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Upregulation of microRNA 344a-3p 
is involved in curcumin induced apoptosis 
in RT4 schwannoma cells
Eun Jung Sohn* , Kyoung‑mi Bak, Yun‑kyeong Nam and Hwan Tae Park

Abstract 

Background: Schwannoma arising from peripheral nervous sheaths is a benign tumor.

Methods: To evaluate cell cytotoxicity, (3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide) tetrazolium 
reduction and terminal deoxynucleotidyltransferase UTP nick‑end labeling (TUNEL) assays were used. A microRNA 
(miRNA) array was used to identify the miRNAs involved in curcumin‑induced apoptosis. To examine miRNA expres‑
sion, quantitative RT‑PCR was used.

Results: In this study, curcumin exerted cellular cytotoxicity against RT4 schwannoma cells, with an increase in 
TUNEL‑positive cells. Curcumin also activated the expression of apoptotic proteins, such as polyADP ribose poly‑
merase, caspase‑3, and caspase‑9. The miRNA array revealed that seven miRNAs (miRNA 350, miRNA 17‑2‑3p, let 
7e‑3p, miRNA1224, miRNA 466b‑1‑3p, miRNA 18a‑5p, and miRNA 322‑5p) were downregulated following treatment 
with both 10 and 20 μM curcumin in RT4 cells, while four miRNAs (miRNA122‑5p, miRNA 3473, miRNA182, and 
miRNA344a‑3p) were upregulated. Interestingly, transfection with a miRNA 344a‑3p mimic downregulated the mRNA 
expression of Bcl2 and upregulated that of Bax, Curcumin treatment in RT 4 cells also reduced the mRNA expression 
of Bcl2 and enhanced expression of Bax, Overexpression of miRNA344a‑3p mimic combined with curcumin treat‑
ment activated the expression of apoptotic proteins, including procaspase‑9 and cleaved caspase‑3 while inhibition 
of miRNA 344a‑3p using miR344a‑3p inhibitor repressed cleaved caspase‑3 and ‑9 in curcumin treated RT‑4 cells 
compared to control.

Conclusions: Our findings demonstrate that curcumin induces apoptosis in schwannoma cells via miRNA 344a‑3p. 
Thus, curcumin may serve as a potent therapeutic agent for the treatment of schwannoma.
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Background
Schwannoma arising from peripheral nervous sheaths 
originates from the neuroectoderm and myelin-forming 
Schwann cells [1]. Schwannomas originate from the ves-
tibular nerve and are accompanied by hearing loss and 
neurological disorders [2–4]. Neurofibromatosis 2 (NF2) 
results from loss of the NF2 gene, which encodes the 
Merlin protein [5]. Furthermore, NF2 mutations increase 

the risk of several tumors, such as ependymomas, men-
ingiomas, and schwannomas [6]. Thus, there is an urgent 
need to identify anti-cancer drugs for the treatment of 
ependymomas, meningiomas, and schwannomas caused 
by NF2 gene mutations.

Curcumin, derived from the spice turmeric (Curcuma 
longa), is a non-flavonoid polyphenol. Curcumin has 
multiple biological activities, such as anti-inflammatory 
activity [7], anti-bacterial action [8], and anti-oxidant 
properties [9]. Curcumin also exhibits neuroprotective 
effects in Huntington’s [10] and Alzheimer’s [11] diseases. 
Although curcumin is well-known for its anti-tumor 

Open Access

Cancer Cell International

*Correspondence:  eunjungs932@hotmail.com 
Peripheral Neuropathy Research Center, Department of Molecular 
Neuroscience, College of Medicine, Dong‑A University, 
Dongdaesin‑Dong, Seo‑Gu, Busan 602‑714, South Korea

http://orcid.org/0000-0001-6095-5106
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12935-018-0693-x&domain=pdf


Page 2 of 10Sohn et al. Cancer Cell Int          (2018) 18:199 

effects in several cancer cells [12], its anti-cancer mecha-
nism in schwannoma remains unknown.

MicroRNAs (miRNAs/miRs) are small, non-coding 
RNAs that modulate gene expression such as mRNA deg-
radation by binding to the 3′-untranslated region [13]. 
miRNAs have been suggested as potential drug targets 
in various cancer models [14, 15]. For example, anti-
miRNA 203 suppressed the breast cancer proliferation 
and stemness by targeting cytokine signaling 3 (SOCS3) 
[16] and miRNA-212 inhibited nonsmall lung cancer 
cell migration and invasion by modulating ubiquitin-
specific protease-9-X-linked (USP9X) [17]. MiR 1 inhib-
ited gastric cancer cell growth by regulating angiogenesis 
related growth factor such as endothelial growth factor A 
(VEGF-A) and endothelin 1 (EDN1) [18]. Although the 
miRNAs act as tumor suppressors in several cancer cells, 
such as prostate cancer [19] and osteosarcoma [20], they 
have not been fully investigated in schwannoma cells. 
Thus, in this study, the underlying anti-cancer mecha-
nism of curcumin was elucidated in RT4 schwannoma 
cells in association with the upregulation of miRNA 
344a-3p following a miRNA array.

Materials and methods
Cell culture
RT4-D6P2T, a schwannoma cell line resulting from an 
N-ethyl-N-nitrosourea (ENU)-induced rat peripheral neu-
rotumor (American Type Culture Collection, Manassas, 
VA, USA) (ATCC CRL-2768 ATCC ® Number: CRL-2768), 
was cultured in Dulbecco’s modified Eagle’s medium 
(DMEM; GIBCO/Invitrogen, Carlsbad, CA, USA) supple-
mented with 10% fetal bovine serum, 2  μM  l-glutamine, 
and penicillin/streptomycin in 5%  CO2.

Reagents
Curcumin and Taxol were purchased from Sigma-
Aldrich (St. Louis, MO, USA) and dissolved in dimethyl 
sulfoxide (DMSO).

Cell viability assay
An MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide) tetrazolium reduction assay (Sigma-
Aldrich) was performed to determine cell viability. RT4 

schwannoma cells were seeded onto a 96-well plate at a 
concentration of 2.5 × 104  cells/µl/well. Following cell 
attachment, RT4 schwannoma cells were treated with 
various concentrations (0, 5, 10, 20, 40, and 80  μM) of 
curcumin or Taxol for 24 h, followed by incubation with 
20  µl MTT (5  mg/ml) for 4  h. To visualize living cells, 
DMSO (200 µl) was added to each well, and the absorb-
ance value of the wells was measured at 490  nm on a 
spectrophotometer.

Quantitative RT‑PCR (qPCR)
Curcumin was added to RT4 schwannoma cells for 24 h 
and total RNA was isolated using TRIZOL reagent (Inv-
itrogen, Carlsbad, CA, USA). Reverse transcription was 
performed with a Reverse Transcription Kit (Promega, 
Madison WI, USA). Quantitative PCR (qPCR) was per-
formed on an ABI 7500 Real-time PCR Instrument 
(Applied Biosystems, Carlsbad, CA, USA) according to 
the manufacturer’s protocol. The mRNA level of each tar-
get gene was normalized to that of 18S. The primers used 
in this study were as follows:

Bcl2 forward; 5′-CTG GTG GAC AAC ATC GCT CTG-
3′, reverse; 5′-GGT CTG CTG ACC TCA CTT GTG-3′, Bax 
forward; 5′-TTC ATC CAG GAT CGA GCA GA-3′, reverse; 
5′-GCA AAG TAG AAG GCA ACG -3′, and 18S forward; 
5′-AGT CCC TGC CCT TTG TAC ACA-3′, reverse: 5′-GAT 
CCG AGG GCC TCA CTA AA-3′.

Western blot analysis
RT4 schwannoma cells (2.5 × 105) were treated with cur-
cumin for 24 h and washed with cold phosphate-buffered 
saline (PBS). After centrifugation, radioimmunoprecipi-
tation assay buffer (50 mM Tris–HCl [pH 7.5], 150 mM 
sodium chloride, 1% Triton X-100, 0.1% SDS, 2  mM 
EDTA, and 0.5% sodium deoxycholate) was added to RT4 
schwannoma cells, incubated for 30 min on ice, and cen-
trifuged at 14,000×g for 30 min at 4 °C. Protein contents 
of the supernatants were measured using the DC Pro-
tein Assay Kit II (Bio-Rad, Hercules, CA, USA) and then 
separated on 10% NuPAGE Bis–Tris gels (Invitrogen) 
and electro-transferred onto Hybond enhanced chemi-
luminescence (ECL) transfer membranes (GE Health-
care Bio-Sciences, Piscataway, NJ, USA). After blocking 
the membranes in 5% nonfat dry milk, the membrane 

Fig. 1 Cytotoxicity of curcumin in RT4 schwannoma cells. a Various concentrations of curcumin (0, 5, 10, 20, and 40 μM) were added to RT4 
schwannoma cells and cell viability was assessed. b Various concentrations of Taxol (0, 5, 10, 20, and 40 μM) were added to RT4 cells and the MTT 
assay was performed. c Curcumin treatment (0, 10, or 20 μM) in RT4 schwannoma cells enhanced the expression of caspase‑3, but attenuated 
proPARP, procaspase‑3 and ‑9. Western blot analyses were performed with antibodies against PARP, caspase‑3, caspase‑9, and actin. Bar graphs 
represent the relative expression of proPARP, procaspase‑9, or cleaved caspase‑3 to β‑actin determined using ImageJ software. d Curcumin 
treatment showed TUNEL‑positive activity by microscopy. Fluorescent signals from fragmented DNA (green) and DAPI (blue) were visualized and 
photographed on a FLUOVIEW FV10i confocal microscope. Bar graph shows the quantitative analyses of apoptosis by the TUNEL assay. Data are 
presented as the mean ± standard deviation (SD) of triplicate samples. ***p < 0.001, **p < 0.01, and *p < 0.05

(See figure on next page.)
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rno-miR-350 rno-miR-17-2-3p rno-let-7e-3p 
rno-miR-1224 rno-miR-466b-1-3p rno-miR-
18a-5p rno-miR-322-5p

rno-miR-122-5p 
rno-miR-182 rno-miR-344a-3p

rno-miR-3473

Down regulated miRNAs

Upregulated miRNAs

ba c

Gene Symbol
cur.20uM/
cur.0uM-
con

rno-miR-322-5p 0.325
rno-miR-327 0.405
rno-miR-344a-3p 2.919
rno-miR-350 0.317
rno-let-7e-3p 0.146
rno-miR-9a-5p 0.283
rno-miR-18a-5p 0.414
rno-miR-23a-5p 0.176
rno-miR-23b-5p 0.082
rno-miR-26b-5p 0.500
rno-miR-27b-5p 0.310
rno-miR-27a-5p 0.046
rno-miR-30e-3p 0.297
rno-miR-30b-3p 0.415
rno-miR-92a-1-5p 0.194
rno-miR-122-5p 26.738
rno-miR-139-3p 2.633
rno-miR-181c-5p 2.496
rno-miR-184 29.634
rno-miR-191a-3p 0.398
rno-miR-200c-3p 2.846
rno-miR-296-3p 0.389
rno-miR-196b-5p 0.280
rno-miR-664-1-5p 0.316
rno-miR-466b-1-3p 0.481
rno-miR-17-2-3p 0.481
rno-miR-182 11.577
rno-miR-652-5p 0.372
rno-miR-1224 0.484
rno-miR-362-3p 0.368
rno-miR-615 0.472
rno-miR-3473 3.392
rno-miR-7578 4.656
rno-mir-182 4.108

Gene Symbol
cur.10uM-
2/cur.0uM-
con

rno-miR-322-5p 0.655
rno-miR-328a-5p 2.029
rno-miR-140-5p 0.656
rno-miR-339-5p 0.547
rno-miR-344a-3p 4.150
rno-miR-345-3p 0.653
rno-miR-20a-5p 0.591
rno-miR-350 0.411
rno-miR-7a-1-3p 0.662
rno-miR-351-3p 0.666
rno-miR-151-3p 0.644
rno-let-7e-3p 0.501
rno-miR-17-5p 0.584
rno-miR-17-1-3p 0.646
rno-miR-18a-5p 0.373
rno-miR-19b-3p 0.583
rno-miR-25-5p 0.559
rno-miR-28-5p 0.617
rno-miR-28-3p 0.617
rno-miR-31a-3p 0.642
rno-miR-99a-5p 0.662
rno-miR-99b-3p 0.579
rno-miR-106b-5p 0.646
rno-miR-106b-3p 0.577
rno-miR-122-5p 19.565
rno-miR-138-5p 0.533
rno-miR-143-3p 0.408
rno-miR-145-5p 0.579
rno-miR-187-3p 1.983
rno-miR-193-5p 0.499
rno-miR-206-3p 0.600
rno-miR-210-5p 4.544
rno-miR-210-3p 1.975
rno-miR-221-3p 0.620
rno-miR-20b-5p 0.528
rno-miR-20b-3p 0.573
rno-miR-378a-3p 0.647
rno-miR-466b-1-3p 0.481
rno-miR-17-2-3p 0.573
rno-miR-181d-5p 0.643
rno-miR-182 4.688
rno-miR-188-5p 0.487
rno-miR-423-3p 0.641
rno-miR-425-5p 0.662
rno-miR-532-5p 0.575
rno-miR-532-3p 0.597
rno-miR-92b-3p 0.617
rno-miR-1224 0.640
rno-miR-362-5p 0.483
rno-miR-3473 1.583
rno-miR-3075 0.562

Fig. 2 miRNA expression profile in curcumin‑treated RT4 schwannoma cells. miRNA profile from curcumin‑treated RT4 schwannoma cells. RT4 
schwannoma cells were exposed to 10 μM (a) or 20 μM (b) curcumin for 24 h and the miRNA array was performed as described in Materials and 
Methods. c Overlapping miRNAs from both curcumin treatment groups [10 μM (a) and 20 μM (b)] in RT4 schwannoma cells. Red, p > 1.5‑fold, blue, 
p < 0.75‑fold
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Fig. 3 Biological functions of miRNAs following curcumin treatment in RT4 schwannoma cells. a Expression profile of the biological functions of 
miRNAs following curcumin treatment in RT4 schwannoma cells. b Number of miRNAs involved in the expression profile in curcumin‑treated RT4 
schwannoma cells
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was immunoblotted with antibodies against cleaved cas-
pase-3 (1:1000, Cell Signaling Technology, Danvers, MA, 
USA, cat-9664), caspase-9 (1:1000, Cell Signaling Tech-
nology, cat-9508), cleaved caspase-9 (1:1000, Cell Signal-
ing Technology, cat-7237), PARP (1:1000, Cell Signaling 
Technology, cat-9532), and β-actin (1:1000, Cell Signaling 
Technology, cat-3700). After washing, the membranes 
were incubated with a horseradish peroxidase-conju-
gated secondary antibody, and ECL (GE Healthcare Bio-
Sciences) was used to visualize the protein.

TUNEL assay
To observe cell death in curcumin-treated RT4 cells, the 
DeadEnd™ Fluorometric Terminal Deoxynucleotidyl 
Transferase-mediated dUTP-biotin Nick-end Labeling 
(TUNEL) system kit was used according to the manufac-
turer’s instructions (Sigma-Aldrich). In brief, curcumin-
treated RT4 schwannoma cells were washed with cold 
PBS and fixed in 4% paraformaldehyde for 30 min. After 
washing with PBS, RT4 cells were fixed in a permeabiliza-
tion solution (0.1% Triton X-100 and 0.1% sodium citrate) 
and incubated with the TUNEL assay mixture for 60 min. 
To visualize TUNEL-stained cells, the FLUOVIEW FV10i 
confocal microscope (Olympus, Tokyo, Japan) was used.

miRNA array
Total RNA from curcumin-treated RT4 schwannoma 
cells was extracted with TRIZOL reagent (Invitrogen) 
according to the manufacturer’s protocol. The miRNA 
array was performed according to standard protocols as 
previously described [21].

Functional analysis of miRNAs
Functional classification of miRNAs from the miRNA 
array was categorized by the Gene Ontology database 
provided by miRWalk 2.0.

miRNA transfection
RT4 schwannoma cells were transfected with the miRNA 
344a-3p miRNA mimic or 344a-3p inhibitor (rno-
miRNA 344a-3p; MIMAT0000592; ACA GUC AGG CUU 
UGG CUA GAUCA) (Genolution, Seoul, South Korea) 
using Lipofectamine (Invitrogen) according to the manu-
facturer’s protocol. At 24 h after transfection, curcumin 
was treated for 24 h and then cells were collected for fur-
ther experiments.

Statistical analysis
All experiments were performed at least three times. 
Data are presented as the mean ± standard deviation 
of triplicate samples using GraphPad Prism (Graph-
Pad Software, La Jolla, CA, USA). The t test was used to 
determine statistical significance.

Fig. 4 qPCR analysis of the expression levels of miRNA 182, 
miRNA344a‑3p, and miR122‑5p in curcumin‑treated RT4 
schwannoma cells. Curcumin was added to RT4 schwannoma 
cells for 24 h. Total RNA was isolated and qPCR was performed to 
determine the expression levels of miRNA 182, miRNA344a‑3p, and 
miRNA122‑5p. U6 was used as an internal control. Data are presented 
as the mean ± SD of triplicate samples. ***p < 0.001, **p < 0.01, and 
*p < 0.05
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Results
Curcumin was cytotoxic to RT4 schwannoma cells in a 
dose-dependent manner (Fig. 1a). Taxol treatment in RT4 
schwannoma cells did not affect cell viability (Fig.  1b). 
Western blot analysis revealed that curcumin treatment 
in RT4 cells activated apoptotic markers, such as cleaved 
caspase-3 and attenuated procaspase-3, -9 and proPARP 
(Fig. 1c) To determine whether curcumin induces apop-
tosis, a TUNEL assay was performed. As shown in Fig. 1d 
curcumin treatment in RT4 schwannoma cells increased 
the number of TUNEL-positive cells.

Curcumin is a miRNA regulator in cancer [22]. There-
fore, to identify the miRNAs regulated by curcumin in 
RT4 schwannoma cells, two different concentrations of 
curcumin (10 and 20  μM) were added to RT4 cells and 
a miRNA array was performed. A total of 24 miRNAs 
were upregulated, while 20 miRNAs were downregulated 
in 10 μM curcumin-treated RT4 cells. In the 20 μM cur-
cumin-treated RT4 schwannoma cells, 15 miRNAs were 
upregulated, while 20 miRNAs were downregulated. The 
miRNA array (1.5-fold) revealed that 8 miRNAs from 
the 10  μM curcumin-treated group were upregulated, 
while 43 miRNAs were downregulated (Fig. 2a). A total 
of 10 miRNAs from the 20 μM curcumin-treated group 
were upregulated, while 24 miRNAs were downregulated 
(Fig. 2b). To identify the overlapping miRNAs from RT4 
schwannoma cells treated with both concentrations of 
curcumin, a Venn diagram was constructed. As shown in 
Fig.  2c, 11 miRNAs from the 10 and 20  µM curcumin-
treated RT4 schwannoma cells were overlapped. Seven 
miRNAs (miRNA 350, miRNA 17-2-3p, let-7e-3p, 
miRNA1224, miRNA 466b-1-3p, miRNA 18a-5p, and 
miRNA 322-5p) from the 11 overlapping miRNAs were 
downregulated from 10 μM and 20 μM curcumin-treated 
RT4 cells, while four miRNAs (miRNA 122-5p, miRNA 
3473, miRNA 182, and miRNA 344a-3p) were upregu-
lated from the 10 and 20 μM curcumin-treated RT4 cells 
(Fig. 2c).

Next, we examined the potential biological functions of 
the miRNAs in curcumin-treated RT4 cells. Gene Ontol-
ogy expression was placed into eight biological functions: 
aging, angiogenesis, apoptosis, cell cycle, cell differen-
tiation, cell migration, cell proliferation, and immune 

response (Fig. 3a, b). To confirm the microRNA profile, 
we determined miRNA expression by qPCR after trans-
fecting miRNA182, miRNA344a-3p, or miRNA122-5p in 
RT4 schwannoma cells, respectively. The qPCR results 
revealed that miRNA182, miRNA 344a-3p, and miRNA 
122-5p were upregulated following treatment with 10 
and 20 μM curcumin in RT4 cells (Fig. 4). 

Bcl2 and Bax are key markers of apoptosis [23]. To 
determine whether miR344a-3p modulates apoptosis, 
we examined the levels of Bcl2 and Bax mRNAs after 
miRNA344a-3p transfection in RT4 cells. Based on qPCR 
analysis, the overexpression of miR344a-3p by the mimic 
repressed the mRNA expression of Bcl2 while increasing 
that of Bax (Fig.  5a). Curcumin treatment also attenu-
ated the mRNA level of Bcl2 while increasing that of 
Bax (Fig. 5b). To determine whether miRNA 344a-3p is 
an important player in curcumin-induced apoptosis in 
RT4 cells, the miRNA344a-3p mimic and inhibitor were 
transfected into RT4 cells, respectively and the cells were 
exposed to curcumin. As shown in Fig. 5c and d, trans-
fection of the miRNA344a-3p mimic combined with cur-
cumin treatment enhanced the expression of apoptotic 
proteins, such as cleaved caspase-3, and decreased that 
of procaspase-9 while inhibitor of miRNA344a-3p com-
bined with curcumin treatment inhibited the expression 
of cleaved caspase-3 and -9.

Discussion
Although schwannoma arising from the peripheral nerv-
ous system is a benign nerve sheath tumor composed of 
Schwann cells, anti-cancer agents for schwannoma have 
not been well-studied. Here, we demonstrate the apop-
totic mechanism of curcumin in schwannoma cells. In 
the current study, we provide evidence that curcumin 
induced apoptosis by upregulating miRNA 344a-3p-me-
diated apoptotic proteins (Fig.  6). We also identified 
miRNA 344a-3p as a molecular target of curcumin, 
which exhibits an anti-cancer effect on a schwannoma 
cell line.

Curcumin is a well-known bioactive compound due 
to its efficacy and low toxicity in various cancers [24]. 
Angelo et  al. [25] showed that the combined treatment 

Fig. 5 Overexpression of miRNA344a‑3p induced apoptosis in curcumin‑treated RT4 schwannoma cells. a miRNA 344a‑3p mimic attenuated the 
mRNA expression of Bcl2 while increasing that of Bax. qPCR was performed after curcumin treatment in RT4 schwannoma cells for 24 h. 18S was 
used as an internal control. Data are presented as the mean ± SD of triplicate samples. ***p < 0.001. b Curcumin treatment in RT4 schwannoma 
cells downregulated the mRNA level of Bcl2 while enhancing that of Bax. c The effect of the miRNA 344a‑3p mimic combined with curcumin 
treatment in RT4 schwannoma cells on caspase‑3 and caspase‑9 expression by Western blot analysis. Bar graphs represent the relative expression 
of procaspase‑9 or cleaved caspase‑3 to β‑actin determined using ImageJ software. Data are presented as the mean ± SD of triplicate samples. 
***p < 0.001, **p < 0.01, and *p < 0.05. d Effect of the miRNA 344a‑3p inhibitor combined with curcumin treatment in RT4 schwannoma cells on 
cleaved caspase‑3 and caspase‑9 expression by Western blot analysis

(See figure on next page.)
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of curcumin with a heat shock protein (Hsp) inhibitor 
inhibited the proliferation of a human schwannoma cell 
line (HEI-193) harboring an NF2 mutation. Hsp 70 and 
Hsp 90, which are important players in cancer growth, 
were identified as binding partners of curcumin in 
human schwannoma cells [26]. Similarly, curcumin treat-
ment in RT4 schwannoma cells exerted cytotoxicity and 
activated caspase-3, caspase-9, and PARP, all of which 
are apoptotic proteins. Therefore, our data suggest that 
curcumin may serve as a potent therapeutic for the treat-
ment of schwannoma.

miRNAs, as small, non-coding RNAs, have multiple 
biological functions in apoptosis, angiogenesis, growth, 
and differentiation [27–29]. miRNA expression from 
schwannomas from 16 patients was deregulated [30]. 
Previous studies have shown that miRNA-7 and miRNA-
29a suppressed the growth of schwannoma [31, 32], 
while miRNA-21 enhanced the proliferation of schwan-
noma [33]. In addition, there is evidence that miRNAs 
are one of the key targets of the anti-cancer effects of 
curcumin [22, 34, 35]. For example, curcumin suppressed 
cell growth via miRNA-7 expression in pancreatic can-
cer [36] or via the upregulation of miRNA 378 in glio-
blastoma [37]. Furthermore, curcumin inhibited the cell 
proliferation of laryngeal cancer cells via miR15a by tar-
geting Bcl2 and PI3K/Akt [38] and induced apoptosis via 
the upregulation of miR192-5p by suppressing PI3K/Akt 
in human non-small cell lung cancer cells [39]. In this 
study, the microarray analysis from curcumin-treated 
RT4 schwannoma cells revealed that 11 miRNAs from 

both 10 and 20 μM curcumin-treated cells were differen-
tially expressed compared to the control group. miRNA 
122-5p, miRNA 344a-3p, miRNA 3473, and miRNA 
182 were upregulated following treatment with 10 and 
20  μM curcumin in RT4 schwannoma cells. Functional 
analysis indicated that miRNAs from curcumin-treated 
RT4 cells belong to several functional categories, such as 
aging (5.77%), angiogenesis (3.57%), apoptosis (7.69%), 
cell cycle (6.38%), cell differentiation (7.41%), cell migra-
tion (6.00%), cell proliferation (8.16%), and the immune 
response (6.25%). Of note, the overexpression of miRNA 
344a-3p by using the mimic combined with curcumin 
treatment in RT4 cells activated the expression of apop-
totic markers, such as caspase-3, and caspase-9 com-
pared to the control, suggesting that miRNA344a-3p 
plays an important role in curcumin-induced apoptosis 
in RT4 schwannoma cells.

Conclusions
In conclusion, curcumin was cytotoxic to RT4 schwan-
noma cells and enhanced the expression of apoptotic 
proteins such as PARP, caspase-3, and caspase-9, as 
well as the number of TUNEL-positive cells. Notably, 
the miRNA array revealed that curcumin-treated RT4 
schwannoma cells expressed different miRNAs. The 
overexpression of miRNA344a-3p using the mimic com-
bined with curcumin treatment in RT4 cells enhanced 
cell death. Thus, the results of this study suggest that cur-
cumin could be used as a potential treatment for schwan-
noma by targeting miRNA 344a-3p.
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