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ABSTRACT

Aims and Objectives: Hepatitis C virus (HCV) infection is a significant risk factor for the development of hepatocellular
carcinoma (HCC). Serum-derived circular RNAs (circRNAs) play several crucial roles in HCV and HCC. They represent a
promising area of research for improving the diagnosis and understanding the mechanisms of HCV-HCC. This study aims to
identify a serum-derived circular RNA (circRNA) diagnostic panel for HCV-HCC and to elucidate the regulatory mechanisms
underlying their role in cancer progression.

Methods: In this study, data mining and in silico analysis were conducted to identify the role of circular RNAs
(hsa_circ_0003288, circ-RNF13, hsa_circ_0004277, circANRIL, circUHRF1, hsa_circ_103047) and their associated biomarkers
(IL-6 and NF-xB) in HCV-HCC pathogenesis. Additionally, RT-PCR was performed to assess their expression levels across
different study groups (GO = control, G1 = HCV, G2 =HCC, and G3 = HCV-induced HCC).

Results: The expression levels of circular RNAs, including hsa_circ_0003288, circ-RNF13, hsa_circ_0004277, circANRIL,
circUHRF1, and hsa_circ_103047, as well as the biomarkers IL-6 and NF-xB, were significantly elevated in the G3 group
compared to the GO group. ROC analysis also revealed significantly different expression rates for G3 group and GO group.
Conclusion: The data revealed that cricRNAs panel (hsa_circ_0003288, circ-RNF13, circANRIL, circUHRF1, and hsa_circ_103047)
could serve as a diagnostic biomarker and therapeutic target for HCV-induced HCC.

1 | Introduction

Cancer is a leading cause of death worldwide, affecting millions
of people each year across all regions and demographics [1].
Hepatocellular carcinoma (HCC), accounting for approximately
90% of primary liver cancers, is a significant contributor to this
burden [2]. It is caused by several variable etiological factors,
like alcohol, HBV, HCV, aflatoxins, and metabolic diseases

[3-5]. Hepatitis virus (HCV) belongs to the Flaviviridae family.
It is a positive-sense single stranded RNA enveloped virus [6, 7].
The acute phase of HCV infection begins following an incuba-
tion period of 2 to 12 weeks within the host cell [8]. In most
cases, acute infection resolves naturally; however, if it fails to
clear on its own, it progresses into chronic hepatitis C (CHC)
[9]. Characteristics of CHC are constant hepatic inflammation,
the development of hepatic fibrosis, and cirrhosis [10]. The
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molecular mechanisms behind HCC progression may vary
based on various factors, and hence, several processes may be
involved [5, 11].

Circular RNAs (cricRNAs) are a type of noncoding RNA
[12]. It plays an important regulatory role in the patholog-
ical and biological mechanisms of several diseases [13].
Interestingly, several studies have revealed that circRNAs
are closely associated with various tumors, including hep-
atocellular carcinoma (HCC) [13]. They play a critical role
in the development and progression of tumors via the
ceRNA mechanism [14]. Various studies suggested that
circRNAs hold great potential as diagnostic markers and
therapeutic targets for HCC [15]. However, numerous
unidentified circRNAs and their associated mRNAs remain
to be explored [14]. Recent studies have also reported the
role of circRNAs in immune responses [16], including can-
cer immune evasion [17]. Some circRNAs can activate im-
munocytes, promoting their fight against tumor [18].
CircRNAs also play a crucial role in regulating the occur-
rence and progression of HCC by targeting various miRNAs
and protein-coding genes involved in processes such as au-
tophagy, tumor cell division, angiogenesis, epithelial-
mesenchymal transition, metastasis, and apoptosis [19].
Functionally, circRNAs can affect various components of
the tumor microenvironment, specifically at the tumor-
immune synapse in HCC [16, 20]. Particularly, it has been
discovered that circRNAs regulate the expression of immu-
nological checkpoint regulator molecules in cancer
cells [20].

It is worth noting that previous studies have highlighted the
roles of circRNAs such as hsa_circ_0003288 [21], circ-RNF13
(hsa_circ_0067717) [22], hsa_circ_0004277 [23], circANRIL
(hsa_circ_0008574) [24], circUHRF1 (hsa_circ_0048677) [25],
and hsa_circ_103047 [26] in various diseases. However, no
study to date has investigated their role in the development
of HCV-induced HCC. In this study, we aim to identify a
serum-derived circRNA diagnostic panel cricRNAs, including
hsa_circ_0003288, circ-RNF13, hsa_circ_0004277, circANRIL,
circUHRF1 and hsa_circ_103047 for HCV-associated HCC and
investigate the regulatory mechanisms by which these cir-
cRNAs contribute to cancer progression. In this study, we
compare the relative expression levels of these six circRNAs
across four groups: G1 (HCV patients), G2 (HCC patients with
unknown etiology), G3 (HCC-HCV patients), and GO (healthy
controls). Additionally, we aim to assess the correlation of these
circRNAs with immune-related biomarkers and evaluate their
diagnostic potential. By elucidating the diagnostic value and
functional roles of circRNAs in HCV-HCC, this research seeks
to provide new insights into early detection and therapeutic
targets for this aggressive liver cancer.

2 | Methods
2.1 | Sample Collection

The present study included 100 Individuals, divided into four
groups: (1) GO group: 20 healthy individuals, (2) G1 group:

20 HCV-infected patients, (3) G2 group: 20 HCC patients
(negative for HCV/HBV/alcoholic-induced cancer), and
(4) G3 group: 40 HCV-induced HCC patients. Blood samples
from patients from different cancer-hospitals in Pakistan
were collected. 5mL of peripheral blood were taken and
preserved at —80°C in EDTA-vacutainers. Informed consents
were taken from all participants. The Research Ethics
Committee of the University of Lahore (REC-UOL) approved
the present study. For the present study CONSORT guide-
lines and guidelines by Assel et al., 2018 were followed for
proper analysis, reporting, and interpretation of clinical
research [27, 28].

2.2 | Inclusion and Exclusion Criteria

All participants in this study had to be older than 18 years.
Study participants included healthy people with normal
liver function, no history of liver disease, and generally good
health with no significant kidney, heart, lung, or other
essential organ disease. Included were HCV patients
who tested positive for circulating anti-HCV-antibodies.
Patients diagnosed with HCC and HCV-induced HCC have
at least two imaging techniques (i.e., hepatic ultrasound
along with MRI or CT, or both), and were in an adva-
nced stage of the disease. Patients with a history other than
HCV-infection or HCC induced by HBV or alcoholism or
with a history of other types of cancer were excluded from
this study.

2.3 | HCV Antibodies Testing

HCYV antibodies test was performed for quantitative detection of
antibodies in serum with the help of COBAS AmpliPrep/CO-
BAS TagMan HCV Quantitative Tests, v2.0 on the cobas 6800
system (Roche Diagnostics, Mannheim, Germany).

2.4 | RNA Extraction and cDNA Synthesis

Total RNA was extracted from all samples with the help of
Quick-RNA MiniPrep Plus (ZYMO RESEARCH Cat # R1057,
USA), and its quantity and quality were calculated with the help
of the Qubit 4 Fluorometer (Thermo Fisher Scientific, USA) by
using Qubit RNA HS Assay Kit Catalog # Q32852). The Re-
vertAid First Strand cDNA Synthesis Kit (Thermo Scientific
#K1622) was used to make cDNA from total RNA on the
Applied Biosystems Veriti 96-Well Thermal Cycler Cat#
4375786).

2.5 | RT-PCR Amplification

RT-PCR of the circRNAs including hsa_circ_0003288, circ-RNF13,
hsa_circ_0004277, circANRIL, circUHRF1, hsa_circ_103047, and
immune-related biomarkers IL-6 and NF-xB was performed on
the QIAGEN Rotor-Gene Q 5 PLEX HRM Real-Time PCR
machine using Maxima SYBR Green/ROX qPCR Master Mix (2X)
(Thermo Scientific #K0221). As an internal reference gene,
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glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used.
Sequences of primers are the following:

Hsa_cir- F 5-CACTGACTTGCCACTCCTTTG-3’
¢_103047 R 5-GTCTGTTAGGTGGATGCTTTGT-3'
Hsa_cir- F 5-CACTTACAAGGCTTCCAC-3'
¢_0004277 R 5'-CTTACTCAGCTCTGCTCC-3'
Cir- F 5-GCTATGAGGATGATGTGGGAT-3'
cUHRF1 R 5'-CAGAGTCTGTTCACGTCGTCC-3’
Cir- F 5'-GCTGGGATTACAGGTGTGAGACACC-3'
cANRIL R 5-
GAATCAGAATGAGGCTTATTCTTCTCATC-3'
Cire- F 5-GCAGACATCGAAGCCAAACA-3'
RNF13 R 5-ACTGCTGTTTGGCTTCGATG -3’
Hsa_cir- F 5-AAAGGGGTGCTTTCCAGACA-3'
c_0003288

R 5-GCCAATCTTATTCGTCCGGG-3’
IL-6 F 5'-CTGCGATGGAGTCAGAGGAA-3'
R 5-TTCTCTTTCGTTCCCGGTGG-3’

NF-xB F 5'-GCACCCTGACCTTGCCTATT-3’
R 5'-CTGCTTGGCGGATTAGCTCT-3'
GAPDH F 5-CGACCACTTTGTCAAGCTCA-3’
R 5-AGG GGT CTA CAT GGC AAC TG-3'
2.6 | Data Analysis

Relative expression levels hsa_circ_0003288, circ-RNF13,
hsa_circ_0004277, circANRIL, circUHRF1, hsa_circ_103047,
IL-6, and NF-xB were calculated with the help of the 2744
method [29].

2.7 | CricRNA-miRNA-mRNA Network
Construction

We wused CircNetVis (https://www.meb.ki.se/shiny/truvu/
CircNetVis/) as a specialized bioinformatics website to visual-
ize cricRNAs interaction networks [30]. TargetScan was used to
find out the target genes of the selected miRNAs [31]. Cytoscape
(version 3.10.1) was used to construct the cricRNA-miRNA-
mRNA network [32].

2.8 | Statistics Analysis

Statistical analysis was performed with the help of GraphPad
Prism 8.0.2 and represented as mean + SD. Statistical compar-
isons of data were found by one-way analysis of variance
(ANOVA), either the Kruskal-Wallis H test or Tukey post-hoc
analyses. Spearman's correlation analysis was used to evaluate
relationships among candidate cricRNAs and immune-related
biomarkers. To evaluate the sensitivity and specificity of the
controls and HCV-induced HCC cases, the area under the curve
(AUC) was calculated, and a receiver operating characteristic
(ROC) curve was created (p <0.05). All statistical tests per-
formed in this study were two-tailed, and statistically, a p < 0.05
was considered significant. All the statistical analysis were
performed according to the SAMPL guidelines [33].

3 | Results

The demographical features of GO group (healthy individuals),
G1 group (HCV patients), G2 group (HCC patients with
unknown etiology factor), and G3 group (HCV induced HCC)
are mentioned in Table 1.

3.1 | Relative Expression of CricRNAs and
Biomarkers

The relative expression levels of hsa_cric_0003288, cric-RNF13,
hsa_cric_0004277, cric-ANRIL, cricuHRF1, hsa_cric_103047,
and biomarkers IL-6 and NF-xkB among the GO, G1, G2, and G3
groups were compared by Tukey's multiple comparison test.
Expression levels of all cricRNAs including hsa_cric_0003288,
cric-RNF13, hsa_cric_0004277, cric-:ANRIL, cricuHRF1, hsa_c-
ric_103047, and biomarkers like IL-6, and NF-kB, were found
significantly upregulated in the G3 group (p=10.03, p=0.02,
p=0.01, p=0.001, p=0.01, p=0.03, p=0.05, and p=0.04,
respectively) and the G2 group (p=0.005, p=0.02 and
p=0.02, p=0.0002, p=0.009, p=0.005 p=0.03, and
p =0.02, respectively) as compared with the GO group. The
expression levels of hsa_cric_0003288, cric-RNF13, hsa_c-
ric_0004277, cric-ANRIL, cricuHRF1, hsa_cric_103047, and NF-
¥B were also significantly upregulated in the G3 group
(p=0.03, p=0.02, p=0.03, p=0.02, p=0.02, p=0.05, and
p =0.04, respectively) and the G2 group (p=0.005, p=0.03,
p=0.01, p=0.01, p=0.02, p=0.01, and p = 0.03, respectively)
as compared with the G1 group. However, no significant

TABLE 1 | Demographic features of the study groups.
GO group G1 group G2 group G3 group (HCV-

Variables (Control) (n=20) (HCV) (n=20) (HCC) (n=20) HCC) (n=40) p value
Age 36.7+£14.72 47.3+12.99 56.7 +10.61 55.4+9.28 0.001
<50 7 (35.00%) 8 (40.00%) 4 (20.00%) 7 (17.50%)

> 50 13 (65.00%) 12 (60.00%) 16 (80.00%) 33 (82.50%)

Gender 0.001
Male 8 (40.00%) 11 (55.00%) 15 (75.00%) 29 (27.50%)

Female 12 (60.00%) 9 (45.00%) 5 (25.00%) 11 (72.50%)
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FIGURE 1 | Relative expression of cricRNAs and biomarkers in different study groups. GO (healthy control), G1 (HCV), G2 (HCC), and G3 (HCV

induced HCC). Relative expression of the circRNAs and immune related biomarkers [(a) hsa_cric_0003288, (b) cric-RNF13, (c) hsa_cric_0004277,
(d) cric-ANRIL, (e) cricuHRF1, (f) hsa_cric_103047, (g) NF-xB, and (h) IL-6] were calculated by Tukey's multiple comparison test and expression
levels of candidates cricRNAs and biomarkers are presented in bar charts. The study groups are represented by the X axis, and relative expression of
cricRNAs and biomarkers is displayed on the Y axis (ns corresponds to p > 0.05, * corresponds to significant p <0.05, ** corresponds to significant

p <0.01, and *** corresponds to significant p < 0.001).
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difference was found in the relative expression levels of
hsa_cric_0003288, cric-RNF13, hsa_cric_0004277, cric-:ANRIL,
cricuHRF1, hsa_cric_103047, IL-6, and NF-xB among the GO
and G1 groups, as well as in the G2 and G3 groups, as shown in
Figure 1.

Furthermore, expression levels of hsa_cric_0003288, cric-
RNF13, hsa_cric_0004277, cric-ANRIL, cricuHRF1, hsa c-
ric_103047, NF-xB, and IL-6 in the GO, G1, G2, and G3 groups
are also presented in the heatmap. The ACt values for each of
the cricRNAs and biomarkers were used to generate a heatmap
on Microsoft Excel. Low expression is represented by red color,
and high expression is represented by green color, as mentioned
in Figure 2.

Has_cric_0003285— -

CricRNFI3 ~ —

Has_cric_0004277—|

11

CricuHRFI ~ —

—
—

Has_cric_103047 —

1

1L —

1=

FIGURE 2 |

. Con
HCV

3.2 | CricRNAs Correlation With Immune-
Related Biomarkers in Study Groups

In addition, we measured the quantitative levels of immune-
related biomarkers (IL-6 and NF-xB) to evaluate their rela-
tionship with six validated cricRNAs (hsa_circ_0003288,
circ-RNF13, hsa_circ_0004277, circANRIL, circUHRF1, and
hsa_circ_103047) using Spearman's correlation analyses. The
immune-related biomarkers measured were IL-6 and NF-xB.
Cric-RNF13 expression was negatively correlated only with IL-
6, and hsa_cric_103047 expression was negatively correlated
only with NF-xB in G3 group. In G1 and G2, no significant
correlations of cricRNAs with IL-6 and NF-xB were noted, as
mentioned in Table 2.

—Control
—HCV

—HCV-HCC
—HCC

—HCV-HCC

—Control

I hev

—HCV-HCC

— HCC
Control
— HCV
HCV-HCC
— HCC

]

Heatmap of the expression of cricRNAs and immune-related biomarkers in study group GO (healthy control), G1 (HCV), G2 (HCC),

and G3 (HCV induced HCC). The expression levels of cricRNAs and immune-related biomarkers are represented on a red-green scale in the center
panel, where the red and green should be interpreted as low and high expression, respectively.
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cric-ANRIL cricUHRF1 Hsa_cric_103047

Hsa_cric_0004277

cric-RNF13

Spearman rank correlations of dysregulated cricRNAs and immune-related biomarkers levels in G1, G2 and G3 groups (r/P).
Hsa_cric_0003288

Variables

TABLE 2

G1 group (HVC)

IL-6

0.4887
0.5712

r=0.1915p
r=0.1571 p

0.9392
0.3337

0.01935 p =

r=0.2346 p

r

=0.4122

r=0.2060 p

0.3825
0.5661

—0.2190 p
—0.1449 p

r=

=0.8681
0.5896

—0.04217 p

r=

=0.8401
0.2665

—0.05443 p

r=

0.01863 p=0.9415

r

r=

—0.1322 p

r

0.2937 p=

r

NF-xB

G2 group (HCC)

IL-6

=0.2187

r=0.3358 p
r=0.008532 p

0.3543
0.3885

r=0.2320 p
r=0.2099 p

=0.2857

r=0.2661p

0.6243
0.5220

—0.1239 p
r=0.1615p

r=

=0.4090
0.9539

—0.2074 p
r=0.01423 p

0.1811 p =0.4977 r
0.1456

0.3801 p

r

0.9768

0.09470 p =0.7086

r

r

NF-xB

G3 group (HCV-HCC)

IL-6

=0.6107

r=0.1413 p

0.9239
0.2165

=0.6916 r=0.02425 p=

r=0.1005 p

0.9848
0.5186

—0.004828 p
r=0.1628 p

=0.0221 r=
0.3283

—0.5352 p
r=02371p

r=

0.1123 p=0.6753

r=0.08030 p

r

=0.0240

—0.5865 p

r=

0.5362 r=-0.2972 p

—0.1561 p

r

0.7658

NF-xB

3.3 | ROC Analysis

3.3.1 | Diagnostic Potential of CricRNAs and
Biomarkers in G1 Group in Comparison with GO Group

Receiver operating characteristics (ROC) curves were created for
candidate cricRNAs and immune biomarkers to differentiate G1
group from GO group (Figure 3). The area under the ROC curve
(AUC) values were 0.8438, 0.6593, 0.6543, 0.5494, 0.64, 0.9333,
0.7716, and 0.8892, corresponding to has_cric_0003288, cric-RNF13,
has_cric_0004277, cric-ANRIL, cricuHRF1, has_cric_103047, IL-6,
and NF-xB, respectively. The p-values were statistically significance
of has_cric_0003288, cric-RNF13, has_cric_103047, IL-6, and NF-xB
(p=0.0009, p=0.0932, p<0.0001, p=0.0054, and p =< 0.0001).
However, has_cric_0004277, criccANRIL, and cricuHRF1 were not
significant (p = 0.1137, p = 0.6127 and p = 0.1298, respectively). All
cricRNAs and biomarkers showed sensitivity (ranging from 100% to
61.11%) and specificity (ranging from 100% to 50%) for the identi-
fication of G1 group. A combined cricRNA panel and biomarkers'
overall sensitivity, specificity, and AUC were 82.52%, 52.45%, and
0.7065, respectively (p <0.0001) (Supporting Information S1:
Table S1).

3.3.2 | Diagnostic Potential of CricRNAs and
Biomarkers in G2 Group in Comparison with GO Group

ROC curves were drawn for candidate cricRNAs and immune
biomarkers to distinguish G2 group from GO group (Figure 4). The
AUC values were 0.9609, 0.892, 0.6111, 0.9815, 0.945, 0.9822, 0.9506,
and 1.00, corresponding to has_cric_0003288, cric-RNF13, has_c-
ric_0004277, cric-ANRIL, criculHRF1, has cric_103047, IL-6, and
NF-xB, respectively. The p-values were statistically significant for
has_cric_0003288, cric-RNF13, cric-:ANRIL, cricuHRF1, has_c-
ric_103047, IL-6, and NF-xB (p<0.0001). However, has_c-
ric_0004277 was not significant (p=0.2547). All cricRNAs and
biomarkers showed high sensitivity (ranging from 100% to 84.21%)
and specificity (ranging from 100% to 55.56%) for the identification
of G2 group. A combined cricRNA panel and biomarkers' overall
sensitivity, specificity, and AUC were 76.22%, 82.52%, and 0.8327,
respectively (p < 0.0001) (Supporting Information S1: Table S1).

3.3.3 | Diagnostic Potential of CricRNAs and
Biomarkers in G2 Group in Comparison With G1 Group

ROC curves were drawn for cricRNAs and to distinguish G2 group
from G1 group (Figure 5). The AUC values were 0.8828, 0.8227,
0.6019, 0.892, 0.9175, 0.8622, 0.8796, and 0.8006, corresponding to
has_cric_0003288, cric-RNF13, has_cric_0004277, cric-ANRIL, cri-
cuHRF1, has cric_103047, IL-6, and NF-xB, respectively. The
p-values were statistically significant for has_cric_0003288 and NF-
xB (p=0.0002 and p=0.0015, respectively); cric-RNF13 and
has_cric_103047 (p = 0.0007); and cric-ANRIL, cricuHRF1, and IL-6
(p<0.0001). However, has_cric 0004277 was not significant
(p=0.2965). All cricRNAs and biomarkers showed sensitivity
(ranging from 94.44% to 27.78%) and specificity (ranging from 100%
to 53.33%) for the identification of G. A combined cricRNA panel
and biomarkers' overall sensitivity, specificity, and AUC were
96.61%, 63.64%, and 0.8200, respectively (p <0.0001) (Supporting
Information S1: Table S1).
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ROC curves and AUC for cricRNAs and immune related biomarkers to distinguish the G1 group (HCV patients) from GO group

(normal controls). The diagnostic potential and AUC of 6 cricRNAs and 2 biomarkers [(a) hsa_cric_0003288, (b) cric-RNF13, (c) hsa_cric_0004277,
(d) cric-ANRIL, (e) cricuHRF1, (f) hsa_cric_103047, (g) IL-6, and (h) NF-xB] were estimated.

3.3.4 | Diagnostic Potential of CricRNAs and
Biomarkers in G3 Group in Comparison With G0 Group

To discriminate G3 group from GO group, ROC curve analysis
of candidate cricRNAs and immune-related biomarkers was
performed (Figure 6). AUC values were 0.9492, 0.8476, 0.821,
0.8148, 0.8775, 0.9689, 0.8796, and 0.9889, corresponding to
has_cric_0003288, cric-RNF13, has_cric_0004277, cric-:ANRIL,

cricuHRF1, has_cric 103047, IL-6, and NF-xB, respectively. The
p value was statistically significant for has_cric_0003288, cri-
cuHRF1, has_cric_103047, IL-6, and NF-xB (p < 0.0001); and cric-
RNF13, has_cric_0004277, and cric-ANRIL (p = 0.0002, p = 0.001,
and p = 0.0013, respectively). All cricRNAs and biomarkers showed
high sensitivity (ranging from 93.33% to 77.7%) and specificity
(ranging from 94.74% to 44.44%) for the identification of G3 group.
A combined cricRNA panel and biomarkers' overall sensitivity,
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(normal controls). The diagnostic potential and AUC of 6 cricRNAs and 2 biomarkers [(a) hsa_cric_0003288, (b) cric-RNF13, (c) hsa_cric_0004277,
(d) cric-ANRIL, (e) cricuHRF1, (f) hsa_cric_103047, (g) IL-6, and (h) NF-xB] were estimated.

specificity, and AUC were 72.03%, 74.83%, and 0.8026, respectively
(p < 0.0001) (Supporting Information S1: Table S1).

3.3.5 | Diagnostic Potential of CricRNAs and
Biomarkers in G3 Group in Comparison With G1 Group

To differentiate G3 group from G1 group, ROC curve ana-
lysis of cricRNAs and immune-related biomarkers was per-
formed (Figure 7). AUC values were 0.8789, 0.7452, 0.7546,
0.7407, 0.875, 0.6, 0.6358, and 0.7341, corresponding to
has_cric_0003288, cric-RNF13, has_cric_0004277, cric-ANRIL,

cricuHRF1, has_cric_103047, IL-6, and NF-xB, respectively.
The p value was statistically significant only for has_c-
ric_0003288, cric-RNF13, has_cric_0004277, cric-ANRIL, cri-
cuHRF1, has_cric_103047, IL-6, and NF-xB (p=0.0003,
p=0.0098, p=0.009, p=0.0136, p <0.0001, and p = 0.0136,
respectively). However, has_cric_103047 and IL-6 were not
significant (p=0.3507 and p=0.1639, respectively). All
cricRNAs and biomarkers showed sensitivity (ranging from
88.89% to 33.33%) and specificity (ranging from 90% to 42.11%)
for the identification of G3 group. A combined cricRNA panel
and biomarkers' overall sensitivity, specificity, and AUC were
80.42%, 56.64%, and 0.7470, respectively (p <0.0001)
(Supporting Information S1: Table S1).
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ROC curves and AUC for cricRNAs and immune related biomarkers to distinguish the G2 group (HCC patients) from G1 group

(HCV patients). The diagnostic potential and AUC of 6 cricRNAs and 2 biomarkers [(a) hsa_cric_0003288, (b) cric-RNF13, (c) hsa_cric_0004277,
(d) cric-ANRIL, (e) cricuHRF1, (f) hsa_cric_103047, (g) IL-6, and (h) NF-xB] were estimated.

3.3.6 | Diagnostic Potential of CricRNAs and
Biomarkers in G3 Group in Comparison With G2 Group

ROC curves were created for candidate cricRNAs and immune
biomarkers to differentiate the G2 group from G2 group (Figure 8).
AUC values were 0.5215, 0.5983, 0.5062, 0.608, 0.66, 0.6533, 0.6574,
and 0.6302, corresponding to has cric_ 0003288, cric-RNF13,
has_cric_0004277, cric-:ANRIL, cricuHRF1, has_cric_103047, IL-6,
and NF-xB, respectively. The p-values were statistically significant
only for cricuHRF1 (p = 0.0834). The p-values of has_cric_0003288,
cric-RNF13, has_cric_0004277, cricc:ANRIL, has_cric_103047, IL-6,
and NF-xB were not significant. All cricRNAs and biomarkers

showed sensitivity (ranging from 77.78% to 50%) and specificity
(ranging from 94.4% to 38.89%) for the identification of G2 group. A
combined cricRNA panel and biomarkers' overall sensitivity, spec-
ificity, and AUC were 50.35%, 65.03%, and 0.5991, respectively
(p =0.0037) (Supporting Information S1: Table S1).

3.4 | CircRNA-miRNA-mRNA Network
Construction

To find out the possible miRNA and gene associations with
has_cric_0003288, cric-RNF13, has_cric_0004277, cric-:ANRIL,
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FIGURE 6 | ROC curves and AUC for cricRNAs and immune related biomarkers to discriminate the G3 group (HCV-HCC patients) from GO
group (normal controls). The diagnostic potential and AUC of 6 cricRNAs and 2 biomarkers [(a) hsa_cric_0003288, (b) cric-RNF13, (c) hsa_cric_
0004277, (d) cric-ANRIL, (e) cricuHRF1, (f) hsa_cric_103047, (g) IL-6, and (h) NF-xB] were calculated.

cricuHRF1, and has_cric_103047, we used CircNetVis (https://
www.meb.ki.se/shiny/truvu/CircNetVis/) [30]. The result
implied that dozens of miRNAs can interact with has_c-
ric_0003288, cric-RNF13, has_cric_0004277, cric-:ANRIL, and
cricuHRF1(Figure 9). We selected all possible miRNAs and
found their target genes in each miRNA with the help of Tar-
getScan [31]. Cytoscape (version 3.10.1) was used to construct
the cricRNA-miRNA-mRNA network [32]. We can observe the
potential target genes of has_cric_0003288, cric-RNF13, has_c-
ric_0004277, cric-ANRIL, cricuHRF1, and has_cric_103047
(Figure 10).

4 | Discussion

HCV infection is a major risk factor for the development of
HCC, one of the most common and deadly forms of liver cancer.
Chronic HCV infection leads to persistent liver inflammation,
which over time causes liver damage, fibrosis, and cirrhosis,
significantly increasing the likelihood of HCC development [12,
16]. These noncoding RNAs act as “sponges” for microRNAs
(miRNAs), preventing them from binding to their target
mRNAs, which in turn modulates the expression of genes
related to cancer progression [20].
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FIGURE 7 | ROC curves and AUC for cricRNAs and immune related biomarkers to discriminate the G3 group (HCC-HCC patients) from G1

group (HCV patients). The diagnostic potential and AUC of 6 cricRNAs and 2 biomarkers [(a) hsa_cric_0003288, (b) cric-RNF13, (c) hsa_cric_
0004277, (d) cric-ANRIL, (e) cricuHRF1, (f) hsa_cric_103047, (g) IL-6, and (h) NF-xB] were calculated.

CircRNAs play a crucial role in the development of HCV-
induced HCC by regulating various molecular pathways
involved in liver tumorigenesis [20]. Given their stability in the
bloodstream and disease-specific expression, circRNAs have the
potential to serve as noninvasive biomarkers for early diagnosis,
prognosis, and treatment monitoring in HCV-related HCC.
However, their precise role and the mechanisms through which
they contribute to HCV-induced HCC remain areas of ongoing
research. Overall, studying circRNAs in this context holds great
potential for improving both the understanding and clinical
management of HCV-related liver cancer. Investigating these
molecules could fill important knowledge gaps and provide new
perspectives on how chronic HCV infection leads to liver

cancer. circRNAs are expected to gain significant attention for
their diagnostic and therapeutic potential, particularly in the
context of diseases like HCC and other cancers.

CircRNAs indirectly influence antitumor immune responses
[11] by affecting some protein stability; for instance, circ-Foxo3
and murine double minute 2 (MDM?2) cause tumor protein p53
(Tp53) degradation, a key component of immune responses in
tumorigenesis [34]. cricRNAs can also act as tumor antigens,
regulating cell-to-cell communication between immunocytes
and tumor cells [35]. KRAS-mutant colorectal cancer (CRC)
cells transport various circRNAs into exosomes [36]. CricRNAs
can bind with tumor-specific miRNAs and genes, forming a
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ROC curves and AUC for cricRNAs and immune related biomarkers to differentiate the G2 group (HCC patients) from G3 group

(HCV-HCC patients). The diagnostic potential and AUC of 6 cricRNAs and 2 biomarkers [(a) hsa_cric_0003288, (b) cric-RNF13, (c) hsa_cric_
0004277, (d) cric-ANRIL, (e) cricuHRF1, (f) hsa_cric_103047, (g) IL-6, and (h) NF-xB] were calculated.

tumor antigen that enhances their stability and release [37].
Some circRNAs can activate immunocytes, promoting their
fight against tumor. Recent studies show circRNAs can stimu-
late RIG-1 expression, triggering innate immune responses [18].

Ouyang et al. reported that has_cric_103047 high expression in
peripheral blood mononuclear cells (PBMCs) and act as a
promising diagnostic biomarker for rheumatoid arthritis [38].
In acute myeloid leukemia (AML), hsa_cric_0004277 expres-
sion was significantly downregulated and act as a promising
diagnostic biomarker [39]. Xu et al. found that hsa_circ_0003288
regulates EMT and invasion of HCC by programmed death-1

ligand 1 (PD-L1) [40]. PD-L1 suppresses the immune response by
preventing the proliferation of PD-1 positive cells, their cytokine
secretion, and inducing apoptosis [41]. Hsa_circ_0003288 upre-
gulates PD-L1 expression by sponge miR-145 via the PI3K/AKT
signaling pathway [40]. Zhang et al. reported that circUHRF1
induces NK cell dysfunction, contributing to immunosupp-
ression and resistance to anti-PD1 immunotherapy in HCC
[25]. In the pancreatic cancer cell line, circRNF13 is high
expressed, sponge miR-139-5p expression and act as an en-
dogenous RNA of insulin-like growth factor I (IGF1R) [42].
IGF-1R is expressed in B [43] and T cells, offering a potential
role in immune response regulation [44]. Holdt et al. found
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that circ-ANRIL can inhibit pre-rRNA generation and ribo-
some formation in macrophages, induce apoptosis, and
reduce proliferation via Tp53 expression [45]. When con-
sidered collectively, these data suggest that circRNAs are
extensively expressed and have a variety of functions when it
comes to regulating antitumor immune responses.

In the current study, data mining was conducted to ide-
ntify immune-related circRNAs, including hsa_circ_0003288,
circ-RNF13, hsa_circ_0004277, circANRIL, circUHRF1, and
hsa_circ_103047, alongside immune-related biomarkers such as
IL-6 and NF-xB. These circRNAs and biomarkers were selected
to form a potential diagnostic panel for assessing their relevance
in HCV-induced HCC. The goal was to explore their roles in
immune regulation and evaluate their diagnostic utility in dis-
tinguishing between HCV patients (G1), HCC patients with
unknown disease etiology (G2), HCC-induced HCC patients
(G3) and healthy individuals (GO). RT-PCR was performed to
check their expression in the GO, G1, G2, and G3 study groups.
The expression levels of hsa_cric_0003288, cric-RNF13, hsa_c-
ric_0004277, cric-ANRIL, cricuHHRF1, hsa_cric_103047, and NF-
xB were also significantly upregulated in G2 group (p = 0.0056,
p =0.0255, p=0.0072, p=0.0050, p=0.0171, p =0.0096, and
p = 0.0275, respectively) and in G3 group (p = 0.0308, p = 0.025,
p =0.0351, p=0.0296, p=0.0176, p =0.0465, and p = 0.0408,
respectively) as compared with G1 group. However, no signifi-
cant difference was found in the relative expression levels of
hsa_cric_0003288, cric-RNF13, hsa_cric_0004277, cric-ANRIL,
cricuHRF1, hsa_cric_103047, IL-6, and NF-xB among G1 and
GO groups, and as well as in G2 and G3 groups, as shown in
Figure 2.

In addition, we observed that the expression of all cricRNAs
including, hsa_cric_0003288, hsa_cric_0004277, cric-ANRIL,
and cricUHRF1, was not correlated with IL-6 and NF-xB,
indicating these circRNAs may not be relevant to these
immune-related biomarkers in G1 and G2 groups. However, we
found that the expression level of 2 cricRNAs was correlated
with these immune-related biomarkers; for example, cric-
RNF13 (r = —0.5352, p < 0.0221) was negatively correlated only
with IL-6 and hsa_cric_103047 (r=—0.5865, p < 0.0240) was
negatively correlated only with NF-xB in G3 group, as men-
tioned in Table 2. Therefore, we speculate that directly or
indirectly, these cricRNAs may interact with each other; how-
ever, there is a need for further experimentation to check this
possibility.

Furthermore, our analysis revealed that hsa_cric_0003288
(AUC =0.9609), hsa_cric_103047 (AUC =0.9822), cric_RNF13
(AUC =0.892), cric-ANRIL (AUC =0.9815) and cricUHRF1
(AUC=0.945) for G2 group and hsa_cric_0003288
(AUC =0.9492), hsa_cric_0004277 (AUC =0.821) and hsa_c-
ric_103047 (AUC = 0.9689) have diagnostic potential values for
G3 group, as mentioned in Supporting Information SI:
Table S1. This was especially true in the case of hsa c-
ric_0003288, hsa_cric_103047, cric-ANRIL, and cricUHRF1,
which had significant ROC AUC values, indicating that they
have great potential as diagnostic biomarkers.

We found that hsa_cric_0003288, hsa_cric_0004277, and
hsa_cric_103047 have diagnostic potential values for G3 group

(HCV-HCC detection), and this cricRNA panel may serve as
diagnostic biomarkers in the future. However, there are some
limitations in this study, like the relatively small sample size;
the data may be confirmed by a population-based study; and
there is a need for further experimentation to evaluate the
ability of the above circRNA panel to effectively discriminate
HCV-HCC from other malignancies.

5 | Conclusions

The data of the current study revealed that immune-related
cricRNAs, including hsa_circ_0003288, circ-RNF13, circANRIL,
circUHRF1, and hsa_circ_103047, could serve as diagnostic
biomarkers and therapeutic targets for HCV-induced HCC.
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