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ARTICLE INFO ABSTRACT

Keywords: Hepatocellular carcinoma (HCC) is the second leading cause of cancer-related mortality worldwide. The onco-
MALAT1 genic function of the long non-coding RNA; metastasis-associated lung adenocarcinoma transcript 1 (MALAT1)
HCv in HCC remains unclear. We aimed to evaluate MALAT1 serum expression profile in HCC and explore its relation
FCENA to the clinicopathological features. Quantitative Real Time-Polymerase Chain Reaction was applied in 70 cohorts
nc

(30 HCC, 20 HCV, 20 controls). Further meta-analysis of clinical studies and in vitro validated experiments was
employed. Serum MALAT1 showed area under the curve of 0.79 and 0.70 to distinguish patients with cancer
from normal and cirrhotic individuals at fold change of 1.0 and 1.26, respectively. Expression level was sig-
nificantly higher in males (P < 0.001) and patients with massive ascites (P = 0.005). Correlation analysis
showed positive correlation of MALAT1 with total bilirubin (r = 0.456, P < 0.001) and AST (r = 0.280,
P = 0.019), and negative correlation with the hemoglobin level (r = 0.312, P = 0.009). Meta-analysis showed
that the over-expressed MALAT1 was linked to tumor number [Cohen's d = 0.450, 95% CI (0.21 to 0.68)],
clinical stage [Cohen's d = 0.048, 95% CI (-0.83 to 0.74)], and AFP level [Cohen's d = 0.354, 95% CI (0.1 to
0.57)]. In silico data analysis and systematic review confirmed MALAT1 oncogenic function in cancer devel-
opment and progression.

In conclusion, circulatory MALAT1 might represent a putative non-invasive prognostic biomarker indicating
worse liver failure score in HCV-related HCC patients with traditional markers. Large-scale verification is
warranted in future studies.

Meta-analysis

1. Introduction proposed to be one of the major risk factors for HCC worldwide [3],
about 1-4% per year of HCV-infected cirrhotic patients are expected to

Hepatocellular Carcinoma (HCC) is considered the sixth most develop malignant transformation in hepatocytes [3,4]. In Egypt, the
commonly diagnosed type of cancer worldwide [1] and the second prevalence of chronic liver disease due to HCV infection represents
leading cause of cancer-related mortality [2]. Hepatitis C virus (HCV) is 13.8% of the whole population, and up to 80% of liver cancer patients
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LINC00047, Long Intergenic Non-Protein Coding RNA 47; IncRNAs, long non-coding RNAs; LTBP3, latent transforming growth factor 3-binding protein 3; MALAT1, metastasis-associated
lung adenocarcinoma transcript 1; mascRNA, MALAT1-associated small cytoplasmic RNA; ncRNA-a, activating ncRNAs; NEAT2, Nuclear Enriched Abundant Transcript 2; OncoLncs,
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have underling hepatitis C [5].

HCV has seven major genotypes that vary according to the geo-
graphic area. Genotype-4, in particular, is confined to the Middle East
region, accounting for up to 90% of HCV Egyptian patients and about
15% of total global HCV infection [5]. Despite numerous studies on
HCC, there are no effective biomarkers for the early tumor detection
and prognosis and most cases are diagnosed at an advanced or a non-
resectable stage at presentation leading to lower survival rate [6]. Thus,
it is extremely necessary to discover new biomarkers for precise diag-
nosis, prognosis, and treatment of HCV-related HCC.

Recently, long non-coding RNAs (IncRNAs) have been implicated in
the pathogenesis of liver diseases [7]. They are non-coding transcripts
longer than 200 nucleotides [8], that are transcribed by RNA poly-
merase II, followed by 5’ capping, 3’ polyadenylation, and splicing si-
milar to protein-coding genes [9]. LncRNAs can be classified according
to their genomic location. For instance, they can be found overlapping
protein-coding genes or exist in distinct intergenic regions with sepa-
rate transcriptional units from annotated coding region. Other types
include promoter-associated long RNAs (plncRNAs), telomeric-repeat
containing RNA and transcribed ultra-conserved RNAs [10,11]. They
can be transcribed from sense, antisense or both strands relative to the
promoter of a protein-coding gene. Additionally, IncRNAs can be ca-
tegorized according to their function into enhancer RNAs (eRNAs),
which interact with enhancer regions, and activating ncRNAs (ncRNA-
a) which have an enhancer like effects. Finally, they can also be clas-
sified according to their structure into linear or circular, with the latter
being generated by back-splicing of introns of mRNAs [11].

To date, in human, 146,742 IncRNAs were identified and annotated
in LNCipedia database version 4.1 (https://Incipedia.org/).
Accumulating evidence indicates that IncRNAs can play crucial roles in
various pathological states. They can regulate cancer-related genes at
transcriptional, post-transcriptional and epigenetic levels; through
modulating mRNA splicing, stability, degradation, and translation [8]
and regulating epigenetic mechanisms and nuclear organization [11].
They can act as scaffolds for chromatin-protein complexes, recruit
histone-modifying enzymes to chromatin, regulate DNA methylation,
and induce chromatin modifications [12]. IncRNAs have been found to
be deregulated in liver cancer [8]. Interestingly, they can behave like
oncogenes (OncoLncs) or tumor suppressors (TSLncs) [9,13]. For ex-
ample, over-expression of HULC (hepatocellular carcinoma up-regu-
lated long non-coding RNA) and HEIH (Highly Expressed in Hepato-
cellular Carcinoma Long Non-Coding RNA) was correlated with HCC
development or progression, whereas, DRAIC (Down-regulated RNA In
Cancer) and GAS5 (growth arrest specific 5) down-regulation may act
as a tumor suppressor in a variety of human cancers [14].

In the past decades, emerging evidence suggested the association of
the IncRNA Metastasis-Associated Lung Adenocarcinoma Transcript 1
(MALAT1) with a wide variety of cancers; including lung cancer [15],
osteosarcoma [16], glioblastoma multiforme [17], and hepatocellular
carcinoma [18]. Human MALATI gene (ENSG00000251562) is located
along the long arm of chromosome 11q13.1 on the forward strand
spanning 8.75 Kb long (11: 65,497,762-65,506,516; according to
GRCh38). It has other synonyms; including Hepcarcin (HCN), Nuclear
Enriched Abundant Transcript 2 (NEAT2), and Long Intergenic Non-
Protein Coding RNA 47 (LINC00047). The precursor RNA of MALAT1 is
first transcribed by RNA polymerase II (RNA Pol II) then cleaved by
RNase P enzyme from its 3-prime end into two parts to yield a large
nuclear-retained IncRNA and MALAT1-associated small cytoplasmic
RNA (mascRNA) localized exclusively in the cytoplasm. The long
ncRNA partly lacks poly(A) tail, but is stabilized by its U-rich motifs
[19]. Due to alternative splicing, MALATI gene can encode 17 different
IncRNA transcripts ranging from 132 to 8708 bp in length (www.
Ensembl.org) (Fig. 1). They are mainly accumulating in distinct zones
called nuclear speckles that regulate post-transcriptional RNA proces-
sing machinery; namely pre-mRNA splicing and mRNA export. The long
transcripts are highly abundant; about 3000 copies/cell [20]. They act
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as molecular scaffolds for ribonucleoprotein complexes, transcriptional
regulators for numerous genes, including those involved in cancer
metastasis and cell migration, and key modulators in cell cycle reg-
ulation. On the other hand, the small ncRNA originates from a highly
conserved region. After processing, it folds into a tRNA-like cloverleaf,
followed by the addition of a CCA motif by the RNase Z enzyme. Unlike
the nuclear transcript, the mascRNA has a relatively short half-life. It is
thought to act as a "sponge" for proteins, preventing them from reaching
their natural destinations within the cell [21].

To assess the diagnostic and prognostic value of MALAT1 as a non-
invasive biomarker in combination with alpha fetoprotein (AFP) in
hepatocellular carcinoma, we examined the expression profile of the
IncRNA MALAT1 in the circulation of liver cancer patients compared to
normal and cirrhotic cohorts. Additionally, a comprehensive in silico
analysis was employed to explore the biological features and the clin-
ical implications of the OncoLnc MALAT1 in hepatic carcinogenesis
aiming at providing insights into precision in diagnosis and treatment
of HCC.

2. Materials and methods
2.1. In silico structural and functional analysis of MALAT1

Structural genomics analyses of MALAT1 gene and transcripts were
retrieved from online databases as Ensemble.org and GeneCards.com.
COMPARTMENTS subcellular localization database was investigated to
identify the subcellular localization of MALAT1 RNA (compartments.-
jensenlab.org/). Functional gene ontology was assessed by
IncRNA2function (https://mlg.hit.edu.cn/Incrna2function/). Transcription
factors binding sites were determined (Genecard.org). Protein-protein
interaction was identified using STRING database version 10.0 (Search
Tool for the Retrieval of Interacting Genes/Proteins). Starbase (http://
starbase.sysu.edu.cn/), microRNA.org, and Diana-LncBase v2.0 (http://
carolina.imis.athena-innovation.gr/) were used to identify protein and
RNA inter-actors with MALAT1.

2.2. Expression profile analysis

2.2.1. Study participants

A total of 70 individuals were enrolled in the study (20 controls, 20
patients with liver cirrhosis (LC) caused by HCV infection, and 30 pa-
tients with hepatocellular carcinoma on top of HCV). The control group
was obtained from healthy blood bank donors. They matched the other
two groups in age, gender, and residence, and had no history of any
concomitant infection or chronic illness. Patients were recruited from
the General Surgery and Oncology Department, Suez Canal University
Hospital, Egypt, during the period between January 2017 and July
2017.

2.2.2. Ethical approval

The study was conducted according to the ethical guidelines of the
1964 Declaration of Helsinki (2008 revision), and approved by the
Medical Research Ethics Committee of Suez Canal University (Research
ID 3137). Informed consent was obtained from participants prior to
blood sampling.

2.2.3. Patient assessment

All the patients included in the study had clinical and radiological
evidence suggestive of cirrhosis and confirmation of HCV infection by
detection of HCV RNA in their serum. Patients with non-HCV induced
HCC, other autoimmune or metabolic liver diseases were excluded.
Liver cancer had typical imaging findings and elevated serum alpha
fetoprotein (AFP). Patients with HCC underwent thorough clinical ex-
amination, abdominal ultrasonography, quantitative assessment of viral
load by PCR, Barcelona-Clinic Liver Cancer (BCLC) staging, and prog-
nostic assessment by Child-Turcotte-Pugh (CTP) scoring tool [22].


https://lncipedia.org/
http://www.Ensembl.org
http://www.Ensembl.org
https://mlg.hit.edu.cn/lncrna2function/
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Fig. 1. MALATI gene transcripts. (A) Alternative splicing of MALAT1 gene. The transcript is represented in green box, the number of the transcript in black, and the
length of the transcripts in base pair (bp) in red [Data source: ensemble.com]. (B) Subcellular localization of MALAT1 transcripts. The darker the green colour the
higher the confidence of the localization of MALAT1 in the cell based on database annotations, automatic text mining of the biomedical literature, and sequence-

based predictions [Data source: http://compartments.jensenlab.org/].

2.2.4. Specimen collection

Fasting blood samples were withdrawn from the study participants
and subdivided in plain tubes, sodium citrate (200 pl of 3.8%) antic-
oagulant tubes, and trisodium EDTA (1 mg/ml) tubes. The plain and
citrated tubes were centrifuged at 1500 x g for 10 minutes. Part of the
citrated plasma was used in prothrombin time (PT) analysis im-
mediately and the rest of plasma and the serum were apportioned into
0.5 ml aliquots and stored at —20 °C.

2.2.5. Laboratory investigations

An enzymatic method on the automated Hitachi-912 analyzer
(Roche Diagnostics Co, Mannheim, Germany) was run for fasting blood
glucose (FBG), serum alanine transaminase (ALT), serum aspartate
transaminase (AST), alkaline phosphatase (ALP), serum total bilirubin
and albumin analyses. Serum AFP concentration was measured by the
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chemiluminescent immunometric assay on Siemens IMMULITE® 2000
(Siemens Healthcare Diagnostics, USA). An automated cell counter
(Cell Dyne-2700, Abbott Lab, USA) was used for hemoglobin (Hb) es-
timation, white blood cells (WBC) count and platelet count detection.
Prothrombin concentration was measured using an automated analyzer
(Sysmex CA-1500, USA).

2.2.6. RNA extraction

Extraction of total RNA from whole blood was carried out using
PureLink® RNA Mini Kit (Qiagen, Catalog no. 217,184) according to the
manufacturer's instruction. RNA concentration and purity were as-
sessed via NanoDrop ND-1000 spectrophotometer (NanoDrop Tech.,
Inc. Wilmington, DE, USA).
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Table 1
Demographic, clinical, and biochemical characteristics of the study groups.
Variables Normal LC HCC P values
Number 20 20 30
Age
Age, mean (SD) 52.1 + 13.7 51.8 = 14.7 53.4 = 12.4 0.907
Age groups (y)
<55y 10 (50.0) 11 (55.0) 13 (43.3) 0.713
=55y 10 (50.0) 9 (45.0) 17 (56.7)
Gender
Females 9 (45.0) 8 (40.0) 11 (367) 0.841
Males 11 (55.0) 12 (60.0) 19 (63.3)
Family history of cancer 1(5.0) 4 (20.0) 4(13.3) 0.364
Obesity 5(25.0) 7 (35.0) 8(26.7) 0.747
Diabetes mellitus 4 (20.0) 6 (300) 6 (20.0) 0.667
Hypertension 2 (10.0) 3 (15.0) 5 (16.7) 0.800
CLD features
Jaundice e 20 (100) 30 (100) NA
Pallor —_— 18 (90.0) 30 (100) 0.077
Purpura E 18 (90.0) 20 (66.7) 0.058
Spider nevi e 16 (80.0) 30 (100) 0.011
Gynamcomastia —_ 1(5.0) 21 (70.0) < 0.001
Palmer erythema E— 16 (80.0) 30 (100) 0.011
Flapping tremors _ 10 (50.0) 22 (73.3) 0.092
Lower limb edema _ 16 (80.0) 16 (53.3) 0.054
Hepatomegaly — 16 (80.0) 12 (40.0) 0.005
Splenomegaly e 20 (100) 30 (100) NA
Hernia e 15 (75.0) 21 (70.0) 0.700
Encephalopathy o 1 (25.0) 26 (86.6) < 0.001
LCF score —_— 5.85 = 0.8 9.7 £ 1.2 < 0.001
CTP class
Child A — 16 (80.0) 0 (0.0) < 0.001
Child B —_— 4 (20.0) 21 (70.0)
Child C e 0 (0.0) 9 (30.0)
Radiological findings
Hepatomegaly
Mild e 4 (20.0) 18 (60.0) 0.005
Massive —_— 16 (800) 12 (40.0)
Liver surface
Smooth —_— 19 (95.0) 30 (100) 0.216
Irregular —_— 1 (5.0) 0 (0.0)
Splenomegaly —_— 2 (10.0) 3 (10.0) 1.00
Portal hypertension
Portal vein —_ 20 (100) 30 (100) NA
Hepatic vein _ 3 (15.0) 7 (23.3) 0.470
Splenic vein e 18 (900) 30 (100) 0.077
Gall bladder stone e 5 (25.0) 14 (46.7) 0.122
Ascites R — 7 (35.0) 30 (100) < 0.001
Tumor characteristics
Maximum tumor size, cm e e 7.26 = 3.7
< 5cm —_ _ 9 (30.0)
=5cm e e 21 (70.0)
Number of lesions E— e
Solitary e e 20 (66.7)
Multiple —_ —_ 10 (33.3)
Laboratory data
AST (U/L) 415 = 25 132.4 + 33.7 # 168.1 = 64.4 #* < 0.001
ALT (U/L) 27.8 = 49 140.3 = 29.8 # 145.2 = 306 # < 0.001
Bilirubin (mg/dl) 0.62 = 0.9 1.70 = 0.5 3.44 = 0.7 < 0.001
Albumin (g/1) 4.45 = 0.9 3.89 = 0.4 # 3.46 = 0.5 #* < 0.001
FBS (mmol/1) 8.04 = 1.6 7.08 = 1.6 # 819 = 1.6 # 0.063
AFP (ug/1) 6(2.7-11.5) 140(112-150.7) 789(658-1226) # < 0.001
HB (g/dl) 105 = 1.7 991 = 1.5 9.27 = 1.54 # 0.036
WBC (x10%/1) 4.44 + 1.44 5.25 = 25 511 = 2.1 0.418
PLT (x10° /1) 138.3 = 30.1 131.9 = 45.9 109.9 = 32.0 0.017
PT (sec) 146 = 7.3 128 + 211 149 + 2.4 0.241
Abnormal INR 0 (0.0) 0 (0.0) 8 (26.7) 0.012

Data are shown as number (percentage) or mean *+ standard deviation. LC: liver cirrhosis; HCC, hepatocellular carcinoma patients; CTP, Child-Turcotte-Pugh
classification for liver cell failure; LCF, liver cell failure score by CTP classification; ALT, alanine transaminase; AST, aspartate transaminase; PT, prothrombin time;
AFP, alpha fetoprotein; HB, hemoglobin count; WBC, while blood cells; PLT, platelet count; INR, international normalized ratio. Chi-square, Kruskal Wallis, and
ANOVA tests were used followed by Tukey multiple comparison test. # compared to normal, * compared to LC. Bold values indicate significance at P < 0.05.

2.2.7. Reverse transcription reaction transcription (RT) reactions were carried out in a Mastercycler Gradient

RNA was converted to complementary DNA (cDNA) using high ca- Thermocycler (Eppendorf, Hamburg, Germany) at 25°C for 10 min,
pacity cDNA Reverse Transcription Kit (Applied Biosystems, P/N 37 °C for 120 min, and 85 °C for 5min, then hold at 4 °C. Appropriate
4,368,814) as described in our previous work [23]. Reverse positive and negative controls were included.
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Fig. 2. Serum MALAT1 and AFP levels in liver cirrhosis and cancer.(A-D) Expression profile of circulatory MALAT1 and AFP in normal, cirrhosis and cancer
individuals according to the disease severity. Data are represented as medians. The box defines upper and lower quartiles (25% and 75%, respectively) and the error
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Table 2
The diagnostic and prognostic performance of the best cutoff values of serum
AFP and MALAT1 for discriminating the study groups.

Cutoff AUC (95% Sensitivity (%) Specificity (%) P values
value CD

Cirrhosis versus Normal

MALAT1 1.00 0.57 (0.38-  50.0 80.0 0.417
0.76)

AFP 65.0 0.98 (0.96- 95.0 100 < 0.001
1.00)

HCC versus Normal

MALAT1 1.00 0.79 (0.67- 66.7 80.0 < 0.001
0.91)

AFP 131 1.00 (1.0- 100 100 < 0.001
1.0)

HCC versus cirrhosis

MALAT1 1.26 0.70 (0.55-  60.0 60.0 0.015
0.85)

AFP 205 1.00 (1.0- 100 100 < 0.001
1.0)

Child C versus Child B

MALAT1 2.54 0.71 (0.49- 66.7 65.9 0.047
0.92)

AFP 672 0.78 (0.63- 77.8 61.0 0.008
0.92)

AFP: alpha-fetoprotein; AUC; area under the curve; CI: confidence interval. Bold
values indicate significance at P < 0.05.

2.2.8. Gene expression analysis

Gene expression of MALATI compared to GAPDH was performed
using Real-Time Reverse transcription-Polymerase Chain Reaction (RT-
PCR) technology in accordance with the Minimum Information for
Publication of Quantitative Real-Time PCR Experiments (MIQE)
guidelines [24]. The PCR reactions were carried out in triplicate with a
final volume of 20 yl, including 1.33 pl RT product, 2 X TaqMan" Uni-
versal PCR Master Mix (Applied Biosystems, P/N 4,440,043), 1 ul
TagMan" assays (Hs00273907_s1 or Hs02786624_g1) using the condi-
tions described in a prior publication [25].

2.2.9. Statistical analysis

Data were handled using R packages and SPSS v. 22. Multivariate
analysis of the whole study population and independent variables (age,
gender, biochemical investigations, AFP, and MALAT1) was carried out
for data exploration and clustering using PC-ORD version 6.0 [26]. Chi-
square (x2) or Fisher's exact tests were used for categorical data, while
Mann-Whitney U (MW) and Kruskal-Wallis (KW) tests were conducted
to assess the difference between continuous variables. Pearson's corre-
lation analysis was conducted to determine the correlation between the
IncRNA MALAT1 and the clinical and biochemical parameters. A two-
tailed P-value was considered statistically significant at a value of <
0.05. Receiver operating characteristic (ROC) and the area under the
ROC curve (AUC) were applied to identify the diagnostic and prognostic
performance value of MALATI and AFP expression levels. The fold
change of the current IncRNA expression was estimated using the fol-
lowing equation: relative quantity = 2~ 24T,

2.3. Meta-analysis

We were interested to compare our findings with the previous ones
by a systematic way. Hence, we followed the PRISMA statement [27]
and MOOSE-guidelines [28] to prepare a systematic review and meta-
analysis of the previous observational analysis.

2.3.1. Search strategy

We searched Web of Science, Science direct, Scopus, National in-
stitutes of health (NIH) and the Cochrane Library with no restriction on
the date of the publication through July 2017 using the following

Biomedicine & Pharmacotherapy 102 (2018) 653-669

search terms: (“Metastasis-Associated Lung Adenocarcinoma Transcript
1”7 OR "MALAT1” OR "Long noncoding RNA MALAT1” OR "MALAT-1”
OR "MALAT 1”) AND ("Hepatic" OR "liver" OR “hepatocellular) AND
("cancer" OR "tumor" OR "carcinoma"). Moreover, we searched PubMed
using the following search term: (“"MALAT1” OR "MALAT-1” OR
"MALAT 1”) AND ("Hepatic" OR 'liver" OR “hepatocellular”) AND
("cancer" OR "tumor" OR "carcinoma").

2.3.2. Inclusion and exclusion criteria

Studies satisfying the following criteria were included in our review:
(1) studies where the association between MALAT1 expression and HCC
was investigated; (2) those where the expression levels of MALAT1
were measured in HCC samples compared to control samples; and (3)
ones with an adequate description of the clinico-pathological features
of the included population. Exclusion criteria were the following: (1)
letters, editorials, expert opinions and case reports; (2) non-original
articles; (3) studies with overlapped or unreliable data; and (4) dupli-
cation.

2.3.3. Data extraction

Study reviewers extracted data from eligible studies to a uniform
data extraction sheet. Extracted data included the following items: the
first author, year of publication, country, number of patients, the
number and pathological features of the high and low MALAT1 ex-
pression groups, and the detection method of the IncRNA MALAT1, age
of HCC patients, gender, tumor number, tumor size, the clinical stage of
the tumor, AFP level, and tumor differentiation. The Cohen’s d values of
the relation between MALAT1 expression level and the clinico-patho-
logical features were estimated by three methods. In the first method, P
value was obtained from studies that used Chi-square or Fisher's Exact
tests, and then calculated Cohen’s d and its variance were employed
using the online Campbell tool (https://www.campbellcollaboration.
org/). The second method involved applying the Chi-square test on the
reported number of events, then calculating its Cohen’s d and variance.
In the third method, we applied the Chi-square test using the mean and
standard deviation mentioned in the paper.

2.3.4. Quality assessment

As all the included studies were observational retrospective studies,
we, therefore, assessed the quality of eligible studies using the
Newcastle Ottawa Scale (NOS scale), a reliable star-based scoring
system for assessing the quality of observational studies. All eligible
articles were scored as reported previously [29]. Studies were scored
according to (a) their design based on five items: (study objective
definition, study design, outcome definition, statistical consideration,
statistical method and test description); (b) laboratory methodology
based on seven items (blinding in the biological assays performance,
tested factor description, tissue sample conservation, description of the
relevant test procedure of the biological factor, description of the ne-
gative and positive control procedures, test reproducibility control,
definition of the level of positivity of the test); and (c) generalizability
based on six items (patient selection criteria, patients’ characteristics,
initial investigation, treatment description, source of samples, number
of un-assessable samples with exclusion causes). For the scoring system,
each item was scored by 2 points if it was clearly defined in the article,
1 point if its description was incomplete or unclear and 0 points if it was
not defined. The maximum score for the article was 32 points.

2.3.5. Statistical analysis

The effect size (Cohen's d) was computed for all outcomes and its
variance and standard error. The Cohen’s d was pooled in a fixed random
effect meta-analysis model using Comprehensive meta-analysis (CMA)
program V.3. Heterogeneity among the included studies was examined
by Chi-square test (Q-test) and Higgins' I?. Begg’s rank correlation and
Egger’s linear regression test were employed to assess the publication
bias. Two-sided P values at < 0.1 was considered significant.
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Table 3
Clinical and pathological variables associated with the levels of MALAT1 in cirrhotic and cancer patients.
LC I3 HCC I3

Age <55y 1.23 (0.05-6.4) 0.295 3.13 (0.93-20.3) 0.805
=55y 0.04 (0.01-3.02) 1.30 (0.37-23.5)

Gender Females 0.04 (0.01-0.15) 0.069 0.22 (0.04-0.99) < 0.001
Males 1.46 (0.31-6.62) 7.16 (1.94-31.5)

FH Negative 0.70 (0.03-3.76) 0.820 2.32 (0.45-20.1) 0.791
Positive 0.72 (0.01-8.78) 3.40 (1.02-28.02)

Obesity Negative 1.21 (0.01-6.56) 0.536 2.54 (0.74-32.6) 0.256
Positive 0.18 (0.03-1.44) 2.85 (0.22-5.17)

Diabetes mellitus Negative 1.22 (0.01-6.51) 0.444 3.93 (0.87-27.0) 0.347
Positive 0.11 (0.03-1.45) 0.85 (0.05-18.0)

Hypertension Negative 1.23 (0.04-5.47) 0.179 4.72 (0.90-31.0) 0.074
Positive 0.013 0.71 (0.04-4.10)

CTP class Child A 0.70 (0.03-3.76) 0.554 e 0.209
Child B 0.62 (0.01-8.73) 1.50 (0.62-8.14)
Child C — 30.84 (0.55-45.9)

CLD features

Purpura Negative 11.08(5.55-16.6) 0.674 1.72(0.75-13.2) 0.588
Positive 0.70(0.03-1.53) 4.79(0.57-27.0)

Spider nevi Negative 0.02(0.01-556) 0.437 —_— NA
Positive 1.22(0.04-2.28) 2.54 (0.66-20.1)

Palmer erythema Negative 0.02(0.01-5.56) 0.437 o NA
Positive 1.22(0.04-2.28) 2.54(0.66-20.1)

Flapping tremors Negative 0.63(0.02-3.76) 0.971 0.67(0.07-13.8) 0.256
Positive 0.71(0.03-1.48) 3.93(1.04-30.7)

LL edema Negative 0.70(0.03-2.28) 0.437 3.18(0.10-32.7) 0.854
Positive 1.22(0.03-4.98) 2.54(1.01-32.7)

Hernia Negative 0.05(0.01-11.2) 0.933 0.81(0.09-10.9) 0.283
Positive 1.21(0.04-1.52) 4.72(1.02-31.0)

Encephalopathy Negative 1.21(0.04-3.02) 0.300 1.46(0.78-28.4) 0.296
Positive 0.013 3.13(0.37-14.1)

Hepatomegaly Negative 0.03(0.01-1.65) 0.335 2.54(0.94-12.8) 0.950
Positive 1.22(0.04-2.28) 3.18(0.14-35.0)

Liver surface Smooth 0.18(0.02-2.99) 0.600 —_ NA
Irregular 1.54 2.54(0.66-20.1)

Splenomegaly Negative 0.12(0.01-1.48) 0.211 4.72(0.53-30.4) 0.315
Positive 4.0(2.77-5.22) 0.99(0.71-30.4)

Ascites Mild 0.18(0.02-4.0) 0.183 1.40(0.45-7.65) 0.005
Massive 1.44(0.03-149) 33.6(30.7-78.7)

Gall bladder stone Negative 0.05(0.01-1.44) 1.00 3.40(0.86-35.07) 0.275
Positive 4.50(0.63-8.84) 2.21(0.10-8.27)

Tumor characteristics

Maximum tumor size <5cm NA 7.16(2.09-33.9) 0.086
=5cm 1.30(0.17-10.3)

Number of lesions Solitary NA 1.73(0.73-26.5) 0.948
Multiple 3.93(0.41-20.1)

LC: liver cirrhosis; HCC, hepatocellular carcinoma patients; CTP, Child-Turcotte-Pugh classification for liver cell failure; FH, Family history of cancer; LL, lower limb.
Mann Whitney U test was used. Bold values indicate statistical significance at P < 0.05.

3. Results
3.1. Insilico data findings

The human MALATI gene was found to be conserved across mam-
malian species (ensembl.org). Unlike most types of IncRNAs, MALAT1
is ubiquitously expressed in various types of cells and tissues during
development. In human cells, MALAT1 had a half-life ranging from 9 to
12 hours, relatively longer than other IncRNAs, possibly due to its triple
helix 3’ end. Several interacting proteins were identified that could bind
to MALAT1. Being localized in the nuclear speckles, it can bind to
several pre-mRNA splicing proteins, such as SR proteins (SRF1, SRF2,
SRF3, and SRF4), AGO2, DGCR8, TDP-43, U2AF65, IBP160, and
RNPS1. Online tools predicted binding sites for some of these tran-
scription factors in the MALAT1 promotor regions. Additionally, we
identified several miRNAs binding sites within the genomic sequence of
MALAT1 (microRNA.org). Functional enrichment analysis was sepa-
rately executed for each GO term and all P values were estimated by the

hypergeometeric test and adjusted by the Benjamini-Yekutieli method.
GO analysis of IncRNA MALAT1 showed its correlation to cell motility;
one of its main biological processes is the positive regulation of cell
movement [GO: 2000147].

3.2. The laboratory findings

3.2.1. Characteristics of the study groups

Baseline characteristics of the study participants are shown in
Table 1. In the current study, a total of 70 individuals were enrolled,
including 30 newly diagnosed HCC patients (19 males and 11 females)
with a median age of 56 years (range 29 to 72 years old), 20 patients
with HCV-induced liver cirrhosis (12 males and 8 females) with a
median age of 51 years (range 23-80 years old), and 20 healthy in-
dividuals (11 males and 9 females) with a median age of 54 years
(range 25 to 75 years old). Chronic liver disease manifestations as
spider nevi, gynecomastia, palmer erythema, ascites and encephalo-
pathy were more frequent in HCC group. However, a higher proportion



E.A. Toraih et al

Biomedicine & Pharmacotherapy 102 (2018) 653-669

Liver cirrhosis Liver cancer Liver cirrhosis Liver cancer
(A) AEELS R I (B) TR
y=0.9102x-2.4051 y=8.9538x-73.732 y=12.207x+59.988 y=-21.172x+1120
Rz = 0.0185 RI =0.2935 RI =0.0724 R) =0.0041
100 1 o 2500 A
80 o
2000
= 60 -/ o) °
% o] § 15 . 8
® @ o © o
g ® 1000 - 2o o
ﬁ % . a g e ©
o [-}]
= ) 500 o o o
- >
E "3 T ©
o ] s ©
150 - Y
% E /o!/.
:<;:' 100 - ® ! s]
50 4
o
0 T T T T T ]
4 6 8 10 12 14
LCF score (CTP classification) LCF score (CTP classification)
o
(C) % CTP score
A A ClassB
i ClassC
Age
A
A
A A
A
A . A
A A
A A
Axis 1
A
MALAT1
A
A
A
A
A

Fig. 3. Correlation analysis of serum MALAT1 and AFP with liver cell failure score in the study patients.(A) Correlation between MALAT1 and CTP score and (B)
Correlation between AFP and CTP score. CTP, Child-Turcotte-Pugh classification for liver cell failure. The Pearson correlation test was used. Red and green circles
represented cirrhotic and cancer patients, respectively. Regression line and equations for each patient group are shown. (C) Principal component analysis. Ordination
plot of the 30 cancer patients along axis 1 and 2 revealed a tendency of higher levels of MALAT1 among CTP class C.

of LC patients had hepatomegaly. In HCV-cirrhotic group, four fifth of
patients had Child A and 20% were classified as Class B. Whereas,
among cancer patients, none were Child A, 70% were scored as Child B,
and 30% were Child C. In HCC group, maximum tumor size of the
largest diameter was 7.26 + 3.7 cm. Two thirds of them had solitary
mass by radiological assessment, while the other third had multiple
masses (5 patients with 2 foci, 4 patients with 3 foci, and a single pa-
tient with 4 focal lesions). The mean values of the liver enzymes (AST
and ALT), bilirubin, and AFP in the HCC group were much higher when
compared to the LC group and to the healthy control group. Meanwhile,
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serum albumin, hemoglobin and platelet count were significantly lower
in cancer and cirrhotic patients compared to controls.

3.2.2. Transcriptomic signature in patients and controls

The median value of MALAT1 levels in the HCC group was much
higher when compared to the LC group (2.54 versus 0.70; P = 0.043)
and to the healthy group (2.54 versus 0.32; P = 0.025). However,
MALAT1 levels in the LC were not significantly different from normal
controls (P = 0.871) (Fig. 2A). The prevalence of elevated serum
MALAT1 (relative expression level > 1.0) was 50% in LC and 66.7% in
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Fig. 4. Correlation analysis between biochemical features in the study groups.The Pearson correlation test was used. The correlation coefficient and direction is

colored by gradient. Statistical significance at P < 0.05.

HCC group. Regarding the serum AFP, its median value was higher
among HCC than LC group (789 versus 140.5; P < 0.001) and healthy
group (789 versus 6.0; P < 0.001) (Fig. 2B). MALAT1 profile was as-
sociated with more deterioration of liver cell function. In all patients
with Child C score, MALAT1 expression levels were significantly higher
than Child A and B patients (P < 0.001 and 0.015, respectively)
(Fig. 2C). This was consistent with correlation analysis; moderate po-
sitive correlation between MALAT1 and Child score was observed
(Pearson correlation coefficient = 0.484, P = 0.001). However, AFP
level was significantly over-expressed in both Child B and C compared
to Child A (P < 0.001) (Fig. 2D).

3.2.3. Diagnostic and prognostic value of MALAT1 and AFP

ROC analysis revealed the diagnostic performance of AFP that dif-
ferentiates cancer patients from normal and cirrhotic individuals at the
cutoff values of 131 and 205 ug/L, respectively (P < 0.001). Whereas,
the prognostic value of AFP to identify class C patients was significant

at the cutoff expression level of 650 ug/L with sensitivity of 77.8% and
specificity of 61%. On the other hands, serum MALAT1 showed an AUC
of 0.57 to discriminate between cirrhotic and normal liver, and an AUC
of 0.79 and 0.70 to distinguish patients with cancer from normal and
cirrhotic individuals at fold change of 1.0 and 1.26, respectively
(Fig. 2(E—H)). The expression level of MALAT1 at 2.54 could dis-
criminate between liver patients with Child C from those with Child B
with 66.7% sensitivity and 65.9% specificity (Table 2). It is worth
noting that AFP showed better performance than MALATI1 to dis-
criminate between different groups. In our case when we combined
both led to model disturbance. This could be due to the limited sample
size in the current groups. We recommend replication of such combi-
nation in a larger cohort to draw more precise effect estimation.

3.2.4. Association analysis with clinical and biochemical features
In HCC group, higher expression profile of serum MALAT1 was
significantly observed in males (P < 0.001) and patients with massive



E.A. Toraih et al

156 records identified through
database searching

—Pl 47 excluded: duplication

4

=
o
g
o
=
-
£
w
=

A

109 records for abstract screening

| 71 excluded: improper title
or content

SCREENING

A

4

38 full-text articles for detailed
evaluation

lincluded

A

6 studies included in qualitative
synthesis

27 excluded: irrelevant
4 excluded: review
2 excluded: duplicates

ELIGIBILITY

4

=)
w
o
2
=
O
=

\4

6 studies included in quantitative
synthesis (meta-analysis)

Fig. 5. PRISMA flowchart of the current meta-analysis.

ascites (P = 0.005). No association was found with any other demo-
graphic, clinical or radiological features (Table 3). Serum MALAT1 le-
vels were positively correlated with liver cell failure score in liver
cancer, representing 29.3% of disease variance (r = 0.542, P = 0.002,
R? = 0.293) (Fig. 3). A similar trend was observed by principal com-
ponent analysis for the hepatic cancer patients (Fig. 3C). Correlation
analysis of MALAT1 with other biochemical investigations showed
positive correlation with total bilirubin (r = 0.456, P < 0.001) and AST
(r = 0.280, P = 0.019), and negative correlation with hemoglobin level
(r = 0.312, P = 0.009) (Fig. 4).

Table 4
Characteristics of included studies in the meta-analysis.

Biomedicine & Pharmacotherapy 102 (2018) 653-669

3.3. The meta-analysis

3.3.1. Study selection and characteristics of eligible studies

The current literature search yielded 156 records. Following the
title and abstract screen, 118 duplicates and irrelevant studies were
excluded. Thirty-eight articles were retrieved for further evaluation and
full text screening. Finally, five case-control studies met our eligibility
criteria and were included in this meta-analysis (Fig. 5). The results of
the current analysis conducted on an Egyptian population were added.
A summary of the six included studies with 12 datasets is demonstrated
in Table 4 and Table S1. Studies were conducted in China and Japan
during the period between 2012 and 2017. Our study was the only one
conducted upon the Arab population. The whole studies were in English
language. Sample size ranged from 30 to 112 patients. Three quarters
(75.6%) were male patients. For the type of specimens analyzed for
MALAT1: 2 studies conducted on blood, 3 on fresh/frozen tissues, and 3
on FFPE tissues. MALAT1 level was detected by qRT-PCR. In vitro
functional analysis was also performed on nine hepatic cancer cell lines
in 4 Chinese studies (Table S1). Knockdown experiments were per-
formed on Huh-6, HepG2, SMMC-7721, Bel-7402, Hep3B, HUH-7,
MHCC97L, MHCC97H, and HCCLMS3 via siRNA transfection. Metho-
dological quality assessment scored from 27 to 29 (out of 32). The
Cohen's Kappa coefficient for inter-reviewer agreement of study selec-
tion was 0.391 =+ 0.279 (95% CI: -0.157 to 0.939), data extraction was
0.576 = 0.085 (95% CI: 0.410 to 0.742), and for assessment of quality
it was 0.333 + 0.203 (95% CI: -0.064 to 0.731). However, all dis-
agreements were resolved after consensus.

3.3.2. Quantitative data synthesis

A total number of 433 HCC patients (315 tissues and 118 serum/
plasma) were analyzed in the meta-analysis for MALAT1 profiling.
Expression profile was up-regulated in the whole included studies, in
particular blood samples. Three studies reported ROC results with AUC
ranged from 0.66 to 0.79. The cut-off values of the high and low ex-
pression of MALAT1 in these studies were found to be between 1.0 and
1.6. Pooled effect estimate of MALAT1 was (OR = 3.62, 95% CI:
2.758-4.492, P < 0.001) by random-effects model. Heterogeneity was
detected between studies (Q = 143.4, df = 6, P < 0.001, I = 95.8%)
with much variance across the studies (Tau squared = 87%, var-
iance = 0.85) (Fig. 6). Hence, subgroup analysis by sample type was
performed. Studies conducted on blood, their effect estimate was 11.4
with 95% CI: 5.6 to 17.3 (fixed model, P < 0.001) showing no observed
heterogeneity (12 = 0%, P = 0.515, df = 1). In FFPE studies, the effect
estimate was 3.30 (95% CI: 190-4.71) (random model, P < 0.001)
with major heterogeneity (I> = 94.8%, P < 0.001, df = 2), whereas

Author Year Country Study Sample Sample size HCV/ HBV F/M  Age < 50/ Fold change (mean = SD) AUC Cutoff SE/SP Quality Refs
design  type =50 (range) value score
Toraih 2017 Egypt P-C Serum 30 30/0 11/19 9/21 (29-72) 13.12 = 21.3 0.79 1.00 66.7/80 84.4
Chen 2017 China P-C Fresh/ 56 NA 13/43 11/45 49 + 1.74 87.5 [30]
frozen
Li 2016 China P-C FFPE 95 NA 20/75 49/46 (29-82) 2.41 + 0.88 0.65 1.59 89.4/NA  90.6 [31]
Konishi 2016 Japan P-C Plasma 88 46/21 37/51 NA (43-86) 9.17 + 43.6 0.66 1.60 51.1/89.3 87.5 [32]
P-C FFPE 20 7/7 NA NA 3.46 + 3.08
Huang 2015 China P-C FFPE 32 0/29 2/30 18/14 414 = 15 90.6 [33]
Lai 2012 China P-C Fresh/ 60 NA 5/55  34/26 2.49 + 0.78 93.8 [34]
frozen
P-C Fresh/ 52 NA NA NA NA
frozen

P-C, Patient-control; FFPE, formalin-fixed paraffin embedded sections; HCV, hepatitis C virus; HBV, hepatitis B virus; F/M, female/male; SD, standard deviation;
AUC, area under the curve; SE/SP, sensitivity/specificity. All studies were in English language. MALAT1 expression was examined using qRT-PCR in clinical and

experimental studies.
** Toraih, 2017 is the current lab work conducted in the study.
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(A)
Meta-analysis of standardized mean difference of MALAT1 between patients and controls
Study name Comparison Statisticd for each study Mean and 95% ClI
Standard Lower Upper
Mean error Variance limit limit 2-Value p-Value
Toraih, 2017 Blood 13120 3889 15123 5498 20742 3374 0001 _—
Konishi, 2016  Blood 9.170 4648 21602 0061 18279 1973 0048
Li, 2016 FFPE 2.410 0.090 0.008 2233 2587 26693  0.000 [
Konishi, 2016  FFPE 3.460 0.850 0722 1795 5125 4072 0000 —
Huang,2015  FFPE 4.140 0.265 0070 3620 4.660 15613  0.000 -
Chen,2017 Fresh/frozen  4.900 0233 0.054 4.444 5356 21074 0000 -
Lai, 2012 Fresh/frozen  2.490 0.101 0.010 2293 2687 24728 0000 ]
3625 0.442 0196 2758 4.492 8195  0.000 ~ap
-8.00 -4.00 0.00 4,00 8.00
Meta Analysis
(B) N
Funnel Plot of Precision by Mean
14
12
q
10
i
s 8
1
=
5 6
)
8 ® o
& 4 o}
2
0 — )
¢
¢
20 -10 0 10 20
Mean

Fig. 6. Quantitative synthesis analysis of the diagnostic value of MALAT1 in HCC. (A) Forest plot of the pooled estimate effect. The random-effects model was used.
(OR = 3.62, 95%CI: 2.758-4.492, P < 0.001). Heterogeneity was observed across studies (Q = 143.4, df = 6, P < 0.001, 12 = 95.8%). (B) Funnel plot for detecting
publication bias across studies. Both observed (open circles) and imputed (dark circles) are plotted. Egger's regression test = 0.128, Begg's test = 0.548.

studies using the fresh/frozen samples, point estimate of 2.87
(2.69-3.05) (fixed model, P < 0.001) with heterogeneity (1% = 98.8%,
P < 0.001, df = 1).

3.3.3. Association of MALATI1 expression with the clinicopathological
features

The pooled effect estimates of the number of tumors (Cohen's
d = 0.450, 95% CI (0.21-0.68)), clinical stage (Cohen's d = 0.048, 95%
CI (-0.83 to 0.74)), and AFP level (Cohen's d = 0.354, 95% CI
(0.1-0.57)) were in favor of the high expression level group. However,
no association was observed with any other parameters (Fig. 7). There
was no evidence of statistically significant heterogeneity across the
studies. Nevertheless, the pooled studies for the clinical stage were
heterogeneous due to difference in reporting tumor stage (Q-
value = 4.851, df = 2, P = 0.088; I> = 58.7%) (Table 5).

3.3.4. Publication bias

Begg's funnel plot and Egger's regression test revealed no publica-
tion bias across various clinico-pathological parameters except for
gender (Begg's test: P = 0.038, Egger's test: P = 0.045), and tumor size
(Begg's test: P = 0.050, Egger's test: P = 0.020), for which Duval and
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Tweedie's trim and fill method was applied, with adjusted values si-
milar to the observed ones (Table 6).

4. Discussion

HCC is known with its remarkable ability to metastasize and spread
with a high recurrence and poor survival rate [35]. We believe that
better understanding of the molecular pathogenesis of HCC may help in
the development of more effective treatments to improve the overall
prognosis and increase patient survival. Recent studies reported dif-
ferential expression pattern of IncRNAs between tumor tissues and non-
cancer adjacent tissues, suggesting their putative role in the patho-
genesis and advancement of cancer [30,31,33,36].

In the experimental part of the current study, we investigated serum
expression levels of MALAT1 in HCC patients compared to healthy in-
dividuals and cirrhotic patients, and analyze the association between
MALAT1 profile and the clinico-pathological features. Our results re-
vealed significant over-expression of MALAT1 in cancer patients. ROC
analysis demonstrated better diagnostic and prognostic performance of
circulatory MALAT1 in discriminating cancer patients from normal or
cirrhotic cohorts, and in differentiating between CTP Class C from Class



E.A. Toraih et al

Biomedicine & Pharmacotherapy 102 (2018) 653-669

(A) Meta-analysis of SMD (Cohen’s d) between high vs. low groups in terms of age
Model  Study name Statistics for each study Point estimate and 95% Cl
Point  Standard Lower Upper
estimate error Variance limit limit ZValue p-Value
Lai, 2011 0.135 0.259 0.067 0373 0642 0520 0603
Huang, 2015 0.381 0.360 0130 0325 108 1.058 029
Li, 2016 -0.041 0.205 0.042 0443 0362 -0198 0843
Chen, 2017 0.353 0.271 0.074 0179 088 1301 0193
Our study 0.141 0.388 0150 -0619 0800 0363 0717
Fixed 0.146 0.123 0015 -0.04 038 1191 0234
Random 0.146 0.123 0.015 -0.04 038 1191 0.234
-2.00 -1.00 0.00 1.00 2.00
Favors low expression Favors high expression
(B) Meta-analysis of SMD (Cohen’s d) between high vs. low groups in terms of gender
Model  Study name Statistics for each study Point estimate and 95% Cl
Point  Standard Lower Upper
esimate  emor Variance limit limit ZValue pValue
Lai, 2011 0.061 0.258 0.067 -0.445 0567 0235 0814
Huang, 2015 0.246 0.356 0127 -0452 0944 0690 0490
Konishi, 2016~ -0.481 0.239 0057 -0950 -0.012 -2.010 0.044
Li, 2016 0.024 0.252 0.063 -0469 0517 0095 0925
Chen, 2017 0.022 0.267 0071 -0502 0546 0.082 0.935
Qurstudy 0.688 0.389 0.151 -0.074 1.451 1769  0.077
Fixed -0.004 0.114 0013 -0228 0220 -0.037 0.971
Random 0.024 0.144 0021 -0258 0307 0.168  0.867

-2.00 -1.00 0.00 1.00 200

Favors low expression Favors high expression

(C) Meta-analysis of SMD (Cohen’s d) between high vs. low groups in terms of tumor number

Model Study name Statistics for each study
Point  Standard Lower Upper
estimate  error Variance limit  limit
Lai, 2011 0.592 0.269 0073 0084 1.119
Huang, 2015 0.389 0.360 0.130 -0.317 1.095
Konishi, 2016 0.314 0.26 0051 -0.130 0.758
Li, 2016 0.629 0.211 0045 0215 1.043
Our study 0.025 0.385 0.148 -0.729 0.779
Fixed 0.450 0.19 0014 0216 0684
Random 0.450 0.119 0014 0216 0.684

Point estimate and 95% Cl

ZValue pValue

2197 0028
1080  0.280
1388 0.165
2979 0.003
0064 0949
3767 0.000 <o
3767 0.000 <o
2.00 -1.00 0.00 1.00 2.00

Favors low expression Favors high expression

Fig. 7. Pooled estimate of the association of MALAT1 with the clinico-pathological parameters. SMD: standardized mean difference; AFP: alpha fetoprotein, CI:

confidence interval.

B patients. Notably, combining MALAT1 with AFP biomarker provided
more precise diagnostic accuracy. Consistently, MALAT1 up-regulation
was documented in HCC, breast, lung, brain, pancreatic, colon, and
prostate cancer tissues and cell lines [17,31,33,37,38]. MALAT1 was
also found to be highly expressed in peripheral blood mononuclear cells
in patients with liver [32], lung [39,40], prostate [41], and pancreatic
cancers [42]. During tumor development, cancer cells expel their DNA,
mRNAs, and ncRNAs into the circulation by necrosis and apoptosis,
resulting in detecting high levels of nucleic acids in the bloodstream
and other body fluids of cancer patients which mirror the deregulated
patterns in the primary tumor tissues [23,42,43]. Therefore, de-
termining cancer-specific RNA transcripts in the peripheral circulation
would provide a useful tool for screening, diagnosis and prognostic
stratification.

Another main finding in our study is that serum MALAT1 profile
was positively correlated with liver cell failure scores. In addition,
higher level was associated with male gender, massive ascites, and AFP
level. Nevertheless, no other association with any clinical and
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biochemical features was found in our population. Similarly, Konishi
et al. [32] detected an association of MALAT1 with gender and liver
damage classification. Huang et al. [33] and Lai et al. [34] also reported
positive correlation between MALAT1 and AFP level. On the other
hand, other studies in HCC patients reported association of up-regu-
lated profile with lymph node involvement, advanced clinical stage
[31], distant metastasis, and poor overall survival [30]. Interestingly,
high level of MALAT1 was an independent predictor of tumor recur-
rence of HCC after liver transplantation [34] and chemo-resistance in
glioblastoma multiforme and colorectal cancer [30,44].

Elevated levels of MALAT1 detected in the study could be caused by
chromosomal, genomic, and epigenetic alterations. Chromosomal band
11q13 is considered one of the most commonly amplified genomic re-
gions in human cancer [45]. Increasing gene dosage by amplification is
frequently encountered in tumors and is associated with poor prognosis.
Amplification in this particular region was reported in 13% of lung
cancers, 15% of breast cancer, 21% of bladder carcinoma, 45% of head
and neck cancer, and 50% of esophageal cancers [45]. A variant
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(D) Meta-analysis of SMD (Cohen’s d) between high vs. low groups in terms of differentiation

Model Study name Statistics for each study Point estimate and 95% Cl
Point  Standard Lower Upper

esimate  error Variance limit limit Z-Value p-Value

Lai, 2011 0.015 0.258 0.067 -0492 0521 0.057 0.955

Huang, 2015 0.000 0.354 0125 0693 0693 0.000 1.000

Li, 2016 0.058 0.209 0.044 -0351 0468 0279 0.780

Chen, 2017 0.037 0.267 0.072 0487 0561 0.138  0.8%0

Fixed 0.035 0.129 0.017 -0219 028 0268 0.789

Random 0.035 0.129 0.017 -0219 028 0268 0.789
-2.00 -1.00 0.00 1.00 200

Favors low expression Favors high expression

(E) Meta-analysis of SMD (Cohen’s d) between high vs. low groups in terms of tumor size

Model ~ Study name Statistics for each study Point estimate and 95% CI
Point  Standard Lower Upper
estimate error Variance limit limit ZValue p-Value
Lai, 2011 0.095 0.258 0.067 0412 0601 0366 0.714
Huang, 2015 0.258 0.357 0.127 -0.441 095 0722 0470
Li, 2016 0.053 0.209 0.044 0357 0463 0254 0.800

Chen, 2017 0.067 0.262 0.069 -0.447 0580 0.255 0.799

Qur study 0.673 0.452 0204 -0.213 1.558 1.489 0.137

Fixed 0.137 0.124 0015 -0.106 0380 1.105 0.269
Random 0.137 0.124 0015 -0.106 0380 1.105 0.269

-2.00 -1.00 0.00 1.00 200

Favors low expression Favors high expression

(F) Meta-analysis of SMD (Cohen’s d) between high vs. low groups in terms of tumor stage

Model  Study name Statistics for each study Point estimate and 95% Cl
Point  Standard Lower Upper

estimate  error Variance limit limit ZValue pYValue

Konishi, 016 0.133 0214 0046 -0.281 0556 0643 0.520

Li, 2016 -0.849 0.251 0.063 -1.340 -0.357 -3.384  0.001

Chen, 2017 0.577 0.278 0077 0032 1122 2075 0038

Fixed 0.060 0.140 0020 -0.335 0216 -0.425 0671
Random -0.048 0.402 0162 -0.837 0740 -0.120 0.904

-2.00 -1.00 0.00 1.00 2.00

Favors low expression Favors high expression

(G) Meta-analysis of SMD (Cohen’s d) between high vs. low groups in terms of AFP levels

Model Study name Statistics for each study Point estimate and 95% Cl
Point  Standard Lower Upper

esimate emor Variance limit limit ZValue p-Value

Lai, 2011 0584 0269 0072 0057 1M1 2171 0030
Huang, 2015 0878 038 0149 0121 1635 22713 0.023
Konishi, 2016 ~ 0512 0220 0048 0081 0943 2327 0020 ——
Li, 2016 0062 0225 0051 -0.503 0380 0274 0784
Our study 0060 0385 0148 0815 0695 0.155 0876
Fixed 033 012 0015 0100 057 278 0005 L 2
Random 035 0175 0031 0012 0697 2025 0043
200 A0 000 1.00 200

Favors low expression Favors high expression

Fig. 7. (continued)

(rs619586) in MALATI1 gene was found to confer protection against demonstrated the transcriptional activation of MALAT1 via the TF
HCC in non-drinkers [46]. Another putative mechanism for MALAT1 specificity protein Spl/3 in HCC cells. Hence, drugs inhibiting SP
up-regulation could be gene activation through the binding of various proteins, decreased MALAT1 transcription in HepG2 cells and reduced
transcription factors (TF) to its promotor. In vitro experiments cell viability [33]. In neuroblastoma cell lines, oxytocin mediated the
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Table 5
Pooled effect of the association of MALAT1 expression with the clinico-pathological characteristics.
Association 95% CI Heterogeneity
Cohen's d Lower limit Upper limit Q value df P values 12 (%)
Age of patients 0.145 —0.09 0.38 1.837 4 0.766 0
Gender 0.004 —-0.227 0.219 7.716 5 0.173 35.19
Tumor number 0.450 0.21 0.68 2.444 4 0.655 0
Tumor grade 0.035 —-0.21 0.28 0.029 3 0.999 0
Tumor size 0.137 0.10 0.37 1.78 4 0.776 0
Clinical stage# 0.048 —-0.83 0.74 4.851 2 0.088 58.7
AFP level 0.354 0.10 0.57 7.633 4 0.106 47.59

AFP, alpha fetoprotein, CI, confidence interval, df, degree of freedom. (#) Random-effects model was used due to the presence of inter-study heterogeneity. Bold

values indicate statistical significance at P < 0.05.

Table 6
The results of Begg's and Egger's tests for the publication bias.

Begg's test Duval and Tweedie's trim and fill Egger's test

Z P Trimmed studies Observed values (CI) Adjusted values (CI) Intercept P
Expression in HCC 0.600 0.548 3 3.62 (2.75-4.49) 2.88 (1.91-3.84) 4.154 0.128
Age of patients 0.979 0.320 3 0.14 (-0.09-0.38) 0.02 (-0.17-0.22) 1.769 0.220
Gender 2.066 0.038 2 —0.004) -0.2-0.21) —-0.10 (-0.31-0.09) 5.459 0.045
Tumor number 1.469 0.141 0 0.44 (0.21-0.68) 0.44 (0.21-0.68) —1.904 0.284
Tumor grade 1.358 0.174 0 0.03 (-0.21-0.28) 0.03 (-0.21-0.28) —-0.412 0.127
Tumor size 1.959 0.046 1 0.13 (-0.1-0.37) 0.09 (-0.14-0.32) 2.241 0.020
Clinical stage 0.522 0.601 0 —0.04 (-0.83-0.74) —0.04 (-0.83-0.74) 1.848 0.944
AFP level 0.979 0.320 0 0.338 (0.1- 0.57) 0.338 (0.1-0.57) 1.046 0.750
5

AFP, alpha fetoprotein, CI, confidence interval. Bold values indicate statistical significance at P < 0.0.

binding of cAMP response element TF to MALAT]1 gene [47]. In bladder
carcinoma, TGF-f3 promoted MALAT1 transcription resulting in its over-
expression [48]. Moreover, methylation of the tumor suppressor gene,
protocadherin 10 (PCDH10), induced the transcription of MALAT1 gene
in endometrial carcinoma via the activations of Wnt signaling pathway
[49].

Regarding our meta-analysis results, the pooled estimate effect re-
vealed MALAT1 over-expression in liver cancer patients compared to
controls. Subgroup analysis by the type of sampling elicited the same
results. A significant association of MALAT1 levels was detected with
tumor number, clinical stage, and AFP levels. Silencing of MALAT1 in
the included hepatic cancer cell lines suppressed cell proliferation, in-
vasion and metastasis, and promoted apoptosis. These findings were in
agreement with previous studies which reported that MALAT1 knock-
down induced GO-G1 cell cycle arrest, inhibited cell motility [50], de-
creased the capability of invasion [30], and lead to regulated multidrug
resistance through modulating autophagy of HCC cells [51]. MALAT1
silencing also suppressed cell growth, S-phase cell number, and aug-
mented apoptosis in gastric [52] and ovarian cancer [53]. In mammary
cancer model, MALAT1 silencing caused a reduction of Her2/neu-am-
plified tumor organoids, augmented cell adhesion, and loss of cell mi-
gration [31].

It has been reported that MALAT1 exhibits its oncogenic function
via two main mechanisms; (a) alternative splicing modulation [54], and
(b) transcriptional regulation of cell cycle and metastatic-related genes
[55]. Emerging evidences showed that antisense oligonucleotide (ASO)
against MALAT1 in animal models resulted in differential gene ex-
pression profiles and altered splicing pattern of genes involved in cel-
lular differentiation and carcinogenic signaling pathways [56]. In HCC,
MALAT1 enhanced cellular proliferation and inhibited apoptosis via
modulating PI3K/AKT and JAK/STAT signaling pathways [50], up-
regulating LTBP3 gene [57], and inhibiting caspase3/7 activity [33].
MALAT1 was found to have a key role in epithelial-mesenchymal
transition (EMT) through the regulation of TGF-f and Wnt-catenin
signaling pathways [38,48,58,59]. Notably, MALAT1-mediated EZH2
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promoted tumor invasion and metastasis in osteosarcoma [60], renal
cell carcinoma [61], and colorectal cancer [44]. Moreover, MALAT1
was reported to induce vascular formation and angiogenesis via the
activation of FGF2 in thyroid cancer [62] and neuroblastoma [63]. The
previous mechanisms of action of MALAT1 were depicted in detail in
Fig. 8.

Emerging studies reported MALAT1 as a molecular decoy to a wide
variety of miRNAs. Inhibiting these miRNAs could result in fine-tuning
several cancer-related genes. Our in silico analysis identified binding
target sites for some miRNAs (miR-1, miR-206, miR-613, and miR-142-
3p) that warrant experimental validation. Supporting our bioinfor-
matics prediction, MALAT1 served as a competitive endogenous RNA
(ceRNA) to miR-143-3p, which in turn, caused up-regulation of ZEB1
and promoted cancer growth and metastasis in Bel-7402 and HepG2
cell lines [30]. In HCC, binding of MALAT1 to miR-490-3p, maintained
the expression level of the cell cycle gene (CDK1) [74]. MALAT1 was
tethered with miR-195/EGFR axis and miR-204/SIRT1 axis in human
hepatoma cells [50,58]. Furthermore, sponging miR-216b in HCC,
switched on HIF-2a gene and modulated autophagy [51]. Other
MALAT1 /target gene interactions are demonstrated in Table S2.

MALAT1 is a key regulatory RNA involved in various biological
processes and implicated in many pathological conditions, particularly
cancers. Despite the extensive research on this fascinating IncRNA, the
precise mechanisms by which it acts to promote tumorigenesis are still
obscure. This study is one of a few to provide some insights into the role
of MALAT1 in cancers in general, and hepatocellular carcinoma in
specific, through a thorough, combined analysis (laboratory, bioinfor-
matic and meta-analysis), allowing for a better understanding of the
potential use of this IncRNA in clinical practice. Our study suggests a
possible pathogenic role for MALAT1 in HCC. However, due to the
limited amount of published literature and small sample size of avail-
able reports, further larger studies are recommended to confirm this
association as well as to estimate the impact of MALAT1 over-expres-
sion on the prognosis of the HCC, its clinical outcomes, patient survival,
recurrence, and mortality rates.
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Fig. 8. Molecular Mechanisms of IncRNA MALAT1 action on different cancers. Red colored miRNAs act as competitive endogenous RNAs (ceRNAs) which affect a
specific set of target genes (black colored) in each type of human cancers [30,31,38,52,58,61,64-87].
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