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Cancer-associated fibroblasts-derived exosomes from 
chemoresistant patients regulate cisplatin resistance and 
angiogenesis by delivering VEGFA in colorectal cancer
Yuanyuan Shia,*, Hua Zhub,#, Hang Jiangb, Hongqin Yueb, Fang Yuana and 
Fusheng Wangb

The purpose of this study was to investigate the effect 
of chemoresistant cancer-associated fibroblasts 
(R-CAFs) against cisplatin (DDP) on colorectal cancer 
(CRC) progression. First, clinical tissue samples of 
chemoresistant or chemosensitive CRC patients were 
collected to isolate R-CAFs or chemosensitive CAFs 
(S-CAFs), respectively. HT29 cells or HUVECs were 
co-cultured with R-CAFs by transwell device. Then the 
proliferation and apoptosis of HT29 cells were detected 
with Cell Counting Kit-8 (CCK-8) and flow cytometry. 
Transwell assay and tube formation assay was used to 
detect the migration and angiogenesis of HUVECs. In 
addition, a colorectal cancer transplantation model was 
established subcutaneously in nude mice by injecting 
stably transfected HT29 cells and exosomes from 
different CAF groups, and then the tumor volume and 
weight were measured and recorded. Hematoxylin and 
eosin staining, immunohistochemistry, and terminal 
deoxynucleotidyl transferase dUTP Nick-End Labeling 
(TUNEL) staining were performed to characterize the 
histopathological characteristics and apoptosis level of 
tumor tissues, respectively. S-CAFs and R-CAFs were 
isolated successfully. HT29 cell co-culture with R-CAFs 
significantly affected the proliferation and apoptosis of 
HT29 cells. Exosomes derived from R-CAFs (R-CAFs-Exo) 
were delivered to HT29 cells, which could induce viability, 

suppress apoptosis and accelerate the angiogenesis of 
CRC. In addition, VEGFA was highly expressed in R-CAFs-
Exo, which might indicate that R-CAFs could transmit 
VEGFA through exosomes. Overexpressed VEGFA in 
R-CAFs apparently regulates the viability, apoptosis, DDP 
resistance, and angiogenesis of CRC. In-vivo experiments 
confirmed that R-CAFs-Exo promoted the progression of 
CRC and DDP resistance by delivering VEGFA. R-CAFs-
derived exosomes promote the viability, apoptosis, DDP 
resistance, and angiogenesis of CRC by delivering VEGFA. 
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Introduction
Colorectal cancer (CRC), a kind of cancer that spreads 
widely worldwide, ranks as the third most prevalent malig-
nancy [1]. Advanced diagnosis and metastasis are the main 
causes of high mortality in patients with CRC [2]. The 
underlying mechanisms of CRC are multifactorial, and the 
factors promoting its pathogenesis include genetics, age, 
chronic inflammation, and lifestyle [3]. Despite advances 
in awareness and early screening, a quarter of cases are still 
diagnosed with colorectal cancer at an advanced stage [4]. 
At present, the treatment of CRC covers surgical resection, 
chemotherapy, or adjuvant treatment, which will inevi-
tably bring some serious side effects, such as vomiting, 

weight loss, and infection complications [5,6]. In addition, 
the majority of CRC patients develop drug resistance after 
a period of treatment, which eventually results in CRC 
recurrence [7,8]. Therefore, exploring novel and reliable 
biomarkers for CRC treatment is urgently needed.

To identify new non-invasive biomarkers for early diagno-
sis of CRC, we note that tumor microenvironment (TME) 
cell-related markers have special significance [9]. At the 
beginning of the tumor, the phenotype of surrounding cells 
changes in response to malignant transformation. One of 
the most significant transformations is to activate normal 
fibroblasts into tumor-associated fibroblasts (CAFs), show-
ing specific and differential protein expression and pro-
ducing regulatory signals to promote tumor development 
[10,11]. Studies have confirmed that fibroblasts in the TME 
achieve cross-talk with tumor cells by secreting exosomes 
[12]. Exosomes are small vesicles ranging from 30 to 
100 nm in size, released upon exocytosis of multivesicular 
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bodies, which contain and deliver mRNAs, proteins, and 
DNA [13]. They may mediate signal transduction in spe-
cific recipient cells by diffusing into neighboring cells or 
distant anatomical locations [14]. CAFs-derived exosomes 
remodel TME by regulating several processes, such as 
angiogenesis, immunosuppression, and drug acquisition, 
which is also thought to be the reason for promoting tumor 
progression and chemotherapy resistance [15,16]. LncRNA 
MEG3 released from CAF-derived exosomes enhances 
cisplatin chemoresistance in small-cell lung cancer via 
regulation of a miR-15a-5p/CCNE1 axis [17]. The latest 
research showed that CAF-derived exosomes delivered 
LINC01410 to promote epithelial–mesenchymal transition 
of esophageal squamous cell carcinoma [18]. Additionally, 
exosomes contain various substances that can accelerate 
angiogenesis and thus play an important role in cancer 
invasion [19]. Research demonstrated that CAF-derived 
exosomes upregulated miR-135b-5p to promote CRC 
cell growth and angiogenesis by inhibiting TXNIP [20]. 
However, the effect of CAFs-derived exosomes on CRC 
angiogenesis and chemoresistance is still largely unknown.

In our study, we first isolated CAFs from chemoresistant and 
chemosensitive patients, and then CAFs-derived exosomes 
were isolated and identified. Subsequently, a series of cell 
experiments and animal experiments were carried out to 
identify the role of CAFs-derived exosomes in the prolifer-
ation, apoptosis, angiogenesis, and DDP resistance of CRC, 
as well as the molecular mechanisms involved.

Methods
Collection of clinical tissue samples and separation of 
cancer-associated fibroblasts
Tumor tissues of CRC patients were obtained from the 
Third People’s Hospital of Yancheng City. The crite-
ria of chemoresistance and chemosensitivity are divided 
according to the 2021 second edition of the National 
Comprehensive Cancer Network colon cancer guidelines. 
The primary CAFs were isolated from the collected tumor 
tissues of chemoresistant and chemosensitive patients, 
namely chemoresistant CAFs (R-CAFs) and chemosen-
sitive CAFs (S-CAFs) [21]. And the CAFs were identi-
fied by the related marker in immunofluorescence assay. 
Ethical approval was obtained from the institutional ethics 
committee of Third People’s Hospital of Yancheng City.

Cell culture
CRC cell line (HT29) and the human umbilical vein 
endothelial cells (HUVECs) were purchased from 
American Type Culture Collection (American Type Culture 
Collection, Manassas, VA, USA). HT29 cells were cultured 
in RPMI-1640 (Invitrogen, Carlsbad, CA, USA; Thermo 
Fisher Scientific, Waltham, MA, USA) supplemented with 
10% FBS (Gibco, Carlsbad, CA, USA) under standard con-
ditions (37°C, 5% CO

2
). And HUVEC were cultured in 

Dulbecco’s Modified Eagle Medium (DMEM) (Gibco, 
Carlsbad, CA, USA) medium under the same conditions.

Extraction and identification of exosomes
According to the previous description [22], R-CAFs-
derived exosomes (R-CAFs-exo) or S-CAFs-exo were 
extracted by ultra-centrifugation. Then, transmission elec-
tron microscopy (TEM) was performed: exosome suspen-
sion (10 μL) was absorbed onto carbon-coated copper grids 
(200 mesh) for 1 min. After washing with H

2
O, the samples 

were negatively stained with 2% uranyl acetate solution 
and dried naturally. Lastly, the samples were visualized 
with a Phillips Tecnai transmission electron microscope. 
The particle size range of exosomes was determined by a 
nanoparticle tracking analysis (NTA) system. To identify 
the exosomes, the expressions of exosomal markers CD9, 
CD81, and TSG101 were monitored by western blot.

Exosome tracking
Exosomes were incubated with PKH67 (Beyotime, 
Shanghai, China) with light avoidance for 30 min, 
and co-cultured with HT29 cells. The cells were 
stained with 4’,6-diamidino-2-phenylindole for 2 h and 
observed under a fluorescent microscope (Olympus, 
Tokyo, Japan).

Detection of DDP resistance in colorectal cancer cells
The resistance of CRC cells to DDP was evaluated at 
half-maximal inhibitory concentration (IC50). R-CAFs 
were transfected with OE-VEGFA or OE-NC and then 
the exosomes were isolated, respectively. After that, 
HT29 cells were cultured with R-CAFs-derived exosomes 
(OE-NC-Exo, OE-VEGFA-Exo) from the different trans-
fected groups and treated with the DDP of different con-
centrations. Cell viability was measured by CCK-8 (Sigma, 
St. Louis, MO, USA). At last, the IC50 of HCT116 cells to 
DDP was obtained with relative survival curves.

Cell viability analysis
CCK-8 (DOJINDO, Tokyo, Japan) assay was per-
formed for cell viability detection. Briefly, HT29 cells or 
HUVECs in each group were harvested and seeded in 
96-well plates. 10 μL of CCK-8 reagent was added to each 
well and incubated for 2 h at 37°C. Then, the absorbance 
value (at 450 nm) was obtained by a microplate reader.

Flow cytometry analysis
Flow cytometry analysis was performed with an Annexin 
V/FITC kit (Thermo Fisher Scientific, China) to eval-
uate cell apoptosis. In brief, HT29 cells treated with 
the different groups were seeded in a six-well plate and 
digested with trypsin. The apoptotic cells were dual-
stained with PI and Annexin V-FITC. Afterward, the 
stained cells were measured via the BDTM LSRII flow 
cytometer (BD Biosciences, San Jose, CA, USA).

Migration assay
Two-four-transwell chambers (pore sizes: 8 µm; Costar, 
Cambridge, MA, USA) were used for the cell migration 
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detection. HUVECs of 5 × 104 with serum-free medium 
(200 µL) were added to the upper chamber, and the lower 
chamber contained a blank medium. After culturing for 
24 h, cells on the upper membrane surface were scraped 
off and the invasive cells on the membrane surface were 
fixed with methanol, then stained with 4% paraformal-
dehyde and crystal violet (Sigma-Aldrich, USA). At last, 
HUVECs were counted and photographed under an 
inverted light microscope (Olympus).

Tube formation assay
Tube formation assay was performed to evaluate the 
effects of different treatments on angiogenesis of 
HUVECs. HUVECs of 3 × 104 were plated in 96-well 
plates coated with 50 µL Matrigel (Corning, Corning, 
NY, USA) and cultured in DMEM culture medium for 
4 h. Tubules were photographed under a microscope and 
evaluated by Image-Pro Plus software.

qRT-PCR
Total RNA was extracted from cells using the Trizol rea-
gent (Thermo Fisher Scientific). A total of 1 μg mRNA was 
used to synthesize cDNA using PrimeScript RT Master 
Mix (TaKaRa, Dalian, China). The quantitative real-time 
polymerase chain reaction (qRT-PCR) was performed 
using SYBR Premix ExTaq (TaKaRa, Shiga, Japan). The 
relative mRNA expression was normalized by internal con-
trol (β-actin). Sequences of primers are listed in Table 1.

Western blotting
The cells were lysed in radio immunoprecipitation assay 
(RIPA) lysis buffer to produce homogenate. The total pro-
tein was obtained by centrifugation (15 000 × g, 15 min) at 
4°C. And the concentration was tested by the BCA protein 
assay kit (Thermo Fisher Scientific, USA). The proteins 
were then separated using 10% SDS-PAGE and electro-
phoretically transferred to the polyvinylidene difluoride 
membranes (Millipore, USA). Then, the membranes 
were blocked, washed, and incubated with primary anti-
body: CD63 (1:5000, ab134045; Abcam), CD81 (1:5000, 
ab109201; Abcam), CD9 (1:1000, ab236630; Abcam, 
Cambridge, MA, USA), vascular endothelial growth fac-
tor A (VEGFA) (1:1000, ab214424; Abcam), glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) (1:5000, 
ab8245; Abcam), overnight at 4°C. The following day, the 
membrane was incubated with the goat anti-rabbit horse-
radish peroxidase (HRP) -conjugated IgG H&L (HRP) 
secondary antibodies (1:5000, ab6721; Abcam). The rela-
tive protein expression of CD163, CD206, Agr1, NOS2, 
and IL-1β was statistically evaluated by ImageJ software.

Immunofluorescence staining
R-CAFs, S-CAFs, or HT29 cells were assessed by immu-
nofluorescence as indicated [23] using the following anti-
bodies: primary antibody of α-SMA (19245S, 1:200; Cell 
Signaling Technology, USA), Vimentin (5741S, 1:100; 
Cell Signaling Technology), or VEGFA (1:500, ab52917; 

Abcam) at 4°C overnight, and then with goat anti-rabbit 
IgG (ab150077, 1:2000; Abcam) away from light (45 min, 
room temperature). Next, the cells were washed and 
then cultured with DAPI (5 min, room temperature) in 
the dark. Finally, the immunofluorescence was visual-
ized under a fluorescence microscope (Olympus).

In-vivo studies
A total of 5 × 106 HT29 cells were subcutaneously injected 
into the flank of nude mice to establish the subcutaneous 
transplanted tumor model of CRC. Then, we established 
R-CAFs stably transfected with OE-VEGFA or Sh-VEGFA 
by lentivirus infection, and then the exosomes from each 
group were isolated. Two weeks later, the exosomes (5 μg) 
from different transfected CAFs groups (OE-VEGFA 
or Sh-VEGFA) were then injected intratumorally twice 
weekly. The mice were randomly divided into three 
groups: NC-Exo, OE-VEGFA-Exo, and Sh-VEGFA-Exo 
(n = 5). And the tumor volume was calculated over the next 
5 weeks. The mice were sacrificed on day 35 to obtain 
xenograft. All animal work was performed according to 
the Health guidelines, and protocols were approved by  
the Institutional Animal Care and Use Committee of the 
Third People’s Hospital.

Immunohistochemistry
Immunohistochemistry staining was performed as previ-
ously described [24]. After conventional paraffin embed-
ding and sectioning (5 μM), the tumor tissues were 
subjected to xylene dewaxing, gradient alcohol hydra-
tion, and treated with 3% H

2
O

2
. After blocking with 5% 

BSA, the primary antibodies of Ki67 (1:200, ab16667; 
Abcam) were added and incubated overnight at 4°C. 
Then, the sections were incubated with the goat and 
anti-rabbit IgG for 30 min, and DAB was employed for 
coloration. After hematoxylin counterstaining, the tis-
sues were dehydrated, transparentized, and mounted for 
microscopic examination.

Hematoxylin and eosin staining and TUNEL assay
Tumor tissue was fixed in 4% formaldehyde, and then the 
samples were dehydrated in gradient concentrations of 
ethanol and embedded in paraffin. After that, the tissues 
were cut into 5-µm slices and dyed with HE staining. 

Table 1 Primer sequences used for RT-qPCR

Genes Primer sequences 

VEGFA F: 5ʹ-TGGCTCACTGGCTTGCTCTA-3ʹ
R: 5ʹ-ATCCAACTGCACCGTCACAG-3ʹ

bFGF F: 5ʹ-GGCACTGAAATGTGCAACAG-3ʹ
R: 5ʹ-TCCAGGTCCAGTTTTTGGTC-3ʹ

TGF-β F: 5ʹ-CACCGGAGAGCCCTGGATA-3ʹ
R: 5ʹ-TGCCGCACACAGCAGTTC-3ʹ

FIGF F: 5ʹ-GTATGGACTCTCGCTCAGCAT-3ʹ
R: 5ʹ-AGGCTCTCTTCATTGCAACAG-3ʹ

GAPDH F: 5ʹ-GGTGGTCTCCTCTGACTTCAA-3ʹ
R: 5ʹ-GTTGCTGTAGCCAAATTCGTTGT-3ʹ
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Finally, the stained sections were observed with a light 
microscope for morphologic changes. In addition, The 
apoptosis level in tumor tissues was examined with the 
TUNEL assay (Beyotime) in accordance with the manu-
facturer’s instruction.

Statistical analyses
All data from at least three independent experiments 
were presented as the mean ± SD. Statistical analyses 
were performed by GraphPad Prism 7.0 statistical soft-
ware. Significant differences between groups were ana-
lyzed by the Student’s t-test and assigned as *P < 0.05; 
**P < 0.01; ***P < 0.001, respectively.

Results
Cancer-associated fibroblasts regulate the proliferation 
and apoptosis of colorectal cancer cells
First, CAFs were isolated from CRC tumor tissues of 6 
patients with chemoresistance (Resistant CAFs) or che-
mosensitivity (Sensitive CAFs). Then the markers of 
CAFs were identified by immunofluorescence, and the 
results showed a high expression of α-SMA and vimen-
tin in CAFs, which confirmed the successful isolation 

(Fig. 1a). To prove the effect of CAFs from different 
groups on CRC cells, Resistant CAFs and Sensitive 
CAFs were co-cultured with HCT116. According to 
the CCK-8 assay, compared with the Sensitive CAFs 
group, the cell viability of Resistant CAFs co-cultured 
group was obviously increased (Fig.  1c). The results 
of flow cytometry revealed that the apoptosis level 
of HT29 cells was apparently decreased in Resistant 
CAFs co-cultured group (Fig.  1d). These results 
revealed that CAFs from the chemoresistance patients 
could promote proliferation and inhibit apoptosis of 
CRC cells.

Resistant cancer-associated fibroblasts-derived 
exosomes affect proliferation, apoptosis, and 
angiogenesis of colorectal cancer
The exosomes secreted by Resistant CAFs (R-CAFs-
Exo) were isolated and observed by TEM (Fig.  2a). 
NTA revealed that the particle size of R-CAFs-Exo 
ranged from 40 to 120 nm (Fig.  2b). Western blot was 
applied to measure the expressions of the exosomal 
marker CD63, CD81, CD9, and ALIX. The results 
manifested that exosomal markers were positively 
expressed in R-CAFs-Exo (Fig.  2c). After that, HT29 

Fig. 1

CAFs regulate the proliferation and apoptosis of CRC cells. The CAFs isolated from CRC tumor tissues with chemoresistance (Resistant CAFs) 
or chemosensitivity (Sensitive CAFs) were identified and then co-cultured with CRC cell line, HT29 cells. (a) Immunofluorescence was used for 
the expression of α-SMA and vimentin in CAFs. (b) CCK-8 assay was performed for the cell viability of HT29 cells. (c) The level of apoptosis was 
detected by flow cytometry. **P < 0.01; ***P < 0.001. CAFs, cancer-associated fibroblasts; CCK-8, Cell Counting Kit-8; CRC, colorectal cancer.
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cells were incubated with PKH67-labeled R-CAFs-Exo, 
and we found that green fluorescence was localized in 
the cytoplasm of CRC cells, while no green fluorescence 
can be observed in PBS treated HT29 cells, indicating 
exosomes were successfully extracted by HT29 cells 
(Fig. 2d). From CCK-8 assay and flow cytometry, co-cul-
tured with R-CAFs or R-CAFs-Exo markedly increased 
viability and suppress apoptosis of HT29 cells, while 
R-CAFs + GW4869 notably reversed the effects above, 
restraining the viability and inducing apoptosis of HT29 
cells (Fig.  2e and f). There was evidence that CAFs 
regulate cancer progression by influencing tumor angi-
ogenesis [25]. To further confirm the impact of R-CAFs-
Exo on the angiogenesis of CRC, HUVEC were used 
to co-cultured with R-CAFs, R-CAFs-Exo, or R-CAFs 
+ GW4869. CCK-8 and transwell assay confirmed that 
R-CAFs or R-CAFs-Exo promoted proliferation and 
migration of HUVEC, R-CAFs + GW4869 had the 
opposite effects (Fig. 2g and h). According to the tube 
formation experiment, co-cultured with R-CAFs or 
R-CAFs-Exo could notably increase the tube formation 
ability of HUVEC (Fig. 2i). The above results indicated 
that the exosomes secreted by Resistant CAFs affected 
the viability and apoptosis of HT29 cells, as well as 
angiogenesis.

Resistant cancer-associated fibroblasts-derived 
exosomes deliver VEGFA
Previous studies have shown that VEGFA, bFGF, TGF-
β, and FIGF are closely related to angiogenesis [26–28]. 
Therefore, in the next study, we detected the expression 
of these factors in CAF-Exo from the resistant or sensi-
tive group. QRT-PCR and western blot results showed 
that compared with the Sensitive CAFs-Exo group, all 
the factors detected including VEGFA, bFGF, TGF-β, 
and FIGF were up-regulated, and among them, VEGFA 
existed a most markedly increased expression (Fig. 3a and 
b). Besides, the high expression of VEGFA in Resistant 
CAFs-Exo was verified by immunofluorescence assay 
(Fig. 3c). These results indicated that exosomes derived 
by Resistant CAFs could secret more VEGFA than 
Sensitive CAFs-derived exosomes.

Resistant cancer-associated fibroblasts-derived 
exosomes deliver VEGFA to promote the progression 
of colorectal cancer
Subsequently, we overexpressed VEGFA in R-CAFs, qRT-
PCR, and western blot was performed for the transfection 
efficiency (Fig. 4a and b). Then, exosomes derived from 
R-CAFs with different transfected group was co-cultured 
with CRC cells or HUVEC by transwell device. According 

Fig. 2

Resistant CAFs-derived exosomes affect proliferation, apoptosis, and angiogenesis of CRC. The exosomes from Resistant CAFs (R-CAFs) was 
isolated and identified, then R-CAFs, R-CAFs-derived exosomes (R-CAFs-Exo) and R-CAFs + GW4968 (exosome inhibitor) were co-cultured 
with HT29 cells (e and f) or HUVEC (g–i) for further detection. (a) The isolated exosomes were observed under TEM. (b) The particle size range 
of exosomes was analyzed by NTA. (c) The expressions of the exosomal markers were measured by western blot. (d) The observation of exosome 
uptake by HT29 cells after co-culturing. (e) CCK-8 assay and (f) flow cytometry was used to detect the viability and apoptosis of HT29 cells. (g) 
CCK-8 and (h) transwell assay was used for the proliferation and migration detection. (i) Tube formation experiment was performed in HUVEC. 
**P < 0.01; ***P < 0.001. CAFs, cancer-associated fibroblasts; CCK-8, Cell Counting Kit-8; CRC, colorectal cancer; HUVECs, human umbilical vein 
endothelial cells; NTA, nanoparticle tracking analysis.
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to CCK-8 assay, overexpression of VEGFA significantly 
increased cell viability and IC50 value, indicating that 
overexpressed VEGFA could improve the resistance 
of HT29 cells to DDP (Fig. 4c and d). Flow cytometry 
analysis showed that the cell apoptosis was repressed by 
OE-VEGFA-Exo group (Fig. 4e). Moreover, overexpres-
sion of VEGFA also apparently promoted proliferation, 
migration, and tube formation of HUVEC (Fig.  4f–h). 
These results demonstrated that VEGFA secreted from 
R-CAFs-Exo could regulate the viability, apoptosis, DDP 
resistance, and angiogenesis of CRC.

Mechanism of Resistant cancer-associated fibroblasts 
accelerating colorectal cancer progression in vivo
To observe the effect of VEGFA delivered by R-CAFs-
Exo on the progression of CRC in vivo, HT29 cells were 
injected into Nude mice to construct CRC subcutaneous 
transplanted tumor model. One week later, the exosomes 
were then injected intratumorally and were isolated from 
stably transfected R-CAFs (OE-VEGFA or Sh-VEGFA). 
From the result of subcutaneous tumorigenesis, com-
pared with the NC-Exo group, overexpressing VEGFA 
could apparently accelerate the tumor growth, including 
the tumor weight and volume, while it has the opposite 
effect on tumor growth in Sh-VEGFA-Exo (Fig.  5a–c). 
Then, H&E staining was then performed to examine the 
histopathological characteristics of the tumors (Fig. 5d). 
Furthermore, immunohistochemistry was performed 
using an antibody against Ki67, which is indicative of 

cell proliferation, in solid tumors. We observed that 
Sh-VEGFA-Exo exerts a suppressed effect on cell prolif-
eration (Fig. 5e). Also, TUNEL staining showed VEGFA 
depletion resulted in elevated apoptosis rate (Fig.  5f). 
And not surprisingly, overexpression of VEGFA has the 
opposite effect on the above (Fig.  5d–f). In summary, 
VEGFA derived by Resistant CAFs aggravated CRC pro-
gression in vivo.

Discussion
CRC is considered to be one of the most frequently occur-
ring cancers with high metastatic potential [29]. Thanks to 
the increased sensitivity of colonoscopy screening [30] and 
the improvement of chemotherapy treatment in the past 
decades [31,32], there is a decline in the incidence and mor-
tality rate of CRC. Unfortunately, most CRC cases present 
in an advanced metastatic stage at the time of diagnosis, 
and the 5-year survival rate is only 14% [33]. The basis of 
the current clinical treatment of CRC includes surgery, 
targeted therapy, and adjuvant radiotherapy [8]. However, 
drug resistance during treatment is still one of the dead-
locks of low survival rates in CRC patients. Therefore, elu-
cidating the resistance mechanism of chemotherapy is an 
important goal to improve the survival rate of CRC.

Accumulating evidence indicates that CAFs display the 
capacity to influence cancer progression, which high-
lights the potential of CAFs as therapeutic targets [34, 
35]. CAFs, as an important component of TME, mod-
ulate cancer development through multiple aspects 

Fig. 3

Resistant CAFs-derived exosomes deliver VEGFA. Resistant CAFs-derived exosomes (Resistant CAFs-Exo) and Sensitive CAFs-derived exosomes 
(Sensitive CAFs-Exo) were isolated, then the angiogenesis-related factors were detected. (a) qRT-PCR was used to detect the mRNA expression of 
related factors. (b) Western blot was performed for the detection of related factors. (c) Immunofluorescence assay was used to detect the expression 
of VEGFA. *P < 0.05; **P < 0.01; ***P < 0.001. CAFs, cancer-associated fibroblasts.
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including inducing cancer cell invasion and metasta-
sis, expediting angiogenesis, and promoting immune 
evasion and chemotherapy resistance [36–38]. Su et al. 

identified a specific CAF subgroup that promotes tumor 
formation and chemoresistance in breast and lung can-
cer through continuous normal fibroblast-kB activation 

Fig. 4

Resistant CAFs-derived exosomes deliver VEGFA to promote the progression of CRC. R-CAFs were transfected with OE-NC or OE-VEGFA, and 
then the exosomes were isolated and co-cultured with HT29 cells (c–e) or HUVEC (f–h). (a) QRT-PCR was used to detect the transfection efficiency 
of CAFs. (b) Western blot was used for the protein expression of VEGFA in CAFs. (c–d) CCK-8 assay was used to detect cell viability and IC50 
value of HT29 cells. (e) Flow cytometry was used to detect the apoptosis level of HT29 cells. (f) The proliferation, (g) migration, and (h) tube forma-
tion were detected in HUVEC. **P < 0.01; ***P < 0.001. CAFs, cancer-associated fibroblasts; CCK-8, Cell Counting Kit-8; CRC, colorectal cancer; 
HUVECs, human umbilical vein endothelial cells; NTA, nanoparticle tracking analysis.

Fig. 5

Mechanism of Resistant CAFs accelerating CRC progression in vivo. To establish the subcutaneous transplanted tumor model of CRC, HT29 
cells were subcutaneously injected into the flank of nude mice. Then R-CAFs were stably transfected with OE-VEGFA or Sh-VEGFA by lentivirus 
infection and the exosomes were isolated from each group. (a) The tumor tissues of nude mice were dissected in each group. (b) Tumor volume 
and (c) weight were measured in each group. (d) H&E staining was performed in tumor tissues. (e) Immunohistochemistry was used to measure 
the proliferation level in tumor tissues. (f) Flow cytometry was carried out to detect the apoptosis level in tumor tissues. **P < 0.01; ***P < 0.001. 
CAFs, cancer-associated fibroblasts; CCK-8, Cell Counting Kit-8; CRC, colorectal cancer; HUVECs, human umbilical vein endothelial cells; H&E, 
hematoxylin and eosin.
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[39]. Recently, CAFs derived exosomes have been iden-
tified to play a role in tumor growth and metastasis. For 
instance, it has been revealed that CAFs-Exo contrib-
uted to oral cancer cell proliferation and metastasis [40] 
and is connected with CRC development [41]. In another 
study, CAFs-derived exosomes activated colorectal can-
cer stem cells to promote chemoresistance [42]. Studies 
indicated that CAFs-Exo confers cisplatin resistance in 
head and neck cancer through exosomal miR-196a [43].

In this study, we first isolated CAFs from chemoresistant 
or chemosensitive patients, and they were co-cultured 
with CRC cells. Cell function experiments showed that 
CAFs in the chemoresistant group were significantly dif-
ferent from that in the chemosensitive group in regu-
lating the proliferation and apoptosis of CRC. Next, we 
determined that R-CAF-derived exosomes could support 
CRC cell growth, suppress apoptosis, induce chemore-
sistance of DDP, and promote HUVEC angiogenesis.

Angiogenesis has a central role in the development of can-
cer, from the initiation of carcinogenesis to the advanced 
stages of cancer [44]. Excessive abnormal angiogenesis is 
predominantly induced by an imbalance between pro- 
and anti-angiogenic factors, such as the overproduction of 
vascular endothelial growth factor (VEGF) [45]. VEGFA, a 
member of the VEGF family, could induce physiological 
and pathological angiogenesis by promoting endothelial 
cell growth, migration, differentiation, and vascular per-
meability [46,47]. Wang et al. noted that B7-H3 promoted 
the migration, invasion, and tube formation of HUVECs 
by up-regulating the expression of VEGFA [48]. In addi-
tion, miR-125a-5p and miR-150-5p have been reported to 
participate in CRC by targeting VEGFA [49,50]. It is worth 
noting that tumor angiogenesis is mediated not only by 
tumor cells but also by tumor matrix cells, such as CAF 
and immune cells [51–53]. However, there are no previous 
reports on the role of CAF in the transmission of VEGFA 
in tumor angiogenesis. Our study demonstrated for the 
first time that CAFs-derived exosomes regulate CRC 
angiogenesis and progression by transmitting VEGFA.

More importantly, we demonstrated that the mechanism 
by which R-CAF affects the function of CRC or HUVEC 
might be achieved by secreting exosomes containing 
VEGFA. Our results showed that VEGFA content was 
apparently overexpressed in the exosome. Subsequent 
rescue experiments confirmed that VEGFA can regulate 
the viability, apoptosis, DDP resistance, and angiogen-
esis of colorectal cancer. Finally, combined with animal 
experiments, we proved that CAF, from chemoresistant 
patients, derived exosomes delivery VEGFA accelerat-
ing CRC progression in vitro and in vivo.
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