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Abstract
Multiple myeloma (MM) is a malignancy of antibody-secreting plasma cells which 

remains incurable, despite significant improvements in treatment and patient care. 
There is an urgent need to identify novel markers with prognostic and therapeutic value 
for MM. Long non-coding RNAs (lncRNAs) have emerged as key regulators in cancers 
including MM. Metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) is a 
lncRNA known to be over expressed in solid tumors and hematologic malignancies. 
However, the pathological mechanisms of MALAT1 in MM are not completely 
understood.

Objective: To investigate the MALAT1 expression levels in MM patients and to evaluate 
their relations to disease characteristics and possible prognostic implication.

Patients and methods: The study was performed on 50 MM patients and 50 patients 
doing bone marrow aspiration for other conditions with normal plasma cell percentage 
as controls. Total RNA, including LncRNA isolation from bone marrow samples was 
carried out with the miRN easy Mini Kit according to the manufacturer’s instructions. 
MALAT1 gene expression was performed by RNA extraction, reverse transcription, and 
real-time qPCR.

Results: We demonstrated that MALAT1 was over expressed in newly diagnosed MM 
patients compared with post-treatment patients and control subjects. Additionally, there 
were statistically significant relations between high MALAT1 expression levels and ESR, 
plasma cell percentages in bone marrow, M-protein concentrations in serum protein 
electrophoresis (SPEP), hemoglobin levels and serum levels of β2-microglobulin and IL-6. 

Conclusion: The current data suggested that MALAT1 may be useful as a novel 
prognostic biomarker for MM.
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Introduction
Multiple myeloma (MM) is characterized by the malignant proliferation of plasma 

cells in the bone marrow microenvironment, accompanied by organ dysfunctions, 
including anemia, renal insufficiency, hypercalcemia, and osteolytic bone disease [1]. It 
is the second commonest hematological malignancy with rising incidence across the 
globe [2].
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MM is still an incurable disease, despite advances in 
conventional therapy, clinical application of novel agents and 
high-dose chemotherapy protocols supported by autologous 
stem cell transplantation [3]. Thus, a detailed understanding 
of the mechanisms underlying the development and 
progression of MM is essential for improving the treatment. 
Growing evidence indicates the involvement of lncRNAs in 
MM pathogenesis, providing new insights into its biological 
mechanisms [4].

LncRNAs, with a length of over 200 nucleotides, have little 
or no capacity for protein synthesis. These have been shown 
to regulate gene expression at the transcriptional, post-
transcriptional, and epigenetic levels [5] and are implicated in 
diverse biological functions, including development, 
proliferation, differentiation, and apoptosis [6]. The 
expressions and roles of lncRNAs in various benign and 
malignant diseases have been widely investigated [7–9]. 
Aberrant expression of lncRNAs has been observed in many 
types of hematological malignancies, suggesting that they 
own either oncogenic or tumor suppressive properties [10]. In 
addition to crucial role in tumor development and progression, 
lncRNAs showed many interesting features as diagnostic and 
predictive biomarkers and also as promising therapeutic 
targets [11].However, the available data suggest important 
role of lncRNAs in MM [12].

Metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1), a 8.5-Kb located on chromosome 11 (11q13.1); a 
translocation site of t(11; 14) in MM, consists of two exons 
and is one of the few biologically well-studied lncRNAs, and it 
has been reported to involve the regulation of gene 
expressions and the regulation of alternative splicing and cell 
cycle [13]. MALAT1 misregulation has been shown to play a 
role in the development of several solid tumors, including 
lung, colorectal, bladder, and laryngeal cancers [14-16].

Nevertheless, the impact of MALAT1 on MM has not yet 
been satisfactorily investigated. To understand the potential 
role of MALAT1 in MM, we tested the expression level of 
MALAT1 in three groups of MM patients and analyzed its 
relationship to different patients’ characteristics and 
prognosis.

Participants and methods

Participants: This study was conducted in the period between 
January 2018 and December 2018 and included 100 subjects 
that were classified into 2 groups. The first group included 50 
MM patients, who were diagnosed according to the 
international myeloma working group (IMWG) criteria for the 
diagnosis of MM, which was subdivided into three subgroups: 
T0 group consisting of 12 newly diagnosed multiple myeloma 
patients who had received no treatment at the time of 
collection of samples, T1 group consisting of 27 MM patients 
who have received 2 cycles of velcade and dexamethasone or 
velcade, cyclophosphamide and dexamethasone at the time 
of collection of samples and T2 group consisting of 11 patients 
who have received 4 cycles of velcade and dexamethasone or 
velcade, cyclophosphamide and dexamethasone at the time 

of collection of samples. While the second group included 50 
patients doing bone marrow (BM) aspiration for other 
conditions (as hypersplenism or primary immune 
thrombocytopenia) whose BMs showed normal plasma cell 
count (less than 3% plasma cells). All patients were recruited 
from the Hematology Department in Gamal Abdel Nasr 
Hospital; Alexandria affiliated to Health Insurance organization.

All subjects included in the current study were subjected 
to full medical checkup as history taking, clinical examination, 
laboratory investigations including BM examination, IL-6 
measurement, radiological examination and MALAT1 
expression by quantitative real-time PCR assays.

MM patient’s group was assessed at three time points: 
Time 0 was the time of diagnosis where the patients have had 
no treatment, Time 1 was the time at which the patients had 
received 2 cycles of velcade and dexamethasone or velcade, 
cyclophosphamide and dexamethasone at the time of 
collection of samples and Time 2 was the time at which the 
patients had received 4 cycles of velcade and dexamethasone 
or velcade, cyclophosphamide and dexamethasone at the 
time of collection of samples. Whereas, the assessment of the 
laboratory parameters in the control group was done only 
once at the time of collection of samples.

The updated criteria of International Myeloma Working 
Group (IMWG) were used as a guide for proper diagnosis of 
MM patients [17]. The treatment response categories were in 
accordance with the uniform response criteria created by 
IMWG [18].

This study was approved by the local ethics committee at 
the Medical Research Institute, Alexandria University, Egypt. 
Informed consent from the patients was obtained before 
sample collection and after a brief explanation of research 
objectives.

Measurement of serum IL-6 levels: IL-6 level was measured 
using a Cobas E601 analyzer (Roche Diagnostics) for all 
subjects included in the current study [19].

MALAT1 gene expression by real-time PCR
RNA extraction was performed at Hematology 

Department Medical Research Institute, Alexandria University 
via Qiagen Blood QIAamp genomic RNA extraction kit and 
under sterile conditions using a UV laminar flow cabinet 
according to manufacturer instructions. The quality and 
quantity of RNA samples were analyzed and controlled at the 
end of extraction by NanoDrop 2000 spectrophotometer 
(Thermo Scientific). Reverse transcription (RT) was performed 
using QuantiTect Reverse Transcription Kit (Qiagen). The 
quality and quantity of DNA samples were analyzed and 
controlled at the end of RT by NanoDrop 2000 
spectrophotometer. SYBR Green real-time quantitative PCR 
preparation was performed under sterile conditions using a 
UV laminar flow and the reaction was performed using Rotor-
Gene Q cycler from Qiagen. Primers details are supplied in 
table I [20]. Ct values were evaluated for cases and controls, 
ΔΔCt values (ΔCt case - ΔCt control), and the relative gene 
expression was calculated using 2-ΔΔCt[21].
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Results:
Demographic characteristics of the MM groups were 

shown in Table II.
Table II: Demographic characteristics of the MM groups

Expression levels of MALAT1 in MM patients and healthy 
individuals:

MALAT1 expression levels were significantly higher at 
diagnosis (T0) as well as after 2 cycles of bortezomib-based 
therapy (T1) compared with those levels reported after 4 
cycles of bortezomib containing therapy (T2) in MM patients 
or control subjects. However, the differences were not 
statistically significant between the expression levels reported 
in T1 when compared to T2 MM patients as illustrated in 
figure 1.

Figure 1: Comparison between the studied groups according to 
MALT1 gene expression

Clinical importance of dysregulated MALAT1 in MM:
The associations between the MALAT1 expression and 

different aspects of disease were further analyzed. In the T0 
group, the MALAT1 gene expression levels showed a 
statistically significant positive correlation only with M-protein 
concentration in SPEP but not to other disease parameters. 
The MALAT1 gene expression levels in the T1 group showed 
significant positive correlations with PC percentages in BM, 
M-protein concentration in SPEP, ESR, and serum levels of 
LDH, total protein, as well as IL-6. Lastly, its expression levels 
in the T2 group displayed no significant correlation to all 
disease parameters studied as shown in table III. These 
findings show that MALAT1 may be useful as a novel 
prognostic biomarker for MM.

Table III: Correlation between MALAT1 gene expression with 
different parameters among different MM groups

r:Pearsoncoefficient*:Statisticallysignificantatp≤0.05

Furthermore, it is noteworthy to mention that in the 
current study two MM cases presented with extra- medullary 
infiltration. One case died shortly after diagnosis. Both cases 
had Stage III. They had high concentrations of M-protein in 
SPEP and both were of IgG kappa type. Both cases presented 
with CRAB criteria and poor prognostic features in the form of 
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high concentrations of β2- microglobulin and IL-6 levels and 
low albumin levels. The percentages of PCs in the BM at 
diagnosis of both cases were very high (>80%). The 
MALAT1gene expression levels in both cases were high. 
Correlations between MALAT1 gene expression and 
extramedullary myeloma spread were not applicable as only 
two cases showed extramedullary spread (EMM).

Relation between different levels of MALAT1 gene 
expression (high – low) with other parameters:

Furthermore, MM patients were divided into two groups 

with high and low expression by the median value of the 
MALAT1 gene expression level, which was 1.62. It was found 
that high MALAT1 expression levels were significantly 
associated with high ESR (first hour) levels, high PC 
percentages in BM, high serum β2- microglobulin levels, high 
serum IL-6 levels, high M-protein concentrations in SPEP, and 
low hemoglobin levels. Moreover, no statistically significant 
association between the high MALAT1 expression levels and 
ISS stage in MM patients was reported in MM patients as 
shown in table IV.

Table IV: Relation between MALAT1 gene expression (high – low) with different disease parameters

Discussion
The pathogenesis of multiple myeloma involves complex 

genetic and epigenetic events. Lately, lncRNAs are implicated 
in the pathogenesis of several diseases including cancer. Their 
level of expression is sufficiently potent to serve as a marker 
for diagnosis, classification, prognostic evaluation of 
malignancies and predictive assessment of adequacy of 
treatment [22]. Data concerning lncRNAs involvement in MM 
are expanding. Unlike other lncRNAs, MALAT1 is abundantly 
expressed and evolutionarily conserved in various mammalian 
species. Numerous studies have shown that MALAT1 plays a 

key role in the development and metastasis of various cancers 
[23,24].

In the present study, the expression of MALAT1 was 
significantly higher in the MM patients at diagnosis (T0) as 
well as after 2 cycles of bortezomib-based therapy (T1) 
compared with those levels reported after 4 cycles of 
bortezomib containing therapy (T2) in MM patients or control 
subjects. However, the differences were not statistically 
significant between the expression levels reported in T1 when 
compared to T2 patients. Worth noting is also that the 
expression levels of the MALAT1 gene in both cases that 
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presented with extra-medullary infiltration in our study were 
high.

In the T0 group, the MALAT1 gene expression levels 
showed a statistically significant positive correlation only with 
M-protein concentration in SPEP but not to other disease 
parameters. The MALAT1 gene expression levels in the T1 
group showed significant positive correlations with PC 
percentages in BM, M-protein concentration in SPEP, ESR, 
and serum levels of LDH, total protein, as well as IL-6. Lastly, 
its expression levels in the T2 group displayed no significant 
correlation to all disease parameters studied. Correlations 
between MALAT1 gene expression and extramedullary 
myeloma spread were not applicable as only two cases 
showed extramedullary spread.

Moreover, we divided the MM patients into 2 groups with 
high and low MALAT1 expression levels based on the median 
value of the MALAT1 gene expression level, which was 1.62. It 
was found that high MALAT1 expression levels were 
significantly associated with high ESR (first hour) levels, high 
PC percentages in BM, high serum β2-microglobulin levels, 
high serum IL-6 levels, high M-protein concentrations in SPEP, 
and low hemoglobin levels. Moreover, we found no statistically 
significant association between the high MALAT1 expression 
levels and ISS stage in MM patients.

These findings further suggest that MALAT1 may be 
deregulated and overexpressed in MMpatients and highlight 
its potential use as a novel prognostic biomarker for MM.

Hand in hand with the findings of our study, Cho et al. 
measured the MALAT1 expression levels in 18 patients with 
relapsed or advanced MM, 45 newly diagnosed patients, and 
61 patients after treatment and reported that NDMM patients 
expressed higher levels than the post-treatment patients or 
the healthy individuals. In their study, a strong correlation 
existed between disease status and MALAT1 expression levels 
as documented by its markedly decreased levels in the post-
treatment patients to levels similar to those in the healthy 
subjects. In addition, in patients with progressive or relapsed 
disease, the MALAT1 expression levels were reported to be 
markedly increased in contrast to post-treatment patients. 
Cho et al., however, could not establish an association 
between MALAT1 expression levels and the percentage of 
PCs in BM, which is contrary to our observations. Moreover, 
they determined that magnitude of decrease in MALAT1 
expression levels post-treatment was prognostic, as patients 
who progressed early showed significantly smaller decrease 
in expression levels, while patients with greater decrease in 
expression levels had significantly longer PFS [20]. However in 
the current study, the MALAT1 gene expression levels were 
only assessed once for every MM patient, which did not allow 
the assessment of the magnitude of the change (decrease) 
after myeloma-related therapy as demonstrated by Cho et al.

Similarly, another study by Ronchetti et al. demonstrated 
that 31 lncRNAs were deregulated in MM cells, including 
MALAT1. They also showed that the upregulation of MALAT1 
in MM was associated with molecular pathways regulating 
cell cycle, p53-mediated DNA damage response, and mRNA 

maturation processes denoting that higher expression levels 
of MALAT1 were associated with MM disease progression 
[25].

In contrast to the findings of our study, Isin et al. reported 
significantly lower plasma MALAT1 levels in patients with 
multiple myeloma in contrast with healthy individuals. In this 
study, 58

MM patients were investigated, but it was unclear whether 
those patients were newly diagnosed or under treatment [26]. 
Different sample sources could be a possible cause to blame 
for this discrepancy. Since the disease pathogenesis is closely 
related to the BM microenvironment, we examined the 
MALAT1 expression levels in bone marrow samples and not in 
plasma samples. Furthermore, the higher MALAT1 expression 
levels encountered in our study may be attributable to the BM 
microenvironment that favors myeloma cell proliferation.

In accordance with our findings, Handa et al. demonstrated 
that the MALAT1 expression was significantly higher in BM 
PCs of MM (median level 6.745) compared to that in control 
(median level 1.983) cells. Of note, the median MALAT1 
expression levels in both MM (1.62) and control (0.75) groups 
in our study were lower compared to those determined by 
Handa et al. These differences may be attributable to the 
small sample size, the differences in the study design and the 
selection of the population studied. Similar to our findings, 
they also demonstrated that the MALAT1 expression did not 
differ among different stages as classified by the ISS stage. 
Additionally, they investigated 114 MM patients for the 
association of MALAT1 with extramedullary myeloma (EMM). 
In contrast to bone marrow PCs, MALAT1 expression levels 
were found to be up to several thousand-fold upregulated in 
PCs from EMM obtained from the same patients in this pair 
wise comparison, thus proposing its potential role in 
extramedullary spread. This hypothesis was further supported 
by their correlation of higher MALAT1 expression with worse 
OS and PFS; in particular, MALAT1 expression showed an 
independent influence on PFS, suggesting a possible role in 
drug resistance [27]. In the present study, the correlation 
between MALAT1 gene expression and extramedullary 
myeloma spread was not applicable as only two cases showed 
extramedullary spread.

Identification of different roles of lncRNAs in MM will be 
essential step toward the comprehension of pathobiology 
and cancer-promoting pathways in MM. Furthermore; lncRNA 
may be utilized as excellent anticancer therapeutic tools, 
because of their cancer-specific expression that represent a 
major advantage over other therapeutic approaches [28]. Of 
note, MALAT1-silencing strategies led to inhibition of MM 
tumor growth, thus providing the preclinical rational for 
considering MALAT-1 a novel therapeutic target in MM [29-
31].

In general, the discrepancies between the results of the 
current study and those reported by other authors may be 
attributable to the choice of population to be studied, the 
small patient sample, the gene-environment interactions, and 
the different study design. Therefore, further studies are 
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required to confirm their prognostic potentials using larger 
groups of patients with long-term follow-up.

Conclusion
We have demonstrated that MALAT1 gene was 

overexpressed in newly diagnosed MM patients compared 
with post-treatment MM patients and control group. 
Additionally, there were statistically significant positive 
correlations between level of MALAT1 expression and plasma 
cell percentage in bone marrow, abnormal levels of IL-6, ESR 
and concentration of M-Band in serum protein electrophoresis. 
The current data supported the finding established by others 
that MALAT1 may be useful as a novel prognostic biomarker 
for MM. These may support the necessity to explore the 
efficiency of MALAT1 gene as a novel therapeutic target.
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