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ABSTRACT

Background/Aims: Hepatocellular carcinoma (HCC) is one of the most common malignant tumors and the third leading cause of can-
cer-related mortality. Extensive literature suggests that long noncoding RNAs play a role in the progression of HCC and hold potential
as diagnostic biomarkers for this disease.

Materials and Methods: We examined the serum levels of HOX antisense intergenic RNA (HOTAIR) in 49 hepatitis patients, 31 liver cir-
rhosis (LC), and 37 HCC patients using quantitative real-time polymerase chain reaction. Correlations between serum HOTAIR levels and
clinical data were evaluated in HCC patients. The receiver operating characteristic curve was utilized to analyze the diagnostic potency
of HOTAIR.

Results: The HOTAIR levels in serum were significantly higher in HCC patients compared to those with hepatitis (P = .003) and LC
patients (P = .048). There was a significant association between the serum levels of HOTAIR and positivity of hepatitis B e antigen
(HBeAg) (P =.039) as well as portal vein tumor thrombus (P = .040) in HCC patients. The area under the curve (AUC) for HOTAIR for
distinguishing HCC from hepatitis and LC was 0.697. The combined AUC for HOTAIR, HBeAg, and alpha-fetoprotein (AFP) was 0.777.
Conclusion: Serum HOTAIR functions as a potential diagnostic marker for hepatitis B virus-related HCC. Combining HOTAIR with clini-

cal data and AFP can reinforce the diagnostic precision on HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most com-
mon cancer worldwide and a major type of primary liver
cancer.® The HCC has a higher incidence in develop-
ing regions, including China, the Republic of Korea, and
sub-Saharan Africa.* Infection with the hepatitis B virus
remains a contributing factor for HCC.>® A previous study
demonstrated that the incidence rates for HCC among
cirrhosis ranged from 1% to 8% per year.® However, tra-
ditional biomarkers have limitations in diagnosing early-
stage HCC. Despite being widely used for HCC diagnosis,
serum alpha-fetoprotein (AFP) has been criticized due to
its low sensitivity and specificity.” It has been noted that
more than 30% of early-stage HCC patients with small
tumors showed the same AFP levels as those in healthy
control;® moreover, serum AFP levels can even be within
normal ranges in 15%-30% of advanced HCC.® The low
sensitivity of AFP is the main drawback for HCC diagno-
sis. Thus, better biomarkers that could predict early HCC
and HCC progression are an urgent need.
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Long noncoding RNAs (IncRNAs) are a class of non-pro-
tein-coding RNAs that participate in cellular growth, pro-
liferation, and invasion.'®"" Emerging evidence suggests
that IncRNAs show differential expression in cancer pro-
gression and play crucial roles in tumorigenesis.'>'® As a
well-studied IncRNA, HOTAIR is known as an oncogene
and demonstrates elevated expression in various cancers
such as glioblastoma, lung cancer, and cervical cancer.'#-1¢
HOX antisense intergenic RNA is associated with epigen-
etic regulation, cancer susceptibility, poor survival, tumor
recurrence, and immune escape.'”'® Furthermore, it has
also been proven that HOTAIR levels were higher in HCC
tissues compared to normal liver tissues.'® Additionally,
the transcriptional activity of HOTAIR was positively
correlated with poor prognosis and disease progression
in HCC.2° An earlier report also indicated that HOTAIR
served as a predictive factor for HCC recurrence in liver
transplantation patients.”® Owing to these findings, we
hypothesize that HOTAIR may be a potential indicator
for HCC.

Received: July 6, 2023 Revision Requested: August 6, 2023 Last Revision Received: December 3, 2023 Accepted: December 10, 2023

Publication Date: February 18, 2024
DOI: 10.5152/tjg.2024.23314

Copyright @ Author(s) — Available online at https://www.turkjgastroenterol.org.
Content of this journal is licensed under a Creative Commons Attribution (CC BY) 4.0 International License

391


mailto:Dr_yuepan@163.com
http://orcid.org/0009-0000-4743-1551
http://orcid.org/0009-0001-9653-0959
http://orcid.org/0009-0000-7848-3995
http://orcid.org/0009-0000-8827-293X
http://orcid.org/0009-0009-5326-0416
http://orcid.org/0009-0007-4485-1797
http://orcid.org/0009-0009-8628-4481

Turk J Gastroenterol 2024; 35(5): 391-397

Pan et al. Diagnostic Significance of Serum HOTAIR in HCC

Based on the findings of previous studies, our study tries
to (i) analyze the serum HOTAIR level in hepatitis B virus
(HBV)-related hepatitis, liver cirrhosis (LC), and HCC
patients, (i) find out the relationship between HOTAIR
and clinical data in HCC patients, and (iii) explore the
accuracy of serum HOTAIR in HCC patients and diagnos-
tic significance of serum HOTAIR.

MATERIALS AND METHODS

Study Group

This study enrolled 49 patients with HBV infection, 31
patients diagnosed with LC and 37 individuals diagnosed
with HCC between December 2021 and March 2023
from the Public Health Clinical Center of Dalian. All par-
ticipants were infected with HBV and received antiviral
drugs such as tenofovir or entecavir. Patients who had a
history of chemotherapy or radiotherapy and those who
were infected with HCV were ruled out of the study.

All of the patients’ data collected were analyzed with-
out identifiable personal information. Written informed
consent was obtained from the patients included in the
study. The study was approved by the Ethical Committee
of The Public Health Clinical Center of Dalian (Approval
number: 2019-026-003).

Blood Samples and Laboratory Testing

Peripheral venous blood was collected from each par-
ticipant. All blood samples were tested immediately
after being collected from participants. Alanine amino-
transferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), y-glutamyl transpeptidase
(y-GT), and total bilirubin (TBIL) were tested by an auto-
mated chemistry analyzer (ADVIA 2400, SIEMENS AG,
Germany). Hepatitis B surface antigen (HBsAg) and anti-
body (HBsADb), hepatitis B e antigen (HBeAg), and anti-
body (HBeAb) and HBV core antigen (HBcAb) were tested

Main Points

We found that serum HOX antisense intergenic RNA
(HOTAIR) levels in hepatocellular carcinoma (HCC) were
significantly higher than those in hepatitis and liver cirrho-
sis patients.

Serum HOTAIR levels in HCC patients were associated
with portal vein tumor thrombus and hepatitis B e antigen
(HBeAg) positivity.

HOX antisense intergenic RNA may be a potential marker
for diagnosing hepatitis B virus-related HCC.

The combination of HOTAIR, alpha-fetoprotein, and
HBeAg improves the diagnostic efficacy of HCC.

by chemiluminescence analyzer (Architect i2000SR,
Architect, USA), according to the manufacturer's recom-
mendations. HBV DNA was detected by a Roche Light
Cycler 480 real-time fluorescence quantitative PCR
instrument. AFP was detected by the Cobas e411 module
(Roche Diagnostics, Germany).

RNA Extraction and Quantitative Real-Time
Polymerase Chain Reaction

LncRNAs were detected by the InRcute IncRNA gPCR Kit
(TIANGEN, Beijing, China). RNA was extracted from 200
pL serum by the RNA isolation commercial kit (TIANGEN,
Beijing, China) following its instructions. Reverse tran-
scription of RNA was carried out with InRcute IncRNA
First-Strand cDNA kit (TIANGEN, Beijing, China) by step.
The reference gene GADPH was used for normalization
of the expression levels. The IncRNA HOTAIR primer
sequence is F. 5'-GGTAGAAAAAGCAACCACGAAG
C-3, R 5'-ACATAAACCTCTGTCTGTGAGTGCC-3'.
The GAPDH primer sequence is F: 5'-CATCTTCTTTTG
CGTCGCCA-3', R: 5'-TTAAAAGCAGCCCTGGTGACC-3'.
Fold changes were calculated using 2-AACt for relative
quantification.

Statistical Analysis

The Statistical Package for the Social Sciences Statistics
software, version 23.0 (IBM Inc., Armonk, NY, USA), was
applied to the analyzed data. Normally distributed vari-
ables are presented as mean * SD, while nonparamet-
ric variables are presented as median and interquartile
ranges. Mann-Whitney U-test and Kruskal-Wallis H-test
were conducted to compare between any 2 independent
groups. Pearson’s chi-square x2 test was used to com-
pare qualitative variables among the HCC and LC hepa-
titis groups. The receiver operating characteristic (ROC)
analysis was performed to estimate the diagnostic value
and assess the area under curve (AUC), cutoff values,
sensitivity and specificity. A P <.05 was considered sta-
tistically significant.

RESULTS

Demographic and Laboratory Data of the Study Group
The demographic and biochemical data of patients,
including serum AST, ALT, PA, y-GT, ALP, TBIL, DBIL,
HBsAg, HBsAb, HBeAg, HBeAb, and HBV DNA levels, are
presented in Table 1. There were no differences in gen-
der or age among the hepatitis, LC, and HCC groups. The
phase of hepatitis B is shown in Supplementary Table 1,
and the expression of HOTAIR did not vary across the
groups. The clinical stage of cirrhosis patients is presented
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Table 1. Demographic and Laboratory Data of the Patients

Data/Characteristics Hepatitis Liver Cirrhosis HCC
Number 49 31 37

Age (years) 53.27 +9.91 56.23+10.82 57.35+7.74
Male/female 27/22 17/14 20/17

AST (U/L) 21.30 (14.00-37.65) 39.80 (24.20-60.70) 28.50 (20.45-46.60)
ALT (U/L) 21.90 (17.80-43.15) 32.20 (19.80-112.90) 23.60 (16.80-47.75)
PA (mg/L) 216.20 + 64.28" 136.70 £ 63.48 128.40 £ 77.02
y-GT (U/L) 40.70 (18.15-72.45)" 67.10 (51.70-98.30) 65.75 (28.93-106.00)
ALP (U/L) 59.50 (41.25-74.85) 53.40 (24.60-146.80) 71.40 (51.13-108.90)

15.90 (10.60-22.50)"
470 (3.50-7.15)"

TBIL (umol/L)
DBIL (pmol/L)

HBsAg (IU/mL) >250.00"
HBsAb (mIU/mL) 0.72 (0.29-1.45)
HBeAg (N/P) 17/32"
HBeAb (N/P) 14/35
HBV-DNA (IU/mL) <300/>300 19/30™

22.40 (11.50-39.40)
8.60 (5.30-13.80)
250.00 (84.00-250.00)
1.02 (0.34-2.02)

19.90 (13.25-33.20)
8.85 (4.70-14.95)
250.00 (56.56-250.00)
0.63 (0.25-1.29)

18/13 23/14
14/17 16/21
18/13### 32/5

No specific value is displayed when the HBsAg value is greater than 250 S/CO.

AFP, alpha-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DBIL, direct bilirubin; y-GT, y-glutamyl
transferase; HBcAb, HBV core antigen; HBeAb, hepatitis B antibody; HBeAg, hepatitis B e antigen; HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B
surface antigen; HCC, hepatocellular carcinoma; LC, liver cirrhosis; PA, prealbumin; TBIL, total bilirubin; N, negative; P, positive.

*P < .05, HCC vs. hepatitis.
**p<.01.

***p < 001.

###P < 001, HCC vs. LC.

in Supplementary Table 2, and no significant differences
were observed in HOTAIR expression between the 2
groups. It should be noted that all patients with HCC had
cirrhosis.

Serum HOX Antisense Intergenic Ribonucleic Acid
Levels in Hepatocellular Carcinoma, Liver Cirrhosis, and
Hepadtitis Patients

Serum HOTAIR levels were higher in HCC patients com-
pared to hepatitis (P = .003) and LC patients (P = .048).
No significant difference in the serum HOTAIR levels was
shown between LC and hepatitis patients (Figure 1).

Association Between Serum HOX Antisense Intergenic
Ribonucleic Acid and Clinical Data in Hepatocellular
Carcinoma

The correlation between serum HOTAIR levels and clinical
data of HCC patients is displayed in Table 2. The results
revealed a close correlation between serum HOTAIR
levels and HBeAg (P = .039) positivity in HCC patients.
Serum HOTAIR levels in HBeAg-negative HCC patients
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Figure 1. The expression of HOTAIR in serum.
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were higher than that observed in HBeAg-positive HCC
patients. Moreover, serum HOTAIR level was significantly
correlated with PVTT (P = .040). However, no significant
correlation was found between HOTAIR levels and AST,
ALT, AFP, presence of extrahepatic metastasis, and size
or number of HCC lesions.

Diagnostic Accuracy of Serum HOX Antisense
Intergenic Ribonucleic Acid for Hepatocellular
Carcinoma

We utilized ROC curve analysis to assess the sensitivity,
specificity, and diagnostic accuracy of HOTAIR for HCC
patients. Additionally, we individually examined the diag-
nostic value of AFP and HBeAg, as well as their combina-
tion with the HOTAIR, for diagnosing HCC (Table 3).

At a cutoff value of 1.32, the AUC of HOTAIR for distin-
guishing the HCC group from the hepatitis and LC groups
was 0.697, with a sensitivity of 78% and a specificity of
65%. We also evaluated the diagnostic value of AFP for
HCC, which yielded an AUC of 0.726 with a sensitivity of
43% and a specificity of 100% at a cutoff level of 63.81,
indicating poor sensitivity for diagnosing HCC.

We found that the combination of AFP, HOTAIR, and the
reciprocal index of HBeAg (1/HBeAg) had a high AUC of
0.829 when distinguishing HCC from the hepatitis group.
The AUC was 0.777 when AFP, HOTAIR, and 1/HBeAg
were combined to distinguish HCC from LC and the hep-
atitis group. This finding suggests that the combination
of HOTAIR, AFP, and 1/HBeAg has a stronger diagnostic
efficiency compared to using only HOTAIR or AFP alone.

DISCUSSION

In the present study, we found that HOTAIR may be a
useful tumor marker for diagnosing HBV-related HCC.
Combining HOTAIR with clinical data and AFP improves
the diagnostic efficacy of HCC. Increasing evidence
proves that HOTAIR acted as an oncogene and took part
in the initiation and progression of HCC.2'22 A lot of basic
research has explored and revealed the foundational
mechanism of HOTAIR in HCC development and pro-
gression.?®*?* Based on clinical research, previous studies
reported that the expression of HOTAIR in HCC tissues
was higher than in adjacent noncancerous tissues.'®2®
Recently, it has become a noninvasive and convenient way
to detect serum proteins, IncRNA, and other molecules
for disease diagnosis.?®?” In our study, we demonstrated
that the expression of serum HOTAIR was obviously

Table 2. Relationship Between Serum LncRNA-HOTAIR Levels and
Clinical Data in Hepatocellular Carcinoma Patients

HOTAIR Relative

Characteristics n Expression P

Gender .267
Male 21 1.59 (1.01, 3.21)
Female 16 2.12 (1.67,5.94)

Age 212
<55 13 1.59 (0.9, 2.80)
>55 24 2.29 (1.56, 3.47)

ALT .853
<45 26 2.03 (1.14,3.39)
>45 11 1.96 (1.21, 3.09)

AST 448
<45 24 1.75 (1.04, 3.39)
>45 13 2.29(1.62,3.09)

AFP 540
<200 24 1.87 (1.12,3.27)
>200 13 2.38(1.36,3.32)

HBeAg .039
<1 23 2.38(1.57,3.61)
>1 14 1.58 (0.71,2.38)

BCLC stage .065
0-A 15 1.34 (0.75,2.92)
B-D 22 2.29 (1.69, 3.72)

Extrahepatic metastasis .326
Yes 6 2.53(1.563,7.24)
No 31 1.75 (0.98, 3.03)

PVTT .040
Yes 9 4.05 (1.74,7.56)
No 28 1.73 (1.07,2.82)

Tumor size 257
<5cm 27 2.12(0.98,2.98)
>5cm 10 2.01(1.63,7.24)

Tumor number 245

Single 19
Multiple 18

Significant correlation at P < .05.

AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate ami-
notransferase; BCLC, Barcelona Clinic Liver Cancer; HBeAg, hepatitis B e
antigen; HCC, hepatocellular carcinoma; LC, liver cirrhosis; PA, prealbumin;
PVTT, portal vein tumor thrombus.

1.75 (0.82, 2.92)
2.29 (1,53, 4.22)
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Table 3. Diagnostic Efficacy of Serum HOTAIR and Clinical Data in Distinguishing Hepatocellular Carcinoma from Hepatitis and LC

Characteristics AUC Sensitivity (%) Specificity (%) Cutoff P
HCC vs. hepatitis
HOTAIR 0.701 73 69 1.63 .001
AFP 0.737 73 7 4.51 <.001
1/HBeAg 0.709 81 55 0.22 .002
HOTAIR +1/HBeAg + AFP 0.829 60 97 - <.001
HCCvs. LC
HOTAIR 0.690 78 68 1.29 .007
AFP 0.701 43 100 63.81 .006
1/HBeAg 0.595 92 29 0.09 172
HOTAIR+1/HBeAg +AFP 0.733 49 100 - .002
HCC vs. hepatitis +LC
HOTAIR 0.697 78 65 1.32 .001
AFP 0.726 43 100 63.81 <.001
1/HBeAg 0.664 95 36 0.03 .006
HOTAIR +1/HBeAg + AFP 0.777 60 90 - <.001

1/HBeAg, the reciprocal index of HbeAg; AUC, area under the curve; AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; LC, liver cirrhosis.

elevated in HBV-related HCC patients compared to LC
and hepatitis groups. This result is in line with the findings
of Lou et al.2® They demonstrated that, compared to liver
cirrhosis and healthy groups, the serum level of HOTAIR
was higher in HCC patients.

We tried to explore the association between serum
HOTAIR levels and clinical data in HCC patients. We found
that serum HOTAIR levels were correlated with PVTT.
The previous paper also reported that the HOTAIR level
in HCC tissues was correlated to tumor node metasta-
sis, extrahepatic metastasis, vascular invasion, and tumor
size.?® High expression of HOTAIR in HCC tissues indi-
cated a significantly short recurrence-free survival.”® In
assistance with this data, we considered that HOTAIR
might be a suitable predictive biomarker for HCC diag-
nosis and prognosis. In addition, we revealed that the lev-
els of HOTAIR were significantly correlated with HBeAg
positivity. Recent findings have shown that hepatocellular
carcinoma can still develop in a substantial proportion of
HBeAg-negative patients.2%3° Consistent with these find-
ings, we discovered that 23 out of 37 participants with
HCC (62.2%) were HBeAg-negative (HBeAg <1.0 S/CO).

To assess the diagnostic value of HOTAIR, ROC analysis
was conducted, which held an AUC of 0.697 with a sensi-
tivity of 78% in distinguishing HCC from hepatitis and LC
groups. We speculated that HOTAIR could be a promising

tumor marker for detecting HCC. Interestingly, our analy-
sis revealed that 1/HBeAg held 95% sensitivity in discrim-
inating HCC from hepatitis and LC groups. We attempted
to incorporate the value of HBeAg into a combined diag-
nosis and found that when using both markers together
with AFP, the AUC was improved to 0.777 for diagnos-
ing HCC accurately. Therefore, combing these markers
together can improve the diagnostic accuracy of HCC.

The study had several limitations. First, only 37 HCC
patients were enrolled in the research, and we did
not include healthy individuals in the control groups.
Secondly, although all participants used antiviral drugs,
some patients took both tenofovir and entecavir. The
impact of different types of drugs on HOTAIR expression
is also unknown. Thirdly, we also did not know the effect
of fatty liver on the outcome. All participants were from
China; therefore, the results may not apply to patients
from other racial groups. The novelty of this study was
that all participants were hepatitis B-related patients, and
all HCC patients had cirrhosis.

In conclusion, we validated that the expression of serum
HOTAIR is higher in HCC patients compared to hepati-
tis and LC patients. Additionally, a significant correlation
exists between the serum levels of HOTAIR and HBeAg,
as well as PVTT, in HCC patients. Furthermore, HOTAIR
has the potential to be a helpful diagnostic marker for
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distinguishing HCC from hepatitis and LC groups. The
combination of HOTAIR and clinical tests with AFP fur-
ther improves the diagnostic accuracy of HCC. We plan
to confirm the diagnostic accuracy of serum HOTAIR in a
larger cohort of HCC patients in the near future.
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Supplementary Table 1. Phase of Hepatitis B in Hepatitis B Virus

Supplementary Table 2. Clinical Stage of Liver Cirrhosis Patients

Patients

HOTAIR Relative
Phase of Hepatitis B n HOTAIR Relative Expression Clinical Stage of Cirrhosis n Expression
HBeAg positive chronic 23 0.96 (0.45-1.51) Compensated cirrhosis 5 0.64 (0.37-0.69)
infecti
Infection Decompensated cirrhosis 26 1.08 (0.69-2.64)
rBeA%:.pOSItlve chronic 9 0.77 (0.31-2.41) No significant difference in HOTAIR levels between compensated and

epatitis decompensated cirrhosis group. HOTAIR, HOX antisense intergenic RNA.

HBeAg negative chronic 15 2.13 (0.48-4.06)
infection
HBeAg negative chronic 2 0.31(0.18-0.44)
hepatitis

No significant different in HOTAIR levels in four groups. HBsAg, hepatitis B
surface antigen; HOTAIR, HOX antisense intergenic RNA.




