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Background: The impact of miR-145-5p in immune infiltration and the potential application in 
esophageal squamous cell carcinoma (ESCC) immunochemotherapy remains unknown.
Methods: Transcriptomic data for ESCC tissues and normal tissues and clinical materials of patients with 
ESCC were obtained from The Cancer Genome Atlas (TCGA) and the Gene Expression Omnibus (GEO) 
databases. The differences in mRNA levels in cancer tissues and noncancerous tissues were analyzed, and 
we subsequently investigated the association between miR-145-5p expression and the key parameters of 
ESCC progression and prognosis. Additionally, cytological experiments were performed to evaluate the 
biological functions of miR-145-5p. Pathways potentially affected by miR-145-5p were analyzed by Gene Set 
Enrichment Analysis (GSEA) and REACTOME. We also analyzed the function of miR-145-5p in immune 
infiltration through the TIMER2 (Tumor Immune Estimation Resource) database. 
Results: The analysis of gene chip data from the TCGA database and GEO database (including GSE13937 
and GSE43732) showed that the expression of miR-145-5p is downregulated in ESCC (P<0.05) and that 
patients with high miR-145-5p levels had lower survival rates (P<0.05). The expression of miR-145-5p 
was significantly correlated with the disease-free survival (DFS) rate (P<0.05) and M stage (P<0.05) in the 
TCGA database and was significantly correlated with the T stage (P<0.05) and TNM stage (P<0.05) in the 
GSE13937 database. Functional experiments showed that miR-145-5p attenuated proliferation (P<0.05), 
migration (P<0.01) and invasion (P<0.01) in the Eca109 cell line. Both GSEA gene enrichment and 
REACTOME gene enrichment revealed that miR-145-5p was associated with tumor signaling pathways and 
immune signaling pathways. Immune infiltration analysis revealed that the expression level of miR-145-5p 
was significantly correlated with the infiltration level of macrophages (P<0.05) and was positively correlated 
with the level of gene markers of M2 macrophages and tumor-associated macrophages (P<0.05). 
Conclusions: MiR-145-5p acts as a tumor suppressor microRNA in ESCC and is an important noncoding 
RNA in the high M2-like tumor-associated macrophage infiltration of ESCC. Assessing the miR-145-5p 
level in ESCC samples has translational meaning, which help illustrate the immune infiltration status, predict 
the prognostic outcome, and select the type of immunochemotherapy.
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Introduction

Esophageal cancer ranks as the sixth most common 
malignancy worldwide (1). It is classified as esophageal 
squamous cell carcinoma (ESCC) or adenocarcinoma. 
ESCC is one of the leading causes of cancer-related deaths 
in Asia, especially in southern and central Asia. Despite 
recent advances in therapeutics against ESCC, the 5-year 
survival rate still ranges from 9% to 27.1% (1,2). Among 
the many different therapeutic approaches, the focus has 
now shifted to immunotherapy. Because of the high risk of 
metastatic recurrence in ESCC, where cell dissemination 
occurs early, the surgical treatment options are limited. 
Therefore, active immunotherapy may deserve a place 
among the different treatment modalities. 

MicroRNAs (miRs) are noncoding RNAs with a length 
of approximately 22 nucleotides (3). Previous studies 
have confirmed that miRs can regulate the biological 
characteristics of tumor cells (4-6), can affect the progression 
of tumors, and are related to the prognosis of patients. 
Recent evidence indicates that miRs are associated with the 
immune microenvironment, which can help to predict the 
response of tumor patients to immunochemotherapy and 
may be a target of immunotherapy (7). 

A recent study has shown that the levels of miR-145-
5p expression are associated with disease-free survival 
(DFS) rates in breast cancer patients and could be a 
potential biomarker of the clinical response to neoadjuvant 
chemotherapy in triple-negative breast cancer (8). In fact, 
it has already been reported that miR-145-5p was related 
to the response to neoadjuvant chemotherapy in ESCC 
and was associated with clinicopathologic features and 
the recurrence of metastasis in ESCC patients (7,9-11). 
These findings suggest that miR-145-5p plays an important 
role in predicting the efficacy of chemoradiotherapy. It is 
well known that the immune microenvironment plays an 
important role in the immunochemotherapeutic response of 
tumor patients (12). However, the mechanism of miR-145-
5p has not been elucidated and the potential application 
of miR-145-5p in ESCC immunochemotherapy remains 
unknown. 

In our study, we investigate the relationship between 
miR-145-5p and the clinical features of patients with ESCC 
to explore the predictive role of miR-145-5p on prognosis 
in patients with ESCC, and we elaborate on the impact 
of miR-145-5p on immune infiltration aimed to better 
understand the cellular and molecular biology within the 
tumor microenvironment related to immunochemotherapy 
in ESCC and explore the possibility of miR-145-5p as a 
target for immunochemotherapy and a predictor of the 
prognosis for the treatment of immunotherapy. We present 
the following article in accordance with the REMARK 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-294/rc).

Methods

Gene Expression Omnibus (GEO) and The Cancer 
Genome Atlas (TCGA) data retrieval 

HTSeq-FPKM and the Clinical Dataset for ESCC 
were downloaded from the TCGA database (https://
cancergenome.nih.gov/). We retrieved the miR expression 
data of 95 ESCC tissues and 13 normal tissues, as well as 
the clinical materials of 95 patients with ESCC. Table 1  
presents the clinicopathological parameters of patients 
with ESCC; the miR expression levels were standardized 
by log2n transformation. The GSE43732 (China, 2013) 
dataset and GSE13937 (USA, 2008) dataset were obtained 
from the GEO website (https://www.ncbi.nlm.nih.gov/
geo/query/acc.cgi) using the key terms “esophageal 
squamous cell carcinoma” and “prognosis”. The GSE43732 
dataset included miR expression data, as well as clinical 
and prognostic data for 119 patients with ESCC and 
corresponding normal tissues. All data for miR expression 
were standardized by 2n transformation. Table 2 presents the 
clinicopathological parameters of patients with ESCC. The 
GSE13937 dataset included miR expression data, as well as 
the clinical and prognostic data of 44 patients with ESCC 
and corresponding normal tissues. MiR expression profiles 
of frozen tissues from ESCC patients were all assessed by 
microarray.
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Table 1 Clinical characteristics of patients with ESCC based on 
miR-145-5p expression status included in TCGA

Clinical 
characteristics

N
Relative expression of miR-145-5p

Mean ± SD t/F value P value

Tissue −2.440 0.016*

Tumor 95 11.25±1.46

Normal 13 12.30±1.43

Gender 1.412 0.161

Male 80 11.34±1.46

Female 15 10.76±1.42

Age (years) 1.651 0.102

≥60 39 11.54±1.44

<60 56 11.04±1.45

Alcohol −1.744 0.085

Yes 68 11.10±1.44

No 25 11.70±1.49

Location F=0.088a 0.916

Proximal 6 11.49±1.16

Mid 44 11.26±1.53

Distal 44 11.22±1.46

G status F=2.542a 0.085

G1 16 10.70±1.17

G2 49 11.51±1.43

G3 20 10.89±1.65

M status −2.511 0.039*

M0 84 11.19±1.46

M1 5 11.96±0.59

T status F=0.922a 0.433

T1 7 11.20±0.92

T2 34 11.09±1.45

T3 49 11.26±1.51

T4 5 12.25±1.57

N status −0.551 0.583

N0 51 11.27±1.58

N1–2 34 11.44±1.25

Stage −1.048 0.297

I–II 62 11.15±1.47

III–IV 32 11.48±1.43
a, one-way ANOVA test was utilized; *, comparison of miR-145-
5p expression between or among each variable is statistical 
significance. ESCC, esophageal squamous cell carcinoma; 
TCGA, The Cancer Genome Atlas; SD, standard deviation; t, 
Student’s t-test; ANOVA, analysis of variance.

Table 2 Clinical characteristics of patients with ESCC based on 
miR-145-5p expression status included in GSE43732

Clinical 
characteristics

N
Relative expression of miR-145-5p

Mean ± SD t/F value P value

Tissue −7.730 0.000*

Tumor 119 1.95±3.64

Normal 119 5.05±3.06

Gender −0.919 0.368

Male 98 1.71±2.58

Female 21 3.06±6.64

Age (years) −1.178 0.241

≥60 58 1.54±2.04

<60 61 2.33±4.66

Alcohol −0.911 0.364

Yes 74 1.71±2.71

No 45 2.34±4.80

Tumor location F=0.565a 0.570

Upper 14 1.09±0.83

Middle 69 1.93±3.99

Lower 36 2.31±3.59

Tumor grade F=1.481a 0.232

Well 23 2.44±2.99

Moderately 64 1.42±2.28

Poorly 32 2.64±5.67

T status F=4.048a 0.009*

T1 8 0.72±0.59

T2 20 1.12±1.55

T3 62 1.46±1.64

T4 29 3.88±6.55

N status −0.789 0.431

N0 54 1.66±4.26

N1–3 65 2.19±3.03

TNM stage −2.974 0.004*

I–II 53 0.97±1.02

III 66 2.73±4.67
a, one-way ANOVA test was utilized; *, comparison of miR-145-
5p expression between or among each variable is statistical 
significance. ESCC, esophageal squamous cell carcinoma; 
SD, standard deviation; t, Student’s t-test;  ANOVA, analysis of 
variance.
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Patients and patient-follow-up

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The patients 
with ESCC collected from public databases all received 
treatment based on the guideline rules. The clinical 
characteristics of patients, including gender, age, drinking 
history, tumor location, tumor grade and TNM stage, 
were included in the analysis. The primary outcome of the 
present study was overall survival (OS), defined as the time 
from curative resection to the time of death. Relatively, the 
secondary outcome was DFS, calculated from the date of 
radical operation to the date of disease recurrence or distant 
metastases diagnosed. 

Cell culture and virus infection

Eca109 was cultured with 1640 medium (Shanghai Yuanpei 
Biotechnology Co., Ltd., China), in which 10% fetal bovine 
serum (GIBCO) was added and placed in an incubator 
containing 5% CO2 at 37 ℃.

 When the cell growth reached the fusion degree of  
60–80%, Eca109 cells were infected with miR-145-5p 
control lentivirus and miR-145-5p overexpression lentivirus. 
Polybrane was added in the ratio of 1:1,000 throughout the 
infection to enhance the fusion ability of virus particles and 
cell membrane.

RNA extraction and real-time polymerase chain reaction 
(RT-PCR)

Trizol Kit (Life Technologies) was used to extract total 
RNA from cell lines. cDNA was synthesized by reverse 
transcription PCR using prime scripttm RT reagent kit 
(Takra). The reaction conditions are: 37 ℃ for 30 min, 85 ℃ 
for 15 s, 4 ℃. After reverse transcription, TB green premix 
ex taqtm II (Takra) was used for fluorescence quantitative 
PCR for 15 minutes. The reaction conditions were 95 ℃ for 
15 seconds, 56 ℃ for 15 seconds, 68 ℃ for 30 seconds, and 
40 cycles. Relative miR expression levels were calculated 
using the 2−ΔΔCt.

CCK-8 and Transwell assays

CCK-8 Kit (cell counting kit-8, biosharp, China) was 
used to detect cell proliferation. Cell suspension with the 
density of 103 cells/well was inoculated in 96 well plate and 
placed in 5% CO2 cell incubator at 37 ℃. On the 1st, 2nd, 

3rd and 4th day after the cells adhered to the wall, 10 μL 
CCK-8 reagent was added to 100 μL medium in each well 
respectively incubate for 1 h. Then the absorbance value 
was measured at the wavelength of 450 nm. Repeat the 
experiment three times.

The invasion ability of cells in vitro was detected by 
Transwell chamber invasion test. Cells were starved in 
serum-free RPMI-1640 medium for 24 hours. Adjust the 
number of logarithmic cells to 1–1.5 million cells/mL, and 
add 0.2-mL cell suspension to 24 well cross well chamber. 
The lower chamber was filled with 0.5 mL of RPMI-1640 
medium containing fetal bovine serum. For the invasion 
experiment, the upper chamber with an 8-μm pore size 
was coated with Matrigel according to the manufacturer’s 
instructions.

Cells were fixed with paraformaldehyde and stained with 
0.1% crystal violet. Remove the cells on the upper surface 
of the membrane with a cotton swab. Finally, under the 
microscope (×200) count the cells and calculate the average 
using five randomly selected fields.

miR-target interactions (MTIs)

The miRTarBase (http://mirtarbase.cuhk.edu.cn) is a 
comprehensive collection of MTIs, which are collected by 
manually surveying the pertinent literature after the natural 
language processing of the text systematically to filter 
research articles related to the functional studies of miRs. 
Generally, the collected MTIs are validated experimentally. 
Therefore, we used the miRTarBase to identify targets of 
miR-145-5p.

Functional analysis

Functional enrichment was achieved with MSigDB and 
the Gene Set Enrichment Analysis (GSEA) method. 
GSEA4.1.0 software was used for our analysis. The 
mRNA and corresponding miR-145-5p expression data of 
81 ESCC patients were imported into the GSEA software, 
and the parameters were set as follows: Gene sets database: 
c2.cp.kegg.v7.2.symbols.gmt, Number of permutations: 
1,000, Phenotype labels: miR-145-5p, Collapse dataset 
to gene symbols: No collapse, Enrichment statistic: 
weighted, Metric for ranking genes: Pearson. The 
REACTOME knowledgebase (https://reactome.org/) 
provides an integrated view of the molecular details of 
human biological processes that range from metabolism 
to DNA replication and repair to signaling cascades and is 
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Figure 1 The difference in miR-145-5p levels between ESCC and adjacent noncancerous ESCC tissues. (A) Based on TCGA data; (B) 
based on GSE43732 data; (C) based on GSE13937 data. The error bars represent the standard deviation. *, P<0.05; ****, P<0.0001. ESCC, 
esophageal squamous cell carcinoma; TCGA, The Cancer Genome Atlas.

an extended version of a classic metabolic map in a single 
consistent data model.

Protein-protein interaction analyses

STRING (https://string-db.org/) is a database of known 
and predicted protein‒protein interactions that stem from 
computational predictions, from knowledge transfers 
between organisms, and from interactions aggregated 
from other (primary) databases. We applied the STRING 
database to analyze the interaction network of targets of 
miR-145-5p. Hub genes were obtained using Cytoscape 
(combined score >0.6, degree >10).

TIMER database analysis

TIMER2.0 (http://timer.cistrome.org/), which provides 
immune infiltrates’ abundances estimated by multiple 
immune deconvolution methods (including TIMER, 
CIBERSORT, QUANTISEQ, XCELL, MCPCOUNTER, 
and EPIC algorithms) is a comprehensive resource for the 
systematic analysis of immune infiltrates across diverse 
cancer types. The mRNA data of 81 ESCC patients were 
imported to calculate the immune infiltrates’ abundances 
for investigation of the role of miR-145-5p in the immune 
microenvironment.

Statistical analysis

All statistical analyses were performed using SPSS Statistics 
20.0 software(IBM Corp., Armonk, NY, USA), GraphPad 
Prism (version 8.0.1.244), and R software (version 3.6.3). 
Classified variables are shown as frequencies. The best 
cut-off value was determined by X-Tile software. The 

relationship between the miR-145-5p expression level and 
survival rates was obtained with the Kaplan-Meier survival 
approach, along with the log-rank (Mantel-Cox) test. 
Pearson correlation coefficients were used to analyze the 
correlations between miR-145-5p expression and other gene 
or immune infiltration levels in ESCC. All statistical tests 
with a P value of less than 0.05 were considered significant.

Results

Significant downregulation of the expression level of miR-
145-5p in ESCC tissues

We downloaded the miR data and the clinical materials 
of ESCC patients from the TCGA, GSE43732, and 
GSE13937 databases. The analysis showed that the miR-
145-5p level was lower in ESCC tissues than in adjacent 
noncancerous tissues in the TCGA database (P<0.05) and 
GSE43732 database (P<0.0001), as well as the GSE13937 
database (P<0.0001) (Figure 1A-1C). 

Relationships between the miR-145-5p levels in ESCC 
tissues and clinical parameters

We studied the relationship between the miR-145-5p  
levels and the clinical parameters in the TCGA and 
GSE43732 databases (Tables 1,2). The miR-145-5p level 
was significantly associated with the M stages in the TCGA 
database. In the cancer tissues of ESCC patients with stage 
M1 disease, the miR-145-5p levels were significantly higher 
in TCGA. Although the miR-145-5p level was significantly 
associated with the T stages and TNM stages in GSE43732 
(P<0.05), this correlation was not significant in TCGA. In 
the cancer tissues of ESCC patients with a higher T stage 

16

14

12

10

8

6

16 

15 

14 

13 

12 

11 

10

40

30

20

10

0

R
el

at
iv

e 
H

sa
-m

iR
-1

45
-5

p 
ex

pr
es

si
on

R
el

at
iv

e 
H

sa
-m

iR
-1

45
-5

p 
ex

pr
es

si
on

R
el

at
iv

e 
H

sa
-m

iR
-1

45
-5

p 
ex

pr
es

si
on

Tumor
(n=95)

Tumor
(n=119)

Tumor
(n=44)

Normal
(n=13)

Normal
(n=119)

Normal
(n=44)

A B C
* **** ****



Lin et al. Prognosis prediction and immunochemotherapy selection2498

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2022;14(7):2493-2510 | https://dx.doi.org/10.21037/jtd-22-294

or TNM stage, the miR-145-5p levels were significantly 
higher in GSE43732. However, no other clinical parameters 
were associated with the miR-145-5p levels with statistical 
significance, including the demographics of gender, age, or 
alcohol or the tumor location, tumor grade, or presence of 
lymph node metastasis (P>0.05). 

The survival rate of patients with higher miR-145-5p 
levels was significantly lower than that of patients with 
lower levels of miR-145-5p

The Kaplan-Meier  analys is  results  are  shown in  
Figure 2A-2C. The patients with miR-145-5p levels lower 
than the best cut-off value were assigned to the low-
expression group; the other patients were assigned to 
the high-expression group. An increased miR-145-5p 
expression was significantly associated with decreased OS 
and this finding remained significant in the multivariate 
analysis (HR, 0.206; 95% CI, 0.055–0.766, P=0.018) in 
TCGA (Table 3). The OS rate was significantly higher 
in the miR-145-5p low-expression group in TCGA 
(P<0.05, cut-off value =10.44), GSE43732 (P<0.01, cut-
off value =1.00), as well as GSE13937 (P<0.05, cut-off 
value =13.79). What is more, the disease-free survival 
rate was also significantly higher in the miR-145-5p  
low-expression group in TCGA (P<0.05, cut-off value 
=10.86) (Figure 3). Among 20 patients receiving neoadjuvant 
chemoradiotherapy in GSE13937, patients with high  
miR-145-5p expression had a higher OS rate, although the 
difference was not significant due to the lack of enough 
samples (P=0.065, cut-off value =13.64) (Figure 4).

Upregulated expression of miR-145-5p inhibited the 
proliferation, migration and invasion of Eca109 cells

The down-regulation of mir-145-5p level in ESCC 
indicates that the miR plays a role of tumor inhibitor 
in ESCC. We infected Eca109 cells with miR-145-5p 
overexpression lentivirus and evaluated the effect on cell 
biological function in vitro. TaqMan RT-PCR showed 
that the expression of miR-145-5p was significantly up-
regulated in Eca109 cell (Figure 5A). To identify whether 
miR-30b-5p has an effect on the progress of ESCC, 
we performed CCK8 and Transwell experiments. Up 
regulation of miR-145-5p attenuated the proliferation, 
migration and invasion of Eca109 cells (Figure 5B-5D). 
These results suggest that miR-145-5p acts as an inhibitor 
in ESCC.

Several tumor and immune-related pathways may be 
involved in the upregulation of miR-145-5p 

Kyoto Encyclopedia of Genes and Genomes (KEGG) 
enrichment analysis was performed to comprehensively 
study the interaction between miR-145-5p and its function. 
Functional enrichment analysis revealed that the miR-145-5p  
was enriched in inflammation (including the Fc epsilon RI 
signaling pathway, complement and coagulation cascades, 
asthma pathways, and others), metastasis (including focal 
adhesions, cell adhesion molecules, extracellular matrix 
receptor interaction pathways, and others), and metabolism 
(including starch and sucrose metabolism pathways and 
others). The top 25 pathways are shown in Figure 6A. We 
used another approach to further confirm which biofunctions 
were correlated with miR-145-5p. REACTOME, which was 
a functional enrichment tool, was used to align the targets 
from the miRTarBase and the biofunctions of miR-145-5p,  
and the results showed that miR-145-5p was correlated 
with the cancer, immune system, metabolism, and signal 
transduction. The top 25 functional pathways were ranked 
with the entities ratio (Figure 6B). These results suggested 
that miR-145-5p is most involved in inflammation and cancer 
metastasis. What is more, we noticed that the transforming 
growth factor-beta (TGF-β) signaling pathway, which had 
been reported to play an important role in the immune 
microenvironment and tumor metastasis in previous studies 
(13,14), was significantly enriched in both methods. 

The levels of TGFBR2, TCGF, and CDH2 were 
significantly correlated with miR-145-5p

To obtain the key targets, the Search Tool for the Retrieval 
of Interacting Genes (STRING) was applied to analyze 
the interaction network of targets from the miRTarBase. 
Thirty genes were defined as hub genes (Figure 7A) using 
Cytoscape; the expression levels in TCGA are shown in 
Figure 7B. Pearson correlation analysis was performed to 
clarify the relationship between miR-145-5p and the hub 
genes in ESCC, and the result showed that the TGFBR2 
levels (P=0.0033, r=0.3225), TCGF levels (P=0.0001, 
r=0.4137), and CDH2 levels (P<0.0001, r=0.4305) were 
most correlated with miR-145-5p (Figure 8A-8C). 

Macrophage infiltration level correlates with miR-145-5p 
in ESCC

Previous studies have indicated that miR-145-5p could 
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Figure 2 Kaplan-Meier curve for overall survival rate in ESCC patients grouped by the expression level of miR-145-5p. (A) Based on 
TCGA data; (B) based on GSE43732 data; (C) based on GSE13937 data. ESCC, esophageal squamous cell carcinoma; TCGA, The Cancer 
Genome Atlas.
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Table 3 Univariate and multivariate Cox proportional analysis with overall survival included in TCGA

Parameter
Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Gender 1.281 (0.511–3.212) 0.597

Male

Female

Age 1.116 (0.539–2.309) 0.767

≥60

<60 

Alcohol 0.579 (0.257–1.304) 0.187

Yes

No

Location 0.090

Proximal

Mid 0.466 (0.059–3.661) 0.468

Distal 2.195 (0.995–4.843) 0.052

G status 0.022* 0.023

G1

G2 0.345 (0.107–1.111) 0.075 0.265 (0.054–1.303) 0.102

G3 0.334 (0.149–0.751) 0.008* 0.270 (0.101–0.721) 0.009*

M status 0.444 (0.132–1.492) 0.189

M0

M1

T status 1.251 (0.607–2.578) 0.543

T1–2

T3–4

N status 0.707 (0.340–1.468) 0.352 0.276 (0.106–0.721) 0.009*

N0

N1–2

Stage 0.729 (0.331–1.607) 0.434

I–II

III–IV

miR-145-5p expression status 0.359 (0.149–0.863) 0.022* 0.206 (0.055–0.766) 0.018*

<10.44

≥10.44

*, P<0.05. TCGA, The Cancer Genome Atlas; HR, hazard ratio; CI, confidence interval. 
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Figure 4 Kaplan-Meier curve for overall survival rate in ESCC patients with neoadjuvant chemoradiotherapy grouped by the expression 
level of miR-145-5p based on GSE13937 data. ESCC, esophageal squamous cell carcinoma.

be an effective biomarker in predicting the response to 
immunochemotherapy or the enhancements (7,8). In order 
to investigate the crucial role of miR-145-5p in tumor 
immunity, we analyzed the relationship between miR-145-
5p expression and the immune infiltration level in ESCC. 
The result of the Pearson correlation analysis is shown in 
Figure 9A. To confirm the relation between macrophage 
infiltration level and miR-145-5p, we used multiple 
algorithms for further analysis. The result of the Pearson 

correlation analysis is shown in Figure 9B. We noticed that 
the level of macrophage infiltration was most significantly 
correlated with miR-145-5p (r=0 .2977, P=0.0070)  
(Figure 10A). However, the B-cell, CD4+ T-cell, CD8+ 
T-cell, neutrophil, and myeloid dendritic cell infiltration 
levels showed no significant connection with miR-145-5p  
expression in ESCC (P>0.05). In addition, the miR-145-5p  
has a positive relationship to the M2 macrophage 
infiltration level in CIBERSORT-ABS (r=0.2888, P=0.0089) 

Figure 3 Kaplan-Meier curve for disease-free survival rate in ESCC patients grouped by the expression level of miR-145-5p based on 
TCGA data. ESCC, esophageal squamous cell carcinoma; TCGA, The Cancer Genome Atlas.
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Figure 5 MiR-145-5p inhibited the proliferation, migration and invasion of Eca109 cells. (A) The overexpression efficiency of miR-145-5p 
detected by qRT-PCR; (B) the absorbance values of Eca109 infected with miR-145-5p overexpressing and miR-NC lentivirus and the control 
group measured at 450 nm; (C,D) representative images of migration and invasion, average counts of migrated and invasive cells from five 
random microscopic fields (mean ± SE). Crystal violet staining. *, P<0.05; **, P<0.01. qRT-PCR, quantitative real-time polymerase chain reaction.

and QUANTISEQ (r=0.3205, P=0.0035) (Figure 10B,10C) 
and is correlated with an increased M1 macrophage 
infiltration level in CIBERSORT-ABS (r=0.2397, P=0.0311) 
(Figure 10D). Only the M0 macrophage infiltration 
level shows no significant connection with miR-145-5p 
expression (P>0.05). Our work demonstrated the important 
role of miR-145-5p in the macrophage infiltration level, 
particularly for M2 macrophages, in ESCC.

Correlation between miR-145-5p and gene markers of 
macrophages

To validate the above findings, we consulted previous 
research and selected the gene markers of different functional 
macrophages, including M1, M2, and tumor-associated 
macrophages, for further analysis (15). The miR-145-5p 
had positive relationships to Clec10A/CD301 (r=0.4534, 
P<0.0001) and CSF1R/CD115 (r=0.3782, P=0.0005) 
(Figure 11A,11B), which had been reported as key markers 

of M2 macrophages in a previous study. Surprisingly, miR-
145-5p was negatively correlated with key markers of M1 
macrophages, such as IL-1A (r=‒0.4014, P=0.0002) and IL-1B  
(r=‒0.3594, P=0.0010) (Figure 11C,11D). These findings 
suggested that the upregulation of miR-145-5p promotes 
macrophage polarization to M2. One article reported the 
underlying relationship between miR-145-5p and M2 
macrophages (16), and our work first verified their close link 
in ESCC by immune infiltration analysis. We noticed that 
miR-145-5p has significant interactions with the key genes 
of tumor-associated macrophages, such as CCR2 (r=0.3162, 
P=0.0040) and PDGFB (r=0.2222, P=0.0461) (Figure 
11E,11F); this shows its potential value and the worth of 
further investigating its underlying mechanism.

Discussion

ESCC is a common malignant carcinoma with a poor 
prognosis, and its treatment requires surgery, chemotherapy, 
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Figure 6 Network of enrichment analysis for miR-145-5p of ESCC. (A) The workflow showed that the mRNA and miR-145-5p expression 
of TCGA_ESCC was enriched with GSEA. The bar chart shows the top 25 enrichment pathways by size and P value. Inflammation, 
metastasis, and metabolism were correlated with gene enrichment. (B) The workflow showed that the targets of miR-145-5p in the 
miRTarBase were enriched with REACTOME. The bubble pattern shows the top 25 enrichment pathways with the entities ratio, entities 
found (count), and entities p-value. The bar chart demonstrates that the gene sets involved in the cancer, immune system, metabolism, and 
signal transduction were significantly enriched in pathways related to miR-145-5p. ESCC, esophageal squamous cell carcinoma; TCGA, 
The Cancer Genome Atlas; GSEA, Gene Set Enrichment Analysis.

and/or radiotherapy, all of which have severe side effects. 
Since genetic diseases and immune disorders in tumor 
are regarded as promoting factors during tumorigenesis 
and development including ESCC, targeting tumor 
microenvironment and tumor cells seems to be a significant 
direction for research on which treatments could improve 
the prognosis of patients with ESCC (17,18). In the 
current study, we investigated the expression of miR-145-
5p in ESCC and elucidated its relationship with clinical 
parameters and immunochemotherapy.

According to the results of our study, the expression 
level of miR-145-5p was significantly lower in cancer 

tissues compared with adjacent noncancerous tissues in 
patients with ESCC, and this may suggest an association of 
miR-145-5p with the occurrence of ESCC. Additionally, 
functional experiments showed that miR-145-5p attenuated 
proliferation, migration and invasion in the Eca109 cell 
line. In fact, much evidence has revealed that miR-145-5p 
functioned as a tumor suppressor and that the expression 
levels of miR-145-5p were extremely downregulated in 
certain types of cancers to avoid antioncogenic functions 
(10,17,19-21). The results of our study also show that 
the miR-145-5p level is significantly associated with the 
progression of ESCC. In analyzing patients’ data, the 
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Figure 7 Prospective target genes of mir-145-5p. (A) Network analysis of the prospective target genes of miR-145-5p. Network nodes 
represent proteins; colored nodes, query proteins and first shell of interactors; white nodes, second shell of interactors. Small nodes are proteins 
of unknown three-dimensional structure; large nodes are proteins for which some of the three-dimensional structure is known or predicted. (B) 
The expression of heatmaps in miR-145-5p and prospective target genes based on TCGA data. TCGA, The Cancer Genome Atlas.

expression level of miR-145-5p was upregulated in patients 
with an advanced stage of ESCC. The associations between 
miR-145-5p and the M, T, and TNM stages were supported 
in our analysis of the TCGA and GEO43732 data. A 
previous study reported that a high level of miR-145-5p was 
positively correlated with the recurrence of metastasis, and 

this was consistent with our conclusions (11). 
In addition, high expression levels of miR-145-5p 

predict a poor prognosis for patients with ESCC. The 
results are consistent for both the TCGA and GEO 
databases. The close relationship between miR-145-5p 
and the prognosis for ESCC may suggest the potential 
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Figure 8 Correlation between miR-145-5p and key target genes. (A) TGFBR2 (r=0.3225, P=0.0033); (B) CTGF (r=0.4137, P=0.0001); (C) 
CDH2 (r=0.4305, P<0.0001). 

application of miR-145-5p as a predictor of prognosis 
among patients with ESCC. Previous studies showed 
that a high level of miR-145-5p predicts a poor response 
to neoadjuvant chemotherapy (7,8), and our study first 
suggested that a high level of miR-145-5p was associated 
with a poor prognosis for patients undergoing neoadjuvant 
chemotherapy. However, the statistical difference was not 
significant in our study due to the lack of enough samples. 
Thus, further studies with a large cohort of patients are 
needed in the future.

We further performed functional enrichment analysis 
and immune infiltration analysis to investigate the 
relationship between miR-145-5p and the immune 
infiltration level in ESCC. The analysis of the signal 
pathways associated with miR-145-5p indicated that the 
inflammation and cancer-related pathways of inflammation, 
metastasis, and metabolism were most significantly 
enriched in ESCC. In addition, we noticed a close 
relationship between miR-145-5p and the TGF-β signaling 
pathway. As previously reported, TGF-β can be secreted 
by tumor-associated macrophages and cancer-associated 
fibroblasts, as well as cancer cells, and is constitutively 
active in many tumors (22,23). Mounting numbers of 
studies have established that the TGF-β pathway plays a 
vital role in regulating the production of the extracellular 
matrix and tumor metastasis and is an essential factor in 
cancer development (24-26). The duration and intensity 
of the TGF-β signaling pathway activity are critical 
determinants of the biological responses of TGF-β family 
members. Several genes of the TGF-β1 pathway were 
found to have a possible predictive value for ESCC in 
patients receiving neoadjuvant chemoradiotherapy (27). 
Our current research suggested that miR-145-5p may 
be a key regulator of the TGF-β signaling pathway in 
ESCC. Moreover, the miR-145-5p level was positively 

correlated with the TGF-β signaling pathway‒associated 
genes TGFBR2, CTGF, and CDH2. CTGF was shown 
to act as a downstream factor of the TGF-β pathway, and 
it enhanced the tumor cellular invasiveness and diffusion 
in ESCC (28). Similarly, TGF-β‒activated CDH2 could 
promote epithelial-mesenchymal transition and cancer cell 
invasion and migration (29).

In addition, immune infiltration analysis showed 
that miR-145-5p was positively correlated with the M 
macrophage infiltration level and the gene markers of M2 
macrophages and tumor-associated macrophages in ESCC. 
Several studies reported that the upregulation of miR-
145-5p promotes the polarization of M2 macrophages 
(8,16,30), which was correlated with high microvessel 
density and matrix breakdown, and that this may contribute 
to angiogenesis and tumor aggressiveness, promoting the 
progression of ESCC (31). To the best of our knowledge, 
this is the first time the association between miR-145-5p 
and macrophage infiltration has been reported in ESCC. 
ESCC was enriched in immunosuppressive cell populations, 
including Tregs, exhausted CD8 T, CD4 T and NK cells, 
M2 macrophages, and tDCs. All these immune-inhibitory 
cells may contribute to immune escape and promote 
tumor progression. Recent studies have shown that the 
interaction between macrophages and Treg through ligand 
receptor interaction may contribute to immunosuppressive 
status and disease progression (32). Macrophages are 
the main components of the immune infiltrate of the 
tumor microenvironment and can produce a variety of 
phenotypes in different microenvironments, including 
classically activated (M1) and alternately activated (M2)  
macrophages (33). M1-like cells are involved in pathogen 
clearance and proinflammatory responses, and M2-like cells 
promote tissue remodeling and anti-inflammatory processes 
and are related to tumor progression (15). Macrophages 
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Figure 9 Heatmap showing the correlation between miR-145-5p and immune infiltration level. (A) Based on TIMER database; (B) based on 
QUANTISEQ, CIBERSORT/CIBERSORT-ABS, XCELL, EPIC, and MCPCOUNTER databases.
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that infiltrate tumor tissues, called tumor-associated 
macrophages, are associated with tumor progression and 
metastasis. Infiltration of tumor-associated macrophages, 
especially M2 macrophages, was reported to be associated 
with a poor response to chemotherapy and a poor prognosis 
for patients with esophageal cancer (34). Our study revealed 
that miR-145-5p plays a crucial role in tumor-associated 
macrophages.

Interestingly, our findings suggested that miR-145-5p 
has a dual function. It plays a tumor-suppressive role by 
inhibiting cancer cell proliferation, migration and invasion, 
and epithelial-mesenchymal transition in multiple cancer 
types, including ESCC, and it is also positively correlated 
with high tumor stages and a poor prognosis in ESCC. 
In fact, these two special and seemingly opposite trends 
are not contradictory. Recent studies have provided some 
insights that may explain the underlying mechanisms 
(8,35). On the one hand, a low expression of miR-145-5p 
in esophageal cancer cells can reduce its antitumor role. 
On the other hand, a high level of miR-145-5p promotes 
tumor-associated macrophage infiltration and macrophage 
polarization to M2 via ESCC-derived extracellular vesicles 
and leads to tumor progression and a poor prognosis 
while reducing the response to chemoradiotherapy via 
several signaling pathways, including the TGF-β signaling 
pathway.

Conclusions

In summary, our research demonstrated that miR-145-
5p acts as a tumor suppressor microRNA and plays an 
important role in the high M2-like tumor-associated 
macrophage infiltration of ESCC. High miR-145-5p levels 
in ESCC samples are associated with advanced stages and 
a poor prognosis, and they predict a poor response to 
chemoradiotherapy. The miR-145-5p may be a potential 
target for immunotherapy and a predictor of the prognosis 
for the treatment of immunotherapy. However, more 
studies are needed for further investigation.
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