Faculty

of Medicine, Universitas Brawijaya. The extract was macerated

in 96 percent ethanol for 72 hours. The total filtrate was

concentrated and evaporated at 40°C to obtain a thick extract,

and DMSO was used as a solvent.
Trypan blue exclusion assay

HeLa cells were grown in 24-well plates and exposed to C.

racemosa extract at various concentrations, including 0 mg/mL, 50
A B

DC

FIGURE 1

Chemical structure from Caulerpa’s anticancer metabolites. (A) Caulerpin; (B) Caulersin; (C) Caulerpenyne; (D) Racemosin.
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mg/mL, 100 mg/mL, and 200 mg/mL. The principle underlying this

method is that living cells have cell membranes. Dead cells are not

intact. As a result, the color will be absorbed by the dead cells (37).

Trypsinization was accomplished by infusing 250 L of 0.25 percent

Trypsin-EDTA for 10 minutes. The cells were suspended, and 20 L

of water was taken. Viability was determined using a

hemocytometer after staining with trypan blue and 10 L of cell

suspension (38, 39). At 24 and 48 hours, viability was assessed.
Immunofluorescence assay for
cell apoptosis

Method adapted from Permatasari et al., 2021; Sorrells et al.,

2013; Bressenot et al., 2009. Cell cultures were placed in a 12-well

plate with an 18 mm diameter circular glass cover on the bottom

of each well (Matsunami, Japan). Cells were washed twice in PBS

before being fixed in 4 percent formaldehyde in PBS for 15

minutes at room temperature. The cells were then rinsed twice

more with PBS. Permeabilization was achieved by incubating

cells in PBS at 4°C for 10 minutes with 2 ml 0.1-0.5 percent

Triton X-100. The cells were washed three times with PBS after

being aspirated with Triton X-100. For 1 hour, cells were blocked

in blocking buffer (10% goat serum, 2% bovine serum albumin,

0.2 percent Triton-X) (32, 40, 41).

Primary antibodies, namely mouse BAX primary antibody

(Bioss) and rabbit Bcl-2 primary antibody (Bioss), were used to

evaluate Bcl-2 and BAX expression, followed by secondary

antibodies, namely anti mouse FITC (abcam) and anti-rabbit

rhodamine (abcam) labeled with fluorochrome. Meanwhile, the

expression of cleaved caspase-3 was evaluated using a rabbit

cleaved caspase-3 primary antibody (CST, 9661S) followed by an

anti-rabbit IgG Alexa Fluor-488 (abcam) fluochrome-labeled

secondary antibody. The antibodies were diluted in blocking

solution before being incubated in the dark at 4°C overnight. The

samples were then washed five times in PBS. The nucleus was

stained with 4,6-diamino-2-phenylindole (DAPI; Sigma Aldrich,

Missouri, USA) at a concentration of 1 g/ml for 15 minutes

before being washed with PBS six times. Following that, they

were provided. They were then given mounting material and

inspected with a 200x magnification Olympus IX71 inverted

fluorescent microscope. The intensity of the result from

immunofluoresence was quantified using ImageJ software

(42, 43)
Annexin-V/PI staining

Flow cytometry was used to determine the extent of cell

apoptosis using the Annexin V-FITC-PI kit (Sigma). This

method is based on Vidya Priyadarshini et al. method’s

(2010). The cells were resuspended in annexin v binding buffer

at a concentration of 0.25-1.0 x 107 cells/ml after being washed
Frontiers in Oncology 04
twice with cold cell staining buffer. Then, 100 l of the cell

suspension was transferred to a 5 ml test tube, along with 5 l

of FITC annexin v and 10 l of a 20 g/ml PI (propidium iodide)

solution. After that, the cells were vortexed slowly and incubated

in the dark for 15 minutes at room temperature (25°C). After

that, 400 l of annexin v binding buffer was added to each tube,

which was then examined using a flow cytometer using the

proper machine settings (44). Cell Pro Quest software was used

to examine the data.
Data collection and data analysis

The software Graphpad Prism 9 and SPSS version 25 were

used to analyze the data. The Shapiro Wilk test and the Levene

homogeneity test were used to ensure that the data was normal.

The apoptosis test and cleaved caspase-3 expression both had a

significant p value of 0.05, indicating that the data were not

normally distributed. As a result, the statistical test was

continued using the Kruskal-wallis test with a statistically

significant p value of 0.05. There was also a Spearman

correlation test and a Dunn’s multiple comparison post hoc

test. Meanwhile, the Bcl-2 and BAX expressions revealed a

significant p value > 0.05 in the Levene homogeneity test,

indicating that the data were not normally distributed. As a

result, the statistical test was continued using the one-way

ANOVA test with a statistically significant p value of 0.05.

This study used the Pearson correlation test and Tukey’s

multiple comparison post hoc test.
Result and discussion

There are main mechanisms underlying cervical cancer,

namely HPV infection, HPV persistence, progression to

dysplasia, and invasion (45). At the molecular level, there is

integration of the viral genome into the host genome leading to

overexpression of the E6 and E7 proteins of HPV (46). The E7

protein binds and degrades the retinoblastoma gene (pRb) (7)

resulting in increased E2F activation associated with viral

differentiation and replication (4). Meanwhile, E6 forms a

trimeric complex with E3 ubiquitin ligase E6AP and DNA-

binding domain (DBD) p53 which results in polyubiquitination

and degradation of p53 (7).

One of the most important and most studied cancer

signaling pathways is the p53 tumor suppressor pathway (47).

In normal cells, the activity of p53 is low. However, if there are

many stress signals and DNA damage occurs, there will be an

increase in p53 levels which results in the activation and

transcription of hundreds of genes with important roles in cell

cycle arrest, aging, metabolism, differentiation, and apoptosis.

The action of p53 aims to ensure that abnormal cells fail to

proliferate and prevent the accumulation of oncogenic
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mutations that lead to the development of malignant tumors

(48). If the p53 gene is damaged, then tumor suppression is

greatly reduced. The tumor suppressor gene p53 regulates the

expression of Bcl-2 and BAX (9). The two cytoplasmic proteins

Bcl-2 and BAX act as inhibitors and promoters of apoptosis (49).

Apoptosis will only occur if a signal is given. There are

various conditions that will cause the apoptotic pathway to

become active, namely DNA damage or uncontrolled cell

proliferation. In cancer, apoptotic activity is delayed. There are

many ways cancer cells avoid apoptosis, namely inhibition of

caspase function or inactivation of apoptotic triggers.

Upregulation of the anti-apoptotic protein Bcl-2 and loss of

BAX are the dominant evasion methods. Overexpression of the

Bcl-2 protein was detected in more than half of cancer cases. this

causes tumor cells to be resistant to any apoptotic stimuli

(20, 21).

Currently, the main therapies used to treat cervical cancer

are surgery, radiotherapy, and chemotherapy (22). These

methods have limitations. Toxicity to normal cells, adverse

side effects, and drug resistance are major barriers to

chemotherapy use (24). Toxicity limits the usefulness of

anticancer agents which is also the reason patients discontinue

treatment (24). Anticancer drug resistance is reported as a

serious problem and accounts for 90% of chemotherapy

failures (25). Because of the current treatment limitations, it is

important to explore the development of new anticancer drugs.

Natural marine products have been used as compounds for drug

discovery (26). Secondary metabolite compounds from marine

products are seen as potential sources of active medicinal

compounds (27). Seaweed is rich in essential nutrients,

minerals and vitamins. It contains polysaccharides,

polyphenols, and sterols and has important bioactive

properties such as antioxidant, anti-inflammatory, anticancer,

antidiabetic, and anticoagulant (50, 51). Sea grapes is a term for

varieties of green seaweed of the genus Caulerpa (28).

The purpose of this study was to determine the effect of C.

racemosa extract on apoptosis and viability of HeLa cancer cells

and their mechanism of action. HeLa cells were treated with C.

racemosa for 24 hours before apoptotic and anti-proliferative

activity was observed.
Pro-apoptotic activity of C.
racemosa extract

Measurement of the pro-apoptotic activity of three doses of

C. racemosa was performed using flow cytometry. HeLa cells

were treated with four doses of C. racemosa and stained using

Annexin V (AV) and Propium iodide (PI) as markers of

apoptosis. Cells that express AV and PI (AV+/PI+) are cells

that enter the late stage of apoptosis, while cells that express only

AV (AV+/PI-) are cells that are still in the early stage

of apoptosis.
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C. racemosa extract significantly increased total apoptosis in

HeLa (AV+/PI+) and (AV+/PI-) cells (p < 0.05, Kruskal Wallis

test). Along with the increase in dose, total apoptosis in HeLa

cells also increased significantly, especially at a dose of 200 mg/
mL compared with the control group (p < 0.05, Dunn’s Post Hoc

test). Correlation test showed a perfect positive correlation

between dose and total apoptosis in HeLa cells (p < 0.05,

Spearman test) (Figure 2).

Flowcytometry analysis with Annexin V/PI staining was

performed to detect whether the cells were viable, apoptotic,

or necrotic through differences in plasma membrane integrity

and permeability (52). Cells undergoing apoptosis will express

phosphatidylserine (PS) on the outer membrane that can bind to

Annexin V (53). Propidium iodide (PI) stains cells that have

entered the late phase of apoptosis or cell necrosis (52). HeLa

cancer cells experienced an increase in total apoptosis after

administration of C. racemosa extract. Polyphenols, an

ingredient in seaweed, can be used as anticancer agents by

suppressing proliferation, inducing apoptosis and stimulating

oxidative stress (54). Polysaccharides obtained from green algae

C. racemosa showed antitumor activity. When used doses of 50,

100, and 200 mg/kg/day, the levels of inhibition against

hepatocellular carcinoma cell lines in rats (H22 cell lines) were

59.5%-83.8% (48 hours) and 53.9% (14 days) in mice with dose

of 100 mg/kg/day (55). Research was conducted on six Sri

Lankan seaweeds, namely Chondrophycus ceylanicus,

Gelidiella acerosa, Gracilaria corticata, Sargassum cassifolium,

Chaetomorpha crassa, and C. racemosa with doses of 50, 100,

and 200 mg/mL. It was found that C. racemosa was the species

with the best potential to induce apoptosis against HL-60

leukemia cancer cells (26). Therefore, C. racemosa extract has

the potential to induce apoptosis in cervical cancer cells.
Mechanism of C. racemosa as pro-
apoptosis through the expression of
cleaved caspase-3

HeLa cell apoptosis was identified by administering four

doses of C. racemosa extract for 24 hours. The doses used were 0

mg/mLas control, 50 mg/mL, 100 mg/mL, and 200 mg/mL.

Expression of cleaved caspase-3 was measured using

immunofluorescence method with rabbit antibody. The

administration of graded doses of C. racemosa extract showed

an increase in the expression of cleaved caspase-3 at 24 hours of

the treatment group compared to the control group

(p<0.05) (Figure 3).

Based on the data above, incremental dosing increased the

expression of cleaved caspase-3 as the dose of C. racemosa

extract increased. Increased expression of cleaved caspase-3

after incubation for 24 hours proved that C. racemosa extract

has a pro-apoptotic mechanism against HeLa cells of cervical

cancer. The results of the Kruskal-Wallis test showed that the
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independent variable (dose of C. racemosa extract) and the

dependent variable (cleaved caspase-3) were statistically

significant with a p value of 0.018 (p<0.05). Meanwhile, the

Spearman correlation test between the dose levels of C. racemosa

and the increased expression of cleaved caspase-3 had a perfect

positive correlation with an R value of 0.957.

HPV E6 protein has oncogenic activity that binds and

degrades p53 which has anti-proliferative and pro-apoptotic

activity in response to DNA damage. In the cytoplasm,

cytochrome c interacts with APAF 1, procaspase-9, and ATP

to form multi-protein complexes called apoptosomes. As a result

of this interaction, procaspase-9 is converted into its active form,

then acts on procaspase-3 and forms caspase-3. If p53 is absent

or inactivated by mutation, apoptosis does not occur, seI with

damaged DNA persists, and may become cancer cell progenitors
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(13). C. racemosa which is rich in metabolites such as phenols,

saponins, tannins, flavonoids, xanthoproteins, sesquiterpenoids,

diterpenoids, -sitosterol, caulerpin, caulerpicin, caulerpenyne,

and epigallo catechins (56) showed maximum effective activity

for anti-proliferative activity and Reactive Oxygen Species (ROS)

inhibition including transcriptional expression of key cancer and

apoptosis-associated genes (56, 57).
Mechanism of C. racemosa as pro-
apoptosis through expression of Bcl-2
and BAX

To determine the apoptotic activity, the expression of Bcl-2

and BAX as an indicator of apoptosis was observed. HeLa cells
A

B

FIGURE 2

Pro-apoptotic activity of C. racemosa extract on HeLa cells in vitro after 24 hours of treatment. (A) Total apoptosis in HeLa cells was measured
using flowcytometry with Annexin V/PI staining. Annexin V (-)/PI (-): viable cells; Annexin V (+)/PI (+): late apoptosic cells; Annexin V (+)/PI (-):
early apoptotic cells; Annexin V (-)/PI(+): necrotic cells. (B) Graph of the average total apoptosis, data presented in the form of mean ± standard
deviation, *p ≤ 0,05; **p ≤ 0,01; ***p<0,001 (Kruskal-Wallis, Dunn’s multiple comparison test). ns, not significant (p>0.05).
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were given C. racemosa extract with four different doses for 24

hours, 0 mg/mL as control, 50 mg/mL, 100 mg/mL, and 200 mg/
mL. All three doses showed an increase in apoptotic activity

which was indicated by an increase in the expression of BAX as a

proapoptosis (p value < 0.05, One way ANOVA). Based on the

data, it was found that as the dose of C. racemosa extract

increased, BAX expression also increased. There was a

significant increase in BAX expression at a dose of 200 mg/mL

compared to the control group and a dose of 50 mg/mL at 24

hours after treatment (p value < 0.05 using Tukey’s multiple

comparison test). There was a strong positive correlation

between dose and BAX expression (p value < 0.05, correlation

coefficient 0.880 with Pearson’s test). In addition to the

expression of BAX, observations were made on the expression

of Bcl-2 as an anti-apoptotic agent. Statistical tests showed

significant differences between groups (p value < 0.05, One

way ANOVA and Tukey’s multiple comparison test). The

increase in Bcl-2 expression is a defense mechanism of HeLa

cells when C. racemosa extract is given. This event was offset by

an increase in the expression of BAX as a proapoptosis so that

the cells continued to enter the apoptotic phase. In general, all

three doses of C. racemosa extract modulated apoptotic events in

HeLa cancer cells compared to the control group (Figure 4).

Immunofluorescence staining of Bcl-2 and BAX showed

anticancer activity of C. racemosa with increased apoptotic

activity of HeLa cancer cells. Bcl-2 is a major member of the

anti-apoptotic Bcl-2 that functions to directly bind and inhibit

the proapoptotic Bcl-2 protein (58). BAX is a member of the
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proapoptotic Bcl-2 family that is dormant in the cytosol (59).

BAX is considered to be an executor of mitochondrial outer

membrane permeabilization (MOMP) during apoptosis (60).

Activated BAX will translocate to MOM and subsequently

assemble a protein complex called permeability transition pore

(PTP) to create an opening through both mitochondrial

membranes, eventually causing MOM to rupture due to

swelling of the mitochondrial matrix (61). The MOMP process

causes the release of multiple mitochondrial apoptogenic

proteins into the cytosol to trigger the apoptotic cascade (60).

C. racemosa extract significantly increased the proapoptotic

BAX expression. The increased expression of Bcl-2 is a response

of cell defense to the administration of C. racemosa extract.

However, in the end HeLa cells still enter the apoptotic phase.

Caulerpa has bioactive metabolites namely alkaloids, terpenoids,

flavonoids, steroids and tannins and its bioactivity has been

reported against many diseases including cancer (54).

Flavonoids are reported to support the induction of apoptosis

by modulating Bcl-2 which is an anti-apoptotic factor. Bcl-2

functions by preventing mitochondrial pore formation and

cytochrome release thereby inhibiting the initiation of

apoptosis (62). Research by Bhakti et al. in 2020, used

Caulerpa spp at a dose of 20-500 g/mL. It was found that

Caulerpa spp has the potential to increase p53 gene expression

in HeLa cells (57). The expression of BAX which is also a

regulator of apoptosis is increased. Meanwhile, the expression of

the CDC2 gene, which plays a role in tumor formation, was

doubled by C. racemosa extract (57).
A

B

FIGURE 3

C. racemosa induces caspase-3 expression in HeLa cells in vitro after 24 hours of treatment. (A) Expression of cleaved-caspase-3 compared
with DAPI on immunofluorescence assay. (B) Graph of the mean intensity of cleaved caspase-3. Data are presented in the form of mean ±
standard deviation, *p ≤ 0,05 (Kruskal-Wallis, Dunn’s multiple comparison test). ns, not significant (p>0.05).
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C. racemosa extract activity in reducing
HeLa cell viability

HeLa cell viability was measured at 24 h and 48 h.HeLa cells

were given four doses of C. racemosa extract (0 mg/mL, 50 mg/
Frontiers in Oncology 08
mL, 100 mg/mL, 200 mg/mL). HeLa cell viability was measured

using the trypan blue exclusion assay. After 24 hours of

treatment, C. racemosa showed anti-proliferative activity

indicated by a decrease in the number of viable cells compared

to the control group, especially at a dose of 50 mg/mL compared
A

B

FIGURE 4

C. racemosa induces Bcl-2 and BAX expression in HeLa cells in vitro after 24 hours of treatment. (A) Expression of Bcl-2 and BAX compared
with DAPI on immunofluorescence assay. (B) Graph of the average intensity of Bcl-2 and Bax. Data is presented in the form of mean ± standard
deviation, ***p<0,001; ****p<0,0001 (One way ANOVA, Tukey’s multiple comparison test). ns, not significant (p>0.05).
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to a dose of 200 mg/mL (p < 0.05, Kruskal Wallis test and Dunn’s

Post Hoc test)). At 48 hours after treatment, anti-proliferative

activity of C. racemosa was also found, especially at a dose of 200

mg/mL compared to the control (p < 0.05, Kruskal Wallis test

and Dunn’s Post Hoc test). There is a perfect negative correlation

between the dose of C. racemosa and the viability of HeLa cells,

which means that the larger the dose used, the fewer the number

of HeLa cells that appear viable on the trypan blue exclusion

assay (p < 0.05, Spearman test) (Figure 5).

The antiproliferative activity of C. racemosa was evidenced by

a significant decrease in the viability of HeLa cancer cells after 24

and 48 hours of treatment. Caulerpa’s anticancer metabolites such

as caulerpenyne (Cyn), caulerpin, caulersin, and racemosin C,

have unique structural features and are known to exhibit different

effects on cancer cells. These metabolites are reported to influence

microtubule dynamics, unfolded protein response, mitochondrial

health, cell cycle development, metabolic pathways and stress (35).

Caulerpenyne alters ATP-dependent Ca2+ storage in intracellular

organelles, protein phosphorylation, and DNA synthesis. Cyn

induces the inhibition of SK-N-SH cell line neuroblastoma

proliferation by inducing tubulin aggregation which is

responsible for the inhibition of microtubule polymerization. In

another study by Fischel et al, Cyn inhibited growth in eight

human cancer lines by causing an initial shift of cells to the S

phase followed by blocking in the G2/M phase (63). C. racemosa

affects the cell cycle resulting in inhibition of the proliferation of

HeLa cancer cells.

Of course, taking into account the effective doses obtained

from this study, it is hoped that there will be further studies.

Further studies that need to be carried out are tests on the ability

of C. racemosa extract to inhibit Hela cells from penetrating the

extracellular matrix so that it is certain that the administration of

the extract can inhibit the metastasis process of cancer cells.
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Moreover, trials on model animals or preclinical trials are also a

concern for our future research to observe their toxicity.
Conclusion and practical
implications

This study showed the antiproliferative activity of C.

racemosa which was characterized by a decrease in cell

viability and the effect of increasing apoptotic activity on HeLa

cells, which are cervical cancer cells. C. racemosa extract with

various concentrations significantly increased the expression of

pro-apoptotic protein BAX, cleaved caspase-3, total apoptosis,

and decreased HeLa cell viability. The results of the study

indicate that C. racemosa has potential promising as an anti-

cancer that can be studied and observed further.
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Delgado JE, Fraire-Soto I, Reyes-Estrada CA, et al. Uvb inhibits proliferation, cell
cycle and induces apoptosis via p53, e2f1 and microtubules system in cervical
cancer cell lines. Int J Mol Sci (2021) 22(10):1–14. doi: 10.3390/ijms22105197

7. Steels A, Vannevel L, Zwaenepoel O GJ. Nb-Induced stabilisation of p53 in
HPV-infected cells. Sci Rep (2019) 9(1):1–14. doi: 10.1038/s41598-019-49061-9

8. Kastenhuber E, Lowe S. Putting p53 in context Edward. Cell (2017) 170
(6):1062–78. doi: 10.1016/j.cell.2017.08.028

9. Martinez-Zapien D, Ruiz FX, Poirson J, Mitschler A, Ramirez J, Forster A,
et al. Structure of the E6/E6AP/p53 complex required for HPV-mediated
degradation of p53. Nature (2016) 529(7587):541–5. doi: 10.1038/nature16481

10. Di Fiore R, D’Anneo A, Tesoriere G, Vento R. RB1 in cancer: Different
mechanisms of RB1 inactivation and alterations of pRb pathway in tumorigenesis. J
Cell Physiol (2013) 228(8):1676–87. doi: 10.1002/jcp.24329

11. Henley SA, Dick FA. The retinoblastoma family of proteins and their
regulatory functions in the mammalian cell division cycle. Cell Div (2012) 7
(1):10. doi: 10.1186/1747-1028-7-10

12. Crosbie EJ, Einstein MH, Franceschi S, Kitchener HC. Human
papillomavirus and cervical cancer. Lancet (2013) 382(9895):889–99.
doi: 10.1016/S0140-6736(13)60022-7

13. Rodwell VW, Bender DA, Botham KM, Kennelly PJ, Weil AP. HARPER´S
llustrated biochemistry. (United States: Mc Graw Hill Education Lange) (2015). p. 330.

14. Khan MA, Tiwari D, Dongre A, Sadaf, Mustafa S, Das CR, et al. Exploring
the p53 connection of cervical cancer pathogenesis involving north-east Indian
patients. PloS One (2020) 15:1–16. doi: 10.1371/journal.pone.0238500

15. Gbadegesin MA, Omotoso OE, Oluwasola TAO, Okolo CA, Soremekun O,
Ogun GO, et al. Mutational analysis of p53 gene in cervical cancer and useful
polymorphic variants in exons 3 and 4. Egypt J Med Hum Genet (2021) 22(1):1–8.
doi: 10.1186/s43042-021-00144-1
16. Olivier M, Hollstein M, Hainaut P. TP53 mutations in human cancers:
origins, consequences, and clinical use. Cold Spring Harb Perspect Biol (2010) 2
(1):1–17. doi: 10.1101/cshperspect.a001008

17. Yim E-K, Park J-S. The role of HPV E6 and E7 oncoproteins in HPV-
associated cervical carcinogenesis. Cancer Res Treat (2005) 37(6):319. doi: 10.4143/
crt.2005.37.6.319

18. Pal A, Kundu R. Human papillomavirus E6 and E7: The cervical cancer
hallmarks and targets for therapy. Front Microbiol (2020) 10. doi: 10.3389/
fmicb.2019.03116

19. Shimada M, Yamashita A, Saito M, Ichino M, Kinjo T, Mizuki N, et al. The
human papillomavirus E6 protein targets apoptosis-inducing factor (AIF) for
degradation. Sci Rep (2020) 10(1):1–14. doi: 10.1038/s41598-020-71134-3

20. Elmore S. NIH Public access. NIH Public access. (2007) 35(4):495–516. doi:
10.1080/01926230701320337

21. Pfeffer CM SA. Apoptosis : A target for anticancer therapy. International
Journal of Molecular Sciences (2018) 19(2):448. doi: 10.3390/ijms19020448

22. WHO. Comprehensive cervical cancer control. (Geneva: World Health
Organization) (2014) p. 366–78.

23. Maeda H KM. Analyses of repeated failures in cancer therapy for solid
tumors: poor tumor-selective drug delivery, low therapeutic efficacy and
unsustainable costs. Clin Transl Med (2018) 7(1):1–20. doi: 10.1186/s40169-018-
0185-6

24. Sak K. Chemotherapy and dietary phytochemical agents. Chemother Res Pr
(2012) 2012, 1–11. doi: 10.1155/2012/282570

25. M R. Caspase cascade activation during apoptotic cell death of human lung
carcinoma cells A549 induced by marine sponge callyspongia aerizusa. Drug Des
Devel Ther (2021) 15:1357–68. doi: 10.2147/DDDT.S282913

26. Chaminda Lakmal HH, Samarakoon KW, Lee W, Lee JH, Abeytunga D,
Lee HS, et al. Anticancer and antioxidant effects of selected Sri Lankan marine
algae. J Natl Sci Found Sri Lanka (2014) 42(4):315–23. doi: 10.4038/
jnsfsr.v42i4.7730

27. Drugs A, Mondal A, Bose S, Banerjee S, Patra JK, Kerry RG, et al. Marine
cyanobacteria and microalgae metabolites — a rich source of potential. Mar Drugs
(2020) 18(9): 476. doi: 10.3390/md18090476

28. Paul NA, Neveux N, Magnusson M de NR. Comparative production and
nutritional value of “sea grapes” - the tropical green seaweeds caulerpa lentillifera
and c. racemosa. J Appl Phycol (2014) 26(4):1833–44. doi: 10.1007/s10811-013-
0227-9

29. Ridhowati S, Asnani. Potensi anggur laut kelompok Caulerpa racemosa
sebagai kandidat sumber pangan fungsional Indonesia. Oseana (2016) 41(4):50–62.

30. Magdugo RP, Terme N, Lang M, Pliego-Cortés H, Marty C, Hurtado AQ,
et al. An analysis of the nutritional and health values of Caulerpa racemosa
(Forsskål) and ulva fasciata (Delile)–two chlorophyta collected from the
Philippines. Molecules (2020) 25(12):2901. doi: 10.3390/molecules25122901
frontiersin.org

https://doi.org/10.1155/2021/5563367
https://doi.org/10.1155/2019/3257939
https://doi.org/10.1128/JVI.77.2.1551-1563.2003
https://doi.org/10.3390/ijms22105197
https://doi.org/10.1038/s41598-019-49061-9
https://doi.org/10.1016/j.cell.2017.08.028
https://doi.org/10.1038/nature16481
https://doi.org/10.1002/jcp.24329
https://doi.org/10.1186/1747-1028-7-10
https://doi.org/10.1016/S0140-6736(13)60022-7
https://doi.org/10.1371/journal.pone.0238500
https://doi.org/10.1186/s43042-021-00144-1
https://doi.org/10.1101/cshperspect.a001008
https://doi.org/10.4143/crt.2005.37.6.319
https://doi.org/10.4143/crt.2005.37.6.319
https://doi.org/10.3389/fmicb.2019.03116
https://doi.org/10.3389/fmicb.2019.03116
https://doi.org/10.1038/s41598-020-71134-3
https://doi.org/10.1080/01926230701320337
https://doi.org/10.3390/ijms19020448
https://doi.org/10.1186/s40169-018-0185-6
https://doi.org/10.1186/s40169-018-0185-6
https://doi.org/10.1155/2012/282570
https://doi.org/10.2147/DDDT.S282913
https://doi.org/10.4038/jnsfsr.v42i4.7730
https://doi.org/10.4038/jnsfsr.v42i4.7730
https://doi.org/10.3390/md18090476
https://doi.org/10.1007/s10811-013-0227-9
https://doi.org/10.1007/s10811-013-0227-9
https://doi.org/10.3390/molecules25122901
https://doi.org/10.3389/fonc.2022.964816
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Permatasari et al. 10.3389/fonc.2022.964816
31. Windrayani E, Ekantari N. The fortification effects of Sea grapes
(Caulerpa racemosa) powder on color and sensory of hakau dim sum
wrappers. IOP Conf Ser Earth Environ Sci (2021) 919(1):012048. doi: 10.1088/
1755-1315/919/1/012048

32. Permatasari HK, Nurkolis F, Augusta PS, Mayulu N, Kuswari M, Taslim
NA, et al. Kombucha tea from seagrapes (Caulerpa racemosa) potential as a
functional anti-ageing food: in vitro and in vivo study. Heliyon (2021) 7(9):e07944.
doi: 10.1016/j.heliyon.2021.e07944

33. PERMATASARI HK, BULAIN S, AMAR N, AZIZAH MR, MUSLIM FZ,
DAUD VPA, et al. Anticancer properties of Caulerpa racemosa: A review study.
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