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Abstract: Background: Thyroid carcinoma (TC) is a common malignancy of the endocrine system. This research
aimed to examine the expression levels of miR-136-5p and metadherin (MTDH) in TC and unveil their potential
targeting relationship. Methods: TC microRNA (miRNA) microarray and miRNA-sequencing data were collected to
evaluated miR-136-5p expression. We assessed the comprehensive expression of miR-136-5p by calculating the
standard mean difference (SMD) and summary receiver operating characteristic curves (sROC). Subsequently, the
miR-136-5p mimic and inhibitor were transfected into the TC B-CPAP cell, Thiazolyl Blue Tetrazolium Bromide (MTT)
assay and cell apoptosis assay by FACS with Annexin V-/7-AAD double staining were performed to explore the biolog-
ical role of miR-136-5p in the B-CPAP cell line. Prediction of target genes and potential biological function analysis
of miR-136-5p were made using miRWalk2.0 and DAVID, respectively. Through target gene prediction, MTDH may
be the candidate target gene of miR-136-5p. Subsequently, gene microarrays and RNA-sequencing data were also
leveraged for MTDH expression. The meta-analysis method was conducted to evaluate the comprehensive expres-
sion level of MTDH. In addition, MTDH protein expression was identified using immunohistochemistry. The MTDH
protein levels post-miR-136-5p transfection were verified by western blot, and the dual luciferase reporter assay was
adapted to confirm the direct targeting relation between miR-136-5p and MTDH. Results: The miR-136-5p level was
remarkably downregulated in TC, the pooled SMD was -0.47 (95% Cl: -0.70 to -0.23, 12=36.6%, P=0.192) and the
area under the curve (AUC) of the sROC was 0.67 based on 543 cases of TC. MTT indicated that the overexpression
of miR-136-5p dramatically inhibited the proliferation of B-CPAP cells. The cell apoptosis increased in the miR-136-
5p mimic group compared to the negative control group. In addition, both MTDH mRNA and protein levels were
markedly overexpressed, with the pooled SMD being 0.94 (95% Cl: -0.35 to 2.24, 12=98.8%, P<0.001), and the AUC
of the sROC being 0.85 with 1054 cases of TC. The MTDH protein level was significantly up-regulated in TC than
in the non-carcinomic tissues by immunohistochemistry (8.292+1.717 vs. 2.618+2.570, P<0.001). Western blot
indicated that MTDH protein expression was suppressed by miR-136-5p mimic in the B-CPAP cell line, which was
further supported by the dual luciferase reporter assay. Conclusion: The miR-136-5p/MTDH axis may play a vital
role in modulating TC tumorigenesis, providing new insight into possible molecular mechanisms of TC oncogenesis.
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Introduction

Thyroid carcinoma (TC) is a frequently occurring
endocrine tumor, accounting for approximately
3.1% of all human malignancies [1]. Papillary
thyroid carcinoma (PTC) is the most frequent
pathological subtype of TC, making up for about

80% cases, and its incident rate is greater than
several other subtypes, such as anaplastic thy-
roid carcinoma, follicular thyroid carcinoma and
medullary thyroid carcinoma [2-6]. The incident
rate of TC is different between men and women;
the risk of women is more than three times that
of men. Over the past few decades, the occur-
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rence of TC has shown an upward trend in many
countries [7, 8]. Although the general mortality
rate of TC is relatively low, with the five-year sur-
vival rate reaching 98% [9-11], the clinical out-
come of advanced TC is still unsatisfactory.
Nearly half of patients with distant TC metasta-
sis die within five years after diagnosis [12, 13].
Recurrence and lung metastasis remain the
leading causes of TC death, but the molecular
mechanisms of TC oncogenesis and develop-
ment are still barely understood [14-16].

Clarifying the molecular mechanism of TC using
microRNA (miRNA) has received extensive att-
ention in recent years [17-20]. By combining the
3’ untranslated region (3’-UTR) of its target ge-
ne, MiRNA can induce mRNA degradation or
inhibit mMRNA translation, thereby exerting a
corresponding biological effect [21-25]. Some
studies have documented that certain miRNAs
are abnormally expressed in TC. However, in TC,
there are still plenty of miRNAs with unknown
functions that are awaiting exploration. Among
the numerous TC miRNA studies, only one study
reported the expression of miR-136-5p in PTC.
Peng et al. used four highly-invasive PTCs, four
low-invasive PTCs, and four benign thyroid nod-
ular goiters for miRNA microarray detection.
They revealed that the miR-136-5p levels were
higher in the highly-invasive PTC group than in
the other two groups. However, in a subsequent
real time RT-gPCR validation, they found that
the delta CT of the miR-136-5p in 15 cases of
benign thyroid nodular goiter was -2.43 and
-2.62 in the PTC, indicating no remarkable dif-
ferences in the miR-136-5p levels between the
benign thyroid lesions and PTC (P=0.973) [26].
Because of the small sample size of this inves-
tigation, the clinical implications and specific
molecular biological mechanisms of miR-136-
5p in TC require clarification.

The development of microarrays and RNA-se-
quencing technologies has led to a trend in
analyzing genome-wide miRNA expression pro-
files. In this study, we combined miRNA micro-
array and miRNA-sequencing data to determine
the clinical value of miR-136-5p in TC. Thiazolyl
Blue Tetrazolium Bromide (MTT) and apoptosis
assay were performed to assess the biological
role of miR-136-5p in TC. After predicting its
potential target genes, we found that MDTH
may be a potential downstream molecule of
miR-136-5p, which we selected for in-depth
validation. The expression trends of MTDH in
TC were comprehensively analyzed using ge-
ne microarrays, RNA-sequencing, Immunohis-
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tochemistry (IHC) and meta-analyses. IHC was
conducted to assess the protein expression of
MTDH, which was validated using western blot.
Simultaneously, the negative regulatory rela-
tion between miR-136-5p and MTDH was con-
firmed by a dual luciferase reporter assay.

Materials and methods

MiR-136-5p expression levels in TC based on
miRNA-microarray and miRNA-sequencing da-
tasets databases

MiRNA-microarray and miRNA-sequencing da-
tasets were gathered from the Gene Expression
Omnibus (GEO) and ArrayExpress by utilizing
the following keywords: (thyroid) AND (cancer
OR carcinoma OR tumor* OR neoplas* OR
malignan*) AND (MicroRNA OR miRNA). In addi-
tion, for the sake of further mining expression
data of miR-136-5p and clinicopathological
features, published articles concerning miR-
136-5p expression assessed through miRNA-
microarray, miRNA-sequencing or RT-qPCR be-
fore October 25, 2019 were identified using
PubMed, PMC, Web of sciences, EMBASE,
Google Scholar, Wanfang, Qvip and CNKI data-
bases. In addition, data for miRNA-seq and
clinical parameter information of miRNAs from
TCGA was downloaded, which was adapted to
assess MiR-136-5p expression in TC compared
to adjacent non-carcinomic tissues and to eval-
uate the connection between miR-136-5p ex-
pression and clinicopathologic features. Mean-
while, we also conducted the meta-analysis of
the included microarray’s data.

Cell culture

The TC cell line B-CPAP was purchased from
Shanghai Institutes for Biological Sciences
(China), which was cultured at 37°C in an atmo-
sphere of 5% CO, in a 1640 medium (Procell
Life Science & Technology Co, Ltd.) including
10% fetal bovine serum (Gibco Company, USA)
and 1% pen/strep (Genview, Beijing). All the
experiments were repeated three times in-
dependently.

Cell transfection with miR-136-5p mimic,
miR-136-5p inhibitor and their corresponding
negative controls

B-CPAP cells in the logarithmic growth phase
were collected and digested with 0.25% tryp-
sin. According to the density of 3x10° cells/
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well, the cell suspension inoculated in 6-well
plates and plated for 18-24 h. Five ul of
Lipofectamine 3000 and 2.5 ug plasmid with 5
ul P3000 were added to 125 pl of serum-free
and non-antibody-based basal medium, res-
pectively, to prepare two premixed liquids,
which were then mixed together. After standing
at room temperature for 10 minutes, the mixed
liquid was transferred into six wells, cultured at
37°C, 5% CO, for 6 h. In the following experi-
ments, we constructed four groups: miR-136-
5p mimic, mimic NC (NC), miR-136-5p inhibitor
and inhibitor NC.

RT-qPCR analysis

The miRNA expression level was quantitatively
measured by the Tagman MicroRNA Assays
(Applied Biosystems, CA, USA) with particular
primers of miR-136-5p on B-CPAP cells. A re-
verse transcription reaction was started from 5
ug of total RNA by primer. And then, RT-qPCR
analysis was performed through the ABI7500
detection system. The change in the amount of
the product from each cycle amplification in the
PCR amplification reaction was detected in real
time. The initial template could be quantitative-
ly analyzed through the analysis of the Ct value
and standard curve, the fold changes were
counted by the 222t method.

Proliferation assessed by MTT assay

For the purpose of probing the influence of miR-
136-5p on TC cells proliferation, B-CPAP cells
transfected with different plasmids were plant-
ed in 96-well plates with a density of 8000
cells/wells. After the transplasmid graft plate,
steady adherence of cells to the wall was
defined as O hour. The MTT assay was carried
out at 24 h, 48 h, 72 h and 96 h after treat-
ment. The absorbency of each sample was
detected by an enzyme-linked immune monitor
at 490 nm. To record the results of this experi-
ment, the cell growth curve was drafted with
time as the x-coordinate and cell relative sur-
vival rate as the y-coordinate.

Cell apoptosis experiment by flow cytometry

After the transfection, the cells were cultured
for another 24-48 hours. Then the cells were
collected and washed twice with pre-cooled
phosphate buffer saline. Subsequently, 100 ul
of cells were suspended in a 5 ml flow tube and
mixed with 5 pl Annexin V-PE and 5 pl 7-AAD,
respectively. These were cultured at ambient
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temperatures for 15 minutes. The percent of
apoptotic cells was evaluated using flow cytom-
etry (FACS).

Prediction of target genes and potential bio-
logical function analysis of miR-136-5p

To further reveal the potential biological mech-
anisms of miR-136-5p, miRWalk2.0 containing
PITA, RNAhybrid, Targetscan, MicroT4 and miR-
Map were used to predict potential target ge-
nes of miR-136-5p [27]. Predicted genes were
used to perform GO, KEGG and PANTHER analy-
ses using DAVID to uncover the biological func-
tion of miR-136-5p. Among the many predicted
target genes, we concentrated on metadherin
(MTDH) because it has been reported as a can-
cer-causing gene for various carcinomas. We
found that MTDH could be a crucial target gene
in TC, so we further studied the expression level
of MTDH in TC while probing its targeted rela-
tionship with miR-136-5p and the potential
molecular function in TC. In addition, the pro-
tein interaction network of MTDH was con-
structed to predict its biological effects using
GeneMANIA, a website for constructing biologi-
cal network to predict gene functions [28].

Evaluation of MTDH expression in TC using
various datasets

RNA microarray or sequencing datasets were
gathered from the GEO database and Arr-
ay Express and utilized the following keywords:
(thyroid) AND (cancer OR carcinoma OR tumo¥*
OR neoplas* OR malignan*) AND (mRNA OR
gene OR “messenger RNA”). Articles published
before October 25, 2019 were identified using
PubMed, Web of Sciences, EMBASE, Google
Scholar, Wanfang, Qvip and CNKI databases. In
addition, RNA-Seq data of MTDH from TCGA
and GTEx were downloaded. TCGA and GTEx
data were combined using R language (limma
package), and the batch effect was processed.
Subsequently, merged data (GEO, TCGA, GTEx
and IHC) was used to assess the MTDH expres-
sion level in TC and adjacent non-carcinomic
tissues. The expression of MTDH in TC was ana-
lyzed in different pathological subtypes; the
pooled standard mean difference (SMD) with a
95% Cl and a summary receiver operating char-
acteristic curves (sROC) were drawn based on
included datasets.

Immunohistochemistry for MTDH
Evaluation of MTDH protein expression level in

TC tissues based on previous reports: We
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extracted data related to MTDH protein expres-
sion levels in TC from published literature. The
retrieval strategy was the same as described
above. We separated expression levels of the
MTDH protein into positive and negative groups
that were used to calculated positive and nega-
tive rates.

Verified MTDH expression level in TC tissues
based on IHC: Two tissue arrays (THC961 and
THC1021) were purchased from Fanpu Biotech,
Inc. (Guilin, China). Among them, 25 cases were
non-carcinomic thyroid tissues, and 125 cases
were TC tissues. Another 64 cases were non-
carcinomic thyroid tissues, and 46 TC cases
were gathered from the Department of Path-
ology, First Affiliated Hospital of Guangxi Me-
dical University from March 1 to December 1,
2018. Altogether, the current IHC study in-
cluded 89 non-carcinomic and 171 TC tissues.
The Ethical Committee of the First Affiliated
Hospital of Guangxi Medical University app-
roved this research. All patients offered written
informed consent to use these samples for
research.

An IHC analysis of formalin fixed and paraffin-
embedded TC tissues and non-carcinomic thy-
roid tissues was conducted to assess MTDH
protein expression level in TC tissues compared
with non-carcinomic tissues and to reveal a
relationship between MTDH protein expression
and a clinicopathologic feature. Experiments
were conducted in strict accordance with the
manufacturer’s instructions. An MTDH rabbit
polyclonal antibody was purchased from Santa
Cruz Biotechnology, Inc. (Heidelberg Germany).
Two experienced pathologists (Yu-yan Pang
and Gang Chen) evaluated the intensity and
positive proportion of MTDH staining in a dou-
ble-blind manner. The MTDH IHC results were
independently assessed by the above patholo-
gists in terms of the intensity and positive pro-
portion of staining. The scoring criteria for
staining intensity are as follows: O (negative), 1
(weak), 2 (medium) and 3 (strong). Positive
staining proportion was defined as 1 for <1/4,
2 for 1/4 to 1/2, 3 for 1/2 to 3/4 and 4 for
>3/4. The overall score was calculated accord-
ing to a previously described method [29, 30]
that was equal to the product of positive per-
centage and staining intensity.

Confirmation of MTDH protein expression level
in TC tissues based on The Human Protein
Atlas (THPA): We downloaded IHC results for
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MTDH from THPA to confirm the MTDH protein
expression level in TC and compared them with
the following IHC experimental results. THPA is
a pathology tool for examining normal and car-
cinomic tissues based on antibody proteomics
[31].

Western blotting

Western blot analysis was conducted, as de-
scribed in the previous report [32], with anti-
MTDH and B-actin (Proteintech Group, Inc,
Wuhan, Hubei, China) antibodies, respectively.
For quantification of experimental result, Im-
ageJ software was used to quantify the western
blotting bands after background subtraction.
The protein expression was normalized relative
to GAPDH expression.

Dual luciferase reporter assay

PsiCHECK-MTDH and psiCHECK-MTDH-mut 3’
UTRs were constructed and validated by DNA
sequencing. 293 T cells (5 x 10 per well) were
seeded in 24-well plates and grown to a density
of 70-80%. Cotransfection of cells was per-
formed using 50 nM mimic RNA-136-5p, which
was purchased from GenePharma (Shanghai,
China), mimic RNA control or a 0.5 ug reporter
vector, including either psiCHECK-MTDH1 3'UT-
Rs or psiCHECK-MTDH-1 mut 3'UTRs. After 48
hours of incubation, the ratio of luciferase activ-
ity of the Renilla and firefly was determined by
the dual luciferase assay according to the
instructions. Data is exhibited as the average
luciferase ratio of the Renilla and firefly.

Statistical analysis

The difference between groups was analyzed
via an independent sample t-test and a one-
way ANOVA. All statistical analyses were per-
formed with SPSS 23.0 and GraphPad Prism
7.0. Evaluations of the pooled SMDs with 95%
Cl using STATA 12.0 in fixed-effects model and
random-effects model were performed, while
the sROC curves were created using the afore-
mentioned software. The results were re-
garded as significant with a P<0.05, and all of
the data was calculated independently twice.

Results

miR-136-5p exhibits low expression in TC
based on various public databases

The technical flow chart for this study is shown
in Figure 1. After mining public databases, the
following microarrays were included in our
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Figure 2. Scatter plots of miR-136-5p expression based on included GEO, ArrayExpress and TCGA. MiR-136-5p
expression was analyzed in the included dataset: GSE73182 (A), GSE62054 (B), E-MTAB-736 (C) and TCGA (D).

Table 1. Relationship between miR-136-5p expression and clinicopathological features from TCGA

Clinicopathological feature

miR-136-5p expression of TCGA database

M + SD T P

Tissue Adjacent non-carcinomic tissues 59 3.4937+0.9704 -5.943° <0.001°
TC 495 2.6547+1.4021

Gender Male 131 2.5431+1.3393 -1.011° 0.3122
Female 358 2.6880+1.4296

Pathologic tumor grade  Stage Il 325 2.4396+1.2757 -4.552° <0.001°
Stage IlI-IV 162 3.081+£1.5513

Age (years) >50 207 2.8134+1.4702 2.193° 0.0292
<50 282 2.5287+1.3433

TNM stage T1+T2 303  2.4844+1.2966 -3.179° <0.001°
T3+T4 184  2.9152+1.5352

Lymph node metastasis No 221 2.4402+1.3914 4.123° <0.001°
Yes 220  2.9822+1.3687

Distant metastasis No 273 2.8815+1.4009 4.123° <0.001°
Yes 9 2.1385+2.3264

Race White 320 2.7705+1.3877 1.225° 0.295°
African American 27 2.3961+1.5205
Asian 52 2.9109+1.4001

a, Student’s paired t-test, b, One-way analysis of variance (ANOVA).
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Figure 3. Meta-analysis based on GEO, ArrayExpress and TCGA datasets. A. Sensitivity analysis was also performed
to identify sources of heterogeneity among included studies. B. Forest plot of standard mean difference (SMD)
manifests that miR-136-5p has a tendency for low expression in TC. C. The area under the curve (AUC) of the sum-
mary receiver operating characteristic (sROC) curve was 0.67.
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Figure 4. A. MiR-136-5p was remarkably overexpression in B-CPAP cells transfected with miR-136-5p mimic when
compared to the negative control (NC). B. MiR-136-5p significantly inhibited TC cells’ proliferation that was trans-
fected with miR-136-5p mimic compared to NC. C. MiR-136-5p promoted TC cells apoptosis transfected with miR-
136-5p mimic relative to NC.

study: GS40874, GSE73182, GSE62054 and miR-136-5p expression in TC tissues and adja-
E-MATE-736; these were used to assess the cent non-carcinomic tissues (Figure 2A-C). The
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results show that miR-136-5p expression was
remarkably decreased in TC than in adjacent
non-carcinomic tissues. According to data
obtained from TCGA, miR-136-5p expression
was significantly down-regulated in TC when
compared to adjacent non-carcinomic tissues
(2.6547+1.4021 vs. 3.4937+0.9704, t=-5.943,
P<0.001; Table 1, Figure 2D). Furthermore, we
integrated the data from TCGA, ArrayExpress
and GEO for a meta-analysis.

Due to the high heterogeneity in the integrated
meta-analyses with a random effects model, a
sensitivity analysis was adopted to identify
sources of heterogeneity among the included
studies (Figure 3A). GSE40874 was eliminated
due to its high heterogeneity. The pooled SMD
of miR-136-5p was -0.47 (95% CI: -0.70 to
-0.23, 12=36.6%, P=0.192, Figure 3B) with the
fixed-effects model, and the AUC of sROC was
0.67 (Figure 3C), respectively.

Confirmation of expression and clinical effects
of miR-136-5p in TC from TCGA

Data for 495 TC cases and 59 adjacent non-
tumor was extracted from the TCGA. To probe
the potential role of miR-136-5p in TC oncogen-
esis, we analyzed the association between miR-
136-5p expression and clinical pathological
features. Not only were significantly different
expression values of miR-136-5p observed in
different pathologic tumor grades, but age
groups were also distinct (Table 1). With respe-
ct to its pathologic tumor grades, miR-136-5p
expression levels were low in samples with
stages I-Il compared to stages IlI-IV (2.4396+
1.2757 vs. 3.081+1.5513, P<0.001, Table 1).
Samples from patients less than 50 years old
versus greater than 50 years old exhibited
downregulated miR-136-5p levels (2.5287+
1.3433 vs. 2.8134+1.4702, P=0.029, Table
1). In addition, among different TNM stages,
lymph node metastasis and distant metasta-
sis, there was a significantly different expres-
sion with the T1+T2 compared to the T3+
T4 (2.4844+1.2966 vs. 2.9152+1.5352 P<
0.001, Table 1); lymph node metastasis vs. no
lymph node metastasis (2.9822+1.3687 vs.
2.4402+1.3914, P<0.001, Table 1) and distant
metastasis vs. no distant metastasis were
significantly different (2.1385+2.3264 vs.
2.8815+1.4009, P<0.001, Table 1). Never-
theless, miR-136-5p expression levels were not
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significantly associated with other clinicopatho-
logical characteristics.

Overexpression of miR-136-5p inhibits thyroid
carcinoma cell proliferation and promotes thy-
roid carcinoma cell apoptosis

RT-gPCR in B-CPAP indicated that miR-136-5p
was up-regulated in cells transfected with miR-
136-5p mimic than NC (Figure 4A). MiR-136-
B5p expression in the mimic group was 19,516
times greater than that of the NC group, while
the miR-136-5p inhibitor suppressed the mi-
RNA level to a limited degree (data not shown),
which could be due to the basic expression of
miR-136-5p in B-CAPB. Hence, in the subse-
quent tests, we focused on the effects of miR-
136-5p mimic. The artificially overexpression of
miR-136-5p dramatically inhibited the prolifer-
ation of B-CPAP cells (Figure 4B). Furthermore,
the cell apoptosis increased remarkably in the
miR-136-5p mimic group compared to the NC
group (Figure 4C). Collectively, these results
demonstrated that miR-136-5p may play a cru-
cial role in the proliferation and apoptosis of
TC.

Enrichment analyses of potential target genes
and PPl network construction analysis

A total of 522 target genes of miR-136-5p were
acquired from five online prediction platforms.
Subsequently, all target genes were used to
identify GO annotations, KEGG and PANTHER
pathways by DAVID. From the results, “Positive
regulation of transcription, DNA-templated”
was the most remarkably assembled biological
process (P<0.001; Figure 5A). For cellular com-
ponents, genes were significantly enriched at
cell junction, apical plasma membrane and
lamellipodium (P<0.001, Figure 5B). Regarding
molecular function, genes were concentrated
onubiquitin protein ligase activity (P<0.001,
Figure 5C). The PANTHER pathway was primar-
ily enriched in the signaling pathways regulat-
ing pluripotency of stem cells, HTLV-I infection
and Hippo signaling pathway (P<0.001, Figure
5D). The top 10 terms from each analysis and
corresponding description are shown in Tables
2 and 3. Apart from the enrichment analysis,
the protein-protein interaction networks of MT-
DH was established, and the interaction be-
tween genes was predicted by GeneMANIA
(Figure 6).
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Table 2. GO analysis of target genes of miR-136-5p Category Term (a) BP, (b) CC and (c) MF

Category Term Count P Value
GOTERM_BP_DIRECT  G0:0045893~positive regulation of transcription, DNA-templated 28 5.80E-04
GOTERM_BP_DIRECT  G0:0045944~positive regulation of transcription from RNA polymerase Il promoter 44 7.55E-04
GOTERM_BP_DIRECT  GO:0030900~forebrain development 7 0.001248761
GOTERM_BP_DIRECT  G0:0000122~negative regulation of transcription from RNA polymerase Il promoter 33 0.002861675
GOTERM_BP_DIRECT  G0:0000381~regulation of alternative mRNA splicing, via spliceosome 6 0.00305962
GOTERM_BP_DIRECT = G0:0030509~BMP signaling pathway 8 0.00387334
GOTERM_BP_DIRECT  G0:0061036~positive regulation of cartilage development 4 0.007907442
GOTERM_BP_DIRECT  G0:0043507~positive regulation of JUN kinase activity 5 0.008555415
GOTERM_BP_DIRECT  G0:0007368~determination of left/right symmetry 6 0.014739908
GOTERM_BP_DIRECT  GO0:0071805~potassium ion transmembrane transport 9 0.014882492
GOTERM_CC_DIRECT = G0:0030054~cell junction 22 0.007473917
GOTERM_CC_DIRECT  G0:0016324~apical plasma membrane 16 0.008063623
GOTERM_CC_DIRECT  G0:0030027~lamellipodium 11 0.008085509
GOTERM_CC_DIRECT  GO:0005794~Golgi apparatus 35 0.008211005
GOTERM_CC_DIRECT  G0:0030017~sarcomere 5 0.017008275
GOTERM_CC_DIRECT  G0:0005634~nucleus 160 0.019236079
GOTERM_CC_DIRECT  G0:0030864~cortical actin cytoskeleton 5 0.023578095
GOTERM_CC_DIRECT  G0:0005654~nucleoplasm 88 0.024092939
GOTERM_CC_DIRECT = G0:0031512~motile primary cilium 3 0.025527525
GOTERM_CC_DIRECT  G0:0008021~synaptic vesicle 7 0.030297585
GOTERM_MF_DIRECT  G0:0061630~ubiquitin protein ligase activity 15 6.24E-04
GOTERM_MF_DIRECT G0:0004872~receptor activity 15 0.00254895
GOTERM_MF_DIRECT  G0:0003729~mRNA binding 10 0.007236579
GOTERM_MF_DIRECT G0:0001077~transcriptional activator activity, RNA polymerase Il core promoter proximal region sequence-specific binding 14 0.012823117
GOTERM_MF_DIRECT  GO0:0031433~telethonin binding 3 0.014208887
GOTERM_MF_DIRECT GO0:0043565~sequence-specific DNA binding 24 0.015403247
GOTERM_MF_DIRECT G0:0004843~thiol-dependent ubiquitin-specific protease activity 7 0.021887456
GOTERM_MF_DIRECT  G0:0043425~bHLH transcription factor binding 4 0.02375109
GOTERM_MF_DIRECT  GO:0000977~RNA polymerase Il regulatory region sequence-specific DNA binding 12 0.027343121
GOTERM_MF_DIRECT  G0:0005515~protein binding 260 0.035097746
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Table 3. KEGG and PANTHER pathway analysis of target genes of miR-136-5p

Category Term

Count P Value

KEGG_PATHWAY hsa04550:Signaling pathways regulating pluripotency of stem cells 10

KEGG_PATHWAY hsa05166:HTLV-l infection

KEGG_PATHWAY hsa04390:Hippo signaling pathway
KEGG_PATHWAY hsa05200:Pathways in carcinoma
KEGG_PATHWAY hsa03015:mRNA surveillance pathway

KEGG_PATHWAY hsa05216:PTC
KEGG_PATHWAY hsa04916:Melanogenesis

KEGG_PATHWAY hsa04261:Adrenergic signaling in cardiomyocytes

KEGG_PATHWAY hsa05219:Bladder carcinoma

0.012496448
14 0.018332049
10 0.019630251
18 0.033399422
7 0.034569481
4 0.041324385
7 0.050937058
8 0.076249101
4 0.095868466

MTDH exhibits high expression in TC based on
various public databases

In order to ensure the principle of consistent
text and figures, we have adjusted the order of
the text in this paragraph, as follows: After
examining public databases, 510 TC cases and
58 adjacent non-carcinomic tissues from TCGA
and 279 normal thyroid tissues from GTEx
were merged using R language. Based on the
above data, expression of MTDH is increased
in TC compared to adjacent non-carcinomic
tissues (4.7767+0.8759 vs. 4.7291+ 0.5025,
t=1.004, P=0.316, Figure 7A). Next, 11
microarrays were included in our study that
provided MTDH expression values in TC tissues
and adjacent non-carcinomic tissues (Figure
7B-L). According to the results, we found that
MTDH expression was higher in TC compared to
adjacent non-carcinomic tissues.

MTDH protein expression was notably up-
regulated in TC compared with non-carcinomic
tissues

Through a literature search, we found that
MTDH protein expression was notably up-regu-
lated in TC compared with non-carcinomic tis-
sues. Moreover, Wen-Fang Li et al. revealed
that the up-regulation of MTDH in TC was posi-
tively associated with TNM staging [33].

IHC results demonstrated that the MTDH pro-
tein was positively expressed in 171 TC tissues
(100%), which was significantly higher than that
in the 89 non-carcinomic tissues (8.292+1.717
vs. 2.618+2.570, P<0.001, Figure 7M). Fur-
thermore, we integrated data from the TCGA,
GTEx, GEO and IHC by meta-analyses. Among
the results of the subgroup analysis, in PTC,
ATC, FTC and MTC, MTDH was a high expres-
sion trend in TC compared to adjacent non-car-

6765

cinomic tissues. In the random-effects model,
the pooled SMD of MTDH was 0.94 (95% Cl:
-0.35 to 2.24, 12=98.8%, P<0.001, Figure 8A),
the AUC of sROC was 0.85 (Figure 8B).

Clinicopathological information from 171 TC
patients and 89 non-carcinomic patients is
shown in Table 4. MTDH also exhibited signifi-
cantly higher expressions in male patients than
in female patients (7.478+3.386 vs. 5.959+
3.304, P<0.001; Table 4). Meanwhile, signifi-
cantly lower MTDH expression was observed in
patients with T1+T2 compared to patients wi-
th T3+T4 (8.037+1.489 vs. 8.677+2.014, P=
0.042, Table 4). Furthermore, we proved that
the up-regulation of MTDH in TC was remark-
ably correlated with both lymph node metasta-
sis (P<0.001, Table 4) and distant metastasis
(P=0.030, Table 4).

The THPA database demonstrated that the
MTDH protein was highly expressed in TC tis-
sues. MTDH was strongly positive in the cyto-
plasm of TC cells and moderately positive in the
cytoplasm of normal thyroid tissues using the
antibody CABO68204 (Figure 9A-D). According
to the scoring criteria, TC tissues were strongly
positive, with a score of 12, while normal thy-
roid tissues were moderately positive, with a
score of 8. Unfortunately, a statistical analysis
of IHC could not be performed due to so few
cases from THPA. For our immunostaining, pos-
itive staining of MTDH in TC exhibited as diffuse
or intense staining in the cytoplasm of TC cells,
while no MTDH immunoreactivity was detected
in pneumocytes of normal thyroid tissues.
Immunostaining of TC and normal tissues are
shown in images at x200 and x400 magnifica-
tions (Figure 9E-H). The results from each so-
urce consistently indicated that the expression
of MTDH is significantly higher in TC tissues
compared to non-carcinomic tissues.
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Figure 6. Protein interaction network analysis of MTDH. Each dot represents a protein, and each line represents the

interaction between proteins.

The targeted regulation relationship between
miR-136-5p and MTDH confirmed by western
blot and dual luciferase reporter assay

Western blot indicated that the MTDH protein
was more decreased in the miR-136-5p mimic
group than in the NC group (Figure 10A). We
further determined a binding site for miR-136-
5p in the 3-UTR of MTDH mRNA (Figure 10B).
The targeting regulatory relationship between
them was verified by a dual luciferase reporter
assay in HEK-293T cells. We discovered that
the luciferase activity of HEK-293T cells co-
transfected with psiCHECK-2/MTDH 3’-UTR

6766

and miR-136-5p-5p mimics was markedly re-
duced when compared to the control group
(Figure 10C). These results indicate that there
is a targeted regulatory relationship between
MTDH and miR-136-5p, and MTDH is a direct
target for miR-136-5p.

Discussion

From the present study, we found that miR-
136-5p exhibited significantly lower expression
in TC compared to non-carcinomic tissues. MTT
and apoptosis assay illuminated that the over-
expression of miR-136-5p inhibits proliferation

Am J Transl Res 2019;11(11):6754-6774
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Figure 8. Continuous variable meta-analysis based on GEO, TCGA and GTEx datasets. A. Forest plot of SMD mani-
fests that MDTH has a tendency for overexpression in TC. B. The AUC of sROC curve was 0.85, which manifested
MTDH probably plays an important role in distinguishing TC from non-cancerous tissues. PTC: papillary thyroid can-
cer; ATC: anaplastic thyroid carcinoma; FTC: follicular thyroid carcinoma; MTC: medullary thyroid cancer; TC: thyroid

carcinoma.

Table 4. Relationship between MTDH protein expression and Clinicopathological variables based on

IHC
- . . MTDH protein expression
Clinicopathological variables N
M£SD T P

Tissue TC 171 8.292+1.717 18.766° <0.001°
Adjacent non-carcinomic tissues 89 2.618+2.570

Gender Male 67 7.478+3.386 3.2222 <0.001°
Female 193 5.959+3.304

Age (years) >50 103  6.252+3.463 0.3762 0.707°
<50 157 6.414+3.342

TNM stage T1+T2 109 8.037+1.489 2.062° 0.042°
T3+T4 62 8.677+2.014

Lymph node metastasis No 129  7.705%£1.175 7.790° <0.001°
Yes 42  10.095+1.872

Distant metastasis No 170  8.271+1.699 2.189° 0.030°
Yes 1 12

a, Student’s paired t test.

MTDH protein expression was suppressed by
miR-136-5p mimic in B-CPAP cell line. In addi-
tion, dual luciferase assay elucidated that miR-
136-5p may regulate the tumorigenesis of TC
by targeting MTDH. Based on the above results,
the miR-136-5p/MTDH axis may play a vital
part in modulating TC tumorigenesis.

Recently, increasing evidence has emphasized
that microRNA (miRNA) plays a crucial part in
the oncogenesis of TC by altering biological
behavior in TC. For instance, miR-152-3p, miR-
148a, miR-130b and miR-15b are pivotal miR-
NAs in TC. The upregulation of miR-152-3p sup-
presses the growth and development of TC
[34]. Liu F et al. pointed out that the expression
of miR-214 in TC tissues and cells is remark-
ably lower than in normal tissues and was
markedly related with TNM stage. The upregu-
lation of miR-214 markedly reduces prolifera-
tion of TC cell lines in vitro and promotes apop-
tosis and cell cycle arrest [35]. Gao X et al. dis-
covered that miR-129 inhibits MLA expression
through combining with its 3’ untranslated
region (3'UTR) and inhibiting proliferation and
infiltration of TC [36]. In the past study about
miR-136-5p in TC, which was studied in only
one article, miR-136-5p was differentially ex-
pressed in the high invasion compared to the
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low invasion group [26]. The main limitation of
the study was the small sample size. Therefore,
the clinical value and the specific biological
functions of miR-136-5p in TC still need to be
elucidated.

In our current research, we first evaluated miR-
136-5p expression in TC from TCGA while
assessing the link between miR-136-5p and
clinicopathological characteristics. The above
results demonstrated that miR-136-5p expres-
sion was dramatically down-regulated in TC tis-
sues compared to non-carcinomic tissues. The
above results were verified by the data from the
GEO and ArrayExpress databases. Moreover,
as far as the relation between miR-136-5p ex-
pression and clinicopathological parameters,
we found that the significant overexpression of
miR-136-5p in TC was associated with seve-
ral clinicopathological characteristics including
gender, pathologic tumor grade, age (years),
TNM stage, lymph node metastasis and distant
metastasis. Through in vitro experiments, we
assessed the influence of miR-136-5p on prolif-
eration and apoptosis of TC cells, which implied
that miR-136-5p plays a negative role in the
cell growth and progression of TC. Therefore,
we hypothesized that miR-136-5p inhibits the
development and progression of TC.

Am J Transl Res 2019;11(11):6754-6774
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Figure 9. Representative staining pattern of MTDH in TC tissues and non-
carcinomic tissues. The immunostaining images (A-D) were acquired from
THPA database and the immunostaining images (E-H) were acquired from
the First Affiliated Hospital of Guangxi Medical University. (A, B) Moderate
positive of MTDH in the cytoplasm of TC cells. (C, D) Strong positive of MTDH
in the cytoplasm of TC tissues. (E, F) Non-carcinomic TC tissues showed
weak or no MTDH expression. (G, H) MTDH expression was clearly scanned
in the cytoplasm of PTC tissues. The magnification of (E and G) is 200x and
the magnification of (F and H) is 400x.

KEGG and PANTHER analyses
to identify the biological func-
tions of target genes. Based
on the results above, we found
that the predicted target
genes of miR-136-5p may be
involved in the positive mod-
eration of transcription, DNA-
templated, cell junction and
ubiquitin protein ligase activi-
ty. In terms of the KEGG analy-
sis, the results displayed pre-
dicted target genes of miR-
136-5p were notably concen-
trated on the signaling path-
ways regulating pluripotency
of stem cells and HTLV-I infec-
tion and Hippo signaling path-
way. The study by Huo and his
colleagues found that drugs
significantly inhibited tumori-
genesis, proliferation and in-
vasion of human breast car-
cinoma cells via regulating
autophagy induced by the
HIPPO/YAP signaling pathway
[37]. There are multiple tar-
gets for miRNA. In addition to
those that have already been
reported, there may be many
other targets of miR-136-5p.
522 target genes were ob-
tained by prediction. In this
study, we primarily concentrat-
ed on MTDH probing its signifi-
cance in TC and the targeted
regulatory relationship bet-
ween miR-136-5p and MTDH
which was confirmed by a dual
luciferase reporter assay. In
TC, the down-regulation of
miR-136-5p may increase the
expression of MTDH, thus
promoting the tumorigene-
sis, which may be achieved
through a similar model regu-
lated through the HIPPO/YAP
signaling pathway. However,
more studies are needed to
confirm above assumption.

There are abundant studies
reporting that MTDH is a tar-

In order to deeply understand the molecular get gene for a variety of carcinomas, including
mechanism of miR-136-5p, we performed GO, gastric carcinoma [38], osteosarcoma [39], gli-
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Figure 10. A. Western blot indicated that MTDH protein status was obviously decreased more in the miR-136-5p

mimic group than in the NC group. B. Sequence com
erase activity of miR-136-5p and MTDH. P=0.0237.

oma [40, 41], hepatocellular carcinoma [42]
and lung squamous carcinoma [43]. Recent
studies have reported that the overexpression
of MTDH is considered a crucial incident in
diverse carcinomas. Abnormal expression of
MTDH was found in breast cancer, prostate
cancer, esophageal tumor and neuroblastoma
[44-46]. Robertson et al. demonstrated that
MTDH is essential for tumorigenesis and
metastasis of hepatocellular carcinoma and
activation of NF-kappa B [47]. The above find-
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plementary graph of miR-136-5p and MTDH. C. Relative lucif-

ings shed light on the involvement of MTDH in
carcinoma-specific metastasis and are sugges-
tive of the potential application of MTDH in
tumor treatment. However, the specific func-
tions and mechanisms of MTDH in TC progres-
sion are not fully understood. In our study,
expression of MTDH was assessed in TC and
normal thyroid tissues. Meanwhile, the upregu-
lation of MTDH was correlated with clinical
pathological features including TNM stage,
lymph node metastasis and distant metastasis
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in TC. Meanwhile, our research revealed signifi-
cantly higher MTDH protein expression in males
compared to females. Moreover, multiple data-
bases and IHC demonstrate that MTDH had sig-
nificantly higher expression in TC compared
with non-carcinomic tissues. Western blot indi-
cated that MTDH protein was remarkably de-
creased in the miR-136-5p mimic group com-
pare with NC group, which is in agreement with
the results above. Hence, our study illustrates
that MTDH may play a crucial part in the gene-
sis and progression of TC, which is in keeping
with other reports. The luciferase reporter as-
say offers proof that MTDH is directly targeted
by miR-136-5p. Based on these findings, we
speculated that downregulated miR-136-5p
may be conducive to the initiation and develop-
ment of TC by upregulation of MTDH.

Of course, our research also has some limita-
tions. The amount of collected data is not large
enough, and the experimental researches are
not sufficient. In addition, the study lacks depth
on the relationship and accurate mechanism
between miR-136-5p and MTDH. In the future,
we hope to further study the relationship and
functional mechanism between these two and
propose a new scheme for the clinical manage-
ment of TC.

In summary, we discovered that miR-136-5p
had a low expression status and MTDH had a
high expression status in TC. The entire study
illustrates that miR-136-5p and MTDH may be
used as novel molecular biomarkers for the
early detection of TC and a prospective thera-
peutic target. Our data supports the assump-
tion that miR-136-5p may serve as a tumor-
inhibition factor in TC tumorigenesis and pro-
gression by down-regulating MTDH. These find-
ings enable us to explore additional novel prog-
nostic markers and targets supporting poten-
tial therapeutic strategies against TC in the
near future.
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