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Recent studies have shown that metastasis-associated lung adenocarcinoma tran-

script 1 (MALAT1) was overexpressed in many human solid cancers, however, its

roles in plasma of hepatocellular carcinoma (HCC) patients were unclear. The aim

of this study was to investigate the significance of plasma MALAT1 levels in HCC

patients. Plasma samples were collected from pre-operative HCC, hepatic disease

patients, and healthy controls, and tissue samples from HCC patients and colorec-

tal cancer patients with liver metastasis. Plasma and tissue MALAT1 levels were

measured. Plasma MALAT1 levels were progressively and significantly higher in

HCC patients than hepatic disease patients, and higher in hepatic disease patients

than healthy controls. The expression of MALAT1 in HCC tissue was slightly

higher than that in paired non-cancerous liver tissue, but not significant. The

expression of MALAT1 in the non-cancerous liver tissue of 20 HCC patients was

significantly higher than that in normal liver tissue of 13 colorectal cancer

patients. In contrast, plasma MALAT1 levels were significantly low in HCC

patients with hepatitis B infection, and significantly high in patients with liver

damage B or liver cirrhosis. In a receiver–operator curve analysis of HCC and hep-

atic disease patients, the cut-off value of plasma MALAT1 was 1.60 and the area

under the curve was 0.66. Plasma MALAT1 levels were not correlated with a-feto-
protein or protein induced by vitamin K absence II, whereas sensitivity and speci-

ficity for the detection of HCC with the combination of MALAT1, a-fetoprotein,
and protein induced by vitamin K absence II were 88.6% and 75%, respectively.

In conclusion, the plasma MALAT1 level is associated with liver damage, and has

clinical utility for predicting development of HCC.

H epatocellular carcinoma (HCC) is one of the most com-
mon malignant tumors worldwide, particularly in East

Asian countries.(1) Hepatocellular carcinoma has been associ-
ated with chronic liver inflammation in hepatic disease patients
infected with certain types of hepatitis viruses. However, the
risk factors leading to HCC are complex and only partially
understood. The clinical heterogeneities of HCC and lack of
good diagnostic markers remain a major issue in the clinical
management of HCC.(2–4) The need for a reliable diagnostic
biomarker for HCC has attracted attention to this field.
Non-coding RNAs have emerged as a new class of functional

transcripts in eukaryotic cells. They have been categorized into
three subclasses based on the number of nucleotides: micro-
RNAs, 21–25 nt; small non-coding RNAs, <200 nt; and long
non-coding RNAs (lncRNAs), ≥200 nt.(5–7) Numerous micro-
RNAs have recently been shown to play key roles in various
biological processes in both normal and cancer tissues.(8–10)

Many lncRNAs have also been identified and the number of
studies examining their roles is rapidly increasing. Guttman
et al.(11) identified thousands of highly conserved lncRNAs in
mammals by means of chromatin signature mapping. Recent
studies reported that some lncRNAs played pivotal roles in
modulating cancer epigenetics and regulating important biologi-
cal processes.(12–14) Although it has been reported that circulat-
ing nucleic acids are stable and useful for many experiments,
their exact roles in cancer development and progression remain
unknown.
Metastasis-associated lung adenocarcinoma transcript 1, also

known as MALAT1, is an lncRNA of approximately 8 kb. It
was originally found to be overexpressed in non-small-cell
lung cancer patients who were at high risk of metastasis.(14,15)

Recent studies showed that MALAT1 was also overexpressed
in many human solid cancers, including breast, pancreas,
colon, prostate, and liver cancers.(14) Although the functions of
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MALAT1 in liver tissues are beginning to be understood, its
roles in plasma in HCC patients require further study.
We have investigated many circulating RNA biomarkers

using plasma samples in cancer patients, and obtained produc-
tive results. In the present study, MALAT1 levels in HCC
patients were measured in plasma and liver tissue, and their
significance or diagnostic utility was evaluated.

Materials and Methods

Patients. Eighty-eight pre-operative plasma samples were
collected from patients with HCC who underwent hepatectomy
at the Kyoto Prefectural University of Medicine (Kyoto, Japan)
between April 2010 and December 2012. Serum hepatitis B
surface antigen and anti-hepatitis C antibody were positive in
21 and 46 patients, respectively; 21 patients were negative for
both (NonBNonC). Clinical and survival data were available
for all patients. Plasma samples were also collected from 51
healthy controls without known cancers or hepatitis B or C
infection and 28 hepatic disease patients. The detailed clinico-
pathological features of HCC and hepatic disease patients, and

healthy controls are shown in Tables 1 and 2, and biochemical
parameters are shown in Table 3.

Tissue samples. Formalin-fixed paraffin-embedded HCC tis-
sues and paired non-cancerous liver tissues collected from 20
out of 66 HCC patients were examined. Of the 20 HCC
patients, 14 had hepatitis B or C and six had NonBNonC hep-
atitis. For the purpose of investigating the effects of hepatic
disease on the expression of MALAT1, normal liver tissue
samples collected from 13 colorectal cancer patients with liver
metastasis were also examined. These patients did not have
any other hepatic diseases, and no inflammatory changes were
detected in normal liver tissues.

Diagnoses of HCC. Pathological diagnoses and classifications
of HCC were carried out according to the General Rules for the
Clinical and Pathological Study of Primary Liver Cancer. Hepa-
tocellular carcinoma was staged according to the TNM classifi-
cation from the International Hepato-Pancreato-Biliary
Association and the International Union Against Cancer.(16)

Liver damage classification was defined in the General Rules for

Table 1. Clinicopathological features of hepatocellular carcinoma

patients and plasma levels of metastasis-associated lung

adenocarcinoma transcript 1 (MALAT1)

No.

Plasma MALAT1 levels

P-valueLow level High level

≤1.60

(n = 43)

>1.60

(n = 45)

Age, years Mean (range) 88 69 (48–84) 70 (43–86)

Gender Female 37 13 24 0.03

Male 51 30 21

Hepatitis B

antigen

Negative 67 31 36 0.38

Positive 21 12 9

Hepatitis C

antibody

Negative 42 23 19 0.29

Positive 46 20 26

Growth

pattern

Expanding 80 41 39 0.16

Infiltrating 8 2 6

Capsule

invasion

Absent 42 20 22 0.82

Present 46 23 23

Serosal

invasion

Absent 83 40 43 0.61

Present 5 3 2

Portal vein

invasion

Absent 74 37 37 0.62

Present 14 6 8

Number of

tumors

Single 71 32 39 0.15

Multiple 17 11 6

Liver damage A 75 40 35 0.04

B 13 3 10

Child–Pugh

score

A 85 43 42 0.08

B 3 0 3

Liver

parenchyma

Normal liver 5 2 3 0.64

Chronic

hepatitis

55 29 26

Liver cirrhosis 28 12 16

Stage (UICC) 1 55 28 27 0.52

2 26 11 15

3 6 4 2

4 1 0 1

UICC, International Union Against Cancer.Liver damage, defined in
the General Rules for the Clinical and Pathological Study of Primary
Liver Cancer.

Table 2. Characteristics of healthy controls and patients with

hepatic disease

Control Hepatic disease

(n = 51) (n = 28)

Age, years Mean (range) 61 (22–88) 63 (44–83)

Gender Female 24 16

Male 27 12

Hepatitis B antigen Negative 51 26

Positive 0 2

Hepatitis C antibody Negative 51 18

Positive 0 10

Liver damage A – 27

B – 1

Child–Pugh score A – 27

B – 1

Disease Hepatitis B 0 2

Hepatitis C 0 10

NAFLD 1 7

NASH 0 9

Liver parenchyma Normal liver 50 16

Chronic hepatitis 1 10

Liver cirrhosis 0 2

–, Not applicable. NAFLD, non-alcohlic fatty liver disease; NASH, non-
alcohlic steato hepatitis. Liver damage, defined in the General Rules
for the Clinical and Pathological Study of Primary Liver Cancer.

Table 3. Biochemical parameters in patients with hepatic disease or

hepatocellular carcinoma (HCC) and healthy controls

Control Hepatic disease HCC

AST (U ⁄ L) 23.9 � 11.3† 36.8 � 13.4 45.9 � 21.5†

ALT (U ⁄ L) 21.4 � 18.1† 37.8 � 25.7 39.6 � 22.5

T-Bil (mg ⁄ dL) 0.82 � 0.33 0.96 � 0.51 0.80 � 0.32

Alb (g ⁄ dL) 4.32 � 0.37 4.29 � 0.40 4.01 � 0.49†

Plt (9103) 220 � 67.8† 179 � 68.6 143 � 59.9†

PT (%) 105.7 � 20.5 106.8 � 15.1 96.4 � 17.0†

ICG 15 – – 15.3 � 8.4

†Significant difference compared with hepatic disease patients
(P < 0.05). Data are shown as mean � SD. –,No data. Alb, albumin;
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ICG
15, indocyanine green retention rate at 15 min; Plt, platelets; PT, pro-
thrombin percent activity; T-Bil, total bilirubin.
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the Clinical and Pathological Study of Primary Liver Cancer.
The indocyanine green retention test was included in this classi-
fication in addition to Child Pugh classification.

Ethical approval. Ethical approval was granted by the Faculty
of Science Ethics Committee at Kyoto Prefectural University
of Medicine (RBMR-C-179). Participants provided written
informed consent in order to participate in this study using the
approved procedure by the Ethics Committee.

Storage of plasma samples. Blood samples were processed
for the isolation of cell-free nucleic acids immediately after
collection using a three-spin protocol (350 rcf 9 g for 30 min
followed by 700 g for 5 min and 1600 g for 5 min) in order
to minimize residual cellular nucleic acids.(10,17) These plasma
samples were stored at �80°C until further analyses.

RNA extraction. In plasma samples, total RNA was extracted
from 400 lL cell-free plasma using a mirVana PARIS Kit
(Ambion, Austin, TX, USA) and eluted into 100 lL preheated
(95°C) Elution Solution, according to the manufacturer’s
instructions. The concentrations of total RNA in some plasma
samples measured by a Qubit 2.0 Fluorometer (Thermo Fisher
Scientific, Waltham, MA, USA) are shown in Figure S1. We
used these total RNAs without concentration adjustment for
the latter analysis. The RNA concentrations between HCC
patients and normal controls were not different (P = 0.24;
Fig. S1a), and no correlations between total RNA concentra-
tions and plasma MALAT1 levels were shown in HCC patients
and normal controls (P = 0.36 and 0.36, respectively;
Fig. S1b,c). In liver tissue samples, total RNA was extracted
from four slices of 15-lm-thick formalin-fixed paraffin-
embedded tissue (with a total thickness of 60 lm) using a
RecoverAll Total Nucleic Acid Isolation Kit (Ambion) and
eluted into 60 lL Elution Solution, according to the manufac-
turer’s instructions. RNA samples were stored at �80°C until
further analyses.

Detection of MALAT1 levels by quantitative RT-PCR. In plasma
samples, a reverse transcription reaction was carried out by 9
ll RNA of 100 lL total RNA extracted from 400 lL plasma
using a High Capacity RNA-to-cDNA Kit (Applied Biosys-
tems, Foster City, CA, USA). These cDNA products were pre-
amplified using a TaqMan PreAmp Master Mix Kit (Applied
Biosystems) according to the manufacturer’s instructions and
our previous study.(17) The MALAT1 levels were measured in
duplicate by a quantitative real-time PCR using the MALAT1
primer of a human TaqMan Gene Expression Assay Kit
(Applied Biosystems) following the manufacturer’s protocol.
In brief, quantitative PCR analyses were carried out using the
Step One Plus Real-Time PCR system (Applied Biosystems),
and cycle threshold (Ct) values were calculated using Step
One Software version 2.2.2 (Applied Biosystems). The DDCt
method relative to the level of MALAT1 in one control plasma
sample was used for comparisons of plasma MALAT1 levels.
This control plasma sample was derived from a 43-year-old
woman who was operated on for a gallbladder polyp and had
no specific medication or past history, including cancer or
infection. In the present study, we used a relative evaluation
method for plasma MALAT1 levels, because no stable or suit-
able internal controls for plasma lncRNA examinations cur-
rently exist.
In tissue samples, the expression of MALAT1 was calcu-

lated by quantitative real-time PCR using the MALAT1 primer
of a human TaqMan Gene Expression Assay Kit (Applied
Biosystems) following the manufacturer’s protocol, and was
then normalized according to the expression of b-actin. These
results were evaluated by the 2�DDCt method.

Comparison between plasma MALAT1 levels and clinicopatho-

logical features or biochemical parameters. Plasma MALAT1
levels in HCC patients were divided into two groups by the
cut-off values derived from a receiver–operator curve (ROC)
analysis, and compared with clinicopathological features. The
relationships of biochemical parameters in each group, for
example, serum alanine aminotransferase, aspartate amino-
transferase, total bilirubin, albumin, prothrombin percent activ-
ity, the indocyanine green retention rate at 15 min, platelets,
serum a-fetoprotein (AFP), and protein induced by vitamin K
absence II (PIVKAII), were also investigated.

Statistical analysis. The Wilcoxon signed rank test or Mann–
Whitney U-test was used to compare differences of the paired
or unpaired samples. Spearman’s correlation test was used to
determine the relationship between plasma MALAT1 levels
and biochemical parameters. A P-value less than 0.05 was
considered to indicate a significant difference. The ROC and
the area under the ROC curve (AUC) were used to assess the
feasibility of using plasma MALAT1 as a diagnostic tool for
the detection of HCC. The Youden index was used to deter-
mine cut-off values for plasma MALAT1 levels. All statistical
analyses were carried out using SPSS for Windows 11.5 (SPSS,
Chicago, IL, USA).

Results

Comparison of plasma MALAT1 levels between HCC patients

and healthy controls. Plasma MALAT1 levels were
9.17 � 43.62 (mean � SD, median 1.62) in HCC patients and
0.85 � 1.10 (mean � SD, median 0.40) in healthy controls;
therefore, plasma MALAT1 levels were significantly higher in
HCC patients than in healthy controls (P < 0.001; Fig. 1a).

Expression of MALAT1 in liver tissues. The expression of
MALAT1 was slightly higher in HCC tissue than in paired non-
cancerous liver tissue (n = 20), but was not significant
(P = 0.38; Fig. 1b). However, the expression of MALAT1 was
significantly higher in the non-cancerous liver tissue of HCC
patients (n = 20) than in normal liver tissue of colorectal cancer
patients with liver metastasis (n = 13) (P = 0.003; Fig. 1c).

Plasma MALAT1 levels in hepatic disease patients. Plasma
MALAT1 levels in hepatic disease patients (1.10 � 0.82, med-
ian 0.86) were significantly higher than those in healthy con-
trols (P = 0.005; Fig. 2a), and were also significantly lower
than those in HCC patients (P = 0.005; Fig. 2a).

Subgroup analysis of plasma MALAT1 level in HCC patients.

Plasma MALAT1 levels in HCC patients with hepatitis B virus
infection were significantly lower than those with hepatitis C
virus infection (P = 0.005; Fig 2b). Plasma MALAT1 levels
in HCC patients with liver damage B or liver cirrhosis
were significantly elevated (P = 0.01 or 0.02, respectively;
Fig. 2c,d).

Characteristics of each group. Patients with HCC were
slightly older and more frequently accompanied with liver cir-
rhosis due to a viral infection (Tables 1 and 2). However, bio-
chemical parameters, especially in aspartate aminotransferase,
alanine aminotransferase, albumin, and platelets, were growing
progressively and significantly worse in hepatic disease and
HCC patients (Table 3).

Diagnostic utility of plasma MALAT1. In an ROC analysis
between HCC and hepatic disease patients, the cut-off value of
plasma MALAT1 was 1.60 and the AUC was 0.66 (Fig. 3a).
Table 1 shows the relationships between plasma MALAT1
levels and clinicopathological features in HCC patients based
on the cut-off value (=1.60). Plasma MALAT1 levels were
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correlated with gender (P = 0.03) and liver damage classifica-
tion (P = 0.04), and slightly associated with the Child–Pugh
score (P = 0.08); however, no other significant relationships
were found, including measurements of AFP or PIVKAII
(P = 0.42 and 0.35, respectively; Fig. 3b). Sensitivity and
specificity for the detection of HCC with the combination of
plasma MALAT1, AFP, and PIVKAII were 88.6% and 75%,
respectively (Fig. 3c). This combination was more useful for
the diagnosis of HCC than the results obtained when they were
used alone.

Discussion

Recent studies have shown that MALAT1 played multiple roles
in normal and cancerous tissues.(14,15) The expression of
MALAT1 is known to be regulated by various molecules, such
as TDP-43(18) and DGCR8,(19) and is upregulated not only in
lung cancer, but also in breast, pancreas, colon, prostate, and
liver cancers.(14) It has been shown to interact with some
molecules, such as SRSF(20) and Pc2,(21) and alter the pattern of
alternative splicing.(22) Previous studies suggested that
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Fig. 1. Comparison of plasma and tissue levels of
metastasis-associated lung adenocarcinoma
transcript 1 (MALAT1) in hepatocellular carcinoma
(HCC) patients and healthy controls. (a) Differences
in relative plasma MALAT1 levels between HCC
patients (n = 88) and healthy controls (n = 51) were
evaluated by the Mann–Whitney U-test. (b)
Differences in relative MALAT1 expression between
HCC and paired non-cancerous liver tissues were
evaluated by the Wilcoxon signed rank test. (c)
Differences in relative MALAT1 expression between
non-cancerous liver tissue of HCC patients and
normal liver tissue of colorectal cancer (CRC)
patients with liver metastasis were evaluated by the
Mann–Whitney U-test. (a–c) Upper and lower limits
of the box plots and the line inside the boxes
indicate the 75th and 25th percentiles and the
median, respectively.
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MALAT1 was important for cancer progression, especially
metastasis,(15,23) however, lncRNAs, including MALAT1, have
recently been implicated in the process of liver regenera-
tion.(24,25) Xu et al.(24) reported that lncRNA promoted cell
cycle progression and accelerated hepatocyte proliferation dur-
ing liver regeneration. Yamamoto et al.(25) found that lncRNA-
H19 was involved in hepatocyte proliferation in rats and mice.
In the present study, we quantified plasma MALAT1 levels,

and confirmed that these levels were progressively and signifi-
cantly elevated in hepatic disease and HCC patients (Figs 1a
and 2a). Our study is the first to examine the potential diag-
nostic utility of plasma MALAT1 in HCC patients. The
expression of MALAT1 in HCC tissue was slightly higher than
that in paired non-cancerous liver tissues, but not significantly
(Fig. 1b), whereas its expression in non-cancerous liver tissue
of HCC patients was significantly higher than that in normal
liver tissue of colorectal cancer patients (Fig. 1c).
Consistent with our results, Luo et al.(26) reported that the

expression of MALAT1 was upregulated in HCC and paired
cirrhotic liver tissues adjacent to tumors in HCC patients, but
not in normal liver tissues. These findings indicate that HCC
and adjacent non-cancerous liver tissues have a considerable
overlap in terms of MALAT1 expression and that plasma
MALAT1 may be derived from not only HCC tissues but also
damaged hepatocytes due to hepatitis viral infection, steatosis,
and other hepatic diseases. The coordinated regulation of
MALAT1 in HCC and adjacent non-cancerous liver tissues
may show a common set of biological alterations.
Plasma MALAT1 levels in HCC patients with liver damage B

or liver cirrhosis were significantly elevated (Fig. 2b,c). These
results suggest that plasma MALAT1 levels are affected by the
presence of liver damage. Unfortunately we could not examine
the liver tissues of hepatic disease patients without HCC, there-
fore it remains unclear whether extreme elevation of tissue or
plasma MALAT1 level in HCC patients are the result of liver
damage or development of HCC. Although cirrhosis was more
frequently observed in HCC patients (Table 1), liver damage or
biochemical parameters were not so worse only in HCC patients
(Tables 2 and 3). Plasma MALAT1 levels were also elevated in
hepatic disease patients compared to healthy controls (Fig. 2a).
Therefore, we considered that liver damage would elevate tissue
and plasma MALAT1 levels, but development of HCC would
also dramatically elevate them.
Plasma and tissue MALAT1 levels would be progressively

elevated in association with liver damage and development of

HCC. Puthanveeti et al.(27) showed that MALAT1 regulated
inflammatory pathways involving inflammatory cytokines in
diabetes. Liu et al.(28) also reported that a variant genotype of
the single nucleotide polymorphism rs619586 in MALAT1
was significantly protective against the risk of HCC in never-
drinkers. Therefore, the upregulation of MALAT1 in non-can-
cerous liver tissues of patients with hepatic disease may play a
significant role in the development of primary hepatic tumors.
Further studies are warranted to elucidate the molecular mech-
anisms underlying the functions of MALAT1 and potential
therapeutic targets for HCC.
Alpha-fetoprotein has been reported to be elevated in benign

chronic liver disease without HCC(29–31) or in the regeneration
of liver tissues, especially after liver damage.(32,33) Both AFP
and PIVKAII are commonly used for the clinical diagnosis of
HCC; however, the percentage of false-negative results range
from 10% to 50%.(34,35) A correlation was not previously
observed between AFP and PIVKAII levels, and each marker
was found to increase independently.(34,36) Therefore, concur-
rent measurements of both markers will be more effective in
the diagnosis of HCC.(37)

We herein found no correlation between plasma MALAT1
levels and either AFP or PIVKA-II (Fig. 3b). The combination
of plasma MALAT1 levels with AFP and PIVKAII is consid-
ered to be more advantageous for the diagnosis of HCC
(Fig. 3c), because plasma MALAT1 levels were significantly
higher in HCC patients than in hepatic disease patients
(Fig. 2a). The false-negative rate was lower in the triple com-
bination (11.4%) than in the combination of AFP and PIVKAII
(18.2%). The retrospective analysis of a relatively small case
series was a limitation of the present study, and our results
require confirmation involving additional studies on a larger
cohort of patients.
In summary, the roles of MALAT1 in liver damage or

development of HCC need to be elucidated in more detail, but
the plasma MALAT1 level is associated with liver damage
and has clinical utility for predicting development of HCC.
Additional studies are needed to evaluate the roles of
MALAT1 in liver carcinogenesis.
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Supporting Information

Additional supporting information may be found in the online version of this article:

Fig S1. Concentration of total RNA in plasma samples. (a) Concentration of total RNA and plasma metastasis-associated lung adenocarcinoma
transcript 1 (MALAT1) levels in selected hepatocellular carcinoma patients and healthy controls. Concentrations of total RNA in both groups were
evaluated (Mann–Whitney U-test). The upper and lower limits of the box plots and the line inside the boxes indicate the 75th and 25th percentiles
and the median, respectively. (b,c) Correlations between concentration of total RNA and plasma MALAT1 level were examined using Spearman’s
correlation test.
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