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ABSTRACT

Objective To evaluate the association of MALAT-1 and the
prognosis of patients with systemic lupus erythematosus (SLE).
Materials and Methods A total of 87 SLE patients and 50
healthy controls were recruited. The expression levels of MA-
LAT-1 were measured by quantitative PCR at baseline. Multiva-
riate Cox regression analysis was performed to assess the asso-
ciation of MALAT-1 levels with survival after adjusting for
potential confounding factors.

Results The MALAT-1 levels in patients with SLE were signifi-
cantly higher compared with healthy controls (p<0.01). The
10-year survival of patients with a higher MALAT-1 level was
significantly lower than that of patients with a lower MALAT-1
level (HR=5.54; 95 % Cl: 1.49-20.55; p=0.01). Multivariate Cox
regression indicated that the MALAT-1 level was significantly
associated with a risk of mortality (HR=10.02,95% Cl: 1.14-
88.14,p=0.04).

Conclusion The expression levels of MALAT-1 may be a pro-
mising biomarker for evaluating the prognosis of SLE patients.

ZUSAMMENFASSUNG

Ziel Die Assoziation von MALAT-1 und der Prognose der Patien-
ten mit systemischem Lupus erythematodes (SLE) zu bewerten.
Material und Methoden Insgesamt wurden 87 SLE-Patienten
und 50 gesunde Kontrollpersonen rekrutiert. Die Expressionsni-
veaus von MALAT-1 wurden zu Beginn der Studie durch quanti-
tative PCR gemessen. Eine multivariate Cox-Regressionsanalyse
wurde durchgefiihrt, um die Assoziation der MALAT-1-Spiegel
mit dem Uberleben nach Bereinigung um mégliche Stérfaktoren
zu bewerten.

Ergebnisse Die MALAT-1-Spiegel bei Patienten mit SLE waren
im Vergleich zu gesunden Kontrollen signifikant héher (P<0,01).
Das 10-Jahres-Uberleben von Patienten mit einem hheren
MALAT-1-Spiegel war signifikant niedriger als bei Patienten mit
einem niedrigeren MALAT-1-Spiegel (HR=5,54; 95 % Cl: 1,49-
20,55; P =0,01). Die multivariate Cox-Regression zeigte, dass
der MALAT-1-Spiegel signifikant mit einem Mortalitdtsrisiko
assoziiert war (HR=10,02,959% Cl: 1,14-88,14, P=0,04).
Schlussfolgerung Die Expressionsniveaus des MALAT-1-Ni-
veaus kénnten ein vielversprechender Biomarker fiir die Bewer-
tung der Prognose von SLE-Patienten sein.
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Introduction

Systemic lupus erythematosus (SLE) is a severe autoimmune di-
sease characterized by loss ofimmunological tolerance to autoan-
tibodies to nuclear antigens, abnormal T- and B-cell responses and
autoantibody production [T, 2]. Itis a multisystem disease with he-
terogenous clinical manifestations including rash, arthritis, fatigue,
nephritis, neurological disorders, anemia, and thrombocytopenia
[3]. The prevalence of SLE is 20-50 in every 100,000 people glo-
bally, while the number in China is as high as 70 per 100,000 peo-
ple, which is significantly higher than Japan or other East Asia coun-
tries [4,5]. Both genetic and environment factors contribute to SLE
pathogenesis, but the etiology of SLE is not fully understood [6].

Characterized as a subtype of noncoding RNAs with more than
200 nucleotides in length [7, 8], long noncoding RNAs (IncRNAs)
are widely involved in various physiological and pathological pro-
cesses mostly by functioning at transcriptional or posttranscriptio-
nal control [9]. Accumulating evidences showed that IncRNAs exist
stably in human body fluids including urine and plasma, thereby
acting as sensitive prognostic and diagnostic biomarkers in can-
cers, cardiovascular diseases, and immune diseases [10-12].

The metastasis-associated lung adenocarcinoma transcript 1
(MALAT-1) is a novel IncRNA, which is expressed from chromoso-
me 11q13 and encodes a gene of about 8.7 kb [13]. It has been
linked to gene regulation and alternative splicing as well as cell pro-
liferation, apoptosis, migration, and invasion [14]. It was abnor-
mally upregulated and involved in metastasis of several cancers in-
cluding lung cancer, prostate cancer, breast cancer, and hepatocel-
lular carcinoma [15]. In addition, MALAT-1 was reported to be
correlated with autoimmune diseases such as myasthenia gravis
[15] and multiple sclerosis [16]. A recent study indicated that
MALAT-1 was the key requlatory factor in the pathogenesis of SLE
through regulating the expression of IL-21 and SIRT1 in monocy-
tes of SLE patients [17]. However, the prognostic value of MALAT-
1in SLE patients was unclear yet.

The present study aimed to evaluate the expression levels and
the role of MALAT-1 in predicting the prognostic value in patients
with SLE.

Methods

Patients

A total of 87 SLE patients and 50 age- and sex- matched normal
controls were recruited in the Central Hospital of Tai’an from Mar.
2009 to Dec. 2010. All of the enrolled patients fulfilled at least four
of the 1997 update of American College of Rheumatology (ACR)
revised criteria for SLE [18]. All included patients had not received
any immune suppressant drugs, immune modulator or hormonal
therapy. Those with malignant tumors, acute/chronic infection or
other auto-immune disease were excluded. Disease activity was
assessed for all patients using the Systemic Lupus Erythematosus
Disease Activity Index (SLEDAI).

This study was approved by the ethic committee of our hospital
and informed consent was obtained from all individual participants

Data collection

Demographic, clinical and laboratory data were obtained from first
hospitalization medical records of SLE patients, e.g. age, sex, di-
sease duration, SLEDAI, antinuclear antibody (ANA), white blood
counts (WBCs), platelets, anti-double-stranded DNA antibody (an-
ti-dsDNA Ab), anticardiolipin antibody (ACL), antinucleosome an-
tibody (AnuA), anti-Sm antibody (Sm), anti-SSA antibody (SSA),
24-h proteinuria excretion, complement component 3 (C3), com-
plement component 4 (C4) and organ involvement (mucocutane-
ous system, musculoskeletal system, cardiopulmonary system, ne-
phropathy, blood system and neuropsychiatric system). Survival
was determined from the time of SLE diagnosis to the last contact
or date of death.

mRNA expression of MALAT-1

5ml peripheral blood samples were collected from patients at ad-
mission and healthy controls during physical examination, then
they were centrifuged at 3000 g for 10 min. The supernatant serum
was stored at -80 ° C for up to three months. Total RNA was extrac-
ted from serum by miRNeasy extraction kit (Qiagen, Valenica, CA)
using QlAzol lysis reagent. RNA was quantitated using Nano-
Drop2000 (Thermo scientific, USA). Reverse transcription was car-
ried out on RNA in a final volume 20 ml reactions using first strand
Kit (Qiagen, Valenica, CA). Primers for RT-qPCR were MALAT-1: F-
GAATTGCGTCATTTAAAGCCTAGTT, R-GTTTCATCCTAC-
CACTCCCAATTAAT; GAPDH: F-ACAGTCAGCCGCATCTTCTT, R-GA-
CAAGCTTCCCGTTCTCAG. Quantitative mRNA expression was mea-
sured by ViiA™ 7 Real-Time PCR System (Applied Biosystems Inc.,
Foster City, CA, USA). The expression of GAPDH was detected as
the endogenous control. Relative mRNA expression of MALAT-1
was calculated with the comparative threshold cycle (Ct) (2 ~24Ct)
method.

Statistical analysis

Continuous variables are presented as median (quartiles) and com-
pared with the Mann-Whitney U test. All categorical variables were
summarized and expressed as proportions and compared with the
use of chi-square test or Fisher's exact test, as appropriate. Cumu-
lative survival curves were determined by the Kaplan-Meier me-
thod and event curves of disparate outcomes were compared by
using the log-rank test. Cox regression analysis was used in death
risk factors analysis, specifically presented as hazard ratio (HR) and
95 % confidence intervals (95 % Cl). All tests were 2-sided and a P
value of less than 0.05 was considered significant. All statistical ana-
lyses were performed with the SPSS statistical software program
package (SPSS version 20.0 for Windows, Armonk, NY: IBM Corp.).

Results

The median age of 87 SLE patients was 37 years (range: 18-52
years), which was comparable (P=0.77) with 50 healthy controls
(median 36 years, range: 18-52 years). The gender distribution was
also not significant between two groups (P=0.55). The median di-
sease duration of SLE patients was 40 months (10-77 months) and
the median SLEDAI was 10 (5-15). The clinical and laboratory cha-
racteristics are presented in > Table 1.
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> Table 1 Baseline characteristics in patients with SLE and healthy
controls.

SLE Healthy P
patients controls Value

Demographic variables

Age (years) 37(18-52) 36(18-52) 0.77

Female, n (%) 80(92.0%) 44(88.0%) 0.5

Disease duration (months) 40 (10-77)
SLEDAI 10 (5-15)
Laboratory features
WBCs (103/mm?3) 4.3
(1.9-8.9)
Platelets (103/mm?3) 263
(29—389)
ANA positive, n (%) (93.1%)
Anti-dsDNA Ab positive, n (%) 59 (67.8%)
ACL positive, n (%) 6(18.4%)
AuaA positive, n (%) 31(35.6%)
Sm positive, n (%) 26 (29.9%)
SSA positive, n (%) 65 (74.7%)
24h proteinuria>0.5g/24h,n (%) 47 (54.0%)
Decreased C3, n (%) 72 (82.8%)
Decreased C4, n (%) 48 (55.2%)

Organ involvement
43.7%
36.8%

Mucocutaneous system, n (%)

Musculoskeletal system, n (%)

Nephropathy, n (%) 55.2%
33.3%
20.7%

8 ( )

2( )

Cardiopulmonary system, n (%) 14 (16.1 %)
8( )

Blood system, n (%) 9( )
8( )

Neuropsychiatric system, n (%)

» Fig. 1 showed that the relative expression of MALAT-1 was si-
gnificantly higher in SLE patients than that in healthy controls (SLE:
median 1.93, range 0.81-3.32 vs. controls: median 0.92, range
0.61-1.35; P<0.01). » Table 2 presented that MALAT-1 level was
significantly associated with WBCs (r=0.50, P<0.01), platelets
(r=0.52, P<0.01) and nephropathy (r=0.45, P<0.01).

The 5-year and 10-year survival rates for all SLE patients were
94.3% and 89.7 %, respectively. All SLE patients were divided into low
MALAT-1 group or high MALAT-1 group according to the median
value. The Kaplan-Meier curves and log-rank tests (> Fig. 2) showed
that the high MALAT-1 level was associated with a higher risk of 10-
year mortality (HR=5.54; 95 % Cl: 1.49-20.55; P=0.01).

Multivariate Cox proportional hazard regression is performed
to explore the association of predictors with the risk of 10-year
mortality in patients with SLE (> Table 3). It is shown that after ad-
justing potential confounding factors, a higher MALAT-1 level
(HR=10.02,95%Cl: 1.14-88.14,P=0.04), male (HR=17.96,95%
Cl: 2.24-144.16, P<0.01) and a higher SLEDAI level (HR =13.43,

: ==

1 L
SLE Control

Relative expression of MALAT-1

> Fig. 1 Relative expression of MALAT-1 in SLE patients and healthy
controls.

95% Cl: 1.53-117.92, P=0.02) were all positively associated with
the risk of 10-year mortality.

Discussion

Despite great advances in modern medicines, the treatment of SLE
remains unsatisfied, especially in its earlier stages. Therefore, to
clearly elucidate the mechanism of SLE progression and to predict
the disease course of SLE may allow better targeting of aggressive
treatment to improve the therapeutic outcome [19]. The present
study indicated that the mRNA expression of MALAT-1 was signifi-
cantly upregulated in SLE patients compared with healthy controls.
In addition, a higher MALAT-1 level was associated with an increa-
sed risk of mortality in patients with SLE, after adjusting for poten-
tial confounding factors.

The 5-year and 10-year survival rates of 87 SLE patients inclu-
ded in this study were 94.3 % and 89.7 %, similar to that in two large
cohort studies in China and a global meta-analysis published re-
cently [20-22]. Our results demonstrated that MALAT-1 level was
positively associated with the risk of 10-year mortality in patients
with SLE. The mechanism of MALAT-1 as an independent risk fac-
tor affecting the prognosis of SLE is still unclear. In our study, there
was a significant positive correlation between MALAT-1 level and
both the WBC and platelet counts in the SLE patients. Platelet - leu-
kocyte aggregation is essential for leukocyte recruitment, an im-
portant step of inflammatory and immune reactions and is partly
regulated by MALAT-1 [23]. In addition, nephropathy were also sig-
nificantly related with MALAT-1. Lupus nephritis (LN) is a major risk
factor for morbidity and mortality in SLE and 10 % of patients with
LN will develop end stage renal disease (ESRD) [24]. In contrast with
anon-significant correlation in our study, the correlation between
MALAT-1 level and SLEDAI was reported to be significant in Fouad
etal.’s study (r=0.36, P=0.024) [25]. Disease activity was also de-
monstrated to be associated with mortality in patients with SLE
[26].

In line with previous studies, male and high SLEDAI scores were
shown to be associated with a higher risk of mortality [22, 27]. Pre-
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» Table 2 Correlation of MALAT-1 level with baseline characteristics
in SLE patients.

Spearman’sr P Value
Demographic variables
Age -0.18 0.10
Gender -0.12 0.26
Disease duration 0.02 0.83
SLEDAI 0.09 0.41
Laboratory features
WBCs 0.50 <0.01
Platelets 0.52 <0.01
ANA positive 0.14 0.19
Anti-dsDNA Ab -0.07 0.53
ACL 0.03 0.77
AuaA 0.04 0.71
Sm -0.01 0.99
SSA positive 0.08 0.47
24h proteinuria>0.5g/24h -0.18 0.09
Decreased C3 0.10 0.36
Decreased C4 0.21 0.05
Organ involvement
Mucocutaneous system 0.05 0.63
Musculoskeletal system 0.09 0.40
Cardiopulmonary system -0.06 0.60
Nephropathy 0.45 <0.01
Blood system 0.05 0.67
Neuropsychiatric system 0.03 0.77

Survival probability (%)

70

L] T L T 1 1 T T 1

1
0 12 24 36 48 60 72 84 96 108 12
Months

— High MALAT-1 level —r. Low MALAT-1 level

> Fig. 2 Kaplan-Meier survival curves by MALAT-1 level.

vious findings have implicated sexual disparities in the course of
SLE, which may be caused by interactions between sex hormones,
the immune system, genetic factors, and epigenetic modifications

> Table 3 Risk factors for mortality of patients with SLE using Multi-
variate Cox regression analysis.

Multivariate analysis
P Value

HR (95 % Cl)

High vs. low MATAL-1
level

10.02 (1.14-88.14) 0.04

Male vs. Female
SLEDAIZ 10 vs. <10

17.96 (2.24-144.16) <0.01
13.43 (1.53-117.92) 0.02

ininfluencing SLE progression [28]. SLEDAI score is the disease ac-
tivity score of SLE, suggesting higher disease activity, more severe
disease condition, higher treatment difficulty, and inevitably worse
prognosis.

This study has some limitations. Firstly, the sample size was re-
latively small, a larger-scale longitudinal study with more patients
should be required to validate the results. Second, only hospita-
lized patients with SLE were included in this study, which means
that all the conclusions were conditional on having relatively seri-
ous SLE.

In conclusion, this study demonstrates for the first time that the
expression of MALAT-1 level has potential to be a prognostic indi-
cator in patients with SLE.
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