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Background: Mounting evidence has demonstrated that circular RNA (circRNA) plays
crucial roles in the occurrence and development of hepatocellular carcinoma (HCC).
However, the expression pattern and clinical application value of plasma circRNA in HCC
are still largely unknown. Herein, we explored the role of plasma hsa_circ_0005397 in
diagnosis and prognosis of HCC.

Methods: The expression level of plasma hsa_circ_0005397 was measured by
quantitative real-time polymerase chain reaction (qRT-PCR). The identification and
origin of plasma hsa_circ_0005397 were confirmed by RNase R assay, Sanger
sequencing and HCC cell culture. In addition, its diagnostic value was assessed by
receiver operating characteristic (ROC) curve and prognostic value was evaluated by
dynamics monitoring and Kaplan–Meier curve analyses in HCC patients.

Results: The expression of plasma hsa_circ_0005397 was higher in patients with HCC
than that in patients with benign liver diseases and healthy controls (both p < 0.05).
Moreover, it was closely correlated with tumor size (p � 0.020) and TNM stage (p � 0.006)
of HCC patients. The area under the ROC curve of plasma hsa_circ_0005397 was 0.737
and 95% confidence interval was 0.671–0.795. Furthermore, the combination of plasma
hsa_cic_0005397, serum AFP and AFP-L3 could improve the diagnostic sensitivity of
HCC. Additionally, dynamic monitoring plasma hsa_cic_0005397 might help us predict
recurrence or metastasis in HCC patients after surgical resection. Besides, the increased
plasma hsa_cic_0005397 was closely correlated with shorter overall survival of HCC
patients (p � 0.007).

Conclusion: Plasma has_circ_0005397 represents a novel noninvasive biomarker for
HCC. Moreover, the combination of plasma hsa_cic_0005397, serum AFP and AFP-L3
might improve the diagnostic value for HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC), with high morbidity and
high mortality, remains one of the most common malignant
tumors worldwide. In China, Hepatitis B or C viral (HBV or
HCV) infection contributes to the important risk factor for
HCC and accounts for a great proportion of cancer-related
death every year (Mak et al., 2018; Fu et al., 2019). In the past
decades, much progress has been made in methods and
strategies of diagnosis and treatment of HCC. However, the
five-year survival rate of HCC has not essentially improved
due to its frequent recurrence and metastasis. To date, serum
alpha-fetoprotein (AFP) has been routinely used for clinical
detection of HCC, whereas, the diagnostic value remains
suboptimal (Sun et al., 2019; Ding et al., 2020). As a result,
these challenges make it urgent to find novel biomarkers for
early diagnosis, assessment of treatment and prognosis
of HCC.

Circular RNA (circRNA), a special class of non-coding
RNA molecules, can be widely expressed in various cells and
tissues. Unlike linear RNA, circRNA has not 5′-end cap and
3′-end poly (A) tail, but owns a closed-loop structure. Thus, it
is more stable and difficult to degrade than linear RNA, due to
its less susceptible to exonucleases (Ebbesen et al., 2017;
Huang et al., 2019; Yin et al., 2019). Recent studies have
found that circRNA plays important role in tumorigenesis and
pathogenesis of the majority of malignancies via diverse
mechanisms. For example, dysregulated circRNA can act as
a microRNA sponge or directly bind to proteins, thereby
modulating the expression of downstream target gene, and
resulting in the occurrence and development of cancer (Yao
et al., 2019; Zhu et al., 2019; Jie et al., 2020; Xiao et al., 2020).
Moreover, circRNA is spatial and temporal-specific
expression and it also exists in different body fluids, such
as blood, saliva and urine, etc. (Lin et al., 2019; Han et al.,
2020). Thus, circulating circRNA can be used as a promising
biomarker for cancer, including HCC.

To date, a few studies have investigated the role of plasma
circRNA in diagnosis of HCC (Zhu et al., 2020; Yu et al., 2020).
However, the potential clinical application value of plasma
circRNA in HCC is still elusive. We firstly searched from
GSE97332 database and GSE97508 database, and found that
hsa_circ_0005397 was upregulated in HCC in both two
databases. Hsa_circ_0005397was discovered as a circRNA to
its host gene RHOT1 from circBank database (http://www.
circbank.cn/). Moreover, it has been reported that circRHOT1
as a conserved circRNA is dramatically over-expressed in HCC
and promotes cancer progression by initiation of NR2F6
expression (Wang et al., 2019). These findings indicated that
hsa_circ_0005397, as one of circRHOT1s, might play
important role in HCC. In the current study, we verified
that hsa_circ_0005397 was upregulated in the plasma
samples of HCC patients. The clinical performance of
plasma has_circ_0005397 for HCC was further investigated
and the results showed that it might act as a potential
noninvasive biomarker for diagnosis and prognosis of HCC.

MATERIALS AND METHODS

Patient Selection and Sample Collection
A total of 208 participants from January 2015 to November
2016 in Nantong Third Hospital Affiliated to Nantong
University and Affiliated Hospital of Nantong University
were recruited in this study, including 89 patients with
HCC, 40 patients with benign liver diseases, and 79
healthy controls. Demographic and clinical characteristics
of study population are summarized in Table 1. Patients
with HCC were diagnosed based on histopathological
examination and had not received any preoperative
radiotherapy or chemotherapy. The clinicopathological
stage was determined according to the International
Anti-Cancer Association’s tumor-lymph node-metastasis
(TNM) staging system, and the degree of differentiation
was evaluated according to the World Health Organization
classification system. The EDTA-K2 anticoagulant plasma
from all participants were collected in EP tubes without
RNase and DNase, and frozen in −80°C refrigerator for
further use.

Cell Culture
Cell lines were purchased from the Type Culture Collection
Cell Committee of the Chinese Academy of Sciences
(Shanghai, China), including 4 human HCC cell lines (SK-
Hep1, SMMC-7721, BEL-7404, Huh7) and a normal liver cell
line LO2. Cells were cultured in DMEM medium (Corning,
USA) containing 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin, maintained in a humidified
incubator with 5% CO2 at 37°C.

TABLE 1 | Demographic and clinical characterization of study population.

Variables HCC (n = 89) Benign (n = 40) Healthy (n = 79)

Age (years)
Median (range) 58 (40–79) 54 (36–74) 51 (32–70)

Gender
Male 78 31 64
Female 11 9 15

HBV infection
Positive 59 28 0
Negative 30 12 79

Hepatocirrhosis
Presence 47 20 0
Absence 42 20 79

Serum AFP (ng/ml)
≤200 27 36 79
>200 62 4 0

Tumor size (cm)
≤5 44
>5 45

Tumor differentiation
Well + Moderate 51
Poor 38

TNM stage
I + II 40
III + IV 49
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RNA Extraction, Reverse Transcription (RT)
and Real-Time Quantitative Polymerase
Chain Reaction (qRT-PCR)
Total plasma RNAs were extracted using the Trizol LS (Ambion,
United States) in accordance with the manufacturer’s
instructions. RNA concentration was detected with NanoDrop
2000 ultra-micro spectrophotometer (Thermo Fisher Scientific,
United States). Reverse transcription of plasma total RNA was
performed by the Revert Aid First Strand cDNA Synthesis Kit
(Thermo Fisher Scientific, United States). Plasma circRNAs were
measured with Plus SYBR real-time PCR mixture (Bio Teke,
Beijing, China) by qRT-PCR analyses. All reactions were
performed using Roche LightCycler 480 (Roche, Switzerland)
according to the following protocol: 95°C for 15 s, then 45 cycles
of 60°C for 30 s and 72°C for 30 s. The internal reference was 18S
rRNA. The sequence of primers are as follows: hsa_circ_0005397,
5′-GACAAAGACAGCA GGTTCCT-3′ (forward) and 5′-CTC
TGTTCTGCTTCTGAGTA-3′ (reverse); hsa_ circ_0006302, 5′-
GCCTACATGATCGAGGATA-3′ (forward) and 5′-GGATCTG
GGTGTTCCTTTAC-3′ (reverse); hsa_circ_0088494, 5′-
GCCCACTCCCTAGCAA CTGA-3′ (forward) and 5′-CCA
ACTCCAGCACAATGTTC-3′ (reverse); hsa_circ_ 0083766,
5′-AGAACCTGAGTCGGACTTTCA-3′ (forward) and 5′-
GGGGACATG TTGGGATTTGC-3′ (reverse); 18S rRNA,
5′-GTAACCCGTTGAACCCCATT-3′ (forward) and 5′-
CCATCCAATCGGTA GTAGCG-3′ (reverse). The relative
expression levels of plasma circRNAs were calculated using
the 2−ΔΔCT method.

Identification of circRNA
Plasma total RNA was treated with or without RNase R
(Epicenter, United States), and purified with RNeasy Min
Elute Cleanup Kit (QIAGEN, Germany). Reverse transcription
was conducted with random 6-mers or oligo (dT) primers. After
qRT-PCR, the products were subjected to 2% agarose gel
electrophoresis and sent for Sanger sequencing (Sangon,
Shanghai, China).

Detection of Serum AFP and AFP-L3
Serum AFP-L3 levels were measured using the AFP-L3 detection
kit (Rejing, Beijing, China) and serum AFP concentration was
determined by chemiluminescence immunoassay using
ARCHITECT i2000SR analyzer (Abbott, United States).

Statistical Analysis
Statistical analyses were performed using SPSS 20.0 and graphs
were drawn using GraphPad Prism 7.0 software (GraphPad
Software Inc., California, United States). Differences in plasma
circRNA concentrations were estimated by independent samples
t-test, one-way analysis of variance (ANOVA) and Fisher’s exact
test, as appropriate. Receiver operator characteristic (ROC) curve
was drawn to evaluate the diagnostic value of plasma
hsa_circ_0005397 for HCC. In addition, Kaplan–Meier
survival curve was constructed to evaluate survival data. A
two-sided p < 0.05 was considered as statistically significant.

RESULTS

Screening of Candidate Plasma circRNA in
Patients With HCC
To screen the candidate plasma circRNA in patients with HCC,
we investigated 4 dysregulated circRNAs from GSE97332
database and GSE97508 database, hsa_circ_0005397,
hsa_circ_0006302, hsa_circ_0088494 and hsa_circ_0083766, by
qRT-PCR analyses in the plasma of 15 patients with HCC and 15
healthy volunlteers. The results showed that plasma
hsa_circ_0005397 was over-expressed in patients with HCC
(p � 0.012, Figure 1A). However, there was no significant
difference of plasma hsa_circ_0006302, hsa_circ_0088494 and
hsa_circ_0083766 expressions between HCC group and healthy
group (all p > 0.05, Figures 1B–D). Therefore, we further
investigated the clinical significance of plasma
hsa_circ_0005397 in HCC patients.

Verification of Increased Plasma
hsa_circ_0005397 in Patients With HCC
Based on the above-mentioned investigation, we then measured
plasma hsa_circ_0005397 levels in 89 patients with HCC, 40
patients with benign liver diseases and 79 healthy controls by
using qRT-PCR analyses. The results showed that the plasma
hsa_cic_0005397 levels in HCC patients were obviously higher
than that in patients with benign liver lesions and healthy
controls, p � 0.008 and p < 0.001, respectively. Whereas, there
was no statistically significant difference of plasma
hsa_cic_0005397 level between the benign liver disease group
and the healthy control group, p � 0.733 (Figure 2A). Besides, 40
patients with benign liver diseases were comprised of 20 patients
with chronic hepatitis and 20 patients with hepatocirrhosis. We
also found plasma hsa_cic_0005397 level had no obvious change
between the chronic hepatitis group and the hepatocirrhosis
group, p � 0.560 (Figure 2B).

The Identification of Plasma
hsa_circ_0005397
Plasma hsa_circ_0005397 was further investigated by RNase R
digestion and qRT-PCR. Total RNA was isolated from plasma
and treated with RNase R. The hsa_circ_0005397 was amplified
by our designed primers and the product was resistant to RNase R
digestion. The 18S rRNA, as a linear RNA, was used as a negative
control (Figures 3A,B). The PCR product was then verified by
Sanger sequencing, which included back splice junction site of
hsa_circ_0005379 (Figure 3C), indicating that the primers was
specific divergent primers targeting hsa_circ_0005397. Because
circRNA lacks a poly A tail, we reverse-transcribed plasma RNA
with random 6-mers or oligo (dT) primers and then performed
qRT-PCR assays. The results showed that hsa_circ_0005397
could effectively be transcribed by random 6-mer but not
oligo (dT) primers, using the 18S rRNA as a positive control
(Figure 3D), revealing that hsa_circ_0005397 had a complete
closed loop structure but no poly A tail. Taken together, these
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results suggested that hsa_circ_0005397 was stable in the plasma
of HCC patients.

The Origin of Circulating hsa_circ_0005397
To explore the origin of circulating hsa_circ_0005397, we firstly
examined hsa_circ_0005397 expression level in paired tumor
tissues and their adjacent normal tissues of 20 HCC patients
from training cohort. The results showed that the expression level
of hsa_circ_0005397 was significantly higher in HCC tissues than
that in non-tumor tissues, p < 0.001 (Figure 4A). Moreover, we
also found a positive correlation between plasma
hsa_circ_0005397 expression level and tissue hsa_circ_0005397

expression level in 20 HCC patients, r � 0.730, p < 0.001
(Figure 4B). In addition, we investigated the expression level
of hsa_circ_0005397 in four human HCC cell lines (SK-Hep1,
Huh7, BEL-7704 and SMMC7721) and a normal liver cell line
(LO2). As shown in Figure 4C, hsa_circ_0005397 was frequently
upregulated in HCC cell lines, especially in BEL-7704 and Huh7
cell lines. Meanwhile, we conjectured whether hsa_circ_0005397
could be secreted by HCC cells. The expression levels of
hsa_circ_0005397 in BEL-7704 and Huh7 cell culture medium
and LO2 cell culture medium were analyzed. As expected, the
expression levels of hsa_circ_0005397 in the culture medium of
BEL-7704 and Huh7 cell lines were conspicuously increased in a

FIGURE 1 | Screening of candidate plasma circRNA in patients with HCC. Detection of plasma expression levels of 4 candidate circRNAs, hsa_circ_0005397 (A),
hsa_circ_0006302 (B), hsa_circ_0088494 (C) and hsa_circ_0083766 (D), by qRT-PCR analyses in 15 HCC vs. 15 healthy controls.

FIGURE 2 | Plasma hsa_circ_0005397 is increased in HCC patients. (A) Detection of plasma hsa_circ_0005397 expression levels in 89 patients with HCC, 40
patients with benign liver diseases and 79 healthy controls. (B) Detection of plasma hsa_circ_0005397 expression levels in 20 patients with chronic hepatitis and 20
patients with hepatocirrhosis.
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time-dependent manner while no significant change was
observed in the cell culture medium of LO2 (Figure 4D).
These results indicated that plasma hsa_circ_0005397 might be
released from tumor cells into the blood circulatory system.

Association of Plasma hsa_circ_0005397
with Clinicopathological Characteristics in
HCC Patients
To determine whether plasma hsa_cic_0005397 level was related
to the clinicopathological characteristics of HCC, HCC cases were
stratified by age, gender, hepatitis B virus (HBV) infection,
hepatocirrhosis, serum AFP, tumor size, differentiation degree,
and TNM stage. According to the median level � 1.87 of plasma
hsa_cic_0005397, 89 HCC patients were subdivided into two
groups (high group, n � 44 and low group, n � 45). The Fisher’s
exact test statistical analysis revealed that the expression level of
plasma hsa_cic_0005397 was positively correlated with tumor
size (p � 0.020) and TNM stage (p � 0.006). However, there was
no significant correlation of plasma hsa_cic_0005397 with other
clinicopathological features, such as age, gender, HBV infection,
hepatocirrhosis, serum AFP and tumor differentiation, all p >
0.05 (Table 2).

Diagnosis Utility of Plasma
hsa_circ_0005397 for HCC
Next, ROC curve was drawn to assess the diagnostic performance
of the plasma hsa_cic_0005397 in differentiating HCC from
benign liver diseases and healthy controls. As shown in
Figure 5A, the area under the curve (AUC) (95% confidence
interval (CI)) of plasma hsa_cic_0005397 was 0.737
(0.671–0.795), p < 0.001. When the cut-off value was defined
at 0.914, sensitivity was 82.0%, specificity was 58.8%, and the
Youden index was 0.408. As serum AFP and AFP-L3 are widely
used in clinical practice for screening and auxiliary diagnosing of
HCC, we also compared their diagnostic values with plasma
hsa_cic_0005397. The results showed that the AUCs of serum
AFP and AFP-L3 were 0.855 (95%CI, 0.800–0.900, p < 0.001) and
0.872 (95% CI, 0.819–0.915, p < 0.001), respectively, both of them
were slightly better than plasma hsa_cic_0005397 (Figures
5B,C). We then investigated the diagnostic performance by
combining with plasma hsa_cic_0005397, serum AFP and
AFP-L3. As compared with hsa_cic_0005397, AFP or AFP-L3
alone, the diagnostic sensitivity was improved by the combination
of hsa_cic_0005397 + AFP (89.9%) and hsa_cic_0005397+AFP-
L3 (87.6%), especially by a combination of these three biomarkers
(93.3%, Table 3).

FIGURE 3 | The identification of plasma hsa_circ_0005397. (A) Total RNA was treated or not treated with RNase R, gel electrophoresis of the RT-PCR products
was performed. (B) After pretreated or not pretreated with RNase R, the expression levels of plasma hsa_circ_0005397 and 18S rRNA were detected by qRT-PCR.
(C) The qRT-PCR product of the plasma hsa_circ_0005397 was verified by Sanger sequencing. (D) The cDNA of hsa_circ_0005397 and 18S rRNA were transcribed
with random 6-mer or oligo dT primers and then measured by qRT-PCR, **p < 0.01.
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Dynamic Analysis of Plasma
hsa_circ_0005397 in Patients With HCC
We further performed dynamic analyses of plasma
hsa_cic_0005397 in 20 HCC cases who had undergone
surgical resection. As compared with preoperative group,
plasma hsa_cic_0005397 level was drastically dropped in
HCC patients after operation, p � 0.014 (Figures 6A,B). In
total of 20 HCC cases, 12 cases had suffered from recurrence
or metastasis. Notably, plasma hsa_cic_0005397 level
was prominently elevated in recurrent or metastatic HCC
cases, as compared with postoperative group, p � 0.018
(Figure 6A).

Correlation of Plasma hsa_circ_0005397
With Prognosis of HCC Patients
To explore the prognostic value of plasma hsa_cic_0005397
in HCC patients, survival analysis was performed
according to the follow-up data. The patients were
categorized into low and high groups based on the median
level � 1.87 of plasma hsa_cic_0005397. As shown in
Figure 6C, overall survival in patients with high level of
plasma hsa_cic_0005397 was shorter than those of low
level group, p � 0.007.

DISCUSSION

HCC is a common cancer with high mortality. Percutaneous
liver biopsy is usually used to confirm diagnosis of HCC, which
is an invasive method (Tischfield et al., 2019). However,
noninvasive testing is more acceptable in clinical practice.
Serum AFP has been commonly used in clinical diagnosis of
HCC over the past few decades, but its sensitivity and specificity
are relatively unsatisfactory. To make up for the shortcomings
of serum AFP, discovery of noninvasive, highly accurate and
easily operable biomarkers is really needed for early detection
of HCC and improvement of the prognosis of this deadly
disease (Luo et al., 2019). Overwhelming evidence has
demonstrated that circRNA is differentially expressed in
HCC tissues (Bai et al., 2019; Hu et al., 2020). Some
circRNAs are upregulated in HCC, such as circRHOT1,
hsa_circ_0056836 and Circ-CDYL, etc. (Wang et al., 2019;
Li et al., 2020; Wei et al., 2020), acting as oncogenic roles.
Nevertheless, other circRNAs are downregulated in HCC, such
as hsa_circ_0001649, circRNA-5692 and circTRIM33-12, etc.
(Liu et al., 2019; Su et al., 2019; Zhang et al., 2019), acting as
tumor suppressors. These circRNAs showed close correlations
with carcinogenesis, progression and poor prognosis of HCC,
indicating great potential as tissue-specific biomarkers for
HCC. In addition, circRNA also stably exists in peripheral

FIGURE 4 | The origin of circulating hsa_circ_0005397. (A) The expression levels of hsa_circ_0005397 in HCC tissues and corresponding adjacent normal tissues.
(B) The correlation between plasma hsa_circ_0005397 expression levels and tissue hsa_circ_0005397 expression levels. (C) The expression levels of
hsa_circ_0005397 in 4 HCC cell lines. (D) Hsa_circ_0005397 was released from tumor cells into the cell culture medium in a time-dependent manner, **p < 0.01.
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blood due to its circular structure which is not easily degraded
by RNA exonuclease (Vilades et al., 2020). For example, Zhu
et al. (2020) reported that plasma hsa_circ_0027089 could act
as a diagnostic biomarker for hepatitis B virus-related HCC.
Moreover, Yu et al. (2020) demonstrated that plasma
hsa_circ_0000976, hsa_circ_0007750 and hsa_circ_ 0139897
could serve as a panel to diagnose hepatitis B virus-related
HCC. These plasma circRNAs might have great clinical value in
early detection, curative observation, and prognostic evaluation
for HCC.

In the present study, we firstly found plasma
hsa_circ_0005397 was over-expressed in patients with HCC
than that in patients with benign liver lesions and healthy
controls. Moreover, RNase R digestion assay, Sanger
sequencing, and reverse transcription plasma RNA with
random 6-mers or oligo (dT) primers were performed to
identify the plasma hsa_circ_0005397. The results showed that
hsa_circ_0005397 had a complete closed loop structure and was
stable in the plasma of HCC patients. In addition, we further
analyzed the origin of circulating hsa_circ_0005397 and found
that hsa_circ_0005397 expression was very often boosted in HCC
tumor tissues, HCC cell lines and increased in cell culture
medium in a time-dependent manner, indicating that plasma
hsa_circ_0005397 might be released from tumor cells into the
blood circulatory system.

Next, ROC curve analysis showed that plasma
hsa_cic_0005397 yielded an AUC of 0.737 (95% CI,
0.671–0.795), with the sensitivity of 82.0% and the specificity
of 58.8%. As we all know, serum AFP and AFP-L3 have been
widely used in clinical practice for screening and auxiliary
diagnosing of HCC over the past few decades (Gao and Song,
2017; Kim et al., 2018; Yang et al., 2019). Although the specificity
of plasma hsa_circ_0005397 was not as good as serum AFP and
AFP-L3, its sensitivity was higher than serum AFP and AFP-L3,
exhibiting that plasma hsa_cic_0005397 might be new potential
diagnostic biomarker for HCC. Besides, the capability for
differential diagnosis of benign and malignant liver diseases
was further analyzed by the combination assay of plasma
hsa_cic_0005397, serum AFP and AFP-L3. Our results
disclosed that the combination of all the three biomarkers
might improve the value of diagnosis and differential diagnosis
for HCC.

Additionally, we also surveyed whether plasma
hsa_circ_0005397 was associated with clinicopathological
characteristics of HCC. The results displayed that high level of
plasma hsa_circ_0005397 was closely associated with tumor size
and TNM stage of HCC patients, suggesting that plasma
hsa_circ_0005397 could help us predict the degree of

TABLE 2 | Association of plasma hsa_circ_0005397 with clinicopathologic
characteristics of HCC patients.

Variables n hsa_circ_0005397

High (n = 44) Low (n = 45) p value

Age (year) 0.399
≤58 45 20 25
>58 44 24 20

Gender 0.522
Male 78 40 38
Female 11 4 7

HBV infection 0.117
Positive 59 33 26
Negative 30 11 19

Hepatocirrhosis 0.291
Present 47 26 21
Absent 42 18 24

Serum AFP (ng/ml) 0.167
≤200 27 10 17
>200 62 34 28

Tumor size (cm) 0.020*
≤5 44 16 28
>5 45 28 17

Tumor differentiation 0.088
Well + Moderate 51 21 30
Poor 38 23 15

TNM stage 0.006*
I–II 40 13 27
III–IV 49 31 18

Fisher’s exact test, *p < 0.05.

FIGURE 5 | Diagnosis utility of plasma hsa_circ_0005397 for HCC. (A–C) Construction of ROC curve to compare the diagnostic performance of plasma
hsa_circ_0005397, serum AFP and AFP-L3 to discriminate HCC from benign liver diseases and healthy controls.
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malignancy and judge the progression of HCC. Except this,
accumulating evidence has revealed that dynamic detection of
circulating free nucleic acid could evaluate the postoperative
status, including remission, recurrence or metastasis in patients
withmalignancy (Hao et al., 2014; Fan et al., 2018; Zong et al., 2019).
Our dynamic monitoring uncovered that plasma hsa_circ_0005397
level of HCC patients was decreased after surgical resection, yet, was

apparently increased in recurrent or metastatic HCC patients,
indicating that plasma hsa_circ_0005397 could help to estimate
the curative effect and predict recurrence or metastasis of HCC
patients. Furthermore, we also corroborated that higher level of
plasma hsa_cic_0005397 was positively correlated with shorter
overall survival of HCC patients, showing its potential
prognostic value for HCC.

TABLE 3 | Diagnostic value of HCC by plasma hsa_circ_0005397, serum AFP and AFP-L3.

Biomarker Sensitivity (%) Specificity (%) Positive predictive
value (%)

Negative predictive
value (%)

Efficiency (%)

hsa_circ_0005397 82.0 (73/89) 58.8 (70/119) 59.8 (73/122) 81.4 (70/86) 68.8 (143/208)
AFP 76.4 (68/89) 85.7 (102/119) 80.0 (68/85) 82.9 (102/123) 81.7 (170/208)
AFP-L3 74.2 (66/89) 89.9 (107/119) 84.6 (66/78) 82.3 (107/130) 83.2 (173/208)
hsa_circ_0005397 + AFP 89.9 (80/89) 57.1 (68/119) 61.1 (80/131) 88.3 (68/77) 71.2 (148/208)
hsa_circ_0005397 + AFP-L3 87.6 (78/89) 58.0 (69/119) 60.9 (78/128) 86.3 (69/80) 70.7 (147/208)
hsa_circ_0005397 + AFP + AFP-L3 93.3 (83/89) 55.5 (66/119) 61.0 (83/136) 91.7 (66/72) 71.6 (149/208)

FIGURE 6 |Dynamic analysis of plasma hsa_circ_0005397 and its prognosis value in patients with HCC. (A, B) The expression levels of plasma hsa_circ_0005397
were monitored from preoperative, postoperative and recurrent or metastatic HCC patients. (C) Kaplan–Meier survival curve analysis based on the plasma
hsa_circ_0005397 expression levels of HCC patients.
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Taken together, our current study, for the first time, has
described in detail the clinical value of plasma
hsa_cic_0005397 for HCC. We demonstrated that
overexpressed plasma hsa_cic_0005397 might serve as a
novel noninvasive biomarker to improve clinical diagnosis,
as well as help us predict progression and assess prognosis of
HCC. However, this was a preliminary estimation about the
clinical utility of plasma hsa_cic_0005397 in HCC. Several
limitations should be taken more attention, such as 1) all cases
enrolled in this study only from a single institution; 2)
relatively small sample size; 3) lack of long-term follow-up;
4) standardized detection of the circRNA by qRT-PCR.
Consequently, in order to comprehensively explore
potential value of plasma hsa_cic_0005397 in HCC clinical
practice, further studies should be concentrated on multi-
centered collaboration, a larger cohort of cases collection,
long-term follow-up and methodological evaluation of
circRNA detection. To sum up, plasma hsa_cic_0005397
warrants a promising candidate for early detection or
screening AFP-negative HCC, monitoring treatment and
prognosis of this deadly disease.
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