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1 | INTRODUCTION

| Hengkai Zhu! | Min Xiao! | Shao Zhou?

Abstract

Background: Accumulating evidence has shown that long noncoding RNA (IncRNA)
CRNDE functions as an oncogene in many cancer types. However, its clinical value
has not yet been explored in hepatocellular carcinoma (HCC).

Methods: A total of 166 patients with HCC and 100 healthy volunteers were enrolled
in this study. The expression levels of serum exosomal IncRNA CRNDE were detected
in patients with HCC and controls by quantitative real-time PCR (qRT-PCR).

Results: The serum exosomal IncRNA CRNDE expression levels were significantly in-
creased in patients with HCC compared with normal controls. High serum exosomal
IncRNA CRNDE expression was significantly associated with tumor size, tumor differ-
entiation, and TNM stage. Receiver operating characteristic (ROC) analysis revealed
that an area under the ROC curve (AUC) of 0.839, with a sensitivity and specificity of
69.3% and 85.0%. In addition, the overall survival (OS) and disease-free survival (DFS)
were significantly longer in patients with lower serum exosomal IncRNA CRNDE ex-
pression compared to those with higher CRNDE expression. Moreover, HCC patients
with cirrhosis had worse OS and DFS than those without cirrhosis. Univariate and
multivariate analyses indicated that high serum exosomal IncRNA CRNDE expression
was an independent indicator of poor prognosis.

Conclusion: Taken together, serum exosomal IncRNA CRNDE might serve as a poten-

tial biomarker for HCC diagnosis and prognosis.
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HCC remains very unfavorable mainly because of late diagnosis,

In 2018, liver cancer is one of the most common cancers in China
with about 3,68,960 cancer-related deaths and has become a
major public health problem in the country.! The majority of liver
cancer (75%-80%) is hepatocellular carcinoma (HCC).?2 Though
great improvements in treatment strategies have been made in

the past decades, the long-term survival rate of patients with

cancer recurrence, and tumor metastasis.®>* Treatment of surgical
resection is usually used for early-stage HCC. However, most pa-
tients are diagnosed at advanced stages due to the lack of reliable
markers for early detection.® Therefore, to improve the outcome
of patients with HCC, the identification of novel biomarkers for
predicting the recurrence and prognosis of this disease is urgently

required.
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Long noncoding RNAs (IncRNAs) are a class of transcripts lon-
ger than 200 nucleotides and are involved in a variety of cellular
processes including cell proliferation, apoptosis, and differentia-
tion.®® LncRNAs actively participate in the initiation and progres-
sion of different cancer types including HCC. For instance, TGLC15
was significantly upregulated in HCC, and TGLC15 overexpression
predicted unfavorable clinical outcome. Mechanistically, increased
TGLC15 promoted the oncogenic activities of HCC cells in vitro and
in vivo through interacting with sox4.’ Similarly, a novel IncRNA
termed HLNC1 was demonstrated to promote tumorigenesis of
HCC by interacting with USP49.1° Exosomes are membrane vesicles
with a size range of 30-150 nm and can be found in serum, plasma,
urine, saliva, and breast milk. Exosomes contain various types of nu-
cleic acids, such as miRNAs, proteins, and INcRNAs. 512 |ncRNAs in
serum exosomes can be stably detected and emerged as candidate
biomarkers for the detection of HCC.

The colorectal neoplasia differentially expressed (CRNDE)
gene locates on chromosome 16, and has been reported as an on-

cogene in several malignancies, such as colorectal cancer,’® non-

14 1éand

small cell lung cancer,™ cervical cancer,” pancreatic cancer,
papillary thyroid cancer.' However, to the best of our knowledge,
the clinical significance of IncRNA CRNDE in serum exosomes of
patients with HCC has not been analyzed. In this study, the In-
cRNA CRNDE expression levels in exosomes isolated from the
serum samples of patients with HCC and healthy volunteers were
detected. The application significance of serum exosomal IncRNA
CRNDE as a biomarker for the detection and prognosis of HCC

was assessed.

2 | MATERIALS AND METHODS

2.1 | Ethical approval
Signed informed consents were collected from all participants prior
to the recruitment. The study protocol was approved by the Ethics

Committee of Shulan International Medical College.

2.2 | Sample collection

The current study enrolled 166 patients diagnosed with HCC and
100 healthy volunteers as controls. The diagnosis of HCC was based
on World Health Organization (WHO) criteria. None of patients re-
ceived any radiotherapy or chemotherapy before blood samples col-
lection. Patients with HCC were staged by the TNM classification
of the International Union against Cancer (Sixth Edition). The clini-
cal data included age, sex, AFP, cirrhosis, hepatitis B, tumor number,
tumor size, tumor differentiation, and tumor stage were presented
in Table 1. Overall survival (OS) was calculated as the time from di-
agnosis to death or the last observation point. Disease-free survival
(DFS) was calculated as the time from diagnosis to relapse or the last
observation point.

TABLE 1 Association between CRNDE expression and clinical
parameters in HCC patients

Serum exosomal

IncRNA CRNDE

Clinical _

characteristics Number High Low p-value

Age, years
<50 48 22 26 0.4935
250 118 61 57

Sex
Male 143 73 70 0.5003
Female 23 10 13

AFP, ng/ul
<20 71 31 40 0.1580
220 95 52 43

Cirrhosis
Negative 64 28 36 0.2021
Positive 102 55 47

Hepatitis B
Negative 51 22 29 0.2389
Positive 115 61 54

Tumor number
Single 108 51 57 0.3287
Multiple 58 32 26

Tumor size, cm
<5 94 35 59 0.0002
25 72 48 24

Tumor differentiation
Well 104 43 61 0.0039
Moderate/poor 62 40 22

TNM stage
/1 64 21 43 0.0005
/v 102 62 40

2.3 | Exosomalisolation

After blood was drawn from patients with HCC and healthy volun-
teers, serum was immediately isolated by centrifugation at 2000 g for
10 min at room temperature and then stored at -80°C until further
use. Exosomes were isolated from serum using ExoQuick Exosome
Precipitation Solution (System Biosciences). Briefly, serum was centri-
fuged at 3000 x g for 15 min and filtrated with a 0.22 pm syringe filter
(EMD Millipore) to remove cell debris. Then, serum supernatant was
mixed with one-fourth volume of ExoQuick solution. The mixture was
centrifuged at 1500 g for 30 min after incubation at 4°C overnight. The
final pellets containing exosome fractions weres resuspended in PBS.

2.4 | Quantitative real-time PCR

The total RNA was extracted from the serum using an miRNeasy
Serum/Plasma kit (Qiagen). In the RNA isolation step, 2 pl synthetic
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Caenorhabditis elegans cel-miR-39 (RiboBio) was added as a
spike-in control. For cDNA synthesis, TagMan MicroRNA Reverse
Transcription Kit (Applied Biosystems, Thermo Fisher Scientific) was
performed. qRT-PCR was carried out using SYBR Premix DimerEraser
kit (TaKaRa) on an ABI PRISM 7900 Sequence Detection System
(Applied Biosystems). Each experiment was repeated in triplicate.
The relative expression levels of serum exosomal CRNDE were nor-

malized against cel-miR-39 using the 2724 method.

2.5 | Statistical analysis

All statistical calculations were performed using GraphPad Prism 9.0
(GraphPad Software) and MedCalc 16.4.3 (MedCalc). The signifi-
cance of serum exosomal INcRNA CRNDE between the two groups
was evaluated by Mann-Whitney U test. Chi-square test was used to
analyze the categorical data. Diagnostic power of serum exosomal
IncRNA CRNDE was assessed by receiver operating characteristic
(ROC) curves, and the area under the curve (AUC) was calculated. Cox
proportional-hazards regression analysis was performed to analyze
univariate and multivariate risk ratios for OS. OS and DFS were drawn
and compared using the Kaplan-Meier method plus the log-rank test.
p values less than 0.05 were considered statistically significant.

3 | RESULTS

3.1 | Serum exosomal IncRNA CRNDE was highly
expressed in HCC

The levels of serum exosomal IncRNA CRNDE were markedly higher
in patients with HCC compared with normal controls (****p < 0.0001,
Figure 1A). In addition, increased serum exosomal IncRNA CRNDE
levels were highly associated with HCC patients with 25 tumor size
(****p < 0.0001, Figure 1B). Moreover, HCC patients with mod-
erate/poor differentiation had higher serum exosomal IncRNA
CRNDE expression than those with well differentiation (*p = 0.0219,
Figure 1C). Furthermore, a significant increase in serum exosomal
IncRNA CRNDE expression was observed in stage IlI/IV patients in
comparison with stage I/1l patients (****p < 0.0001, Figure 1D).

3.2 | Relationship between serum exosomal
IncRNA CRNDE expression and clinical parameters

According to the median serum exosomal IncRNA CRNDE expres-
sion, 58 cases were categorized into the high serum exosomal
IncRNA CRNDE group, while the remaining 58 patients were in the
low serum exosomal INcRNA CRNDE group. As shown in Table 1, high
serum exosomal IncRNA CRNDE expression was strongly associated
with tumor size (p = 0.0002), tumor differentiation (p = 0.0039), and
TNM stage (p = 0.0005). However, no significant correlation existed
between serum exosomal IncRNA CRNDE expression and other

clinical characteristics such as age, sex, AFP, cirrhosis, hepatitis B,

and tumor number (all p > 0.05).

3.3 | The diagnostic efficiency of serum exosomal
IncRNA CRNDE for HCC

Receiver operating characteristic curve analysis was performed to
analyze the efficiency of serum exosomal IncRNA CRNDE as a diag-
nostic indicator for HCC detection. Figure 2 demonstrated that the
sensitivity was 69.3% and the specificity was 85.0% with an AUC
of 0.839 (95% Cl = 0.794-0.885), indicating that serum exosomal
IncRNA CRNDE could well identify HCC cases from normal controls.

3.4 | Relationship between serum exosomal
IncRNA CRNDE expression and HCC prognosis

The Kaplan-Meier method was used to plot OS and DFS according
to the serum exosomal INcRNA CRNDE levels. Patients with HCC
in high serum exosomal INncRNA CRNDE expression group had sig-
nificantly shorter OS (p = 0.0073, Figure 3A) and DFS (p = 0.0217,
Figure 3B). Then, OS and DFS curves of patients with HCC stratified
by cirrhosis were also plotted. The subgroup of patients with cir-
rhosis had significant shorter OS (p = 0.0070, Figure 3C) and DFS
(p = 0.0024, Figure 3D) compared to those without cirrhosis.

To assess whether serum exosomal IncRNA CRNDE might serve
as an independent prognostic marker for OS and DFS in HCC, the
effects of serum exosomal INcRNA CRNDE expression levels and
prognosis of patients was evaluated. As shown in Table 2, the re-
sults revealed that serum exosomal IncRNA CRNDE (RR = 3.81, 95%
Cl = 1.81-6.74, p = 0.005), tumor size (RR = 2.91, 95% Cl = 1.12-
4.73, p = 0.032), tumor differentiation (RR = 3.28, 95% Cl = 1.96-
6.27, p = 0.024), and TNM stage (RR = 4.60, 95% Cl = 2.30-8.26,
p < 0.001) were independent prognostic markers for OS. Moreover,
the multivariate regression analysis indicated that serum exosomal
IncRNA CRNDE (RR = 3.25, 95% Cl = 1.65-6.06, p = 0.012), tumor
differentiation (RR = 3.01, 95% Cl = 1.58-5.41, p = 0.026), and TNM
stage (RR = 4.20, 95% Cl = 2.11-7.08, p = 0.006) were independent
prognostic factors affecting DFS of patients with HCC.

4 | DISCUSSION

Previous studies have reported that IncRNA CRNDE enhances the
migration, viability, and invasive ability of HCC cells. For instance,
CRNDE expression was significantly elevated in the cancerous tis-
sues and cell lines of HCC, and inhibition of CRNDE dramatically sup-
pressed HCC pathogenesis and promoted HCC cell chemosensitivity.'®
CRNDE overexpression significantly enhanced HCC cell proliferation,
migration, and invasion capacities by inversely regulating miR-384 or
miR-217 expression, while downregulation of CRNDE exhibited the
opposite effects.”2° CRNDE silencing greatly suppressed HCC cell
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FIGURE 2 Serum exosomal IncRNA CRNDE could well identify
HCC patients from controls

migration, invasive capacity, cell epithelial-mesenchymal transition
(EMT) process in vitro, and tumor growth in vivo.?! The data indicated
than CRNDE might function as an oncogene in this malignancy.

revealed that serum exosomal IncRNA CRNDE was an independent
marker for OS. Thus, serum exosomal IncRNA CRNDE might be a
valuable biomarker to predict the prognosis in patients with HCC.
LncRNA CRNDE upregulation was also found in colorectal
cancer (CRC) tissues and associated with poor clinical variables.
Downregulation of IncRNA CRNDE markedly inhibited cell pro-
liferation, induced cell apoptosis, and reduced chemoresistance
by targeting miR-181a-5p.'®??2 CRNDE expression was signifi-
cantly elevated both in tissues and cell lines of non-small cell lung
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stratified by cirrhosis

TABLE 2 Univariate and multivariate analyses for OS by Cox regression model

Univariate analysis

Multivariate analysis

Factors RR 95% Cl

Tumor size 291 1.12-4.73
Tumor differentiation 3.28 1.96-6.27
TNM stage 4.60 2.30-8.26
Serum exosomal IncRNA CRNDE 3.81 1.81-6.74

Abbreviations: Cl, confidence interval; RR, risk ratio.

cancer (NSCLC). NSCLC patients with increased CRNDE expres-
sion predicted a worse prognosis. CRNDE inhibition remarkably
attenuated NSCLC cell proliferation, colony formation, migration,
stimulated cell apoptosis in vitro and suppressed the tumorigene-
sis in vivo through regulating miR-338-3p and miR-641.1423 |n ad-
dition, CRNDE expression was highly expressed in cervical cancer
(CC) tissues and cells. Enforced CRNDE expression significantly
enhanced CC cell proliferation, migration, and invasion, while
CRNDE inhibition markedly suppressed the cancer progression
by upregulating miR-4262 or PUMA expression.w'24 Moreover,
CRNDE upregulation was not only observed both in cancerous

p-value RR 95% Cl p-value
0.032 1.71 0.91-3.14 0.091
0.024 3.01 1.58-5.41 0.026

<0.001 4.20 2.11-7.08 0.006
0.005 3.25 1.65-6.06 0.012

tissues and cell lines of pancreatic cancer (PC), but also strongly
associated with worse clinical variables, including differentiation,
TNM stage, and lymph node metastasis. CRNDE silencing greatly
decreased PC cell proliferation, migration, and invasion in vitro
and in vivo.*® Furthermore, CRNDE expression was significantly
upregulated in papillary thyroid cancer (PTC) tissues and cell
lines. Ectopic CRNDE expression significantly stimulated PTC cell
proliferation and invasion trough silencing miR-384 expression,
while CRNDE downregulation exerted tumor-suppressive func-
tions.YAlthough serum exosomal IncRNA CRNDE is promising
for predicting the prognosis of HNSCC, it should be noted that
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HCC is a very complicated disease. Therefore, combining serum
exosomal IncRNA CRNDE with traditional molecular biomarkers
or other newly discovered signatures is of great significance for
improving the clinical outcome of HCC. For instance, Jiang et al®
recently developed a robust four-IncRNA signature for evaluating
the prognostic risk for HCC.

5 | CONCLUSIONS

In conclusion, the study highlighted the potential role of serum exo-
somal IncRNA CRNDE for the diagnosis and prognosis of HCC. The
results demonstrated that serum exosomal IncRNA CRNDE could
serve as a novel predictive biomarker for the prognosis of HCC. The
limitation of the study is the relatively small sample size, and future

studies with a larger sample size will be required.

ACKNOWLEDGEMENTS
The study was supported by National S&T Major Project of China
(No.2018ZX10301201).

CONFLICT OF INTEREST
No competing interests.

INFORMED CONSENT
Signed informed consent was collected from all participants prior to

the recruitment.

DATA AVAILABILITY STATEMENT
The datasets used and/or analyzed during the current study are

available from the corresponding author on reasonable request.

ORCID
Ting Wang "= https://orcid.org/0000-0001-9213-4687
REFERENCES

1. Feng RM, Zong YN, Cao SM, Xu RH. Current cancer situation in
China: good or bad news from the 2018 global cancer statistics?
Cancer Commun. 2019;39(1):22.

2. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA Cancer
J Clin. 2018;68(6):394-424.

3. Finn RS, Zhu AX, Farah W, et al. Therapies for advanced stage
hepatocellular carcinoma with macrovascular invasion or meta-
static disease: a systematic review and meta-analysis. Hepatology.
2018;67(1):422-435.

4. Choi WT, Kakar S. Immunohistochemistry in the diagno-
sis of hepatocellular carcinoma. Gastroenterol Clin North Am.
2017;46(2):311-325.

5. Bruix J, Boix L, Sala M, Llovet JM. Focus on hepatocellular carci-
noma. Cancer Cell. 2004;5(3):215-219.

6. Yang J, Liu W, Xu M, Yu L. Long non-coding RNA CRNDE and toll-
like receptor 3 correlate with disease severity, inflammation, and
mortality in sepsis. J Clin Lab Anal. 2020;34(9):e23360.

7. Huarte M. The emerging role of IncRNAs in cancer. Nat Med.
2015;21(11):1253-1261.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

21.

22.

23.

24.

25.

Kopp F, Mendell JT. Functional classification and experimental dis-
section of long noncoding RNAs. Cell. 2018;172(3):393-407.

Chen Y, Huang F, Deng L, et al. Long non-coding RNA TGLC15 ad-
vances hepatocellular carcinoma by stabilizing Sox4. J Clin Lab Anal.
2020;34(1):e23009.

Qian X, Li S, Yang Z, Zhang J. The long non-coding RNA HLNC1 po-
tentiates hepatocellular carcinoma progression via interaction with
USP49. J Clin Lab Anal. 2020;34(11):e23462.

Raposo G, Stoorvogel W. Extracellular vesicles: exosomes, mi-
crovesicles, and friends. J Cell Biol. 2013;200(4):373-383.

Colombo M, Raposo G, Thery C. Biogenesis, secretion, and inter-
cellular interactions of exosomes and other extracellular vesicles.
Annu Rev Cell Dev Biol. 2014;30:255-289.

Han P, Li JW, Zhang BM, et al. The IncRNA CRNDE promotes col-
orectal cancer cell proliferation and chemoresistance via miR-181a-
5p-mediated regulation of Wnt/beta-catenin signaling. Mol Cancer.
2017;16(1):9.

Jing H, Xia H, Qian M, Lv X. Long noncoding RNA CRNDE promotes
non-small cell lung cancer progression via sponging microRNA-
338-3p. Biomed Pharmacother. 2019;110:825-833.

Ren L, Yang S, Cao Q, Tian J. CRNDE contributes cervical cancer
progression by regulating miR-4262/ZEB1 axis. Onco Targets Ther.
2021;14:355-366.

Wang G, Pan J, Zhang L, Wei Y, Wang C. Long non-coding RNA
CRNDE sponges miR-384 to promote proliferation and metasta-
sis of pancreatic cancer cells through upregulating IRS1. Cell Prolif.
2017;50(6):€12389.

Sun H, He L, Ma L, et al. LncRNA CRNDE promotes cell prolifera-
tion, invasion and migration by competitively binding miR-384 in
papillary thyroid cancer. Oncotarget. 2017;8(66):110552-110565.
Xie SC, Zhang JQ, Jiang XL, et al. LncRNA CRNDE facilitates epi-
genetic suppression of CELF2 and LATS2 to promote proliferation,
migration and chemoresistance in hepatocellular carcinoma. Cell
Death Dis. 2020;11(8):676.

Chen Z, Yu C, Zhan L, Pan Y, Chen L, Sun C. LncRNA CRNDE pro-
motes hepatic carcinoma cell proliferation, migration and invasion
by suppressing miR-384. Am J Cancer Res. 2016;6(10):2299-2309.
Wang H, Ke J, Guo Q, Barnabo Nampoukime KP, Yang P, Ma K. Long
non-coding RNA CRNDE promotes the proliferation, migration
and invasion of hepatocellular carcinoma cells through miR-217/
MAPK1 axis. J Cell Mol Med. 2018;22(12):5862-5876.

ZhuL,Yang N, Du G, et al. LncRNA CRNDE promotes the epithelial-
mesenchymal transition of hepatocellular carcinoma cells via en-
hancing the Wnt/beta-catenin signaling pathway. J Cell Biochem.
2018;120:1156-1164.

Ding J, Li J, Wang H, et al. Long noncoding RNA CRNDE promotes
colorectal cancer cell proliferation via epigenetically silencing
DUSP5/CDKN1A expression. Cell Death Dis. 2017;8(8):e2997.

Fan YF, Yu ZP, Cui XY. IncRNA colorectal neoplasia differentially
expressed (CRNDE) promotes proliferation and inhibits apoptosis
in non-small cell lung cancer cells by regulating the miR-641/CDKé
Axis. Med Sci Monit. 2019;25:2745-2755.

Zhang JJ, Fan LP. Long non-coding RNA CRNDE enhances cervi-
cal cancer progression by suppressing PUMA expression. Biomed
Pharmacother. 2019;117:108726.

Jiang H, Zhao L, Chen Y, Sun L. A four-long noncoding RNA signa-
ture predicts survival of hepatocellular carcinoma patients. J Clin
Lab Anal. 2020;34(9):e23377.

How to cite this article: Wang T, Zhu H, Xiao M, Zhou S.
Serum exosomal long noncoding RNA CRNDE as a
prognostic biomarker for hepatocellular carcinoma. J Clin Lab
Anal. 2021;35:€23959. https://doi.org/10.1002/jcla.23959



https://orcid.org/0000-0001-9213-4687
https://orcid.org/0000-0001-9213-4687
https://doi.org/10.1002/jcla.23959

