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Background: Esophageal squamous cell carcinoma (ESCC) is a highly lethal and aggressive tumor. Our 
previous study revealed that tropomyosin 3 (TPM3) is up-regulated in the late stage of ESCC and promotes 
epithelial-mesenchymal transition (EMT) via MMP2/MMP9. However, we have not yet explored the 
upstream regulator of TPM3. In this study, miR-107, a microRNA molecule, was predicted as an inhibitor 
targeting TPM3, and in vivo and in vitro experiments confirmed this hypothesis. 
Methods: Western blot and fluorescence quantitative polymerase chain reaction (qPCR) were applied to 
analyze the expression of miR-107 and TPM3. Flow cytometry, cell counting kit-8 (CCK8) assay, wound-
healing assay, colony formation assay, transwell assay, and a BALB/c nude mouse (male, 8 weeks old, 20±2 g) 
model were used to detect the function of miR-107 and TPM3 in ESCC. Dual-luciferase assay was used to 
analyze the suppressed TPM3 expression induced by miR-107. Rescue experiments were also conducted in 
our research.
Results: The cell and nude mouse models verified that TPM3 promotes proliferation, invasion and 
metastasis, and inhibits apoptosis, which is the opposite effect of miR-107 in ESCC. Meanwhile, the 
expression of TPM3 was up-regulated in the ESCC sample and cell lines, and miR-107 was down-regulated 
correspondingly. Dual-luciferase detection confirmed that miR-107 decreased the expression of TPM3 
by targeting the 3’-untranslated region (3’-UTR) at the end of the TPM3 transcript. Further experiments 
verified that TPM3 could rescue the tumor suppression effect derived from miR-107. 
Conclusions: MiR-107 negatively regulates TPM3 expression and plays a tumor suppression role in ESCC.
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Introduction

Globally, esophageal cancer (EC) ranks seventh in terms of 
incidence and sixth in terms of mortality among common 
malignancies (1). Esophageal squamous cell carcinoma 
(ESCC), which is the predominant pathological type, 
accounts for more than 93% of EC patients in China (2).  
Currently, esophagectomy remains the most reliable 
treatment measure, and radiotherapy and chemotherapy are 
also important adjuvant strategies (3,4). However, owing 
to our lack of understanding of the crucial pathogenesis of 
ESCC, we have not exploited effective molecular targeted 
therapeutic drugs (5). 

Dysregulation of some crucial proteins may play a 
negative role in ESCC and other cancers (6,7). The 
tropomyosin 3 (TPM3) gene is located in subband 1, band 
3, region 2, long arm of chromosome 1(1q21.3). The 
TPM3 protein can interact with actin, affecting muscle cell 
contraction and other cytoskeletal activity (8,9). Meanwhile, 
TPM3 gene-related rearrangement has been widely reported 
in malignant tumors and other diseases, such as colorectal 
cancer, thyroid cancer, and lung cancer (10-12). Some 
proteomics-based studies have found that TPM3 expression 
is abnormal in a variety of cancers and may influence tumor 
behaviors and therapeutic resistance (13-15).

A non-encoding micro ribonucleic acid (RNA), miR-107 
has received widespread attention in recent years, and its 
abnormal expression level has been reported in numerous 
cancers (16,17). Some researchers believe that miR-107 
plays a cancer-promoting role (17,18), but most studies 
have shown that miR-107 serves as a cancer suppressor 
molecule in multiple cancers, including EC, oral squamous 
cell carcinoma, gastric cancer, and so on (19-21). MiR-107 
can combine with the 3’-untranslated region (3’-UTR) of 
some encoding oncogene transcripts to induce degradation, 
thereby weakening cancer cell activity, invasion, and drug 
sensitivity, etc. (22,23).

We have defined 12 up-regulated proteins in ESCC, 
including TPM3, particularly in late stage ESCC tissues, 
through two-dimensional gel electrophoresis (2-DE) and 
mass spectrometry (15). Experiments have revealed that 
TPM3 serves as a powerful oncogene both in vivo and  
in vitro, and promotes epithelial-mesenchymal transition 
(EMT) in ESCC cells via MMP2/MMP9 (24). However, 
the regulatory signals on TPM3 have not yet been explored, 
which has limited our understanding of tumorigenesis and 
the development of precision therapy targeting TPM3. 
We found through bioinformatics analysis that there were 

several miRNAs may target TPM3, including miR-107 
(25,26). Considering the well-defined role of miR-107 in 
cancers as previously described, we speculate that it may 
be an efficient upstream signal of TPM3. In this study, 
we confirmed that miR-107 might inhibit the expression 
of TPM3, thereby mitigating its cancer-promoting effect. 
We present the following article in accordance with the 
ARRIVE reporting checklist (available at  https://jgo.
amegroups.com/article/view/10.21037/jgo-22-575/rc).

Methods

Tissue samples of ESCC patients

ESCC tumor and corresponding adjacent non-cancerous 
samples were obtained from 15 primary ESCC patients 
in the Thoracic Surgery Department of Fujian Medical 
University Union Hospital in 2018. We used the non-
cancerous tissue as the control group and ESCC tumor 
tissue as the experimental group to analyze the expression 
changes of miR-107 and TPM3. This study was approved 
by the ethics committee of the Fujian Medical University 
Union Hospital [No.: 2017 (08)] and was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). All patients consented to this study.

Cell lines and cell culture

Human ESCC cell lines, including EC109, KYSE-150, and 
the non-cancerous esophagus epithelial cell line HEEC, 
were purchased from the Cellcook Biotech (Guangzhou, 
China). EC9706, the other ESCC cell line, was obtained 
from the preservation of the Key Laboratory of the 
Ministry of Education for Gastrointestinal Cancer (Fuzhou, 
China). Roswell Park Memorial Institute (RPMI)-1640 
(Sigma, USA) was used to culture all of the abovementioned 
cell lines, with supplementation of 10% (v/v) fetal bovine 
serum (FBS, NEWZERUM, New Zealand) in a humidified 
chamber at 37 ℃.

Plasmids, lentivirus, and transfection 

The lentivirus containing the plasmid that carries 
knockdown sequences for TPM3 was produced by Hanbio 
(Shanghai, China), which was used to construct stably 
transfected cell lines. The mature miR-107 mimics, miR-
107 inhibitor, and scrambled control were purchased 
from Anhui General Biosystems (Chuzhou, China). And 

https://jgo.amegroups.com/article/view/10.21037/jgo-22-575/rc
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the transfection was performed using Lipofectamine 
2000 (Thermo, USA) according to the manufacturer’s 
instructions. The short hairpin RNA (shRNA) sequences 
against TPM3 (shTPM3) and the negative control (shNC) 
are shown in Table 1.

Western blot

Cells from the petri dish on ice were scraped and lysed with 
Radio Immunoprecipitation Assay (RIPA) lysis buffer (with 
a protease and phosphatase inhibitor). The lysed samples 
were centrifuged at 12,000 g for 15 minutes at 4 ℃, and 
thereafter, the supernatant with dissolved protein was 
separated and taken to the next step. 20% (v/v) loading 
buffer (Saint-Bio, Shanghai, China), which was then added 
to each protein extract and boiled together for 10 minutes. 
The samples were electrophoresed in 12% polyacrylamide 
gel electrophoresis (SDS-PAGE), and the protein was then 
transferred to polyvinylidene fluoride membranes (Millipore, 
USA). Subsequently, the protein bands were incubated with 
primary antibodies at 4 ℃ for 12 hours and then incubated 
with secondary antibody at room temperature for 60 min. 
The following antibodies were used: TPM3 (Proteintech, 
Wuhan, China), GAPDH (Abcam, Shanghai, China), and 
secondary antibodies (Bioworld, Nanjing, China).

Fluorescence quantitative polymerase chain reaction 
(qPCR)

RNA in the cells and tissues was extracted using Trizol 
reagent (Invitrogen, USA) for both miRNA and messenger 
RNA (mRNA) analyses. To quantify miRNA, 1 μg total 
RNA was added to a poly (A) tail by poly (A) polymerase 
(NEB, Beverly, MA, USA), which was followed by reverse 
transcription with an oligo (dT) adapter primer. For mRNA 
quantification, oligo (dT) primers were used to generalize 
cDNAs from total RNA. The Reverse Transcription 
Kit (Applied Biosystems, USA) was used to conduct 
complementary DNA (cDNA) synthesis. The real-time 
qPCR was processed using the PrimeScriptTM RT Master 
Mix Kit (Takara Bio, Kusatsu, Japan) on an ABI7900 
System. GAPDH and U6 were selected as the internal 
control. The primer sequences are shown in Table 2. Each 
PCR experiment was independently performed at least 
three times, and the relative expression value was expressed 
using the 2-ΔΔCt method.

Flow cytometry (FCM) 

To measure apoptosis, the cells were initially collected after 
trypsin digestion and rinsed in an ice bath with phosphate 
buffered saline (PBS) three times. Subsequently, the cells 
were resuspended and counted, and each tube contained 
1×105 cells. Thereafter, the cells were stained with Annexin 
V and Propidium iodide (PI) (BD Biosciences, USA), of 
which incubation of 10 min in the dark is necessary for the 
PI staining. Eventually, the stained cells were analyzed using 
CytoFLEX (Beckman coulter, USA).

CCK8 assay

Cell Counting Kit-8 (CCK8, Dojindo, Japan) was used to 
detect the proliferation of ESCC cells. Each group of cells 
was plated and cultured in 96-well plates with 5×103 cells 
per well for the indicated time. The supernatant was then 
removed, and the CCK8 solution was added to each well 
and incubated at 37 ℃ for 1 hour. Finally, the absorbance of 

Table 1 Sequences of shTPM3 and shNC

Item Sequence

shTPM3 5'-GATCCGCTCGTAAGTTGGTGATCATTGTTCAAGAGACAATGATCACCAACTTACGAGTTTTTTG-3'

shNC 5'-GATCCGTTCTCCGAACGTGTCACGTAATTCAAGAGATTACGTGACACGTTCGGAGAATTTTTTC-3'

shTPM3, short hairpin ribonucleic acid sequences against TPM3; shNC, the negative control.

Table 2 Primer sequences for qPCR

Gene Sequence

TPM3 Forward: 5'- AGCAGCATTGTACAGGG-3';

Reverse: 5'- GTGCAGGGTCCGAGGT-3'

miR-107 Forward: 5'-TGAAAACCGGGCCTTAAAAGAT-3';

Reverse: 5'- GATCACCAACTTACGAGCCAC-3'

GAPDH Forward: 5'- GGAGCGAGATCCCTCCAAAAT-3'; 

Reverse: 5'- GGCTGTTGTCATACTTCTCATGG-3'

U6 Forward: 5'-CTCGCTTCGGCAGCACA-3';

Reverse: 5'-AACGCTTCACGAATTTGCGT-3'

qPCR, quantitative polymerase chain reaction.
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each well at 450 nm was measured by a microplate reader 
(Molecular Devices, USA). The data analysis was based on 
the results of three independent experiments.

Colony formation assay

The ESCC cells were seeded and cultured in a 12-well plate 
(1×103/mL) for 1 week. 0.1% crystal violet (Sigma-Aldrich) 
was used to stain the colonies, and PBS was used to wash 
each well twice. To evaluate the colony formation ability, 
the macroscopic violet colonies were counted.

Wound-healing assay

Each group of cells was implanted into a 35-mm plate with 
5×105 cells per well and scraped using a 20 μL pipette tip 
when the ESCC cells had grown to 90% confluence. They 
were then cultured in a serum-free medium, and photos 
were taken under the microscope at 0 and 24 hours.

Transwell assay

The invasion and migration abilities of cells were detected 
by a 24-well transwell chamber (Corning, USA). Matrigel 
coating on the filter membrane determined its specific use 
in our experiments. The cells were suspended in RPMI-
1640 and seeded into the upper chamber with 5×104 cells 
per well, and a complete medium containing 20% FBS was 
added into the bottom chamber. After 48 hours, crystal 
violet (0.1%) was used to stain cells for 20 minutes and PBS 
was used for washing. Image J software (National Institutes 
of Health, USA) was used to observe and count the cells. 

In vivo nude mice model assay

In vivo subcutaneous xenograft tumor model and tail vein 
injection model were constructed to evaluate the growth 
and lung metastases of ESCC cells respectively. All animal 
experiments were approved by the Institutional Animal 
Care and Use Committee of Fujian Medical University 
(No.: 2020 Association Ethics Examination No. (040)), 
in compliance with Chinese National Standard (GBT 
35823-2018) Laboratory Animals - General Requirements 
for Animal Testing. A protocol was prepared before the 
study without registration. Male BALB/c nude mice  
(8 weeks, 20±2 g) were selected and purchased from SLAC 
(Shanghai, China). After a week of adaptation during which 
no disease occurred, a total of 20 nude mice were prepared 

for the next experiments, 10 for each model, 5 each in the 
experimental group or the control group. Stably transfected 
cell lines based on EC109 were selected for in vivo model. 
In the subcutaneous xenograft tumor model assay, 1×107 
ESCC cells transfected with shTPM3 or shNC were 
resuspended in 100 μL saline medium and then injected 
into the subcutaneous position of the right forelimbs of 
both groups. The tumor volume was measured every 5 days, 
and the nude mice were put to death by cervical dislocation 
after 30 days. The tumors were subsequently removed, 
photographed, and weighed. The tumor tissues were taken 
for paraffin sectioning. Ki-67 immunohistochemistry (IHC) 
and terminal deoxynucleotidyl transferase nick-end-labeling 
(TUNEL) staining were applied to evaluate the proliferation 
and apoptosis of ESCC cells in vivo. If the tumor volume 
reached 2000mm³, the mice were also sacrificed to relieve 
the pain. In the tail vein injection model assay, ESCC cells 
transfected with shTPM3 or shNC were prepared as a single 
cell suspension in saline and injected into the tail veins of the 
nude mice, with 1×106 cells per mice. After 30 days, all of 
the nude mice were sacrificed, and hematoxylin/eosin (HE) 
staining was applied to the lung tissue sections. The nude 
mice were housed in a specific pathogen-free environment 
(50%±10% relative humidity, 25±1 ℃), and 5 mice per cage. 
Each operation was performed by the same person to reduce 
errors, and the mice were treated in the same order. The 
grouping of mice is known to designers and data analysts, 
but not to breeders and operators.

Dual-luciferase assay

We predicted that a nucleotide sequence located in the 3’-
UTR of the TPM3 transcript might be the binding site of 
miR-107, which was verified by a dual-luciferase reporter 
experiment. The mutant sequence of the putative binding 
site (TPM3-MUT) and the wild-type sequence (TPM3-
WT) were respectively cloned downstream of the luciferase 
reporter gene into the psiCHECK-2 vector. When cells 
cultured in 12-well plates reached 80% confluence, a 0.5 mg 
reporter plasmid and 50 nM miR-107 mimics or inhibitors 
were used to cotransfect cells. After 48 h, luciferase 
detection was conducted by the Dual-Luciferase Reporter 
Assay System (Promega, USA). The experiments were 
carried out three times for each group to be compared.

Statistical analysis

SPSS 22.0 (International Business Machines Corporation, 
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USA) and GraphPad Prism 8.0 (Dotmatics, USA) were 
applied to analyze and visualize the data generated in this 
study. Statistical significance was analyzed using the unpaired 
Student's t-test or one-way analysis of variance (ANOVA) 
followed by Bonferroni's multiple as appropriate. Tumor 
volume, weight and percentage of lung area occupied by 
metastasis and some other data expressed by as mean values 
± standard deviation. P-value less than 0.05 was judged as 
statistically significant.

Results

Knockdown of TPM3 inhibits the proliferation and induces 
the apoptosis of ESCC cell lines 

We established stable transgenic cell lines that knocked 
down TPM3 in EC109 and EC9706 to explore the role of 
TPM3 in ESCC cells. The knockdown group was shTPM3, 
and shNC, which was transfected with nonsense sequence 
plasmid, was the negative control group. The blank group 
did not undergo any treatment. Western blot confirmed that 
the TPM3 protein level declined markedly in the shTPM3 
group, while the shNC group did not change significantly 
compared with the blank group (Figure 1A). CCK8 detection 
and colony formation assays showed that the proliferation 
of the shTPM3 group was suppressed compared with 
other groups in vitro (Figure 1B-1D). Annexin V/PI double 
staining and FCM experiments showed that the ESCC cells 
were more prone to apoptosis when the TPM3 protein level 
decreased (Figure 1E). 

TPM3 down-regulation weakens the invasion and 
migration of ESCC cell lines

The transwell assay showed that fewer cells were penetrating 
the filter membrane to the outer surface of the bottom of 
the transwell in the shTPM3 group than that in the shNC 
and blank groups (Figure 2A), regardless of whether the filter 
membrane was coated with matrigel or not. This indicates 
that the low expression of TPM3 inhibits the invasion and 
migration of ESCC cells. The wound-healing assay also 
confirmed that the down-regulation of TPM3 suppressed 
the migration of cells on both sides of the scratch to the 
opposite side (Figure 2B).

TPM3 promotes ESCC cell proliferation and lung 
metastasis in vivo 

We successfully constructed subcutaneous xenograft models 

and a lung metastasis model in nude mice, and no mice 
died spontaneously or were sacrificed before reaching the 
observation time endpoint. The volume and weight of the 
xenograft tumor in the shTPM3 group were significantly 
lower than that in the shNC group in the nude mice 
experiment (Figure 3A,3B). Furthermore, the IHC image 
showed that lower TPM3 expression was associated with 
a lower Ki-67 level, and TUNEL detection demonstrated 
that higher levels of apoptosis were observed in the 
shTPM3 group (Figure 3C). In the tail-vein injection nude 
mouse model, the percentage of lung area occupied by 
cancer metastasis of shTPM3 was less than that of shNC 
(Figure 3D).

TPM3 and miR-107 expression in tissues and cell lines 

We used the starBase website to predict the upstream key 
signals (25,26), in which miR-107 may play a crucial role. 
ESCC tissues and paired adjacent tissues from 15 patients 
were used to investigate the expressions of miR-107 and 
TPM3 by qPCR. TPM3 was overexpressed in cancer 
compared with normal tissues, while miR-107 was suppressed 
in ESCC tissues (Figure 4A,4B). EC109, EC9706, KYSE-
150, and HEEC were also applied to analyze the relationship 
between miR-107 and TPM3. The transcription of TPM3 
was up-regulated in the ESCC cell lines compared to that in 
HEEC. In contrast, the level of miR-107 in the ESCC cells 
was less than that in HEEC (Figure 4C,4D). The western blot 
detection results of TPM3 in cell lines were consistent with 
the qPCR results (Figure 4E). 

MiR-107 plays an anti-cancer role in ESCC by inhibiting 
TPM3 expression

We designed mimics and an inhibitor for miR-107. 
The miR-107 mimics inhibited the expression of TPM3 
compared with NC mimics, while the miR-107 inhibitor 
increased the expression level of TPM3 (Figure 5A). The 
dual-luciferase reporter gene assay confirmed that miR-
107 decreased the transcription of TPM3-WT, while the 
fluorescence intensity did not change significantly in the 
plasmid containing TPM3-MUT. This confirmed the 
predicted binding area in 3’UTR (Figure 5B), which is a 
classical kind of regulating pattern between miRNAs and 
mRNAs (27,28). Furthermore, the experiments revealed 
that miR-107 mimics limited the proliferation, invasion, and 
migration, but facilitated the apoptosis of ESCC cell lines. 
However, these tumor suppression effects could be rescued 
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Figure 1 Knockdown of TPM3 inhibits the proliferation and induces the apoptosis of ESCC cell lines. (A) The TPM3 protein expression 
level was detected by western blot in shTPM3 ESCC cells. (B,C) CCK8 assays detected the proliferation of ESCC cells (n=3). (D) Colony 
formation assay analyzed the proliferation of ESCC cells, and the number of colonies stained with crystal violet was the basis for comparison 
(n=3). (E) The proportion of early apoptosis cells in ESCC cells was tested by FCM and Annexin V/PI double staining (n=3). *, ** represent 
P<0.05, P<0.01 respectively. ESCC, esophageal squamous carcinoma; CCK8, Cell Counting Kit-8; FCM, flow cytometry; PI, propidium 
iodide.
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Figure 2 TPM3 down-regulation weakens the invasion and migration of ESCC cell lines. (A) Transwell assays were used to evaluate the 
invasion and the migration of ESCC cells in vitro. The number of cells penetrating the filter membrane coated with matrigel revealed the 
invasion ability of cells, while the transwell without matrigel could detect the migration of cells (n=3). (B) In the wound-healing assay, the 
migration of cells was also analyzed, and the distance that cells moved was measured and normalized using the blank group (n=3). All cells 
were stained with crystal violet. *, ** represent P<0.05, P<0.01, respectively. ESCC, esophageal squamous carcinoma.
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to some extent by the exogenous plasmid containing TPM3 
(Figure 6A-6D).

Discussion

ESCC places a heavy burden on human health. Uncontrolled 
proliferation, invasion, migration, and resistance to apoptosis 
are the main characteristics of cancer cells, including ESCC 
cells (29). Thus, there is a pressing need to explore the 
molecular mechanisms of malignant biological behaviors of 
ESCC cells. The present research revealed that miR-107 is 
suppressed in ESCC tissues and cell lines, while TPM3 is up-
regulated, especially in advanced ESCC tissues (15). TPM3 
is a powerful oncogene that regulates malignant behaviors 
and the EMT process (24). Our research suggested that 
miR-107 was a negative regulator of ESCC progression by 
inducing the degradation of TPM3 mRNA (Figures 5,6). 

Messenger RNA is a key factor regulating the level of 
gene expression, and non-coding RNA (ncRNA) often 

serves as the regulator of life (30). By interacting with the 3'-
UTR of an mRNA, miRNA induces mRNA degradation or 
prevents mRNA translation (31). Due to only seven to nine 
nucleotides being complementary between miRNA and its 
target mRNA, a single miRNA can regulate the expression 
of multiple genes, eventually reshaping the translated 
expression profile of a cell system (32). Less commonly, 
some miRNAs can also promote translation (33). Obviously, 
miRNAs and mRNAs exhibit an important regulatory 
relationship that needs to be balanced.

MiR-107 expression is altered in various tumors 
and is usually regarded as a tumor suppressor regulator 
(34,35). Down-regulation of miR-107 has been reported 
in gastric cancer, diffuse large B-cell lymphoma tumors, 
etc. (19,21,36). The suppression of miR-107 leads to the 
removal of the functional inhibition of its downstream 
genes, further promoting the malignant phenotype and 
resistance to chemotherapy in carcinomas (19,37). High 
Mobility Group Protein B1 (HMGB1), Cyclin-Dependent 
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Kinase family (CDKs), Brain-Derived Neurotrophic 
Factor (BDNF), Wnt Family Member (Wnt), and other 
famous oncogenes are all negatively regulated by miR-
107 (21,33,36-39). On the other hand, some studies have 
revealed that miR-107 promotes cancer progression by 
inhibiting Phosphatase and Tensin Homolog Deleted on 
Chromosome Ten (PTEN) expression (40,41). 

As for TPM3, considerable research attention has been 
paid to the fact that TPM3 can participate in gene fusion and 
rearrangement, such as TPM3-NTRKs (10,11,42), TPM3-
ROS1 (12,43), and so on. Although the proportion is not 
high, TPM3 rearrangement is often accompanied by special 
therapeutic effects (44,45). TPM3 has also been described 
as an oncogene, whose encoding product is associated with 
gastric cancer recurrence (19), breast cancer metastasis (46), 

the EMT process of ESCC (24), and liver cancer (47). Our 
previous studies found that TPM3 up-regulation often 
indicates an advanced tumor stage in ESCC, and further 
mechanism analysis has revealed that TPM3 induces EMT 
in ESCC cells via MMP2/9 activation (15,24). 

According to the starBase database (25,26), miR-107 
may target TPM3 mRNA. Firstly, we verified that miR-
107 facilitates EC109 and EC9706 cell apoptosis, and limits 
cell proliferation, invasion, and migration. Notably, miR-
107 exerts a tumor suppressor role in ESCC, which is the 
opposite of TMP3. In particular, dual-luciferase reporter 
analysis revealed that miR-107 is able to directly target 
TPM3 mRNA and repress TPM3 protein expression in 
ESCC cells. Further in vitro experiments showed that 
exogenous supplemental TPM3 could rescue the cancer 

Figure 4 TPM3 and miR-107 expression in tissues and cell lines. (A, B) The qPCR detection results of TPM3 and miR-107 in human ESCC 
tissues and the paired adjacent normal tissues (n=15). (C, D) The qPCR detection results of TPM3 and miR-107 in human ESCC cell lines and 
HEEC. (E) The western blot image and the grayscale quantization result. *, **, and *** represent P<0.05, P<0.01, and P<0.001, respectively. 
qPCR, quantitative polymerase chain reaction; ESCC, esophageal squamous carcinoma; HEEC, human esophageal epithelial cells.
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Figure 5 MiR-107 inhibits TPM3 expression by targeting its 3’-UTR. (A) MiR-107 mimics and inhibitor could influence the expression 
of TPM3, which was confirmed by qPCR and western blot. (B) We designed the mutant sequence (TPM3-MUT) based on the predicted 
sequence (TPM3-WT) and compared the fluorescence intensity of miR-107 mimics and inhibitor intervention before and after the 
predicted binding region site mutation in the dual-luciferase reporter gene assay. *, **, and *** represent P<0.05, P<0.01, and P<0.001, 
respectively. 3’-UTR, 3’-untranslated region; qPCR, quantitative polymerase chain reaction.
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Figure 6 MiR-107 plays an anti-cancer role in ESCC and this effect could be rescued by TPM3. (A,B) Proliferation analysis of ESCC 
cells based on the CCK8 assay when the miR-107 mimics and exogenous plasmid containing TPM3 were applied (n=3). (C) The detection 
of early apoptosis levels based on the FCM assay in the case of miR-107 mimics and exogenous TPM3 plasmid intervention (n=3).  
(D) Transwell experiments results before and after the application of miR-107 mimics and TPM3 plasmid (n=3), here cells were stained 
with crystal violet. *, **, and *** represent P<0.05, P<0.01, and P<0.001, respectively. ESCC, esophageal squamous carcinoma; CCK8, Cell 
Counting Kit-8; FCM, flow cytometry.
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inhibition effect of miR-107. These results confirmed 
that miR-107 inhibits the ESCC malignant phenotype by 
negatively regulating TPM3 (Figure 7). 

Continuing on from our previous research, we identified 
miR-107 as a negative regulator directly targeting the 
3’UTR of the mRNA of TPM3 for the first time. This 
discovery provides evidence for exploring the mechanism of 
the tumorigenesis and the advanced process of ESCC and 
also contributes to the development of cancer treatment 

strategies. We speculate the changes of miR-107/TPM3 
in signal transduction could affect the MMP2/MMP9 
expression and activity, further influence the EMT progress 
of ESCC. But exact molecular mechanisms still need to 
be discovered and verified by further research. Artificial 
extracellular vesicles (AEVs) are extremely promising 
vehicles that can transport molecule keys directionally 
(48,49). In the present work, miR-107 as a potential effector 
molecule in ESCC. However, our study could not confirm 

Esophageal squamous cell carcinoma 
(ESCC)Pharynx

Esophagus
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ESCC cell
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Figure 7 Diagram of miR-107 inhibition of esophageal squamous carcinoma progression by targeting TPM3 expression.
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the exclusiveness of the regulatory relationship between 
miR-107 and TPM3, and we did not verify the tumor 
suppressor effect of miR-107 in animal experiments.

Conclusions

In this study, we focused on the upstream signals of TPM3, 
which had been identified as an oncogene regulating 
EMT in ESCC (15,24). MiR-107, which exerts a cancer 
suppression function in ESCC cells, was verified as an 
inhibitory regulator that directly interacts with the 3’-UTR 
of TPM3 transcription. Based on this inference, miR-107 
may be exploited as an anti-tumor biological effector. 
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