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Abstract : Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide and remains
the leading cause of cancer-related deaths. The identification of reliable biomarkers for HCC is urgently needed
to improve prognosis and treatment outcomes. Cystatin B (CSTB), a member of the cysteine protease inhibitor
superfamily, is known to maintain cellular homeostasis and plays a key role in neuronal stability, but its role in
HCC development is not fully understood. In this study, we investigated the prognostic significance of CSTB
in HCC. CSTB gene expression was markedly elevated in patients with HCC and high CSTB expression was
significantly associated with poorer overall survival. We also found that several HCC cell lines exhibited
substantially higher CSTB protein levels compared with other cancer cell lines, especially, PLC/PRF/S.
Furthermore, knockdown of CSTB reduced the cell viability of HCC cell lines. These findings suggest that
targeting CSTB in HCC with specific inhibitors may represent a potential therapeutic approach for HCC.
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BACKGROUND

CSTB, encoded by the CSTB gene, is a member of
the cathepsin family of cysteine protease inhibitors and
regulates key neuronal processes, including cell differen-
tiation, mitochondrial function and synaptic transmission
[1,2]. Loss of function mutation in CSTB causes progres-
sive myoclonus epilepsy (PME) of Unverricht-Lundborg
type, a neurodegenerative disorder featuring stimulus-sen-
sitive myoclonus, tonic-clonic seizures and progressive

neurological decline [3]. Dysregulated CSTB expression
has also been implicated in oncogenesis across multiple
malignancies [4]. In pancreatic cancer, CSTB sustains
glycolysis to promote tumor cell survival, while in in-
trahepatic cholangiocarcinoma, it suppresses apoptosis
[5,6]. In HCC, CSTB has been investigated primarily as
a serum biomarker associated with disease-dependent
changes during liver cancer development [7-9], however,
its precise functional role in HCC pathogenesis remains to
be fully elucidated.
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HCC is the primary liver malignancy, accounting for
over 90% of cases and ranking among the leading causes of
cancer-related deaths worldwide [10]. Despite high global
incidence, its 5-year survival rate remains dismal, driven
by late-stage diagnosis, high recurrence after resection and
the absence of specific biomarkers for early detection or
prognosis [11]. Current systemic therapies are constrained
by significant limitations [12]. First-line therapeutic drug,
sorafenib and lenvatinib, provide modest survival benefits
but face inevitable drug resistance in most patients [13].
Meanwhile, immune checkpoint inhibitors (anti-PD-L1
and PD-1 antibody) show promise in subsets of patients,
yet HCC’s profoundly immunosuppressive tumor environ-
ment-characterized by regulatory T cells, myeloid-derived
suppressor cells, and dysfunctional antigen-presenting
cells-often leads to primary resistance [14,15]. These ther-
apeutic challenges highlight the critical need for novel
biomarkers that enable early diagnosis, accurate risk strat-
ification and prediction of treatment response, ultimately
facilitating precision medicine approaches to improve HCC
outcomes.

In this study, we investigated the role of CSTB in regu-
lating HCC, with a focus on its expression patterns. CSTB
mRNA levels were significantly elevated in HCC patients
compared to healthy controls. High CSTB expression
strongly correlated with poor overall survival. Consistent
with these findings, CSTB was markedly upregulated
across multiple HCC cell lines relative to non-HCC cancer
cell lines. CSTB knockdown using siRNA substantially
reduced cell viability but did not affect immune-related
genes. Taken together, our results position CSTB as a novel
oncogene and prognostic biomarker in HCC. Targeting
CSTB expression thus emerges as a promising therapeutic
strategy to disrupt the immunosuppressive tumor microen-
vironment and enhance antitumor immunity.

METHODS

1. TCGA

RNA sequencing expression data and corresponding sur-
vival information for liver hepatocellular carcinoma (LIHC)
were obtained and analyzed using the Gene Expression
Profiling Interactive Analysis 2 (GEPIA2) web server, an
online platform that integrates RNA-seq datasets from The
Cancer Genome Atlas (TCGA) and the Genotype-Tissue

Expression (GTEXx) projects. GEPIA2 enables comparative
analysis of gene expression between tumor and normal
tissues, as well as survival analysis based on clinical out-
comes, thereby providing a convenient resource for evalu-
ating the prognostic relevance of candidate genes in LIHC.

2. Cell culture and transfection

The human HCC cell lines HepG2, Huhl, and PLC/
PRF/5 (referred to as ‘PLC’), the osteosarcoma cell line
Saos-2, the colorectal cancer cell line HCT116, and the
prostate cancer cell line DU145 were used in this study.
HepG2, Huhl, PLC, Saos-2, and HCT116 cells were cul-
tured in DMEM (Thermo Fisher Scientific, Waltham, MA,
USA, Catalog no. 11995065) supplemented with 10% fetal
bovine serum (FBS, Thermo Fisher Scientific, Catalog no.
16000044) and 1 X penicillin-streptomycin (antibiotics,
Welgene, Catalog no. LS20202) (referred to as ‘D10’),
whereas DU145 cells were maintained in RPMI 1640
medium (Welgene, Catalog no. LM01103) supplemented
with 10% FBS and 1 X penicillin-streptomycin (referred
to as ‘R10’). CSTB siRNA (Thermo Fisher Scientific, ID:
$534225, Catalog no. 4392420; ID: s3679, Catalog no.
4392420). Transfection was performed by mixing RNAi-
MAX (Thermo Fisher Scientific, Catalog no. 13778150)
with 100 nM siRNA in Opti-MEM medium, and a negative
control siRNA (Qiagen, Hilden, Germany, Catalog no.
1027280) was transfected in parallel under the same condi-
tions.

3. Quantitative PCR (gPCR)

Total RNA was extracted 24 h after CSTB siRNA trans-
fection. RNA was isolated using TRIzol reagent (Thermo
Fisher Scientific, Catalog no. 15596018) according to the
manufacturer’s instructions, and the concentration and
quality of the extracted total cellular RNA were determined
using a NanoDrop spectrophotometer. IMPLEN, Munich,
Germany, NanoPhotometer” N60) Reverse transcription
was performed using the HighCapacity cDNA Reverse
Transcription Kit (Thermo Fisher Scientific, catalog no.
4368814). Quantitative PCR analysis was carried out using
the CFX Connect Real-Time PCR System (Bio-Rad, Her-
cules, CA, USA) and SYBR Green Real-Time PCR Master
Mix (TOYOBO, Osaka, Japan, Catalog no. QPK-201). The
primer sequences used for quantitative PCR were as follows:
TGFBI1 forward, 5'-TACCTGAACCCGTGTTGCTCTC-3';
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Fig. 1. Expression of CSTB and impact on the survival rate in HCC. (A) Box plot of CSTB expression in HCC versus normal liver across
TCGA/GTEXx datasets (*p <0.01, one-way ANOVA, Gene Expression Profiling Interactive Analysis database). (B) Overall survival rates of
HCC patients based on high (top 30%) and low (bottom 30%) PRC1 expression levels from the TCGA database (log-rank test; gene expres-
sion profiling interactive analysis database). Red and blue dashed lines are the 95% confidence interval of each Kaplan-Meier curve.
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Fig. 2. Protein expression of CSTB in cancer cells. (A) Protein expression of CSTB in multiple cancer cell lines. (B) Knockdown of CSTB
protein level in PLC cell lines.

reverse, 5'-GTTGCTGAGGTATCGCCAGGAA-3"; CD274 The membrane was incubated with primary antibodies
forward, 5'-GTTGCTGAGGTATCGCCAGGAA-3'; re- against CSTB and GAPDH at a dilution of 1: 1000 at 4°C
verse, 5'-TGCAGCCAGGTCTAATTGTTTT-3"; IL 18 overnight (CSTB antibody from Abcam, Cambridge, UK,
forward, 5'-GCGTCACTACACTCAGTCAA-3'; reverse, Catalog no. ab92449, GAPDH antibody from Cell signal-
5'-CATGCCCTCAATCCCAGCTACTC-3'. GAPDH for- ing technology, Danvers, MA, USA, Catalog no. 5174S).
ward 5'-GGAAGGTGAAGGTCGGAGTC-3’; reverse The following day, the membrane was washed for 30 min

5'-GTTGAGGTCAATGAAGGGGTC-3". with 1 X Tris-buffered saline (DYNE Bio, Seongnam, Re-
public of Korea, Catalog no. CBT3085) containing 0.1%
4. Western blot Tween-20 and then incubated with a rabbit secondary an-

tibody (Jackson ImmunoResearch, West Grove, PA, USA,
catalog no. 111035003) diluted 1 : 5000. Protein bands were
visualized using an enhanced chemiluminescence (ECL) kit
(Advansta, San Jose, CA, USA, catalog no. K-12045-D50).

Total protein was extracted from cells using RIPA lysis
buffer (Thermo Scientific, Catalog no. 89900) and sepa-
rated on a 10% gel using 1 X Tris/Glycine/SDS running
buffer (BIO-RAD, Catalog no. 1610772). The separated
proteins were transferred onto a polyvinylidene fluoride
(PVDF) membrane (Roche, Basel, Switzerland, Catalog
no. 03010040001) and blocked with 5% skim milk (Kisan PLC cells were seeded in 12-well plates at a density of
Bio, Seoul, Republic of Korea, catalog no. MBS1667). 2% 10 cells per well. CSTB knockdown was performed

5. Cell viability
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Fig. 3. CSTB regulates the cancer phenotypes. (A) mRNA levels of TGFB1, IL18 and CD274 in CSTB knockdown PLC cells with con-
trols (n=4). (B) Measurement of the viability of PLC cells with CSTB expression (n =4). Graphs show mean +SD, unpaired #-test.

using CSTB siRNA and negative control siRNA for 24 h,
after which the cells were washed with PBS. The cells were
then incubated with thiazolyl blue tetrazolium bromide
(MTT) solution (5 mg/mL) (Biobasic, Markham, ON, Cana-
da, Catalog no. 298931) for 4 h, followed by the addition of
dimethyl sulfoxide (DMSO, Merck, Darmstadt, Germany,
Catalog no. D2650100ML) to dissolve the formazan crys-
tals. Cell viability was measured at a wavelength of 570 nm
using an Infinite M200 Pro (Tecan, Ziirich, Switzerland).

6. Statistical analysis

Statistical analysis was performed using GraphPad Prism
version 10 (GraphPad, San Diego, USA). Differences be-
tween groups were evaluated using an unpaired #-test (QPCR
and cell viability) and one-way ANOVA (Box plot), and
p<0.05 was considered statistically significant.

RESULTS

To investigate the role of CSTB in HCC patients, we first
analyzed its expression patterns and prognostic significance
using the TCGA dataset. Notably, CSTB mRNA expression
was significantly upregulated in HCC tumors compared to
the normal group (Fig. 1A). Moreover, patients with high
CSTB expression appeared to have poorer overall survival
compared to those with low CSTB expression (Fig. 1B).
These findings indicate that elevated CSTB levels are
strongly associated with aggressive disease behavior and
serve an independent predictor of unfavorable prognosis in
HCC.

To validate CSTB expression across different malignan-
cies, we performed western blotting in a panel of cancer
cell lines, including those derived from HCC (HepG2, Huh1

and PLC), osteosarcoma (Saos-2), colon cancer (HCT116),
prostate cancer (DU145). Interestingly, CSTB expression
was selectively elevated in HCC cell lines, with PLC cells
displaying the highest levels among all tested lines (Fig.
2A). This liver cancer-specific upregulation prompted us to
select PLC cells for functional studies. For functional vali-
dation, we employed small interfering RNA (siRNA)-medi-
ated knockdown of CSTB in PLC cells. Transfection with
CSTB-specific siRNA (siCSTB) resulted in near-complete
ablation of CSTB protein expression, as confirmed by West-
ern blot anaylsis, whereas control siRNA (siNC) had no ef-
fect (Fig. 2B). These results confirm the feasibility of CSTB
suppression in HCC cells and underscore its potential as
one of the candidate biomarkers for HCC.

Next, we investigated CSTB’s immunomodulatory ef-
fects in HCC, which features a highly immunosuppressive
environment characterized by elevated cytokines and pro-
teins, including TGF-f3, IL-18 and PD-L1. We found that
CSTB knockdown did not affect immunomodulated pro-
teins (Fig. 3A). We also assessed CSTB’s impact on tumor
cell viability. CSTB suppression markedly decreased cell
viability compared to siNC controls (Fig. 3B). These data
demonstrate CSTB’s dual role in driving HCC proliferation
and sustaining immune suppression, positioning it as a can-
didate biomarker.

DISCUSSION

Our research demonstrates that CSTB expression in HCC
regulates cancer cell phenotype and tumor progression.
CSTB is significantly upregulated in HCC and associated
with a poorer survival rates. Moreover, CSTB expression
is specifically elevated in HCC cell lines compared to other
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cancer types. Downregulation of CSTB markedly reduces
cancer cell viability, but does not affect immunomodu-
lated genes. Thus, our study identifies CSTB as an HCC
biomarker and suggests it as one of the targets for HCC
patients. Our study has limitations regarding the lack of in
vivo models and supporting immune-related data. There-
fore, further studies incorporating in vivo systems and addi-
tional immunological analyses will be needed in the future.

Liver diseases such as fibrosis, metabolic dysfunc-
tion-associated steatohepatitis (MASH), metabolic dys-
function-associated steatotic liver disease (MASLD), and
cirrhosis are progressively worsening globally, driven by
rising obesity and metabolic syndrome [16-19]. These con-
ditions create a protumorigenic microenvironment serving
as the primary risk factors for HCC development [16,20].
Therapeutic options remain limited; Rezdiffra, the first
approved MASH-specific drug, improves fibrosis modest-
ly but carries side effects like gastrointestinal issues and
potential cardiovascular risks [21]. Future studies should
profile CSTB expression across this disease continuum to
assess its role as an early biomarker and therapeutic target
for preventing HCC progression.

No specific inhibitors or Proteolysis-Targeting Chimera
(PROTACS) targeting CSTB have been developed, pri-
marily due to its small size (~11 kDa) and flat cystatin
fold lacking deep hydrophobic pockets for small-molecule
binding. The MAPK/ERK pathway serves as a key up-
stream regulator of CSTB expression in HCC, where ERK
phosphorylation activates AP-1/Elk-1 transcription factors,
forming a protumorigenic feedback loop [22-25]. Clinically
approved MEK inhibitors, such as PD0325901 or trame-
tinib, may suppress CSTB upregulation, reducing tumor
proliferation and invasion [26]. In addition, inhibition of
the ERK pathway by Micheliolide (MCL) has been shown
to attenuate hepatic fibrosis, a major risk factor of HCC
[27]. This antifibrotic effect suggests that targeting ERK
signaling may not only mitigate liver fibrogenesis but also
indirectly reduce the risk of HCC development. This strat-
egy may extend to CSTB-related progressive myoclonic
epilepsy, where MAPK hyperactivation worsens neuronal
dysfunction. Future approaches could explore covalent
fragment-based screening of CSTB’s cathepsin-binding
interface of PROTAC designs, leveraging its TRIM family
E3 ligase interactions.

HCC consists of diverse cellular components, including
cancer cells, hepatic stellate cells (HSCs) and Kupffer cells

[28.,29]. HSCs are known to secrete various factors, such as
metabolic fuel, collagen and immunomodulatory cytokines,
which contribute to the establishment of an immunosup-
pressive tumor microenvironment [30,31]. Although HCC
is generally characterized by strong immunosuppressive
tumor environment properties [32], our data showed no
significant differences in the expression levels of immuno-
suppressive cytokines among the examined HCC cell lines.
Therefore, further investigations using in vivo models are
warranted to better elucidate the mechanisms underlying
HSC-mediated immunosuppression in HCC. So, targeting
not only cancer cells with CSTB but also HSCs may rep-
resent a promising strategy and help guide future research
directions.
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