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Abstract: Objectives: The M2 polarization of tumor-associated macrophages (TAMs) facilitates the growth, invasion 
and metastasis of tumor cells. Here, we investigated the role of miR-216b in the M2 polarization of TAMs in colorec-
tal cancer (CRC). Methods: The expression of genes were examined by quantitative real-time polymerase chain 
reaction, Western blot, enzyme-linked immunosorbent assay and immunohistochemistry. The relationship between 
miR-216b and CPEB4 was verified through dual luciferase reporter assays. The proliferation, migration and invasive-
ness of CRC and Raw264.7 cells were assessed through cell counting kit-8 and Transwell assays. Flow cytometry 
was used to quantify the percentage of F4/80+/CD206+RAW264.7 cells. The metastasis of tumor cells in liver and 
lung tissues was evaluated by establishing a mouse xenograft tumor model and hematoxylin-eosin staining. Results: 
Downregulation of miR-216b enhanced the M2 polarization of TAMs. CPEB4 was identified as a target of miR-216b. 
CPEB4 knockdown suppressed CRC cell proliferation, migration and invasion, which were rescued by miR-216b 
inhibition. It was confirmed that M2 macrophage infiltration in CRC was positively correlated with the expression 
levels of CPEB4 and IL-10. CPEB4 knockdown impaired the M2 polarization of Raw264.7 cells and reduced IL-10 
expression. miR-216b overexpression suppressed tumor growth, metastasis and expressions of CPEB4, CD206 and 
IL-10 in CRC xenograft models. Conclusions: miR-216b targets CPEB4 to impair the IL-10-mediated M2 polarization 
of TAMs, thereby inhibiting CRC development. 
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Introduction

Colorectal cancer (CRC) is a common malignan-
cy, with over 1.4 million new cases annually [1, 
2]. Approximately 41% of CRCs occur in the 
proximal colon, 28% in the rectum and 22% in 
the distal colon [3]. CRC causes 694,000 
deaths annually and is a major global health-
care issue [4]. Despite advances in surgical 
resection, radiotherapy and chemotherapy, 
metastasis and therapeutic failure are still 
common [5-7]. New and more effective anti-
CRC therapies are therefore urgently required. 

The tumor microenvironment (TME) is com-
posed of cancer cells, cancer-related fibro-
blasts, immune cells and non-cellular compo-

nents [8], and dictates tumor occurrence, 
growth and metastasis [9, 10]. As the most 
abundant immune cells in the TME, tumor-asso-
ciated macrophages (TAMs) produce cytokines 
and chemokines to suppress anti-tumor 
responses, enhancing the proliferation, metas-
tasis and invasiveness of tumor cells [11, 12]. 
M2 TAMs, which are generated through M2 
polarization, induce the epithelial-mesenchy-
mal transformation of tumor cells to promote 
CRC metastasis [13, 14]. Moreover, M2 TAMs 
produce anti-inflammatory cytokines, including 
IL-10, IL-13 and TGF-β, to promote tumor devel-
opment [15]. To date, the carcinogenicity of M2 
TAMs has been widely explored, but the mecha-
nisms governing the M2 polarization of TAMs 
remains poorly understood. 
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MicroRNAs (miRNAs) are short non-coding 
RNAs (19-25 nucleotides in size) that modulate 
the post-transcriptional silencing of target 
genes [16-18]. MiR-145, miR-934 and miR-
106b modulate the M2 polarization of TAMs in 
CRC [19-21]. MiR-203 and miR-1246 have 
been shown to influence CRC development 
[22]. MiR-216b exerts anti-tumor effects in CRC 
[23-25], but its effects on TAMs have not been 
elucidated. 

Cytoplasmic polyadenylation element-binding 
protein 4 (CPEB4) [26] has been shown to 
enhance the M2 polarization of macrophages 
in CRC [27-29]. CPEB4 is targeted by several 
miRNAs, including miR-758-3p, miR-145-5p 
and miR-874-3p [30-32]. Bioinformatics analy-
sis has shown that CPEB4 positively correlates 
with the M2 polarization of macrophages and 
IL-10 expression in CRC cells. However, the reg-
ulatory mechanisms governed by miR-216b 
and CPEB4 have not been explored at the 
molecular level in CRC. 

Here, we investigated the role of miR-216b and 
CPEB4 in macrophage polarization and CRC 
progression. 

Materials and methods

Cell culture 

CRC cell lines (MC38 and HCT116) and murine 
macrophages (RAW264.7) were purchased 
from the cell bank of the Chinese Academy 
(Shanghai, China). Cells were maintained in 
Dulbecco’s Modified Eagle Medium (DMEM, 
Thermo Fisher Scientific, Waltham, MA, USA) 
supplemented with 10% fetal bovine serum 
(FBS, Sigma, St. Louis, MO, USA) and 1% peni-
cillin/streptomycin (Sigma). Cells were grown in 

a 5% CO2 incubator at 37°C. For co-culture 
experiments, MC38 cells or HCT116 cells were 
co-cultured with RAW264.7 cells for 24 h. 

MiRNA transfections

MiR-216b mimic, mimic-negative control (NC), 
miR-216b inhibitor and inhibitor NC were pur-
chased from Genepharma (Shanghai, China). 
Short hairpin RNAs targeting CPEB4 (sh-
CPEB4), sh-NC, pcDNA3.1-CPEB4 (full length) 
and pcDNA3.1-NC (its tag in-frame with the 
3’-end, CMV promoter, neomycin resistant 
gene) were purchased from Ribio (Beijing, 
China). Plasmids were transfected using 
Lipofectamine 3000 (Invitrogen). The primer 
sequences are shown in Table 1.

CRC conditioned media

MC38 or HCT116 cells were cultured in DMEM 
containing 10% FBS for 72 h. Upon reaching 
80%-90% confluency, cells were treated with 
serum free media for 24 h, centrifuged at 2,000 
g and filtered (0.22-mm; Millipore, Billerica, MA, 
USA) to remove cell debris.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR) analysis

Total RNA was extracted through Trizol lysis 
(Invitrogen, Carlsbad, California, USA). RNA (2 
μg) was reverse transcribed into cDNA using 
Primescript™ RT reagents (Vazyme, Nanjing, 
China). qRT-PCRs were performed using SYBR-
Green PCR Master Mix (Vazyme, Nanjing, 
China). Reaction conditions were as follows: 
95°C for 10 min, 45 cycles of 95°C for 20 s, 
60°C for 20 s and 72°C for 30 s, and 72°C for 
3 min. Primers (Table 2) were synthesized by 
Sangon (Shanghai, China). The relative mRNA 
expressions of Arg-1, Fizz-1, Ym-1, CD206, miR-
216b, CPEB4 and IL-10 were normalized to 
GAPDH or U6 using the 2-ΔΔCt method.

Dual luciferase reporter assays

Wild type (WT) and mutant (MUT) CPEB4 3’-UTR 
sequences containing putative miR-216b bind-
ing sites were cloned into pGL3-Basic (Promega, 
Shanghai, China). Plasmids were co-transfect-
ed with NC/miR-216b mimic into Raw264.7 
cells using Lipofectamine 3000 (Invitrogen). 
Forty-eight hours post-transfection, Firefly and 

Table 1. Primer sequences for cell transfection
Gene Sequence (5’-3’)
miR-216b mimic AAAUCUCUGCAGGCAAAUGUGA

ACAUUUGCCUCCAGAGAUUUUU
mimic-negative control UUCUCCGAACGUGUCACGUTT

ACGUGACACGUUCGGAGAATT
miR-216b inhibitor AAAUCUCUGCAGGCAAAUGUGA
inhibitor NC CAGUACUUUUGUGUAGUACAA
sh-CPEB4 CCACAGCTTCTTACTAAGTTT
Sh-NC TTTTCCGAACGTGTCACGTTT
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Renilla activity were assessed through dual 
luciferase reporter assays. 

Cell counting kit (CCK) assays

CCK-8 (Beyotime, Shanghai, China) assays 
were used to measure cell proliferation. Briefly, 
cells (1 × 103 cells/well) were seeded into 
96-well plates for 0, 24, 48, 72 and 96 h and 
treated with CCK-8 reagent. Absorbances were 
read on a microplate reader (MG LABTECH, 
Durham, NC, USA) at 450 nm. 

Flow cytometry 

M2-like macrophage markers in RAW264.7 
cells were detected by flow cytometry. Briefly, 
cells in 6-well plates were fixed, blocked in  
3% bovine serum albumin and probed with 
PE-conjugated anti-mouse CD206 (1:100,  
eBiosciences, San Diego, CA, USA) and FITC-
conjugated anti-mouse F4/80 (1:200, eBiosci-
ence) for 1 h. Cells were assessed on a 
FACSCalibur (Becton Dickinson, San Jose, CA, 
USA). 

Transwell assays

Cells were seeded into the upper chambers of 
Transwell Boyden Chambers (8-μm pore size; 
Costar, Bethesda, MD, USA) coated with BD 

Matrigel™ Matrix Basement Membrane (Becton 
Dickinson) in serum-free medium. Medium 
(600 μL) plus 10% FBS were added to the lower 
chambers. Cells were incubated for 24 h, fixed 
in paraformaldehyde and labeled with crystal 
violet. Invading cells were imaged on a light 
microscope. 

Western blotting 

Cells were lysed in RIPA buffer (Beyotime), and 
protein concentrations were measured via BCA 
assay (Thermo Fisher Scientific). Proteins were 
resolved by SDS gel electrophoresis and trans-
ferred to polyvinylidene difluoride membranes. 
Membranes were blocked in skimmed milk  
and probed with primary antibodies against 
CPEB4 (1:1000, #28748, Cell Signaling Tech- 
nology, Danvers, Massachusetts, USA), Arg-1 
(1:1000, #93668, Cell Signaling Technology), 
Fizz-1 (1:1000, ab39626, Abcam, Cambridge, 
MA, USA), Ym-1 (1:10000, ab192029, Abcam), 
CD206 (1:1000, ab17942, Abcam), IL-10 
(1:1000, ab133575, Abcam) and β-actin 
(1:200, ab115777, Abcam) overnight at 4°C. 
Membranes were then washed and labeled 
with HRP-conjugated secondary antibodies 
(1:2000, ab6721, Abcam) for 1 h. Proteins were 
visualized on a Bioimaging system (Bio-Rad, 
Berkeley, California, USA), and quantified using 
Image J software (NIH, Bethesda, MD, USA). 

Enzyme-linked immunosorbent assay (ELISA)

Cell supernatants were collected, and the lev-
els of IL-10 were assayed using commercial 
ELISA Ready-Set-Go kits (eBioscience). Blocking 
solution was included as a positive control.

Animal models

BALB/c nude mice (6-7 weeks, female) were 
purchased from the Experimental Animal Cen- 
ter of Southern Medical University (Guangzhou, 
China). Animal experiments were performed in 
compliance with guidelines of the Institutional 
Animal Care and Use Committee of Jiangxi 
Cancer Hospital NIH’s Guide for the Care  
and Use of Laboratory Animals. The study pro-
tocol was approved by the Animal Medical 
Ethics Committee of Jiangxi Cancer Hospital 
(2022ky096). To explore the role of miR-216b 
in CRC in vivo, HCT116 cells (5 × 105 cells in  
0.2 mL PBS) stably transfected with miR-216b 

Table 2. Primer sequences for qRT-PCR analysis
Gene Sequences (5’-3’)
Arg-1 Forward TGTCCCTAATGACAGCTCCTT

Reverse GCATCCACCCAAATGACACAT
Fizz-1 Forward CCAATCCAGCTAACTATCCCTCC

Reverse ACCCAGTAGCAGTCATCCCA
Ym-1 Forward CAGGTCTGGCAATTCTTCTGAA

Reverse GTCTTGCTCATGTGTGTAAGTGA
CD206 Forward CTCTGTTCAGCTATTGGACGC

Reverse TGGCACTCCCAAACATAATTTGA
MiR-216b Forward GCCGCGCTAAAGTGCTTA

Reverse CACCAGGGTCCGAGGT
IL-10 Forward CTTACTGACTGGCATGAGGATCA

Reverse GCAGCTCTAGGAGCATGTGG
CPEB4 Forward TGCTATCCATTCTCGTGCTG

Reverse AGCGTGAAGAGGTTGAGGAA
U6 Forward TGCGGGTGCTCGCTTCGGC

Reverse CCAGTGCAGGGTCCGAGGT
GAPDH Forward AGGTCGGTGTGAACGGATTTG

Reverse GGGGTCGTTGATGGCAACA
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mimic or mimic NC were subcutaneously inject-
ed into the right flank of mice [33]. Mice were 
divided into 2 groups (n = 6/group). Tumor sizes 
were monitored once a week, and tumor vol-
umes were calculated using the formula V = 
(shortest diameter)2 × (longest diameter) × 0.5. 
After 5 weeks, blood was obtained from tails for 
ELISA analysis, and mice were sacrificed via 
cervical dislocation. Tumors were collected for 
weight measurements and immunohistochem-
istry (IHC) staining. Lung tissues and liver tis-
sues were collected for hematoxylin-eosin 
(H&E) staining.

IHC staining

Tumor tissues were fixed in formalin and 
embedded in paraffin. Tissues were then cut 
into 4 μm sections, dewaxed and rehydrated. 
Following antigen repair and blocking, sections 
were probed with antibodies against CPEB4 
(1:200, ab16667, Abcam), CD206 (1:200, 
ab16667, Abcam) and IL-10 (1:200, ab16667, 
Abcam) at 4°C overnight. Sections were then 
labeled with anti-rabbit secondary antibodies 
(1:500, ab6112, Abcam) for 30 min and stained 
with 3,3’-diaminobenzidine substrate solution. 
Samples were counterstained with hematoxylin 
for 1 min and imaged under a microscope.

H&E staining 

The right lungs of mice were fixed in parafor-
maldehyde, embedded in paraffin and cut into 
5 μm sections. Sections were then deparaf-
finized and dehydrated. Thereafter, sections 
were stained using H&E staining kits (Beyotime) 
and imaged on an optical microscope.

Statistical analysis

Data are presented as mean ± standard devia-
tion. Statistical analysis was performed using 
GraphPad Prism 7.0. Comparisons between 
two independent groups of data were per-
formed using a Student’s t test. Multigroup 
comparisons were performed using a one-way 
Analysis of Variance, accompanied by Tukey’s 
test. P < 0.05 was regarded as statistically 
significant. 

Results

MC38-derived conditioned medium (MC38 
CM) promotes M2 polarization of Raw264.7 
cells

We first sought to investigate the influence of 
MC38 CM on the M2 polarization of macro-

phages. Following MC38 CM treatment in 
Raw264.7 cells, increases were observed in 
the expressions of the M2 markers Arg-1, Fizz-1 
and Ym-1 at both the mRNA and protein levels 
(P < 0.01, Figure 1A, 1B). The expression of 
CD206 also increased in response to MC38 CM 
treatment (P < 0.01, Figure 1C, 1D). Moreover, 
MC38 CM treatment significantly downregulat-
ed the expression of miR-216b (P < 0.01, Figure 
1E). 

We next investigated the influence of miR-216b 
on M2 polarization through its exogenous 
expression in Raw264.7 cells prior to CM treat-
ment. miR-216b overexpression decreased the 
expressions of Arg-1, Fizz-1, Ym-1 and CD206  
in response to MC38 CM-treatment (P < 0.05, 
Figure 1F, 1G), the levels of which decreased 
following the downregulation of miR-216b (P < 
0.01, Figure 1H, 1I).

MiR-216b directly binds to CPEB4 and de-
creases CPEB4 expression

To probe the downstream mechanisms of miR-
216b in Raw264.7 cells, the Targetscan data-
base was used to predict targets of miR-216b. 
As shown in Figure 2A, the 3’-UTR of CPEB4 
contained putative binding sites for miR-216b. 
Transfection of miR-216b mimic markedly 
decreased the relative luciferase activity of a 
CPEB4 WT reporter but not the relative lucifer-
ase activity of a CPEB4 MUT reporter in 
Raw264.7 cells (P < 0.001, Figure 2B). Ex- 
pression of the miR-216b inhibitor increased 
CPEB4-WT reporter activity. miR-216b also 
decreased CPEB4 expression at both mRNA 
and protein levels. Transfection of a miR-216b 
inhibitor produced the opposite phenotype and 
markedly increased CPEB4 expression (P < 
0.01, Figure 2C, 2D). 

MiR-216b suppresses the progression of CRC 
by targeting CPEB4

We then investigated whether miR-216b im- 
pacts CRC progression through targeting 
CPEB4. Transfection of the miR-216b mimic 
into MC38 and HCT116 decreased the expres-
sion of CPEB4, which increased following trans-
fection of the miR-216b inhibitor (P < 0.05, 
Figure 3A, 3B). In cells silenced for CPEB4, the 
proliferation of MC38 and HCT116 cells was 
markedly suppressed, whilst the overexpres-
sion of CPEB4 increased cell growth. Im- 
portantly, these effects of CPEB4 could be 
reversed by either miR-216b inhibition or over-
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expression (P < 0.05, Figure 3C, 3D). Similarly, 
Transwell assays showed that CPEB4 knock-
down reduced MC38 and HCT116 invasion, 
whilst CPEB4 overexpression increased the 
number of migrating and invading cells. These 
effects were again reversed by miR-216b inhibi-
tion or miR-216b overexpression, respectively 
(P < 0.05, Figure 3E, 3F). 

MiR-216b impairs IL-10 expression and M2 
polarization of macrophages by regulating 
CPEB4 expression

M2 macrophages can be induced by several 
cytokines including IL-10, IL-4 and IL-13 [15]. 
Bioinformatics analysis showed that CPEB4 
expression positively correlated with the infil-

tration of M2 macrophages and IL-10 expres-
sion in CRC (Figure 4A, 4B). We therefore 
explored whether miR-216b through its regula-
tion of CPEB4 expression influences the IL-10 
level and the M2 polarization of macrophages.

qRT-PCR and ELISA analysis showed that the 
mRNA and the levels of IL-10 were reduced fol-
lowing the upregulation of miR-216b in MC38-, 
HCT116- and Raw264.7 cells (P < 0.01, Figure 
4C, 4D). The expressions of Ym-1, Fizz-1, Arg-1 
and CD206 in Raw264.7 cells increased follow-
ing treatment with MC38 CM or HCT116 CM. 
These effects were enhanced by CPEB4 overex-
pression or reversed by CPEB4 silencing (P < 
0.05, Figure 4E, 4F). 

Figure 1. MC38-derived conditioned medium promotes the M2 polarization of Raw264.7 cells. A. Relative mRNA 
expressions of Arg-1, Fizz-1 and Ym-1 detected by quantitative real-time polymerase chain reaction (qRT-PCR) in 
Raw264.7 cells. B. Relative expressions of Arg-1, Fizz-1 and Ym-1 assessed by Western blotting in Raw264.7 cells. 
C. Relative mRNA expression of CD206 assessed by qRT-PCR. D. Relative proteins expression of CD206 assessed 
by Western blotting. E. Relative mRNA expression of miR-216b examined by qRT-PCR in Raw264.7 cells. *P < 0.05, 
**P < 0.01, ***P < 0.001. F-I. Relative mRNA expressions of Arg-1, Fizz-1 and Ym-1 in Raw264.7 cells assessed by 
qRT-PCR and Western blotting. *P < 0.05, **P < 0.01, ***P < 0.001. 

Figure 2. miR-216b directly binds to CPEB4 and decreases CPEB4 expression. A. Binding sequence of miR-216b 
and CPEB4 predicted by the Targetscan database. B. Interaction between miR-216b and CPEB4 in Raw264.7 cells 
by dual-luciferase reporter assays. C. Relative mRNA expression of CPEB4 in Raw264.7 cells detected by qRT-PCR. 
D. Relative expression of CPEB4 in Raw264.7 cells detected by Western blot. **P < 0.01, ***P < 0.001. 
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Figure 3. miR-216b suppresses the progression of colorectal cancer through targeting CPEB4. A. Relative mRNA expressions of CPEB4 in MC38 and HCT116 cells 
examined by qRT-PCR. B. Relative expressions of CPEB4 in MC38 and HCT116 cells assessed by Western blotting. C, D. Proliferation of MC38 and HCT116 cells 
assessed by cell counting kit-8 assays. E, F. Number of migrating and invading MC38 and HCT116 cells assessed by Transwell assays. *P < 0.05, **P < 0.01, ***P < 
0.001. 
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Figure 4. miR-216b impairs IL-10 expression and the M2 polarization of macrophages by regulating CPEB4 expression. (A, B) Correlation analysis between CPEB4 
expression and the infiltration of M2 macrophages or between IL-10 and CPEB4 expressions. (C) mRNA levels of IL-10 determined by qRT-PCR. (D) Levels of IL-10 
determined by ELISA. (E) Relative mRNA and (F) protein expressions of Arg-1, Fizz-1, Ym-1 and CD206 in Raw264.7 cells detected by qRT-PCR and Western blotting, 
respectively. *P < 0.05, **P < 0.01, ***P < 0.001. 
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MiR-216b impairs the IL-10-mediated M2 po-
larization of macrophages through its suppres-
sion of CPEB4 in CRC 

CPEB4 silencing reduced the viability, migra-
tion and invasiveness of Raw264.7 cells, which 
increased following CPEB4 overexpression (P < 
0.05, Figure 5A-D). MC38 CM or HCT116 CM 
also increased Raw264.7 cell viability, migra-
tion and invasiveness, which were reversed by 
CPEB4 knockdown (P < 0.05, Figure 5A-D) or 
further enhanced following CPEB4 overexpres-
sion (P < 0.05, Figure 5A-D).

The percentage of F4/80+/CD206+RAW264.7 
cells (M2 macrophages) decreased following 
the downregulation of CPEB4, but increased 
following CPEB4 overexpression (P < 0.05, 
Figure 5E, 5F). The abilities of MC38 CM or 
HCT116 CM to increase the percentage of 
F4/80+/CD206+RAW264.7 cells were also re- 
versed by CPEB4 knockdown (P < 0.05, Figure 
5E, 5F) but enhanced by CPEB4 overexpres-
sion (P < 0.05, Figure 5E, 5F).

The expression of IL-10 was reduced following 
CPEB4 knockdown and increased following 
CPEB4 overexpression (P < 0.05, Figure 5G, 
5H). The ability of MC38 CM or HCT116 CM to 
increase IL-10 level was reversed by CPEB4 
knockdown (P < 0.05, Figure 5G, 5H) but en- 
hanced by its overexpression (P < 0.05, Figure 
5G, 5H).

MiR-216b interacts with CPEB4 to facilitate 
CRC progression via IL-10-mediated M2 polar-
ization of TAMs in vivo

To further confirm the influence of miR-216b on 
tumor growth and TAMs polarization in vivo, a 
xenograft mouse model of CRC was construct-
ed. miR-216b overexpression suppressed 
tumor growth in mice, leading to lower tumor 
volumes and weights (P < 0.05, Figure 6A). The 
levels of IL-10 in the serum of mice also 
decreased following miR-216b overexpression 
(P < 0.001, Figure 6B). In tumor tissues, miR-
216b overexpression also reduced the expres-
sions of CPEB4 and IL-10 (P < 0.001, Figure 
6C). IHC staining similarly revealed a loss of 
CPEB4, CD206 and IL-10 expressions in the 
tumor tissue following miR-216b overexpres-
sion (P < 0.05, Figure 6D). To evaluate influ-
ences of miR-216b on liver and lung metastasis 
of tumor cells, we collected liver and lung tis-

sues to perform H&E staining. It was found that 
liver and lung metastasis of tumor cells was evi-
dently alleviated in response to miR-216b over-
expression (P < 0.01, Figure 6E).

Discussion

A wealth of evidence has highlighted how TAMs 
in the TME polarize into M2-like macrophages, 
which facilitates the metastasis of tumor cells 
in CRC [13, 14, 34]. In this study, conditioned 
medium from CRC cells was used to simulate 
the TME based on previous studies [35, 36]. 
We observed that conditioned medium from 
CRC cells enhances the M2 polarization of 
Raw264.7 cells, which was accompanied by 
increased expression of M2 surface markers in 
M2 macrophages (Arg-1, Fizz-1, Ym-1 and 
CD206). In previous studies, miR-216b was 
shown to suppress CRC development [23-25]. 
Here, we showed that the upregulation of miR-
216b suppressed the M2 polarization of 
RAW264.7 cells in vitro. These findings impli-
cate miR-216b as a modulator of the TME 
through macrophage polarization. In vivo exper-
iments confirmed these findings, since the 
upregulation of miR-216b suppressed CRC 
tumor growth and the M2 polarization of tumor 
cells in mice. miR-216b overexpression also 
decreased both the lung and liver metastasis of 
tumor cells in mice. Together, these data 
revealed new mechanistic insight into the anti-
tumor effects of miR-216b, and highlighted its 
delivery to tumor cells as a promising strategy 
for CRC therapy. 

It is well documented that CPEB4 is highly 
expressed in CRC tissues [29, 37] and that its 
downregulation suppresses the proliferation of 
CRC cells [38]. In our functional analysis, we 
confirmed that CPEB4 knockdown reduces CRC 
cell proliferation, migration and invasion [38]. 
CPEB4 also increases the expression of lncRNA 
RP11-361F15.2, and facilitates the develop-
ment of osteosarcoma and the M2-like polar-
ization of TAMs through the upregulation of 
CPEB4 in vitro [28]. Similarly, we discovered 
that CPEB4 contributed to the M2-like polariza-
tion of Raw264.7 cells. CPEB4 is a downstream 
target of several miRNAs in multiple cancers, 
including miR-758-3p in cervical cancer, miR-
145-5p in glioma and miR-874-3p in endome-
trial cancer [30-32]. We therefore predicted 
that CPEB4 is targeted by miR-216b. We found 
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Figure 5. miR-216b impairs the IL-10-mediated M2 polarization of macrophages via a reduction in CPEB4 expression in colorectal cancer. A, B. Proliferation of 
Raw264.7 cells assessed by cell counting kit-8 assay. C, D. Number of migrating and invading Raw264.7 cells assessed by Transwell assays. E, F. Flow cytometry 
assessment of the percentage of F4/80+/CD206+RAW264.7 cells. G, H. Levels of IL-10 in Raw264.7 cells determined by ELISA. *P < 0.05, **P < 0.01, ***P < 0.001. 
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Figure 6. miR-216b interacts with CPEB4 to facilitate colorectal cancer progression via the IL-10-mediated M2 
polarization of tumor-associated macrophages in vivo. A. Representative images of tumor in xenotransplantation 
mice and xenotransplantation mice transfected with miRNA mimic; compared with NC mimic group, *P < 0.05,  
**P < 0.01, ***P < 0.001. B. Levels of IL-10 in the serum of mice measured by ELISA; ***P < 0.001. C. Relative protein 
expressions of CPEB4 and IL-10 in tumor tissues assessed by Western blot; ***P < 0.001. D. Protein expressions of 
CPEB4, CD206 and IL-10 in tumor tissues determined by immunohistochemical staining and quantified by Image J 
software; *P < 0.05, **P < 0.01, ***P < 0.001. E. H&E staining to evaluate the metastasis of tumor cells in the liver 
and lung tissues of mice; **P < 0.01. 
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that the downregulation of miR-216b abolished 
the suppressive influence of CPEB4 knockdown 
on the proliferation, migration and invasive-
ness of CRC cells. From these data, we con-
clude that miR-216b inhibits CRC development 
through the binding to- and suppression of 
CPEB4. 

In previous studies, the M2 polarization of mac-
rophages was found to be driven by IL-10 in 
cancer, including CRC [33, 39, 40]. In this study, 
we found that CPEB4 positively correlated with 
the infiltration of M2 macrophages and IL-10 in 
CRC, suggesting a positive correlation between 
IL-10 and the M2 polarization of macrophages. 
We therefore speculated that miR-216b targets 
CPEB4 to promote the IL-10-mediated M2 
polarization of macrophages, and provided sev-
eral lines of evidence to support this. We found 
that the levels of IL-10 decreased in response 
to addition of an miR-216b mimic in CRC cells 
and Raw264.7 cells. Also, the effects of CRC 
cell-derived conditioned medium on the M2 
polarization of Raw264.7 cells could be 
reversed by CPEB4 knockdown. Furthermore, 
the impact of CRC cell-derived conditioned 
medium on the migration, invasion and prolif-
eration of Raw264.7 cells were reversed by 
CPEB4 knockdown. The impact of CRC cell-
derived conditioned medium on IL-10 levels 
were similarly reversed by CPEB4 silencing in 
Raw264.7 cells. These observations provide 
new insight into the mechanisms of CRC in- 
hibition through the suppression of M2 
polarization. 

Some limitations in this study should be dis-
cussed. Firstly, we failed to validate the effects 
of the miR-216b/CPEB4 axis on the M2 polar-
ization of macrophages in response to IL-10. 
Secondly, further in vivo models of CRC are 
required to support the findings of our in vitro 
experiments. 

Conclusion

In summary, we found that miR-216b could 
suppress the M2 polarization of macrophages 
in vitro and in vivo. Mechanistically, miR-216b 
directly interacted with CPEB4 to impair CRC 
development and the IL-10-mediated M2 polar-
ization of macrophages. These findings shed 
new light on the role of the miR-216b/CPEB4 
axis in the M2-like polarization of macrophages 
and provide a mechanistic basis for the M2 
macrophage-induced development of CRC. 
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