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Abstract Elevated expression of MALAT-1 was found in
various cancers, and correlated with metastasis and prognos-
tic. This meta-analysis collected all relevant articles and ex-
plored correlation of MALAT-1 with lymph node metastasis
(LNM), distant metastasis (DM), and overall survival (OS). A
quantitative meta-analysis was performed through a systemat-
ic search in PubMed, Web of Science, Medline, CNKI, CBM,
and the Cochrane Library. The odds ratios (OR) of LNM and
DM and hazard ratio (HR) of OS were calculated to assess the
association strength. Eight studies with a total of 845 patients
were included in the meta-analysis. Six different types of can-
cer were evaluated, with 2 non-small cell lung cancer
(NSCLC), 1 colorectal cancer (CRC), 1 gastric cancer (GC),
2 pancreatic cancer (PC), 1 clear cell renal cell carcinoma
(ccRCC), and 1 osteosarcoma (OSA). Compared with low
MALAT-1 expression, high MALAT-1 expression correlated
with more LNM (OR=2.08, 95 %CI: 1.00-4.32, p=0.05) by a
random-effects model (F=71 %, p=0.004). A similar result
was seen between MALAT-1 expression and DM, the OR was
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3.52 (95 %CI: 1.06-11.71, p=0.04) adopting a random-
effects model (=59 %, p=0.04). Additionally, our analysis
showed a poorer OS in patients with high MALAT-1 expres-
sion than those with low MALAT-1 expression (HR=2.12,
95 %CI: 1.60-2.82, p<0.001) adopting a random-effects
model (=56 %, p=0.04). MALAT-1 may serve as a molec-
ular marker for cancer metastasis and prognosis.
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Introduction

Cancer remains a leading cause of mortality. There are 14.1
million new cancer cases and 8.2 million cancer deaths world-
wide [1]. A large amount of tumors develop metastases, espe-
cially those with advanced stage. These metastases including
lymph node metastases (LNM) and distant metastases (DM)
lead to a poor prognosis [2, 3]. In recent years, molecular
biomarkers have revolutionized treatment for cancer [4, 5].
However, little is known about the role of long noncoding
RNA (IncRNA) in predicting metastases and prognosis of
cancer.

LncRNAs (>200 nt in length) are a class of noncoding
RNAs that lack protein-coding capacity [6]. LncRNAs were
first described as transcriptional “noise” and found to partic-
ipate in diverse biologic processes including cell develop-
ment, cell growth, and tumorigenesis [7-9]. Recent studies
indicate that IncRNAs are abnormally expressed in malignant
tumors and associated with the development of cancer, includ-
ing tumor growth and metastasis [10—14].

Metastasis-associated lung adenocarcinoma transcript 1
(MALAT-1) also known as noncoding nuclear-enriched abun-
dant transcript 2 (NEAT-2) is a nuclear IncRNA with a length
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of 8.7 kb, which is expressed from chromosome 11q13 [15].
MALAT-1 was primarily identified as a prognostic factor in
patients with stage I lung cancer [15]. Currently, elevated ex-
pression of MALAT-1 has been observed in various tumors
and MALAT-1 regulates metastasis-associated genes [16—19].
Therefore, MALAT-1 might be feasible as a diagnostic bio-
marker and prognostic factor. To explore the correlation of
MALAT-1 with tumor metastasis and prognosis, we conduct-
ed this quantitative meta-analysis.

Materials and Methods
Publication Search

We searched PubMed, Web of Science, Medline, Embase, and
the Cochrane Library from 1966 to Jan 20, 2015. The search
strategy used both MeSH terms and free-text words to in-
crease sensitivity. The following search terms were used:
“MALAT-1”, “MALAT1”, “MALAT 17, “Metastasis-associ-
ated lung adenocarcinoma transcript 17, “NEAT-27,
“NEAT2”, “NEAT 2”, and “Nuclear enriched abundant tran-
script 2”. The study was approved by the Ethics Committee of
Hangzhou First People’s Hospital.

Inclusion and Exclusion Criteria

Inclusion criteria are the following: (1) articles investigating
the relation of MALAT-1 and cancer patients; (2) the expres-
sion levels of MALAT-1 in primary tumor tissues were mea-
sured; (3) patients were grouped according to the expression
levels of MALAT-1; (4) related clinicopathologic parameters
were described. Exclusion criteria are the following: (1) let-
ters, editorials, expert opinions, case reports and reviews. (2)
studies without usable data; (3) duplicate publications.

Data Extraction

Two investigators independently extracted data from the eli-
gible studies, and disagreements were resolved by discussion
with a third investigator. For each studies, the following infor-
mation was recorded: the first author, year of publication,
country, number of patients, number of high MALAT-1 ex-
pression group and low expression group, number of patients
with LNM and DM in each group, overall survival (OS), and
detection method of MALAT-1.

Quality Control
As all the included studies were non-randomized and ret-
rospective studies. We used the Newcastle-Ottawa Scale

(NOS) for assessing the quality. Any discrepancies were
resolved by consensus.

@ Springer

Statistical Analysis

We extracted hazard ratios (HRs) according to the following
methods raised in previous publication [20]: (1) obtain the
HRs directly from the publication; (2) estimate the HRs from
O-E statistic and variance; (3) calculate the HRs from data
including the number of patients and events at risk in each
group, and the log-rank statistic or the p value; (4) retrieve
HRs from Kaplan-Meier Curves by extracting several survival
rates at specified times from the curves.

Statistical analyses of HRs for OS, and the odds ratios for
LNM and DM were calculated by Review Manager Version
5.3 (Revman, the Cochrane Collaboration, Oxford, England).
The heterogeneity of the data was evaluated by chi-square Q
test and F statistic. For the O test, a p value less than 0.05
indicated significant heterogeneity; for the I° statistics, an F
value greater than 50 % was considered significant heteroge-
neity. Statistical significance was defined as a p value less than
0.05.

Results
Characteristics of Included Studies

As shown in Fig. 1, the electronic search yielded 244 records.
After screening titles and abstracts, 34 full-text articles were
assessed for eligibility. Finally, after excluding 26 articles, a
total of 8 articles were included in the current meta-analysis
[21-24, 16, 25, 26, 15]. Among these 8 studies, 5 came from
China, 1 from Japan, and 2 from Germany. Six different types
of cancer were evaluated in this meta-analysis, with 2 non-
small cell lung cancer (NSCLC), 1 colorectal cancer (CRC), 1
gastric cancer (GC), 2 pancreatic cancer (PC), 1 clear cell

210 of records excluded by
screening titles and abstracts

26 of full-text articles excluded,
with reasons: 1 for duplicates,
4 for letters or editorials, 19 for
no usable data, and 2 for
reviews

244 of records identified by
searching the following
databases: Pubmed, Web of
Science, Medline, CNKI, CBM,
and the Cochrane Library

34 of full-text articles assessed
for eligibility

8 of studies included in
quantitative synthesis
(meta-analysis)

Fig. 1 The flow diagram of this meta-analysis
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Table 1  Characteristics of studies in this meta-analysis
Author  Year Country Tumor  Samplesize Malat-1 expression Method
type ()
High High with High with ~ Low Low with High with
expression LNM DM expression ~ LNM DM
Zheng 2014 China CRC 146 73 42 - 73 49 - qRT-
PCR
Zhang 2014 China ccRCC 106 46 13 5 60 6 9 qRT-
PCR
Pang 2014 China PC 126 63 46 10 63 22 0 qRT-
PCR
Okugawa 2014 Japan GC 150 88 66 8 62 39 4 qRT-
PCR
Liu 2014 China PC 45 26 15 6 19 8 1 qRT-
PCR
Dong 2014 China OSA 19 14 13 11 5 4 1 qRT-
PCR
Schmidt 2012 Germany NSCLC 222 83 - - 139 - - ISH
Ji 2003 Germany NSCLC 31 - - - - - - ISH

LNM lymph node metastasis, DM distant metastasis, CRC colorectal cancer, ccRCC clear cell renal cell carcinoma, PC pancreatic cancer, GC gastric
cancer, OSA4 osteosarcoma, NSCLC non-small-cell lung cancer, gR7-PCR quantitative real-time PCR, ISH in situ hybridization

renal cell carcinoma (ccRCC), and 1 osteosarcoma (OSA). All
cancerous specimens were well preserved before RNA extrac-
tion. All the diagnoses of LNM and DM were based on
pathology.

In these 8 studies, six methods were adopted to category
high and low MALAT-1 expression group: (1) the level of
MALAT-1 expression measured by qRT-PCR was normalized
to glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
and the cut-off value was MALAT-1/GAPDH ratio of 6.15.
(2) the level of MALAT-1 expression measured by qRT-PCR
was normalized to GAPDH, and the cut-off value was mean
value of MALAT-1 levels. (3) the level of MALAT-1 expres-
sion measured by qRT-PCR was normalized to (3-actin, and
the cut-off value was median value of MALAT-1 levels. (4)
the level of MALAT-1 expression measured by qRT-PCR was
normalized to GAPDH, and the cut-off value was determined
by receiver operating characteristics analyses with the
Youden’s index of 0.985. (5) the level of MALAT-1 expres-
sion measured by qRT-PCR was normalized to GAPDH, and
the cut-off value was MALAT-1/GAPDH ratio of 2. (6) the

High expression  Low expression

Odds Ratio

level of MALAT-1 expression measured by in situ hybridiza-
tion (ISH), high expression group was based on strong signal
of ISH. The main characteristics were summarized in Table 1.
All the studies were evaluated to be of high quality (Supple-
mentary Table 1, Newcastle-Ottawa Scale (NOS) for
assessing the quality).

Association Between MALAT-1 and LNM

Six studies reported the number of patient with LNM
based on different MALAT-1 expression levels in a total
of 592 patients. The random-effects model was adopted as
the significant heterogeneity (I°=71 %, p=0.004). Analy-
sis showed a pooled OR of 2.08 with 95 %CI 1.00—4.32
(»=0.05) (Fig. 2). Compared with low MALAT-1 expres-
sion group, high MALAT-1 expression group had a statis-
tic significant elevated LNM rate. The result showed pa-
tients with high MALAT-1 expression in tumor tissues
were more susceptibility to develop LNM.

Odds Ratio

tudy or I Events Total Even Total Weight M-H. Random, 95% Cl M-H. Random, 95% CI
Dong 2014 13 14 4 5 4.9% 3.25[0.16, 64.61]
Liu 2014 15 26 8 19 15.4% 1.88[0.57, 6.21] -1 -
Okugawa 2014 66 88 39 62 21.0% 1.77[0.87, 3.58] T
Pang 2014 46 63 22 63  20.4% 5.04 [2.36, 10.78] — =
Zhang 2014 13 46 6 60 16.9% 3.55[1.23, 10.23] - =
Zheng 2014 42 73 49 73 21.4% 0.66 [0.34, 1.30] — =1
Total (95% Cl) 310 282 100.0% 2.08 [1.00, 4.32] .
Total events 195 128 . ) ) )
Heterogeneity: Tau? = 0.54; Chi? = 17.18, df = 5 (P = 0.004); 1> =71% ‘OAOOS 071 1 1'0 200'

Test for overall effect: Z = 1.95 (P = 0.05)

Favours High expression Favours Low expression

Fig. 2 Forest plot for the association between MALAT-1 expression levels with LNM
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High expression

Low expression

Odds

Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H. Random. 95% Cl M-H. Random. 95% CI

Dong 2014 1 14 1 5 14.0% 14.67 [1.16, 185.23] - -

Liu 2014 6 26 1 19 16.5% 5.40[0.59, 49.26] - -

Okugawa 2014 21 88 6 62 30.0% 2.93[1.10, 7.75] —

Pang 2014 10 63 0 63 12.0% 24.93 [1.43, 435.34] - -
Zhang 2014 5 46 9 60 27.6% 0.69[0.21, 2.22] =

Total (95% CI) 237 209 100.0% 3.52 [1.06, 11.71] g

Total events 53 17

Heterogeneity: Tau? = 1.01; Chi? = 9.83, df = 4 (P = 0.04); I2 = 59% Hoon o : A 7000

Test for overall effect: Z = 2.05 (P = 0.04)

Favours High expression Favours Low expression

Fig. 3 Forest plot for the association between MALAT-1 expression levels with DM

Association Between MALAT-1 and DM

Five studies reported the number of patient with DM based on
different MALAT-1 expression levels in a total of 446 pa-
tients. Because the heterogeneity test of among the studies
was significant (P=59 %, p=0.04), random-effects model
was adopted. Analysis showed a pooled OR=3.52 (95 %CI:
1.06-11.71, p=0.04) (Fig. 3). High MALAT-1 expression
group had a statistic significant elevated DM rate over low
expression group, indicating an increased risk of patients with
high MALAT-1 expression developing DM.

Association Between MALAT-1 and OS

We analysis pooled HRs of two group. Seven studies with 826
patients were included in this meta-analysis of OS. Due to the
significant heterogeneity (I°=56 %, p=0.04), random-effects
model was used. Analysis showed a pooled HR=2.12
(95 %CI: 1.60-2.82, p<0.001) (Fig. 4). Compared with low
MALAT-1 expression group, high MALAT-1 expression
group had a statistic significant reduced OS. High MALAT-1
expression correlated with a worse survival.

Discussion

MALAT-1 is one of the first cancer-related IncRNAs
[15], which is abundant in many human cells and high-
ly conserved across mammalian species underscoring its
functional importance. Though a large number of stud-
ies have focused on relationship between MALAT-1 and
tumors and explored mechanism of its biogenesis,

Hazard Ratio

interaction partners, and molecular functions, the under-
lying mechanisms regulating cancer metastasis remain
unclear.

MALAT-1 has been thought to influence cellular pro-
cesses by two ways, namely regulating alternative splicing
pre-mRNAs and regulating gene expression [27, 28].
However, Gutschner et al. build a MALAT-1 knockout
model in lung cancer and found MALAT-1 did not alter
alternative splicing but actively regulates gene expression
including a set of metastasis-associated genes [29]. Other
previous studies [30-36] also showed MALAT-1 could
regulate expression of several metastasis-associated genes
including melanoma inhibitory activity 2 (MI42, a nega-
tive regulator of tumor growth invasion), roundabout 1
(ROBOI1, an inhibitor of glioma migration and invasion),
glypican 6 (GPC6, a promoter of breast cancer metasta-
sis), ATP-bind cassette sub family A member 1 (4BCAI,
an important factor for prostate cancer cell migration and
epithelial-to-mesenchymal transition). In addition, Wu
et al.[37] found knockdown of MALAT-1 reduced the
expression of matrix metalloproteinase 9 (MMP-9) and
suppressed the extracellular signal-regulated kinase/
mitogen-activated protein kinase (ERK/MAPK) pathway.
MMP-9 had a critical role in degradation of stromal ex-
tracellular matrix (ECM) proteins to promote cell invasion
and metastasis [38]. Cancer Cell metastasis was often as-
sociated with aberrantly activated ERK/MAPK pathway
[39, 40]. Besides, Fan et al. [41] found MALAT-1 played
important part in TGF-f3-induced EMT which was a key
step to cancer metastasis. In this meta-analysis, we found
high MALAT-1 expression in tumor tissues was signifi-
cant correlated with LNM and DM, analysis showed a

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI

Ji 2003 1.153732 0.184711 18.8% 3.17 [2.21, 4.55] —

Liu 2014 0408793 0.19492 18.1% 1.51[1.03,2.21] =

Okugawa 2014 0.431782 0.263054 14.3% 1.54 [0.92, 2.58] L

Pang 2014 0.565882 0.239475 15.6% 1.76 [1.10, 2.82] —

Schmidt 2011 0576613 0.25373 14.8% 1.78[1.08, 2.93] ——

Zhang 2014 1126876 0.345534 10.7% 3.09 [1.57, 6.07] S —

Zheng 2014 1.378262 0.443067  7.7% 3.97 [1.67, 9.46]

Total (95% Cl) 100.0% 2.12 [1.60, 2.82] -

Heterogeneity: Tau? = 0.08; Chi? = 13.55, df = 6 (P = 0.04); I2 = 56% 0‘ ; 0‘2 0=5 : 2 5 150

Test for overall effect: Z=5.17 (P < 0.0000

Fig. 4 Meta-analysis of the pooled HRs of OS
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pooled OR of 2.08 (95 %CI: 1.00—4.32, p=0.05) and 3.52
(CI 95 %: 1.06-11.71, p=0.04), respectively. In addition,
survival analysis confirmed the role of MALAT-1 in
metastasis.

Nevertheless, there are several limitations in the study. Dif-
ferent types of cancer included in this study increased the
heterogeneity and the inherent molecular differences might
influence firmness of the results. All of the included articles
article were retrospective studies and most of them had small
sample size. Additionally, the cut-off value of MALAT-1 ex-
pression differed in these studies. Furthermore, most of in-
cluded patients were from China, research from other coun-
tries might achieve different outcomes. Moreover, number of
included studies for each meta-analysis was small in this
study, which may generate errors by variation.

Conclusion

This meta-analysis explored the correlation of MALAT-1 ex-
pression levels with LNM, DM and OS. The results demon-
strated high MALAT-1 expression was significant correlated
with LNM (OR=2.08, 95 %CI: 1.00-4.32, p=0.05), DM
(OR=3.52, 95 %CI: 1.06-11.71, p=0.04), and poor OS
(HR=2.12, 95 %CI: 1.60-2.82, p<0.001). MALAT-1 can
serve as a molecular marker for metastasis and prognosis.
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