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Abstract
Background: Psoriasis is a chronic skin disorder manifested by recurrent episodes of scaly, red, itchy skin
patches that occur within apparently normal skin.

Objectives: This study was performed to detect the expression of serum and tissue (lesion and non-lesion)
LncRNA MALAT-1 and MiRNA-9 that might be used as biomarkers for psoriasis.

Methods: 100 subjects were included in this study, 60 psoriatic patients as well as 40 controls, blood
samples were taken from all subjects, 4 mm punch biopsy was taken from lesional and non lesional skin of
psoriatic patient and controls. Expression of LncRNA MALAT-1 and miRNNA-9 in Serum and tissues was
detected by real time qRT-PCR.

Results: our results revealed a statistically signi�cant increase in the expression of MALAT-1 in lesional and
non-lesional skin and serum of psoriatic patients than controls. Also there was statistically signi�cant
increase in serum MiRNA-9 in patients than controls. Meanwhile, its tissue level was signi�cantly decreased
in patients than controls.

Conclusion: This study highlights the contribution of LncRNA MALAT-1and miRNA-9 in the pathogenesis of
psoriasis. Elevated expression of MALAT-1 in lesional skin of psoriatic patients compared to non-lesional
skin is probably an important factor in the development of psoriatic plaques.

1. Introduction
Psoriasis vulgaris is a chronic skin disorder in�uencing 1-2% of the white population. It is manifested by
recurrent episodes of scaly, red, itchy skin patches that occur within apparently normal skin and is provoked
by many factors as infection, stress, drugs and physical lesion to the skin [1]. Occurrence of autoimmune
disorder is accompanied by genetic processes that regulate the gene networks in response to complex
environmental factors [2].  Although causes of psoriasis still obscure, it is thought to be due to multiple
factors involving genetic predisposition, environmental provokers as well as skin barrier perturbation and
immune dysfunction [3].

          A small number of long non coding RNAs have been determined in rheumatoid arthritis, systemic
lupus erythematosus, and psoriasis. Though various studies have been carried out to detect LncRNAs, their
biological and pathological functions are still controversial, and most transcriptome researches in
autoimmune disorders have only identi�ed protein-coding transcripts [4]. Metastasis-associated lung
adenocarcinoma transcript-1 (MALAT-1) is a signi�cantly expressed nuclear long non coding RNA which is
approximately 8000 nucleotides in length [5]. MALAT-1 plays a signi�cant role in pathogenesis of systemic
lupus erythematosus that regulates the expression of SIRT1and IL-21 in monocytes of patients which
proposes a new relevance and a therapeutic implementation of this LncRNA in SLE [6].

          MicroRNAs are non-coding small RNAs which organize gene expression at the post-transcriptional
level via base-pairing mainly with a 3’-untranslated region of target mRNA, followed by degradation of
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mRNA or translational inhibition. MiRNAs have important role in regulation of the immune response that
in�uence proliferation, differentiation, and activation of immune cells, in addition to formation of antibodies
and secretion of in�ammatory mediators. Disturbance of this regulatory process may result in occurrence of
multiple pathological conditions, involving autoimmune in�ammation [7]. Various microRNAs which have
role in homeostasis and skin morphogenesis have been researched. For instance, the expression of miR-21
is increased in diseased skin, in addition to in psoriasis and squamous cell carcinoma of skin [8]. Expression
of MALAT-1 is regulated by direct binding with miR-9 which binds directly to two binding sites in the MALAT-
1 molecule for degradation in the nucleus [9].

          Our current study aims at assessing the expression of long non coding RNA MALAT-1 and miRNA-9 in
lesional and non-lesional skin as well as serum of psoriatic patients. By this study, we hope to explore how
these LncRNA and miRNA could share in the pathogenesis of psoriasis, thus pave the way for innovative
treatment modalities for psoriasis targeting these LncRNA and miRNA.

2. Subjects And Methods
This study was conducted at the Medical Biochemistry and Molecular Biology Department, Faculty of
Medicine, Cairo University from March 2018 to June 2018, after approval of the Ethical Committee. A written
informed consent had been obtained from each participant. 100 Egyptian adult subjects have been included
in the study and were divided into 2 groups:

2.1 Patients' group:

          This group included 60 patients with psoriasis vulgaris presenting to the Dermatology outpatient
clinic, Faculty of Medicine, Cairo University. Patients not receiving any relevant systemic therapy for at least
four weeks or relevant local treatment for at least two weeks before initiation of our study.

Exclusion Criteria:

          Pregnant and lactating females, erythrodermic or pustular psoriasis, patients with autoimmune
diseases e.g. SLE, patients with hematological or solid malignancies e.g. leukemia, breast cancer.

          All the patients were subjected to detailed history taking, Clinical assessment (Extent of disease (%):
using rule of 9 [10], Assessment of disease severity: using PASI score, Assessment of the severity of the
biopsied plaque), Blood sample and Skin biopsy: 4 mm 2 punch biopsies were taken from lesional and non
lesional skin of psoriatic patients and stored in empty tubes at -80°C till used for expression Lnc MALAT-1
and miRNA-9.

2.2 Control group:

          40 healthy subjects were included as control group. All recruits were with no history of chronic
dermatological or systemic disease including renal, liver diseases or malnutrition. All subjects were
subjected to detailed history taking, Blood sample and Skin biopsy: the biopsies were taken from excess
skin after abdominoplasty, breast reduction and brachioplasty operations.
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Laboratory methods for detection of miRNA-9 and Lnc MALAT-1 in tissue and serum:

Sample collection and storage:

          3mL peripheral venous blood samples were collected from every participant by utilizing vacutainer
system. Samples were collected and allowed to clot for �fteen minutes, and then centrifuged at 4000 Xg for
ten minutes. Sera were separated and stored at -80 °C till the time of analysis. This sera were utilized in RNA
extraction and detection of fold change of the 2 genes (microRNA -9 and long noncoding MALAT-1) using
real time PCR.

Tissue is homogenized by grinding with QIAzol lysis buffer and the extraction of RNA is the same as the
sera.

RNA extraction

          RNA extraction from serum and tissues was performed utilizing miRNeasy mini kit and protocol for
puri�cation of serum total RNA, involving miRNA and long noncoding RNA (Qiagen, Valencia, CA, USA). RNA
samples were exposed to RNA quantitation and purity assessment using the NanoDrop® (ND)-1000
spectrophotometer (NanoDrop Technologies, Inc. Wilmington, USA)

Reverse transcription and Quantitative Real-time PCR (qPCR) for Detection of Mature miRNA-9:

          Reverse transcription was performed on total RNA in a final volume of twenty uL RT reactions utilizing
the miScript II RT kit (Qiagen, Valencia, CA, USA).

          Quantitative RT-PCR was performed utilizing miScript SYBR® Green PCR kit and protocol for mature
miRNAs quantitative assessment (Qiagen, Valencia, CA, and USA) in a total volume of 25 μL per reaction
volume utilizing the speci�c miRNA-9 primers (Cat No MS00003535).

Calculation of results:

          After �nalization of the PCR cycles, melting curve analyses were carried out to con�rm the speci�ed
production of the expected product of PCR. Because of absence of an endogenous reference housekeeping
gene of miRNA in the serum, SNORD 68 was utilized to normalize the expression manner and for relative
quanti�cation of the studied miRNA. The expression level of miRNA-9 was estimated utilizing the ΔCt
method. Control value was assumed equaled 1.

Quantitative Real-time PCR (qPCR) for Detection of LncRNA MALAT-1:

          Serum expression levels of the studied lncRNA MALAT-1 was evaluated using GAPDH as internal
control using ready-made primer for MALAT-1 and customized primer for GAPDH and Maxima SYBR Green
PCR kit (Thermo, USA) according to the manufacturer’s protocol. The primer sequences for GAPDH were as
follows:
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          GAPDH - forward 5′-CCCTTCCCCGATTTCAACTT-3′, GAPDH-reverse, 5′-TGGCCCATGGTGATGAAATT-3′.
In brief, real-time PCR was performed on 20 μl reaction mixture prepared by mixing 10 μl master mix, 1 μl
forward primer, 1 μl reverse primer, 2.5 μl cDNA, and 5.5 μl RNAase-free water utilizing Rotor gene Q System
(Qiagen) with the following conditions: 95 °C for 10 min, followed by 45 cycles at 95 °C for 15 s and 60 °C
for 60s.

Statistical Analysis:

Descriptive analysis was performed in the form of numbers and percentages for qualitative data. Arithmetic
means were calculated as central tendency measurement, while standard deviation as measure of
dispersion for quantitative parametric data

For quantitative parametric data

Independent student t-test was used to compare measure of 2-independent groups

One-way ANOVA test was used for comparing more than 2-independent groups with Benferroni Post-
Hoc to test signi�cance at p-value <0.05

For quantitative non-parametric data

Kruskalwallis test was used to compare more than 2-independent groups

Mann-whitney test was used to test signi�cance between more than 2-independent groups

For qualitative data

Bivariate Pearson correlation test to �nd out the association between different groups with a two-tailed
to test the signi�cance

Sensitivity and speci�city test were generated for testing a new test with ROC Curve (Receiver Operating
Character)

P-value<0.05 was considered as a cutoff value for signi�cance

3. Results
This study was conducted on 60 psoriatic patients and 40 healthy controls. The controls’ group included 28
males and 12 females, aged 40.50 ± 12.19. The patients’ group included 44 males and 16 females, aged
41.80 ± 12.25 (Table 1). Forty eight patients out of sixty had negative family history of psoriasis (80%), 12
patients were hypertensive (20 %) and only 6 patients had diabetes mellitus (10 %).

Table (1): Demographic characters (age and sex) of patients and controls
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Variables Controls 
(n = 40)

Mean ± SD

Patients 
(n = 60)

Mean ± SD

P-value

Age (year) 40.50 ± 12.19 41.80 ± 12.25 0.69

Sex               Males
Females

28 (70 %)
12 (30 %)

44 (73 %)
16 (27 %)

0.823

The age factor and the gender of the patients are not considered as statistically signi�cant with p-values
0.69 and 0.823 respectively (Table 1).  

Table (2): Description of disease characters among psoriatic group. 
Variables Minimum  Maximum  Mean  ±SD 

Extent of disease (%) 7 80 37.7 22.7

PASI score  5.6 56.8 22.2 12.2
BPSS 4 12 7.2 2.4

As regard disease characters, the mean levels of the extent of disease, PASI score and BPSS in psoriatic
patients are 37.7, 22.2 and 7.2 respectively (Table 2).

Results of laboratory investigations:

MiRNA-9 expression in psoriatic patients and controls

- MiRNA-9 expression ranged from 0.002 to 5.7 folds in lesional skin, with mean of 0.61 and this difference
was signi�cantly lower than controls (p = 0.001) (Table 3, �gure 1).

- MiRNA-9 expression ranged from 0.006 to 6.8 folds in non-lesional skin, with a mean of 0.65, and this
difference was signi�cantly lower than controls (p = 0.001) (Table 3, �gure 1).

- MiRNA-9 was overexpressed in serum of patients with a range from 0.11 to 32.8 folds, with a mean of 5.1,
the difference was signi�cantly high compared to controls (p = 0.001) (Table 3, �gure 1).

Table (3): Description of fold change of miRNA-9 among study groups. 
Variables Cases  

 (n=60)
controls
 (n=40)

p-value  Sig. 

Mean  SE Mean  SE

Lesion  0.61 0.32 0.99 0.01 0.001 HS

Non lesion  0.65 0.35 0.99 0.01 0.001 HS

Serum  5.1 1.8 0.99 0.02 0.001 HS

Long noncoding MALAT-1 expression in psoriatic patients and controls:
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The fold change of long noncoding MALAT-1 in lesional skin of patients ranged between 0.05 and
47.1(mean =7.5). The fold change of long noncoding MALAT-1 in non-lesional skin of patients ranged
between 0 and 66.7(mean = 5.8). The fold change of long noncoding MALAT-1 in serum of patients ranged
between 0.02 and 79.4(mean = 9.3). There were statistically signi�cant differences with P = 0.001, 0.02,
0.001 between patients and controls as regard lesion, non-lesion and serum levels of MALAT1 with high
means among patients (Table 4, �gure 2).

Table (4): Description of fold change of MALAT-1 among study groups 

Variables Cases  
 (n=60)

controls
 (n=40)

p-value  Sig. 

Mean  SE Mean  SE

Lesion  7.5 3.3 1.1 0.01 0.001 HS

Non lesion  5.8 3.6 1.1 0.01 0.02 S

Serum  9.3 4.9 0.99 0.01 0.001 HS

There were no statistically signi�cant differences with p-value >0.05 as regards lesion, non-lesion and serum
levels of miRNA-9 between males and females in patient group. On the other hand, There was statistically
signi�cant difference with p-value <0.05 between males and females in patient group as regards lesion level
of MALAT- 1with high mean among females (Table 5).

Table (5): Comparisons of different markers in different genders. 

Variables Males 
 (n=44)

Females 
 (n=16)

p-value  Sig. 

Mean  SE Mean  SE
MiRNA-9

Lesion  0.51 0.38 0.88 0.62 0.6 NS

Non lesion  0.84 0.46 0.057 0.008 0.4 NS

Serum  5.6 2.4 3.6 1.7 0.7 NS

MALAT 1 
Lesion  3.8 1.9 18.7 11.3 0.04 S

Non lesion  7.4 4.7 0.70 0.41 0.4 NS

Serum  10.9 6.5 4.2 2.4 0.5 NS

Correlations between MiRNA- 9 and other variables among patients:

There is positive correlations between non-lesion level of miRNA-9 and each of extent of disease and BPSS
score among cases (�gures 3a, 3b) with p-value 0.007 and 0.02 respectively.

Correlations between MALAT- 1 and other variables among patients:
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There were positive correlations with p-value 0.02, 0.002 and 0.007 between serum level of MALAT-1 and
extent of disease, PASI and BPSS score respectively among cases (�gure 4a, 4b, 4c).

Correlations between levels of MALAT-1 in different samples among patients:

There were no statistically signi�cant correlations with p-value >0.05 between lesion level of MALAT 1 and
any of non-lesion and serum levels of MALAT1 among cases, or between non-lesion and serum levels of
MALAT1.

Correlations between MiRNA- 9 and MALAT-1 in different samples among patients:

There were statistically signi�cant positive correlations with p-value <0.05 between lesion, non-lesion, and
serum levels of miRNA-9 with serum level of MALAT-1 among cases with p-value 0.004, 0.002 and 0.01
respectively (�gure 5a, 5b, 5c).

Statistics showed that Lesional miRNA-9 and MALAT-1 fall in Area Under Curve 0.75 and 0.97 respectively
with cutoff value 1.31 and 2.79. The sensitivity of miRNA-9 is 91% and speci�city of 100%. While the
sensitivity for MALAT-1 is 75% and speci�city of 100% (�gure 6, table 6).

Table(6): Sensitivity and Specificity percentages for Lesional microRNA-9 and MALAT-1 in
Psoriasis patients.

Serum Biomarkers AUC Cut-off value Sensitivity Specificity
microRNA-9 0.75 1.31 91% 100%
MALAT-1 0.97 2.79 75.0% 100%

Area Under Curve for non Lesional miRNA-9 and MALAT-1 are 0.917 and 0.50 respectively with sensitivity
91% and speci�city 100% for miRNA-9 and 50% and 100% for MALAT-1. The cutoff values for miRNA-9 and
MALAT-1 are 1.11 and 2.16 respectively (�gure 7, table 7).

Table(7): Sensitivity and Specificity percentages for non Lesional microRNA-9 and MALAT-1
in Psoriasis patients

Serum Biomarkers AUC Cut-off value Sensitivity Specificity
microRNA-9 0.917 1.11 91% 100%
MALAT-1 0.50 2.16 50% 100%

Area Under Curve for serum miRNA-9 and MALAT-1 are 0.50 for both with sensitivity 55% and speci�city of
100% for miRNA-9 and 58% and 100% for MALAT-1. The cutoff values for miRNA-9 and MALAT-1 are 1.95
and 1.22 respectively. (�gure 8, table 8).

Table(8): Sensitivity and Specificity percentages for serum microRNA-9 and MALAT-1 in     
Psoriasis patients

Serum Biomarkers AUC Cut-off value Sensitivity Specificity
microRNA-9 0.50 1.95 55% 100%
MALAT-1 0.50 1.22 58% 100%
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4. Discussion
Psoriasis is an autoimmune disease in which in�ammation is mediated by cells and molecules of the
adaptive and innate immune systems. The immune pathways which operate in psoriasis constitute
exaggeration of immune tracks that occur as fundamental or stimulatory pathways in normal skin of
human [11]. Keratinocytes are major contributors in innate immunity calling up T cells to the skin, and T cells
are essential in maintaining disease activity.

In�ammatory myeloid dendritic cells (DCs) secrete IL-12 and IL-23 to activate Th1 cells, Th22 cells, and IL-
17–secreting T cells to release plentiful psoriatic cytokines IL-22, IL-17, TNF-α, and IFN-γ [11] [12].

The role of microRNAs in regulation of gene expression at the post-transcriptional level is deemed an
essential genetic mechanism, and there were many proofs revealing that microRNAs have signi�cant role in
the pathogenesis of psoriasis [13].

The regulatory effect of long non coding RNAs in immune system has been a pivotal �eld in research
toward personalized medicine. Researches on LncRNAs in immune cells detected that LncRNAs play
important role in immune cells development, differentiation and activation [14].

The aim of this study was to examine the role of miRNA- 9 and Lnc MALAT-1 in the pathogenesis of
psoriasis and their relation to disease severity. To the best of our knowledge, this is the �rst study to check
both miRNA-9 and MALAT-1 in psoriatic patients’ lesionl and non-lesional skin as well as serum.

In the present study, the expression of miRNA-9 and lncMALAT-1 were detected by qRT-PCR in psoriatic
patients and compared to controls.

Regarding miRNA-9, its serum expression was signi�cantly increased in patients than controls, while its
tissue levels were signi�cantly decreased in patients than controls. Liang et al., deduced that microRNAs
exist in blood in a stabilized format and their levels are modi�ed in diseases [15]. 

Majd et al., revealed that microRNA-9 in increased in plasma of MS patients in relapsing phase compared to
healthy controls which is an autoimmune disorder as psoriasis [16]. O’Connell et al., studied that MicroRNA-9
participate in regulation of cell activation by many loops of  feedback inhibition working at the level of
NFKB1, which is a transcriptional factor greatly take part in the in�ammatory response [17].

So, in lesional skin, one may hypothesize that the downregulation of miR-9 we detected in comparison to
controls may possibly be one of the factors that contribute to the upregulation of NFKB1. Puzzlingly,
Bazzoni et al., state that, the proin�ammatory cytokines TNF-α, Toll-IL-1R (TIR) and IL-1β; which are all
upregulated in psoriasis, causes upregulation of miR-9 levels in both PMN and monocytes [18].

Adding to the confusion, miRNA-9 is upregulated by NFKB1 itself via LPS and MyD88 interactions [19].
Therefore it is justi�ed for miRNA-9 to be upregulated in psoriasis as we detected in patients’ serum, but the
fact that it was downregulated in lesional skin, needs more research and insight on this miRNA’s regulation
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in tissue within the context of psoriasis. Lesional, non-lesional and serum expression of long noncoding
MALAT- 1 were signi�cantly higher in patients than controls.

The increased expression of MALAT-1 in lesional skin in comparison to non-lesional skin may provide an
explanation for the occurrence of plaques in these portions of the skin, that express the disease phenotype
in a genetically predisposed individual, while other areas of the skin remain normal.

MALAT-1 is a long noncoding RNA whose importance in immune regulation stays mostly obscure.  Several
researches have revealed that LncRNAs can be used as biomarkers for diagnosis and prognosis of
diseases. Lately, abnormal expression of LncRNAs has been detected in rheumatoid arthritis and many
autoimmune disorders [20].

In the present study, MALAT-1 was signi�cantly increased in psoriatic patients, lesional, non lesional and
serum samples compared to controls. Dysregulation of MALAT-1 appeared to be NF- B- dependent. NF- B is
a major transcription factor which is important for promoter activity of MALAT-1 [21].

Furthermore, Puthanveetil et al., displayed that hyperglycemia initiates an in�ammatory response cascade
through MALAT-1 mediated up-regulation of serum amyloid antigen[22], thus inducing the release of
in�ammatory markers TNF-α and IL-6, both of which are major regulators in pathogenesis of psoriasis [23].
So, it seems that MALAT-1 carries the potential of upregulation of key players in psoriasis development
including NF- B, IL-6 and TNF-α, although the exact mechanism of the latter 2 cytokines needs veri�cation.

A good example of abnormal expression of MALAT-1 in autoimmune disease is reported by Yang et al., who
showed that MALAT-1 was upregulated in PBMCs from autoimmune disease (SLE) patients compared to
that in healthy controls, and the major regulatory role of MALAT-1 in the pathogenesis of systemic lupus via
SIRT1signaling pathway [6]. Rasheed et al., detected dysregulation of SIRT1 in psoriasis patients in
comparison to healthy controls [24] and Yang et al., reported the role of MALAT-1 in regulation of SIRT1
signaling pathway [6].

In the present study, results showed that lesion level of miRNA-9 and MALAT-1 was higher in females than
males. Our result was con�rmed by Zandman et al., and Greer et al., who detected that various stimuli may
differentially impact females and males, making the higher potential of autoimmune diseases among
females[25] [26].

Alonso and Hernan revealed that for epigenetic modi�cations to explain sexual dimorphism in
autoimmunity, it is important to assume that epigenetic factors are more commonly occurred in one gender
than in the other, or that individuals of one sex are more susceptible than the other [27]. While, in view of the
higher incidence of some autoimmune diseases among females, but not males, over the last 100 years, and
the main social changes that mostly in�uenced females over that time, it is an appealing supposition.

Moreover, the signi�cant positive correlation between non- lesion miRNA-9 and both extend of disease and
BPSA affected by psoriasis, suggests an important relationship between this miRNA and the disease
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initiation and activity, and may encourage further investigations to explore the possibility of using this
miRNA as one of the markers of psoriasis severity.

Interestingly, serum MALAT-1 expression was positively correlated with disease extension, PASI score and
BPSS among cases, which indicated that the increase in these variables was associated with increase in
serum level of MALAT-1. Such observations may suggest a direct participation of MALAT-1 in the
development and severity of psoriasis.

In the current study, a signi�cant positive correlation between serum level of MALAT-1 and each of lesion ,
non-lesion, and serum level of MiRNA-9 among cases with p-value <0.05, which indicated that the increase
in serum level of MALAT-1 was associated with increase in lesion, non-lesion and serum level of micro RNA-
9.

These results are opposing the result of Leucci et al., who reported that miRNA-9 overexpression resulted in
a signi�cant downregulation of MALAT-1 both in the cytoplasm and the nucleus of L428 Hodgkin
lymphoma cells [9]. Psoriasis and lymphoma are 2 diverse disorders with very different pathogenesis and
immune dysregulations. The relation of miRNA-9 with MALAT-1 cannot be simply restricted to a dual
interaction when a vast number of cytokines involved in psoriasis are dysregulated; e.g. NFKB, TIR-IL1 and
TNF, and are shown to be direct regulators of miRNA-9 and or MALAT-1.

5. Conclusion
This study highlights the contribution of MALAT-1and miRNA-9 in the pathogenesis of psoriasis. We
detected that the expression of MALAT-1 in lesional skin of psoriatic patients is elevated in comparison to
non-lesional skin which might be an important factor in the development of psoriatic plaques. The high
serum expression of MALAT-1 and miRNA-9 indicate that such circulating markers can serve as potential
markers for diagnosis of psoriasis and need to be compared with the papulosquamous disorders. These
results could also pave the way for the development of a potential therapy for psoriasis by manipulating
these markers, which also seem to be involved in co-morbidities associated with psoriasis.
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Figure 1

MiRNA-9 level in Lesion, non-lesion and serum among patients compared to control group.
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Figure 2

MALAT-1 level in Lesion, non-lesion and serum among patients compared to control group.

Figure 3

(a) Correlation between extent of disease and non-lesional MiRNA-9 among patients. (b) Correlation
between BPSS and non-lesional MiRNA-9 among patients.
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Figure 4

(a) Correlation between extent of disease and serum MALAT-1 among patients.(b) Correlation between PASI
score and serum MALAT-1 among patients. (c)Correlation between BPSS and serum MALAT-1 among
patients.
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Figure 5

(a) Correlation between lesional miRNA-9 and serum MALAT-1 among patients. (b) Correlation between non-
lesional miRNA-9 and serum MALAT-1 among patients. Correlation between serum miRNA-9 and serum
MALAT-1 among patients.



Page 18/19

Figure 6

ROC Curves for Lesional (a) miRNA-9 and (b) MALAT

Figure 7

ROC Curves for Non Lesional (a) miRNA-9 and (b) MALAT-1.
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Figure 8

ROC Curves for serum (a) miRNA-9 and (b) MALAT-1


