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Hepatocellular carcinoma (HCC) is the most common and lethal type of primary liver cancer, frequently arising from chronic liv-
er injury and inflammation. Despite treatment advancements, HCC prognosis remains poor, emphasizing the need for effective 
preventive and therapeutic strategies. This study investigates the hepatoprotective and anti-tumor effects of Hongjam, a steamed 
freeze-dried silkworm powder, in a diethylnitrosamine (DEN) and thioacetamide (TAA)-induced HCC mouse model. Mice were ad-
ministered DEN intraperitoneally for 8 weeks, followed by TAA in drinking water for 9 weeks, with Hongjam supplementation (0.01, 
0.1, and 1 g/kg) provided daily through food. Hongjam markedly reduced the tumor incidence, the size, and the histological lesions 
compared to the DEN/TAA group. Serum biochemical analysis revealed reduction in liver damage markers, including alkaline phos-
phatase, alanine aminotransferase, aspartate aminotransferase, and total bilirubin, with a notable decrease in total bilirubin sur-
passing. Immunohistochemical and Western blot analyses demonstrated that Hongjam downregulated expression of proliferation 
markers, including Ki67, phosphorylation of protein kinase B, and proliferating cell nuclear antigen, while upregulating the pro-apop-
totic protein Bcl-2-associated X protein, indicating its dual role in suppressing proliferation and promoting apoptosis. Furthermore, 
Hongjam inhibited angiogenesis by suppressing the expression of key markers, including interleukin 6, VEGF, hypoxia-inducible 
factor-1 subunit alpha, platelet-derived growth factor subunit beta, matrix metalloproteinase-2, and cluster of differentiation 31, 
thereby disrupting the tumor microenvironment. These findings suggest that Hongjam exerts multifaceted protective effects against 
HCC by targeting proliferation, apoptosis, and angiogenesis pathways, while also mitigating liver damage. This study highlights the 
potential of Hongjam as a functional food or a complementary therapeutic agent for HCC prevention and management.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common and le-
thal type of primary liver cancer worldwide, accounting for the 
majority of liver cancer cases [1,2]. Despite advancements 
in treatment, the prognosis for HCC remains poor due to late 
diagnosis, high recurrence rates, and limited efficacy of ex-
isting therapeutic options [3]. This highlights the urgent need 
for effective preventive strategies and alternative therapeutic 
agents to combat HCC [4].
	 Natural products are gaining attention for their cancer pre-
ventive and therapeutic potential due to their bioavailability, 
low toxicity, and multi-target capabilities [5,6]. Among these, 

silkworm-derived compounds have emerged as promising 
candidates due to their significant anti-inflammatory, antiox-
idant, and protective effects, as reported in various studies 
[7-9]. These properties make silkworm-derived compounds 
valuable for therapeutic and preventive applications in inflam-
mation, oxidative stress-related diseases, and metabolic dis-
orders [10,11]. Previous studies identified Hongjam (steamed 
freeze-dried mature silkworm powder) as a potential ther-
apeutic agent [12,13]. Hongjam is derived from silkworms 
through a steaming and freeze-drying process, designed to 
retain its bioactive components, including fibroin peptides. It 
has protective effects against liver fat accumulation, inflam-
mation, and oxidative stress by modulating AMP-activated 
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protein kinase signaling pathways, reducing pro-inflammatory 
cytokines, and enhancing lipid metabolism. These findings 
suggest its potential role in preventing alcoholic liver diseases 
[12]. Moreover, Hongjam has been shown to reduce gastric 
mucosal ulceration, enhance antioxidant defenses, and sup-
press inflammation by improving mucus secretion and inhib-
iting pro-inflammatory pathways, highlighting its therapeutic 
potential for ethanol-induced gastric ulcers [13].
	 In this study, we evaluated the protective effects of Hong-
jam in a diethylnitrosamine (DEN) and thioacetamide (TA-
A)-induced mouse model, a system that mimics the progres-
sion of liver cancer in the context of chronic liver injury and 
fibrosis. A DEN/TAA-induced mouse model was also used to 
study HCC. Specifically, we investigated its impact on tumor 
growth, liver damage markers, cancer growth factors, apop-
tosis-related proteins, and angiogenesis-related factors. By 
understanding the multifaceted actions of Hongjam, this study 
seeks to may provide insights into its potential application as 
a functional food or therapeutic supplement for liver cancer 
prevention and management.

MATERIALS AND METHODS

Preparation of Hongjam and silymarin
Hongjam preparation followed a previous protocol [14], 
harvesting Bombyx mori larvae (white-jade cocoon strain) 
on the 7th day of the 5th instar. The larvae were cooked at 
100°C for 130 minutes using an electric pressure-free cooker 
(KumSeong Ltd.) and subsequently freeze-dried for 24 hours 
(FDT-8612, Operon 105 Ltd.). The freeze-dried larvae were 
ground into a fine powder (particle size: 0.1 mm) using a disc 
mill (HM001, Korean Pulverizing Machinery Co. Ltd.). The 
powdered Hongjam was then formulated into food samples 
at concentrations of 0.01, 0.1, and 1 g/kg (Samin Science). 
Silymarin, a hepatoprotective agent purchased from Sig-
ma-Aldrich, was prepared in the same food formulation as 
Hongjam to ensure consistency.

Animal experiment and reagents
Male C57BL/6 mice (5 weeks old) were obtained from Orient 
Bio and housed under specific pathogen-free conditions at 
24°C with a 12-hour light/dark cycle. The experiment was 
conducted at the CHA University Animal Center following the 
Institutional Animal Care and Use Committee (IACUC) guide-
lines (approval number: IACUC240050). After a one-week 
acclimation period, mice were randomly assigned to experi-
mental groups and monitored for 34 weeks. Food intake and 
body weight were measured weekly.
	 To induce liver cancer, DEN (Sigma-Aldrich) was admin-
istered intraperitoneally (i.p.) once a week for 8 consecutive 
weeks, followed by TAA (Sigma-Aldrich) in drinking water for 
8 weeks (weeks 9-16). Hongjam and silymarin were admin-
istered daily through food starting from the initiation of cancer 
induction. At the end of the experiment, liver and blood sam-

ples were collected. Livers were fixed in paraffin, and blood 
samples collected in heparin-coated tubes were centrifuged 
at 845 × g for 10 minutes at 4°C for further analysis.

Serum analysis
Serum biochemical markers of liver injury, including alkaline 
phosphatase (ALP), alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), and total bilirubin, were mea-
sured using a Hitachi automatic analyzer 7600-210 (Hitachi 
High-Technologies Corporation).

Histology and immunohistochemistry staining
Liver tissues were embedded in paraffin blocks, sectioned 
at a thickness of 5 μm, and mounted on slide glasses. He-
matoxylin and eosin staining was performed using standard 
protocols. Tumor scoring was conducted by assigning points 
based on the size of each tumor [15]. We modified scoring 
the tumor size according to our experiment. Tumors with a 
diameter of less than 2 mm were given 1 point, while those 
larger than 2 mm but smaller than 5 mm were assigned 2 
points. Tumors exceeding 5 mm in diameter were assigned 3 
points. The total tumor score for each animal was calculated 
by summing the points of all tumors observed in that indi-
vidual. Finally, the average tumor score for each group was 
determined by calculating the mean of the total scores across 
all animals within the group. For immunohistochemistry 
(IHC), slides were deparaffinized with xylene and rehydrated. 
Endogenous peroxidase activity was blocked using 3% H2O2 
for 30 minutes. Antigen retrieval was performed by heating 
slides in 0.1 M citrate buffer (pH 6.0) at boiling tempera-
ture for 1 minute in a microwave. After cooling, slides were 
blocked with a Vectastain ABC kit blocking solution (Vector 
Laboratories) for 1 hour at room temperature and incubated 
overnight at 4°C with a primary antibody against Ki67 (1:150, 
ab15580, Abcam). The next day, slides were incubated with 
a secondary antibody for 1 hour at room temperature, treat-
ed with ABC-horseradish peroxidase (HRP) for 30 minutes, 
and visualized using 3,3’-diaminobenzidine (Quanto, Thermo 
Scientific) for 3 minutes. Counterstaining was performed with 
hematoxylin for 30 seconds. After dehydration, slides were 
mounted with cover glasses and observed using a LEICA 
ICC50 E microscope (Leica Microsystems). Staining intensi-
ty was scored by five independent observers blinded to the 
experimental conditions, using a scale of 1 to 10, with the 
normal control set as the baseline (score of 1).

Western blotting
Liver tissues were pulverized in liquid nitrogen and lysed 
in a buffer containing protease inhibitors. The lysates were 
centrifuged at 15,871 × g for 15 minutes at 4°C to obtain total 
protein. Protein concentrations were quantified, and 20 μg 
of each sample was separated by SDS-polyacrylamide gel 
electrophoresis and transferred to a polyvinylidene fluoride 
membrane. Membranes were blocked with 3% bovine serum 
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albumin in PBS tween for 1 hour at room temperature and 
incubated overnight at 4°C with primary antibodies against 
phosphorylation of protein kinase B (p-AKT), total AKT, gluta-
thione S-transferase π (GST-π), proliferating cell nuclear an-
tigen (PCNA) and Bcl-2-associated X protein (BAX). Details 
of the antibodies used are provided in Table 1. After washing, 
membranes were incubated with HRP-conjugated secondary 
antibodies. Signals were detected using enhanced chemilu-
minescence reagents and visualized with the ImageQuant™ 
LAS 4000 Multi-Mode Imager (GE Healthcare).

RNA isolation and gene expression quantitative 
analysis
Total RNA was extracted from liver tissues homogenized in 
liquid nitrogen using TRIzol® reagent (Invitrogen). cDNA was 
synthesized using a Labopass cDNA synthesis kit (Cosmoge-
netech). Real-time quantitative PCR (qPCR) was performed 
using Luna universal qPCR master mix (New England Bio-
labs) with a ViiA™ 7 real-time PCR system (Applied Biosys-
tems). The expression levels of interleukin 6 (IL6), VEGF, 
hypoxia-inducible factor-1 subunit alpha (HIF-1α), platelet-de-
rived growth factor subunit beta (PDGF-β), matrix metallo-
proteinase-2 (MMP2) and cluster of differentiation 31 (CD31) 
were analyzed. Primer sequences are listed in Table 2.

Statistical analysis
All experiments were performed at least three times. Results 
are expressed as mean ± SD. Statistical analyses were con-
ducted using GraphPad Prism 10 (GraphPad Software). Sta-
tistical significance was determined using two-way ANOVA 

followed by Tukey’s multiple comparison test, with a P-value 
of < 0.05 considered significant.

RESULTS

Hongjam supplementation reduces tumor 
burden in a DEN/TAA-induced HCC model
This study assessed the hepatoprotective effects of Hongjam 
using a DEN/TAA-induced HCC mouse model. In this mod-
el, 5-week-old C57BL6 mice received intraperitoneal DEN 
injections weekly for 8 weeks, followed by TAA continuously 
provided in drinking water for 9 weeks (Fig. 1A). Through-
out the experimental period, mice were supplemented daily 
with Hongjam (0.01, 0.1, 1 g/kg) or silymarin (0.1 g/kg; Fig. 
1A). Afterward, normal drinking water was provided, and the 
mice were fed daily diets supplemented with Hongjam or 
silymarin (Fig. 1A). Silymarin, a well-known hepatoprotective 
agent and widely used health functional food for liver func-
tion, was included as a positive control to validate the study’s 
outcomes [16]. The DEN/TAA group showed a significantly 
increased tumor incidence and a size, reflecting HCC char-
acteristics (Fig. 1B). In contrast, the groups supplemented 
with Hongjam or silymarin exhibited a significant reduction in 
the tumor incidence and the size. Notably, the number of tu-
mors smaller than 2 mm was markedly reduced in the Hong-
jam-treated groups, particularly in the 1 g/kg group, where 
no tumors larger than 5 mm were observed (Fig. 1C). The 
tumor size scoring number was also significantly decreased 
in both Hongjam and silymarin groups (Fig. 1D). According 
to the histopathological findings, several pathological char-

Table 1. Antibodies used for Western blot analysis
Antibody Dilution Product NO. Species of origin and supplier
p-AKT 1:1,000 #9271 Rabbit polyclonal, Cell signaling technology, Inc.
AKT 1:1,000 #9272 Rabbit polyclonal, Cell signaling technology, Inc.
GST-π 1:4,000 ADI-MSA-101-E Rabbit polyclonal, ENZO life sciences, Inc.
PCNA 1:4,000 Ab29 Mouse monoclonal, Abcam
BAX 1:2,000 Sc-7480 Mouse monoclonal, Santa cruz Biotechnology, Inc.
β-actin 1:4,000 SC-47778 Mouse monoclonal, Santa cruz Biotechnology, Inc.

No., number; p-AKT, phosphorylation of protein kinase B; GST-π, glutathione S-transferase π; PCNA, proliferating cell nuclear antigen; 
BAX, Bcl-2-associated X protein.

Table 2. Primer sequenced for qRT-PCR analysis in mouse
Gene Forward Reverse Size (bp)

18s rRNA GCAATTATTCCCCATGAACG GGCCTCACTAAACCATCCAA 123
IL6 TCCTTCCTACCCCAATTTCCA GTCTTGGTCCTTAGCCACTCC 76
VEGF CTGCTGTAACGATGAAGCCCTG GCTGTAGGAAGCTCATCTCTCC 119
HIF-1α CCTGCACTGAATCAAGAGGTTGC CCATCAGAAGGACTTGCTGGCT 111
PDGF-β AATGCTGAGCGACCACTCCATC TCGGGTCATGTTCAAGTCCAGC 106
MMP2 CAAGGATGGACTCCTGGCACAT TACTCGCCATCAGCGTTCCCAT 138
CD31 CCAAAGCCAGTAGCATCATGGTC GGATGGTGAAGTTGGCTACAGG 144

qRT-PCR, real-time quantitative PCR; IL6, interleukin 6; HIF-1α, hypoxia-inducible factor-1 subunit alpha; PDGF-β, platelet-derived growth 
factor subunit beta; MMP2, matrix metalloproteinase-2; CD31, cluster of differentiation 31.
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acteristics were distinctly observed in the DEN/TAA-induced 
HCC group, reflecting the progression and severity of the 
disease. Dysplastic nodules, a precursor to malignancy, were 
frequently detected, indicating the onset of tumor formation. 
Additionally, both small and large cell changes were evident, 
suggesting an increased likelihood of malignancy. These 

alterations progressed to invasive carcinoma, where tumor 
cells disrupted the normal liver architecture and invaded sur-
rounding tissues. Extensive infiltration of immune cells was 
observed around the tumors, further highlighting the aggres-
sive nature of the disease. In contrast, in the Hongjam-treat-
ed group, these pathological changes were generally at-
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Figure 1. Effect of Hongjam supplementation on tumor incidence and tissue lesion in the DEN/TAA-induced HCC model. (A) Schematic rep-
resentation of the experimental protocol for the DEN/TAA-induced HCC model. DEN was administered intraperitoneally for 8 weeks, followed by TAA 
in drinking water for an additional 8 weeks. Animals were sacrificed at week 34. (B) Representative images of extracted livers. (C) Tumor count and 
size measurements. (D) Tumor scoring based on size: tumors < 2 mm were scored as 1 point, those 2-5 mm as 2 points, and tumors > 5 mm as 5 
points. (E) H&E staining showing the effect of Hongjam on tissue lesions (magnification: ×40, ×100, ×200). (F) Quantification of H&E staining intensity 
using histopathological scoring. Statistical significance was determined using Tukey’s multiple comparison test, with data presented as mean ± SD (n 
= 8). ###P < 0.001 vs. Normal group; ***P < 0.001, **P < 0.01, *P < 0.05 vs. DEN/TAA group. DEN, diethylnitrosamine; TAA, thioacetamide; HCC, he-
patocellular carcinoma; H&E, hematoxylin and eosin; i.p., intraperitoneally.
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tenuated. Thus, dysplastic nodules were less frequent, and 
cellular atypia was reduced. Small and large cell changes 
were significantly less pronounced, with lower mitotic activity 
and fewer irregular nuclei. Furthermore, immune cell infiltra-
tion was also diminished, indicating an improvement in the 
immune microenvironment. These results suggest that Hong-
jam supplementation alleviates the progression of liver can-
cer and modulates the tumor microenvironment to a less ag-
gressive state (Fig. 1E and 1F). Overall, the tumor incidence, 
the size, and histological lesions were significantly reduced in 
the Hongjam-treated groups compared to the DEN/TAA-only 
group. These results highlight Hongjam’s potential to mitigate 
tumor progression in HCC.

Serum biochemical analysis indicates reduced 
liver damage with Hongjam treatment
To evaluate the hepatoprotective effects of Hongjam, serum 
biochemical markers of liver injury, including ALP, ALT, AST, 
and total bilirubin, were analyzed (Fig. 2). Liver injury is typ-
ically associated with elevated levels of these biomarkers, 

which reflect hepatocyte damage, cholestasis, and impaired 
liver function [17,18]. The DEN/TAA-induced HCC group 
showed elevated levels of above markers, reflecting severe 
liver damage and tumorigenesis. Reductions in ALP, ALT, and 
AST levels in the Hongjam-treated groups were comparable 
to those observed in the silymarin-treated group (Fig. 2A-2C). 
Notably, total bilirubin levels were reduced more significantly 
in the Hongjam-treated group, particularly at 1 g/kg, than in 
the silymarin-treated group, suggesting a superior effect of 
Hongjam in alleviating cholestasis (Fig. 2D). These findings 
indicate that Hongjam effectively mitigates DEN/TAA-induced 
liver damage by reducing biochemical markers of liver injury.

Hongjam inhibits cellular proliferation and 
promotes apoptosis in a DEN/TAA-induced HCC 
model
	 The effect of Hongjam on tumor proliferation and apoptosis 
in HCC was accessed using IHC and Western blot analyses. 
IHC analysis of Ki67, a marker of cellular proliferation, re-
vealed significantly reduced expression in Hongjam-treated 
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groups compared to that in the DEN/TAA-only group (Fig. 
3A). Notably, the reduction in Ki67 expression was more pro-
nounced in the Hongjam-treated groups, particularly at 1 g/
kg, than in the silymarin-treated group, suggesting a superior 
inhibitory effect on proliferation (Fig. 3B). Western blot analy-
sis further supported these findings, showing a dose-depen-
dent reduction in p-AKT expression in the Hongjam-treated 
groups (Fig. 3C). Proliferation-related factors, such as GST-π 
and PCNA, were also significantly downregulated with Hong-
jam supplementation, indicating its ability to suppress key 
signaling pathway involved in tumor growth (Fig. 3C). On the 
other hand, the expression of BAX, a pro-apoptotic protein 
involved in mitochondrial-mediated apoptosis, was signifi-
cantly increased in the Hongjam-treated groups (Fig. 3C). 
This observation suggests that Hongjam not only inhibits tu-
mor proliferation but also promotes apoptosis in cancer cells. 
The concurrent downregulation of proliferation markers and 
upregulation of pro-apoptotic signals highlights a Hongjam’s 
dual role in reducing cancer cell survival and promoting tumor 
regression. Collectively, these results demonstrate that Hong-
jam exerts potential anti-proliferative and pro-apoptotic effects 
in the DEN/TAA-induced liver cancer model, underscoring its 
potential as a therapeutic agent for HCC.

Hongjam suppresses angiogenic factor 
expression to mitigate cancer progression
To evaluate the anti-angiogenic effects of Hongjam, the ex-
pression levels of angiogenic markers, including IL6, VEGF, 

HIF-1α, PDGF-β, MMP2, and CD31, were measured (Fig. 
4). These markers, essential for tumor growth and nutrient 
supply, are often upregulated during cancer progression 
[19,20]. In the DEN/TAA-induced HCC group, the expression 
of all these markers was significantly increased, highlighting 
an angiogenic tumor microenvironment. Hongjam treatment 
resulted in a dose-dependent reduction in IL6 expression, a 
pro-inflammatory cytokine that promotes VEGF-mediated an-
giogenesis [21]. VEGF, a key regulator of angiogenesis, was 
significantly downregulated in the Hongjam-treated groups 
(Fig. 4B). Similarly, other angiogenic markers, including HIF-
1α, PDGF-β, MMP2, and CD31, showed marked decreases 
in expression across the Hongjam-treated groups, particularly 
at higher doses (Fig. 4C-4F). These reductions were compa-
rable to or exceeded the effects observed with silymarin. By 
downregulating angiogenic factors, Hongjam disrupted the 
tumor microenvironment, reducing the availability of nutri-
ents and oxygen necessary for tumor growth. These findings 
suggest that Hongjam mitigates cancer progression and pro-
liferation through multiple mechanisms. These findings un-
derscore the potential of Hongjam as an effective therapeutic 
agent targeting angiogenesis in HCC.

DISCUSSION

The DEN/TAA-induced liver cancer model is a well-estab-
lished system that replicates the progression of HCC under 
conditions of chronic liver injury, fibrosis, and inflammation 

Figure 2. Biochemical analysis of 
the DEN/TAA-induced model with 
Hongjam supplementation. (A) ALP, 
(B) ALT (C) AST, and (D) total bilirubin 
levels. Statistical significance was 
determined using Tukey’s multiple 
comparison test. Data are presented as 
mean ± SD (n = 5-10). ###P < 0.001 vs. 
Normal group; ***P < 0.001, **P < 0.01, 
*P < 0.05 vs. DEN/TAA group. DEN, 
diethylnitrosamine; TAA, thioacetamide; 
ALP, alkaline phosphatase; ALT, ala-
nine aminotransferase; AST, aspartate 
aminotransferase.
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[18,22]. Unlike the DEN-only model used in our previous 
study, which focuses on early carcinogenesis, the DEN/TAA 
model more closely mimics the complex tumor microenviron-
ment in human HCC, particularly in cases associated with 
chronic liver disease [22,23]. Therefore, the latter model was 
employed to assess the therapeutic efficacy of Hongjam in 
mitigating HCC progression.
	 The findings of this study highlight Hongjam’s significant 
therapeutic potential for HCC prevention and treatment. Its 
ability to target multiple hallmarks of cancer progression—

proliferation, apoptosis resistance, angiogenesis, and liver 
injury—suggests Hongjam as a promising candidate for ad-
dressing the complex pathology of HCC.
	 Compared to other natural products studied for HCC, such 
as curcumin, resveratrol, and silymarin, Hongjam demon-
strates a unique combination of anti-proliferative, pro-apop-
totic, and anti-angiogenic effects. For instance, silymarin, a 
well-known hepatoprotective agent, primarily exerts antiox-
idant and anti-inflammatory effects and has shown efficacy 
in improving liver function markers [24]. In this study, we 

Figure 3. Hongjam suppresses proliferation in the DEN/TAA-induced HCC model. (A) IHC staining of Ki67 in liver tissue, indicating levels of cell 
proliferation (magnification: × 100). (B) Quantitative analysis of Ki67 positivity in IHC staining (magnification: ×100; scale bar: 100 μm). (C) Western 
blot analysis of liver-derived proteins showing the expression levels of p-AKT, AKT, GST-π, PCNA, and BAX. Statistical significance was determined 
using a Tukey’s multiple comparison test. Data are presented as mean ± SD (n = 3). ###P < 0.001, ##P < 0.01 vs. Normal group; ***P < 0.00, **P < 0.01, 
*P < 0.05 vs. DEN/TAA group. DEN, diethylnitrosamine; TAA, thioacetamide; HCC, hepatocellular carcinoma; IHC, immunohistochemistry; p-AKT, 
phosphorylation of protein kinase B; GST-π, glutathione S-transferase π; PCNA, proliferating cell nuclear antigen; BAX, Bcl-2-associated X protein.
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confirmed that Hongjam effectively reduces tumor-associated 
markers, including total bilirubin, a key indicator of cholesta-
sis, as well as major angiogenic markers such as VEGF and 
CD31. These findings demonstrate that Hongjam’s efficacy 
is not only comparable to but also exceeds that of silymarin, 
suggesting a stronger potential to disrupt the tumor microen-
vironment. Moreover, while compounds like resveratrol and 
curcumin have shown anti-proliferative effects via AKT sig-
naling inhibition [25,26], Hongjam achieves a dual effect by 
simultaneously upregulating the pro-apoptotic protein BAX. 
This highlights its advantage as a multi-mechanistic agent, 
addressing both cancer cell survival and programmed cell 
death pathways, which are crucial for overcoming tumor pro-
gression and resistance mechanisms.
	 The dual role of Hongjam in inhibiting proliferation and 
angiogenesis is particularly valuable in the context of HCC 
therapy. Proliferation markers such as Ki67 and PCNA are 
often elevated in aggressive HCC and are indicative of poor 
prognosis [27]. The activation of the AKT signaling pathway 
in cancer has been shown to promote cell proliferation [28]. 
Various compounds targeting the inhibition of this pathway 
have been reported, and recent studies have highlighted the 
diverse bioactive properties of fibroin peptide in diabetes, cell 

proliferation, and cancer [29,30]. Notably, silk fibroin peptide 
has been reported to exert anti-inflammatory effects and 
inhibit cell proliferation in breast cancer by suppressing AKT 
phosphorylation [31]. Hongjam’s suppression of these mark-
ers, alongside its dose-dependent inhibition of p-AKT—a key 
oncogenic pathway—demonstrates its ability to impair critical 
survival and growth mechanisms of tumor cells [32].
	 Angiogenesis is another hallmark of HCC, driven by HIFs 
like HIF-1α and pro-angiogenic cytokines such as VEGF 
and PDGF-β [33,34]. These factors facilitate the formation of 
new blood vessels, ensuring a continuous supply of oxygen 
and nutrients to rapidly growing tumors [33,34]. Hongjam 
significantly reduces angiogenic factor expression, disrupting 
vascularization critical for tumor growth and metastasis. This 
dual-action approach is particularly critical in HCC, where an-
giogenesis is not only a driver of tumor progression but also 
a key target for systemic therapies, such as sorafenib [35,36]. 
However, unlike synthetic agents, Hongjam achieves this with 
a natural origin, suggesting potential for lower toxicity and 
better tolerability.
	 The findings of this study align with the growing body of ev-
idence supporting the use of natural products as complemen-
tary or alternative therapies in oncology. Hongjam’s multi-fac-
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Figure 4. Hongjam’s effect on angiogenesis-related mRNA expression. (A) IL6, (B) VEGF, (C) HIF-1α, (D) PDGF-β, (E) MMP2, and (F) CD31 
mRNA expression levels in liver tissues. Statistical significance was determined using Tukey’s multiple comparison test. Data are presented as mean 
± SD (n = 3). ###P < 0.001, ##P < 0.01 vs. Normal group; ***P < 0.001, **P < 0.01, *P < 0.05 vs. DEN/TAA group. IL6, interleukin 6; HIF-1α, hypoxia-in-
ducible factor-1 subunit alpha; PDGF-β, platelet-derived growth factor subunit beta; MMP2, matrix metalloproteinase-2; CD31, cluster of differentiation 
31; DEN, diethylnitrosamine; TAA, thioacetamide.
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eted actions, combined with its favorable safety profile as 
a food-derived product, make it an attractive candidate for 
integration into HCC management strategies. Furthermore, 
its effects on angiogenesis and proliferation suggest potential 
synergy with existing systemic therapies like tyrosine kinase 
inhibitors, warranting further investigation. In this study, the 
actual Hongjam intake by experimental animals was calculat-
ed based on body weight and dietary intake. When converted 
to a human equivalent dose, the 0.1 g/kg Hongjam group 
corresponds to approximately 2.96 g/day for a 60 kg adult. 
These results suggest that a daily intake of approximately 3 g 
of Hongjam may provide protective effects against HCC.
	 Despite aforementioned promising findings, this study has 
some limitations. The precise molecular mechanisms under-
lying Hongjam’s effects require further elucidation. Advanced 
techniques such as transcriptomics, proteomics, and metab-
olomics could provide deeper insights into its multifaceted 
actions. Additionally, while the DEN/TAA model is highly rele-
vant for preclinical studies, the translation of these findings to 
human applications necessitates validation through clinical tri-
als to assess efficacy, safety, and optimal dosing in humans. 
In conclusion, Hongjam demonstrates significant potential for 
HCC prevention and therapy by targeting multiple hallmarks 
of cancer progression, including tumor growth, apoptosis re-
sistance, and angiogenesis. These findings establish a basis 
for future clinical investigations to evaluate Hongjam’s effica-
cy and safety as a complementary therapy.
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