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Abstract
Background: Previous studies have demonstrated that hypoxia preconditioning (HP) can promote
mesenchymal stem cells (MSCs) survival and vascularization. Long noncoding RNA metastasisassociated lung adenocarcinoma transcript 1 (MALAT1) is a newly discovered regulator of MSCs viability
and differentiation. Evidences have indicated that MALAT1 can be strongly induced by hypoxia. This
study aimed to investigate the role of MALAT1 in HP mediated MSCs survival and vascularization as well
as the relevant underlying mechanism in vitro.
Methods: MSCs were obtained from C57BL/6 mice and cultured in vitro. Cells at the third passage were
divided into the following groups: normoxia (N), hypoxia preconditioning (HP), HP + MALAT1, HP +
MALAT1 NC, HP+si-MALAT1 and HP +si-MALAT1 NC. The normoxia group was cultured in 20% O2 for 24
h. All the other groups were exposed to hypoxia (1% O2) for 24 hours. MALAT1 and relevant scramble
RNA were transfected in the HP+MALAT1 and HP+MALAT1 NC groups respectively. HP+si-MALAT1 and
HP +si-MALAT1 NC groups were transfected with MALAT1 siRNA and relevant siRNA scramble
respectively. MSCs proliferation, apoptosis and vascular densities were evaluated. Bioinformatics and
dual luciferase reporter assay were performed. Relevant biomarkers were examined in different
experimental groups.
Results: MSCs survival and vascularization were significantly enhanced in the HP group. Transfection of
MALAT1 further strengthened the viability and angiogenic potential of MSCs in the condition of HP,
whereas its knockdown attenuated cells survival and vascularization. MALAT1 and vascular endothelial
growth factor A (VEGFA) were obviously increased after hypoxia exposure, while miR-195 was decreased.
miR-195 targeted and downregulated VEGFA. miR-195 was a target of MALAT1. Overexpression of
MALAT1 led to a decreased level of miR-195, accompanied with an augmented expression of VEGFA.
However, both miR-195 and VEGFA exhibited contrary alterations after MALAT1 blockage.
Conclusion: HP enhanced MSCs survival and vascularization potential in vitro, and the activation of
MALAT1/miR-195/VEGFA axis might be involved in this procedure. This study reveals a new molecular
mechanism of HP mediated MSCs survival and vascularization. It will be conducive for the development
of novel strategies to improve the therapeutic efficiency of MSCs based on HP.

Introduction
Mesenchymal stem cells (MSCs) therapy is widely used in the area of cardiovascular regeneration [1].
Plenty of animal and human studies have certified that MSCs transplantation can repair the injured heart
and boost cardiac function [2, 3]. However, their therapeutic efficacy remains unsatisfactory. One major
constraint is the poor survival and fragile angiogenic capability of the implanted cells after injection [4]. In
consideration of this, it is urgently in need to probe into the determinants that manipulate MSCs survival
and vascularization. Diversified approaches have been applied to improve the status of these cells in
order to further ameliorate their therapeutic efficacy [5]. Utilization of hypoxia preconditioning (HP) has
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been accredited as an available strategy to optimize MSCs survival and functional capacity [6, 7].
Evidences show that both the viability and angiogenic potential of MSCs are notably reinforced after HP
[8]. MSCs experienced HP exhibits a greater therapeutic advantage in the hostile ischemic
microenvironment in vivo [8, 9]. Nevertheless, the intricate mechanism of HP mediated effects is still
poorly understood.
Recent studies reveal that long noncoding RNAs (lncRNAs) can act as regulators of stem cells biological
activities, including stemness maintenance, cells proliferation and differentiation [10–12]. Additionally,
they are also closely associated with vascular function and angiogenesis [12]. lncRNA metastasis
associated lung adenocarcinoma transcript 1 (MALAT1), which is located within human chromosome
11q13 and mouse chromosome 19qA, was originally identified as a prognostic parameter for metastasis
and patient survival in non-small cell lung cancer (NSCLC). [13]. It is abundantly expressed in a variety of
tissues and regulates the expression of genes entangled with proliferation and cellular motility [14].
Previous data have displayed that MALAT1 is engaged in MSCs proliferation and vascularization [15].
Hypoxia upregulates a series of genes involved in cell migration, apoptosis, angiogenesis and stemness
[16–18]. Several studies indicate that hypoxia escalates the expression level of MALAT1 [16, 17].
However, it remains unclear whether MALAT1 is involved in HP mediated MSCs survival and
vascularization and what might be the specific mechanism. In this study, we tried to investigate the role
of MALAT1 in HP mediated MSCs survival and vascularization in vitro and explored the relevant
mechanism.

Materials And Methods

Ethics Statement
3 weeks old C57BL/6 mice were obtained from the Animal Experimental Center of the Sun Yat-sen
University. All animal handling and procedures were performed in accordance with protocols approved by
the Animal Ethics Committee of Sun Yat-sen University (201900005).

Isolation and Culture of MSCs
Isolation, culture and identification of MSCs were performed as previously reported [12, 19, 20]. The third
passage MSCs were used for all the experiments.

Plasmid construction
For the overexpression of MALAT1, pcDNA3.1 vector containing the sequence of MALAT1 was applied for
the amplification of MALAT1 (Youbio, Cat: G30218). The primers were as follows: Xho1 forward: 5'ctcgag CAGGCATTCAGGCAGCGAGA-3', Pmel reverse: 5'-gtttaaac TGAGAGATATTTAGTTTTTA-3'. Plasmid
carrying a non-targeting sequence was used as a negative control. For the knockdown of MALAT1, three
complementary oligonucleotides of siRNA, MALAT1-siRNA1# (5’-AAGACAACGGAGCCAGCAdTdT-3’),
MALAT1-siRNA2# (5’–gaagagaggaggagcagcdTdT-3’) and MALAT1-siRNA3# (5’Page 3/21

acagggcgggccggTGGGdTdT-3’) and a scramble negative siRNA (5’-GAACUGGGGUGCGUGUGAUdTdT-3’)
were constructed.

Transient transfection experiments
Transfection of MSCs was performed by using Lipofectamine2000 (Invitrogen) as previously [12]. MSCs
were incubated at 1 × 106 cells per well in six-well plates. MALAT1, MALAT1 NC, MALAT1 siRNA, siMALAT1 NC, miR-195 mimic, miR-195 NC, miR-195 inhibitor and miR-195 inhibitor NC were transiently
transfected into MSCs. Overexpression or knockdown of MALAT1 and miR-195 was verified by
quantitative real-time PCR.

Hypoxia preconditioning treatment of MSCs
MSCs in different experimental groups were incubated in 1% O2 in Galaxy® 48 R incubator
(Eppendorf/Galaxy Corporation, USA) at 37 °C for 24 h. Normoxia (20%O2) was used as a blank control
during the whole process for all the groups [12, 19].

Evaluation of MSCs proliferation and apoptosis
MSCs of different groups were collected and suspended in complete culture medium. The MTS assay
(cellTiter96AQ, one solution cell proliferation assay, catalogue number G3582; Promega, Madison,
Wisconsin, USA) was applied to evaluate cells proliferation as previously [12, 19]. MSCs apoptosis was
estimated by the terminal deoxynucleotidyl transferase biotin-dUPT nick end-labeling (TUNEL) assay as
previously [12, 19]. All sections were examined and results were calculated under a florescent microscope
(DMI6000B; Leica, Brunswick, Germany) [12, 19].

Vascular tube formation assay
Aliquots of human umbilical vein endothelial cells (HUVECs, Yiyuan biotechnology corporation,
GuangZhou, China) were seeded onto matrigel-coated wells (BD corporation, Cat.No. 356234) of a 24well plate. Vascular tube formation assay was performed as previously [12, 19]. The numbers of the
vascular branches were detected by using a phase-contrast microscopy (OLYMPUS CKX41, U-CTR30-2,
Japan) as previously described [12, 19].

Vector construction and luciferase reporter assay
Two luciferase reporters containing the wild type MALAT1 (psiCHECK2-MALAT1-WT) or mutant MALAT1
were constructed to validate the interaction between MALAT1and miR-195. MALAT1 (containing the
binding sites for miR-195) was expanded with the following primer sequences: forward (F): 5'AATTCTAGGCGATCGCTCGAGCAGGCATTCAGGCAGCGAGA-3' and reverse (R): 5'GCGGCCGCTCTAGGTTTAAACTGAGAGATATTTAGTTTTTATTTCATA- AAATC-3'. Mutant MALAT1
contained a mutation site (psiCHECK2-MALAT1-MU) which eliminated the miR-195 targeting, and its
primer sequences were as follows: MALAT1-mut (2427 bp-2447 bp): F: 5’TGGGTTAGAGAAGGCGTTCGCCGACACTACTCCGGCACGACACCT-TCAGG-3’, R: 5’CCTGAAGGTGTCGTGCCGGAGTAGTGTCGGCGAACGCCTTCTCTAACCCA-3’; MALAT1-mut (5013 bpPage 4/21

5038 bp): F: 5’-TGGCAAGTAATATGTGAGTCGCCTCCACAATACTACTACATTAGAAT-GCATTGTGA-3’, R: 5’TCACAATGCATTCTAATGTAGTAGTATTGTGGAGGCGACTCACATATTACTTGCCA-3’; MALAT1-mut
(5201 bp-5221 bp): F: 5’-GTGATTGGAGCCGAGTCCCTCCGACTCTACTACTTAGGTAAATGTTT-3’, R: 5’AAAACATTTACCTAAGTAGTAGAGTCGGAGGGACTCGGCTCCAATCAC-3’. Lu---ciferase reporter assay was
performed with the dual-luciferase reporter assay system (Promega) and the relative luciferase activity
was calculated as previously [12].

Western blot analysis
Protein levels were assessed by western blot as previously reported [12, 19, 20]. The bands were
examined by enhanced chemiluminescence after extensive washing, and quantitive analysis of bands
intensities was performed by using image software (image J 2×, version 2.1.4.7) [12, 19, 20].

Quantitative real-time polymerase chain reaction (qRT-PCR)
analysis
Quantitative real-time polymerase chain reaction (qRT-PCR) was performed on a ABI PRISM® 7500
Sequence Detection System by using SYBR Green qPCR SuperMix (Invitrogen) as previously [12, 19, 20]..
The primers were described in Table 1. Specific products were amplified and examined with Applied
Biosystems at 95 °C for 10 min, followed by 40 cycles at 95 °C for 15 s and at 60 °C for 30 s, at which
point data were acquired. The 2−ΔΔCt method was used for the calculation of the relative level of mRNA
as previously [12, 19, 20].
Table 1
List of primers for qRT-PCR
Gene name

Forward primer (5’-3’)

Reverse primer (5’-3’)

MALAT1

GAAGATAGGCATTTGAGTGGCT

CTGAAGAGCATTGGAGATCAGC

VEGFA

ATGCCGGTTCCAACCAGAA

GTGGAGGAGCGAGCTGAA

miR-195

ACACTCCAGCTGGGCCCAGTGTTCAGACTACCT

CTCAACTGGTGTCGTGGA

U6

CTCGCTTCGGCAGCACA

AACGCTTCACGAATTTGCGT

GAPDH

tggccgtggggctgcccag

ggaaggccatgccagtgagc

Statistic analysis
All quantitative data were described as mean ± SD. The significance of differences among groups was
determined by analysis of variance and Scheffe’s multiple-comparison techniques. Comparisons between
time-based measurements within each group were performed with analysis of variance for repeated
measurements. A value of p < 0.05 was considered to be statistically significant.

Results
Page 5/21

Interference efficiency of MALAT1 siRNA and the
expression of MALAT1 in different groups
The mRNA level of MALAT1 was examined in order to evaluate of the interference efficiency of MALAT1
siRNA. MALAT1 expression status was confirmed by qRT-PCR analysis. It was revealed that the MALAT1siRNA1# with the concentration of 100 nM exhibited the highest inhibition efficiency and was used in the
subsequent experiments (P < 0.01; Fig. 1A). The mRNA level of MALAT1 was distinctly increased in the
HP + MALAT1 group compared with HP + MALAT1 NC and HP groups, while its expression level was
significantly decreased in the HP + si- MALAT1 group in contrast with the HP + si-MALAT1 NC and HP
groups (P < 0.01; Fig. 1B), indicating that MALAT1 and its siRNA were successfully transfected into MSCs
in the condition of HP..

HP promoted survival and vascularization potential of
MSCs in vitro
HP has been applied to enhance the therapeutic efficacy of MSCs in previous studies. Here, HP mediated
effect on MSCs was observed in vitro. It was found that MSCs growth rate was significantly increased in
the HP group compared with the normoxia group, and cells apoptosis was decreased (P < 0.01; Fig. 2A
and 2B), The number of vascular branches in the HP group was distinctly higher in contrast to the
normoxia group (P < 0.01, Fig. 2C). The above mentioned results suggested that HP enhanced survival
and vascularization potential of MSCs in vitro.

MALAT1 functioned as a positive modulator in HP
mediated MSCs survival and vascularization
The regulatory role of MALAT1 in HP mediated effects was verified by targeted gene overexpression or
knockdown studies. MALAT1 expression status was confirmed by quantitative RT-PCR analysis (P < 0.01;
Fig. 1A and 1B). The HP group showed an upregulated expression of MALAT1 compared with the
normoxia group (P < 0.01; Fig. 1A and 1B). Transfection of MALAT1 to MSCs further aggrandized cells
proliferation rate and reduced apoptosis, whereas silencing of it markedly mitigated cells proliferation
and increased apoptosis. The HP + MALAT1 group exhibited a more rapid growth compared with the HP
+ MALAT1 NC and HP groups (P < 0.01, Fig. 2A and 2B; P < 0.01). However, the HP + si-MALAT1 group
presented a much lower growth rate as well as an obvious rise of apoptosis rate in contrast to the HP + siMALAT1 NC and HP groups (P < 0.01, Fig. 2A and 2B; P < 0.01).
The number of vascular branches in the HP + MALAT1 group was much higher compared with the HP +
MALAT1 NC and HP groups (P < 0.01, Fig. 2C), while the HP + si-MALAT1 group displayed a decreased
number of vascular branches in contrast with the HP + si-MALAT1 NC and HP groups (P < 0.01, Fig. 2C).
These indicated that MALAT1 functioned as a positive modulator in HP mediated MSCs survival and
vascularization.
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MALAT1 modulated HP induced effects by upregulating the
expression of VEGFA
VEGFA participates in the regulation of MSCs survival and vascularization. In this work, the expression of
VEGFA was detected in different experimental groups. It was shown that VEGFA expression was
significantly elevated in the HP group (P < 0.01, Fig. 3). Both the protein and mRNA levels of VEGFA were
lifted in the HP + MALAT1 group compared with the HP + MALAT1 NC and HP groups (P < 0.01, Fig. 3),
whereas its expression was decreased in the HP + si-MALAT1 group in contrast with the HP + si-MALAT1
NC and HP groups (P < 0.01, Fig. 3). These results insinuated that MALAT1 could trigger the upregulation
of VEGFA, which might contribute to HP mediated MSCs survival and vascularization.

miR-195 negatively regulated VEGFA
VEGFA has been validated as a target of miR-195 in other previous studies (Fig. 4A) [21]. To figure out
whether VEGFA was negatively regulated by miR-195, we inspected its expression level in MSCs treated
with miR-195 mimic or miR-195 inhibitor under the environment of HP. Overexpression or inhibition of
miR-195 was verified by the detection of its mRNA level (P < 0.01, Fig. 4B). It was discovered that both the
protein and mRNA levels of VEGFA were obviously downregulated in the HP + miR-195 group compared
with the HP + miR-195 NC and HP groups (P < 0.01, Fig. 4C and 4D). Nevertheless, there was an
observably enriched expression of VEGFA in the HP + miR-195 inhibitor group in contrast with the HP +
miR-195 inhibitor NC and HP groups (P < 0.01, Fig. 4C and 4D). All of these demonstrated that miR-195
targeted and negatively regulated VEGFA in MSCs under the condition of HP.

MALAT1 targeted and negatively regulated miR-195
lncRNAs can act as competing endogenous RNAs (ceRNAs) and suppress microRNAs (miRNAs). They
form a regulatory lncRNAs-miRNAs-mRNAs network to mediate the target mRNAs of miRNAs. It has been
recorded that MALAT1 is able to function as a molecular sponge of miRNAs to regulate the target mRNA
genes. In this study, we concentrated on the interaction between MALAT1 and miR-195. Mutual binding
sites of the two noncoding RNAs (ncRNAs) were predicted by the bioinformatics tool (RegRNA2.0,
Fig. 5A). Dual luciferase reporter assay was applied to further confirm the interactions between MALAT1
and miR-195. It was indicated that co-transfection of psiCHECK2-MALAT1-WT and miR-195 mimic greatly
curtailed the relative luciferase activity (P < 0.01, Fig. 5B), while there was no alteration of the relative
luciferase activity in the psiCHECK2-MALAT1-MU + miR-195 group compared with the psiCHECK2MALAT1-MU + miR-195 NC and blank control groups (P < 0.01, Fig. 5B).
The expression of MALAT1 and miR-195 was further checked in the condition of HP. The HP + MALAT1
group presented an obvious decrease of miR-195 compared with the HP + MALAT1 NC and HP groups (P
< 0.01, Fig. 5C). However, the HP + si-MALAT1 group showed a significantly increased expression of miR195 in contrast to the HP + si-MALAT1 NC and HP groups (P < 0.01, Fig. 5C), The aforementioned results
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ascertained that MALAT1 could competitively inhibit miR-195 to further upregulate the expression of
VEGFA.

Discussion
In this study, we demonstrated that HP promoted MSCs survival and vascularization through the
activation of MALAT1/miR-195/VEGFA axis.
MSCs treatment has been developed as an ideal therapeutic strategy for myocardial infarction [1–3].
However, inferior viability of the transplanted stem cells restrains their therapeutic efficacy [4]. HP can
effectively enhance the survival of engrafted MSCs and amplify their therapeutic efficiency [6, 7]. HP
induces metabolic changes of MSCs and yields higher retention of these cells after transplantation in
vivo [8]. Later studies unearth that HP fortifies the survival and proliferation of transplanted MSCs via
obstructing signaling molecules of cell death and augmenting angiogenic cytokine secretion [9]. In the
current work, it was also revealed that MSCs experienced HP presented a higher proliferation rate and
lower apoptosis rate in vitro. In addition, their vascularization potential was also intensified. However, the
plausible determinants of HP-mediated effects remained largely unclear.
MALAT1 is a ubiquitously expressed lncRNA with a primary gene sequence of more than 8000 bp [13]. As
one of the first identified lncRNAs associated with human disease, it is widely concerned due to its
abundant expression and evolutionarily conservation throughout various mammalian species [14, 22].
The cellular and molecular functions of MALAT1 have been extensively studied since its discovery.
Accumulating data manifest that MALAT1 exerts critical roles in multifarious biological and
pathophysiological processes [23]. Hypoxia directly impacts MALAT1 gene transcription [16, 17]. MALAT1
is recognized as one of the most strongly regulated non-coding transcripts by hypoxia in some cell lines
[17, 24]. MALAT1 can be evoked by hypoxia to dominate cell proliferation and vasculogenesis [25].
Ectopic expression of MALAT1 induced by hypoxia contributes to the regulation of the proliferative
phenotype of vascular smooth muscle cells (VSMCs). Evidence has shown that MALAT1 also
participates in stem cell biological activities. It is reported that MALAT1 overexpression propels the
proliferation of human periodontal ligament stem cell (PDLSC) [26]. MALAT1 has already been identified
to be a crucial endogenous regulator in the proliferation, differentiation and angiogenesis properties of
MSCs [15, 27, 28]. It facilitates the proliferation, migration, and angiogenesis of MSCs through VEGFA
[15]. Knockdown of MALAT1 prevents cell proliferation and angiogenesis of MSCs [15]. In this study, it
was found that MALAT1 was significantly increased in MSCs after HP. Overexpression of MALAT1 could
further promote MSCs proliferation and reduce cells apoptosis, whereas suppression of its expression
impeded cells growth and aggravated apoptosis in the circumstance of HP. These findings suggested
that MALAT1 executed a predominant role in HP mediated MSCs survival.
MALAT1 is implicated in endothelial cells (ECs) proliferation, migration and tube formation. It exhibits an
enriched expression in vascular cells and displays a pivotal role in modulating sprouting, migration and
proliferation of ECs. [29]. Genetic deletion or pharmacological inhibition of MALAT1 impairs vascular
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growth. MALAT1 is uncovered to be one of the most highly expressed lncRNAs in ECs in response to
hypoxia [30]. Previous studies reveal that overexpression of MALAT1 in MSCs drives tube formation of
HUVECs. MALAT1 knockdown markedly restricts HUVECs angiogenesis and increases vascular
permeability [31]. In this work, it was shown that the vasculogenic capacity of MSCs was reinforced after
HP. MALAT1 transfection into MSCs further enhanced angiogenic capacity of these cells in HP. However,
the number of vascular branches was remarkably declined once MALAT1 was inhibited in MSCs. These
implied that HP induced angiogenic potential of MSCs was partially mediated by MALAT1.
As HP promoted survival and vascularization by regulating MALAT1, the downstream molecules were
further explored. VEGFA exerts as a crucial mediator of MSCs survival and angiogenesis. Substantial
evidences show that upregulation of VEGFA consolidates MSCs survival and their vasculogenic potential
[12, 19]. VEGFA has been acknowledged as a downstream pro-angiogenesis factor of MALAT1[32].
MALAT1 prompts the expression of VEGFA to modulate angiogenesis and epithelial-mesenchymal
transition [33, 34]. It can be recruited to VEGFA pre-mRNA and control the expression of VEGFA isoforms
[35]. In this study, it was discovered that both MALAT1 and VEGFA was upregulated in MSCs after HP.
Transfection of MALAT1 gave rise to a higher level of VEGFA expression. However, its blockade resulted
in an obvious decrease of VEGFA, supporting that MALAT1enhanced MSCs survival and vascularization
via upregulating VEGFA in the condition of HP.
microRNAs (miRNAs) are highly conserved non-coding RNAs (ncRNAs) that act as a key orchestrator of
numerous biological activities[12]. They take part in the regulation of post-transcriptional gene expression
programs by targeting the 3’-UTR of genes. Some miRNAs are corroborated to be tightly linked with MSCs
survival and vasculogenesis [12]. Previous studies have notified that miR-195 regulates MSCs
proliferation and angiogenesis [21]. Overexpression of miR-195 in human primary MSCs represses cells
proliferation rate and diminishes their paracrine effect on angiogenesis [21]. There is another study
reported that aberrant expression of miR-195 in old MSCs (OMSCs) provokes stem cell senescence by
deteriorating their regenerative capacity, and abolition of miR-195 can reverse stem cell aging [36].
Massive data have sustained that miR-195 mediates cells proliferation and angiogenesis by modulating
the exptession of VEGFA [21]. Introduction of exogenous miR-195 results in downregulation of VEGF-A,
subsequently leading to cell cycle arrest and exacerbating apoptosis [37]. VEGFA has been authenticated
as a direct target of miR-195 and is negatively correlated with miR-195 expression [38, 39]. miR-195 can
directly target 3’-UTR of VEGFA and abrogates its expression to further inhibit proliferation and
angiogenesis capacities of MSCs [21]. Here, it was also discovered that VEGFA expression was
significantly downregulated after the transfection of miR-195 mimic, whereas inhibition of miR-195
conspicuously restored its level, implying that VEGFA was targeted and negatively regulated by miR-195.
The lncRNA-associated competing endogenous RNA (ceRNA) network has attracted much attention
recently [12, 32–34]. Series of records have proved that MALAT1 play a prominent role in cell
proliferation, differentiation and angiogenesis by functioning as a ceRNA [40]. One latest study indicates
that MALAT1 mediates proliferation and apoptosis of VSMCs by sponging miRNA-124-3p [41]. It has
been reported that MALAT1 can act as a sponge of miR-34c and miR-30 to modulate osteogenic
Page 9/21

differentiation of MSCs [42]. Another study shows that MALAT1 promotes the expression of EMT and
angiogenesis related genes by sponging miR-126-5p. [43]. Several recent studies have validated MALAT1
as a molecular sponge for miR-195 in some cell lines, including lymphoma and hepatoma cells [44, 45].
However, the relation between MALAT1 and miR-195 in MSCs has not been recorded. In the present work,
the posttranscriptional regulation of MALAT1 was explored in MSCs. We proposed that MALAT1
functioned as a sponge for miR-195 to modulate the target gene VEGFA, eventually enhancing MSCs
survival and vascularization potential in the condition of HP. Dual luciferase report and qRT-PCR assays
were performed to verify the interaction between MALAT1 and miR-195. It was shown that the MALAT1
reporter gene luciferase activity was significantly decreased in miR-195 transfection group in contrast
with the blank control and NC groups. qRT-PCR analysis displayed that miR-195 was conversely
correlated with MALAT1 expression. Overexpression of MALAT1 significantly decreased miR-195 level in
MSCs. However, its depletion caused a pronouncedly increased expression of miR-195. Taken together,
these implied that MALAT1 could target and regulate miR-195 as a ceRNA to further upregulate VEGFA.

Conclusion
In summary, we demonstrated that HP promoted MSCs survival and vascularization through the
activation of MALAT1/miR-195/VEGFA axis. We identified a potential ceRNA network by which MALAT1
functioned as a molecular sponge for miR-195 to regulate the expression of VEGFA in HP. Further
explorations of these molecules will be conducive for developing new strategies to enhance the
therapeutic efficiency of MSCs.
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Figure 1
Interference efficiency of MALAT1 siRNA and the expression of MALAT1 in different groups. (A) For the
evaluation of interference efficiency of MALAT1 siRNA, mRNA expression level of MALAT1 was examined
by using qRT-PCR. 1#, 2# and 3# represented MALAT1-siRNA1#, MALAT1-siRNA2# and MALAT1siRNA3# respectively. The transfection concentration of the siRNA interference sequences were designed
as 25nM, 50nM, and 100nM respectively. (B) Detection of the expression of MALAT1 in different groups.
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N: normoxia; HP: hypoxia preconditioning; HP + MALAT1: MSCs transfected with MALAT1 and
experienced HP; MSCs + MALAT1 NC: MSCs transfected with MALAT1 scramble RNA and experienced
HP; HP + si-MALAT1: MSCs transfected with MALAT1 siRNA and experienced HP; HP + si-MALAT1 NC:
MSCs transfected with MALAT1 siRNA scramble and experienced HP. **P<0.01 vs N，## P<0.01 vs HP
and HP + MALAT1 NC, ++ P<0.01 vs HP and HP + si-MALAT1 NC.

Figure 2
MALAT1 functioned as a positive modulator in HP mediated MSCs survival and vascularization. (A)
Showed the proliferation of MSCs. Cells proliferation of different groups was detected by MTS assay and
evaluated by optical density (OD) value. (B) Showed the TUNEL staining of the apoptosis of MSCs and
the comparison of apoptosis rates in different groups. a: DAPI staining localization, b: TUNEL staining, c:
overlap figure of a and b. (C) Showed the results of tube formation assay in different groups. N:
normoxia; HP: hypoxia preconditioning; HP + MALAT1: MSCs transfected with MALAT1 and experienced
HP; MSCs + MALAT1 NC: MSCs transfected with MALAT1 scramble RNA and experienced HP; HP + siMALAT1: MSCs transfected with MALAT1 siRNA and experienced HP; HP + si-MALAT1 NC: MSCs
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transfected with MALAT1 siRNA scramble and experienced HP. **P<0.01 vs N，## P<0.01 vs HP and HP +
MALAT1 NC, ++ P<0.01 vs HP and HP + si-MALAT1 NC.

Figure 3
MALAT1 upregulated the expression of VEGFA in HP The expression of VEGFA was detected in different
experimental groups. (A) Westernblot analysis of the protein level of VEGFA. (B) qRT-PCR analysis of the
mRNA level of VEGFA. N: normoxia; HP: hypoxia preconditioning; HP + MALAT1: MSCs transfected with
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MALAT1 and experienced HP; MSCs + MALAT1 NC: MSCs transfected with MALAT1 scramble RNA and
experienced HP; HP + si-MALAT1: MSCs transfected with MALAT1 siRNA and experienced HP; HP + siMALAT1 NC: MSCs transfected with MALAT1 siRNA scramble and experienced HP. **P<0.01 vs N, ##
P<0.01 vs HP and HP + MALAT1 NC, ++ P<0.01 vs HP and HP + si-MALAT1 NC, # P<0.05 vs HP and HP +
MALAT1 NC, + P<0.05 vs HP and HP + si-MALAT1 NC.

Figure 4
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miR-195 downregulated the expression of VEGFA in HP The expression of VEGFA was detected in
different groups. (A) Potenital binding site of VEGFA and miR-195. (B) The expression of miR-195 was
analyzed by qRT-PCR. (C) Westernblot analysis of the protein level of VEGFA. (D) qRT-PCR analysis of the
mRNA level of VEGFA. N: normoxia; HP: hypoxia preconditioning; HP+miR-195: MSCs transfected with
miR-195 mimic and experienced HP; MSCs+ miR-195 NC: MSCs transfected with miR-195 mimic negative
control and experienced HP; HP+ miR-195 inhibitor: MSCs transfected with miR-195 inhibitor and
experienced HP; HP+ miR-195 inhibitor NC: MSCs transfected with miR-195 inhibitor negative control and
experienced HP. **P<0.01 vs N，## P<0.01 vs HP and HP + miR-195 NC, ++ P<0.01 vs HP and HP + miR195 inhibitor NC.
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Figure 5
MALAT1 targeted and negatively regulated miR-195 (A) Potential binding sites of MALAT1 and miR-195.
Relevant mutation sites was shown in red. (B) The result of promega dual-luciferase reporter gene assay.
Cells were transiently transfected with a luciferase reporter contained the wild type (MALAT1-WT) or
mutant MALAT1 (MALAT1-MU). Measurement was performed with the dual-luciferase reporter assay
system, and luciferase activity was analysed. Blank control: MSCs were transfected with a luciferase
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reporter contained the MALAT1-WT or MALAT1-MU; miR-195: MSCs were co-transfected with miR-195
mimic and a luciferase reporter contained the MALAT1-WT or MALAT1-MU; miR-195 NC: MSCs were cotransfected with miR-195 mimic negative control and a luciferase reporter contained the MALAT1-WT or
MALAT1-MU; miR-195 inhibitor: MSCs were co-transfected with miR-195 inhibitor and a luciferase
reporter contained the MALAT1-WT or MALAT1-MU; miR-195 inhibitor NC: MSCs were co-transfected with
miR-195 inhibitor negative control and a luciferase reporter contained the MALAT1-WT or MALAT1-MU.
(C) Represented the alteration of miR-195 expression level after MALAT1 transfection or knockdown. qRTPCR were performed to explore the expression of miR-195 in different groups. N: normoxia; HP: hypoxia
preconditioning; HP + MALAT1: MSCs transfected with MALAT1 and experienced HP; MSCs + MALAT1
NC: MSCs transfected with MALAT1 scramble RNA and experienced HP; HP + si-MALAT1: MSCs
transfected with MALAT1 siRNA and experienced HP; HP + si-MALAT1 NC: MSCs transfected with
MALAT1 siRNA scramble and experienced HP. **P<0.01 vs N，## P<0.01 vs HP and HP + MALAT1 NC, ++
P<0.01 vs HP and HP + si-MALAT1 NC.
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