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ABSTRACT 

Background: The liver plays a critical role in systemic inflammation and 

metastasis during breast cancer progression, mediated significantly by NF-κB 

and CYR61. This study evaluates the effects of Holothuria scabra methanol 

extract (SCME) on hepatic expression of NF-κB and CYR61 in mice with 

breast cancer induced by a high-fat diet (HFD) and 7,12-

dimethylbenz[a]anthracene (DMBA). Methods: Female C57BL/6J mice were 

divided into five groups: normal diet, positive control (HFD + DMBA), and 

three SCME-treated groups at doses of 0.33, 0.66, and 0.99 g/kg body weight. 

NF-κB and CYR61 expression levels in liver tissue were assessed by semi-

quantitative RT-PCR. Results: SCME treatment significantly reduced hepatic 

NF-κB and CYR61 gene expression in a dose-dependent manner. The highest 

SCME dose (0.99 g/kg) markedly downregulated both genes compared to the 

positive control group (p < 0.05). Conclusion: Holothuria scabra methanol 

extract demonstrates promising anti-inflammatory and anticancer activities by 

modulating NF-κB and CYR61 hepatic expression. Further mechanistic studies 

and clinical validations are recommended. 

 
Copyright ©2025  by Authors. Published by Faculty of Medicine, Universitas Diponegoro Semarang Indonesia. This is an open access article under the CC-BY-NC-SA 

(https://creativecommons.org/licenses/by-nc-sa/4.0/) 
 

 

INTRODUCTION 

The liver plays a central role in systemic 

metabolic regulation and immune homeostasis, 

making it a critical organ in the context of cancer-

related inflammation and metastasis.1 2 In breast 

cancer, hepatic involvement is common—not only as 

a metastatic site but also as a target of systemic 

disruptions driven by the tumor microenvironment, 

dietary factors, and treatment-induced toxicity.3 

Breast cancer liver metastasis is the third most 

prevalent site of secondary tumor spread following 

lymph nodes and bones, and is associated with poor 

clinical outcomes; median survival for untreated 

BCLM patients ranges from 4 to 8 months.4,5 

Contributing factors include estrogen receptor 

negativity, HER2 overexpression, and extensive 

tumor burden.6 

Even in the absence of direct metastasis, the liver 

is vulnerable to inflammation and functional changes 

due to tumor-secreted cytokines, high-fat diet -

induced lipotoxicity, and chemotherapy-associated 

hepatotoxicity.7 The hepatic microenvironment—

featuring unique sinusoidal architecture, ECM 

composition, and immune cell populations—can 

facilitate tumour cell survival, immune evasion, and 

therapy resistance. 8 9  Changes in hepatic gene 

expression under such stress conditions may further 

exacerbate disease progression.  

The high-fat diet (HFD) model is widely utilized 

in experimental research to simulate obesity-induced 

chronic inflammation, a recognized risk factor for 
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breast cancer development and progression. A diet 

high in fats promotes systemic inflammation, 

enhances tumor-promoting cytokines, and 

contributes significantly to hepatic inflammation and 

dysfunction associated with cancer. By employing an 

HFD in combination with DMBA, this study aims to 

closely replicate the conditions of diet-related 

oncogenesis and inflammation seen clinically, 

thereby providing a robust platform for evaluating the 

therapeutic potential of natural marine-derived 

compounds such as Holothuria scabra.10  

Two molecular mediators often implicated in 

this hepatic disruption are nuclear factor kappa B and 

cysteine-rich angiogenic inducer 61.7,9 NF-κB is a 

transcription factor central to pro-inflammatory 

signalling and cell survival; its aberrant activation has 

been associated with cancer progression and 

resistance to apoptosis .11 CYR61 is a matricellular 

protein involved in ECM remodeling and 

angiogenesis, and is linked to tumor aggressiveness 

and liver fibrosis.12 

Given the liver’s susceptibility to secondary 

cancer-associated changes, therapeutic strategies 

aimed at modulating hepatic inflammation and ECM 

remodeling may offer added value in breast cancer 

management.3,13,14 Marine-derived compounds have 

garnered interest due to their multitarget bioactivity 

and safety profiles. Holothuria scabra, widely used 

in traditional Asian medicine, is rich in triterpene 

glycosides, peptides, and polysaccharides with 

reported anti-inflammatory and anticancer 

effects.15,16  

Methanol extract of H. scabra has demonstrated 

promising activity in downregulating IL-6 and NF-

κB expression, improving liver histology, and 

modulating tumor-associated molecular pathways.17 

These findings raise the possibility of its role in 

suppressing both NF-κB and CYR61 expression in 

the liver under oncogenic stress. 

In this study, we employed a model of DMBA- 

and HFD-induced breast cancer, which replicates 

inflammation- and diet-associated carcinogenesis. 

The primary objective was to investigate the effects 

of SCME on hepatic expression of NF-κB and 

CYR61, two key molecular mediators of 

inflammation and extracellular matrix remodelling in 

the liver. This research addresses a critical knowledge 

gap by exploring whether natural marine-derived 

compounds can counteract hepatic molecular 

disruptions in cancer-bearing hosts. Understanding 

the impact of SCME on these gene pathways could 

reveal novel liver-directed interventions for 

mitigating systemic inflammatory damage and 

enhancing therapeutic outcomes in breast cancer. 

Given the increasing recognition of the liver as both a 

sentinel and secondary victim in cancer progression, 

this study is urgent and timely within the context of 

integrative oncology. 

 

METHODS 

This experimental study applied a post-test only 

control group design based on a randomized complete 

block design (RCBD). Female C57BL/6J mice aged 

10–11 weeks were sourced from a certified breeding 

facility (iRAT, Indonesia) and acclimatized for one 

week before the start of the study. Using Federer’s 

formula, the sample size was determined to include 

five groups of six mice each (n = 30).  

The mice were randomly allocated into five 

groups: (1) a normal diet (ND) group receiving only a 

standard diet, (2) a positive control group receiving a 

high-fat diet (HFD) along with 7,12-

dimethylbenz[a]anthracene (DMBA) induction, and 

three treatment groups (T1, T2, and T3) which 

received HFD, DMBA, and sea cucumber methanol 

extract (SCME) at doses of 0.33, 0.66, and 0.99 g/kg 

body weight, respectively. The HFD was provided ad 

libitum from day 0, and DMBA (1 mg/kg BW, Sigma-

Aldrich, USA) was injected subcutaneously into the 

mammary gland area once per week for six 

consecutive weeks. Oral administration of SCME 

began 24 hours after each DMBA injection 

throughout the induction period. Confirmation of 

breast cancer development and tumor progression in 

the animal model was established through 

histopathological evaluation and tumor burden 

assessment as previously confirmed by 

histopathological assessment in Ratnawati et al. 

(2024).10 

The SCME was prepared from Holothuria 

scabra specimens collected in Gresik, East Java, 

Indonesia. After the removal of internal organs, the 

sea cucumbers were frozen at −80°C, sliced, and 

macerated in methanol at a ratio of 1:3 (w/v) for 24 

hours at room temperature. The solution was filtered 

with Whatman No. 1 paper, and the methanol was 

evaporated under reduced pressure using a rotary 

evaporator at 40°C. The resulting crude extract was 
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stored at −20°C until use. Previous phytochemical 

analyses of Holothuria scabra methanol extract 

(SCME) identified bioactive compounds including 

triterpene glycosides, sulfated polysaccharides, and 

peptides. 18These compounds have been associated 

with anti-inflammatory and anticancer properties, 

potentially mediating the observed NF-κB and 

CYR61 suppression. 

At day 62, all animals were euthanized, and their 

livers were collected, snap-frozen in liquid nitrogen, 

and stored at −80°C. Total RNA was isolated from 

50–100 mg of liver tissue using GENEzol™ Reagent 

(Geneaid, Taiwan) according to the manufacturer’s 

instructions. RNA yield and purity were assessed 

spectrophotometrically using a NanoDrop™ 

(Thermo Scientific, USA). 

Complementary DNA (cDNA) was synthesized 

from 1 µg of total RNA using the MyTaq™ One-Step 

RT-PCR Kit (Bioline, UK). Expression of NF-κB, 

CYR61, and the reference gene GAPDH was 

analyzed using gene-specific primers. The following 

primer sequences were used: GAPDH (Forward: 5′-

TTGATGGCAACAATCTCCAC-3′, Reverse: 5′-

CGTCCCGTAGACAAAATGGT-3′), NF-κB 

(Forward: 5′-GGCCGGAAGACCTATCCTACT-3′, 

Reverse: 5′-CTACAGACACAGCGCACACT-3′), 

and CYR61 (Forward: 5′-

GATGACCTCCTCGGACTCGAT-3′, Reverse: 5′ 

CGTGCAGAGGGTTGAAAAGAA-3′). The PCR 

conditions included a 30-minute reverse transcription 

step at 50°C, an initial denaturation at 95°C for 1 

minute, followed by 35 cycles of denaturation at 

95°C for 15 seconds, annealing at 55°C for 30 

seconds, and extension at 72°C for 1 minute. 

PCR products were separated using 2% agarose 

gel electrophoresis stained with SYBR™ Safe DNA 

Gel Stain (Invitrogen, USA) and visualized under a 

BluePad LED transilluminator. Band intensity was 

quantified using ImageJ software, and gene 

expression levels of NF-κB and CYR61 were 

normalized against GAPDH as the internal control. 

 

 

 

 

 

 

 

Statistical analysis was conducted using SPSS 

version 25. One-way analysis of variance (ANOVA) 

followed by Tukey’s HSD post hoc test was 

performed to compare differences among groups. A 

p-value of less than 0.05 was considered statistically 

significant. Graphs were created using GraphPad 

Prism version 8.0. 

 

RESULTS 

Effect of SCME on Hepatic NF-κB Gene 

Expression 

The expression level of the NF-κB gene in liver 

tissues was significantly elevated in the HFD + 

DMBA (positive control) group compared to the 

normal diet (ND) group (1.46 ± 0.94 vs. 0.67 ± 0.15, 

p < 0.001). Treatment with SCME resulted in a dose-

dependent reduction in NF-κB expression. At doses 

of 0.33, 0.66, and 0.99 g/kg BW, the expression levels 

were 1.20 ± 0.15, 0.98 ± 0.076, and 0.82 ± 0.17, 

respectively. Notably, the highest dose (T3) 

significantly reduced NF-κB expression compared to 

the HFD + DMBA group (p < 0.05), approaching 

values seen in the ND group. However, the reductions 

observed in the T1 and T2 groups were not 

statistically different from each other (Fig. 1 and 2) 

 

 
Figure 1. Representative gel electrophoresis images showing hepatic 

NF-κB and GAPDH mRNA expression levels in mice from each 

experimental group (only 4 representative samples shown). The upper 

band in each set corresponds to NF-κB, while the lower band 
corresponds to GAPDH as control. 
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Figure 2. Post Hoc Test Results for NF-κB Gene Expression. ND = 

Normal Diet, HFD = High Fat Diet, SCME = Sea Cucumber Methanol 

Extract. Post Hoc Test: * = Significant, ** = Highly Significant, ns = 
Not Significant. 

 

Effect of SCME on Hepatic CYR61 Gene 

Expression 

Similarly, CYR61 gene expression in the liver 

was significantly upregulated in the HFD + DMBA 

group (1.55 ± 0.26) compared to the ND group (0.48 

± 0.12, p < 0.001). SCME treatment led to a dose-

dependent downregulation of CYR61, with mean 

expression levels of 0.98 ± 0.103 (T1), 0.90 ± 0.096 

(T2), and 0.66 ± 0.12 (T3). The T3 group exhibited a 

statistically significant decrease in CYR61 

expression relative to the HFD + DMBA group (p < 

0.05), although T1 and T2 showed no significant 

differences between each other (Fig. 3 and 4) 

 

 
 

Figure 3. Representative gel electrophoresis images showing hepatic 

CYR61 and GAPDH mRNA expression levels in mice from each 
experimental group (n = 5 per group, 3 representative samples shown). 

The upper band in each set corresponds to CYR61, and the lower band 

represents GAPDH as the internal control. 
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Figure 4. Post Hoc Test Results for CYR61 Gene Expression. ND = 

Normal Diet, HFD = High Fat Diet, SCME = Sea Cucumber Methanol 

Extract. Post Hoc Test: * = Significant, ** = Highly Significant, ns = 

Not Significant. 
 

DISCUSSION 

The present study demonstrates that methanol 

extract of Holothuria scabra (SCME) significantly 

reduces hepatic NF-κB and CYR61 gene expression 

in a breast cancer mouse model induced by a high-fat 

diet (HFD) and DMBA. These findings provide 

crucial molecular evidence supporting SCME’s 

therapeutic potential in mitigating inflammation and 

fibrosis signaling pathways commonly implicated in 

breast cancer-associated liver complications. 

Breast cancer commonly metastasizes to the 

liver, making hepatic tissue particularly vulnerable to 

systemic inflammatory stress and metabolic 

dysregulation driven by tumor progression. 

Preclinical studies consistently highlight hepatic 

inflammation and extracellular matrix remodeling as 

early indicators in breast cancer pathology, linked to 

cytokine release, lipid dysmetabolism, and endocrine 

disruption. 19 20 Elevated NF-κB activity is one of the 

key mediators in this systemic inflammatory milieu.21 
22 Our data aligns with previous findings that show 

persistent activation of NF-κB in liver tissues during 

tumor progression and suggest that SCME exerts anti-

inflammatory effects by suppressing NF-κB 

transcriptional activity in hepatic cells. 

The dose-dependent reduction of NF-κB 

expression in the liver after SCME administration 

supports the notion that H. scabra extract may 

interrupt upstream inflammatory cascades, possibly 

through inhibition of IL-6 signaling and IκBα 

degradation, as suggested by other studies.18,23 This is 
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particularly relevant considering that IL-6 is a known 

inducer of NF-κB, and that both IL-6 and NF-κB are 

central to cancer-associated inflammation. 

This study demonstrated a significant 

downregulation of hepatic CYR61 gene expression 

following treatment with Holothuria scabra 

methanol extract (SCME) in a breast cancer mouse 

model induced by DMBA and a high-fat diet. 

CYR61, a matricellular protein known to regulate 

extracellular matrix (ECM) remodeling, 

angiogenesis, and metastasis, is often overexpressed 

in aggressive breast cancer subtypes, including triple-

negative breast cancer. Its suppression suggests that 

SCME may influence molecular pathways involved 

in tumor-associated liver remodeling. 

Although the detailed molecular mechanisms 

remain to be elucidated, previous studies have 

implicated several signaling pathways—such as 

TGF-β, Wnt/β-catenin, and PI3K/AKT—in 

regulating CYR61 expression.24 It is plausible that 

SCME interferes with one or more of these regulatory 

axes, resulting in attenuated CYR61 transcription. 

Supporting this hypothesis, compounds identified in 

H. scabra, including triterpene glycosides, sulfated 

polysaccharides, and saponins, have shown potential 

anticancer activities in preclinical studies. Molecular 

docking analyses have further demonstrated that 

bioactive components such as holothurin A and 24-

dehydroechinoside exhibit affinity for breast cancer-

related molecular targets, including NF-κB-

associated sites.18,25,26 

Unlike previous studies that reported 

histopathological improvements in the liver 

following marine-derived compound administration 
27 28 , our investigation focused specifically on gene 

expression without histological assessment. 

Nevertheless, the significant modulation of CYR61 

and NF-κB expression observed here provides strong 

molecular evidence of SCME's hepatic activity in the 

context of cancer-induced inflammation. 

Additional marine-derived molecules such as 

comaparvin and echinoside B have also been shown 

to inhibit NF-κB activation and tumor growth in vivo, 

offering comparative insight into the therapeutic 

potential of H. scabra. These findings highlight the 

promise of marine biocompounds in modulating 

oncogenic and inflammatory pathways. 

Nevertheless, this study has several limitations. 

Primarily, reliance on semi-quantitative RT-PCR 

alone restricts comprehensive understanding at the 

protein level. To address this, subsequent studies 

should include quantitative protein analyses such as 

western blotting or ELISA to validate gene expression 

findings. Moreover, the absence of biochemical liver 

function tests (e.g., AST and ALT) and serum 

cytokine profiles in this study limits our conclusions 

regarding SCME’s systemic anti-inflammatory 

effects and hepatic protective properties. 

Future studies should investigate the specific 

molecular pathways targeted by SCME, possibly 

including upstream regulators of NF-κB and CYR61 

such as STAT3, AKT, and MAPK. Proteomic 

analysis, receptor-binding assays, and the use of 

knockout models would strengthen the mechanistic 

understanding. 

In summary, this study confirms that methanol 

extract of Holothuria scabra downregulates NF-κB 

and CYR61 gene expression in the liver of breast 

cancer mice, suggesting its potential as a dual anti-

inflammatory and antifibrotic agent. These findings 

provide a rationale for further investigation of H. 

scabra as a supportive therapeutic in breast cancer, 

especially in patients at risk for hepatic comorbidities. 

 

CONCLUSION 

This study confirms that Holothuria scabra 

methanol extract (SCME) significantly 

downregulates hepatic NF-κB and CYR61 gene 

expression in a breast cancer mouse model induced by 

high-fat diet and DMBA. These findings suggest 

SCME's potential as a dual anti-inflammatory and 

antifibrotic agent, supporting its role as a 

complementary approach in breast cancer 

management. Further research is needed to clarify its 

mechanisms and clinical relevance. 
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