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Abstract

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related death worldwide, with
limited therapeutic options and frequent resistance to treatment. The integrator complex
subunit 6 (INTS6), a regulator of RNA polymerase II transcription, has emerged as a poten-
tial tumor suppressor that modulates Wnt/ 3-catenin signaling and epithelial-mesenchymal
transition (EMT). This study aimed to clarify the role of INTS6 in EMT regulation in HCC
and to explore the therapeutic potential of small activating RNA (saRNA)-mediated INTS6
induction. The Cancer Genome Atlas (TCGA) dataset was analyzed to assess the clinical
relevance of INTS6 in HCC. Functional studies were conducted using a hepatoma cell line
to determine the effects of INTS6 modulation on tumor behavior. Data analysis demon-
strated that low INTS6 expression was associated with shorter disease-free survival and
poorer prognosis in patients receiving conservative treatment. Experimental suppression
of INTS6 increased mesenchymal marker expression, whereas saRNA-mediated induction
suppressed these markers. Restoring INTS6 expression reduced cell migration, invasion,
and proliferation through G1 cell-cycle arrest and enhanced sensitivity to sorafenib. These
findings identify INTS6 as a promising therapeutic target in HCC. saRNA-mediated induc-
tion of INTS6 may provide a novel strategy, alone or in combination therapy, to overcome
drug resistance and improve clinical outcomes.

Keywords: hepatocellular carcinoma; integrator complex subunit 6; epithelial-mesenchymal
transition; sorafenib; small activating RNA

1. Introduction

Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related mor-
tality worldwide, with a poor prognosis largely due to late-stage diagnosis and limited
therapeutic options [1,2]. The pathogenesis of HCC involves both genetic and epigenetic
alterations that disrupt key signaling pathways [3]. Current treatment modalities include
surgical resection, liver transplantation, and systemic therapies such as tyrosine kinase
inhibitors and immunotherapies [1,4]. However, these conservative treatments often yield
only modest survival benefits and are hindered by immune-related adverse reactions and
drug resistance [5]. Recent research efforts have focused on identifying novel genetic targets
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and exploring advanced therapeutic approaches, including gene therapy, nanoparticles,
and chimeric antigen receptor (CAR)-T-cell therapy [1,6].

Epithelial-mesenchymal transition (EMT) is a biological process in which epithelial
cells lose polarity and adhesion and acquire migratory and invasive properties. In cancer,
EMT drives metastasis, drug resistance, and tumor progression [7-9]. In HCC, EMT is
regulated by pathways such as Wnt/ 3-catenin, TGF-f3, and STAT3, with long non-coding
RNAs (IncRNAs) also playing a role [10,11]. EMT-related gene signatures have been
developed to predict prognosis and treatment response in HCC [10,12]. Targeting EMT and
its associated pathways offers a promising strategy for improving HCC management.

The integrator complex is composed of at least 14 subunits and plays a critical role
in the regulation of RNA polymerase II (RNAPII)-mediated transcription, RNA process-
ing, and DNA repair [13,14]. Among its components, the integrator complex subunit 6
(INTS6) recruits protein phosphatase 2A (PP2A) to the chromatin, thereby modulating
its activity and influencing transcriptional regulation [15]. Dysregulation of the PP2A-
integrator—cyclin-dependent kinase 9 (CDK9) axis is commonly observed in various cancers
and can arise from genetic alterations or overexpression of inhibitory molecules [15-17].
Several integrin subunits display aberrant expression profiles in HCC, indicating their
potential utility as diagnostic and prognostic biomarkers [18]. Notably, INTS6 acts as a
tumor suppressor by inhibiting the Wnt/ 3-catenin signaling pathway, thereby impeding
HCC progression, whereas INTS8 enhances EMT via activation of the TGF- pathway,
promoting tumor aggressiveness [19,20]. Furthermore, INTS6 interacts with INTS3 to form
a complex essential for the repair of DNA double-stranded breaks [21]. Collectively, these
findings underscore the diverse roles of the individual integrator subunits in cancer biology,
highlighting INTS6 as a promising therapeutic target in HCC.

Small activating RNAs (saRNAs) are emerging as promising therapeutic agents for can-
cer treatment. These short double-stranded RNAs can upregulate the expression of specific
genes through RNA activation, providing a novel mechanism for gene regulation [22,23].
In this study, we aimed to explore the impact of saRNA-induced INTS6 expression on the
malignant behavior of HCC cells, with a particular focus on its effects on EMT and drug
sensitivity. Given their therapeutic potential, saRNAs, along with small interfering RNAs
(siRNAs), are increasingly recognized as key components of nucleic acid-based medicine,
offering significant promise for clinical drug development.

2. Materials and Methods
2.1. Open Data Analysis

The association between INTS6 mRNA expression levels obtained from RNA sequenc-
ing and the clinical characteristics of HCC (n = 372) was analyzed using data from The Can-
cer Genome Atlas (TCGA) (https:/ /www.cancer.gov/ccg/research/genome-sequencing/
tcga (accessed on 13 February 2024)). The analysis was conducted using the open-source
platform cBioPortal (https:/ /www.cbioportal.org/ (accessed on 13 February 2024)), which
enables the exploration of genomic data and their correlation with clinical features such as
tumor stage, survival outcomes, and mutational profiles.

2.2. Cell Lines and Cell Culture

Huh? cells, a human hepatoma cell line in which the absence of CTNNB1 mutations
has been explicitly documented in previous reports [24], were obtained from the Japanese
Collection of Research Bioresources Cell Bank, Osaka, Japan. The cells were cultured in
Dulbecco’s Modified Eagle Medium (Wako, Tokyo, Japan) supplemented with 10% fetal
bovine serum (Gibco, Waltham, MA, USA).
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2.3. SaRNA/SiRNA Transfection

Human INTS6-specific saRNA was synthesized based on a previously described
sequence [25,26]. The human -specific siRNA and a non-silencing negative control were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Sequences of the saRNAs and
siRNAs used in this study are listed in Supplementary Table S1. siRNAs and saRNAs,
at a concentration of 20 nM, were reverse-transfected using Lipofectamine® RNAIMAX
(Invitrogen, Carlsbad, CA, USA) and incubated for 24 h.

2.4. Gene Expression Analysis

RNA was isolated using the FastGene RNA Basic Kit (NIPPON Genetics Co., Ltd.,
Tokyo, Japan). Complementary DNA was synthesized from 1 ug of total RNA using
ReverTra Ace® (TOYOBO, Osaka, Japan). Specific primer sequences were designed using
Primer 3 (https://bioinfo.ut.ee/primer3-0.4.0/ (accessed on 6 June 2025)), and are listed
in Supplementary Table S2. Real-time PCR was conducted on a CFX Connect Real-Time
System (BIO-RAD, Hercules, CA, USA) using THUNDERBIRD™ Next SYBR® qPCR Mix
(TOYOBO, Osaka, Japan).

2.5. Immunoblot Analysis

The cells were lysed with Radioimmunoprecipitation Assay Buffer and centrifuged
at 10,000x g for 10 min. The resulting supernatant was subjected to immunoblot anal-
ysis using primary antibodies against INTS6 (GeneTex, Irvine, CA, USA), (3-catenin, N-
cadherin, vimentin, snail family transcriptional repressor 1 (SNAI1) (Proteintech, IL, USA),
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Sigma-Aldrich, St. Louis,
MO, USA).

2.6. Migration and Invasion Assay

Huh? cells were seeded on cell-culture inserts with an 8-um pore-sized membrane
(BD Biosciences, Bedford, MA, USA). For the invasion assay, the membrane was precoated
with 100 uL of Matrigel diluted to a final concentration of 200 ug/mL (Corning Incorpo-
rated, Corning, NY, USA), whereas no Matrigel coating was applied for the migration
assay. After 72 h of incubation, the cells that passed through the membrane were fixed in
10% paraformaldehyde and stained with crystal violet.

2.7. Scratch Assay

Huh? cells were seeded in 6-well plates and grown to confluence. A scratch was
created using a sterile 200 pL pipette tip, and detached cells were removed by wash-
ing with PBS. Images of the scratched areas were captured at 0, 6, and 24 h, using an
inverted microscope.

2.8. Cell-Cycle Analysis Using Flow Cytometry

Cell-cycle analysis was performed using the BD Pharmingen™ PI/RNase Staining
Buffer (BD Biosciences, Franklin Lakes, NJ, USA) according to the manufacturer’s protocol.
Briefly, cells were harvested, washed with PBS, fixed with 70% ethanol, and stained with
PI/RNase Staining Buffer. Samples were incubated at 4 °C for 2 h. Stained cells were
harvested, washed with 2% FBS-PBS, resuspended in PI/RNase Staining Buffer, and
analyzed using the BD LSRFortessa™ X-20 flow cytometer (BD Biosciences), to determine
the percentage of cells in each phase of the cell cycle (G0/G1, S, and G2/M).

2.9. Cell Proliferation Assay

Cell proliferation was evaluated using Cell-Counting Kit-8 (CCK-8) (Dojindo Labora-
tories, Kumamoto, Japan). Huh? cells were transfected with saRNAs targeting INTS6 or the
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control for 24 h and seeded in 96-well plates for 11 days. At each time point, CCK-8 reagent
was added, and the absorbance at 450 nm was measured using an iMark™ Microplate
Reader (Bio-Rad, Hercules, CA, USA).

2.10. Brdu Incorporation Assay

Cell proliferation was also assessed using a 5-bromo-2’-deoxyuridine (BrdU) incor-
poration assay (BrdU Cell Proliferation Assay Kit, Abcam, Cambridge, UK). Three days
after transfection, cells were seeded into 96-well plates. Twelve hours later, cells were
treated as indicated and incubated with 10 uM BrdU for 12 h. Following fixation and DNA
denaturation, an anti-BrdU antibody and an HRP-conjugated secondary antibody were
applied sequentially. The signal was developed using TMB substrate, and the absorbance
was measured at 450 nm with a microplate reader.

2.11. Assessment of Sorafenib Sensitivity in Huh7 Cells

To evaluate the effect of INTS6 expression on sorafenib sensitivity in Huh? cells, the
half-maximal inhibitory concentration (ICs5) was determined. Huh? cells were transfected
with saRNAs targeting INTS6 or a non-targeting control. At 72 h post-transfection, cells
were treated with increasing concentrations of sorafenib (0, 2.5, 5.0, 7.5, 10, and 50 uM)
for 24 h. Cell viability was measured using the CCK-8, and ICs5j values were calculated
using dose-response curve fitting. To assess cytotoxic effects, lactate dehydrogenase (LDH)
release into the culture supernatant was quantified at 24 h using an LDH Cytotoxicity
Assay Kit (Dojindo Laboratories, Kumamoto, Japan). The LDH release was expressed as
a percentage of the maximum LDH release in the control and normalized to that of the
untreated controls. Apoptotic cell death was evaluated by fluorescence microscopy using a
Leica Stellaris 5 confocal microscope (Leica Microsystems, Wetzlar, Germany) and by flow
cytometry using an Annexin V-FITC Apoptosis Detection Kit (Nacalai Tesque, Inc., Kyoto,
Japan), in accordance with the manufacturer’s protocol.

2.12. Statistical Analysis

All data are presented as mean =+ standard deviation (SD). Statistical significance was
determined using a two-tailed Student’s t-test, except for the open data analysis, where the
log-rank test was applied. A p-value < 0.05 was considered statistically significant.

3. Results
3.1. Clinical Characteristics of INTS6 Expression in HCC

Clinical data for HCC were obtained from TCGA, which provides information on
the clinical stage and neoplasm histologic grade for a total of 372 patients with HCC. The
analysis indicated that INTS6 mRNA expression in tumors was lower than that in the
corresponding normal tissues in most cases. Its expression level did not correlate with the
clinical stage at diagnosis; however, a trend of decreased INTS6 expression was observed
in patients with higher histologic grades (Figure 1a). To evaluate the clinical significance
of INTS6, the patients were stratified into two subgroups based on the median INTS6
expression level. While overall survival was unaffected by INTS6 expression, disease-
free survival was significantly shorter in the low INTS6 expression group (p = 0.0192),
suggesting a higher risk of recurrence. Additionally, an analysis of 41 patients treated with
conservative therapies, including chemotherapy and radiotherapy, revealed that those with
low INTS6 expression had a significantly poorer prognosis (p = 1.884 x 10~2), indicating
potential resistance to conservative treatment (Figure 1b).
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Figure 1. INTS6 mRNA expression and clinical characteristics in hepatocellular carcinoma (HCC).
Data were obtained from The Cancer Genome Atlas (TCGA) (n = 372) and analyzed using cBio-
Portal to explore correlations with clinical features. (a) INTS6 mRNA expression levels (log scale)
stratified by clinical stage (I-IV) and histologic grade (G1-G4). Scatter plots are presented as the
mean = standard deviation. (b) Survival analysis of patients stratified according to INTS6 expression.
Overall survival (OS) (log-rank test, p = 0.733). Disease-free survival (DFS) (log-rank test, p = 0.0192).
OS of conservatively treated patients (1 = 41) (log-rank test, p = 1.884 x 1073). Red and blue lines
indicate high and low INTS6 expression levels, respectively.
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3.2. INTS6 Regulates EMT in HCC Cells

Because EMT plays a crucial role in HCC progression, metastasis, and therapeutic
resistance, we hypothesized that INTS6 regulates EMT in HCC cells [27]. To test this
hypothesis, we examined the influence of INTS6 expression on EMT phenotypes in HCC
cells using siRNA and saRNA (Figure 2a). As shown in Figure 2b, INTS6 knockdown led to
the upregulation of 3-catenin, one of master regulators of EMT, along with mesenchymal
markers such as N-cadherin, vimentin, and SNAI1. These observations contrast with those
observed upon INTS6 induction by saRNA.

(a) (b) cont INTS6 INTS6
(fold) INTS6 (fold) INTS6 siRNA saRNA
1.5+ 10

T S N INTSE | we— ——
1.0+ B-Catenin | w— — —
5_
0.5+ N-cadherin | s sm—e
AT

0 | — 0 1 Vimentin| o abe—

Cont INTS6 siRNA Cont  INTS6 saRNA
SNAI | =

(c)

Cont INTS6 SIRNA _ INTS6 saRNA GAPDH | s wis s

Oh
6h

24h

(d) ___INTS6SiRNA INTS6 saRNA

INTS6 saRNA

(e) Cont__ INTS6 SIRNA _

Figure 2. Effects of INTS6 modulation on epithelial-mesenchymal transition (EMT) and cell motility.
(a) gRT-PCR analysis of INTS6 expression following siRNA-mediated knockdown (siRNA) or saRNA-
mediated activation (saRNA). Relative INTS6 mRNA expression levels compared to the control (cont),
normalized to GAPDH. ** p < 0.01. (b) Immunoblot analysis of INTS6 and EMT-related markers,
including (-catenin, N-cadherin, vimentin, and SNAI1l. GAPDH was used as a loading control.
(c) Wound-healing assay showing cell migration at 0 h, 6 h, and 24 h after scratching in control, INTS6
siRNA, and INTS6 saRNA-transfected cells. Dashed lines indicate the wound margins. (d,e) Invasion
and migration assays demonstrating the effects of INTS6 modulation. Representative images of the
invasion and migration assay for siRNA- and saRNA-transfected cells after 72 h of incubation.
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To assess the impact of INTS6 expression on HCC cell migration, we performed a
scratch assay, which revealed a modest decrease in wound-closure capacity following
INTS6 knockdown using siRNA. Conversely, the migration of HCC cells was markedly
reduced when INTS6 expression was upregulated using saRNA (Figure 2c). INTS6 sup-
pression consistently increased the number of invading and migrating cells, whereas INTS6
induction reduced this number (Figure 2d,e). These findings suggest that INTS6 is involved
in EMT and cellular migratory behavior in HCC cells, supporting the clinical observation
that INTS6 regulates the malignant phenotype of HCC (Figure 1).

3.3. Upregulation of INTS6 Reduces HCC Cell Proliferation

Next, we investigated the effect of INTS6 overexpression on the proliferative potential
of HCC cells, with a focus on its implications for therapeutic applications. Interestingly,
INTS6 induction by saRNA markedly inhibited cell proliferation (Figure 3a). Consistently,
BrdU incorporation was reduced by approximately 30% in Huh? cells transfected with
INTS6 saRNA relative to control cells, indicating a significant suppression of DNA synthesis
(Figure 3b). To elucidate the mechanisms underlying INTS6-mediated cell growth reduction,
we analyzed cell-cycle distribution in Huh? cells using PI staining. As shown in Figure 3b,
INTS6 induction significantly increased the proportion of cells in the G0/G1 phase and
decreased the proportion in the S phase compared to those in the control, suggesting that
INTS6 induces G1 cell cycle arrest. Consistent with these findings, the expression levels of
cell-cycle-related genes such as PCNA, c-MYC, Cyclin D1, and CDK4 were downregulated
following INTS6 induction.

3.4. INTS6 Induction Enhances the Sensitivity of HCC Cells to Sorafenib

To evaluate the effect of INTS6 induction on sorafenib sensitivity, we compared the
viability of Huh? cells transfected with INTS6-targeting saRNA or control RNA, followed
by sorafenib treatment. As shown in Figure 4a, INTS6-induced cells exhibited a significant
reduction in viability in response to increasing concentrations of sorafenib compared to
the control. The ICgy of sorafenib was decreased from 5.12 uM in control to 3.34 uM
in INTS6-induced cells, indicating enhanced drug sensitivity. Consistently, LDH release
was significantly higher in cells transfected with INTS6 saRNA than that in the control
group (Figure 4b). Apoptosis was assessed using Annexin V and PI staining. Fluorescence
microscopy revealed a substantial increase in the number of Annexin V-positive cells in the
INTS6 saRNA group after sorafenib treatment (Figure 4c). Quantitative analysis confirmed
that the percentage of apoptotic cells was significantly higher in the INTS6-induced group,
particularly when 10 uM of sorafenib was used (Figure 4d). These findings suggest that
INTS6 induction enhances the sensitization of HCC cells to sorafenib.
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Figure 3. Induction of INTS6 inhibits cell proliferation. (a) Cell proliferation was assessed using
the CCK-8 assay in Huh? cells transfected with INTS6-targeting saRNA or control. Absorbance at
450 nm was measured over 11 days, showing significantly reduced proliferation in the INTS6 saRNA
group. ** p < 0.01. Data are mean =+ SE (n = 3). (b) 5-Bromo-2'-deoxyuridine (BrdU) incorporation
assay was performed three days after transfection, demonstrating a significant decrease in DNA
synthesis in INTS6-induced cells. ** p < 0.01. (c) Flow cytometry analysis of cell-cycle distribution,
indicating GO/G1 arrest and reduced S-phase in INTS6 saRNA-transfected cells, indicating inhibited
proliferation. ** p < 0.01. (d) The expression level of cell cycle-related genes such as PCNA, c-MYC,
Cyclin D1, and CDK4 was examined by real-time PCR following INTS6 induction (1 = 5). * p < 0.05,
*p < 0.01.
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Figure 4. INTS6 saRNA enhances the sorafenib sensitivity of the HCC cell. (a) Dose-response curves
of Huh? cells treated with sorafenib following transfection with control or INTS6-targeting saRNA.
Cell viability was assessed using a CCK-8 assay after 24 h of sorafenib exposure. ICs5; values were
calculated as 5.12 uM for control and 3.34 uM for INTS6 saRNA. (b) Lactate dehydrogenase (LDH)
assay assessing cytotoxicity in Huh?7 cells transfected with INTS6 saRNA or control and treated with
increasing concentrations of sorafenib. Data are presented as mean + SE (n = 3). INTS6 saRNA
significantly increased sorafenib-induced cytotoxicity. * p < 0.05. (c) Apoptosis analysis by Annexin
V /Pl staining. Representative fluorescence microscopy images of Huh7 cells transfected with control
or INTS6 saRNA, treated with 5 tM of sorafenib, followed by Annexin V-FITC staining, propidium
iodide (PI), and DAPI. (d) Quantification of Annexin V—positive cells shown in (c). INTS6 induction
significantly increased the percentage of apoptotic cells upon sorafenib treatment.
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4. Discussion

Systemic therapies for advanced-stage HCC offer limited survival benefits, and recent
advances such as immune checkpoint inhibitors and targeted agents remain constrained
by underlying liver cirrhosis and immune-related adverse events [1-4,28-30]. Given these
limitations, RN A-based therapies are being actively explored as promising alternatives and
they have demonstrated encouraging antitumor activity in preclinical models and early
clinical trials. siRNAs targeting cyclin E induce apoptosis and tumor regression, whereas
VEGEF- or integrin-targeted siRNAs delivered via nanoparticle systems delay tumor pro-
gression, reduce macrophage infiltration, and improve survival [31-33]. Furthermore,
saRNA targeting CEBPA has shown 2.5-3-fold mRNA upregulation, growth inhibition,
and reduced tumor burden [34,35]. Delivery systems such as liposomes and dendrimers
also improve liver function markers and support early clinical translation [36]. Collectively,
both siRNA and saRNA strategies modulate key genetic pathways to suppress tumor
growth and enhance liver function in HCC. Building on the recent advances in RNA-based
therapeutics, this study aimed to investigate the potential of INTS6-targeting saRNAs as a
novel treatment strategy for HCC. Given that INTS6 expression is frequently downregu-
lated in tumor tissues, particular attention has been directed toward EMT regulation as a
key mechanism underlying tumor progression and therapeutic resistance.

Analysis of the TCGA database revealed that INTS6 expression was decreased in
most HCC tissues compared to adjacent normal tissues. This finding is consistent with
previous reports showing reduced INTS6 expression in liver, breast, lung, and prostate
cancers [18,37-39], suggesting a potential role in tumor suppression. While overall survival
did not differ significantly between the high- and low-expression groups, disease-free
survival was shorter in the low-expression group than in the high-expression group. Among
the patients receiving conservative treatment, those with low INTS6 expression had a
significantly poorer prognosis. Taken together, these findings suggest that reduced INTS6
expression is associated with greater malignant potential and increased risk of recurrence.

One potential explanation for the association between low INTS6 expression and
malignant nature in HCC is the involvement of EMT, a biological process closely linked
to cancer progression, metastasis, and therapeutic resistance [7,8]. Per a previous study
that used HCC cell lines, INTS6 suppresses the Wnt/ 3-catenin signaling pathway and
induces changes in the expression of EMT-related genes [19]. However, the impact of
INTS6 on cellular characteristics associated with EMT has not yet been thoroughly inves-
tigated. The present study clearly demonstrated that the induction of INTS6 expression
resulted in the downregulation of mesenchymal markers and a concomitant reduction in
the migratory and invasive capacities of HCC cells. Moreover, given the established role of
EMT in drug sensitivity, we found that INTS6 upregulation enhanced cellular sensitivity
to sorafenib [7,8,40]. These findings suggest that the restoration of INTS6 expression may
reduce the malignant potential of HCC cells and improve their therapeutic responsiveness,
highlighting its potential as a novel target for HCC treatment. While cancer is recognized
as a multifactorial disease involving numerous signaling pathways and gene networks,
our results also indicate that INTS6 may function as an important regulatory component
within this complex landscape, contributing to broader mechanisms of tumor progression
and drug resistance.

Our findings demonstrated that INTS6 induction significantly suppressed HCC cell
proliferation by promoting G1 phase arrest, highlighting its potential role as a tumor
suppressor. This observation is consistent with previous reports showing that exoge-
nous re-expression of INTS6 in prostate cancer cells inhibits colony formation through
a similar mechanism, accompanied by the upregulation of genes related to the Wnt sig-
naling pathway [41]. In addition, CDK9—a cyclin-dependent kinase that is essential for
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transcriptional elongation via the phosphorylation of RNAPII—has been implicated as a
downstream effector of INTS6. Notably, the loss of INTS6 disrupts the recruitment of PP2A
to CDK9 in leukemia and unspecified solid tumors, resulting in sustained CDK9 activity
and resistance to CDK9 inhibitors [14]. These findings underscore the multifaceted tumor-
suppressive functions of INTS6, primarily through cell-cycle arrest mediated by transcrip-
tional regulation and support its therapeutic relevance in malignancies driven by aberrant
CDKO signaling.

Despite these promising findings, this study had some limitations that must be ac-
knowledged. First, it was based solely on in vitro data, and the in vivo relevance of INTS6
activation remains to be validated in appropriate animal models. Second, the retrospective
nature of the clinical dataset and limited number of patients receiving conservative treat-
ment necessitate caution when interpreting the observed prognostic associations. Third,
CTNNBI1 mutations have also been identified in a subset of clinical HCC specimens, sug-
gesting that there may be clinical cases in which the therapeutic efficacy of INTS6-saRNA
is uncertain [42]. Finally, the precise molecular mechanisms by which INTS6 expression
attenuates EMT remain unclear and require further investigation.

5. Conclusions

In conclusion, our findings identified INTS6 as a clinically and functionally significant
tumor suppressor in HCC. saRNA-mediated upregulation of INTS6 suppresses EMT,
impairs cell proliferation, and enhances drug sensitivity, thereby offering a novel gene-
regulatory therapeutic strategy. Future in vivo studies and clinical validations are needed
to assess the translational potential of INTS6 activation for HCC management. Given that
INTS6 downregulation has also been observed in several other malignancies, including
breast, lung, and prostate cancers, the therapeutic strategy proposed in this study may
have broader applicability beyond HCC.
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CAR chimeric antigen receptor
CCK-8 cell-counting Kit-8
CDK9 cyclin-dependent kinase 9

DFS disease-free survival

EMT epithelial-mesenchymal transition

GAPDH  glyceraldehyde-3-phosphate dehydrogenase
HCC hepatocellular carcinoma

(@ half-maximal inhibitory concentration
INTS6 integrator complex subunit 6

LDH lactate dehydrogenase

IncRNA  long non-coding RNAs

oS overall survival

PI propidium iodide

PP2A protein phosphatase 2A
RNAPII  RNA polymerase I
saRNA small activating RNA

SD standard deviation
siRNA small interfering RNA
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