
ORIGINAL ARTICLES

Pharmazie 74 (2019) 423

Department of General Surgery, Guangdong General Hospital, Guangdong Academy of Medical Sciences, Guangzhou, 
Guangdong, China

MicroRNA-1225-5p inhibits the development and progression of thyroid 
cancer via targeting sirtuin 3

SANMING WANG, XIAOHANG CHEN, ZHENWEI ZHANG, ZEYU WU*

Received February 25, 2019, accepted March 29, 2019

*Corresponding author: Zeyu Wu, Department of General Surgery, Guangdong General Hospital, Guangdong 
Academy of Medical Sciences, Zhongshan Second Road , Guangzhou, Guangdong 510080, China
zeyuwu106@126.com

Pharmazie 74: 423-427 (2019) doi: 10.1691/ph.2019.9411

The objective of this study was to grab the expression levels and biological function of microRNA-1225-5p in 
human thyroid cancer. The miR-1225-5p expression in thyroid cancer tissue and cell lines was detected, followed 
by detecting the effects of overexpression of miR-1225-5p on the proliferation, apoptosis, migration and invasion of 
thyroid cancer cells. Moreover, the target relationship between miR-1225-5p and sirtuin 3 (SIRT3) was investigated. 
Besides, the effect of miR-1225-5p on the activation of Wnt/β-catenin pathway was elucidated. The miR-1225-5p 
expression was downregulated in thyroid cancer tissues and cell lines. Overexpression of miR-1225-5p significantly 
inhibited TPC-1 cell proliferation, increased cell apoptosis, and suppressed migration and invasion. In addition, 
SIRT3 was verified as a functional target of miR-1225-5p. SIRT3 expression was overtly increased in thyroid 
cancer tissues and cell lines. Overexpression miR-1225-5p and SIRT3 at the same time could significantly reverse 
the effects of miR-1225-5p overexpression alone on the malignant phenotypes of thyroid cancer cells. Further-
more, overexpression of miR-1225-5p significantly inhibited the activation of the Wnt/β-catenin pathway, which 
was remarkably reversed after overexpression of SIRT3. Our data reveal that downregulation of miR-1225-5p may 
promote tumor cell proliferation and metastasis in thyroid cancer via a direct targeting of SIRT3. Activation of the 
Wnt/β-catenin pathway may be a key mechanism to mediate the role of miR-1225-5p/SIRT3 axis in thyroid cancer. 
miR-1225-5p may serve as a potential anti-cancer target for thyroid cancer treatment.

1. Introduction
Thyroid cancer is the most prevalent endocrine neoplasm, 
accounting for approximately 1.7 % of all human malignan-
cies (Lodewijk et al. 2012). Its incidence rate has been steadily 
increasing over the past several years (Davies and Welch 2006). 
The average overall 5-year survival rate of thyroid cancer patients 
is up to 95 % (Haugen et al. 2016; Hay et al. 2002), but about 
10-20 % of the patients lose their life due to disease recurrence or 
progression (Hollenbeak et al. 2013). To deepen the understanding 
of the molecular characteristics of this disease is imperative (Esin 

et al. 2016), and will help to design an effective therapeutic strategy 
for improving clinical outcomes. 
MicroRNAs (miRNAs) are endogenous small non-coding RNAs 
that have emerged as key players in the development of many 
types of cancers via negatively regulating their target genes (Abba 
et al. 2017; Adams et al. 2014; Bartel 2009; Trang et al. 2017). 
Studies have shown the important role of miRNAs in tumor initi-
ation and development of thyroid cancer. For instance, miR-613 
can function as a tumor suppressor in papillary thyroid carcinoma 
by regulating sphingosine kinase 2 expression (Qiu et al. 2016); 

Fig. 1: miR-1225-5p expression was downregulated in thyroid cancer tissues (A) and cell lines (B). * P < 0.05 and ** P < 0.01 compared to controls.
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miR-141 can inhibit the growth and metastasis of thyroid cancer 
cells by targeting insulin receptor substrate 2 (Dong et al. 2016); 
knockdown of PAK1 is shown to inhibit the tumor cell prolifera-
tion, migration and invasion in thyroid cancer (Yue et al. 2016). 
Notably, miRNAs have received widespread attention due to their 
potential use in diagnostics and treatment of thyroid carcinomas 
(Wójcicka et al. 2016). Therefore, identification of key miRNAs 
involved in thyroid carcinomas could be beneficial for the diag-
nosis, treatment and prognosis of this disease.
In a previous study, miR-1225-5p is found to be downregulated 
in aggressive papillary thyroid carcinoma tissues compared 
with non-aggressive tissues (Yang et al. 2013), implying that 
miR-1225-5p may participate in the progression of thyroid cancer. 

However, knowledge about the role of miR-1225-5p in thyroid 
cancer is limited. In this study, we aimed to explore the expression 
and molecular function of miR-1225-5p in thyroid cancer. The 
miR-1225-5p expression in thyroid cancer tissue and cell lines 
was detected, followed by detecting the effects of overexpression 
of miR-1225-5p on the proliferation, apoptosis, migration and 
invasion of thyroid cancer cells. Moreover, the target relationship 
between miR-1225-5p and sirtuin 3 (SIRT3) was investigated. 
Besides, the effect of miR-1225-5p on activation of the Wnt/β-cat-
enin pathway was elucidated. This promising finding may lead to 
future strategies for the therapy of thyroid cancer.

2. Investigations and results

2.1. miR-1225-5p expression is downregulated in thyroid 
cancer tissues and cell lines
As shown in Fig. 1A, miR-1225-5p expression was significantly 
downregulated in thyroid cancer tissues compared to that in 
matched normal tissues (P < 0.05). This is consistent with results 
showing that miR-1225-5p was remarkably downregulated in 
thyroid cancer cell lines TPC-1, IHH-4, FTC133, and 8505C related 
to that in normal human thyroid follicular epithelial Nthy-ori 3-1 
cell line (P < 0.05, Fig. 1B). TPC-1 cells were selected for subse-
quent experiments due to the lowest expression among the above 
four thyroid cancer cell lines.

2.2. Overexpression of miR-1225-5p inhibits TPC-1 cell 
proliferation, increases cell apoptosis, and suppresses 
migration and invasion
To investigate the role of miR-1225-5p in thyroid cancer, 
miR-1225-5p was overexpressed in TPC-1 cells by transfection with 
miR-1225-5p and the high transfection efficiency was confirmed 
by qPCR (P < 0.001, Fig. 2A). Subsequently, the results showed 
that overexpression of miR-1225-5p significantly inhibited TPC-1 
cell viability (P < 0.05, Fig. 2B), colony formative ability (P < 
0.05, Fig. 2C) and decreased the expression of cell cycle-related 

Fig. 2: Overexpression of miR-1225-5p inhibited TPC-1 cell proliferation, increased 
cell apoptosis, and suppressed migration and invasion. (A) The miR-1225-
5p was overexpressed in TPC-1 cell by transfection with miR-1225-5p. (B) 
TPC-1 cell viability after overexpression of miR-1225-5p. (C) Colony for-
mative ability of TPC-1 cells after overexpression of miR-1225-5p. (D) The 
expression of cell cycle-related proteins including CDK4, CDK6, CDK2, 
Cyclin D1, and Cyclin E1 after overexpression of miR-1225-5p. (E) TPC-1 
cell apoptosis and the expression of Bax/Bcl-2, cleaved/pro-caspase-3 and 
cleaved/pro-caspase-9 after overexpression of miR-1225-5p. (F) TPC-1 cell 
migration after overexpression of miR-1225-5p. (G) TPC-1 cell invasion af-
ter overexpression of miR-1225-5p. * P < 0.05, ** P < 0.01, and *** P < 
0.001 compared to controls.

Fig. 3: SIRT3 was verified as a functional target of miR-1225-5p. (A) The SIRT3 
expression was increased in thyroid cancer tissues compared to non-tumor 
tissues. (B) The SIRT3 expression was increased in thyroid cancer cell lines 
compared to that in normal Nthy-ori 3-1 cells. (C) The complementary 
pairing sequences between miR-1225-5p and SIRT3. (D) Dual-luciferase 
reporter assay showed that SIRT3 was a direct target of miR-1225-5p. (E) 
The SIRT3 mRNA expression after overexpression of miR-1225-5p. (F) The 
SIRT3 protein expression after overexpression of miR-1225-5p. * P < 0.05 
and ** P < 0.01 compared to controls.
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Fig. 4: miR-1225-5p regulated the behaviors of thyroid cancer cells through targeting SIRT3. (A) The SIRT3 mRNA and protein expression after transfection with pcD-
NA-SIRT3. (B) TPC-1 cell viability after overexpression of miR-1225-5p and or overexpression of SIRT3. (C) Colony formative ability of TPC-1 cells and the expression 
of cell cycle-related proteins including CDK4, CDK6, CDK2, Cyclin D1, and Cyclin E1 after overexpression of miR-1225-5p and or overexpression of SIRT3. (D) TPC-1 
cell apoptosis and the expression of Bax/Bcl-2, cleaved/pro-caspase-3 and cleaved/pro-caspase-9 after overexpression of miR-1225-5p and or overexpression of SIRT3. 
(E) TPC-1 cell migration after overexpression of miR-1225-5p and or overexpression of SIRT3. (F) TPC-1 cell invasion after overexpression of miR-1225-5p and or over-
expression of SIRT3. (G) The expression of wnt 1, c-Myc, β-catenin, and MMP7 after overexpression of miR-1225-5p and or overexpression of SIRT3. Overexpression 
of miR-1225-5p inhibited the activation of Wnt/β-catenin pathway, which was remarkably reversed after overexpression of SIRT3.* P < 0.05, ** P < 0.01, and *** P < 
0.001 compared to controls.

proteins including CDK4, CDK6, CDK2, cyclin D1, and cyclin E1 
(Fig. 2D). These data indicate that overexpression of miR-1225-5p 
inhibits TPC-1 cell proliferation. Moreover, we found that overex-
pression of miR-1225-5p markedly promoted TPC-1 cell apoptosis 
(P < 0.001, Fig. 2E) and obviously increased the expression of Bax/
Bcl-2, cleaved/pro-caspase-3 and cleaved/pro-caspase-9 (Fig. 2E). 
Furthermore, overexpression of miR-1225-5p distinctly suppressed 
migration and invasion of TPC-1 cells (P < 0.05, Fig. 2F-G).

2.3. SIRT3 is verifi ed as a functional target of miR-1225-5p
As shown in Fig. 3A-B, SIRT3 expression was overtly increased in 
thyroid cancer tissues and cell lines compared to that in matched 
normal tissues and Nthy-ori 3-1 cells (P < 0.05), respectively. Inversed 
expression between miR-1225-5p and SIRT3 in thyroid cancer was 
found, we thus investigated the regulatory relationship between 
them. Based on the information of Targetscan, there were comple-
mentary pairings between miR-1225-5p and SIRT3 (http://www.
targetscan.org/cgi-bin/targetscan/vert_71/view_gene.cgi?rs=
ENST00000382743.4&taxid=9606&members=miR-1225-5p&-
showcnc=0&shownc=0&shownc_nc=&showncf1=1&-

showncf2=1&subset=1, Fig. 3C). Dual-luciferase reporter assay 
showed that SIRT3 was a direct target of miR-1225-5p (Fig. 3D). 
Besides, qPCR and western blot assays further revealed that over-
expression of miR-1225-5p resulted in a remarkable decrease in 
SIRT3 expression (P < 0.01, Fig. 3E-F), confirming the negative 
regulatory relationship between them.

2.4. miR-1225-5p regulates the behaviors of thyroid 
cancer cells through SIRT3
To verify whether the role of miR-1225-5p in thyroid cancer cells 
is related to targeting SIRT3, we overexpressed SIRT3 expres-
sion through transfection with pcDNA-SIRT3 and observed the 
combined effects of miR-1225-5p overexpression and SIRT3 over-
expression on the proliferation, apoptosis, migration and invasion 
of thyroid cancer cells. As presented in Fig. 4A, SIRT3 expression 
was significantly upregulated in TPC-1 cells after transfection with 
pcDNA-SIRT3 compared to pcDNA3.1 transfection (P < 0.001). 
Moreover, the results showed that miR-1225-5p overexpression 
and SIRT3 overexpression at the same time could significantly 
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reverse the effects of miR-1225-5p overexpression alone on TPC-1 
cell viability (P < 0.05, Fig. 4B), colony formative ability (P < 0.01, 
Fig. 4C) and the expression of cell cycle-related proteins (Fig. 4C), 
cell apoptosis (P < 0.001, Fig. 4D) and the expression of Bax/Bcl-2, 
cleaved/pro-caspase-3 and cleaved/pro-caspase-9 (Fig. 4D), and 
cell migration and invasion (P < 0.01, Fig. 4E-F), indicating that 
miR-1225-5p may regulate the behaviors of thyroid cancer cells 
through targeting SIRT3.

2.5. Overexpression of miR-1225-5p inhibits the activa-
tion of Wnt/β-catenin pathway
We further explored the association between miR-1225-5p and 
Wnt/β-catenin pathway. As shown in Fig. 4G, we found that over-
expression of miR-1225-5p resulted in the decreased expression 
of wnt 1, c-Myc, β-catenin, and MMP7, indicating that overex-
pression of miR-1225-5p inhibited the activation of Wnt/β-catenin 
pathway. However, the above effects were remarkably reversed 
after overexpression of SIRT3.

3. Discussion
Dysregulation of miRNAs is a common feature of malignancy, 
including thyroid cancer (Aragon et al. 2015; Sondermann et al. 
2015; Yoruker et al. 2016). MiRNA can play a role similar to that of 
oncogenes or tumor suppressors, modulating tumor growth, apop-
tosis, invasion and metastasis (Aurora and Slack 2006; Hata and 
Lieberman 2015). Previous studies have revealed that miR-1225-5p 
can inhibit tumor growth and metastasis in gastric carcinoma and 
glioblastoma via targeting insulin receptor substrate-1 (Li et al. 
2018a; Zheng et al. 2016); and upregulation of miR-1225 impaired 
the proliferation and survival of laryngeal carcinoma cells, as well 
as induced G1/S cell cycle arrest (Sun et al. 2019). These data 
imply that miR-1225-5p behaves as a tumor suppressor in multiple 
cancers. Moreover, miR-1225-5p is reported to be downregulated 
in aggressive papillary thyroid carcinoma tissues compared to 
that in non-aggressive tissues (Yang et al. 2013). In this study, 
miR-1225-5p expression was downregulated in thyroid cancer 
tissues and cell lines. Overexpression of miR-1225-5p signifi-
cantly inhibited TPC-1 cell proliferation, increased cell apoptosis, 
and suppressed migration and invasion. These data suggest that 
miR-1225-5p may also play a tumor suppressive role in thyroid 
cancer progression, and may therefore serve as a promising thera-
peutic target for the treatment of this disease.
Identification of the target gene of miR-1225-5p is important 
for understanding its role in tumorigenesis and tumor progres-
sion. In this study, SIRT3 was verified as a functional target of 
miR-1225-5p. SIRT3 is a key mitochondria protein, playing a key 
role in preventing cell aging and transformation through regulating 
mitochondrial metabolic homeostasis (Cui et al. 2015). Previous 
studies have confirmed that SIRT3 is increased expressed in 
gastric cancer (Cui et al. 2015), esophageal cancer (Zhao et al. 
2013), node-positive breast cancer (Ashraf et al. 2006), and oral 
cancer (Alhazzazi et al. 2011), and its enhanced expression is 
associated with the malignant phenotypes of these cancers. Addi-
tionally, Rodney et al. (2013) revealed that SIRT3 expression was 
increased in thyroid carcinomas. Consistent with these findings, 
this study showed that SIRT3 expression was overtly increased in 
thyroid cancer tissues and cell lines compared to that in matched 
normal tissues and Nthy-ori 3-1 cells respectively. Overexpression 
miR-1225-5p and SIRT3 at the same time could significantly 
reverse the effects of miR-1225-5p overexpression alone on the 
malignant phenotypes of thyroid cancer cells. Therefore, we 
hypothesise that SIRT3 may function as an oncogene in thyroid 
cancer, and miR-1225-5p may inhibit thyroid cancer development 
and progression through targeting SIRT3.
Furthermore, another important finding of this study was that 
overexpression of miR-1225-5p inhibited the activation of the 
Wnt/β-catenin pathway. The Wnt/β-catenin pathway drives 
increased cyclin D1 levels that are linked to lymph node metastasis 
in papillary thyroid cancer (Zhang et al. 2012). Upregulation of 
miR-155 is known to promote tumor growth in papillary thyroid 

carcinoma by activating Wnt/β-catenin signaling (Zhang et al. 
2013). In addition, SIRT3 can increase FOXO3A expression 
through suppressing the Wnt/β-catenin pathway, thereby inhibiting 
prostate cancer metastasis (Li et al. 2018b). In this study, overex-
pression of miR-1225-5p significantly inhibited the activation of 
the Wnt/β-catenin pathway, which was remarkably reversed after 
overexpression of SIRT3. We thus speculate that miR-1225-5p/
SIRT3 axis regulate the thyroid cancer development and progres-
sion through Wnt/β-catenin pathway. 
In conclusion, our findings reveal that miR-1225-5p is downreg-
ulated in thyroid cancer tissue samples and cell lines. Downreg-
ulation of miR-1225-5p may promote tumor cell proliferation 
and metastasis in thyroid cancer by targeting of SIRT3 directly. 
Activation of the Wnt/β-catenin pathway may be a key mechanism 
to mediate the role of miR-1225-5p/SIRT3 axis in thyroid cancer. 
miR-1225-5p may serve as a potential anti-cancer target for thyroid 
cancer treatment.

4. Experimental

4.1. Tumor tissue collection
In total, 26 paired papillary thyroid carcinoma tissues and matched normal tissues 
were obtained from 26 papillary thyroid carcinoma patients (10 males and 16 females; 
age range, 42–66 years) during surgery. The diagnosis of papillary thyroid carcinoma 
was confirmed by a pathologist. All collected tissues were immediately stored in 
liquid nitrogen. This study was approved by the local ethics committee of our hospital. 
Patients provided written informed consent.

4.2. Cell culture
Human thyroid cancer cell lines TPC-1, IHH-4, FTC133, and 8505C were obtained 
from the Cell Resource Center, Life Science Research Institute, University of Chinese 
Academy of Sciences, and normal human thyroid follicular epithelial Nthy-ori 3-1 
cell line was obtained from the European Collection of Cell Cultures (Wiltshire, UK). 
They were cultured in the Roswell Park Memorial Institute (RPMI)-1640 containing 
10 % fetal bovine serum (FBS), 1 % penicillin–streptomycin, 1 mM sodium pyruvate, 
and 0.1 mM non-essential amino acids and maintained in a 37 °C humidified incu-
bator with 5% CO

2
. 

4.3. Cell transfection
For overexpression of miR-1225-5p and SIRT3, 100,000 to 200,000 TPC-1 cells 
were transfected with hsa-miR-1225-5p mimic (90 pmol, Qiagen, Hilden, Germany), 
mimic control, pcDNA-SIRT3, and pcDNA3.1 using Lipofectamine® RNAiMAX 
Transfection Reagent (Life technologies, Carlsbad, California, USA) following the 
manufacturer’s protocol. 

4.4. Cell viability assay
Cell viability was detected using the 3-(4,5-dimethyl-2-thiazolyl)-2, 5-diphenyltetra-
zolium bromide (MTT) assay. Briefly, after transfection for 24 h, TPC-1 cells were 
plated in 96-well plates at a density of 5×103 cells/well. After incubation for 24 h, 20 
μL of MTT was added into each well for another 4 h incubation. Consequently, 150 
μL of dimethyl sulfoxide (DMSO) was added to incubate the cells for 10 min. For the 
cell number calculation, absorbance of each well at 570 nm was observed under an 
absorption spectrophotometer (Olympus, Japan).

4.5. Clonogenic assay
Clonogenic assay was also performed to detect the colony formative ability. In brief, 
after cell transfection, 100 TPC-1 cells were plated into the 60-mm culture dishes in 
triplicate, and cultured in RPMI-1640 containing 10 % FBS for 14 days. Subsequently, 
TPC-1 cells were fixed, stained with Diff-Quick, air-dried. The formative colonies 
that contained at least 30 cells were counted under microscope (IX83, Olympus).

4.6. Apoptosis analysis
After cell transfection, TPC-1 cells were trypsinized and washed with cold PBS. Then 
cells were fixed in 70 % ethanol, stained with fluorescein isothiocynate (FITC)-con-
jugated Annexin V and propidium iodide (PI) using the Annexin V-FITC kit (Biosea 
Biotechnology Co., Beijing, China) in the light of the manufacturer’s instructions. 
After incubated at room temperature in the dark for 1 h, the apoptotic cells were 
detected by flow cytometry using a FACS can (Beckman Coulter, Fullerton, CA, 
USA).

4.7. Quantitative PCR (qPCR)
Total RNA was extracted from thyroid tissues and cells using TRIzol Reagent (Invit-
rogen, CA, USA) and then treated with RNase-free DNase I (Promega Biotech, USA). 
After detecting the quality of the isolated RNA with SMA 400 UV-vis (Merinton, 
Shanghai, China), complementary DNA (cDNA) synthesis was conducted using the 
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reverse transcriptase PrimerScript First Strand cDNA Synthesis Kit (Invitrogen). 
After that, qPCR was performed to detect the expression levels of targets based on 
a standard protocol of the SYBR ExScript qRT-polymerase chain reaction (PCR) Kit 
(Takara, China). Phosphoglyceraldehyde dehydrogenase (GAPDH) was chosen as 
the internal control, and the 2−ΔΔCt method was used to calculate the relative gene 
expression levels. 

4.8. Cell migration and invasion assay
Cell migration and invasion were detected using Transwell chambers (8 μm pore 
size; Costar, Switzerland). For invasion assay, the inserts of Transwell chambers were 
coated with 1 mg/ml BD Matrigel Matrix (BD Biosciences, USA). The Transwell 
chambers were prepared for an initial equilibrium After 48 h transfection, 8 × 104 
TPC-1 cells were suspended in 200 μL of fresh serum-free medium and then added to 
the inserts. Subsequently, 600 μL of RPMI-1640 medium containing 10 % FBS was 
added into the lower compartment as a chemoattractant. After cultivation for 24 h, 
the cells on the lower compartment of the inserts were fixed and stained with 0.1 % 
crystal violet. The number of cells in five randomly selected visual fields was counted 
under a light microscope.

4.9. Dual-luciferase reporter assay
To create the wide-type (WT) luciferase reporter construct, the full-length 3’-UTR of 
SIRT3 was amplified and cloned into the EcoRI and XhaI sites of the pGL3-BS vector 
(Promega Corporation, Madison, WI, USA). The mutant (MUT) luciferase reporter 
construct of SIRT3 3’-UTR was generated using a Quick Change mutagenesis kit 
(Stratagene, Heidelberg, Germany) and also inserted into the pGL3-BS vector. After 
that, TPC-1 cells were cotransfected the luciferase reporter vectors and miR-1225-5p 
mimics or mimic NC using Lipofectamine 2000 (Invitrogen Life Technologies). After 
48 h of incubation, dual-luciferase activity was detected using the Dual-Luciferase® 
reporter assay system (Promega Corporation).

4.10. Western blot assay
After 48 h transfection, total protein for western blot were extracted from cells by 
lysing with radioimmunoprecipitation (RIPA) buffer (Sangon Biotech) containing 
phenylmethanesulfonyl fluoride (PMSF) (Sigma). After brief sonication and centrif-
ugation, the protein supernatants were collected and quantified using a BCA protein 
assay kit (Pierce, Rockford, IL). Total 20 μg protein per cell lysate was subjected 
to a 10% SDS-PAGE and transferred to PVDF membrane (Millipore, Bedford, MA, 
USA). After blocked for 1 h at room temperature, the membranes were incubated 
with first antibodies toβ-actin, CDK4, CDK6, CDK2, cyclin D1, cyclin E1, Bcl-2, 
Bax, pro-caspase-3, cleaved caspase-3, pro-caspase-9, cleaved caspase-9, SIRT3, wnt 
1, c-Myc, β-catenin, and MMP7 (1:1000 dilution, Abcam, Cambridge, UK) at 4 °C 
overnight, followed by incubation with horseradish peroxidase-labeled secondary 
antibody (1:1000 dilution) for 1 h at room temperature. After that, the members were 
incubated with a chromogenic substrate, and the protein signals in the members were 
detected using the enhanced chemiluminescence (ECL) method. β-actin served as the 
internal control.

4.11. Statistical analysis
All experiments were conducted independently for three times. Data are presented 
as the mean±standard deviation (SD), and data significance between groups was 
analyzed by independent sample t test or one-way ANOVA followed by Post-hoc 
Tukey test. The statistical analyses were conducted using Graph Prism 5.0 software 
(GraphPad Prism, San Diego, CA) with P < 0.05 as statistically significant result in 
comparison.

Conflicts of interest: None declared.
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