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ABSTRACT

With the advent of next-generation sequencing technology, there is rapidly 
increasing interest in long noncoding RNAs (lncRNAs). The objectives of this study 
were to develop a novel lncRNA MALAT1 near-infrared optical probe, to evaluate the 
characteristics of this optical imaging probe in vitro and to determine whether it can 
be used for imaging MALAT1 expression in malignant tumours in vivo. Conjugation of 
Cy5.5 to MALAT1 ASO was accomplished using standard NHS (N-hydroxysuccinimide) 
ester procedures, and the labelled MALAT1 ASO was purified with a Glen-Pak DNA 
Purification Cartridge and reversed-phase high performance liquid chromatography 
(HPLC). The in vitro cellular uptake results showed that the percentage of cell binding 
increased with an increasing final concentration and increased with increasing 
incubation time for the MHCC-LM3 tumour cell flow cytometry analyses. in vivo optical 
imaging exhibited 5’ (Cy5.5)-MALAT1 ASO uptake in the tumour with a maximum 
at 30 min p.i. that slowly washed out over time. High contrast to normal tissue was 
gradually observed from 4 h to 48 h p.i. Tumour-to-normal ratios of fluorescence 
intensities were plotted as a function of time. The in vivo competition assay showed 
little uptake of the probe into the tumours at any time point, indicating effective 
competition, selectivity of probe binding and retention by tumours in vivo. Our 
proposed Cy5.5 labelling of MALAT1 ASO can serve as a potent optical probe for in vivo 
imaging of tumour expressing MALAT1. Importantly, the successful development of 
optical probes provides a basis for specific molecular diagnoses in the field of lncRNAs.

INTRODUCTION

With the advent of next-generation sequencing 
technology, there is rapidly increasing interest in long 
noncoding RNAs (lncRNAs). Despite the outdated 
opinion that lncRNAs may be mere transcriptional 

noise, evidence suggests that lncRNAs play a vital 
role in regulating gene expression, cell metabolism, 
tumour development and progression [1]. The long 
noncoding RNA Malat1 (Metastasis-Associated Lung 
Adenocarcinoma Transcript 1), also known as MALAT-1 
or nuclear-enriched abundant transcript 2 (NEAT2), is one 
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of the few biologically well-studied lncRNAs, located 
on chromosome 11q13, and it was originally found to 
be overexpressed in early-stage non-small cell lung 
cancer (NSCLC) [2]. Recently, MALAT1 was found to 
be overexpressed in many human carcinomas, including 
hepatocellular carcinomas, pancreatic cancer, bladder 
cancer, breast cancer, colorectal cancer, gastric cancer, 
and osteosarcoma [3, 4], suggesting that MALAT1 
dysregulation is implicated in the development of many 
types of cancers [5]. Inhibition of MALAT1 expression 
may suppress cell proliferation, migration, invasion, and 
the epithelial-mesenchymal transition, and it may induce 
cell apoptosis and G2/M cell cycle arrest in vitro [6]. 
These associations suggest that targeting MALAT1 may 
have important clinical implications because it selectively 
affects cancer cells or residual cancer cells. Several 
studies demonstrated that MALAT1 may be a promising 
target for therapeutic potential in vivo [7]. For example, 
Gutschner et al. [8] reported that injection of antisense 
oligonucleotide (ASO) into subcutaneous tumours of nude 
mice can effectively inhibit MALAT1 expression in vivo 
and block the metastasis of lung cancer cells. Based on 
these studies, we hypothesised that MALAT1 is a potential 
target for a specific molecular diagnosis.

Functional and non-invasive molecular imaging 
techniques, such as optical imaging, nuclear imaging, and 
magnetic resonance imaging (MRI), are gradually being 
incorporated into every aspect of cancer management. 
Of these, in vivo optical imaging has advantages of not 
requiring ionising radiation, low cost, and easily generated 

optical imaging probes [9]. Additionally, optical molecular 
imaging techniques have become essential tools for 
providing unique insights into disease pathogenesis, drug 
development, effects of therapy, and the pharmacokinetic 
behaviour of drug candidates. In this way, optical imaging 
is making a substantial impact on basic and translation 
medical research [10, 11]. Therefore, the development of 
optical imaging molecules that are selective for tumours 
for in vivo studies is becoming an important field for 
cancer research [12].

The purpose of the study was to explore the 
feasibility of development of molecular probes for 
lncRNA. This study reports the method for preparing 
molecular optical imaging probes (antisense probes with a 
Cy5.5 emitter on its 5′equivalent end) for specific targeting 
of overexpressing MALAT1 tumours cells. We evaluated 
the characteristics of this optical imaging probe in vitro 
and determined whether it can be used for the imaging of 
MALAT1 expression in malignant tumours in vivo.

RESULTS

The schematic molecular structure of the 5’ 
(Cy5.5)-MALAT1 ASO conjugate is shown in Figure 1. 
The conjugation of dyes to the ASO was accomplished 
through standard NHS-ester procedures, and the labelled 
ASO was purified using a Glen-Pak DNA Purification 
Cartridge and the ion-pair reversed-phase HPLC method. 
The isolated fluorescent modified oligonucleotides 
showed very high purity, nearly 100%, as shown in Figure 

Figure 1: Scheme of Cy5.5 labelled MALAT1 ASO synthesis.
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2, and were suitable for further study. ESI high-resolution 
mass spectrometry (M+H)− for 5' (Cy5.5)-MALAT1 ASO 
(calculated, 7227), and m/z=6149 (M+H)− for MALAT1 
ASO. Elution times on the HPLC column were 16.61 
min for 5’ (Cy5.5)-MALAT1 ASO, and 16.28 min for 
MALAT1 ASO.

In vitro cellular uptake results

To determine whether the new imaging probes 
result in specific cellular uptake, uptake studies in vitro 
were performed. The binding specificity of 5’ (Cy5.5)-
MALAT1 ASO to tumour cells was determined using 
fluorescence activated cell sorter (FACS) studies. 
FACS revealed that the percentage of cell binding 
(M2) increased with the increasing final concentrations 
(20 nM, 5.62±0.41%; 50 nM, 30.10±9.78 %; 100 nM, 
61.29± 2.32%; 250 nM, 75.57±0.12%). These results 
suggest that a positive correlation exists between 
the uptake and final concentration of the 5’ (Cy5.5)-

MALAT1 ASO from 20 nM to 250 nM (r=0.91). 
Figure 3 presents the in vitro binding between 
different concentrations of 5’ (Cy5.5)-MALAT1 ASO 
and MHCC-LM3 cells observed using a fluorescence 
microscope.

To investigate the kinetics and intracellular uptake 
of the 5’ (Cy5.5)-MALAT1 ASO, MHCC-LM3 cells 
were incubated at 37°C with 5’ (Cy5.5)-MALAT1 ASO 
at a final concentration of 100 nM at different time. FACS 
revealed that the percentage of cell binding (M2) increased 
with increasing incubation times (30 min: 3.55±0.88%, 2 
h: 15.66±6.04%, 4 h: 44.77±5.35%, 8 h: 75.28±0.76%), 
and a positive correlation existed between the uptake and 
increasing incubation time from 30 min to 8 h (r=0.97). 
in vitro binding of 5’ (Cy5.5)-MALAT1 ASO to MHCC-
LM3 cells at different times is shown in Figure 4 under 
fluorescence microscope.

The in vitro cellular distribution study showed that 
5’ (Cy5.5)-MALAT1 ASO is specific and selective for 
MHCC-LM3 cells using a fluorescence microscope, and 

Figure 2: Chromatograms from analytical HPLC of 5’ (Cy5.5)-MALAT1 ASO (A) and MALAT1 ASO (B).
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the accumulation of 5’ (Cy5.5)-MALAT1 ASO is retained 
in the nucleus (Figure 5).

In vivo fluorescence imaging

Fluorescence images of tumour-bearing mice 
administered 5’ (Cy5.5)-MALAT1 ASO probes are shown 
in Figure 6. 5’ (Cy5.5)-MALAT1 ASO uptake in the 
tumour was maximum at 30 min p.i. and slowly washed 
out over time. High contrast to background tissue was 
gradually observed from 4 h to 48 h p.i., whereas normal 

tissue had faster probe binding and washout. Tumour-
to-normal ratios of fluorescence intensities were plotted 
as a function of time, and were 1.03±0.08, 1.04±0.07, 
1.05±0.22, 1.08±0.03, 1.38±0.13, 1.55±0.04, 2.67±0.10, 
and 3.77±0.47 at 10 min, 30 min, 1 h, 2 h, 4 h, 8 h, 24 h, 
and 48 h, respectively (Figure 6J). At early time points, the 
signals from mouse urine were strong but not retained and 
became minimal at later time points, suggesting that the 
probe is mainly excreted from the urinary tract.

To determine whether the in vivo selectivity of probe 
binding is retained in the tumours, we also performed 

Figure 3: In vitro binding of 5’(Cy5.5)-MALAT1 ASO to MHCC-LM3 cells visualised using an Olympus AX70 fluorescence 
microscope (100×), increasing uptake of 5’(Cy5.5)-MALAT1 ASO by MHCC-LM3 cells with increasing incubation 
concentrations: 20 nM (A, B, C), 50 nM (D, E, F), 100 nM (G, H, I), and 250 nM (J, K, L).
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an in vivo competition assay. These studies showed little 
uptake of the probe in the tumours at any time points, 
indicating effective competition and selectivity of probe 
binding and retention by the tumours in vivo (Figure 7). 
Interestingly, signals from the mouse kidney were increased 
after administration and slowly washed out over time.

Furthermore, excised organs were evaluated ex vivo 
and quantified using ROI that encompassed the entire 
organ. The 5’ (Cy5.5)-MALAT1 ASO was predominantly 

taken up by the MHCC-LM3 tumour at 24 h p.i (Figure 
8), as seen in the imaging results in vivo. In the blocked 
group, the unlabelled MALAT1 ASO reduced the 
overall 5’(Cy5.5)-MALAT1 ASO probe uptake, which is 
significantly lower in the tumour (p=0.002), suggesting 
the targeted specificity of the 5’(Cy5.5)-MALAT1 ASO 
probe. The kidneys showed increased uptake of the 5’ 
(Cy5.5)-MALAT1 ASO probe, which was identical to 
the imaging in vivo. The contrast ratios of tumour to 

Figure 4: Intracellular uptake of 5’(Cy5.5)-MALAT1 ASO to MHCC-LM3 cells incubated at 37° C at a final concentration 
of 100 nM with increasing incubation times observed using a fluorescence microscope (100×): 30 min (A,B,C), 2 h (D,E,F), 
4 h (G,H,I), 8 h (J,K,L).
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normal organs for non-blocked and blocked groups were 
calculated and presented in Figure 8C. Comparison of data 
between groups demonstrated that 5’ (Cy5.5)-MALAT1 
ASO has a tumour-to-muscle ratio of 17.39 ± 2.8) at 24 h 
p.i. in the non-blocked group and a significantly decreased 
ratio (2.88 ± 0.11) in the blocked group (Figure 8D). In 
addition, the non-blocked group ratio of tumour-to-kidney 
and tumour to-liver uptake at 24 h p.i. was calculated as 
15.63 ± 1.36 and 14.60 ± 1.82, respectively, whereas the 
corresponding values for the blocked group were 0.14 ± 
0.03 and 2.02 ± 0.30, respectively.

DISCUSSION

LncRNAs are a group of RNAs that do not encode 
proteins, and the lengths of these molecules are greater 
than 200 nucleotides [16]. Recent observations showed 
that lncRNAs represent a new frontier in the molecular 
biology of complex organisms as it is increasingly 
evident that they are involved in the regulation of almost 
every stage of gene expression, as well as implicated 
in cancer onset, progression and a variety of disease 
states [1], showing a promising future for lncRNA 

Figure 6: In vivo dynamic imaging study of the targeting specificity of 5’ (Cy5.5)-MALAT1 ASO to MHCC-LM3 cell in the 
right axilla in xenograft mice at 10 min (A), 30 min (B), 1 h (C), 2 h (D), 4 h (E), 8 h (F), 24 h (G), and 48 h (H) after intravenous 
administration. Quantification and kinetics of the in vivo targeting characteristics of 5’(Cy5.5)-MALAT1 ASO (I). C. Tumour/non-tumour 
ratios at 10 min, 30 min, 1 h, 2 h, 4 h, 8 h, 24 h, and 48 h (J).

Figure 5: 5’(Cy5.5)-MALAT1 ASO is specific and selective for tumour cells overexpressing MALAT1 observed using 
fluorescence microscopy (A). Nuclei were counterstained with DAPI (blue) (B), and the accumulation of MALAT1 ASO is 
retained in the nucleus (merged) (C).
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studies. MALAT1, a highly conserved nuclear-abundant 
lncRNA of approximately 8000 nucleotides, received 
great interest among lncRNAs since its discovery as 
an independent prognostic biomarker for early stage 
metastasising NSCLC, and many studies showed the 
mechanisms of MALAT1 in regulating gene expression, 
cell proliferation, invasion, and tumour formation in a 
broad range of human cancers, including pancreas, breast, 
colon, liver, oesophageal and prostate cancers [17, 18, 19]. 
For example, our previous study [15, 19] revealed that 
MALAT1 overexpression is a predictive factor for tumour 
recurrence following liver transplantation in hepatocellular 
carcinoma. The depletion of MALAT1 by siRNA in the 
HepG2 cell line resulted in a reduction of cell viability, 
mobility and invasiveness, as well as an increase of 
sensitivity to apoptosis. Yang et al. [20] suggested that 
MALAT1 expression in colorectal cancer tissues of human 
patients with lymph node metastasis was higher than those 
without metastasis, and MALAT1 may promote colorectal 
cancer development via its target protein AKAP-9. Several 
studies showed the aberrant expression of MALAT1 
in tumour tissues compared with normal tissues and its 
association with clinical progression in human cancers, 
suggesting an important role in cancer pathogenesis and 
progression [5, 21].

MALAT1 is also an independent prognostic marker 
for poor outcomes and patient survival in several cancer 
types, including stage I non-small cell lung cancer and 

hepatocellular carcinoma [22, 23]. Ma et al. [24] reported 
that the over-expression of MALAT1 in glioma tissues 
was positively correlated with grade and tumour size, 
suggesting that MALAT1 may serve as an authentic 
prognostic biomarker for patients with glioma. Shuai et 
al. [24] performed a meta-analysis with a total of 2094 
patients from 17 studies to assess the effects of MALAT1 
on cancer prognosis and lymph nodes, and the results 
indicated that the upregulation of MALAT1 expression 
was significantly associated with poor disease-free 
survival (HR = 2.29, 95 % CI 1.24-3.35), and recurrence-
free survival (HR = 2.09, 95 % CI 0.81-3.37).

MALAT1 has many characteristics that make 
it attractive as a biomarker and therapeutic targets 
[1, 25, 26]. MALAT1 can be targeted therapeutically 
by a variety of approaches, including antisense 
oligonucleotides, RNAi mediated gene silencing, small 
molecule inhibitors and by gene therapy [7]. Schmidt 
et al. [27] reported that RNAi-mediated suppression 
targeting MALAT1 suppressed migration and 
clonogenic growth in A549 NSCLCs in vivo, exhibiting 
significant anticancer effects. ASO, which is relatively 
smaller than siRNAs, give a higher rate of delivery 
into the nucleus where most lncRNAs are confined 
[26]. Gutschner et al. [28] observed an accumulation of 
MALAT1 ASO in both tumour and tumour-associated 
stromal cells and effectively reduced both human and 
mouse MALAT1 expression compared with control 

Figure 7: In vivo fluorescence imaging of subcutaneous MHCC-LM3 tumour-bearing nude mice in the blocked group. 
The tumour showed little uptake of the probe at any time point up to 48 h after intravenous administration (A-G). Quantification and 
kinetics of in vivo targeting characteristics of 5’(Cy5.5)-MALAT1 ASO (H).
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ASO. Tripathi et al. [13] reported that compared to 
control cells, MALAT1-depleted cells using ASO 
showed a consistent reduction in the RNA and protein 
levels of several of the mitotic genes analysed. To the 
best of our knowledge, up to now no molecular probes 
of lncRNA have been reported.

Considering the above factors, we hypothesised 
that MALAT1 is a potential molecular target and that 
fluorophore-conjugated MALAT1 ASO would generate a 
novel molecular probe for the optical imaging of tumours. 
To create the probe, we selected the Cy5.5 dye, which 
is used as a promising contrast agent for the in vivo 
demarcation of tumours, to conjugate with the MALAT1 
ASO [14, 29]. The synthesis method is convenient, high 
purity is obtained (nearly 100%) using a Glen-Pak DNA 
purification cartridge and HPLC method, and it is suitable 
for further study.

The present study identified a near-infrared 
molecular imaging probe for cells over-expressing 
MALAT1 that allows for non-invasive specific detection 
of tumours in vitro and in vivo. in vitro cellular uptake 
experiments with 5’ (Cy5.5)-MALAT1 ASO showed that 
it can selectively bind to and be taken up by MHCC-
LM3 cells, and this retention is time-dependent. FACS 
analyses revealed that the percentage of cell binding (M2) 
increased with increasing incubation times from 30 min 
to 8 h, with a positive correlation existing between uptake 
and increasing incubation time (r=0.97). By contrast, 5’ 
(Cy5.5)-MALAT1 ASO bound to MHCC-LM3 cells in a 
dose-dependent manner, and there was increased uptake 
of MALAT1 antisense oligonucleotides by MHCC-LM3 
cells with increasing concentrations, ranging from 20 nM 
to 250 nM. In addition, the intracellular distribution of 5’ 
(Cy5.5)-MALAT1 ASO was also examined, and the results 

Figure 8: Ex vivo imaging of tumor and normal tissues in non-blocking (A) and blocking mice (B) after euthanizing the mice 
at 24 h p. i.; 1 blood, 2 bone 3 muscle 4 tumor 5 kidney, 6 lung, 7 spleen, 8 liver, 9 heart. ROI analysis of fluorescence intensity 
in ex vivo of major tissues with (blocking) and without (non-blocking) co-injection of MALAT1 ASO at 24 hours (C). 
Fluorescence intensity ratio of tumour-to normal tissue based on the ROI analysis (D). The error bar is calculated as the standard deviation.
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showed that 5’ (Cy5.5)-MALAT1 ASO was specifically 
retained in the nucleus, which is identical to a previous 
study [30, 31].

The whole-body fluorescent images of the MHCC-
LM3 cell xenograft mouse model presented in Figure 6 
provide further evidence to support the hypothesis that the 
5’ (Cy5.5)-MALAT1 ASO can target tumours in vivo. The 
5’ (Cy5.5)-MALAT1 ASO uptake in the tumour showed a 
maximum at 30 min p.i. and slowly washed out over time. 
High contrast to background tissue was gradually observed 
from 4 h to 48 h p.i. The normal tissue demonstrated rapid 
probe uptake. However, probe washout in the tumour is 
much slower than in normal tissue, leading to excellent 
tumour-to-normal tissue contrast at later time points. 5’ 
(Cy5.5)-MALAT1 ASO exhibited high contrast tumour-to 
tissue ratios for the imaging of dissected tissues and organs, 
which were consistent with the in vivo imaging findings.

For the development of new molecular probes 
for in vivo tumour imaging, high specificity binding is 
an important property [32]. To further demonstrate that 
binding of our 5’ (Cy5.5)-MALAT1 ASO probe is specific 
for MALAT1 in vivo, competition studies were conducted 
by injecting unlabelled MALAT1 ASO before injecting 
5’ (Cy5.5)-MALAT1 ASO. Significantly reduced tumour 
uptake of 5’ (Cy5.5)-MALAT1 ASO was observed for the 
blocked group at all times p.i. (P < 0.05), indicating that 
it is a target-specific probe. In the blocked experiments, 
signals from the mouse kidney were gradually increased, 
reaching a peak 24 h after administration, and then 
gradually decreasing, suggesting that the probe is mainly 
excreted from the urinary tract.

In summary, our results provide evidence that Cy5.5 
labelling of MALAT1 ASO is a convenient approach and 
that these novel optical probes can serve as specific optical 
probes for the in vivo imaging of tumours expressing 
MALAT1. More importantly, the successful development 
of optical probes provides for specific molecular diagnoses 
in the field of lncRNAs, which deserve further study.

MATERIALS AND METHODS

General

Single strand 20-base DNA sequences were 
modified as phosphorothioates (Shanghai Integrated 
Biotech Solutions Co., Ltd, China), and the base sequence 
used was as follows: GGGAGTTACTTGCCAACTTG 
(MALAT1 ASO) [13]. The Cy5.5 NHS ester was 
purchased from GE Healthcare Bioscience/GE. The 
Glen-Pak DNA purification cartridge was obtained from 
Glen Research (Sterling, VA). Triethylammonium acetate 
solution (2 M, TEAA), pH 7.0, was purchased from Glen 
Research (Sterling, VA). All other chemicals were from 
Sigma-Aldrich (St. Louis, MO).

The HPLC system was equipped with a quaternary 
pump, variable wavelength detector, vacuum degasser, 

and ChemStation for system control and chromatography 
analysis. HPLC was performed using a C18 column 
(Zorbax ODS 4.6 * 250 mm). For the HPLC linear 
gradient, the following buffers were used: A, 2% 
acetonitrile in 0.1 M TEAA, pH 7; B, 50% acetonitrile 
in 0.1 M TEAA, pH 7. The column was eluted at 1 mL/
min at room temperature. Mass spectra were obtained 
on a Q-Tof premier-UPLC system equipped with an 
electrospray interface (ESI) (Waters, USA). The product 
was collected, lyophilised, and stored in the dark at -20°C 
until use.

Synthesis of 5’ (Cy5.5)-MALAT1 ASO

Ten nanomoles of the MALAT1 ASO 
(GGGAGTTACTTGCCAACTTG) bearing 5’-aminoalkyl 
linkers was dissolved in 15 μL of 0.1 M NaHCO3. A 
volume of 7 μL of 49 mM Cy5.5-NHS in DMSO was 
added, and the mixture was incubated at room temperature 
for 12 h in the dark [14]. Then, 40 μL of water was added, 
and the modified MALAT1 ASO was separated from the 
excess dye using a Glen-Pak DNA purification cartridge 
according to the manufacturer’s recommendations. High-
performance liquid chromatography (HPLC) (1200 series, 
Agilent, USA) was used for the isolation and purification 
of the product. After Glen-Pak DNA purification, the 
modified MALAT1 ASO was precipitated by standard 
ethanol-sodium acetate treatment and purified by HPLC 
as described above. The purified modified MALAT1 ASO 
was concentrated in a centrifugal vacuum concentrator.

In vitro cellular uptake study

The human MHCC-LM3 cell line, which was 
selected for its high MALAT1 expression [15], was 
purchased from the American Type Culture Collection 
(ATCC, Manassas, VA, USA). It was cultured at 37°C in a 
humidified atmosphere of 5% CO2 in Dulbecco’s modified 
Eagle’s medium (DMEM) supplemented with 10% foetal 
calf serum with 100 U/mL penicillin and 100 μg/mL 
streptomycin.

MHCC-LM3 cells were detached with trypsin and 
then counted and plated in 6-well flat-bottomed culture 
plates in DMEM with 10% foetal bovine serum (2 mL/
well, 2.5* 106 cells per well) and incubated at 37°C, 50 
mL/L CO2 for 24 h, until the cell density reached 80%. 
In one experiment, MHCC-LM3 cells were incubated 
for 4 h at 37°C with 150 μL medium (with serum) per 
well containing different final concentrations (20 nM, 50 
nM, 100 nM and 250 nM) of 5’(Cy5.5)-MALAT1 ASO 
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA) 
in accordance with the manufacturer’s procedure. In 
another experiment, MHCC-LM3 cells were incubated for 
different times (30 min, 2 h, 4 h, and 8 h) at 37°C with a 
total volume of 150 μL and final concentrations of 100 nM 
5’(Cy5.5)-MALAT1 ASO. After incubation of MHCC-
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LM3 cells with 5’ (Cy5.5)-MALAT1 ASO, the percent 
transfected cells were screened and sorted by FACS. These 
experiments were repeated three times, and parallel wells 
were included in each experiment.

In addition, an in vitro cellular distribution study 
was performed. After incubation of MHCC-LM3 cells 
with 5’ (Cy5.5)-MALAT1 ASO, the cells were washed 
twice in 0.1% Tween-20 2× SSC at 56°C for 2 min each, 
followed by one wash in 0.1% Tween-20 2× SSC at room 
temperature for 2 min. 4’,6- Diamidino-2-phenylindole 
(DAPI; Abbott Molecular) was used to stain the cell 
nucleus, and fluorescence images were collected using an 
Olympus AX70 fluorescence microscope.

In Vivo and Ex Vivo optical imaging

All animal work was performed in accordance with 
and approved by the Zhejiang University Institutional 
Animal Care and Use Committee guidelines. BALB/c nu/
nu mice (female, 20 ± 3 g, 4- to 6-wk-old; Department 
of Laboratory Animal Science, Zhejiang University) were 
used in this study. BALB/c nu/nu mice with MHCC-LM3 
cell tumours were randomly divided into 3 groups of 5 
mice each. The MHCC-LM3 cell xenograft model was 
generated by subcutaneous injection of 1.0*107 MHCC-
LM3 cells resuspended in 100 μL of PBS into the right 
axilla, and the cells were allowed to grow 3–5 weeks 
until tumours were 200–500 mm3 in volume. The mice 
were maintained using a standard diet, bedding, and 
environment, with free access to food and drinking water.

In vivo fluorescence imaging was performed using 
a filter set with an excitation of 658 nm and emission of 
719 nm on a Clairvivo OPT plus (Shimadzu Co., Kyoto, 
Japan). Identical illumination settings (fluorescent dye, 
excitation mode, exposure time, and field of views) were 
used for acquiring all images. Fluorescence images were 
acquired at 15 min, 30 min, 1 h, 2 h, 4 h, 8 h, 24 h, and 
48 h after injection of 5’ (Cy5.5)-MALAT1 ASO using 
1 s exposure time, anesthetised with 2% isoflurane. The 
non-blocked mice (n=5) received 100 nmol of 5’(Cy5.5)-
MALAT1 ASO injected into each mouse via tail vein and 
were subjected to optical imaging at various time points 
post-injection. For the blocked group of mice (n=5), 
unlabelled MALAT1 ASO (100 nmol) was first injected, 
and 100 nmol 5’ (Cy5.5)-MALAT1 ASO was injected 
30 min later via tail vein. Ellipsoid regions of interest 
(ROI) of equal area were drawn on the tumour and on the 
contralateral sites of the left axilla, and the fluorescent 
intensity was quantified (C/mm2).

At the end of the in vivo imaging experiments, 
the mouse was sacrificed by cervical dislocation under 
isoflurane anaesthesia. The tumours and major organs 
or tissues (heart, liver, spleen, lung, kidney, muscle, 
bone, and blood) were collected for ex vivo imaging 
of the biodistribution of the fluorescent probe, and the 

fluorescence intensity for each sample was reported 
(C/mm2).

Statistical analysis

Data are presented as the means ± SD (standard 
deviation) of n independent measurements. Statistical 
analysis was performed using Student’s t test. A p value 
less than 0.05 was considered statistically significant. 
Analyses were performed using SAS v8.0 (SAS, Cary, 
NC, USA).

Author contributions

Dong MJ and Wang CQ are the principal 
investigators for the study. Dong MJ also wrote the 
manuscript and collected the data. Liu ZF, and Wang YH 
conceived of this study and carried out the major part 
of this project. Wang GL participated in this project and 
collected and analyzed the data.

CONFLICTS OF INTEREST

The authors declare no conflicts interest.

GRANT SUPPORT

This work is supported by the National Natural 
Science Foundation of China (No. 81471704) and 
Zhejiang Natural Science Foundation (LY16H180002).

REFERENCES

1. Lalevée S, Feil R. Long noncoding RNAs in human 
disease: emerging mechanisms and therapeutic strategies. 
Epigenomics. 2015; 7:877–79.

2. Ji P, Diederichs S, Wang W, Böing S, Metzger R, Schneider 
PM, Tidow N, Brandt B, Buerger H, Bulk E, Thomas M, 
Berdel WE, Serve H, Müller-Tidow C. MALAT-1, a novel 
noncoding RNA, and thymosin beta4 predict metastasis 
and survival in early-stage non-small cell lung cancer. 
Oncogene. 2003; 22:8031–41.

3. Zhang J, Zhang B, Wang T, Wang H. LncRNA MALAT1 
overexpression is an unfavorable prognostic factor in 
human cancer: evidence from a meta-analysis. Int J Clin 
Exp Med. 2015; 8:5499–505.

4. Huang NS, Chi YY, Xue JY, Liu MY, Huang S, Mo 
M, Zhou SL, Wu J. Long non-coding RNA metastasis 
associated in lung adenocarcinoma transcript 1 (MALAT1) 
interacts with estrogen receptor and predicted poor survival 
in breast cancer. Oncotarget. 2016; 7:37957–65. https://doi.
org/10.18632/oncotarget.9364

5. Wang J, Pan Y, Wu J, Zhang C, Huang Y, Zhao R, Cheng 
G, Liu J, Qin C, Shao P, Hua L, Wang Z. The Association 



Oncotarget85814www.impactjournals.com/oncotarget

between Abnormal Long Noncoding RNA MALAT-1 
Expression and Cancer Lymph Node Metastasis: A Meta-
Analysis. Biomed Res Int. 2016; 2016:1823482.

6. Jiao F, Hu H, Yuan C, Wang L, Jiang W, Jin Z, Guo Z, 
Wang L. Elevated expression level of long noncoding RNA 
MALAT-1 facilitates cell growth, migration and invasion in 
pancreatic cancer. Oncol Rep. 2014; 32:2485–92.

7. Li CH, Chen Y. Targeting long non-coding RNAs in 
cancers: progress and prospects. Int J Biochem Cell Biol. 
2013; 45:1895–910.

8. Gutschner T, Hämmerle M, Diederichs S. MALAT1 — a 
paradigm for long noncoding RNA function in cancer. J 
Mol Med (Berl). 2013; 91:791–801.

9. Liu Z, Sun X, Liu H, Ma T, Shi J, Jia B, Zhao H, Wang F. 
Early assessment of tumor response to gefitinib treatment by 
noninvasive optical imaging of tumor vascular endothelial 
growth factor expression in animal models. J Nucl Med. 
2014; 55:818–23.

10. Agarwal A, Boettcher A, Kneuer R, Sari-Sarraf F, Donovan 
A, Woelcke J, Simic O, Brandl T, Krucker T. In vivo 
imaging with fluorescent smart probes to assess treatment 
strategies for acute pancreatitis. PLoS One. 2013; 8:e55959.

11. Rudin M, Weissleder R. Molecular imaging in drug 
discovery and development. Nat Rev Drug Discov. 2003; 
2:123–31.

12. Agnes RS, Broome AM, Wang J, Verma A, Lavik K, 
Basilion JP. An optical probe for noninvasive molecular 
imaging of orthotopic brain tumors overexpressing 
epidermal growth factor receptor. Mol Cancer Ther. 2012; 
11:2202–11.

13. Tripathi V, Shen Z, Chakraborty A, Giri S, Freier SM, 
Wu X, Zhang Y, Gorospe M, Prasanth SG, Lal A, 
Prasanth KV. Long noncoding RNA MALAT1 controls 
cell cycle progression by regulating the expression of 
oncogenic transcription factor B-MYB. PLoS Genet. 2013; 
9:e1003368.

14. Cheng Z, Wu Y, Xiong Z, Gambhir SS, Chen X. Near-
infrared fluorescent RGD peptides for optical imaging of 
integrin alphavbeta3 expression in living mice. Bioconjug 
Chem. 2005; 16:1433–41.

15. Lai MC, Yang Z, Zhou L, Zhu QQ, Xie HY, Zhang F, 
Wu LM, Chen LM, Zheng SS. Long non-coding RNA 
MALAT-1 overexpression predicts tumor recurrence of 
hepatocellular carcinoma after liver transplantation. Med 
Oncol. 2012; 29:1810–16.

16. Derrien T, Johnson R, Bussotti G, Tanzer A, Djebali S, 
Tilgner H, Guernec G, Martin D, Merkel A, Knowles DG, 
Lagarde J, Veeravalli L, Ruan X, et al. The GENCODE v7 
catalog of human long noncoding RNAs: analysis of their 
gene structure, evolution, and expression. Genome Res. 
2012; 22:1775–89.

17. Sun H, Lin DC, Cao Q, Pang B, Gae DD, Lee VK, Lim 
HJ, Doan N, Said JW, Gery S, Chow M, Mayakonda A, 
Forscher C, et al. Identification of a Novel SYK/c-MYC/

MALAT1 Signaling Pathway and Its Potential Therapeutic 
Value in Ewing Sarcoma. Clin Cancer Res. 2017; 23:4376–
87; Epub ahead of print.

18. Huang C, Yu Z, Yang H, Lin Y. Increased MALAT1 
expression predicts poor prognosis in esophageal cancer 
patients. Biomed Pharmacother. 2016; 83:8–13.

19. Yang Z, Zhou L, Wu LM, Lai MC, Xie HY, Zhang F, Zheng 
SS. Overexpression of long non-coding RNA HOTAIR 
predicts tumor recurrence in hepatocellular carcinoma 
patients following liver transplantation. Ann Surg Oncol. 
2011; 18:1243–50.

20. Yang MH, Hu ZY, Xu C, Zamecnik PC, Bogdanov A Jr. 
MALAT1 promotes colorectal cancer cell proliferation/
migration/invasion via PRKA kinase anchor protein 9. 
Biochim Biophys Acta. 2015; 1852:166–74.

21. Wu XS, Wang XA, Wu WG, Hu YP, Li ML, Ding Q, 
Weng H, Shu YJ, Liu TY, Jiang L, Cao Y, Bao RF, Mu JS, 
et al. MALAT1 promotes the proliferation and metastasis 
of gallbladder cancer cells by activating the ERK/MAPK 
pathway. Cancer Biol Ther. 2014; 15:806–14.

22. Lin R, Maeda S, Liu C, Karin M, Edgington TS. A large 
noncoding RNA is a marker for murine hepatocellular 
carcinomas and a spectrum of human carcinomas. 
Oncogene. 2007; 26:851–58.

23. Ma KX, Wang HJ, Li XR, Li T, Su G, Yang P, Wu JW. Long 
noncoding RNA MALAT1 associates with the malignant 
status and poor prognosis in glioma. Tumour Biol. 2015; 
36:3355–59.

24. Shuai P, Zhou Y, Gong B, Jiang Z, Yang C, Yang H, Zhang 
D, Zhu S. Long noncoding RNA MALAT1 can serve 
as a valuable biomarker for prognosis and lymph node 
metastasis in various cancers: a meta-analysis. Springerplus. 
2016; 5:1721.

25. Yarmishyn AA, Kurochkin IV. Long noncoding RNAs: a 
potential novel class of cancer biomarkers. Front Genet. 
2015; 6:145.

26. Fatima R, Akhade VS, Pal D, Rao SM. Long noncoding 
RNAs in development and cancer: potential biomarkers and 
therapeutic targets. Mol Cell Ther. 2015; 3:5.

27. Schmidt LH, Spieker T, Koschmieder S, Schäffers S, 
Humberg J, Jungen D, Bulk E, Hascher A, Wittmer 
D, Marra A, Hillejan L, Wiebe K, Berdel WE, et al. 
The long noncoding MALAT-1 RNA indicates a poor 
prognosis in non-small cell lung cancer and induces 
migration and tumor growth. J Thorac Oncol. 2011; 
6:1984–92.

28. Gutschner T, Hämmerle M, Eissmann M, Hsu J, Kim 
Y, Hung G, Revenko A, Arun G, Stentrup M, Gross M, 
Zörnig M, MacLeod AR, Spector DL, Diederichs S. The 
noncoding RNA MALAT1 is a critical regulator of the 
metastasis phenotype of lung cancer cells. Cancer Res. 
2013; 73:1180–89.

29. Chen K, Chen X. Design and development of molecular 
imaging probes. Curr Top Med Chem. 2010; 10:1227–36.



Oncotarget85815www.impactjournals.com/oncotarget

30. Spector DL, Lamond AI. Nuclear speckles. Cold Spring 
Harb Perspect Biol. 2011; 3:a000646.

31. Hutchinson JN, Ensminger AW, Clemson CM, Lynch CR, 
Lawrence JB, Chess A. A screen for nuclear transcripts 
identifies two linked noncoding RNAs associated with 
SC35 splicing domains. BMC Genomics. 2007; 8:39.

32. Roivainen A, Tolvanen T, Salomäki S, Lendvai G, 
Velikyan I, Numminen P, Välilä M, Sipilä H, Bergström 
M, Härkönen P, Lönnberg H, Långström B. 68Ga-labeled 
oligonucleotides for in vivo imaging with PET. J Nucl Med. 
2004; 45:347–55.


