
OR I G I N A L R E S E A R C H

A Novel lncRNA NONHSAT053785 Acts as an

Independent Risk Factor for Intrahepatic

Metastasis of Hepatocellular Carcinoma
This article was published in the following Dove Press journal:

OncoTargets and Therapy

Yuwei Li 1,*

Guangyao Li2,*

Xia Chen1

Hengliu Huang1

Ling Liao1

Tao Yuan2

Shaoli Deng1

1Department of Laboratory Medicine,

Daping Hospital, Army Medical University

(Third Military Medical University),

Chongqing 400042, People’s Republic of

China; 2Department of Hepatobiliary

Surgery, Daping Hospital, Army Medical

University (Third Military Medical

University), Chongqing 400042, People’s
Republic of China

*These authors contributed equally to

this work

Purpose: Long noncoding RNAs (lncRNAs) in body fluids have been considered as

promising novel biomarkers for tumor-related diseases. The present study aimed to investi-

gate the expression level of lncRNA NONHSAT053785 in serum and its correlation with

clinical characteristics of hepatocellular carcinoma (HCC) patients.

Methods: The droplet digital PCR (ddPCR) was used to measure the serum levels of

NONHSAT053785 in 112 HCC patients, 96 chronic hepatitis B (CHB) patients, and 99

healthy controls (HC). The correlation between NONHSAT053785 and clinical character-

istics was analyzed by chi-square test and Spearman correlation test. The risk factors of

intrahepatic metastasis (IM) were detected by univariate and multivariate

analyses. Furthermore, the diagnostic value of NONHSAT053785 in HCC and its predictive

ability in IM were evaluated by the receiver operating characteristic (ROC) curves.

Results: The level of NONHSAT053785 was significantly increased in the serum of HCC

patients and was higher in HCC patients with IM as compared to those without. Additionally,

the expression level of NONHSAT053785 was significantly related to IM, Child–Pugh

classification, and peripheral blood indicators such as liver metabolic enzymes and positively

correlated to IM, Barcelona Clinic Liver Cancer (BCLC) staging, and some peripheral blood

indicators. Furthermore, the serum NONHSAT053785 was indicated as an independent

predictor for IM in the elderly, non-smoking, drinking, and tumor size ≥5 cm subjects. The

area under the ROC curve (AUC) was 0.801 (P <0.0001) for diagnosis of HCC and 0.678

(P =0.0015) for predicting IM.

Conclusion: The increase in serum NONHSAT053785 levels was related to an increased

risk of IM, and hence, may serve as a novel biomarker for the diagnosis of HCC and the

prediction of IM.

Keywords: long noncoding RNA, hepatocellular carcinoma, intrahepatic metastasis, risk

factor

Introduction
Hepatocellular carcinoma (HCC) is a highly prevalent tumor and the fourthmost common

cause of cancer-related deathsworldwide.1Multiplicity is amajor clinical feature ofHCC

that can spread to other regions of the liver via portal vein invasion, which is referred to as

intrahepaticmetastasis (IM).2 Several therapeuticmethods exist for treatingHCC, such as

surgical resection, radio-frequency ablation (RFA), transarterial chemoembolization

(TACE), systemic chemotherapy, and liver transplant. However, the prognosis of HCC

remains unsatisfactory in the long-term. The frequent recurrence of the disease after
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curative resection is a challenge of HCC treatment. IM, origi-

nating from a primary liver tumor, is considered to be one of

the origins of recurrent or multifocal liver tumors.3 Therefore,

IM indicates a poor prognosis for HCC. However, the mole-

cular characteristics of IM in HCC are yet to be elucidated.

Long noncoding RNAs (lncRNAs) are defined as tran-

scripts >200 nucleotides in length that have not been translated

into proteins.4 These have been proposed to carry out diverse

functions and represent a large reservoir of potential tumor

targets.4,5 The upregulation of urothelial carcinoma associated

1 (UCA1) has been previously documented in several types of

tumors, including HCC, bladder cancer, ovarian cancer, mela-

noma, esophageal cancer, tongue cancer, and lung cancer. The

expression level of UCA1 was closely correlated to the pro-

gression, tumor size, invasion depth, and stage of cancer.6

Accumulating evidence has demonstrated the regulatory

roles of different classes of lncRNAs in HCC related to several

etiologies.7,8 Divergent groups of lncRNAs have been impli-

cated in liver carcinogenesis through interactions with DNA,

RNA, or proteins.7 LncRNAs have a typical tissue-specific

expression pattern and are readily detectable in body fluids

due to their high stability. Compared to the other protein

biomarkers expressed in various tissues, the lncRNAs are

ideal biomarkers.9 Moreover, the serum lncRNAs, such as

LINC00161,10 PVT1,11 lncRNA-D16366,12 and RP11-

466I1.1, function as biomarkers in HCC.13 However, none of

them has a satisfactory diagnostic performance, which could

be attributed to a small sample size. Nonetheless, there is

a dearth of studies on circulating lncRNAs for predicting IM

of HCC.

In a previous study, we used microarray analysis in HCC

tissues and paired peritumoral liver tissues and identified 719

differentially expressed lncRNAs that might be involved in the

pathogenesis of HCC. A novel lncRNA NONHSAT053785

was one of these differentially expressed lncRNAswith higher

fold-change than the remaining; the expression of this lncRNA

was verified by quantitative real-time PCR (qRT-PCR) in

human tissues.14 In addition, the length of lncRNA

NONHSAT053785 (synonym lnc-G6PC-1:1) sequence is

289 nucleotides, and it is a part of the human glucose-6-phos-

phatase catalytic subunit on Chr17 (NCBI Sequence ID:

NG011808.1).15 RNA-Seq data from the Human Body Map

shows NONHSAT053785 is primarily expressed in the liver

but also in the kidney.16 In the present study, the expression

levels of NONHSAT053785 in the serum of HCC patients

were detected, and the correlation with the clinical features

was analyzed. Also, the diagnostic efficacy and risk factors

related to IM were also investigated.

Materials and Methods
Patient Information
A total of 307 participants, including 112 HCC patients, 96

patients with chronic hepatitis B (CHB), and 99 healthy

controls (HC), were recruited in this study between

April 2018 and December 2019 at the Daping Hospital

of the Army Medical University, China. None of the HCC

patients received radiotherapy, chemotherapy, or biother-

apy before surgery. The diagnosis of HCC was determined

by pathological results, and the hepatitis B virus (HBV)

infection was diagnosed by clinical laboratory tests.

Healthy controls referred to individuals without liver dis-

ease or any type of tumor. Written informed consent was

obtained from all participants. This study was approved by

the Medical Institutional Ethics Committee of the Daping

Hospital, and the experiments were performed in accor-

dance with the 1964 Helsinki Declaration and its later

amendments or comparable ethical standards. Table 1

lists the clinical characteristics of the participants.

Collection of Serum Samples and Clinical

Data
All blood specimens were stored at 4 °C and disposed within

2 h. Serumwas collected by centrifugation (3000 ×g, 15 min,

4 °C). The blood specimens of HCC patients were obtained

before surgery, and the collected serum was maintained in

TRIzol® LS reagent (Invitrogen, Carlsbad, CA, USA),

according to the manufacturer’s protocols, at −80 °C prior

to total RNA extraction, while those of CHB patients and

healthy individuals were subjected to reverse transcription

into cDNA (Roche, Germany).

The baseline data of all subjects with respect to age,

gender, smoking status, alcohol consumption, HBV infec-

tion status, HBV-DNA level, alpha-fetoprotein (AFP)

level, carcinoembryonic antigen (CEA) level, ferritin

level, liver function test results, blood routine analysis

results, and HCC characteristics such as tumor size, histo-

logical differentiation, intrahepatic/extrahepatic metasta-

sis, microvascular invasion (MVI), and gross vascular

invasion (GVI) were obtained from the medical records.

The MVI was determined based on the pathological find-

ings. Preoperative radiological findings of tumor embolus

in the portal veins were defined as GVI. The HCC clinical

stage was determined based on the Barcelona Clinic Liver

Cancer (BCLC) and tumor node metastasis (TNM) classi-

fication system.
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RNA Extraction and Reverse

Transcription
Total RNA was extracted from serum specimens using

TRIzol® LS reagent, following the manufacturer’s instruc-

tions, and solubilized in 30 μL of RNase-free water. Then,

NanoDrop ND-1000 spectrophotometer (Thermo,

Wilmington, DE, USA) was used to detect the quantity and

purity of the extracted RNA. The RNA sample with an optical

density ratio (260/280) of 1.8–2.0 was included in the subse-

quent study. Total RNA was reverse transcribed using the

EvoScript Universal cDNA Master RT reagent Kit (Roche,

Germany). The cDNA products were stored at −80 °C until

further analysis.

Droplet Digital Polymerase Chain

Reaction (ddPCR)
The expression levels of lncRNA were quantified by

ddPCR. The 20-µL PCR reaction consisted of 1µL for-

ward primer, 1µL reverse primer, 2 µL probe, 6 µL tem-

plate/cDNA, and 10 µL ddPCR Supermix (Bio-Rad,

Hercules, CA, USA). Droplets were generated using

a QX100 droplet generator (Bio-Rad). A 70 µL of

ddPCR droplet generation oil was added to the bottom

wells of the droplet generation cartridge. The middle

wells were loaded with the PCR reaction mixture.

A rubber gasket was placed over the cartridge and loaded

into the droplet generator. Then, 40 µL emulsion was

loaded into each well of a 96-well plate that was subse-

quently heat-sealed with a foil and the emulsion was

cycled to end point as per the manufacturer’s protocol.

The amplicons were analyzed using a Bio-Rad QX100

reader (Bio-Rad). The primers used in this study were

designed using Primer 5.0 software (Premier, Canada)

and synthesized by Sangon Biotech (Shanghai, China).

The primers and probe for lncRNA NONHSAT053785

were as follows:

Forward primer, 5ʹ- AGTTATAGATTTACGTCCACT

TTAGA–3ʹ;

Reverse primer, 5ʹ- CACCTGAAAACTGATACA

CTA–3ʹ;

Probe, 5ʹ-CATCGGTCACTTAAACTTGCCTCACA–3ʹ.

Table 1 Clinical Characteristics of the Study Subjects

HCC (n=112) CHB (n=96) HC (n=99) P-value

Gender

Male 100 63 86f <0.001a

Female 12 33 13

Age Median (range) 55 (27–78) 46 (22–72)g 48 (22–77) <0.001b

AFP (ng/mL) 133.44 (14.51, 1768.36) 2.70 (1.85, 4.01) 1.50 (1.06, 1.92) <0.001c

CEA (ng/mL) 2.94 (1.88, 4.53) 1.60 (1.04, 2.45)g 1.62 (1.13, 2.38) <0.001c

TP (g/L) 70.00 (64.35, 74.50) 74.55 (71.28, 77.93)g 73.50 (70.00, 75.55) <0.001c

ALB (g/L) 39.40 (34.28, 43.05) 45.95 (43.60, 47.60)g 46.30 (45.15, 48.05) <0.001c

T-BIL (µmol/L) 20.20 (15.15, 30.10) 15.40 (12.10, 18.70)g 14.80 (12.65, 19.05) <0.001c

AST (U/L) 57.60 (37.48, 94.88) 27.20 (22.80, 34.20) 22.30 (20.15, 27.20) <0.001c

ALT (U/L) 44.05 (28.75, 66.03) 28.60 (22.80, 36.80) 21.10 (15.85, 30.00) <0.001c

WBC (×109/L) 6.16 (5.00, 7.81) 5.15 (4.33, 6.22)g 5.63 (4.66, 6.68)f 0.005c

PLT (×109/L) 164.00 (105.00, 214.75)e 177.00 (127.00, 207.00) 195.50 (165.00, 240.25) <0.001c

Lymphocyte (×109/L) 1.16 (0.78, 1.49) 1.58 (1.13, 2.20)g 1.78 (1.50, 2.18) <0.001c

Monocyte (×109/L) 0.48 (0.35, 0.62) 0.33 (0.23, 0.41)g 0.30 (0.26, 0.37) <0.001c

ALP (U/L) 149.45 (98.93, 240.18) 79.40 (62.40, 104.85) <0.001d

γ-GGT (U/L) 131.10 (56.05, 341.03) 18.15 (13.43, 30.33) <0.001d

AFU (U/L) 40.30 (32.25, 59.00) 26.40 (21.90, 29.75) <0.001d

CHE (U/L) 5485.50 (4313.50, 6835.25) 8084.50 (7199.00, 9402.25) <0.001d

GLU (mmol/L) 5.02 (4.65, 6.25) 4.80 (4.40, 5.32) 0.005d

LDH (U/L) 233.70 (184.30, 289.80)

5ʹ-NT (U/L) 19.90 (10.80, 40.35)

Ferritin (ng/mL) 287.79 (200.43, 540.78)

TC (mmol/L) 4.48 (3.99, 5.05)

TG (mmol/L) 1.12 (0.88, 1.51)

Notes: Data are presented as median (25 percentiles, 75 percentiles). P<0.05 was considered significant. aPerson chi-square test. bOne-Way ANOVA test. cKruskal–Wallis

H-test. dMann–Whitney U-test. eNo statistical significance compared to CHB. fNo statistical significance compared to HCC. gNo statistical significance compared to HC.
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Statistical Analysis
All data were analyzed by SPSS 22.0 (Chicago, IL, USA) and

GraphPad Prism 8 software (San Diego, CA, USA). The

normality of distribution was evaluated using the Shapiro–

Wilk and Kolmogorov–Smirnov tests. Mann–Whitney U-test

was used to compare the two groups. For comparison among

more than two groups, Kruskal–Wallis H or one-way ANOVA

test was used. Chi-square test was used to compare the vari-

ables represented as frequencies. Spearman correlation coeffi-

cient was analyzed to calculate the correlation between the

serum levels of NONHSAT053785 and other variables.

Univariate and multivariate logistic regression analyses were

used to identify the risk factors associated with intrahepatic

metastasis. Also, odds ratio (OR) and 95% confidence interval

(CI) were calculated. The sensitivity and specificity of

NONHSAT053785 and AFP were assessed by the receiver

operating characteristic (ROC) curve and the area under ROC

curve (AUC). All tests were two-sided, and P<0.05 was

considered statistically significant.

Results
Serum Level of NONHSAT053785 Was

Increased in HCC Patients
The expression levels of NONHSAT053785 in 112 HCC

serum samples collected before surgery, 96 CHB patients’

serum, and 99 healthy controls serum were detected by

ddPCR. Results showed that compared to the CHB and

HC groups, the serum levels of NONHSAT053785 were

significantly increased in HCC patients; however, no sig-

nificant difference was observed between the CHB and HC

groups (P<0.0001, Figure 1).

Correlation Between Serum

NONHSAT053785 and Clinical

Characteristics of HCC
The correlations between serum levels of NONHSAT053785

and clinical characteristics in HCC patients are listed in Table

2. To analyze the expression of lncRNA NONHSAT053785,

the level at themaximumYouden indexwas used as the cutoff.

In this study, significant differences in the serum levels of

NONHSAT053785 were observed between subgroups of

patients divided according to IM (with or without, P=0.011),

Child–Pugh classification (AorB/C,P=0.037), CEA (≤5 or >5

ng/mL, P=0.037), total bilirubin (T-BIL) (≤23 or >23 µmol/L,

P=0.006), aspartate transaminase (AST) (≤40 or >40 U/L,

P=0.001), alkaline phosphatase (ALP) (≤125 or >125U/L,

P=0.001), and monocyte (≤0.6 or >0.6×109/L, P=0.015).
Furthermore, the correlation between intrahepatic metas-

tasis, Child–Pugh classification, and serum levels of

NONHSAT053785 in HCC was analyzed by Mann–

Whitney U-test. Compared to the patients without IM,

NONHSAT053785 expression was significantly increased in

patients with IM (P=0.002, Figure 2A). This result suggested

that NONHSAT053785 may play crucial roles in HCC inva-

sion ability. However, according to the Child–Pugh classifica-

tion, no significant difference was observed between HCC

patients in stage A and stage B/C (P>0.05, Figure 2B).

Correlation Between Serum

NONHSAT053785 and Clinical

Characteristics of HCC
We performed Spearman’s analysis to further explore the

correlation between serumNONHSAT053785 and the clinical

characteristics of HCC (Table 3). In this study, the expression

level of serum NONHSAT053785 was positively correlated

with IM (r=0.301, P=0.001), BCLC staging (r=0.223,

P=0.019), CEA (r=0.205, P=0.033), ferritin (r=0.219,

P=0.035), T-BIL (r=0.205, P=0.030), AST (r=0.273,

P=0.004), ALP (r=0.362, P<0.0001), γ-glutamyl transferase

(γ-GGT) (r=0.260, P=0.006), lactate dehydrogenase (LDH)

(r=0.355, P<0.001), 5ʹ-nucleotidase (5ʹ-NT) (r=0.328,

P=0.002), white blood cells (WBC) (r=0.378, P<0.0001),

and monocytes (r=0.226, P=0.017). The correlation between

serum NONHSAT053785 and peripheral blood indexes are

Figure 1 NONHSAT053785 was increased in the serum of HCC patients. The data

were analyzed by Kruskal–Wallis H and Mann–Whitney U-tests. ****P<0.0001.
Abbreviations: HCC, hepatocellular carcinoma; CHB, chronic hepatitis B; HC,

health control.
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Table 2 Correlation Between Serum NONHSAT053785 and

Clinical Characteristics of Patients with HCC

NONHSAT053785

Characteristic Group Cases Low High P-value

Gender Male 100 27 73 1.000b

Female 12 3 9

Age (years) <55 54 15 39 0.819a

≥55 58 15 43

Smoking status Never 52 13 39 0.691a

Ever/

Current

60 17 43

Alcohol

consumption

Never 49 15 34 0.420a

Ever/

Current

63 15 48

HBV-DNA (IU/

mL)

<100 23 7 16 0.644a

≥100 82 21 61

Cirrhosis With 67 20 47 0.371a

Without 45 10 35

Tumor size <5 cm 32 9 23 0.981a

≥5 cm 67 19 48

Tumor number Single 48 15 33 0.304a

Multiple 58 13 45

Histological

differentiation

Well/

Moderate

30 14 16 0.115c

Poor 9 1 8

GVI Present 43 8 35 0.123a

Absent 69 22 47

MVI M0 22 7 15 0.175c

M1/M2 14 8 6

Intrahepatic

metastasis

With 44 6 38 0.011a

Without 68 24 44

Extrahepatic

metastasis

With 13 2 11 0.513b

Without 99 28 71

Child–Pugh

classification

A 68 23 45 0.037a

B/C 44 7 37

BCLC staging 0/A 19 7 12 0.427a

B 28 8 20

C/D 63 14 49

TNM staging I/II 43 14 29 0.198a

III/IV 61 13 48

(Continued)

Table 2 (Continued).

NONHSAT053785

Characteristic Group Cases Low High P-value

AFP (ng/mL) ≤15 29 10 19 0.277a

>15 83 20 63

CEA (ng/mL) ≤5 87 27 60 0.037a

>5 22 2 20

Ferritin (ng/mL) ≤300 48 16 32 0.233a

>300 45 10 35

TP (g/L) ≤65 31 9 22 0.740a

>65 81 21 60

ALB (g/L) ≤40 66 15 51 0.245a

>40 46 15 31

T-BIL (µmol/L) ≤23 66 24 42 0.006a

>23 46 6 40

AST (U/L) ≤40 34 16 18 0.001a

>40 78 14 64

ALT (U/L) ≤50 66 20 46 0.314a

>50 46 10 36

ALP (U/L) ≤125 43 19 24 0.001a

>125 69 11 58

γ-GGT (U/L) ≤60 30 11 19 0.153a

>60 82 19 63

AFU (U/L) ≤35 31 10 21 0.228a

>35 58 12 46

LDH (U/L) ≤250 58 17 41 0.129a

>250 33 5 28

5ʹ-NT (U/L) ≤11 24 9 15 0.089a

>11 65 13 52

GLU (mmol/L) ≤6.1 65 22 43 0.114a

>6.1 24 4 20

WBC (×109/L) ≤9.5 96 29 67 0.089b

>9.5 16 1 15

PLT (×109/L) ≤100 27 9 18 0.378a

>100 85 21 64

Lymphocyte (×109/

L)

≤1.1 53 14 39 0.933a

>1.1 59 16 43

Monocyte (×109/

L)

≤0.6 82 27 55 0.015a

>0.6 30 3 27

Notes: Since we failed to collect all the characteristics of the HCC patients, the

total number may not be 112. For the expression of lncRNA NONHSAT053785,

the level at the maximum Youden index was used as the cutoff. P<0.05 was

considered significant and is shown in bold numbers in the table. aPerson’s chi-

square test. bPerson’s chi-square continuity correction. cFisher’s exact test.
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shown in Figure 3A–J. These results indicated that

NONHSAT053785 may be related to the invasion ability of

HCC and abnormal liver metabolism.

Serum Level of NONHSAT053785 Is an

Independent Risk Factor for IM
The relevant risk factors for IM were also identified (Table

4). Univariate analysis suggested that male gender, smok-

ing, alcohol, tumor diameter ≥5 cm, GVI, advanced BCLC

stages, advanced TNM stages, and elevated

NONHSAT053785 expression were risk factors for IM.

These variables were incorporated into a multivariate

logistic model to determine whether the expression of

serum NONHSAT053785 was an independent risk factor

for IM. The TNM staging was not included in multivariate

analysis, as it overlapped with BCLC staging. The results

showed that tumor diameter ≥5 cm and upregulated

NONHSAT053785 expression were independent risk fac-

tors of IM.

Stratification Analysis of the Serum Levels

of NONHSAT053785 with the Risk of IM
Stratified analysis was performed according to age, smok-

ing status, alcohol consumption, cirrhosis, tumor size, and

GVI. As shown in Table 5, we found that the predictive

effect of serum NONHSAT053785 on the risk of IM was

prominent in elderly (OR= 1.869, 95% CI: 1.049–3.329,

P=0.034), non-smoking (OR=1.511, 95% CI: 1.022–2.234,

P=0.038), drinking (OR=1.706, 95% CI: 1.133–2.568,

P=0.011), and tumor size ≥5 cm (OR=1.962, 95% CI:

1.248–3.084, P=0.004) subjects.

Evaluation of Serum NONHSAT053785

as a Novel Biomarker for HCC and

Predictive Ability for IM
As the level of lncRNA NONHSAT053785 was markedly

increased in the serum of HCC patients, we sought to

determine the potential utility of serum

NONHSAT053785 as a diagnostic biomarker of HCC.

The ROC analysis was used to assess the diagnostic ability

of serum NONHSAT053785 and AFP. The results showed

that the AUC was 0.801 (95% CI: 0.746–0.855, P<0.0001)

for NONHSAT053785 and 0.960 (95% CI: 0.938–0.982,

P<0.0001) for AFP (Figure 4A). The sensitivity and spe-

cificity at the optimal cutoff were 73.2% and 75.4% for

NONHSAT053785 and 88.4% and 93.9% for AFP, respec-

tively. Moreover, since serum NONHSAT053785 had been

established as an independent risk factor, we employed the

ROC curve to evaluate the predictive ability of

NONHSAT053785 and AFP expression for IM of HCC,

and the results showed that the AUC was 0.678 (95% CI:

0.576–0.779, P=0.0015) for NONHSAT053785 and 0.543

(95% CI: 0.432–0.655, P>0.05) for AFP (Figure 4B). The

sensitivity and specificity at the optimal cutoff were 68.2%

and 64.7% for NONHSAT053785 and 40.9% and 75.0%

for AFP, respectively.

Discussion
Serum tumor markers are an attractive alternative for

monitoring and early diagnosis of HCC since they allow

a non-invasive, objective, and reproducible assessment.17

In the present study, we explored the serum level of

lncRNA NONHSAT053785 due to its potential as

a novel biomarker of HCC and found that it was

Figure 2 Correlation between intrahepatic metastasis, Child-Pugh classification, and serum level of NONHSAT053785. (A) Correlation between intrahepatic metastasis

and NONHSAT053785 (P=0.002). (B) Correlation between Child-Pugh classification and NONHSAT053785 (P>0.05). The data were analyzed by Mann–Whitney U-test.
**P<0.005.
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significantly increased in HCC patients compared to CHB

and HC groups. Next, we investigated the diagnostic

potential of NONHSAT053785 by calculating AUC values

for both serum NONHSAT053785 and AFP. Interestingly,

the AUC of AFP (0.960) in our study was much higher

than the previously reported range (AUC: 0.64–0.77).18–20

This phenomenon could be due to the fact that most of our

patients were at the advanced stage of HCC, and therefore,

presented significantly elevated levels of AFP. The ROC

curve for NONHSAT053785 showed a promising AUC

value of 0.801, with a sensitivity of 73.2% and

a specificity of 75.4%. Although lower than the AUC of

AFP, the diagnostic efficiency of NONHSAT053785 in the

current study was similar to that of AFP (AUC: 0.64–-

0.77), des-gamma-carboxy prothrombin (DCP, AUC:

0.71), and lectin-reactive AFP (AFP-L3, AUC: 0.73)

from previous studies in HCC patients,18 thereby suggest-

ing the diagnostic value of NONHSAT053785. However,

additional studies, including a larger patient population

and early HCC patients, are needed to confirm the poten-

tial diagnostic value of NONHSAT053785 in HCC.

In order to further reveal the possible influence of

NONHSAT053785 on HCC, the correlations between

NONHSAT053785 expression in the serum of HCC and

the clinical characteristics were analyzed. The results

showed that the serum level of NONHSAT053785 was

significantly associated with IM, Child–Pugh classifica-

tion, CEA, T-BIL, AST, ALP, and monocytes. Moreover,

the level of serum NONHSAT053785 was significantly

upregulated in HCC patients with IM, confirmed by the

Mann–Whitney U-test. In addition, Spearman’s analysis

further confirmed the correlation between serum

NONHSAT053785 and clinical features. The expression

of serum NONHSAT053785 was positively correlated

with IM, BCLC staging, CEA, ferritin, T-BIL, AST,

ALP, γ-GGT, LDH, 5ʹ-NT, WBCs, and monocytes.

Together, the expression of serum NONHSAT053785

was significantly correlated with IM, tumor biomarkers,

liver metabolic enzymes, and hematocytes of peripheral

blood, which was confirmed by two different statistical

methods. Surprisingly, these results partially corroborate

with our previous research. The lncRNA

NONHSAT053785 was a novel lncRNA discovered by

microarray and validated through qRT-PCR in our pre-

vious study; it was found to be dysregulated in tissues of

HCC patients. The previous bioinformatics analysis also

verified that NONHSAT053785 was related to the biolo-

gical metabolism processes. Moreover, the lncRNA-

mRNA coexpression network showed that 26/28 mRNAs

coexpressing with NONHSAT053785 were metabolic

enzymes.14 Taken together, our previous and current

results strongly suggest that NONHSAT053785 is

involved in the biological metabolism processes of HCC

tumorigenesis and might affect the invasion ability of the

tumor. One possible hypothesis is that lncRNA

NONHSAT053785 may interact with metabolism-related

enzymes to promote the invasion and metastasis of HCC

cells. Recent studies have shown that some circulating

Table 3 Spearman’s Analysis of Correlation Between Serum

NONHSAT053785 and Clinical Characteristics

Variables NONHSAT053785 Expression

Level

Spearman Correlation P-value

Gender −0.025 0.797

Age (years) 0.001 0.996

Smoking status −0.064 0.506

Alcohol consumption 0.056 0.558

HBV-DNA (IU/mL) 0.047 0.631

Cirrhosis −0.106 0.265

Tumor size (cm) 0.062 0.540

Tumor number 0.107 0.274

Histological differentiation 0.252 0.122

GVI 0.114 0.259

MVI −0.244 0.179

Intrahepatic metastasis 0.301 0.001

Extrahepatic metastasis 0.110 0.247

Child–Pugh classification 0.163 0.086

BCLC staging 0.223 0.019

TNM staging 0.152 0.124

AFP (ng/mL) 0.085 0.371

CEA (ng/mL) 0.205 0.033

Ferritin (ng/mL) 0.219 0.035

TP (g/L) 0.016 0.863

ALB (g/L) −0.158 0.095

T-BIL (µmol/L) 0.205 0.030

AST (U/L) 0.273 0.004

ALT (U/L) 0.088 0.358

ALP (U/L) 0.362 < 0.0001

γ-GGT (U/L) 0.260 0.006

AFU (U/L) 0.157 0.141

CHE (U/L) −0.144 0.131

LDH (U/L) 0.355 <0.001

5ʹ-NT (U/L) 0.328 0.002

GLU (mmol/L) 0.009 0.937

WBC (×109/L) 0.378 <0.0001

PLT (×109/L) 0.172 0.070

Lymphocyte (×109/L) −0.045 0.636

Monocyte (×109/L) 0.226 0.017

Note: P<0.05 was considered significant and is shown in bold numbers in the table.
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lncRNAs were correlated with and may be derived from

peripheral blood cells. The plasma lncRNA metastasis-

associated lung adenocarcinoma transcript 1 (MALAT1)

expression of sepsis was positively correlated with WBC

(P=0.017).21 The plasma levels of lncRNA IL-7R were

correlated with WBC (P=0.0064) in patients with acute

respiratory distress syndrome.22 The lncRNA CoroMarker

mainly exists in the extracellular vesicles, probably from

monocytes, and is stable in plasma.23 These findings were

consistent with the current results that serum

NONHSAT053785 expression was correlated with periph-

eral blood cells.

A B C

D E F

G H I

J

Figure 3 Spearman correlation scatter plot of serum NONHSAT053785 levels and peripheral blood indexes. (A) Correlation between NONHSAT053785 and CEA. (B)
Correlation between NONHSAT053785 and Ferritin. (C) Correlation between NONHSAT053785 and T-BIL. (D) Correlation between NONHSAT053785 and AST. (E)
Correlation between NONHSAT053785 and γ-GGT. (F) Correlation between NONHSAT053785 and ALP. (G) Correlation between NONHSAT053785 and 5ʹ-NT. (H)

Correlation between NONHSAT053785 and LDH. (I) Correlation between NONHSAT053785 and monocytes. (J) Correlation between NONHSAT053785 and WBC.

P<0.05 was considered significant.
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Despite advances in the technology for diagnosis and

treatment, HCC often recurs locally and distantly.

A common manifestation is IM, which heralds poor

patient survival.24 In HCC, early recurrence due to IM

leads to life-threatening tumor progression after curative

surgery.25 Therefore, predicting recurrence due to IM

Table 4 Univariate and Multivariate Analysis for the Risk Factors of Intrahepatic Metastasis

Variables Univariate Analysis Multivariate Analysis

OR 95% CI P-value OR 95% CI P-value

Gender (male vs female) 0.121 0.015–0.969 0.047 0.083 0.005–1.261 0.073

Age (years) 0.998 0.963–1.034 0.910

Smoking status (never vs ever/current) 2.245 1.022–4.932 0.044 2.979 0.861–10.302 0.085

Alcohol consumption (never vs ever/current) 2.608 1.165–5.838 0.020 0.877 0.268–2.873 0.828

Cirrhosis (with vs without) 1.112 0.512–2.415 0.789

Tumor size (<5 cm vs ≥5 cm) 9.382 2.605–33.797 0.001 22.501 2.828–179.038 0.003

Differentiation (well/moderate vs poor) 3.958 0.510–30.693 0.188

GVI (present vs absent) 2.637 1.154–6.030 0.022 4.007 0.908–17.686 0.067

MVI (present vs absent) 0.664 0.111–3.972 0.654

Child–Pugh classification (A vs B vs C) 1.626 0.828–3.191 0.158

BCLC staging (0 vs A vs B vs C vs D) 3.155 1.704–5.841 <0.001 0.918 0.300–2.814 0.881

TNM staging (I vs II vs III vs IV) 5.977 2.856–12.509 <0.001

NONHSAT053785 expression (copies/µL) 1.281 1.059–1.549 0.011 1.470 1.109–1.949 0.007

AFP (ng/mL) 1.000 1.000–1.000 0.274

CEA (ng/mL) 1.002 0.999–1.006 0.134

Notes: The multivariate logistic regression analysis model include gender, smoking status, alcohol consumption, tumor size, GVI, BCLC staging, and NONHSAT053785

expression. P<0.05 indicated statistical significance and is shown in bold numbers in the table.

Abbreviations: OR, odds ratio; CI, confidence interval.

Table 5 Stratification Analysis of NONHSAT053785 Expression Levels with the Risk of Intrahepatic Metastasis

Variables Univariate Analysis Multivariate Analysis

OR 95% CI P-value OR 95% CI P-value

Age (years)

<55 1.198 0.937–1.533 0.149 1.301 0.907–1.868 0.153

≥55 1.411 1.037–1.919 0.029 1.869 1.049–3.329 0.034

Smoking status

Never 1.283 1.008–1.632 0.043 1.511 1.022–2.234 0.038

Ever/Current 1.399 0.996–1.965 0.053 1.303 0.712–2.387 0.391

Alcohol consumption

Never 1.179 0.905–1.536 0.221 1.069 0.719–1.589 0.743

Ever/Current 1.411 1.044–1.906 0.025 1.706 1.133–2.568 0.011

Cirrhosis

With 1.282 0.994–1.653 0.056 1.453 0.909–2.322 0.118

Without 1.287 0.966–1.715 0.084 1.296 0.910–1.845 0.150

Tumor size (cm)

<5 0.791 0.339–1.848 0.589 0.449 0.084–2.394 0.348

≥5 1.555 1.114–2.171 0.010 1.962 1.248–3.084 0.004

GVI

Present 1.225 0.876–1.714 0.235 1.425 0.871–2.334 0.159

Absent 1.272 1.003–1.613 0.047 1.390 0.970–1.991 0.073

Notes: The multivariate logistic regression analysis model include gender, age, smoking status, alcohol consumption, cirrhosis, tumor size, and GVI. P<0.05 was considered

statistically significant and is shown in bold numbers in the table.

Abbreviations: OR, odds ratio; CI, confidence interval.
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needs to be addressed urgently with respect to HCC treat-

ment. In addition, identifying other indicators of HCC

progression is crucial. Therefore, univariate and multivari-

ate analyses were performed to reveal the risk factors of

IM. Consistent with the previous study, the current study

also identified tumor size (≥5 cm) as an independent risk

factor of IM.26 Notably, the upregulated serum lncRNA

NONHSAT053785 has been shown to be an independent

risk factor of IM. Stratified analysis deciphered that the

increased risk of IM associated with the serum levels of

lncRNA NONHSAT053785 was prominent in subgroups

of elderly, non-smoking, drinking, and large size tumor

(≥5 cm) subjects. Subsequently, the ROC curve was per-

formed to estimate the predictive ability of

NONHSAT053785 and AFP expression for IM, and the

AUC was 0.678 (95% CI: 0.576–0.779, P=0.0015) for

NONHSAT053785 and 0.543 (95% CI: 0.432–0.655,

P>0.05) for AFP. The AUC of AFP was not statistically

significant in our results, suggesting that the serum levels

of lncRNA NONHSAT053785 could predict IM.

Therefore, the high expression of NONHSAT053785 was

identified as an independent risk factor for predicting IM

in HCC. These findings suggested that NONHSAT053785

could be a potential target for developing novel therapeutic

strategies for the clinical management of HCC.

To the best of our knowledge, the expression of serum

lncRNA NONHSAT053785 has not been studied previously.

The current results showed that serumNONHSAT053785was

positively correlated with CEA, ferritin, T-BIL, AST, ALP, γ-
GGT, LDH, and 5ʹ-NT, suggesting that NONHSAT053785

may be related to cellular damage and intracellular leakage,

thereby deeming it as a potential biomarker for liver damage.

Moreover, it is unknownwhether there are other lncRNAs that

leak out into the blood stream upon cellular damage accom-

panying HCC and eventually increased in the serum of HCC

patients. The present study mainly focused on the correlation

between serum expression level of NONHSAT053785 and

HCC and IM. In the subsequent studies, we will focus on the

role of NONHSAT053785 in cellular damage and explore

whether there are other liver-specific lncRNAs that leaks out

into the blood stream upon cellular damage accompanying

HCC. Notably, NONHSAT053785 is almost liver-specific.16

Therefore, the specificity of NONHSAT053785 in the diag-

nosis of HCC and the evaluation of liver damage is superior to

some non-liver specific lncRNAs and general enzyme chem-

istry. However, since NONHSAT053785 in serum might not

be abundant, the level needs to be detected by highly sensitive

methods, such as ddPCR.Nonetheless, these limitations do not

prevent the molecule from being a promising candidate as

a diagnostic and predictive biomarker of HCC and IM.

Nevertheless, the present study had two limitations. First,

because the majority of HCC patients were elderly men,

matching the control groups and matching the gender and

age in the three groups of participants was rather challenging

and could not be accomplished. However, the expression of

lncRNANONHSAT053785 inHCC patients was independent

of gender and age. Therefore, gender and age may have little

effect on the expression level of NONHSAT053785 in the

CHB and HC groups and ROC curve. Second, the mechanism

of NONHSAT053785 in the oncogenesis and development of

HCC and IMwas not clarified. However, this residual problem

Figure 4 Diagnostic value of serum NONHSAT053785 and AFP for the detection of HCC and prediction of intrahepatic metastasis. (A) The ROC curves of serum

NONHSAT053785 and AFP for the detection of HCC (NONHSAT053785: AUC: 0.801, 95% CI: 0.746–0.855, P<0.0001; AFP: AUC: 0.960, 95% CI: 0.938–0.982, P<0.0001).
(B) The ROC curves of serum NONHSAT053785 and AFP for the prediction of intrahepatic metastasis in HCC (NONHSAT053785: AUC: 0.678, 95% CI: 0.576–0.779,

P=0.0015; AFP: AUC: 0.543, 95% CI: 0.432–0.655, P=0.440).
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is beyond the scope of the present study andwould be explored

in our future work.

In conclusion, the current study demonstrated that

lncRNA NONHSAT053785 was an independent risk factor

for IM of HCC, which was closely correlated with peripheral

blood indicators and metabolic-related enzymes. The serum

lncRNA NONHSAT053785 had a predictive ability for IM

andmay have a diagnostic value forHCC.Taken together, our

results implied that NONHSAT053785 may be a crucial par-

ticipant of HCC pathogenesis via tumor invasion with

unknown mechanisms. These findings lay the foundation for

future research on the mechanism of NONHSAT053785 in

HCC. As a future research topic, one plausible hypothesis

could be that lncRNA NONHSAT053785 may interact with

metabolism-related enzymes to affect the tumorigenesis of

HCC. Nevertheless, it needs to be confirmed by subsequent

experiments. Overall, lncRNAs represent an emergingfield of

cancer research, and we are just beginning to understand the

importance and complicity of the ncRNAs in liver

carcinogenesis.7
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