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hypomethylation is associated with poor
outcomes via the activation of ST18 in human
hepatocellular carcinoma
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Abstract
The level of long interspersed nuclear element-1 (LINE-1) methylation, representing the global deoxyribonucleic acid methylation
level, could contribute to the prognosis of cancer via the activation of oncogenes. This study was performed to evaluate the
prognostic implications of LINE-1 hypomethylation in patients with hepatocellular carcinoma (HCC) and the possible mechanisms
related to oncogene activation.
Seventy-seven HCC patients between October 2014 and September 2015 were enrolled in this prospective study. Quantitative

pyrosequencing was performed to assess the LINE-1 methylation level of HCC and matched non-HCC tissue samples. The
expression of suppression of tumorigenicity 18 was measured by immunohistochemistry and its correlation with LINE-1 methylation
levels was examined.
LINE-1 was significantly hypomethylated in the HCC tissue compared with the matched nontumor tissue (64.0 ± 11.6% vs 75.6±

4.0%, P< .001). LINE-1 hypomethylation was an independent risk factor for overall survival (hazard ratio=27.291, P= .032) and
disease progression (hazard ratio=5.298, P= .005). The expression of suppression of tumorigenicity 18 was higher in the
hypomethylated LINE-1 HCC tissue than the hypermethylated LINE-1 tumor tissue (P= .030).
LINE-1 hypomethylation may serve as a potential prognostic marker for patients with HCC.

Abbreviations: CI = confidence interval, HCC = hepatocellular carcinoma, HR = hazard ratio, LINE-1 = long interspersed nuclear
element-1, ST18 = suppression of tumorigenicity 18.

Keywords: hepatocellular carcinoma, long interspersed nuclear element-1, methylation, prognosis, suppression of tumorigenicity
18

1. Introduction
Hepatocellular carcinoma (HCC) is the third leading cause of
cancer-related deaths worldwide and its incidence is increasing.[1]

Despite advances in HCC treatment, the prognosis is still
unsatisfactory because of advanced disease status at initial

diagnosis and high recurrence rates.[2] Predicting the prognosis in
HCC patients could help to determine the optimal therapeutic
modalities and affect the treatment outcomes, thus indicating
the importance of identifying prognostic markers. Although
various molecular and biological factors have been studied in
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HCC patients, reliable prognostic markers have not yet been
identified.[3]

Genetic and epigenetic alterations such as mutations in
oncogenes and tumor suppressor genes, insertion or deletion
of chromosome regions, and deoxyribonucleic acid (DNA)
methylation are related to many biological processes and underlie
the carcinogenesis of most malignancies.[4,5] Identification of
these molecular alterations provides valuable tools for early
diagnosis, prognosis prediction, and therapeutic targets.[6,7]

Among these, global DNA hypomethylation, the genome-wide
reduction of DNA methylation, is one of the distinguishing
features found in various types of human cancer and plays a
significant role in cancer development and progression.[8–10] The
global reduction of DNA methylation induces activation and
translocation of retrotransposons, thus facilitating chromosomal
instability which is crucial to tumor development.[11,12] Hence,
the global DNA methylation level may fulfill the role of a
prognostic biomarker for tumors.
Long interspersed nuclear element-1 (LINE-1) retrotranspo-

sons, comprising approximately 17% of the human genome, are
one of the most fundamental mobile genetic elements. The
methylation level of LINE-1 is a good indicator of the global
DNA methylation level. LINE-1 is epigenetically suppressed in
most differentiated somatic cells by the methylation of a
promoter and is often aberrantly hypomethylated and highly
expressed in human cancers.[13,14] LINE-1 hypomethylation
increases the expression of retrotransposon elements and
significantly alters gene function during cancer initiation and
progression, and is thus a promising prognostic factor.[15,16]

LINE-1 hypomethylation correlates with poor prognosis in
various types of human malignancies, including gastric cancer,
colon cancer, esophageal squamous cell carcinoma, and ovarian
cancer.[17–20] LINE-1 hypomethylation in tumors frequently
causes retrotransposition at various loci containing proto-
oncogenes and activates the genomic expression associated with
tumor invasion or metastasis.[21,22] In colon cancer, LINE-1
hypomethylation activates an alternate transcript of the c-MET
proto-oncogenes.[17] In addition, previous reports revealed that
tumors with LINE-1 hypomethylation showed increased CDK6
expression and promoted tumor progression in esophageal
squamous cell carcinoma and HCC.[23,24] A recent study
indicated that the hypomethylation of LINE-1 is associated with
the activation of suppression of tumorigenicity 18 (ST18)
expression in HCC.[25] However, it was mainly based on
experiments using liver cancer cell lines and mouse models, and
so the prognostic significance and the molecular mechanisms of
LINE-1 methylation in HCC patients remain unclear.
In the present study, we examined the association between

LINE-1 promoter hypomethylation and prognosis in HCC
patients. In addition, we also assessed the correlation between
LINE-1 methylation level and ST18 expression in HCC.

2. Methods

2.1. Patients and follow-up

HCC patients who visited Kyungpook National University
Hospital, Daegu, South Korea between October 2014 and
September 2015 were consecutively enrolled in this prospective
study. HCC tissue and nontumor tissue samples were obtained by
liver biopsy from all of these patients before specific treatment for
HCC. The clinical data and laboratory investigations of the

enrolled patients were examined at the initial diagnosis.
Exclusion criteria were age under 20 years, severe or uncontrolled
medical illness, malignancy other than HCC, infection, and
pregnancy. HCC was diagnosed by histopathology according to
the Edmondson-Steiner classification system and staged using the
system of the modified International Union Against Cancer.[26,27]

Liver cirrhosis was defined as a liver biopsy specimen showing
METAVIR stage F4.
During the follow-up period, laboratory tests including alpha-

fetoprotein and imaging studies using computed tomography or
magnetic resonance imaging were performed every 3 to 6months
to monitor the disease status. Overall survival time was defined as
the period from the initial diagnosis to the last follow-up or death.
Disease progression was defined according to the modified
Response Evaluation Criteria in Solid Tumors criteria, or death.
The primary endpoint was overall survival and the secondary
endpoint was disease progression.
The study was performed in accordance with the ethical

guidelines of theHelsinki Declaration of 1975, as revised in 2013.
All patients included in the study provided informed consent, and
the study protocol was approved by the Institutional Review
Board of Kyungpook National University Hospital (IRB No.
KNUH-2014-04-056-001).

2.2. Tissue specimens and DNA methylation analysis

Seventy-seven formalin-fixed, paraffin-embedded human HCC
tissue, and 77 corresponding nontumor tissue samples were used
for this study. The formalin-fixed, paraffin-embedded tissue
specimens were microdissected and analyzed, and DNA was
extracted with a QIAamp DNA Mini Kit (Qiagen, Hilden,
Germany), as per the manufacturer’s instructions. DNA was
modified with sodium-bisulfite using an EZ Methylation-Gold
Kit (Zymo Research, CA), and LINE-1 was amplified using a
LINE-1-specific polymerase chain reaction. The primer sequences
were forward: 5’-TGG TTA AGG GTT TGG GGA TAT T-3’,
reverse: 5’-(Biotin)-AAC ACA ATT CCC AAC CCA C-3’, and
sequencing: 5’-GGG TTT TGA ATT TGG TA-3’. Quantitative
bisulfite pyrosequencing using the PyroMark Q24 Advanced
(Qiagen) was performed to quantify themethylation levels of four
CpG sites in the repetitive LINE-1 sequence promoter, as
described previously.[17]

2.3. Immunohistochemistry

ST18 expression levels were assessed by an immunohistochemi-
cal study. The paraffin blocks containing representative tumor
regions were selected after a review of the corresponding
hematoxylin and eosin-stained slides. Immunohistochemical
staining of the ST18 antigens was performed using an automated
immunostainer, Ventana BenchMark XT (Ventana Medical
Systems, Tucson, AZ) with an UltraView kit, according to the
manufacturer’s protocol. Rabbit monoclonal ST18 (1:100, sc-
46675, Santa Cruz Biotechnology, Santa Cruz, CA) was applied
as the primary antibody, after which the samples were incubated
at 37°C for 32minutes followed by standard Ventana signal
amplification, and hematoxylin and a bluing reagent counter-
staining, consecutively. After the autostainer process, the slides
were mounted and examined by light microscopy. Positive
staining was indicated by a prominent brownish pigmentation in
the cytoplasm. Negative controls were obtained by omitting the
specific primary antibodies of the same species. Positive and
negative controls stained appropriately.
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2.4. Evaluation of immunohistochemical staining

ST18 immunostaining in a predominantly cytoplasmic pattern
was considered as positive; it was stained in most of the tumor
cells, although the staining intensity of ST18 staining was diverse
in each case. ST18 expression was assessed according to staining
and scored from 1 to 3 as follows:

1. weak staining,
2. moderate staining, and
3. strong staining (Fig. 1).

The stained samples were evaluated by an expert pathologist
blinded to the clinicopathological features or clinical outcome.

2.5. Statistical analysis

Dataarepresentedasmedian (interquartile range) orn (%)values as
appropriate. Categorical variables were compared using a Chi-
square test (or Fisher exact test), while continuous variables were
compared using the Mann–Whitney test (or the Kruskal–Wallis
test). The overall survival and cumulative disease progression rate
were estimated using theKaplan–Meiermethod, and the differences
were comparedusing a log-rank test. Factors associatedwith overall
survival and disease progression were identified by applying a
multivariate Cox proportional-hazards regression test using
variables that were significant in the univariate analysis. The hazard
ratio (HR) and 95% confidence interval (CI) were also determined.
A probability value of P< .05 was considered statistically
significant. The statistical analyses were performed using SPSS
(version 18.0, PASW Statistics Incorporated, Chicago, IL).

3. Results

3.1. Patients’ characteristics and treatment outcomes of
HCC patients

The baseline characteristics of the 77 patients (69 men and 8
women) enrolled in this study are summarized in Table 1. The

most common etiology of HCC was chronic hepatitis B (n=54),
followed by alcohol (n=9), chronic hepatitis C (n=7), and
coinfection of chronic hepatitis B and chronic hepatitis C (n=2).
The tumors were smaller than 5 cm in 42 patients (54.5%), and
37 patients (48.1%) had multiple tumors. Of the 77 patients, 42
had cirrhosis as the underlying liver disease.
Patients were treated according to the Barcelona Clinic Liver

Cancer guidelines. Twenty-two patients underwent hepatic
resection, 8 liver transplantation, 19 radiofrequency ablation,
2 chemoembolization, 9 systemic therapy (sorafenib), and 7
patients received the best supportive care including management
of pain, nutrition, and psychological support. Among the
enrolled patients, the treatment modalities of 10 were unknown
because of follow-up loss. Complete remission was achieved in 47
patients (61.0%).
During the study period (median 42.3months), disease

progression was identified in 48 patients (62.3%) at a median
of 4.9months, and 35 patients (45.5%) died at a median of
6.6 months. The most common cause of death was the
progression of HCC (n=29, 82.9%), followed by hepatic
failure. The overall survival rates were 79.2%, 68.8%, and
58.4% at 6, 12, and 24months, respectively.

3.2. LINE-1 methylation levels in HCC and nontumor
tissue

LINE-1 methylation levels were examined by pyrosequencing
analysis in 77 HCC and matched nontumor tissue. LINE-1
methylation levels in HCC samples were significantly lower
than in the matched non-HCC tissue (64.6±11.6% vs 75.6±
4.0%, P< .001 by the paired t test) (Fig. 2A). There was a
decreasing tendency for LINE-1 methylation from nontumor
tissue to HCC tissue (Fig. 2B). There was no significant difference
in LINE-1 methylation level between normal (n=35)
and cirrhotic tissue (n=42) (75.0±5.3% vs 76.2±3.0%,
P= .223).

Figure 1. Different expression status of ST18 in hepatic tumors and adjacent nontumor areas detected by immunohistochemistry. (A) Low expression, (B)
Moderate expression, (C) High expression. Magnifications: X10; boxed area: 40X. T = tumor region, N = adjacent nontumor area.
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Table 1

Correlations between LINE-1 methylation levels and clinical characteristics in HCC (n=77).

All
LINE-1 hypermethylation

(methylation ≥64.5%) (n=39)
LINE-1 hypomethylation

(methylation <64.5%) (n=38) P value

Demographic variables
Age, yr (<60/≥60) 36/41 (46.8/53.2) 21/18 (53.8/46.2) 15/23 (39.5/60.5) .206
Sex, male/female 69/8 (89.6/1.4) 37/2 (94.9/5.1) 32/6 (84.2/15.8) .154
Etiology, viral/nonviral 63/14 (81.8/18.2) 31/8 (79.5/2.5) 32/6 (84.2/15.8) .944
Previous HCC treatment history, no/yes 60/17 (77.9/22.1) 33/6 (84.6/15.4) 27/11 (71.1/28.9) .151

Tumor variables
Size of tumor, <5 cm/≥5 cm 42/35 (54.5/45.5) 19/20 (48.7/51.3) 23/15 (60.5/39.5) .298
Number of tumor, single/multiple 40/37 (51.9/48.1) 22/17 (56.4/43.6) 18/20 (47.4/52.6) .427
PVT, no/yes 57/20 (74.0/26.0) 28/11 (71.8/28.2) 29/9 (76.3/23.7) .651
T stage, 1–2/3–4 37/40 (48.1/51.9) 20/19 (51.3/48.7) 17/21 (44.7/55.3) .565
N stage, 0/1 75/2 (97.4/2.6) 37/2 (94.9/5.1) 38/0 (100.0/0.0) .494
M stage, 0/1 72/5 (93.5/6.5) 38/1 (97.4/2.6) 34/4 (89.5/10.5) .200
Modified UICC stage, I–II/III–IV 36/41 (46.8/53.2) 20/19 (51.3/48.7) 16/22 (42.1/57.9) .420
Performance status, 0–1/2–3 74/3 (96.1/3.9) 38/1 (97.4/2.6) 36/2 (94.7/5.3) .615

Laboratory variables
Aspartate aminotransferase, IU/L (<40/≥40) 40/37 (51.9/48.1) 21/18 (53.8/46.2) 19/19 (50.0/50.0) .736
Alanine aminotransferase, IU/L (<40/≥40) 53/24 (68.6/31.2) 27/12 (69.2/30.8) 26/12 (68.4/31.6) .939
Alpha-fetoprotein, ng/mL (<20/≥20) 47/30 (61.0/39.0) 25/14 (64.1/35.9) 22/16 (57.9/42.1) .704
LC, no/yes 35/42 (45.5/54.5) 18/21 (46.2/53.8) 17/21 (44.7/55.3) .901
Child-Pugh class, A/B 27/15 (64.3/35.7) 13/8 (61.9/38.1) 14/7 (66.7/33.3) .747
Presence of ascites, no/yes 71/6 (92.2/7.8) 34/5 (87.2/12.8) 37/1 (97.4/2.6) .2

HCC=hepatocellular carcinoma, LC= liver cirrhosis, LINE-1 = long interspersed nuclear element-1, PVT=portal vein thrombosis.
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Figure 2. The levels of LINE-1 methylation in HCC tissue and matched nontumor tissue (n=77). (A) LINE-1 methylation levels were significantly lower in the HCC
tissue compared with the nontumor tissue (left, 64.6±11.6% vs 75.6±4.0%, paired t test; P< .001; right, grey vertical boxes in the pyrograms illustrate individual
CpG sites analyzed). (B) There was a decreasing tendency for LINE-1 methylation levels from non-tumor tissue to HCC tissue. HCC = hepatocellular carcinoma,
LINE-1 = long interspersed nuclear element-1.
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3.3. LINE-1 methylation levels and HCC patient outcomes

Dividing the methylation level by the quartile categorical variable
(i.e., first quartile cases [Q1; ≥72.21%], second quartile cases
[Q2; 64.5–72.21%], third quartile cases [Q3; 56.52–64.5%],
and fourth quartile cases [Q4;<56.52%]), overall survival was
higher in Q1 than in Q2, Q3, and Q4 (Fig. 3A). Therefore, we
defined the LINE-1 methylation level as follows: Q1 as the
“hypermethylation group” and a combination of Q2, Q3, and

Q4 as the “hypomethylation group.” The hypomethylation
group tended to have shorter overall survival (median 36.2
months vs 44.6months) and progression-free survival (median
8.1months vs 19.5months) compared with the hypermethylation
group, although these were not statistically significant (log-rank
test: P= .102, P= .075, respectively) (Fig. 3B and C). The overall
survival rates at 6, 12, and 24months were lower in the
hypomethylation group (77.6%, 67.2%, and 53.4%, respective-
ly) than in the hypermethylation group (84.2%, 73.7%, and
73.7%, respectively). The rates of disease progression at 6, 12,
and 24months were also higher in the hypomethylation group
(43.3%, 57.9%, and 72.6%, respectively) than in the hyper-
methylation group (17.6%, 35.3%, and 47.1%, respectively).
In a multivariate analysis, LINE-1 hypomethylation was

identified as an independent prognostic factor of overall survival
(HR=27.291, 95% CI=1.326–561.749, P= .032) and disease
progression (HR=5.298, 95% CI=1.663–16.873, P= .005) in
HCC patients (Table 2). In a subgroup analysis of 41 patients
with stage III or IV, LINE-1 hypomethylation was also found to
be independently associated with overall survival and disease
progression (P= .027, P= .006, respectively) (Table 3).

3.4. Association of LINE-1 methylation with the expression
of ST18 in HCC

Since recent evidence suggests that ST18 is activated via LINE-1
hypomethylation,[25] we examined ST18 expression using
immunohistochemical analysis in 51 HCC patients. The patients
were classified into 2 groups based on the median LINE-1
methylation level (64.5%) of the HCC tissue samples: 25 with a
LINE-1 methylation level of <64.5% and 26 with a LINE-1
methylation level of ≥64.5%. When the immunohistochemical
staining scores were grouped into low expression (score 1–2) and
high expression (score 3), 11 of the 25 cases (44%) showed high
ST18 expression in hypomethylated LINE-1 patients, whereas
only 6 of 26 cases (23.1%) exhibited high ST18 expression in
hypermethylated LINE-1 patients (P= .030) (Fig. 4). Hence,
elevated ST18 expression was significantly associated with LINE-
1 hypomethylation in the HCC patients.

4. Discussion

LINE-1 methylation level is regarded as a useful representative
for estimating the global DNA methylation status,[28,29] while
aberrant LINE-1 hypomethylation is known as a potential
prognostic marker for various types of cancer.[18,19] However,
the role of LINE-1 hypomethylation in the pathogenesis of HCC
is still not fully understood. In this study, we evaluated the
prognostic relevance of LINE-1 hypomethylation in HCC as well
as the relationship between ST18 expression and LINE-1
methylation.
In the present study, we demonstrated that the LINE-1

methylation level was significantly lower in HCC tissue
compared with nontumor tissue, and LINE-1 hypomethylation
was significantly associated with overall survival and disease
progression in HCC patients. Moreover, LINE-1 hypomethyla-
tion was correlated with elevated ST18 expression.
LINE-1 was significantly hypomethylated in HCC tissue

compared with matched nontumor tissue. However, there was
no significant difference in LINE-1 methylation level between the
nontumorous tissue samples (normal vs cirrhosis), which
indicates that hypomethylation of LINE-1 has a crucial role
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Figure 3. (A) Kaplan–Meier plots of overall survival according to LINE-1
methylation level in 77 hepatocellular carcinoma (HCC) patients divided into
quartiles Q1–4: Overall survival was higher in Q1 than in Q2, Q3, and Q4. Q1
represents the “hypermethylation group” and a combination of Q2, Q3, and Q4
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statistically significant (log-rank test: P= .102). (C) Kaplan–Meier plots of
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patients with LINE-1 hypomethylation (median 8.1months) than those with
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statistical significance (log-rank test: P= .075). HCC = hepatocellular
carcinoma, LINE-1 = long interspersed nuclear element-1.
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during the hepatocarcinogenesis and is a specific event associated
with the development of HCC rather than other pathologic
processes in the liver, including chronic hepatitis and cirrho-
sis.[25,30] In the present study, LINE-1 hypomethylation was
associated with poor overall survival and disease progression
after adjusting for other factors. LINE-1 methylation status could
be used as a reliable prognostic biomarker in HCC patients.
Furthermore, the LINE-1 methylation level could affect the
management of HCC patients and help to decide the frequency of
follow-up examination. Previous studies of LINE-1 hypomethy-
lation in human HCC included patients who had undergone
hepatectomy, so only early-stage HCC was examined.[21,24] Our
study included HCC patients with various cancer stages and
therapeutic modalities. Interestingly, LINE-1 hypomethylation
was also revealed as an independent predictor of overall survival
and disease progression in patients with advanced-stage HCC
(stage III–IV). Thus, LINE-1 hypomethylation could affect
the prognosis of not only early-stage but also advanced-stage
HCC patients. However, this requires validation with further
studies.
LINE-1 comprises highly repetitive sequences that exist

throughout the human genome. It contains a CpG island in

the 5’-UTR region which is often heavily methylated in normal
somatic cells.[29,31] The biological function of LINE-1 hypo-
methylation has not been thoroughly investigated, although
several hypotheses have been suggested to explain the involve-
ment of LINE-1 hypomethylation in tumorigenesis and cancer
progression. The hypomethylation of retrotransposons induces
genomic instability, a high frequency of DNA-double strand
breaks, and reactivation of transposable elements.[9,32,33] By a
“copy and paste” mechanism, retrotransposons are replicated
and inserted into new genomic regions. Activated retrotranspo-
sition disrupts gene structure and coding sequence, dysregulates
gene expression, and activates oncogenic pathways during
carcinogenesis.[25,34,35] Once the tumor has developed, LINE-1
promoter methylation gradually decreases as the tumor pro-
gresses,[36,37] aberrantly activating an additional antisense
promoter and downstream proto-oncogenes.[38] Previous find-
ings in HCC patients were consistent with other cancer patients,
in which LINE-1 methylation was significantly lower in tumor,
and LINE-1 hypomethylation was associated with poor overall
survival and disease progression in HCC patients. Moreover,
LINE-1 hypomethylation in HCC promoter proceeded to poor
outcomes via inducing expression of c-MET and CD133.[21,39]

Table 3

Multivariate analysis of factors associated with overall survival and disease progression in TNM stage III–IV (n=41).

Overall survival Disease progression

Univariate Multivariate Univariate Multivariate

P value P value Hazard ratio (95% CI) P value P value Hazard ratio (95% CI)

Previous HCC treatment history .044 .084
Size of tumor, cm (≥5 vs <5) .003 .011 3.959 (1.367–11.467) .007 .075
PVT .007 .004 3.531 (1.487–8.387) .038 .021 3.185 (1.188–8.535)
N stage .004 .004 17.653 (2.558–121.812) .006 <.001 56.026 (6.772–463.505)
M stage .202 .056
Performance status .016 .017 .003 11.935 (2.387–59.683)
CRP, mg/dL .001 <.001
Aspartate aminotransferase, IU/L .033 .01 .003 1.019 (1.006–1.031)
Presence of ascites .014 .001 41.993 (4.853–363.401) .016 <.001 156.833 (12.930–1902.309)
LINE-1 hypomethylation .404 .027 4.216 (1.179–15.074) .437 .006 7.519 (1.774–31.864)

CI= confidence interval, CRP=C-reactive protein, HCC=hepatocellular carcinoma, LINE-1 = long interspersed nuclear element-1, PVT=portal vein thrombosis, TNM= tumor-node-metastasis.

Table 2

Multivariate analysis of factors associated with overall survival and disease progression in all HCC patients (n=77).

Overall survival Disease progression

Univariate Multivariate analysis Univariate Multivariate analysis

P value P value Hazard ratio (95% CI) P value P value Hazard ratio (95% CI)

Previous HCC treatment history .02 .028
Number of tumors (multiple vs single) .004 .092
Size of tumor, cm (≥5 vs <5) <.001 .003 6.459 (1.910–21.844) <.001 .004 2.958 (1.411–6.200)
PVT <.001 <.001 .009 3.311 (1.348–8.137)
N stage <.001 .013 30.813 (2.066–459.512) .001 .022 7.934 (1.347–46.737)
M stage .003 .001 13.575 (3.090–59.649) .001 .013 4.141 (1.345–12.753)
Performance status .004 .001
CRP, mg/dL <.001 .011 1.418 (1.084–1.856) <.001 .012 1.391 (1.075–1.800)
Aspartate aminotransferase, IU/L .001 .001 .009 1.012 (1.003–1.021)
Serum albumin, g/dL <.001 .022
Alpha-fetoprotein, ng/mL (≥20 vs <20) .037 .108
Presence of LC .048 .005 5.055 (1.612–15.851) .454
Presence of ascites .692 .014 22.425 (1.874–268.357) .776 .055
LINE-1 hypomethylation .111 .032 27.291 (1.326–561.749) .081 .005 5.298 (1.663–16.873)

CI= confidence interval, CRP=C-reactive protein, HCC=hepatocellular carcinoma, LC= liver cirrhosis, LINE-1 = long interspersed nuclear element-1, PVT=portal vein thrombosis.
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ST18 is a member of the NZF/MyT1 zinc-finger transcription
factor family[40] and it has been proposed to act as either a tumor
suppressor or an oncogene in different cancers.[41,42] While ST18
expression is usually repressed in normal liver tissue, the
activation of its expression is revealed in human and mouse
models of HCC. ST18 has a significant role in liver tumorigenesis
and proliferation of tumor cells, suggesting it as a possible
oncogene in HCC.[25,43] A previous study demonstrated that
inserted LINE-1 induced by LINE-1 hypomethylation inter-
rupted a negative feedback loop and resulted in ST18 activation
in liver cancer cell lines and mouse models for HCC.[25] In
addition, it was indicated that ST18 expression in HCC was
induced by tumor-associated macrophages, and these contribut-
ed reciprocally in liver carcinogenesis.[43] However, these studies
were performed mainly in vitro. In this study, HCC patients with
hypomethylated LINE-1 expressed higher ST18 expression than
those with hypermethylated LINE-1. These results support that
LINE-1 hypomethylation might affect the development and
progression of human HCC through activation of ST18.
There are several limitations in the present study. First, the

prognostic role of LINE-1 methylation according to the etiology
and treatment modalities could not be evaluated because of the
small number of patients who met the conditions. Second, we did
not examine the LINE-1 methylation level in dysplastic nodules,
regarded as precancerous lesions. Further studies with a large
number of patients are required to confirm the potential
prognostic value of LINE-1 methylation.
In conclusion, the present study revealed that LINE-1

hypomethylation is a prognostic marker in HCC patients.
LINE-1 hypomethylation plays an important role during the
development and progression of HCC via activation of ST18
expression.
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