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Abstract. Malignant mesothelioma is a highly aggressive
cancer with poor prognosis and refractory to currently available
therapies. Most of the patients with advanced invasive nature are
not amenable to surgical resection and/or available anticancer
therapy, thus development of novel effective therapeutic regimes
is needed. Aberrant expression of microRNAs (miRNAs) has
been proposed to contribute to carcinogenesis and aggressiveness
of mesothelioma. We analyzed miRNA expression in mesothelioma cell lines using TaqMan miRNA expression array and
found significant number of miRNAs, which showed increased
or lost expression. We validated the increased expression of
miR-182, and miR-183 in mesothelioma cell lines by individual
miRNA assays and SmartFlare miRNA probes. We further
investigated the miR-1, and miR-214, which were not expressed
in mesothelioma cells by real-time RT-PCR. Transfection of
mesothelioma cells, ACC-Meso-1 and CRL5915, with miRNA
mimic (hsa-miR-1 mimic and hsa-miR-214 mimic) led to inhibition of cell growth, invasion and migration. We paid attention
to PIM1, the target gene of both miR-1 and miR-214 miRNAs
and which was found overexpressed in mesothelioma cells, and
miR-1 and miR-214 mimic transfection of mesothelioma cell
lines showed downregulation of PIM1 by western blot analysis.
The miRNAs, miR-1 and miR-214, may play a role in carcinogenesis of mesothelioma thus might be considered as candidate
therapeutic targets in mesothelioma.
Introduction
Mesothelioma, primarily associated with exposure to asbestos,
causes ~2,500 deaths per year in the United States alone (1).
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There is a recent trend of decreasing incidence of mesothelioma in the USA and Canada (2), but its incidence is still
rising in Europe, Japan (3) and in developing countries. Vital
Statistics Data published yearly by Ministry of Health, Labor
and Welfare, Japan indicated that there is an increasing trend
in the death due to mesothelioma, from 500 cases in 1995 to
710 in 2000, 911 in 2005, 1109 in 2010 and 1,376 in 2014.
It is a highly aggressive cancer with poor prognosis (4) and
refractory to currently available therapeutic regimes (5,6).
In population-based studies, survival times ranged from 5 to
13.2 months (7). Although surgery is an option for patients
with early stage mesothelioma, most patients present with
advanced invasive stage are not amenable to surgical resection
and development of new therapeutic regimes is needed.
MicroRNAs (miRNAs) are regulators of developmental
and cellular pathways and most commonly silence the genes
by binding to the 3'-untranslated region of target mRNA. This
binding induces either mRNA degradation or inhibition of
translation (8). More than 50% of miRNA genes are found in
cancer-associated genomic regions and their altered expression in numerous cancers supports the notion that these small
RNAs serve as a novel class of oncogenes or tumor suppressors
(9). Recently, Truini et al reviewed the aberrant expression of
miRNAs in mesothelioma for their role in carcinogenesis,
diagnosis and prognosis (10). miRNAs such as miR-31 (11),
miR-34b/c (12) as potential therapeutic target, miR-29c* (13) as
prognostic biomarker, the miR-200 family (14) as diagnostic
marker, miR-126 (15), miR-625-3p (16) as biomarker for early
detection have been investigated.
We analyzed the miRNA expression in mesothelioma cell
lines and found significant number of differentially expressed
miRNAs between mesothelioma cell lines and non-neoplastic
cells by TaqMan Low Density miRNA expression PCR array
profiling. We focused on two highly expressed miRNAs, the
miR-182 and miR-183, and two negligibly expressed miRNAs,
miR-1 and miR-214, in mesothelioma cell lines and analyzed
their functional role in mesothelioma cell lines.
Materials and methods
Mesothelioma cell lines and pleural tissue. Seven mesothelioma cell lines were included in the study. Five cell lines
(CRL-2081, -5820, -5826, -5915, -5946) were purchased from
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the American Type Culture Collection (ATCC) (Manassas,
VA, USA) and two cell lines (ACC-Meso-1, ACC-Meso-4)
(17) from the RIKEN BioResearch Center (Tsukuba,
Ibaraki, Japan). All cell lines were maintained in Roswell
Park Memorial Institute 1640 medium with GlutaMAX
(RPMI‑1640) with 1% kanamycin, 1% fungizone and 10% fetal
bovine serum (all purchased from Gibco/Life Technologies,
Tokyo, Japan). Non-neoplastic mesothelial cells were
retrieved from the strip of pleura of patients who underwent
autopsy for causes other than neoplastic lesions, and were
snap-frozen immediately in liquid nitrogen and processed for
total RNA extraction. The use of these samples conformed to
the statement of Declaration of Helsinki Ethical principles
for Medical Research.

(Life Technologies) using 7900HT Fast Real-time PCR system
(Applied Biosystems/Life Technologies).

RNA isolation. Total RNA containing small non-coding RNA
was extracted from mesothelioma cell lines and non-neoplastic
mesothelial cells using mirVana miRNA isolation kit (Ambion/
Life Technologies) according to the manufacturer's recommended protocol. The extracted RNA was directly quantified
by the absorbance ratio at 260 or 280 nM with a NanoVue Plus
spectrophotometer (GE Healthcare BioSciences, Tokyo, Japan)
and with fluorometer-based RNA Assay kit using Qubit 2.0
(Life Technologies). The integrity of total RNA was evaluated
by capillary electrophoresis on RNA HighSens analysis kit
using Experion automated electrophoresis system (Bio-Rad,
Tokyo, Japan).

Transient transfections of mesothelioma cells with miRNA
mimics. All transfection studies were carried out in triplicates with 10 nM of the each mirVana miRNA mimics by
the Lipofectamine RNAiMax reagent (Lipofectamine) in
OptiMEM media (Life Technologies) using collagen-plated
6-well plates for 2 or 3 days with exchange of miRNA mimics
and Lipofectamine every 24 h. Mesothelioma cell lines,
ACC-Meso-1 and CRL 5915, were transfected with mirVana
miRNA mimics specific for hsa-miR-1, hsa-miR-214, and
negative control mimic (Life Technologies). After transient
transfection with miRNA mimics, the cells were analyzed by
various cell based assays.

miRNA expression profiling. Total RNA (1 µg) in 7.5 µl reaction
volume was reverse-transcribed using Megaplex RT Primers,
Human Pool set v3.0 using GeneAmp PCR systems 9700
(Applied Biosystems/Life Technologies) and 6 ml of Megaplex
RT product was used for miRNA expression profiling in
TaqMan Low Density Array Human miRNA Cards v3.0 using
7900HT Fast Real-time PCR system (Applied Biosystems/Life
Technologies) according to the manufacturer's instructions.
The array card set consisted of 2 cards of 384 low density
designed for analysis of 754 human miRNAs based in Sanger
miRbase v14. Relative expression was determined using the
∆∆ Ct method and a ≥40 Ct value was interpreted as amplification too low to quantify. miRNA expressions were analyzed
after normalization to RNU6B (U6 snRNA, an endogenous
control assay designed in both cards) using DataAssist software version 3.0 (Life Technologies) to calculate the fold
change and hierarchical clustering of significant genes using
JMP 9 software.

Cell proliferation, cell cycle, migration and invasion assays.
Cell proliferation assay was analyzed with Guava ViaCount
reagent using Guava EasyCyte Mini Flow Cytometer (Guava
Technologies/Millipore, Hayward, CA, USA). miRNA mimic
transfected cells were incubated in RPMI-1640 media with
10% FBS in collagen-coated 24-well plates in triplicates.
After 24, 48 or 72 h, cells were harvested by trypsinization
with TrypLE Express (Life Technologies), stained for 5 min
with ViaCount reagent, and total numbers of viable cells were
determined with flow cytometer using Cytosoft viacount
module software (Guava Technologies).
Cell cycle phase analysis was performed with Guava
Cell Cycle reagent using Guava Easycyte Mini Flow cytometer. miRNA mimic transfected cells were incubated in
RPMI‑1640 media with 10% FBS in collagen-coated 24-well
plates in triplicates. After 48 or 72 h, cells were harvested by
trypsinization with TrypLE Express and slowly fixed with
10 ml of 70% ethanol for ≥2 h. After removal of ethanol by
centrifuging and washing cells with PBS (-), cells were stained
with Guava Cell Cycle reagent for 30 min and flow cytometric
data were collected with flow cytometer using Cytosoft cell
cycle module software (Guava Technologies). Later, flow
cytometric raw data were analyzed using FCS Express 5 Pro
software (DeNovo Software, Glendale, CA, USA).
Cell migration was analyzed using a wound/scratch assay.
miRNA mimic transfected cells incubated in RPMI-1640
media with 10% FBS in collagen-coated 24-well plates overnight. The wound was created in cell monolayer by scratching
the cells with 1 ml micropipette tips and floating cells were
removed by washing with fresh media. Real-time microscopic
images were taken at 0, 6, 12, 18 and 24 h post-scratching
by incubating the cells in stage-top incubator on an inverted

miRNA expression validation by TaqMan microRNA assays.
Total RNA from mesothelioma cells (5 µl containing 10 ng total
RNA) was reverse transcribed with the TaqMan MicroRNA
Reverse Transcription kit and 3 µl of TaqMan MicroRNA
assays specific for hsa-miR-182, hsa-miR-183, hsa-miR-1,
hsa-miR-214 and endogenous controls (Life Technologies)
using Eppendorf Mastercycler (Eppendorf AG, Hamburg,
Germany). The resulting cDNA (1.33 µl) was used as template
in a total reaction volume of 20 µl for real-time quantitative
PCR analysis (qPCR) which was performed in triplicates
with TaqMan microRNA assay primer/probes specific for
hsa-miR-182, hsa-miR-183, hsa-miR-1, hsa-miR-214 and
endogenous controls in TaqMan Universal PCR Master Mix

Live cell miRNA validation by SmartFlare probes. SmartFlare
technology detects RNA or miRNA in live cells. Mesothelioma
cells were cultured in collagen-coated 24-well glass-bottom
plates at a concentration of 1x104 cells per well, in 1 ml of
RPMI-1640 for 12 h. SmartFlare probes (3 µl) (Cy3 labeled
miR-182-5p, miR-183-5p, and scramble control detection
probes, purchased from Millipore) prediluted into 50 µl of
PBS were added to the each well in triplicates. Cells were
incubated overnight (~16 h) at 37˚C and 5% CO2 and analyzed
with fluorescent microscope and digital picture was taken with
similar light exposure for expression of miRNA.
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Figure 1. Supervised hierarchical clustering of differentially expressed miRNAs between mesothelioma cell lines and non-neoplastic pleural tissue. Coloring
indicates miRNA expression levels from low (green) to high (red). Twenty downregulated miRNAs, including miR-1 and -214 (green underlines), show low or
no expression in all seven mesothelioma cell lines, while 18 upregulated miRNAs, including miR-182 and -183 (red underlines), show increased expression.

microscope with automatic picture acquisition at given time
interval (Olympus IX81 with cellSens software). The area
of the wound gap that was not covered by cell migration
(percentage) was determined using TScrach software (18).
Cell invasion was performed using BD FluoroBlok culture
Inserts with 8-µm pores (BD Biosciences, Franklin Lakes,
NJ, USA) coated with matrix Matrigel (Life Technologies)
according to the manufacturer's protocol. miRNA mimics
transfected cells were stained with cell permeant nuclear
fluorescent dye Hoechst 33342 (Life Technologies) for 10 min
and fluorescent image (16 consecutive images with 10X objective) was captured with DP80 CCD camera using an inverted
fluorescent microscope IX81. The total numbers of invading
cells were calculated by analyzing fluorescent images with
CellProfiler cell imaging software (19).
Cell culture in chamber-slide or cell-block preparation
for immunocytochemistry. Approximately 1x105 cells were
cultured in collagen coated chamber glass slide (Millicell EZ
Slide: Millipore, EMD Millipore Corp., Billerica, MA, USA)
overnight and fixed with 10% formalin. Each of mesothelioma
cell lines was cultured for 2-3 days on 100-mm collagen-coated

culture dish (Corning Life Sciences, Corning, NY, USA) and
were subjected to cell-block preparation using glucomannan
(HoldGel 110, EBIS1 cell-block construction kit, Asia Kizai,
Tokyo, Japan) (20). Three-µm-sections were prepared from
formalin-fixed paraffin-embedded cell-blocks in Platinum Pro
Adhesive Glass slides (Matsunami Glass, Osaka, Japan). Fully
automatic immunohistochemical staining of anti-PIM1 antibody (rabbit monoclonal, Cat #ab75776, Abcam, Cambridge,
MA, USA, 1:250 dilution filled in antibody dispenser) was
performed with Ventana BenchMark GX using ultraView
Universal DAB Detection kit (Ventana, Roche Diagnostics,
Tokyo, Japan). Similar immunohistochemical procedure was
carried out with the omission of the primary antibody as a
negative control.
Western blot analysis. Cell lysates were obtained from
miRNA mimic transfected cells using CytoBuster Protein
Extraction reagent (Novagen, Madison, WI, USA) with Halt
Protease Inhibitor Cocktail (Thermo Scientific Fisher, Tokyo,
Japan). Total protein (20 µg) was separated on the Bolt 4-12%
Bis-Tris Plus Gels (Life Technologies) with lithium dodecyl
sulfate (LDS) electrophoresis at 165 V for 35 min and trans-
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Table I. Expression fold change, average CT, and average dCT value in mesothelioma cell lines (MESO) and non-neoplastic
pleural tissue (NPL).
Expression fold change
Average CT
Average dCT
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Assay
MESO
NPL
P-value
MESO
NPL
MESO
NPL
hsa-miR-519a-4395526
135.1		 0.119
hsa-miR-222#-002097
54.9		
0.057
hsa-miR-183-4395380
42.6		
0.011
hsa-miR-221-4373077
41.7		
0.095
hsa-miR-15b#-002173
31.8		
0.020
hsa-miR-1275-002840
21.2		
0.040
hsa-miR-183#-002270
20.2		
0.002
hsa-miR-130b#-002114
15.7		
0.018
hsa-miR-671-3p-4395433
15.0		
0.005
hsa-miR-27a#-002445
10.2		
0.012
hsa-miR-149-4395366
8.0		
0.033
hsa-miR-18a-4395533
7.8		
0.042
hsa-miR-182-4395445
7.4		
0.010
hsa-miR-301a-4373064
7.1		
0.055
hsa-miR-18b-4395328
7.0		
0.011
hsa-miR-15b-4373122
6.3		
0.026
hsa-miR-296-5p-4373066
6.1		
0.021
hsa-miR-130b-4373144
3.6		
0.014
hsa-miR-99a-4373008
3.4		
0.249
hsa-miR-486-3p-4395204		
26.3
0.016
hsa-miR-199a-3p-4395415		
41.2
0.000
hsa-miR-511-4373236		
134.6
0.002
hsa-miR-1247-002893		
171.0
0.001
hsa-miR-142-3p-4373136		
352.0
0.000
hsa-miR-206-000510		
490.7
0.020
hsa-miR-486-5p-4378096		
588.6
0.038
hsa-miR-451-4373360		
759.8
0.009
hsa-miR-144-002676		 1,223.0
0.040
hsa-miR-145#-002149		 1,340.9
0.014
hsa-miR-133b-4395358		 1,643.8
0.112
hsa-miR-214#-002293		 2,788.9
0.005
hsa-miR-223-4395406		
2,977.7
0.001
hsa-miR-1-4395333		 6,705.6
0.049
hsa-miR-150-4373127		
10,404.8
0.001
hsa-miR-145-4395389		
12,025.2
0.004
hsa-miR-133a-4395357		
13,032.1
0.050
hsa-miR-214-4395417		
32,285.8
0.001
hsa-miR-143-4395360		
55,283.3
0.002

ferred onto a polyvinylidene difluoride (PVDF) membrane
using iBlot transfer stack (Life Technologies) at 20 V for
7 min. The protein-transferred membrane was processed on
BenchPro 4100 Western System (Life Technologies) with
primary antibodies, anti-PIM1 antibody (1:500, rabbit monoclonal, ab75776, Abcam) and anti-GAPDH antibody (1:500,

32.5
27.9
30.9
25.1
28.3
31.1
29.4
31.7
30.6
28.5
25.1
28.1
28.6
28.6
32.2
25.9
31.0
29.6
26.3
38.0
35.5
39.1
34.2
38.2
37.1
35.8
39.1
40.0
40.0
39.2
39.9
32.7
40.0
37.3
37.7
37.9
40.0
39.7

39.1
33.7
37.2
29.9
33.7
36.4
36.2
36.3
35.2
32.8
27.9
30.8
32.4
31.2
35.1
28.2
33.4
31.3
26.0
29.4
23.5
28.9
25.1
25.8
26.8
25.9
26.6
30.4
29.9
28.1
28.7
20.6
28.3
21.7
22.6
23.6
25.0
24.0

15.1
10.5
13.5
7.6
10.9
13.6
11.9
14.3
13.2
11.1
7.7
10.6
11.2
11.1
14.7
8.4
13.5
12.1
8.8
20.6
18.0
21.6
16.8
20.7
19.6
18.3
21.6
22.6
22.6
21.7
22.4
15.2
22.6
19.9
20.2
20.4
22.5
22.3

21.6
16.2
19.8
12.4
16.2
19.0
18.7
18.8
17.7
15.4
10.5
13.4
14.9
13.8
17.7
10.7
15.9
13.9
8.5
11.9
6.1
11.4
7.7
8.3
9.4
8.5
9.2
12.9
12.5
10.7
11.3
3.1
10.8
4.2
5.2
6.2
7.5
6.5

rabbit polyclonal sc-25778, Santa Cruz Biotechnology, Dallas,
TX, USA) and biotin labeled secondary antibody [Biotin-XX
goat anti-rabbit IgG (H+L) (Life Technologies)]. The membrane
was washed and stained with Qdot 625 streptavidin conjugate
(Life Technologies) for 30 min and bands were detected using
E-Gel Imager (Life Technologies).
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Figure 2. Validation of miRNA expression in mesothelioma cell lines. Using SmartFlare miRNA probe, mesothelioma cell line, ACC-Meso-1 show expression
of miR-182 (lower left) and miR-183 (lower right) in cytoplasm. Scrambled miRNA probe, utilized as the negative control, show no fluorescence in the cytoplasm
of mesothelioma cell line.

Statistical analysis. The TaqMan Low Density microRNA
Array data were analyzed with DataAssist software and
JMP 9. All other statistical analysis was performed with JMP
9 software (SAS Institute, Inc., Cary, NC, USA).
Results
Differential miRNA expression in mesothelioma cells and its
validation. Out of 754 analyzable miRNAs by TaqMan Low
Density Array Human miRNA Cards, significant number of
miRNA were found to be differentially expressed between
mesothelioma cell lines (CRL-2081, -5820, -5826, -5915, -5946,
ACC-Meso-1, ACC-Meso-4) and non-neoplastic mesothelial
tissue. We found increased expression of 18 miRNAs and
reduced or absent expression of 20 miRNAs in mesothelioma
cell lines (Fig. 1 and Table I). Using SmartFlare miRNA probes
and scrambled negative control probe, we found all of these
7 mesothelioma cell lines have increased miR-182, miR-183
(Fig. 2). We also validated miRNA expression in these mesothelioma cell lines by individual microRNA expression assay
(data not shown).
miR-1 and miR-214 mimic transfection inhibits cell growth,
cell cycle progression, migration and invasion of mesothelioma cells. Two mesothelioma cell lines, ACC-Meso-1 and

CRL-5915 were transfected with hsa-miR-1, and hsa-miR-214
miRNA mimics, and negative control miRNA mimic. Cell
proliferation was significantly suppressed in mesothelioma
cells transfected with miR-1 and miR-214 mimic compared
to negative control group at 48 and 72 h after transfection
by flow cytometric analysis of viable cells (p<0.05, Fig. 3A).
Furthermore, flow cytometric analysis indicated that proportion of cells in G0/G1 phase was increased significantly,
whereas cells in S and G2/M phase was significantly decreased
in miR-1 and miR-214 mimic transfected cells compared to
control group (p<0.05, Fig. 3B). The cell migration analysis by
wound scratch assay showed decreased speed of cell migration
with hsa-miR-1 and hsa-miR-214 miRNA mimics compared
to negative control miRNA mimic (Fig. 3C). Matrigel invasion chamber assay showed less number of cell invasion
through the Matrigel in cells transfected with hsa-miR-1 and
hsa-miR-214 mimics (p<0.05, Fig. 3D).
Target prediction database of miR-1 and miR-214 shows PIM1
as possible target in mesothelioma. To analyze the underlying
mechanism of miR-1 and miR-214 in mesothelioma cell carcinogenesis, online miRTarBase (http://mirtarbase.mbc.nctu.
edu.tw/php/search.php) was used to search for potential targets
of miR-1 and miR-214, and we noted PIM1 was the target
gene of both miR-1, miR-214. We also found similar result

1604

Amatya et al: Downregulation of miR-1, miR-214 in mesothelioma

Figure 3. (A) Cell proliferation analysis. Transfection of mesothelioma cell lines, ACC-Meso-1 and CRL5915, with miR-1 and miR-214 mimic for one, two or
three days shows the suppression of proliferation of viable cells in increasing order compared to negative control miRNA mimic (data acquired by flow cytometric analysis using Guava viaCount reagent, p<0.05). (B) Cell cycle assay. Cell cycle phase analysis was performed with Guava Cell Cycle reagent using Guava
Easycyte Mini Flow cytometer. miR-1 and miR-214 mimic transfected mesothelioma cells show increased G1 phase compared to negative control miRNA
mimic, suggesting G1 arrest of mesothelioma cell line (data acquired by flow cytometric analysis using Guava cell cycle reagent, p<0.05). (C) Invasion assay.
Transfection of mesothelioma cell lines, ACC-Meso-1 and CRL5915, with miR-1 and miR-214 mimic for two or three days reduce invasiveness of mesothelioma
cells through Matrigel compared to negative control miRNA mimic (p<0.05). Left panel figures inverted from the fluorescent images using CellProfiler Image
analysis software. (D) Migration assay. Mesothelioma cells, ACC-Meso-1 showed slow migration of cells transfected with miR-1 and miR-214 mimic transfection compared to that in negative control miRNA mimic transfection (p<0.05).
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Figure 4. Immunohistochemical expression of PIM1 in mesothelioma cell lines. Nuclear expression of PIM1 is present in mesothelioma cell lines, ACCMeso-1 [A and B) cell-block preparation] and CRL5915 [(C and D) chamber-slide preparation]. (A and C) Hematoxylin and eosin staining x200; (B and D)
Anti-PIM1 immunohistochemical staining x200.

Figure 5. Western blot analysis of PIM-1 expression. Soluble proteins (30 µg) were analyzed by western blot analysis for detection of PIM1 using anti-PIM1
antibody. Anti-GAPDH antibody was used as the housekeeping gene control. ACC-Meso-1 show reduced expression of PIM1 protein compared to negative
control miRNA mimic and mock.

from TargetScan (www.targetscan.org) and miRanda (www.
microrna.org). Thus, we investigated whether the PIM1 was
expressed in mesothelioma cell lines or not. By immunocytochemical study of cell-blocks prepared from mesothelioma
cell lines, we found PIM1 was highly expressed in all of the
seven mesothelioma cells lines (Fig. 4B). In addition, we also
investigated the expression of PIM1 in mesothelioma cell line
cultured directly in chamber-slide (Fig. 4D).
Transfection of miR-1 and miR-214 downregulates PIM1 in
mesothelioma cell lines. To determine if miR-1 and miR-214
target PIM1 in mesothelioma, the miR-1, miR-214 mimic or a
control were transfected into ACC-Meso-1 and CRL5915 cells.

Both of the cell lines used in this study, showed PIM1 expression. The serum starved cells transfected with miR-1 and
miR-214 mimic showed reduced PIM1 protein, respectively,
after 2 days and 3 days of transfection compared to control
miRNA mimic (Fig. 5). These results confirmed that miR-1
and miR-214 mimic transfection downregulated PIM1 expression in mesothelioma cells.
Discussion
Malignant pleural mesothelioma is an aggressive cancer as
current treatment modalities do not improve patient survival
(21). Present understanding of molecular mechanism is not
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yet sufficient to improve the management of these patients.
miRNAs for their powerful regulatory potential are recently
considered as potential therapeutic targets to various human
malignancies, including malignant mesothelioma miR-31 (11),
miR-34b/c (12). In addition, the investigation of the target
genes involved in various malignancies are also possible by
analyzing aberration of the miRNA expression. Many reports,
summarized by Truini et al (10), have identified various
miRNAs associated with mesothelioma. Here we add miR-1,
miR-214 and its prediction target PIM1 gene as possible target
of therapeutic potential in mesothelioma.
Previous reports have shown downregulation of miR-1 and
mir-214 in various human malignancies. miR-1 expression
is reported to be downregulated in colon cancer (22), gastric
cancer (23), lung cancer (24), prostate cancer (25), renal
cancer (26), and esophageal cancer (27). Xu et al (28) have
shown low miR-1 expression in mesothelioma and transfection of precursor miR-1 been shown to suppress cell growth
and induce apoptosis. In our study, we found negligible miR-1
in mesothelioma cell line by real-time RT PCR method and
transaction of miR-1 mimic showed reduced cell proliferation
with cell cycle G1 arrest, reduced cell migration and invasive nature by in vitro experiments. Aberrant expression of
miR-214 has been reported in the past with its downregulation
in liver cancers (29,30), cervical cancer (31), prostate cancer
(32), and upregulation in lung cancer (33), bladder cancer (34)
and esophageal cancer (35). In malignant mesothelioma, we
found no expression of miR-1 and miR-214 in mesothelioma
cell lines.
The loss of expression of miR-1 and miR-214 may have
potential as the diagnostic biomarker of malignant mesothelioma. The transfection of miR-1 or miR-214 both inhibits
cell proliferation, cell migration and invasion. The histopathological differentiation of early malignant mesothelioma from
reactive mesothelial proliferation has been performed even in
an immunohistochemical study (36). The assessment of miR-1
and miR-214 expression may be utilized as differentiation
marker of mesothelioma from reactive mesothelial proliferation. In situ hybridization with miR-1 and/or miR-214 probes
could be utilized to differentiate mesothelioma from reactive
mesothelial tissue. However, further analysis of the miRNA
expression in human mesothelioma and reactive mesothelial
hyperplasia tissue is necessary. We intend to perform such
analysis using human tissue in future.
By target prediction analysis using online miRTarBase
release 6.1 (37), we analyzed the common target of miR-1 and
miR-214 and we primarily focused on PIM1 proto-oncogene.
We analyzed whether the mesothelioma cell line express
PIM1 or not. We investigated PIM1 expression by immunohistochemistry of cell lines cultured directly on collagen
coated chamber-slide and cell-block. We found that PIM1
was highly expressed in all seven mesothelioma cell lines
that we analyzed in our miRNA profiling study. In addition,
by transfecting miR-1 and miR-214 mimic to two cell lines,
ACC-MESO-1, and CRL-5915, we also found the downregulation of PIM1 protein expression suggesting the role of miR-1,
and miR-214 in inhibition of PIM1 expression. The expression
of PIM1 gene in human cancer has been studied in great depth
and was found to be overexpressed in a wide range of human
tumors. PIM expression level has shown favorable prognosis

in prostate cancer (38), pancreatic ductal carcinoma (39), and
non-small cell lung cancer (40), and unfavorable prognosis in
gastric cancer (41), and squamous cell carcinoma of the head
and neck (42). As yet, there is no published report on PIM1
expression in malignant mesothelioma. This is the first report
on increased PIM1 expression in mesothelioma. Further, novel
molecules inhibiting PIM kinases have been evaluated in
preclinical studies, demonstrating to be effective and with a
favorable toxicity profile. Given the promising results, some of
these compounds are currently under investigation in clinical
trials (43). However, its application and therapeutic potential
in mesothelioma needs additional investigation to assess the
significance in mesothelioma.
In conclusion, we have shown that loss of miR-1 and
miR-214 expression and high expression of their target gene,
PIM1, in malignant mesothelioma. By miRNA mimic transfection study we consider the loss of miR-1 and miR-214 play
a role in cell proliferation, invasion, and migration in mesothelioma, probably by downregulation of PIM1. It remains feasible
that loss of miR-1 and miR-214 expression may behave as an
oncogene in mesothelioma and have potential as an oncogenic
target. miR-1 and miR-214 may be attractive targets for future
mesothelioma therapeutic studies.
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