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ABSTRACT
Tumour cells release large quantities of extracellular vesicles (EVs) to mediate their interactions
with other cells in the tumour microenvironment. To identify host cells that naturally take up EVs
from tumour cells, we created breast cancer cell lines secreting fluorescent EVs. These fluorescent
EVs are taken up most robustly by fibroblasts within the tumour microenvironment. RNA
sequencing indicated that miR-125b is one of the most abundant microRNAs secreted by
mouse triple-negative breast cancer 4T1 and 4TO7 cells. Treatment with 4T1 EVs leads to an
increase in fibroblast activation in isogenic 4TO7 tumours, which is reversed by blocking miR-
125b in 4T1 EVs; hence, miR-125b delivery by EVs is responsible for fibroblast activation in mouse
tumour models. miR-125b is also secreted by human breast cancer cells and the uptake of EVs
from these cells significantly increases cellular levels of miR-125b and expression of multiple
cancer-associated fibroblast markers in resident fibroblasts. Overexpression of miR-125b in both
mouse and human fibroblasts leads to an activated phenotype similar to the knockdown of
established miR-125b target mRNAs. These data indicate that miR-125b is transferred through EVs
from breast cancer cells to normal fibroblasts within the tumour microenvironment and con-
tributes to their development into cancer-associated fibroblasts.
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Introduction

Metastasis is the main cause of mortality in breast
cancer, which affects 1.7 million women every year
[1]. The progression of breast cancer through each
stage of metastasis is highly dependent on the ability
of cancer cells to adapt and interact with other cell
types in the changing microenvironment [2].
Malignant tumour cells can suppress immune surveil-
lance and alter the phenotype of microenvironmental
cells including fibroblasts, endothelial cells, macro-
phages, myeloid cells and regulatory T cells in a way
that supports cancer progression [3].

Cancer-associated fibroblasts (CAFs) are a key com-
ponent of the tumour stroma. CAFs express cytokines,
chemokines and extracellular matrix (ECM) proteins
that are essential for tumour architecture, growth, inva-
sion and metastasis [3,4]. CAFs resemble myofibroblasts
in their morphology and gene expression [4].

Myofibroblasts and CAFs can differentiate from tissue
fibroblasts in response to platelet-derived growth factor
(PDGF) and transforming growth factor beta (TGF-�)
signalling. When normal fibroblasts differentiate into
CAFs or myofibroblasts, they gain � smooth muscle
actin (�SMA) and caveolin-1 (CAV1) expression and
increase secretion of matrix metalloproteinases
(MMPs), and diverse growth factors and cytokines,
including TGF�, FGF2, HGF and CXCL12 [5–7].
There is compelling evidence that CAFs contribute to
cancer progression; for example, tumour growth and
metastasis increase in tumour cells implanted with
CAFs relative to tumour cells implanted with normal
fibroblasts [8]. Moreover, chemokines and cytokines
secreted by CAFs promote invasion of tumour cells at
the tumour margin [3]. At sites distal from an initiating
tumour, CAFs can form metastatic niches that facilitate
the growth of new tumour colonies [3]. Taken together,
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CAFs play important roles in tumour progression and
metastasis.

Although many cytokines and growth factors are
well-known mediators of intercellular signalling, recent
research has shown important roles for extracellular
vesicles (EVs) in cell-to-cell communication during
cancer progression [9]. Tumour cells release a large
number of EVs, including exosomes, which are vesicles
derived from multivesicular bodies, and ectosomes,
which are vesicles that bud from the cellular membrane
[9]. Tumour EVs deliver proteins and nucleic acids to
other cells in their local environment or at distant sites
[9]. Blocking EV biogenesis in tumour cells by knock-
ing down nSMase2 or Rab27b reduces tumour growth
and metastasis in mouse models [10,11]. Tumour-cell-
derived EVs are capable of transforming benign cells,
suppressing immune responses, supporting endothelial
angiogenesis and helping to establish a pre-metastatic
niche [9]. Previous studies have demonstrated that EVs
from mesothelioma, prostate, pancreatic and breast
cancer cells promote fibroblast-to-CAF differentiation
in cell culture models by transferring TGF-�, AHNAK
or miR-155 [12–14]. However, no evidence is available
to address the potential significance of this phenom-
enon in vivo.

microRNAs (miRNAs) are found in EVs that circu-
late in the blood [15]. The levels of many EV miRNAs
correlate with the clinical classification and progression
of certain cancers and may be useful as non-invasive
cancer biomarkers [16]. Circulating miRNAs are not
only biomarkers for cancer, but also mediate cancer-
specific effects [17]. However, few studies have shown
how circulating miRNAs can alter the tumour
microenvironment.

Our previous work revealed that tumour EVs can
transfer metastatic traits [18]. In a series of isogenic
mouse breast cancer cell lines, EVs released by highly
metastatic 4T1 cells are enriched in the miR-200
family, compared to EVs from less metastatic isogenic
cell lines [18]. We found that miR-200 miRNAs are
enriched in the sera of mice bearing highly metastatic
4T1 tumours compared to those with poorly metastatic
4TO7 tumours or those with no tumour [18]. EVs from
4T1 cells are taken up by 4TO7 cells in culture, leading
to a significant increase in miR-200 levels and down-
regulation of miR-200 targets in the recipient cells [18].
Furthermore, EVs containing miR-200 increase metas-
tasis of recipient tumour cells by activating tumour
mesenchymal-to-epithelial transition programmes
[18]. Inhibiting miR-200 miRNAs reduced but did
not completely reverse the increase in metastasis asso-
ciated with the uptake of metastatic tumour EVs, sug-
gesting that other miRNAs could contribute to the

function of tumour EVs in promoting metastasis.
Therefore, these data suggest that the association
between extracellular miRNAs and disease is complex
and that miRNAs are not simply molecular markers.
Rather, in their capacity to serve as intercellular signals
and potent post-transcriptional modifiers, extracellular
miRNAs may play influential, functional roles in dis-
ease progression.

In this study, we investigated the mechanistic under-
pinnings of EV-miRNA-mediated communication of
breast cancer cells with their microenvironment.
Specifically, to identify recipient cells that naturally
take up EVs from tumour cells, we fluorescently labelled
tumour EVs, and examined EV internalization by dif-
ferent cell types in the tumour and in metastatic sites in
the lung. Using this approach, we identified fibroblasts
as the cells that most avidly take up tumour EVs. We
next examined the functions of miR-125b, which was
abundant in EVs from metastatic breast cancer cells
both in vitro and in vivo. Our data establish an impor-
tant role of EV-derived miR-125b in CAF differentiation
in both human and mouse in vivo breast cancer models.
We also found that miR-125b acts in large part through
its targets TP53 and TP53INP1. This study illustrates the
novel contribution of secreted miR-125b to the crosstalk
between cancer and stromal cells during cancer progres-
sion. Such a mechanism suggests therapeutic approaches
targeting miR-125b in tumour vesicles as a potential
treatment for breast cancer.

Results

Uptake of cancer-derived EVs by stromal cells in
mammary tumours and colonized lungs

CD63 is a common marker for EVs as it is usually localized
in multivesicular bodies, which give rise to exosomes [19].
To label EVs from tumour cells, we transduced mouse
breast cancer 4TO7 cells with a lentiviral plasmid expres-
sing a CD63-GFP fusion protein (Figure 1(a) and
Supplementary Figure 1A-B). 4TO7-CD63-GFP cells
were implanted into the mammary fat pad (MFPs) of
BALB/c SCID mice (n = 4). As a control, unlabelled
4TO7 cells were implanted in the contralateral MFPs of
the same mice. After 2 weeks, tumours � 15 mm in
diameter were harvested and digested, and CD45+ leuko-
cytes, CD31+ endothelial cells, CD140a+ fibroblasts,
CD45+CD11b+F4/80+ macrophages and CD45+CD11b+

Ly6G+ neutrophils were analysed for the uptake of
CD63-GFP using flow cytometry. We were able to detect
GFP in 30% of the total population of dissociated cells
from the 4TO7-CD63-GFP tumour. FACS analysis
revealed that CD140a+ fibroblasts took up GFP-labelled

2 L. T. VU ET AL.



EVs from 4TO7-CD63-GFP cells at the highest frequency
(Figure 1(b) and Supplementary Figure 2). Little GFP was

detected in the contralateral MFP and lungs of the same
mice, indicating that 4TO7 cells did not metastasize and

a

b

c

Figure 1. Uptake of cancer-derived EVs by stromal cells in mouse mammary tumours and lungs. (a) Schema of mouse tumour EV
uptake analysis: mouse breast cancer 4TO7 cells expressing CD63-GFP and unlabelled 4TO7 cells were implanted in the MFPs of
SCID mice. After 2 weeks, cells were dissociated from the tumours and the lungs and analysed by FACS. (b) Average percentage of
GFP+ cells in each indicated cell population isolated from 4TO7-CD63-GFP tumours, unlabelled 4TO7 tumours and lungs (n = 4
mice). Bar graph represents mean ± SEM. **P < 0.01 determined by Student’s t-test. (c) Immunostaining of 4TO7-CD63-GFP
tumours. Tumour cryo-sections were stained with DAPI and antibodies for CD45, CD31, CD140a, F4/80, Ly6G and EPCAM to mark
leukocytes, endothelial cells, fibroblasts, macrophages, neutrophils and tumour cells, respectively. Arrows indicate colocalization of
GFP and the cellular markers (also shown in the inserts). Scale bar, 10 µm.
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the transfer of GFP in tumour EVs was more efficient in
the local tumour microenvironment than at a distance. We
also confirmed the expression of GFP in EPCAM+ tumour
cells and uptake of GFP+ EVs by fibroblasts, endothelial
cells, leukocytes, macrophages and neutrophils using

immunostaining for markers characteristic for each of
these cells in 4TO7-CD63-GFP tumours (Figure 1(c)).

To examine the distribution of EVs derived from
human tumour cells, we transduced the human breast
cancer cell line MCF10CA1a (CA1a) with a lentivirus
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Figure 2. Uptake of cancer-derived EVs by stromal cells in human mammary tumours and lungs. (a) Schema of human tumour EV
uptake analysis: implantation of human breast cancer MCF10CA1a (CA1a) cells expressing CD63-GFP or surface mCherry (SmCherry)
and unlabelled CA1a cells in the MFPs of NSG mice. When tumours reached 15 mm in diameter (4 weeks), cells were dissociated
from the tumours and analysed by FACS. (b) Average percentage of GFP+ cells in each indicated cell population isolated from CA1a-
CD63-GFP tumours relative to unlabelled tumours of the same mice (n = 3 mice). (c) Average percentage of mCherry+ cells in each
indicated cell population isolated from the CA1a-SmCherry tumours relative to the unlabelled tumours of the same mice (n = 3
mice). (d) Immunostaining of CA1a-SmCherry tumours. Tumour sections were stained with antibodies to �SMA (green) to mark
cancer-associated fibroblasts (CAFs) and mCherry (red) fluorescence marked EVs from CA1a-SmCherry cells. Scale bar, 3 µm. (e) 3D
view of CAFs showing colocalization of �SMA and mCherry (yellow). (f) Schema of human tumour EV uptake analysis in the lung:
CA1a-CD63-GFP cells were injected in the tail vein of NSG mice. After 6 weeks, cells were dissociated from the lung and analysed by
FACS. (g) Average percentage of GFP+ cells in each indicated population isolated from the lungs of mice injected with CA1a-CD63-
GFP cells relative to those injected with unlabelled CA1a cells (n = 3 mice). All bar graphs represent mean ± SEM.
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carrying the CD63-GFP expression vector (Figure 2(a)
and supplementary Figure 1A-B). CA1a cells are a
metastatic derivative of MCF10a cells, which are tri-
ple-negative basal-like breast cancer, similar to 4T1
cells [20]. We implanted unlabelled or CD63-GFP
labelled CA1a cells in the MFPs of NOD SCID
Common Gamma Chain-deficient (NSG) mice and
collected the tumours after 4 weeks when they reached
15 mm in diameter. As most immune cells are absent
in NSG mice, we analysed only CD45+ leukocytes,
CD31+ endothelial cells and CD140a+ fibroblasts in
the tumours. Compared to the unlabelled CA1a
tumours, ~30% of cells in the CA1a-CD63-GFP
tumour were GFP positive (Figure 2(b)). As high as
41.8% of the CD140a+ cells were positive for GFP,
which was higher than the percentage of GFP+ cells
within the endothelial and leukocyte populations
(Figure 2(b) and Supplementary Figure 3).

To confirm the distribution pattern of tumour EVs,
we generated a CA1a cell line expressing an mCherry
transgene that had a transmembrane domain, so that
the cells had mCherry on the plasma membrane
and released mCherry in their EVs (Supplementary
Figure 1C, D). We observed bright and stable
mCherry fluorescent signals in the tumour cells using
microscopy. CA1a with surface mCherry (CA1a-
SmCherry) cells were implanted in the MFPs of NSG
mice and tumours were analysed as described for the
experiment with CA1a-CD63-GFP cells (Figure 2(a)).
On average, 60% of all the cells in the CA1a-SmCherry
tumour were positive for mCherry whereas, the average
percentage of mCherry+ cells among leukocytes,
endothelial cells and fibroblasts was 11.7%, 6% and
24.3%, respectively (Figure 2(c) and Supplementary
Figure 4). Hence, the uptake of mCherry+ EVs by
fibroblasts was higher than by leukocytes and endothe-
lial cells. Furthermore, the uptake of mCherry+ EVs by
CAFs was confirmed by the colocalization of mCherry
and �SMA in sections of CA1a-SmCherry tumours
(Figure 2(d–e)). Some �SMA+ CAFs were surrounded
by many mCherry+ EVs from nearby CA1a-SmCherry
tumour cells (Figure 2(d)). mCherry internalization
into CAFs was verified by 3D projections of CAFs
(Figure 2(e)). Therefore, our data suggest that fibro-
blasts, including CAFs, are the primary recipients of
EVs from tumour cells in both mouse and human
origin tumours.

We also tested whether tumour EVs were taken up
by microenvironmental cells in a metastatic niche by
injecting CA1a-CD63-GFP cells in the tail vein of NSG
mice, and analyzing GFP fluorescence in the lung
6 weeks later (Figure 2(f)). Perfusion was performed

before the necropsy to remove blood from the lungs.
Many metastatic nodules were observed in the lungs.
Nearly 15% of all cells in the lung were positive for
GFP (Figure 2(g) and Supplementary Figure 5). Only
7–19% of leukocytes, endothelial cells and fibroblasts
were positive for GFP, suggesting that the transfer of
GFP to host cells in the lung was less than in the
tumours (Figure 2(g) and Supplementary Figure 5).
The uptake of GFP+ EVs by CD140a+ fibroblasts was
greater than uptake by either leukocytes or endothelial
cells, ~19% compared to 7–14%, although the differ-
ence was not significant. Hence, fibroblasts were the
dominant but not the exclusive recipient cell type of
tumour EVs within the metastatic niche.

Identification of mir-125b in EVs secreted by
metastatic breast cancer cells

To identify miRNA cargo in tumour-associated EVs, we
used next-generation sequencing to profile small RNAs in
EVs purified from two isogenic mouse breast cancer cell
lines, 4T1 and 4TO7 (Figure 3(a)). EVs were purified
using a differential centrifugation protocol that involves
a two-step ultracentrifugation, which we previously
established as a reliable EV purification protocol [18].
To enrich for miRNAs, we depleted ribosomal RNAs
from total RNAs, constructed small RNA libraries and
sequenced them using an Illumina HiSeq platform
(Figure 3(a)). We also sequenced small RNAs from 4T1
and 4TO7 cells, using the same protocol. We selected
only full-length miRNAs for further analysis. Sequences
for 578 and 322 miRNAs were detected in 4T1 cells and
EVs, respectively. Two hundred and ninety-five miRNAs
overlapped in both (Figure 3(b)). Most miRNAs that
were abundant in 4T1 cells were secreted in EVs (Figure
3(c)). Seventy-six miRNAs in EVs from 4T1 cells were
also identified in EVs from 4TO7 cells (Figure 3(d)).
Consistent with our previous study, the miR-200 family
miRNAs were found in 4T1-derived EVs but not in EVs
originating from 4TO7 cells (Figure 3(e)). miR-5099,
miR-125b and let-7a were the most abundant miRNAs
found in both 4T1 and 4TO7 EVs (Figure 3(e)). miR-
5099 is a mouse miRNA that is not conserved in humans,
hence it is unlikely to relate to human cancer. let-7a is a
well-known tumour-suppressor miRNA in breast cancer
and some studies have suggested that tumour cells dis-
card let-7a in EVs to increase their malignancy [21].
Meanwhile, miR-125b has been shown to be an onco-
genic miRNA in many types of cancer, including meta-
static breast cancer [22]. Several reports have shown that
miR-125b is upregulated in metastatic or chemotherapy-
resistant breast cancer cells [23–25]. We have shown
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recently that knockdown of miR-125b suppressed the
proliferation of breast cancer CA1a cells in vitro and in
vivo [26]. Indeed, miR-125b is enriched in the circulation
of patients with drug-resistant breast cancer, suggesting
that miR-125b could be used as a non-invasive biomarker
for drug resistance [24,25]. However, it is still unclear if
and how cancer-secreted miR-125b contributes to the
communication between cancer cells and their microen-
vironment. Therefore, we focused our investigation on
miR-125b within EVs to examine a potential role in
intercellular communication within the cancer
microenvironment.

Verification of mir-125b release in tumour EVs and
its uptake by fibroblasts

To obtain tumour EVs with higher purity, we optimized
a new protocol that involves two rounds of ultracentri-
fugation with a 60% sucrose cushion and one round of
size exclusion chromatography (SEC) (Figure 4(a)). This
purification process separated tumour EVs from pro-
teins in the medium into distinct fractions (Figure 4(b)).
Using Western blot analysis, we found a clear enrich-
ment of EV markers, Alix and Tsg101, in SEC fractions
7 to 11 but not in fractions 16 to 22, which contain EV-
free proteins (Figure 4(c) compared to Figure 4(b)). In
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addition, beta actin (Actb) was almost absent in EV
fractions 7 to 11, suggesting that this cytoskeleton pro-
tein was not exported in EVs and the fractionated EVs
did not contain cellular debris. These data were further
confirmed using FACS analysis of CD63, a transmem-
brane exosomal marker. CD63 was detected on the sur-
face of 4T1 EVs in fractions 7 to 11 but barely detectable
in EV-free proteins in fractions 16–22 (Figure 4(d)).

Hence, we collected SEC fractions 7 to 11 for EV ana-
lysis in all subsequent experiments. After SEC purifica-
tion, EVs collected from SEC fractions 7 to 11 were
intact, as judged by their typical cup shape and double
membrane under transmission electron microscopy
(Figure 4(e)). The diameters of purified EVs ranged
from 50 to 300 nm, with most ~120 nm, as shown by
nanoparticle tracking analysis (Figure 4(f)).
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We confirmed the presence of miR-125b in the
SEC-purified 4T1 EVs using qRT-PCR (Figure 5(a)).
Treatment of the EVs with RNase did not reduce the
level of miR-125b significantly unless the EVs were
co-treated with Triton X, which degraded the EV
membrane. Hence, miR-125b was protected within

the intact EVs from RNase degradation, as expected
for a bona fide EV-miRNA.

Because we found that fibroblasts were the primary
recipients of tumour EVs in vivo, we sought to test if
the purified 4T1 EVs can be taken up by fibroblasts in
vitro. We isolated primary adult tissue fibroblasts

Figure 5. Tumour EVs contain functional miR-125b that are taken up by fibroblasts. (a) Average miR-125b levels in 4T1 EVs after
treatments with RNase If and Triton X-100 for 30 min, relative to miR-125b levels in the control untreated group, normalized to
spike-in control cel-miR-39a (n = 3 independent repeats). (b) Intensity of PKH26 fluorescence (top) and particle concentration
(bottom) in fractions collected from sucrose-gradient-separation of 4T1 EVs that were labelled with PKH26 dye or a control solution
in which PBS was mixed with PKH26 dye. Labelled EVs or the control solution were loaded onto a 5–60% sucrose gradients and
separated by ultracentrifugation for 18 h. Fractions were collected from the top to bottom. (c) FACS analysis of PKH26 in mouse
adult tissue fibroblasts (mATFs) that were incubated with fraction 10 to 12 (F10-12) of the sucrose-gradient-purified EVs or of the
control sample (Cont). (d) qPCR analysis of miR-125b and pri-mir-125b levels in mATFs that were incubated with 4T1 EVs or PBS
relative to snoRNA234 or Gapdh levels, respectively (n = 4 independent repeats). (e) qPCR analysis of CAF markers relative to Gapdh
in mATFs that were incubated with 4T1 EVs or with PBS (n = 4 independent repeats). (f) Average luciferase activity in HEK-293T cells
that were transfected with a reporter plasmid (containing 3 binding sites for miR-125b) and incubated with 108 to 1010 EVs from
4T1 cells for 24h (n = 3 independent replicates). All bar graphs represent mean ± SEM. ns – not significant, *P < 0/05, **P < 0.01,
and ****P < 0.00001 determined by Student’s t-test.
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(mATFs) from mouse ears and incubated them with
PKH26-labelled 4T1 EVs for 24 h. To ensure that the
increase in PKH26 signal was not an artefact resulting
from the uptake of PKH26 micelles, we purified
PKH26-labelled EVs using sucrose gradients as pre-
viously described [27] and incubated these EVs with
mATFs. As a control, we added PKH26 to PBS con-
taining no EV and used the sucrose grandient to frac-
tionate the solution. PKH26 fluorescence was higher in
the sucrose gradient fractions 10 to 12, which con-
tained the EVs, than in the control (Figure 5(b)).
Fraction 15 of the control had higher fluorescence
than fraction 15 of the EVs, suggesting that PKH26
micelles separated in this fraction (Figure 5(b)).
Treatment of mATFs with EVs from fraction 10 to 12
resulted in the uptake of the EVs by 90–99% of the cells
with little background uptake from the PBS control
fractions (Figure 5(c)).

Furthermore, incubation of mATFs with 4.5 × 1011 of
4T1 EVs (containing 16 µg EV protein) significantly
increased mature miR-125b (Figure 5(d)). Importantly,
there was no change in pri-mir-125b expression (Figure
5(d)), suggesting that the increase in mature miR-125b
was not due to any increase in transcription of endo-
genous pri-mir-125b, and therefore presumably due to
the uptake of mature miR-125b from 4T1 EVs. The
uptake of 4T1 EVs also led to upregulation of CAF
markers including Acta2 (the gene encoding for
�SMA), Mmp2, and Mmp3 in mATFs (Figure 5(e)).
Taken together, these data indicate that cultured fibro-
blasts are efficiently targeted by tumour EVs, which
deliver miR-125b cargo to the fibroblasts.

To determine whether 4T1 EVs contained funtional
miR-125b, we performed a luciferase reporter assay for
miR-125b activity in cells incubated with 4T1 EVs
using a reporter plasmid with three perfect comple-
mentary binding sites for miR-125b in the 3�UTR of a
Renilla luciferase gene. We transfected this plasmid
into HEK-293T cells (selecting HEK-293T cells instead
of fibroblasts for the high plasmid transfection effi-
ciency), and treated the cells with 4T1 EVs. Renilla
luciferase activity was suppressed by 4T1 EVs in a
concentration-dependent manner (using a range of
108 - 1010 EVs), indicating that miR-125b in EVs was
functional (Figure 5(f)).

Breast cancer EVs promote miR-125b-dependent
fibroblast activation in vivo

To examine the effect of tumour EVs in vivo, we co-
injected 4TO7 cells with 2.25 × 1011 to 4.5 × 1011 of
4T1-derived EVs into the flanks of wildtype BALB/c
mice (Figure 6a). After 3 weeks, CD140a+ fibroblasts

significantly increased by flow cytometry analysis in
tumours treated with 4.5 × 1011 4T1 EVs compared to
PBS-treated tumours (Figure 6b-c). Consistent with these
data, immunohistochemical analysis showed a significant
increase of the CAF marker �Sma in tumours treated
with 1 dose of 4T1 EVs compared to the PBS-treated
control tumours (Figure 6d-e). Half as many 4T1 EVs
(2.25 × 1011) led to a smaller increase in the abundance of
CD140a+ cells and �Sma expression, albeit not signifi-
cantly (Figure 6d-e). Hence, the effect of 4T1 EVs on
fibroblast activation is dose-dependent.

To test the function of miR-125b in 4T1 EVs, we
electroporated the EVs with antisense oligonucleotides
(ASO) against miR-125b and co-injected 4TO7 cells
with these EVs (Figure 6f). We have shown before
that ASOs efficiently suppress miR-125b function
[26,28]. 4T1 EVs were also electroporated with a
scrambled ASO as negative control (NC).
Electroporation of anti-miR-125b ASO (125b-ASO)
blocked the qRT-PCR detection of miR-125b in the
EVs but incubation of EVs with 125b-ASO without
electroporation had no effect (Figure 6g). Similarly,
treatment of mATFs with 125b-ASO-electroporated
EVs significantly reduced of miR-125b in the cells
compared to treatments with unelectroporated EVs
with or without 125b-ASO (Figure 6h). These experi-
ments indicated that electroporated ASOs were able to
block miR-125b in EVs and in cells treated with elec-
troporated EVs, whereas, ASOs that were not electro-
porated were inactive. The percentage of CD140a+

fibroblasts increased in 4TO7 tumours after treatment
with NC-ASO-loaded 4T1 EVs but not after treatment
with 125b-ASO-loaded 4T1 EVs (Figure 6i-j). The
effect was more prominent when we analysed �SMA
staining: 4T1 EVs electroporated with anti-miR-125b
ASO decreased expression of �Sma compared to both
the PBS control and NC-ASO-EVs, suggesting that the
anti-miR-125b ASO suppressed the function of both
miR-125b derived from 4T1 EVs and endogenous miR-
125b in fibroblasts (Figure 6k-l). These data suggest
that miR-125b activates resident fibroblasts into
CAFs, which is mediated by uptake of miR-125b from
tumour EVs, in combination with endogenous miR-
125b.

To examine the functional impact of miR-125b-acti-
vated fibroblasts on cancer progression, we isolated fibro-
blasts from 4TO7 tumours, transfected them with
125b-ASO to inhibit miR-125b and coinjected them with
4TO7 cells at a 2:1 ratio into the MFP of BALB/c mice
(Figure 7a). As expected, transfection of 125b-ASO sup-
pressed the level of mature miR-125b, including both
endogenous miR-125b and EV-delivered miR-125b from
4TO7 tumour cells, in fibroblasts (Figure 7b). Tumour
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