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Dystrobrevin beta is a promising prognostic biomarker
and therapeutic target for hepatocellular carcinoma
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Abstract: Objectives: Dystrobrevin beta (DTNB) is a constituent of the dystrophin-associated protein complex (DPC).
Our previous RNA sequencing (RNA-seq) study revealed that knockdown of the oncogenic long noncoding RNA (In-
cRNA) HOXD cluster antisense RNA 1 (HOXD-AS1) in hepatocellular carcinoma (HCC) cells could reduce the expres-
sion levels of DTNB. However, the association between DTNB and HCC remains uncertain. Methods: The upregula-
tion of DTNB in HCC cell lines and the regulatory effect of HOXD-AS1 on its expression were verified using quantita-
tive real-time PCR (qRT-PCR). The potential clinical significance, biological functions and underlying mechanisms of
DTNB in HCC were investigated through bioinformatics analysis. The high expression of DTNB was validated in HCC
tissues, and its biological function in HCC was investigated by performing loss-of-function assays in vitro. Results:
DTNB was highly expressed in HCC cells and was positively regulated by the IncRNA HOXD-AS1 in several HCC cell
lines. The upregulation of DTNB was significantly associated with T stage, histologic grade, tumour status, adjacent
hepatic tissue inflammation, alpha-fetoprotein (AFP) level, and unfavorable prognosis, serving as an independent
risk indicator associated with overall survival with substantial diagnostic and prognostic implications for HCC. DTNB
was also closely linked to immune cell infiltration, immunotherapy, and sensitivity to anti-HCC drugs. Genes co-ex-
pressed with DTNB in HCC were identified, and functional enrichment analysis indicated that DTNB may function in
HCC by regulating the cell cycle. A potential ceRNA (competing endogenous RNA) regulatory axis of HOXD-AS1/miR-
139-3p/DTNB in HCC was predicted and validated. The high expression of DTNB was validated in our HCC cohort
and loss-of-function assays revealed that DTNB knockdown can suppress the proliferation, migration, and invasion
of HCC cells and trigger cell cycle arrest at the GO/G1 phase. Conclusions: DTNB, a downstream target of the IncRNA
HOXD-AS1, has potential utility as a prognostic biomarker and a target for the treatment of HCC.
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Introduction 4]. Owing to the gradual emergence of HCC and
the challenges in its early detection, most HCC
patients have progressed to the intermediate
and advanced phases before initial diagnosis,

missing the opportunity for comprehensive

Hepatocellular carcinoma (HCC), the foremost
histological form of primary liver cancer, is the
sixth most common cause of cancer worldwide

and the third most common cause of tumour-
associated fatalities, posing a significant threat
to global public health [1, 2]. Patients in the ini-
tial phase of HCC can be effectively treated
through surgical resection, liver transplanta-
tion, or radiofrequency ablation, but they are
susceptible to recurrence and metastasis [3,

treatment [5]. In the past few years, although
molecular targeted drugs (e.g., sorafenib, lenva-
tinib, etc.) and immune checkpoint inhibitors
(e.g., PD-L1 and PD-1 inhibitors) have shown
some success in treating advanced HCC, owing
to the aggressive phenotype and molecular het-
erogeneity of HCC, their benefits are limited to a
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select few patients, and the treatment out-
comes remain pessimistic [6, 7]. Consequently,
it is critically important to develop potent bio-
markers for early detection and prognostic
assessment of HCC, along with new therapeu-
tic targets for HCC treatment.

Dystrobrevin beta (DTNB), a member of the
dystrophin-related protein family, participates
in the assembly of the dystrophin-associated
protein complex (DPC), which serves as a trans-
membrane scaffold connecting the cytoskele-
ton to the extracellular matrix and performs
critical functions in preserving the integrity of
the muscle fiber surface membrane and modu-
lating intracellular signal transmission [8, 9.
Although DTNB has been identified as a key
player in brain development through its regula-
tion of neuronal differentiation, the biological
functions of DTNB remain largely unclear [10,
11]. A study revealed that BML-210, an inhibitor
of histone deacetylase, is capable of decreas-
ing DTNB expression levels and simultaneously
triggering growth suppression and apoptosis in
cervical cancer cells [12], implying that DTNB
is involved in tumourigenesis and tumour
progression.

HOXD cluster antisense RNA 1 (HOXD-AS1), a
well-known oncogenic long noncoding RNA
(IncRNA), has been demonstrated to facilitate
the progression of a range of tumours through
modulating cell growth, metastasis, and drug
resistance, and represents a robust candidate
molecule for the diagnosis and treatment of
cancer [13]. A previous study by our research
group revealed that the suppression of HOXD-
AS1 results in decreased DTNB mRNA levels in
HCC cells [14], suggesting that DTNB may con-
tribute to the advancement of HCC as a down-
stream target of the IncRNA HOXD-AS1. To
date, the expression trend of DTNB in HCC and
its relevance to HCC are still ambiguous.

This study initially validated the regulatory
effect of the IncRNA HOXD-AS1 on DTNB in HCC
cells through experiments. A comprehensive
analysis was subsequently conducted to sys-
tematically elucidate the expression status,
clinical relevance, and possible biological roles
and mechanisms of DTNB in HCC using bio-
informatics techniques and wet-lab examina-
tions. Specifically, this research aimed to lay
the foundation for the application of DTNB in
the diagnosis and treatment of HCC.
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Materials and methods
Human HCC samples

Twenty-five pairs of HCC and adjacent benign
liver tissues were collected from patients who
underwentsurgical resection atthe Department
of General Surgery of the Second Affiliated
Hospital of Xi'an Jiaotong University from 2015
to 2019. Written informed consent was
obtained from all patients and this study was
approved by the Ethics Committee of the
Second Affiliated Hospital of Xi'an Jiaotong
University (No. 2022-83).

Cell culture and transfection

The normal human hepatocyte line L-02, along
with six HCC cell lines (HepG2, SMMC-7721,
MHCCO7H, SK-Hep-1, Bel-7402, and Huh7)
were acquired from the Cell Bank of the Chinese
Academy of Science (Shanghai, China) and
propagated at 37°C in an incubator with 5%
CO, in DMEM supplemented with 10% fetal
bovine serum. The IncRNA Smart Silencer,
small interfering RNA (siRNA) and microRNA
(miRNA) mimics were transfected into cells uti-
lizing the Lipofectamine 3000 reagent (Thermo
Fisher Scientific, USA) to knock down the gene
expression or overexpress the miRNA. The
HOXD-AS1 Smart Silencer (Inc3151204095-
343), micrON hsa-miR-139-3p mimic (miR-
1180428024312-1-5), and genOFF st-h-DTNB
(stBOO06192A-1-5) were all acquired from
RiboBio (Guangzhou, China).

Quantitative real-time PCR (qQRT-PCR)

Total RNA was isolated with RNAzol® RT reagent
(Merck, USA) and reverse-transcribed with
FastKing gDNA Dispelling RT SuperMix (Tian-
gen, Beijing, China). gRT-PCR was then carried
out with TransStart® Tip Green qPCR SuperMix
(+Dye Il) (TransGen, Beijing, China), and the rel-
ative expression level of the target gene was
determined with B-actin as the internal control
gene. The following primers were used: HOXD-
AS1, 5-TGTTCCACCAGAAGATTAGAAGTT-3’ (for-
ward) and 5-AGCCCACGCATCTCTATTTG-3’ (re-
verse); DTNB, 5’-CACTCAGTCCGCACCTGTTTT-3’
(forward) and 5-GGTCAGCCATCATTGTGTCTAA-
3’ (reverse); and B-actin, 5-TGGCACCCAGCA-
CAATGAA-3’ (forward) and 5-CTAAGTCATAGTC-
CGCCTAGAAGCA-3’ (reverse).
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Data acquisition and processing

For pan-cancer analysis, RNA sequencing (RNA-
seq) expression data for 18 cancer types were
collected from the UCSC XENA (https://xen-
abrowser.net/datapages/) and the number of
samples for each type of cancer is provided in
Supplementary Table 1. With respect to HCC,
the RNA-seq data, miRNA-seq data and clinical
details of 374 HCC samples were acquired
from The Cancer Genome Atlas (TCGA) portal
(https://portal.gdc.cancer.gov/repository), and
the clinical data of each HCC patient are sum-
marized in Supplementary Table 2. The RNA-
seq data of 160 normal liver samples were
taken from the TCGA database (50 cases) and
the Genotype-Tissue Expression project (GTEX;
www.gtexportal.org; 110 cases). The Genomics
Expression Omnibus (GEO) expression matri-
ces (GSE39791, GSE55092, GSE76427, and
GSE54326) were downloaded from the GEO
database (https://www.ncbi.nlm.nih.gov/geo/)
to confirm the expression status of DTNB in
HCC.

Assessment of DTNB/miR-139-3p expression
in HCC and their correlations with clinical char-
acteristics

The expression status of DTNB and miR-139-
3p across cancers as well as HCC was deter-
mined utilizing the R package of “ggplot2”.
Patients with HCC were categorized into groups
with elevated and low expression levels on the
basis of the median levels of DTNB or miR-139-
3p. A binary logistic regression model was sub-
sequently established to assess the associa-
tions between DTNB/miR-139-3p expression
and various clinical features, including gender,
age, T/N/M stage, histologic grade, tumour sta-
tus, residual tumour status, the serum alpha-
fetoprotein (AFP) level, vascular invasion, the
Child-Pugh grade, adjacent hepatic tissue
inflammation, and the liver fibrosis Ishak score.

Correlation analysis between DTNB/miR-139-
3p and the prognosis in HCC patients

Patients with HCC were categorized into groups
with elevated and low expression in terms of
the median levels of DTNB or miR-139-3p, and
overall survival (0S), disease-specific survival
(DSS) and the progression-free interval (PFI)
was inspected utilizing the R packages
“Survival” and “Survminer”. Risk factors influ-
encing OS were then estimated via the Cox pro-
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portional hazards regression model, and the
clinical features with a P value less than 0.1 in
the univariate analysis were further integrated
into the multivariate test. Additionally, the
nomogram prediction model and correspond-
ing calibration curve were created based on
risk factors that influence the prognosis via the
R packages “rms” and “survival” to predict the
of 1-year, 3-year and 5-year OS probabilities.

Assessment of the diagnostic and prognostic
performance of DTNB and miR-139-3p in HCC

The diagnostic and prognostic value of DTNB or
miR-139-3p was estimated by generating the
receiver operating characteristic (ROC) curves
and determining the area under the curve (AUC)
via the R package “pROC".

Correlation analysis of DTNB with immune infil-
tration, immune-checkpoint markers, immuno-
therapy response and chemokines in HCC

The relationship between the DTNB expression
and immune infiltration in HCC was investigat-
ed utilizing the TCGA data through the single-
sample gene set enrichment analysis (sSGSEA)
method, which employs the “GSVA” R package
[15]. The differential expression of immune
checkpoint markers between HCC patients
with high and low DTNB expression was deter-
mined via the R package “ggplot2”. Responses
to immunotherapy in HCC patients with high
and low DTNB expression were assessed via
the tumour immune dysfunction and exclusion
(TIDE) algorithm [16]. The correlation between
the expression of DTNB and that of 59 chemo-
kine-related genes was examined with the R
package “ggplot2”.

Correlation analysis of DTNB and anti-tumour
drug sensitivity in HCC

The anti-tumour drug sensitivity of each HCC
sample was investigated utilizing the data
derived from the Genomics of Drug Sensitivity
in Cancer (GDSC; https://www.cancerrxgene.
org/), a pharmacogenomic database accessi-
ble to the public [17]. The link between the
expression levels of DTNB and the half-maximal
inhibitory concentrations (IC50) of 20 anti-HCC
drugs in HCC patients was determined via the R
package “pRRophetic”. In cases of duplicate
gene expression, the expression level was
recorded as the average. |Spearman’s r| > 0.1
and P < 0.05 were considered to indicate a
meaningful correlation.
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Identification of genes co-expressed with DTNB
in HCC

Through batch analysis, genes showing positive
co-expression with DTNB in HCC were identified
by examining the expression correlation be-
tween DTNB and all coding genes (|Spearman’s
r| > 0.5 and adjusted p value < 0.01). Using
STRING (www.stringdb.org) and Cytoscape so-
ftware, the top 10 hub genes were pinpointed
by establishing a protein-protein interaction
(PPI) network, and their expression and clini-
cal significance in HCC were subsequently
examined.

Prediction of DTNB-related biological roles and
signaling pathways in HCC

The associations between the top 10 hub
genes of DTNB and tumour-related signaling
pathways across cancers were analysed with
the GSCALite (http://bioinfo.life.hust.edu.cn/
web/GSCALite/), a web-based tool for cancer
gene set analysis [18]. Genes showing differen-
tial expression between HCC patients with high
and low DTNB expression were pinpointed via
the R package of “DESeq2”, and gene set
enrichment analysis (GSEA) was carried out
based on the MSigDB Collections (https://
www.gsea-msigdb.org/) via the “clusterProfil-
er” R package. The “c5.g0.bp.v2022.1.Hs.sym-
bols.gmt” and “c2.cp.all.v2022.1.Hs.symbols.
gmt” were adopted as the reference gene sets
for Gene Ontology (GO) biological process and
Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis, respectively. For
each analysis, gene set permutation was per-
formed 1000 times. Statistical significance
was determined by a false discovery rate (FDR)
of less than 0.05 and an adjusted P-value
below 0.05.

Western blotting

Total proteins were obtained by lysing the cells
with the radioimmunoprecipitation assay (RIPA)
buffer (Haigene, Harbin, China) and then sepa-
rated via sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) on
4-20% gradient gels (Beyotime, Shanghai,
China). The proteins were subsequently trans-
ferred to a polyvinylidene difluoride (PVDF)
membrane (0.22 ym) and blocked with Fast
Blocking Buffer (Yeasen, Shanghai, China). The
membranes were incubated overnight at 4°C
with primary antibodies against DTNB (1:1000;
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PAF385Hu01, Cloud-Clone, USA) and GAPDH
(1:1000; 5174T, CST, USA). Following an hour-
long exposure to horseradish peroxidase
(HRP)-linked goat anti-rabbit IgG (H+L) se-
condary antibody (1:20,000; 31460, Thermo
Fisher Scientific, USA) at ambient tempera-
ture, the luminescence signals were detected
via an enhanced chemiluminescence (ECL) kit
(WBKLS0100, Millipore, USA) and captured via
a digital chemiluminescence imager (UVITEC,
UK).

Cell Counting Kit-8 (CCK-8) assay

The cells were dispersed into 96-well plates at
a density of 4x102 cells per well and subjected
to a 1 h 30 min incubation at 37°C with CCK-8
reagent (Dojindo, Japan) in accordance with the
manufacturer’s instructions. The optical densi-
ty (OD) at a wavelength of 450 nm was mea-
sured via a multifunctional microplate reader.

Colony formation assay

The cells were seeded in 6-well plates at
a density of 800 cells/well and cultivated in
complete medium for one week until they were
observed. The colonies were subsequently
fixed with 4% paraformaldehyde, stained
with 0.1% crystal violet, photographed, and
quantified.

Cell cycle assessment by flow cytometry

The cells were fixed in 70% chilled ethanol for
an entire night at 4°C, followed by treatment
with Hoechst 33342 (10 pg/ml) and RNase A
(100 pg/ml). The dyed cells were subsequently
analysed via a flow cytometer (CytoFLEX LX,
Beckman, USA), and the cell cycle distribu-
tion was assessed via FlowJo software (BD
Biosciences, USA).

Evaluation of cell migration and invasion by
transwell assay

The capacities of cell migration and invasion,
respectively, were examined with transwell
chambers with and without a Matrigel coating
in 24-well plates (8.0 um, polyester membrane,
353097/354480, Corning, USA). The density of
the cells was adjusted to 2.5x10% cells/ml
using serum-free medium, 200 ul of the cell
suspension was added to the top chamber, and
culture medium supplemented with 10% FBS
was added to the bottom chamber as a chemo-
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tactic factor. Following a 24 h (migration) or 48
h (invasion) culture period, the cells on the
inner surface of the PET membrane were
removed, and the membranes were fixed with
4% paraformaldehyde and stained with crystal
violet. The cells that passed through the mem-
brane were subsequently imaged under a
microscope.

Statistical analysis

Statistical evaluation was performed via R soft-
ware (v.4.2.1) and SPSS 26.0. The differences
in the expression of DTNB and miR-139-3p in
unpaired and paired samples were examined
via the Mann-Whitney U test and the Wilcoxon
signed-rank test, respectively. The association
between DTNB/miR-139-3p expression and
clinical parameters was investigated by logistic
regression analysis. To ascertain whether there
was any difference in survival probability
between the high and low DTNB/miR-139-3p
expression groups, a Kaplan-Meier analysis
was conducted via the log-rank test. The clini-
copathological characteristics linked to 0OS
were pinpointed by performing univariate and
multivariate Cox regression analyses. The asso-
ciation between the expression of the two
genes was assessed via Spearman’s correla-
tion test. A P-value less than 0.05 was consid-
ered to indicate a significant difference.

Results

DTNB was elevated by the oncogenic IncRNA
HOXD-AS1 in HCC cells

Our previous RNA-seq investigation revealed
that silencing the oncogenic IncRNA HOXD-AS1
resulted in a reduction in DTNB expression in
the Bel-7402 HCC cell line (Figure 1A). To vali-
date the regulatory influence of HOXD-AS1 on
DTNB in HCC cells, the expression of HOXD-AS1
and DTNB in six human HCC cell lines (HepG2,
Bel-7402, SMMC-7721, MHCC97H, SK-Hep-1,
and Huh7) as well as the normal hepatocyte
line L-O2 were assessed via qRT-PCR, and the
results revealed that the expression levels of
HOXD-AS1 and DTNB were notably elevated in
all six HCC cell lines compared with those in the
human normal liver cell line L-O2 (Figure 1B),
indicating that HOXD-AS1 and DTNB had simi-
lar expression trends in HCC cells. Next, the
impact of HOXD-AS1 on DTNB expression in
HCC cell lines was explored. HOXD-AS1 was
effectively knocked down in all six HCC cell
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lines (Figure 1C) and the DTNB expression level
was significantly reduced by HOXD-AS1 sup-
pression (Figure 1D), suggesting that HOXD-
AS1 positively regulates DTNB expression in
HCC. In addition, the TCGA data also revealed a
positive relationship between HOXD-AS1 and
DTNB expression in HCC samples, which aligns
with the above experimental findings (Figure
1E).

DTNB was highly expressed in HCC tissues

To investigate the expression trends of DTNB in
HCC patients, first, RNA-seq data derived from
the TCGA and GTEx databases, including data
from 374 HCC tissues samples, 160 normal tis-
sues samples, and 50 paired normal-HCC tis-
sues samples, were used to estimate the
expression of DTNB, and the findings revealed
that DTNB was dramatically elevated in cancer-
ous tissues, relative to normal tissues (P <
0.001) (Figure 2A, 2B). The expression of DTNB
in HCC tissues was subsequently examined via
GEO data, and we found that in all four GEO
datasets used for validation, the expression
levels of DTNB were notably greater in tumour
samples than in normal tissues (P < 0.001)
(Figure 2C-F). Thus, the above findings suggest
that DTNB is upregulated in HCC tissues.

Furthermore, the expression status of DTNB
was further investigated in pan-cancer patients
employing RNA-seq data from TCGA corre-
sponding to 18 cancer types. As illustrated in
Figure 2G, DTNB was abnormally expressed in
most cancer types except for BRCA and PAAD.
DTNB was overexpressed in 13 cancer types
(BLCA, CHOL, COAD, ESCA, HNSC, KIRP, HCC,
LUAD, LUSC, PRAD, READ, STAD, and UCEC),
whereas it was downregulated in only three
cancer types, namely, KICH, KIRC, and THCA. In
addition, paired comparison analysis confirmed
increased expression of DTNB in BLCA, CHOL,
COAD, ESCA, HCC, LUSC, PRAD, STAD, and
UCEC in contrast to its reduced expression in
KICH, KIRC, and THCA (Figure 2H).

Associations between DTNB expression and
the clinical features of HCC patients

The associations between DTNB expression
and clinicopathological variables in HCC pa-
tients were assessed by constructing a binary
logistic regression model. As shown in Figure 3,
high DTNB levels in HCC tissues were strongly
positively correlated with T stage (OR=1.803,
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Figure 1. DTNB was upregulated by the oncogenic INcRNA HOXD-AS1 in HCC cells. A. Our previous RNA-seq results
showed that the expression level of DTNB could be reduced by HOXD-AS1 silencing [14]. B. The expression of HOXD-
AS1 and DTNB in HCC cell lines was determined by gRT-PCR. C. Knockdown efficiency of HOXD-AS1 in HCC cell
lines was evaluated via gRT-PCR. D. The effect of HOXD-AS1 knockdown on DTNB expression in HCC cell lines was
assessed via gRT-PCR. E. The correlation between the expression of HOXD-AS1 and DTNB was analysed based on

the TCGA data. *P < 0.05, **P < 0.01.

P=0.016), histological grade (OR=1.884, P=
0.004), tumour status (OR=1.640, P=0.022),
adjacent hepatic tissue inflammation (OR=
1.829, P=0.022), and AFP levels (OR=3.558, P
< 0.001). Collectively, the above findings imply
that high DTNB expression levels are closely
related to poor clinicopathological characte-
ristics.

Association between the expression of DTNB
and the prognosis of HCC patients

To determine the correlation between DTNB
expression and the prognosis of HCC patients,
we categorized the HCC patients into high- and
low-expression groups in accordance with the
median DTNB expression, and the variations in
0S, DSS, and PFI between the two groups were
analysed. As illustrated in Figure 4A-C, HCC
patients with high DTNB expression levels had
markedly lower OS, DSS, and PFl than did those
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with low DTNB expression levels (both P <
0.05), indicating that elevated DTNB expres-
sion is an unfavorable predictor in HCC.
Univariate Cox regression analysis revealed
that the DTNB expression level (HR=1.977, P <
0.001), T stage (HR=2.540, P < 0.001), M stage
(HR=4.032, P=0.018), and tumour-bearing sta-
tus (HR=2.361, P < 0.001) were strongly corre-
lated with the OS of HCC patients (Figure 4D).
Multivariate Cox regression assessment fur-
ther disclosed that the expression level of
DTNB (HR=1.707, P=0.021) was indepen-
dently correlated with OS in patients with HCC
(Figure 4E). Furthermore, a nomogram predic-
tion model was established by incorporating
the prognostic risk factors of the DTNB expres-
sion level, T stage, M stage, and tumour status
to forecast the 1-, 3-, and 5-year OS probabili-
ties of HCC patients (Figure 4F), which was
highly accurate and stable during the calibra-
tion tests (Figure 4G).
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Figure 2. DTNB was upregulated in HCC tissues. The expression status of DTNB in unpaired (A) and paired (B) HCC
tissues were analyzed using the TCGA data and validated in four GEO datasets (C-F). Pan-cancer analysis of DTNB
expression in unpaired (G) and paired (H) tissues across 18 cancer types. *P < 0.05, **P < 0.01, ***P < 0.001.
NS, no significance; BRCA, breast invasive carcinoma; BLCA, bladder urothelial carcinoma; CHOL, cholangiocarcino-
maj; COAD, colon adenocarcinoma; ESCA, esophageal carcinoma; HNSC, head and neck squamous cell carcinoma;
KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma;
LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; PAAD, pancreatic adenocarcinoma; PRAD, pros-
tate adenocarcinoma; READ, rectum adenocarcinoma; STAD, stomach adenocarcinoma; THCA, thyroid carcinoma;
UCEC, uterine corpus endometrial carcinoma.
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Characteristics Total (N) OR (95% CI) P value
Gender (Male vs. Female) 374 0.885 (0.573-1.365) ...'_4 0.581
1
Age (>60 vs. <=60) 373 0.748 (0.497-1.124) r.%| 0.163

T stage (T3&T4 vs. T1&T2)
N stage (N1 vs. NO)
M stage (M1 vs. M0)
Histologic grade (G3&G4 vs. G1&G2)
Tumor status (With tumor vs. Tumor free)

Residual tumor (R1&R2 vs. R0)
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Figure 3. The association between DTNB expression and clinicopathologic characteristics of the HCC patients was
evaluated by logistic regression analysis. AFP, alpha-fetoprotein; Cl, confidence interval; OR, odd ratio.

Diagnostic and prognostic value of DTNB in
HCC

ROC curves were plotted to assess the diag-
nostic value of the DTNB expression in HCC. As
illustrated in Figure 5A-D, the DTNB expression
level was favorable for the diagnosis of HCC
(AUC=0.931), T1-T2 stage (AUC=0.929), histo-
logical stage G1-G2 (AUC=0.924), and tumour
status (AUC=0.932). Furthermore, the DTNB
expression level was also effective in predicting
the 1-, 3-, and 5-year OS (AUC=0.691, 0.638,
and 0.604), DSS (AUC=0.729, 0.642, and
0.556), and PFI (AUC=0.648, 0.582, and 0.611)
(Figure 5E-G).

Relevance of DTNB expression to immune in-
filtration, immune checkpoint markers, immu-
notherapy response and chemokine-related
genes in HCC

The relationship between the DTNB expression
and the degree of infiltration of 19 immune cell
types in HCC tissues was examined (Figure 6A),
and a strong relationship was revealed between
DTNB expression and the infiltration of four
types of immune cells in the HCC tumour micro-
environment (|Spearman’s r| > 0.2, P < 0.05).
Specifically, there was a positive correlation
with the infiltration of Th2 cells (Figure 6B),
whereas negative associations were observed
with the infiltration of plasmacytoid dendritic
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cells (pDC), neutrophils, and Th17 cells (Figure
6C-E). Notably, several immune checkpoint
markers, including PD-L1, CTLA4, HAVCR2,
LAG3, PD-1, PDCD1LG2, and TIGIT, were dra-
matically increased in HCC patients with up-
regulated DTNB (Figure 6F). The predictive
value of the DTNB expression level for immu-
notherapy outcomes in HCC patients was
assessed using the TIDE score calculation,
revealing that the group with elevated DTNB
expression presented a notably higher TIDE
score (Figure 6G). Furthermore, a positive
association was observed between the ex-
pression of DTNB and the expression of most
chemokine-related genes in HCC tissues
(|Spearman’s r| > 0.1, P < 0.05) (Figure 7A
and Supplementary Table 3), including CCR3,
CCR10, XCL1, CCL28, CXCR4, CXCL11, CXCR3,
CCL26, CXCL3, CCR1, and CCL20 (Figure 7B).

Correlation between DTNB expression and re-
sponsiveness to antitumour drugs in HCC

Using the GDSC database, we assessed the
correlation between DTNB expression in HCC
patients and sensitivity to 20 chemotherapy
and targeted drugs used in HCC therapy. As
illustrated in Figure 8, except for gefitinib, lapa-
tinib, and mitomycin C, the IC50 values of the
remaining 17 drugs exhibited a notable link
with the expression of DTNB in HCC. Specifically,
there was an inverse relationship between the
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Figure 4. The association of DTNB expression with the prognosis of HCC patient. Kaplan-Meier survival curves dis-
play the relationship of DTNB expression with overall survival (A), disease specific survival (B) and progression-free
interval (C). Forest plot showing results of univariate (D) and multivariate (E) Cox regression analysis of DTNB expres-
sion level for overall survival. (F) The nomogram predicting 1-, 3- and 5-year overall survival. (G) Calibration curves of
the nomogram prediction model. AFP, alpha-fetoprotein; Cl, confidence interval; DSS, disease-specific survival; HR,

hazard ratio; OS, overall survival; PFl, progression-free interval.
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Figure 5. Diagnostic and prognostic ROC curves of DTNB in HCC. A. HCC vs. normal. B. T1&T2 stage vs. normal. C.
Histologic grade G1&G2 vs. normal. D. With tumour vs. normal. E. 1-, 3-, and 5-year overall survival. F. 1-, 3-, and
5-year disease specific survival. G. 1-, 3-, and 5-year progression-free interval. AUC, area under the curve; Cl, confi-
dence interval; FRP, false positive rate; TRP, true positive rate.

DTNB expression levels and the IC50 values of
5-fluorouracil (r=-0.42, P < 0.001), axitinib (r=-
0.48, P < 0.001), camptothecin (r=-0.34, P <
0.001), cisplatin (r=-0.11, P=0.036), doxorubi-
cin (r=-0.23, P < 0.001), foretinib (r=-0.22, P <
0.001), gemcitabine (r=-0.38, P < 0.001), ima-
tinib (r=-0.31, P < 0.001), methotrexate (r=-
0.44, P <0.001), paclitaxel (r=-0.41, P< 0.001),
pazopanib (r=-0.23, P < 0.001), rapamycin (r=-
0.12, P=0.02), sorafenib (r=-0.30, P < 0.001),
tivozanib (r=-0.34, P < 0.001) and vinorelbine
(r=-0.60, P < 0.001), but a positive association
was noted with cetuximab (r=0.40, P < 0.001)
and erlotinib (r=0.38, P < 0.001). Collectively,
the above findings imply that the DTNB expres-
sion in patients with HCC is closely linked to the
sensitivity to the aforementioned antitumour
drugs.

Prediction of DTNB-related biological functions
and signaling pathways in HCC

To gain insight into the underlying biological
roles and signaling pathways of DTNB in HCC,
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first, the positively co-expressed genes (PCEGSs)
of DTNB were identified, and 1153 genes were
ultimately confirmed to be strongly positively
co-expressed with DTNB in HCC (|Spearman’s
r| > 0.5, adjusted P value < 0.01; Supplemen-
tary Table 4). Next, the 10 hub genes (BUB1,
CDK1, DLGAP5, KIF2C, CCNB1, BUB1B, CDC20,
KIF11, KIF20A, and ASPM) were clarified
through constructing a network of protein-pro-
tein interactions employing the PCEGs of DTNB
(Figure 9A), and their expression exhibited a
robust positive relationship with DTNB in HCC
(Figure 9B, 9C). Clinical correlation analysis
uncovered that these 10 hub genes were sig-
nificantly elevated in HCC (Figure 10A) and
were positively correlated with pathologic T
stage and histological grade (both P < 0.01)
(Figure 10B, 10C). These 10 hub genes were
further revealed to be negatively associated
with the OS of patients with HCC (both P < 0.05)
(Figure 11A) and exhibited favorable predictive
significance for 1-, 3-, and 5-year OS (all AUC >
0.5) (Figure 11B). The associations between
the 10 hub genes of DTNB and several tumour-

Am J Transl Res 2024;16(10):6072-6096


http://www.ajtr.org/files/ajtr0157600suppltabs1-9.xlsx
http://www.ajtr.org/files/ajtr0157600suppltabs1-9.xlsx

Comprehensive analysis of DTNB in HCC

A DTNB
A Th2 cells - @ |R-0325"
NK CD56bright cells 4 —-ae9 R =0.126
TFH ———@ R =0.093™
aDC - —2a0 R =0.090"
Tem - Em— R =0.081"
Macrophages - —e R =0.039"®
Tem 9 R=-0.001"  pyae
Th1 cells - o R =-0.013" 075
iDC - — R =-0.066" 050
NK CD56dim cells *— R =-0.071" 0.25
Tgd + o-—— R =-0.084"
. . |Cor]|
Eosinophils - — R - -0.086™ 0 01
CD8* T cells- o———— R=-0.098" O 02
TReg A —— rR.-0127 Qo3
B cells - o—————————— R =-0.140"
Mast cells - [ ] R =-0.143"
AThi7cellsH{ @ R =-0.206""
A Neutrophils - R =-0.210""
ApDCH{ @ R =-0.220""
T T
-0.2 0.0 0.2
Correlation
B kk ) C 1.04 *kk D *k E *kk
[22]
» = 0.6 £
g 0557 © 0.9 5 8 061
~ a g o
g = 3 )=
Eo 0.50 - 5 081 2 05 £ .
o 8 5 Soa4d !
o o o) o .
<} @ 0.7 1 = ] : :
3 0.45 2 8 S :
= S 2 0.4 3 ;
& E 06 € g
£ 5 g £ 021
5 0.40 1 = E £
= < o 0.3 .Q
E W 0.5 - 2 =
fin} S 5
0.35 044 . : 0.0 .
I B Y e — - r —_—r T
Low High High Low High Low High
DTNB DTNB DTNB DTNB
F *% *kk Kok %k Kokk *kk *% *kKk ns G
8 . 5
¢ . g Ture 40 1
—— Q
£ .o @ False 146 114
3 9 . . &
e . -
[S] . . L4
g - L4
Sal . ‘ N ooe 2
S| . 3§ v . £ . ¥
£ ® . . H o * . . o
E 2 i . s 19 o
i : :
O
. L2 .
w o
0 =] REN
[t co
N > 2 > N & & N -1 .
QQ'\’ C.)\\y AOQ- Na Qo % ,\\0\ &0 -1 . .
N fo NG -
QQ ) )

Group [E3 DTNB High EsJ DTNB Low

DTNB High

DTNB Low

Figure 6. The relationship of DTNB expression with the immune cell infiltration and immunotherapy response in
HCC. (A) The lollipop chart shows the correlation between the DTNB expression level and the infiltration of 19 types
of immune cells. The black triangle (A) represents infiltrating immune cell types significantly associated with DTNB
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Figure 7. The correlation between DTNB expression and chemokine-related genes. A. The heatmap shows the cor-
relation between the expression of DTNB and 59 chemokine-related genes in HCC, and the asterisk (* or **)
represent genes whose expression are significantly associated with DTNB (|Spearman’s r| > 0.1, P < 0.05). B.
The scatterplot shows the relationship of the expression of DTNB and 12 representative chemokine-related genes
(|Spearman’sr| > 0.2, P<0.05). *P < 0.05, **P < 0.01.

related signalling pathways in pan-cancer were
subsequently explored via GSCALite, and the
results indicated that DTNB and the genes
most closely related to DTNB were closely relat-
ed to the regulation of the cell cycle and apop-
tosis (Figure 12A).

Moreover, GSEA-based GO and KEGG enrich-
ment between low and high DTNB expression
datasets in HCC was also carried out, and the
criteria of FDR < 0.05 and adjusted P value <
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0.05 were used to indicate marked differences
in enrichment (Supplementary Tables 5 and 6).
As shown in Figure 12B and 12C, the top 10
enriched GO biological process terms in the
group with high DTNB expression were predom-
inantly associated with B cell activation and
cell cycle-related processes, and the top 10
enriched KEGG pathways in the group with high
DTNB expression were also related to immune
regulation and the cell cycle. Taken together,
the above results indicate that DTNB may con-
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tribute to the HCC progression by modulating
the cell cycle.

Identification of a potential competing endog-
enous RNA (ceRNA) regulatory axis of HOXD-
AS1/miR-139-3p/DTNB in HCC

HOXD-AS1 has been demonstrated to mo
dulate its downstream genes via a ceRNA
mechanism [19, 20]. Here, we explored the
potential miRNAs that can constitute the ceRNA
regulatory axis together with HOXD-AS1 and
DTNB. The potential miRNAs targeting HOXD-
AS1 and DTNB were obtained via the DIANA
LncBase v2.0, and miRWalk databases, respec-
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tively (Supplementary Tables 7 and 8), and
then intersected with miRNAs that were nega-
tively related to the OS of HCC patients
(Supplementary Table 9). Finally, miR-139-3p
was screened for its potential to form a ceRNA
regulatory axis with HOXD-AS1 and DTNB
(Figure 13A, 13B). Bioinformatics analysis
disclosed that miR-139-3p was modestly
expressed in HCC tissues and that its ex-
pression exhibited an inverse relationship with
both HOXD-AS1 and DTNB (Figure 13C, 13D).
Clinical significance analysis revealed that
decreased expression of miR-139-3p was po-
sitively related to the histological grade, APF

Am J Transl Res 2024;16(10):6072-6096
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Figure 10. The expression status of the top 10 hub genes in HCC (A) and their correlation with pathologic T stage (B) and histological grade (C). **P < 0.01, ***P
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Figure 12. Prediction of DTNB-related biological functions and signaling pathways in HCC. A. The association of
DTNB and the top 10 hub genes with some tumour-related signaling pathways in pan-cancer was analysed by GS-
CALite. B. The top 10 significantly enriched GO biological process terms in the high DTNB expression group. C. The
top 10 significantly enriched KEGG pathways in the high DTNB expression group. BP, biological process; FDR, false
discovery rate; NES, normalized enrichment scores; P. adj, adjusted P-values.

level, and unfavorable prognosis of HCC pa-
tients and was an independent risk indicator
influencing the OS of HCC patients (Figure 13E-
G). The ROC curve uncovered that miR-139-3p
expression had excellent diagnostic perfor-
mance for HCC (Figure 13H). Additionally, the
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modulatory effect of miR-139-3p on HOXD-AS1
and DTNB expression was verified via qRT-PCR
in three HCC cell lines, and the results revealed
that the upregulation of miR-139-3p drastically
reduced the expression levels of HOXD-AS1
and DTNB (Figure 131, 13)).
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Experimental validation of the expression sta-
tus of DTNB and its biological functions in HCC

The expression trends of DTNB were verified via
gRT-PCR utilizing 25 pairs of HCC and corre-
sponding nearby tissues, and the results
revealed that the expression levels of DTNB in
tumour tissue were markedly greater than
those in nearby tissues (Figure 14A), which
aligns with the above bioinformatics analysis
results.

To clarify the biological roles of DTNB in HCC,
Bel-7402 and MHCC97H cells, which highly
express DTNB, were used for loss-of-function
experiments (Figure 1B). As depicted in Figure
14B and 14C, DTNB could be effectively sup-
pressed at the mRNA and protein levels in both
the Bel-7402 and MHCC9O7H cell lines by trans-
fection with 50 nm siRNA. In vitro experiments
revealed that the proliferation, colony forma-
tion, migration, and invasion of HCC cells were
significantly inhibited after DTNB was silenced
(Figure 14D-G), indicating that DTNB promotes
HCC progression. Additionally, cell cycle analy-
sis disclosed that DTNB knockdown arrested
HCC cells at the GO/G1 phase (Figure 14H).

Discussion

HCC, a frequently occurring malignancy with
significant morbidity and mortality rates, faces
suboptimal clinical diagnosis and treatment
outcomes because of the absence of effici-
ent early detection techniques and treatment
approaches for patients with intermediate to
advanced HCC [21]. Consequently, the identifi-
cation and development of novel molecular
markers and therapeutic targets have emerged
as a focal points in translational medicine
research on HCC [22]. In recent years, the
robust availability of public tumour-related data
and the rapid development of bioinformatics
mining technology have greatly accelerated the
discovery of new tumour biomarkers and treat-
ment targets.

DTNB, transcribed from the p23.3 region of
human chromosome 2, was first discovered
and identified as a dystrophin-related protein
[8]. In previous studies, DTNB was shown to
have different tissue expression patterns than
other members of the small dystrophin family,
i.e., DTNB is not expressed in muscle, but is
abundantly expressed in non-muscle tissues
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such as the brain, kidney, liver and lung, sug-
gesting that DTNB might have a distinct biologi-
cal functions in development and disease [8].
Although DTNB has been demonstrated to play
critical roles in brain development because it
can modulate neuronal differentiation through
interactions with iBRAF, BRAF3, pancortin-2
and other key neurodevelopmental proteins
[11, 23], the biological function of DTNB is still
poorly understood.

HOXD-AS1, a well-known oncogenic INncRNA,
has been shown to participate in tumour pro-
gression by modulating several oncogenes. In
the case of HCC, SOX4, SLC27A4, and
ARHGAP11A they were revealed to be positively
regulated by HOXD-AS1 and act as downstream
genes mediating the promotion effect of
HOXD-AS1 on HCC metastasis [19, 20, 24]. In
our previous study, the influence of HOXD-AS1
silencing on the gene expression profile of HCC
cells was investigated using RNA-seq, and
DTNB expression levels were found to be dra-
matically reduced by HOXD-AS1 silencing,
implying that DTNB may contribute to HCC pro-
gression as a downstream gene of HOXD-AS1
[14]. Nonetheless, the link between DTNB and
HCC is still ambiguous.

In the present study, the expression status of
DTNB and its clinical significance, potential bio-
logical roles, and the underlying mechanism in
HCC were systematically analysed through bio-
informatic analysis and experimental valida-
tion. First, the positive regulatory relationship
between IncRNA HOXD-AS1 and DTNB in HCC
cells was validated, suggesting that DTNB can
be modulated by IncRNA HOXD-AS1 at the tran-
scriptional level and may act as a potential
downstream gene of HOXD-AS1 to promote
HCC progression.

Second, a high DTNB expression level was
found to be positively related to T stage, histo-
logical grade, tumour status, adjacent hepatic
tissue inflammation, and the AFP level in HCC
patients, whereas it was negatively related to
0S, DSS, and the PFI. Multivariate Cox regres-
sion test revealed that the DTNB expression
level was independently associated with the 0S
of HCC patients. The ROC curve further uncov-
ered that the DTNB expression level exhibited a
favorable predictive impact on HCC, T1-T2
stage, histological grade G1-G2, tumour status,
0S, DSS, and PFI, suggesting that the expres-
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Figure 14. Experimental validation of the expression status of DTNB and its biological roles in HCC. (A) The expres-
sion status of DTNB in 25 pairs of HCC and corresponding adjacent tissues were detected by qRT-PCR. The knock-
down efficiency of DTNB in HCC cells was evaluated by qRT-PCR (B) and western blot (C). The effects of DTNB knock-
down on the proliferative ability of HCC cells was detected by CCK-8 (D) and colony formation assay (E). The effects
of DTNB knockdown on the migration (F) and invasion (G) of HCC cells were assessed by transwell assay. (H) The
effect of DTNB knockdown on the cell cycle of HCC cells was examined via flow cytometry. *P < 0.05, **P < 0.01.

sion of DTNB could have utility as an innovative
molecular indicator for the early detection and
prognostication of HCC.

Third, the upregulation of DTNB was strongly
linked to the infiltration of several immune cell
types in HCC tissues. For example, the infiltra-
tion abundance of Th2 cells with tumour immu-
nosuppressive functions was positively associ-
ated with DTNB expression levels in HCC tis-
sues, whereas the infiltration abundance of
pDCs, neutrophils, and Th17 cells with antitu-
mour activity was negatively correlated with
DTNB expression levels. The infiltration of Th2
cells into tumours can facilitate tumour growth
or metastasis through the secretion of IL-4 and
IL-10 to mediate immunosuppression [25, 26].
pDCs, as a specific group of dendritic cells,
have the unique ability to excrete substantial
amounts of type | INF-y and were recently dis-
covered to directly eliminate tumours by
expressing tumour necrosis factor-related
apoptosis-inducing ligand (TRAIL), secreting
granzyme B, and increasing the antitumour
capabilities of NK and T cells. Interestingly, the
DTNB expression level was also positively relat-
ed to the expression of multiple key immune
checkpoint genes (also known as immunother-
apeutic targets), such as PD-L1, PD-1, and
CTLAA4. In addition, the TIDE score of the low
DTNB expression group was markedly lower
than that of the high DTNB expression group,
suggesting that HCC patients with lower DTNB
expression levels may have greater sensitivity
to immune checkpoint blockade therapy.
Additionally, the DTNB expression was linked to
the expression of most chemokines and recep-
tor genes. Taken together, DTNB is closely
involved in modulating the HCC tumour micro-
environment and may be a potential immuno-
therapy target as well as a biomarker for pre-
dicting the effectiveness of immune checkpoint
inhibitors in the treatment of HCC patients.

Fourth, the expression levels of DTNB in HCC
were revealed to be related to the sensitivity
to 17 anti-HCC drugs, suggesting that DTNB
expression could serve as a possible biomarker
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to predict the therapeutic efficacy of these anti-
tumour drugs and guide the personalized treat-
ment of HCC patients. Notably, our research
disclosed a positive correlation between DTNB
expression and the IC50 values of cetuximab
and erlotinib, indicating a low sensitivity to both
cetuximab and erlotinib in HCC patients with
elevated DTNB expression.

Fifth, the genes positively co-expressed with
DTNB in HCC were identified, and the 10 hub
genes (BUB1, CDK1, DLGAP5, KIF2C, CCNB1,
BUB1B, CDC20, KIF11, KIF20A, and ASPM)
were further picked out by constructing a PPI
network. All these hub genes were found to be
upregulated in HCC and positively related to the
pathological T stage, histological grade, and
poor OS of HCC patients. Functional prediction
employing DTNB and its associated hub genes
revealed that DTNB was closely related to the
cell cycle. Furthermore, the possible biological
roles and signaling pathways of DTNB in HCC
were further predicted by performing the GSEA
analysis using the differentially expressed
genes between HCC patients with elevated and
low DTNB expression, which revealed a strong
positive correlation between the DTNB expres-
sion and the cell cycle, suggesting that DTNB
might be involved in HCC progression through
the modulation of cell proliferation. An earlier
study demonstrated that DTNB could directly
take part in the regulation of cell proliferation
during the initial stage of neural differentiation
of NT2/D1 cells [10], a pluripotent human
embryonal carcinoma cell line used as a model
of neural development [27]. However, the func-
tion of DTNB in the proliferation of tumour cells
remains ambiguous.

Sixth, a potential ceRNA regulatory axis of
HOXD-AS1/miR-139-3p/DTNB in HCC was
identified. To date, several ceRNA pathways
have been demonstrated to mediate the onco-
genic role of HOXD-AS1 in HCC, such as HOXD-
AS1/miR-130a-3p/S0X4 [19] and HOXD-AS1/
miR-326/SLC27A4 [20]. Recently, miR-139-3p
was revealed to sponge the oncogenic circular
RNA (circRNA) to participate in HCC progres-
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sion via a ceRNA mechanism. For example,
circ_0003410 can facilitate the progression of
HCC through increasing the proportion of M2/
M1 macrophages via the miR-139-3p/CCL5
pathway [28]. Unfortunately, the miRNAs that
regulate DTNB have not yet been identified.
Therefore, this study was the first attempt to
identify ceRNA regulatory mechanisms based
on DTNB.

Finally, the expression status and biological
roles of DTNB in HCC were validated by wet-lab
experiments, which indicated that DTNB was
overexpressed in HCC tissues and could accel-
erate the progression of HCC by affecting cell
proliferation, migration, and invasion, thus con-
firming the findings obtained by bioinformatics
analysis that DTNB was positively related to an
unfavorable prognosis in patients with HCC. In
addition, functional enrichment analysis sug-
gested that DTNB is closely linked to the cell
cycle, and the experimental validation results
revealed that DTNB knockdown could result in
the cell cycle arrest, thus verifying the predic-
tion of the biological function of DTNB in HCC
via bioinformatics.

Conclusions

The current study revealed that DTNB, a down-
stream target of the IncRNA HOXD-AS1, may
have utility as a potential prognostic biomarker
and therapeutic target in HCC, laying the
groundwork for further basic and clinical trans-
lational research on DTNB in HCC.
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