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Loss of exosomal miR-200b-3p from hypoxia cancer-associated
fibroblasts promotes tumorigenesis and reduces sensitivity to
5-Flourouracil in colorectal cancer via upregulation of ZEB1 and
E2F3
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Hypoxia-mediated tumor progression is a major clinical challenge in human cancers including colorectal cancer (CRC). In addition,
exosome-mediated transfer of miRNAs from cancer-associated fibroblasts (CAFs) to cancer cells could promote tumor progression.
However, the mechanisms by which hypoxia CAFs promotes CRC progression remain largely unknown. CAFs and normal fibroblasts
(NFs) were isolated from CRC tissues and adjacent normal tissues. Next, exosomes were isolated from the supernatant of CAFs that
cultured under normoxia (CAFs-N-Exo) and hypoxia (CAFs-H-Exo). RNA-sequencing was then performed to identify differentially
expressed miRNAs (DEMs) between CAFs-N-Exo and CAFs-H-Exo. Compared with exosomes derived from normoxia CAFs, exosomes
derived from hypoxic CAFs were able to promote CRC cell proliferation, migration, invasion, stemness and reduce the sensitivity of
CRC cells to 5-fluorouracil (5-FU). In addition, miR-200b-3p levels were dramatically decreased in exosomes derived from hypoxic
CAFs. Remarkably, increasing exosomal miR-200b-3p in hypoxic CAFs reversed the promoting effects of hypoxic CAFs on CRC cell
growth in vitro and in vivo. Furthermore, miR-200b-3p agomir could inhibit CRC cell migration, invasion, stemness and increase the
sensitivity of SW480 cells to 5-FU via downregulating ZEB1 and E2F3. Collectively, loss of exosomal miR-200b-3p in hypoxia CAFs
could contribute to CRC progression via upregulation of ZEB1 and E2F3. Thus, increasing exosomal miR-200b-3p might serve as an
alternative approach for the treatment of CRC.
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INTRODUCTION
Colorectal cancer (CRC) is known as the third most common
malignancy worldwide with substantial incidence and mortality
[1, 2]. Although surgical resection and adjuvant therapies
including chemotherapy, immunotherapy and radiotherapy have
been used to treat CRC, the overall 5-year survival rate of patients
with metastatic CRC remains less than 15% [3–5]. In addition,
difficulty in early diagnosis and aggressive local metastasis
formation are the primary causes of high mortality in patients
with CRC [6, 7]. Thus, identifying new diagnostic biomarkers and
understanding of the biological mechanisms of CRC may improve
early diagnosis and treatment of CRC.
Hypoxic tumor microenvironment (TME), a common phenom-

enon in solid tumors, is closely related to chemoresistance,
increased invasion and metastasis in cancers [8–10]. Hypoxia can
contribute to the aggressive tumor behaviors and facilitate distant
metastasis [11, 12]. In addition, tumor cells may adapt to hypoxic
TME mainly via upregulating the hypoxia-inducible factor-1α (HIF-
1α) [13]. Significantly, HIF-1α promoted tumor cell survival,
invasion, angiogenesis via activating a set of genes [14–16].

Cancer-associated fibroblasts (CAFs) are the major cellular
components in the TME, which could promote cancer progression
and chemoresistance [17–19]. It has been shown that hypoxic
cancer cells could promote the activation of CAFs, leading to
increased invasion and stemness of cancer cells [20]. In addition,
hypoxic CAFs could promote endothelial cell angiogenesis [21]. In
particular, the communication between CAFs and surrounding
cells are often mediated by exosomes [22]. Exosomes (40–150 nm)
contain different nucleic acids including microRNAs (miRNAs) that
could mediate communication between CAFs and cancer cells
[23–25]. Hu et al. found that exosomal miR-92a-3p released from
CAFs could promote CRC cell metastasis and chemotherapy
resistance [26]. However, the mechanisms by which hypoxic CAFs
promote CRC cell invasion, stemness and chemotherapy resis-
tance remain unclear. In this study, we found that miR-200b-3p
level was significantly decreased in hypoxic CAFs-derived
exosomes (CAFs-H-Exo). In addition, CAFs-H-Exo could enhance
CRC cell migration, invasion, stemness and reduce the sensitivity
of CRC cells to the chemotherapeutic agent 5-fluorouracil (5-FU);
whereas these phenomena were abolished by exosomes
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containing miR-200b-3p agomir. Thus, increasing exosomal miR-
200b-3p might serve as an alternative approach for the treatment
of CRC.

MATERIALS AND METHODS
Clinical samples
A total of 5 pairs of CRC tissues and paired normal tissues were collected
from the patients undergoing a surgical procedure at the Zhejiang
Provincial People’s Hospital. Next, primary CAFs and NFs were isolated
from tumor tissues and adjacent normal tissues, as previously described
[27]. This study was approved by the Ethics Committee of Zhejiang
Provincial People’s Hospital, and the written informed consent was
obtained from each participant.

Cell culture and cell transfection
CAFs and NFs were maintained in DMEM/F12 medium containing 10% FBS
at 37 °C with 5% CO2. For hypoxia stimulation, CAFs were cultured in a
hypoxia chamber with 1% O2 for 24 h.
In addition, human colon normal cell line CCD 841 CoN, human CRC cell

lines HCT116, SW620 and SW480 were obtained from the American Type
Culture Collection (ATCC) and maintained in DMEM (Thermo Fisher
Scientific) medium containing 10% FBS at 37 °C with 5% CO2. These cell
lines were tested negative for mycoplasma contamination and authenti-
cated by STR profiling.
MiR-200b-3p agomir, miR-200b-3p antagomir and negative control (NC)

plasmids were obtained from RIBOBIO. Meanwhile, HIF-1α, ZEB1 or E2F3
was ligated into the pcDNA3.1 vector to obtain pcDNA3.1-HIF-1α (HIF-1α
OE), pcDNA3.1-ZEB1 (ZEB1 OE) or pcDNA3.1-E2F3 (E2F3 OE) plasmids
(GenePharma). Cells were transfected with indicated plasmids above using
Lipofectamine 2000.

Reverse transcription quantitative real-time polymerase chain
reaction (RT-qPCR)
Total RNA was extracted using the TRIpure Total RNA Extraction Reagent
(ELK Biotechnology) and then reverse-transcribed into cDNA using the
EntiLink™ 1st Strand cDNA Synthesis Kit (ELK Biotechnology). Next, qPCR
was conducted on the StepOne™ Real-Time PCR System with the EnTurbo™
SYBR Green PCR SuperMix kit (ELK Biotechnology). MiR-200b-3p expression
was normalized to U6 and E2F3 and ZEB1 levels were normalized to β-actin
using the 2−ΔΔCq method. The information of primers was provided in
Table 1.

Immunofluorescence (IF) assay
CAFs and NFs were washed with PBS, fixed with 4% paraformaldehyde for
20min and then blocked in 1% BSA for 30min. After that, cells were
incubated overnight at 4 °C with a primary antibody against α-SMA
(Abcam), followed by incubation with a secondary antibody conjugated
with fluorescent Alexa Fluor® 594 (Abcam) for 1 h in darkness. Finally, cells
were visualized using a fluorescence microscope. Nuclei were stained with
DAPI for 10min.

Western blot assay
Protein concentrations were determined using a bicinchoninic acid (BCA)
kit (Beyotime). After that, proteins were electrophoresed on 10% SDS-PAGE
and then transferred to a PVDF membrane. The membrane was then
incubated with primary antibodies against α-SMA (1:1000, cat. no. AF1032,
Affinity Biosciences), FAP (1:1000, cat. no. AF0739, Affinity Biosciences),
CD9 (1:5000, cat. no. 60232-1-Ig, Proteintech), CD81 (1:2000, cat. no. 66866-
1-Ig, Proteintech), HSP70 (1:2000, cat. no. 25405-1-AP, Proteintech), HIF-1α
(1:2000, cat. no. 20960-1-AP, Proteintech), CD133 (1:1000, cat. no. 18470-1-
AP, Proteintech), SOX2 (1:2000, cat. no. 66411-1-Ig, Proteintech), β-actin
(1:1000, cat. no. 66009-1-Ig, Proteintech), ZEB1 (1:2000, cat. no. 66279-1-Ig,
Proteintech), E2F3 (1:500, cat. no. 27615-1-AP, Proteintech), E-cadherin
(1:2000, cat. no. 20874-1-AP, Proteintech), N-cadherin (1:2000, cat. no.
22018-1-AP, Proteintech), cyclin E1 (1:1000, AF0144, Affinity Biosciences),
CDK2 (1:2000, cat. no. 10122-1-AP, Proteintech), p21 (1:2000, cat. no.
10355-1-AP, Proteintech), calnexin (1:1000, cat. no. 10427-2-AP, Protein-
tech) and GAPDH (1:10000, cat. no. ab181602, Abcam) overnight at 4 °C,
followed by incubation with appropriate secondary antibodies for 1 h at
room temperature. Next, an enhanced chemiluminescence kit (Thermo
Fisher Scientific) was used for protein detection.

Exosome isolation and identification
CAFs were cultured under normoxic or hypoxic conditions (CAFs-N and
CAFs-H). Exosomes were purified from CAFs-N (CAFs-N-Exo) or CAFs-H
(CAFs-H-Exo) by ultracentrifugation, as previously described [28]. After that,
exosomes were resuspended in 100 μL of PBS.
For nanoparticle tracking analysis (NTA), size distributions of exosomes

were determined using a ZetaView nanoparticle tracking analyzer (Particle
Metrix).
For transmission electron microscopy (TEM) assay, exosomes were fixed

in 2.5% glutaraldehyde, loaded on a carbon-coated copper grid, and then
stained with 1% phosphotungstic acid. After that, morphologies of
exosomes were observed by a transmission electron microscope.

RNA-sequencing
Total RNA was extracted from CAFs-N-Exo and CAFs-H-Exo using TRIpure
Total RNA Extraction Reagent (ELK Biotechnology). Next, the QIAseq miRNA
Library Kit was used to construct the RNA-seq libraries. After that, the
libraries were sequenced by Illumina Hiseq sequencer (Illumina). Limma
package of R software was used to analyze the DEMs between CRC tissues
and paired normal tissues [29]. DEMs were obtained with |log2 (fold
change)| > 1 and adjusted p value < 0.05.
Gene ontology (GO, http://www.geneontology.org/) was used to predict

the possible functions of the target genes of DEMs and Kyoto Encyclopedia
of Genes and Genomes (KEGG, http://www.genome.jp/kegg/) enrichment
analysis were performed to predict the potential pathways that the target
genes of DEMs may participate in.

Exosome uptake
CAFs-N-Exo and CAFs-H-Exo were stained for 30min with PKH26 dye
(Sigma). Next, the PKH26-labeled exosomes (red color) were co-cultured
with SW480 cells for 24 h. After that, the uptake of exosomes in SW480
cells were observed by a confocal microscope.

Co-culture system
CAFs-N and CAFs-H were transfected with Cy3-labeled miR-200b-3p. Next,
the transfected CAFs-N or CAFs-H cells were plated onto a Transwell®
polyester permeable supports. Meanwhile, SW480 cells were seeded onto
a bottom chamber. SW480 cells (bottom chamber) were co-cultured with
transfected CAFs-N or CAFs-H cells (upper chamber) for 48 h. Subse-
quently, SW480 cells were observed using a confocal microscope.

Cell-counting Kit-8 (CCK-8) assay
SW480 and HCT116 cells were seeded onto 96-well plates (5000 cells/well)
overnight at 37 °C. After that, each well was added with 10 μl of CCK-8
reagent (Beyotime). After 2 h of incubation, absorbance was measured by a
microplate reader at the wavelength of 450 nm.

EdU staining assay
The Cell-light EdU DNA Cell Proliferation kit (RiboBio) was used to detect
cell proliferation. Briefly, SW480 cells were incubated with EdU reagent for
30min and then stained with Apollo dye solution for 30min in darkness.

Table 1. The information of primers.

Name Primer sequences (5′-3′)

miR-200b-3p Forward GGCCCTAATACTGCCTGGTA

Reverse CTCAACTGGTGTCGTGGAGTC

U6 Forward CTCGCTTCGGCAGCACAT

Reverse AACGCTTCACGAATTTGCGT

E2F3 Forward AAGGAAGAGCTGCACTACGAAG

Reverse GCTGCCTTGTTCAAATCCAAT

ZEB1 Forward GAATCATCGCTACTCCTACTGTAAG

Reverse CTCTTTTTCACTGTCTTCATCCTCT

β-actin Forward GTCCACCGCAAATGCTTCTA

Reverse TGCTGTCACCTTCACCGTTC
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After that, cells were stained with Hoechst 33342 for 30min in darkness.
Next, a fluorescence microscope was applied to observe the EdU-
positive cells.

TdT-mediated dUTP nick end labeling (TUNEL) assay
The In Situ Cell Death Detection Kit (Roche) was applied to assess cell
apoptosis. SW480 cells were treated with 4% paraformaldehyde, then
stained with the TUNEL reaction mixture in darkness at 37 °C for 1 h.
Subsequently, the apoptotic cells were observed by a fluorescence
microscope.

Transwell assays
Cell migration and invasion abilities were measured with Transwell
assays using 24-well Transwell chambers (Corning). SW480 and HCT116
cells suspended in 100 µL of serum-free DMEM medium were plated
onto the upper chamber, and 500 μL of DMEM medium plus 10% FBS
were added into the lower chamber. After 24 h of incubation, cells that
passed through the filter were stained with 0.2% crystal violet.
Subsequently, the migratory or invasive cells were observed using a
light microscope. For the invasion assay, the upper chamber was pre-
coated with matrigel (BD Bioscience).

Sphere-forming assay
SW480 cells (2000 cells/ml) were grown on an ultra-low attachment
6-well plate (Corning) and cultured in sphere medium (DMEM/F12
medium plus 20 ng/ml EGF, 10 ng/ml FGF, 4 ng/ml insulin and 2% B27),
and incubated for 14 days at 37 °C. Later on, cells were captured using a
light microscopy.

Luciferase reporter assay
The wild‐type or mutant 3′ UTR of ZEB1 and E2F3 was inserted into the
pGL6-miR‐based luciferase reporter vector (Beyotime). After that, SW480
cells were co-transfected with indicated pGL6-miR‐based reporter plasmids
and miR-200b-3p using Lipofectamine 2000 for 48 h. Subsequently, the
luciferase activity was detected in cell lysates using the Dual Luciferase
Reporter Assay System (Promega).

Animal study
Four-week-old male BALB/c nude mice were obtained from Youdu Biotech
(Wuhan, China). SW480 cells (107 cells) were subcutaneously injected into
left flank of nude mice. When the tumors reach about 200 mm3 in size,
animals were divided randomly into 4 groups (n= 6): control, CAFs-N-NC-
Exo, CAFs-H/NC-Exo, and CAFs-H/miR-200b-3p agomir-Exo groups. Next,
PBS, CAFs-N-NC-Exo, CAFs-H/NC-Exo, and CAFs-H/miR-200b-3p agomir-Exo
was injected intratumorally twice weekly for 3 weeks. Tumor volume was
calculated by the following formula: (length × width2)/2. After that, the
mice were euthanized at day 21, and then the tumor tissues were
dissected out. Next, tumor volume and tumor weight were measured. Cell
apoptosis in tumor tissues was determined by the APO-BrdU™ TUNEL
Assay Kit. Animal study was approved by the ethics committee of the
Zhejiang Provincial People’s Hospital and animals were maintained
following the institutional guidelines. The sample size used in this study
was based on the experience in previous research. The investigator was
blinded to the group allocation.

Immunohistochemistry (IHC) assay
Tumor tissues were paraffin-embedded and then cut into 3 μm sections.
After that, sections were incubated overnight at 4 °C with the primary
antibodies against CD133 and N-cadherin, followed by incubation with
horseradish peroxidase conjugated anti-rabbit second antibody for
30 min. Subsequently, sections were visualized by using DAB solution,
counterstained with haematoxylin, and then observed using a light
microscope.

Statistical analyses
Experiments were repeated in triplicate. Data are expressed as the mean ±
standard deviation (S.D.). Group comparisons were analyzed by One-way
analysis of variance (ANOVA) and Tukey’s tests. Differences between two
group were analyzed using paired Student’s t-test. An estimate of variation
within each group of data was conducted. The differences were
considered significant at *P < 0.05.

RESULTS
Identification of DEMs between CAFs-N-Exo and CAFs-H-Exo
It has been shown that tumor cell growth is closely related to
TME in which hypoxia and CAFs are two major factors [30, 31].
Therefore, to better understand the communication between
CRC cells and hypoxic CAFs, CAFs and NFs were isolated from
CRC tissues and paired normal tissues respectively. As shown in
Fig. 1A, B, compared with NFs, the expressions of the specific
fibroblast markers α-SMA and FAP were much higher in CAFs,
suggesting that CAFs were isolated successfully. Next, exosomes
(CAFs-N-Exo and CAFs-H-Exo) were collected from the condi-
tioned medium (CM) of CAFs that cultured under normoxia and
hypoxia respectively. These two vesicles were identified as
round and cup-shaped membrane-coated particles with a range
of 40 to 150 nm in diameter (Fig. 1C, D). In addition, these two
vesicles expressed exosomal markers CD9, CD81 and HSP70,
whereas the endoplasmic reticulum protein calnexin was
negative expressed in these two vesicles (Supplementary
Fig. 1). These data showed that these vesicles were exosomes.
To explore how CAFs-H-Exo exert their effects on CRC cells, RNA

sequencing was used to screen DEMs between CAFs-N-Exo and
CAFs-H-Exo. The results revealed that 21 downregulated miRNAs
(including miR-200b-3p) were detected in CAFs-H-Exo compared
to CAFs-N-Exo (Fig. 1F, G). In addition, GO results revealed that the
target genes of these 21 DEMs were mainly enriched in the
category “protein binding” (Supplementary Fig. 2A). KEGG path-
way analysis showed that the target genes of these 21 DEMs were
mainly involved in “pathways in cancer” pathway (Supplementary
Fig. 2B).
MiR-200 family plays an important role in cancer development

and acts as diagnostic and prognostic biomarkers for various
cancers [32, 33]. MiR-200b-3p, a member of miR-200 family, can
act as a tumor suppressor in human cancers including CRC
[34, 35]. In addition, the data from starbase database (http://
starbase.sysu.edu.cn/index.php) showed that low miR-200b-3p
level was associated with worse overall survival rates in patients
with CRC (Fig. 1H). Meanwhile, the level of miR-200b-3p was
significantly downregulated in CRC tissues and CRC cell lines
(HCT116, SW620 and SW480) (Fig. 1I, J). Furthermore, miR-200b-3p
levels was markedly reduced in CAFs-H and CAFs-H-Exo compared
to CAFs-N and CAFs-N-Exo respectively (Fig. 1K). Collectively, miR-
200b-3p level was decreased in hypoxic CAFs and hypoxic CAFs-
derived exosomes.

HIF-1α inhibited the level of miR-200b-3p in hypoxic CAFs
In the abovementioned experiments, we found that hypoxia could
decrease miR-200b-3p level in CAFs compared to normoxia
condition. It has been shown that HIF-1α, an active transcription
factor in the hypoxic TME, could regulate the expressions of miRNAs
[36, 37]. Therefore, we focus on investigating the correlation
between miR‐200b-3p and HIF‐1α in hypoxic CAFs. As shown in
Fig. 2A, the expression of HIF‐1α was significantly increased in
hypoxic CAFs compared with that in normoxic CAFs. In addition, the
expression of HIF‐1α was notably upregulated in CAFs transfected
with HIF‐1α OE plasmids (Fig. 2B). Subsequent experiments showed
that overexpression of HIF‐1α remarkably reduced miR-200b-3p
level in CAFs under hypoxic condition (Fig. 2C). These data
showed that HIF-1α could decrease miR-200b-3p level in hypoxic
CAFs.

Hypoxic CAFs-derived exosomes transferred miR-200b-3p into
SW480 cells
To investigate whether miR-200b-3p could be transfer from
hypoxic CAFs to CRCs via exosomes, SW480 cells were incubated
with PKH26-labeled CAFs-N-Exo or PKH26-labeled CAFs-H-Exo.
As shown in Fig. 3A, PKH26 dye was observed in CAFs-N-Exo and
CAFs-H-Exo-treated SW480 cells. In addition, SW480 cells were
co-cultured with normoxic or hypoxic CAFs that were
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transfected with Cy3-labeled miR-200b-3p agomir. The results
showed that Cy3 fluorescence dye was observed in SW480 cells
as well (Fig. 3B). To sum up, miR-200b-3p is contained in
normoxic or hypoxic CAFs-secreted exosomes and can be
transferred to SW480 cells.

Next, we explored the existing pattern of extracellular miR-200b-
3p. As shown in Fig. 3C, combination of RNase A and Triton X-100
remarkably reduced miR-200b-3p level in the CM of hypoxic or
normoxic CAFs compared to RNase A treatment group, indicating
that extracellular miR-200b-3p was encased by the membrane.

Fig. 1 Identification of DEMs between CAFs-N-Exo and CAFs-H-Exo. A IF staining for α-SMA expression in CAFs and NFs. B Western blot
analysis of α-SMA and FAP expressions in three paired CAFs and NFs. C, D Identification of exosomes (CAFs-N-Exo and CAFs-H-Exo) derived
from CAFs that cultured under normoxia and hypoxia by TEM and NTA analysis. Red arrow points at exosomes. EWestern blot analysis of CD9,
CD81 and HSP70 in CAFs-N-Exo and CAFs-H-Exo. F Volcano plot of DEMs between CAFs-N-Exo and CAFs-H-Exo. G 21 downregulated miRNAs
between CAFs-N-Exo and CAFs-H-Exo were identified using R language. H Survival analysis revealed the relation between overall survival rate
and the level of miR-200b-3p in patients with CRC in Starbase database. I RT-qPCR analysis of miR-200b-3p level in 5 paired CRC tissues and
matched normal tissues. J RT-qPCR analysis of miR-200b-3p levels in HCT116, SW620 and SW480 cells. K RT-qPCR analysis of miR-200b-3p level
in CAFs-N, CAFs-H, CAFs-N-Exo, and CAFs-H-Exo. **P < 0.01.
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Fig. 3 Hypoxic CAFs exosomes transferred miR-200b-3p into SW480 cells. A Immunofluorescence images showed the internalization of
PKH26-labeled CAFs-N-Exo or CAFs-H-Exo (red) by SW480 cells. B CAFs-N or CAFs-H transfected with Cy3-labeled miR-200b-3p were co-
cultured with SW480 cells. Fluorescence microscopy was used to detect Cy3 signals (red) in SW480 cells. C The culture supernatants were
collected from CAFs that cultured under normoxia and hypoxia. RT-qPCR analysis of miR-200b-3p level in culture supernatants treated with
RNase A alone or combined with Triton X-100. D RT-qPCR analysis of miR-200b-3p level in CAFs transfected with NC or miR-200b-3p agomir.
E Western blot analysis of exosome surface markers CD9, CD81 and HSP70 in indicated exosomes. F RT-qPCR analysis of miR-200b-3p level in
SW480 cells after incubation with indicated exosomes. **P < 0.01.

Fig. 2 HIF-1α inhibited miR-200b-3p level in hypoxic CAFs. A Western blot analysis of HIF-1α protein expression in CAFs-N, CAFs-H, CAFs-N-
Exo and CAFs-H-Exo. BWestern blot analysis of HIF-1α protein expression in CAFs transfected with HIF-1α OE plasmids. C RT-qPCR analysis was
used to measure miR-200b-3p level in hypoxia CAFs and hypoxia CAFs transfected with HIF-1α OE plasmids. **P < 0.01.
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In addition, the level of miR-200b-3p was remarkably increased
in CAFs transfected with miR-200b-3p agomir (Fig. 3D). Mean-
while, exosomes were isolated from normoxic (CAFs-N/NC-Exo
and CAFs-N/miR-200b-3p agomir-Exo) or hypoxic CAFs (CAFs-H/
NC-Exo, and CAFs-H/miR-200b-3p agomir-Exo) that were trans-
fected with NC or miR-200b-3p agomir. Western blot results
showed that these isolated vesicles expressed exosomal markers
CD9, CD81 and HSP70, suggesting that these vesicles were
exosomes (Fig. 3E). Additionally, the level of miR-200b-3p was
notably increased in SW480 cells incubated with CAFs-N/miR-
200b-3p agomir-Exo and CAFs-H/miR-200b-3p agomir-Exo com-
pared to SW480 cells incubated with CAFs-N/NC-Exo and CAFs-H/
NC-Exo (Fig. 3F). Collectively, miR-200b-3p can be transferred from
hypoxic CAFs to SW480 cells via exosomes.

Loss of miR-200b-3p in hypoxic CAFs-derived exosomes
promoted CRC cell proliferation, migration, invasion,
stemness and reduced the sensitivity of CRC cells to 5-FU
Next, we focused on investigating the role of miR-200b-3p in the
interaction between hypoxic CAFs and SW480 cells. As revealed in

Fig. 4A–C and Supplementary Fig. 3A, CAFs-H/NC-Exo remarkably
enhanced the viability, proliferation, migration, and invasion of
SW480 cells and significantly reduced SW480 cell apoptosis
compared to control or CAFs-N/NC-Exo group, whereas these
changes were notably abolished by hypoxic CAFs-derived exosomes
containing miR-200b-3p agomir. In contrast, compared to CAFs-H/
NC-Exo group, hypoxic CAFs-derived exosomes containing miR-
200b-3p antagomir further promoted HCT116 cell viability, migra-
tion, and invasion (Supplementary Fig. 3B–E).
Furthermore, CAFs-H/NC-Exo markedly elevated the sphere-

forming efficiency and increased the expressions of stemness
markers CD133 and SOX2 in SW480 cells compared to control or
CAFs-N/NC-Exo group, whereas these phenomena were reversed
by CAFs-H/miR-200b-3p agomir-Exo (Fig. 5A, B). Moreover, CCK-8
and EdU staining assays showed that CAFs-H/NC-Exo significantly
reduced the sensitivity of SW480 cells to 5-FU; however, these
changes were notably reversed by CAFs-H/miR-200b-3p agomir-
Exo (Fig. 5C, D). To sum up, loss of miR-200b-3p in CAFs-H-Exo
could enhance CRC cell proliferation, migration, invasion, stem-
ness and reduce the sensitivity of CRC cells to 5-FU.

Fig. 4 Loss of miR-200b-3p in hypoxic CAFs-derived exosomes promoted SW480 cell proliferation, migration, invasion. SW480 cells were
treated with indicated exosomes for 48 h. A EdU and B TUNEL staining assays were conducted to measure cell proliferation and apoptosis.
C SW480 cells were treated with indicated exosomes for 24 h. Transwell assays were used to determine cell migration and invasion. **P < 0.01.
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ZEB1 and E2F3 were direct targets of exosomal miR-200b-3p
in CRC
It has been shown that miRNAs could affect disease development
via regulating target gene expressions [38, 39]. Therefore,
TargetScan database was used to predict the downstream targets
of miR-200b-3p. The data showed that ZEB1 and E2F3 might be
potential targets of miR-200b-3p (Fig. 6A). Furthermore, the results
of dual-luciferase reporter assay demonstrated that the luciferase
activity of 3′ UTR of ZEB1-wild type or E2F3-wild type was reduced
by miR-200b-3p agomir, indicating that miR-200b-3p could
directly target ZEB1 and E2F3 (Fig. 6B).
In addition, the expression of ZEB1 or E2F3 was markedly

upregulated in SW480 cells transfected with ZEB1 OE or E2F3 OE
plasmids respectively (Fig. 6C). Moreover, miR-200b-3p agomir
significantly reduced the levels of ZEB1 and E2F3 in SW480 cells;
whereas ZEB1 or E2F3 overexpression dramatically increased ZEB1
or E2F3 level in SW480 cells (Fig. 6D, E). Meanwhile, CAFs-H/NC-
Exo notably increased the expressions of ZEB1 and E2F3 in SW480
cells compared to control or CAFs-N/NC-Exo group (Fig. 6E). These
results indicated that ZEB1 and E2F3 were direct targets of
exosomal miR-200b-3p in CRC.

MiR-200b-3p inhibited SW480 cell proliferation, migration,
invasion, stemness and increased the sensitivity of SW480
cells to 5-FU via targeting ZEB1 and E2F3
After identifying ZEB1 and E2F3 as direct targets of miR-200b-
3p, we then investigated whether miR-200b-3p could regulate
SW480 cell growth via targeting ZEB1 and E2F3. As indicated in
Fig. 7A, overexpression of miR-200b-3p markedly suppressed
SW480 cell migration and invasion, whereas these changes
were reversed by ZEB1 or E2F3 overexpression. In addition,
CCK-8 assay results revealed that miR-200b-3p agomir drama-
tically enhanced the sensitivity of CRC cells to 5-FU, whereas

these changes were reversed by ZEB1 or E2F3 overexpression
(Fig. 7B). Moreover, miR-200b-3p agomir markedly inhibited
the sphere-forming efficiency of SW480 cells; however, that
change was reversed by ZEB1 or E2F3 overexpression (Fig. 7C).
Furthermore, miR-200b-3p agomir significantly reduced the
expressions of CD133, SOX2 and N-cadherin and increased the
expression of E-cadherin in SW480 cells, whereas these
changes were reversed by ZEB1 overexpression (Fig. 7D).
Meanwhile, overexpression of miR-200b-3p notably decreased
the expressions of Cyclin E1 and CDK2 and increased the
expression of p21, whereas these changes were reversed by
E2F3 overexpression (Fig. 7E). Collectively, miR-200b-3p could
inhibit SW480 cell proliferation, migration, invasion, stemness
and increase the sensitivity of SW480 cells to 5-FU via
downregulating ZEB1 and E2F3.

Loss of miR-200b-3p in hypoxic CAFs-derived exosomes
promoted SW480 cell growth and stemness in vivo
Finally, we investigated the effect of CAFs-H-Exo on the
tumorigenicity of CRC in vivo. As shown in Fig. 8A, B, CAFs-H/
NC-Exo markedly promoted the tumor volume and tumor weight
of SW480 subcutaneous xenografts compared with control and
CAFs-N/NC-Exo group, whereas these phenomena were reversed
by CAFs-H/miR-200b-3p agomir-Exo. Additionally, CAFs-H/NC-
Exo notably decreased miR-200b-3p level in tumor tissues
compared with control and CAFs-N/NC-Exo group; however,
that change was increased by CAFs-H/miR-200b-3p agomir-Exo
(Fig. 8C). Moreover, CAFs-H/NC-Exo remarkably inhibited cell
apoptosis in tumor tissues, whereas that effect was reversed by
CAFs-H/miR-200b-3p agomir-Exo (Fig. 8D). Meanwhile, CAFs-H/
NC-Exo significantly upregulated the expressions of CD133, N-
cadherin, ZEB1 and E2F3 in tumor tissues, whereas these
phenomena were reversed by CAFs-H/miR-200b-3p agomir-Exo

Fig. 5 Loss of miR-200b-3p in hypoxic CAFs-derived exosomes promoted SW480 cell stemness and reduced the sensitivity of CRC cells to
5-FU. A SW480 cells were treated with indicated exosomes. Sphere forming assay was applied to determine the self-renewal of the CRC cells.
B Western blot was applied to determine CD133 and SOX2 protein expressions in SW480 cells. C, D SW480 cells were treated with indicated
exosomes for 48 h, followed by 5-FU treatment for 72 h. CCK-8 and EdU staining assay was used to measure cell viability and proliferation.
*P < 0.05, **P < 0.01.
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(Fig. 8E, F). These data showed that loss of miR-200b-3p in
hypoxic CAFs-derived exosomes could promote SW480 cell
growth and stemness in vivo.

DISCUSSION
Hypoxia is a key microenvironmental factor promoting tumor
survival and progression [40]. In addition, CAFs are a major
cellular component of TME in most cancers, which could affect
cancer progression via promoting tumor cell growth, angio-
genesis and extracellular matrix remodeling [41, 42]. In this
study, we focused on the communication between hypoxic
CAFs and CRC cells. Recently, exosomes have emerged as
important mediators for cell-to-cell communication through
transporting miRNAs [43]. Li et al. found that CAFs-derived
exosomal miR-34a-5p promoted the proliferation and metas-
tasis of oral squamous cell carcinoma cells [44]. In addition, xia
et al. found that hypoxic gastric cancer-derived exosomal miR-
301a-3p could promote gastric cancer malignant behaviors and
metastasis [45]. However, the effect of hypoxia on CAFs has not
been extensively investigated. Our results found that hypoxic
CAFs-derived exosomes could enhance the migration, invasion,
stemness of CRC cells and reduced the sensitivity of CRC cells
to 5-FU, compared to normoxic CAFs-derived exosomes. Our
research firstly explored the role of hypoxic CAFs-derived
exosomes in CRC. Increasing evidence demonstrated that
exosome-mediated transfer of miRNAs from CAFs to tumor

cells could promote cancer progression and chemoresistance
[43, 46]. In this study, we found that the level of miR-200b-3p
was significantly decreased in hypoxic CAFs-derived exosomes
compared with that in normoxic CAFs-derived exosomes.
Importantly, miR-200b-3p could be transferred from hypoxic
CAFs to CRC cells via exosomes. Next, to investigate the role of
exosomal miR-200b-3p in tumorigenesis, we isolated exosomes
from hypoxic CAFs transfected with miR-200b-3p agomir. Our
results found that hypoxic CAFs-derived exosomes could
promote the migration, invasion, stemness of CPC cells and
reduced the sensitivity of CRC cells to 5-FU, whereas these
phenomena were reversed by hypoxic CAFs-derived exosomes
with high miR-200b-3p expression. These data showed that
increasing exosomal miR-200b-3p in hypoxic CAFs could
reverse the promoting effects of hypoxic CAFs on CRC cell
growth. Meanwhile, exosomal miR-200b-3p plays an important
role in the TME interactions and is vital for tumor growth
in CRC.
Furthermore, ZEB1 and E2F3 were verified as downstream

targets of miR-200b-3p in CRC. ZEB1, an inducer for epithelial-
mesenchymal transition (EMT) in human cancers, was able to
promote tumor invasion and drug resistance [47, 48]. Goulet
et al. found that CAFs could induce EMT phenotype in bladder
cancer cells via upregulation of ZEB1 [49]. Additionally, E2F3 is
an important cell cycle regulator that promotes tumor cell
proliferation, EMT, invasion and chemoresistance [50–52]. Feng
et al. showed that downregulation of miR-200b was able to

Fig. 6 ZEB1 and E2F3 were direct targets of exosomal miR-200b-3p in CRC. A The complementary sequences or mutant binding sites
between ZEB1 and miR-200b-3p, and between E2F3 and miR-200b-3p. B Luciferase activity analysis in SW480 cells treated with the ZEB1/E2F3-
wild type/mutant plasmids together with miR-200b-3p agomir. C SW480 cells were treated with ZEB1 OE or E2F3 OE plasmids respectively.
Western blot analysis of ZEB1 or E2F3 protein expression in transfected SW480 cells. D SW480 cells were treated with miR-200b-3p agomir or
miR-200b-3p agomir plus ZEB1 or E2F3 plasmids respectively. RT-qPCR analysis of ZEB1 or E2F3 level in transfected SW480 cells. E SW480 cells
were treated with miR-200b-3p agomir, miR-200b-3p agomir plus ZEB1 or E2F3 plasmids or indicated exosomes respectively. Western blot
analysis of ZEB1 or E2F3 protein expression in SW480 cells. **P < 0.01.
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promote the chemoresistance of lung cancer cells to docetaxel
via upregulation of E2F3 [53]. Here, we found that miR-200b-3p
obviously inhibited CRC cell proliferation, migration, invasion
and increased the sensitivity of CRC cells to 5-FU, whereas
overexpression of ZEB1 or E2F3 reversed these changes.
Furthermore, compared to CAFs-N/NC-Exo, CAFs-H/NC-Exo
notably decreased the level of miR-200b-3p, and elevated the
expressions of ZEB1 and E2F3 in SW480 cells. Collectively, loss of
miR-200b-3p in hypoxic CAFs-derived exosomes could promote
SW480 cell proliferation, migration, invasion, stemness and
reduced the sensitivity of CRC cells to 5-FU via upregulation of
ZEB1 and E2F3.
Indeed, there are some limitations in this study. First, our results

found that exosomes derived from hypoxic CAFs could increase
the sphere-forming efficiency in CRC cells. Evidence has shown
that hypoxia can be appeared in the core of larger spheroids [54].

Thus, we plan to investigate whether exosomes derived from
hypoxic CAFs could affect hypoxic-core formation in spheroids
CRC cells in the future. Second, CAFs-derived exosomes could
facilitate the metastasis of CRC [26]. However, the effect of hypoxic
CAFs-derived exosomes on tumor metastasis in CRC remains
largely unclear. Thus, further studies are needed to explore the
effect of CAFs-H/miR-200b-3p agomir-Exo on metastasis in CRC
in vivo.

CONCLUSION
Our results revealed that loss of exosomal miR-200b-3p from
hypoxia CAFs could promote CRC progression via upregulation
of ZEB1 and E2F3. Thus, increasing exosomal miR-200b-3p
might serve as an alternative approach for the treatment
of CRC.

Fig. 7 MiR-200b-3p inhibited SW480 cell proliferation, migration, invasion, stemness and increased the sensitivity of SW480 cells to 5-FU
via targeting ZEB1 and E2F3. A SW480 cells were treated with miR-200b-3p agomir or miR-200b-3p agomir plus ZEB1 or E2F3 plasmids
respectively. Transwell assays were used to determine cell migration and invasion. B SW480 cells were treated with miR-200b-3p agomir or
miR-200b-3p agomir plus ZEB1 or E2F3 plasmids respectively, followed by 5-FU treatment for 72 h. CCK-8 assay was applied to determine cell
viability. C SW480 cells were treated with miR-200b-3p agomir or miR-200b-3p agomir plus ZEB1 or E2F3 plasmids respectively. Sphere
forming assay was applied to determine the self-renewal of the CRC cells. D SW480 cells were treated with miR-200b-3p agomir or miR-200b-
3p agomir plus ZEB1 plasmids. Western blot analysis of CD133, SOX2, E-cadherin and N-cadherin protein expressions in transfected SW480
cells. E SW480 cells were treated with miR-200b-3p agomir or miR-200b-3p agomir plus E2F3 plasmids. Western blot analysis of cyclin E1, CDK2
and p21 protein expressions in transfected SW480 cells. *P < 0.05, **P < 0.01.
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