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Triple-negative breast cancer (TNBC) is the most aggressive
breast cancer subtype. TNBC progression is sustained by
recruitment of a strong tumor microenvironment (TME)
mainly composed of cancer-associated fibroblasts (CAFs) able
to endorse tumor hallmarks. Increasing evidences demonstrate
that exosomes mediate the crosstalk between cancer cells and
the TME. We examined TNBC-derived exosomes and their mi-
croRNA (miRNA) cargo in activation of normal fibroblasts
(NFs) toward CAFs. We demonstrated that TNBC cell-derived
exosomes increased NF collagen contraction and migration
alongside CAF molecular markers. Exosome-activated fibro-
blasts promoted the invasion potential of normal breast epithe-
lial cells, as assessed by an organotypic co-culture assay that
resembled the in vivo context. We also investigated TNBC
cell-derived exosome cargo in activating NFs to CAFs by per-
forming small RNA sequencing. We found that the synergistic
action of miR-185-5p, miR-652-5p, and miR-1246 boosted
fibroblast migration and contraction, promoting specific
CAF subspecialization toward a pro-migratory functional
state. These data highlight the role of breast cancer cells in
re-education of the TME and their contribution to tumor
evolution.

INTRODUCTION
Triple-negative breast cancer (TNBC) is the most aggressive breast
cancer subtype, and there is no molecular targeted therapy available.1

TNBC is characterized by high intra-tumoral heterogeneity and plas-
ticity, which dictate multiple malignant signs, including treatment
resistance and metastasis. Rapid spread of metastases remains the
main obstacle for a positive clinical outcome.2 This aggressive spread
is encouraged by the tumormicroenvironment (TME), which actively
participates in all stages of tumor progression and is now recognized
as a cancer hallmark.3,4 In breast cancer, the TME is composedmainly
of cancer-associated fibroblasts (CAFs), which are generally derived
from the surrounding stroma and can be recruited by cancer cells
to endorse different tumor functions, in particular invasion and
metastasis.5–8
Molecular
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Research on CAFs has grown in recent years and has been focused in
particular on the distinct subspecializations CAFs acquire during can-
cer.9 CAFs are the most effective cells in the TME in extracellular ma-
trix (ECM) remodeling because of their capacity for enzyme-medi-
ated ECM degradation and force-dependent ECM reshuffling.10–13

In this scenario, extracellular vesicles, such as exosomes, have been
found to be important mediators, particularly in the crosstalk be-
tween cancer and the TME through transfer of biological molecules,
such as proteins, lipids, mRNAs, and microRNAs (miRNAs or miRs),
that sustain cancer development and progression.14–18

Dysregulation of miRNAs in cancer has been shown extensively to in-
fluence cell proliferation, metastasis, angiogenesis, stem phenotype,
and resistance to therapies. Therefore, miRNA profiling has been em-
ployed for cancer diagnosis, prognosis, and drug response prediction
in affected individuals.19–21

For example, the tumor suppressor miR-34 family is recognized as
one of the most significant in cancer and is investigated in numerous
pre-clinical and clinical studies.22–29 A miR-34a mimic-based drug
was employed in the MRX34 clinical trial (NCT01829971), which
was the first-in-human phase 1 study of miRNA-based cancer ther-
apy.30 Even though the clinical trial terminated prematurely, it was
the first concrete application of miRNAs in the clinic and a solid proof
of concept for miRNA-based cancer therapy.

MiRNAs can be loaded selectively into the exosomes released by can-
cer cells and directed to their extracellular target compartments,
contributing to regulation of different tumor processes, including
recruitment of cellular components from the TME.31,32
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Here we investigated whether TNBC-derived exosomes and their
miRNA cargo may affect conversion of fibroblasts into a CAF-like
phenotype in the TME. Our results show that exosomal miR-185-
5p, miR-652-5p, and miR-1246 synergistically activate stromal fibro-
blasts by promoting a specific pro-migratory functional state that
could serve for TNBC cell migration and invasion.

RESULTS
Breast cancer-derived exosomes are transferred to normal

fibroblasts

To study whether the crosstalk between breast cancer cells and sur-
rounding fibroblasts is also mediated by exosomes, we isolated exo-
somes from MDA-MB-231 cells through a polymeric precipitation
method (ExoQuickTC, System Biosciences [SBI]). The tumoral exo-
somes were then characterized by Nanoparticle Tracking Analysis
(NTA), transmission electron microscopy (TEM), and western blot
analysis.

NTA, performed with the Nanosight NS300 system equipped with a
blue laser (405 nm), revealed that there was a major particle size peak
at approximately 105 nm, corresponding to the mean diameter of
exosomes (Figure 1A). Western blotting revealed expression of the
typical exosomal protein markers CD63, CD81, CD9, and Tsg101
and absence of the endoplasmic reticular protein Calnexin, indicating
no cellular contamination (Figure 1B). Then the morphology of exo-
somes was analyzed by TEM (Figure 1C). These data confirmed the
exosomal origin of isolated vesicles.

To determine whether there was a transfer of breast cancer-derived
exosomes to normal fibroblasts, we took advantage of primary stro-
mal fibroblasts derived from surgical resection of normal breast tis-
sues and/or fibroadenomas. Because of the benign origin of fibroade-
noma, we chose to define fibroblasts isolated from this tumor by
convention as normal fibroblasts (NFs). Primary fibroblasts were
derived from three female individuals (pt. #1, #2, and #3) between
21 and 44 years of age and presenting with various clinicopathological
features, including two fibroadenomas (pt. #1 and #2) and one
mammary reduction (pt. #3) without any pathological signs.
PKH26-labeled MDA-MB-231 cell-derived exosomes were then
incubated for 12 h with NFs (pt. #1) and subjected to immunofluores-
cence analysis. We observed that PKH26-labeled exosomes were
distinctly taken up by NFs. Confocal microscopy indicated co-locali-
zation of PKH26 derived from exosomes and b-actin from NFs (Fig-
ure 1D), confirming that NFs actively took up breast cancer-derived
exosomes.

MDA-MB-231 cell-derived exosomes promote a CAF-like

phenotype in NFs

Cell contractility and motility are regarded as major hallmarks of acti-
vated CAFs in the TME to foster cancer cell invasion.33–35 Therefore,
we assessed the effect of breast cancer-derived exosomes on fibro-
blast-mediated collagen contraction. NFs (pt. #1, #2, and #3) were
plated in a type 1 collagen matrix and incubated with MDA-MB-
231 cell-derived exosomes or PBS (control) to examine their contrac-
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tion ability. After 24 h, we observed that NFs cultured in the presence
of exosomes reduced the collagen plug area compared with control
NFs, indicating increased cell contractility mediated by exosomes
(Figures 2A and 2B).

To verify whether breast cancer-derived exosomes affected the
migration potential of fibroblasts, we pre-treated NFs (pt. #1, #2,
and #3) with MDA-MB-231 cell-derived exosomes or PBS for
48 h and then performed a Transwell migration assay. We found
improved migration when NFs were cultured in the presence of exo-
somes (Figures 2C and 2D). Then, to assess the progression of NFs
toward a CAF-like phenotype, the expression of molecular markers
usually associated with the CAF phenotype was examined. We per-
formed quantitative real-time PCR to measure the levels of FAP,
Caveolin-1, SLC16A3, and SLC2A1 mRNAs in NFs cultured with
MDA-MB-231 cell-derived exosomes for 48h. The presence of exo-
somes was associated with upregulation of these genes, supporting
the notion of fibroblasts being converted to a CAF-like phenotype
(Figure 2E).

Exosome-activated fibroblasts induce invasion in normal breast

epithelial cells

To investigate the effects of fibroblast activation in the TME, we
carried out three-dimensional cell-cell interaction modeling by
setting up an in vitro invasion organotypic assay, as reported previ-
ously.36 NFs (pt. #3) were seeded on a type 1 collagen matrix and
then cultured in the presence of MDA-MB-231 cell-derived exo-
somes or PBS for 48 h to ensure fibroblast activation. Subsequently,
normal breast epithelial cells (cell line MCF10A) were seeded on
top of the fibroblast-containing collagen matrix for 14 days, which
was transferred to an invasion grid and finally paraffin embedded
for analysis. Activation of NFs induced by the presence of
exosomes increased the number of MCF10A cells invading the ma-
trix, as demonstrated by the positive pan-cytokeratin signal from
cells stained in the collagen section (Figures 3A and 3B). These
data suggest that MDA-MB-231-derived exosomes have a pro-tu-
mor stromal function triggering NFs to a CAF-like phenotype.
Our organotypic assay outlined how the effect of cancer-derived
exosomes on fibroblasts contributes to malignant transformation
promoting the invasion capacity of non-tumorigenic breast epithe-
lial cells.

miRNA expression profile of breast cancer exosomes

To investigate whether the breast cancer exosomal cargo was
involved in fibroblast activation in the TME, we performed small
RNA sequencing to identify miRNAs differentially expressed in
NFs cultured with MDA-MB-231 cell-derived exosomes or PBS
for 24 h. We found that 14 miRNAs were upregulated significantly
in NFs (pt. #1) when exposed to exosomes (Figure 4A). We
then focused our attention on miR-185-5p, miR-652-5p, and
miR-1246 because they have been demonstrated to be upregulated
in NFs upon MDA-MB-231-derived exosome incubation (Fig-
ure 4B). The basal expression levels of these three miRNAs were
higher in CAFs compared with NFs (Figure 4C), indicating that



Figure 1. . MDA-MB-231 cell-derived exosomes: characterization and fibroblast uptake

(A) Results from the NTA performed on MDA-MB-231 cell-derived exosomes. The peak (at 105 nm) indicates the mean ratio of vesicle size and concentration derived from

three measurements. (B) Western blot showing expression of exosome-specific markers (CD63, CD81, CD9, and Tsg101) in MDA-MB-231 cells and exosomes and the

absence of the endoplasmic reticulum (ER) protein Calnexin. (C) Representative TEM images of exosomes from MDA-MB-231 cells (scale bar, 500 nm). A yellow square

indicates a larger magnification (scale bar, 100 nm). (D) Immunofluorescence assay performed on NFs (pt. #1) incubated with MDA-MB-231 cell-derived exosomes labeled

with PKH26 dye. The images from confocal microscopy show co-localization of the red signal derived from PKH26-labeled exosomes and the green signal from FITC-

conjugated anti-b-actin (merged), indicative of exosome uptake by NFs. Magnification, 63�.
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they are involved in fibroblast activation. We found that miR-
185-5p, miR-652-5p, and miR-1246 were predicted to be actively
sorted into exosomes by the Motif Discovery on Short Nucleotide
Sequences (MDS2) bioinformatic tool (http://cse-jcui-08.unl.edu:
7000/input), as described previously.37 We found short-sequence
motifs (EXOmotifs) in the three miRNAs that predicted their
loading into exosomes (Figure 4D). Based on the prediction results,
we investigated whether the three miRNAs were loaded into
exosomes by adopting an overexpression model. We transfected
miR-185-5p, miR-652-5p, miR-1246, and a scramble sequence (as
a control) in MDA-MB-231 cells for 48 h. Then we isolated exo-
somes and performed qRT-PCR to check the expression levels of
the three miRNAs in cells and in the relative exosomes. We found
that consistent portions of miR-185-5p, miR-652-5p, and miR-1246
were overexpressed in MDA-MB-231-derived exosomes (Figure S1),
indicating that they were loaded into exosomes. These findings
directed us to study these three miRNAs among the other upregu-
lated miRNAs identified by small RNA sequencing. We then inves-
tigated whether the miRNAs shuttled via breast cancer-derived exo-
somes trigger NF conversion to CAFs. We found that transfection of
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Figure 2. . MDA-MB-231 cell-derived exosomes promote a CAF-like phenotype in NFs

(A) Collagen contraction assay. Shown are representative pictures of collagen plugs containing NFs cultured with MDA-MB-231 cell-derived exosomes (+ exosomes) or PBS

(no treatment [NT]) after 24 h. (B) Histogram of mean collagen plug areas for NFs + exosomes over NT, measured with ImageJ. Standard deviations were calculated on

replicates from two independent experiments performed with three different NF cells (pt. #1, #2, and #3). The p value was calculated using two-tailed unpaired t test; **p =

0.0028. (C) Migration assay performed with NFs (pt. #1, #2, and #3) cultured in the presence of MDA-MB-231 cell-derived exosomes for 24h (+exosomes) or PBS (NT).

Shown are representative bright-field images of NFsmigrated through the Transwell chamber and colored with crystal violet. Bars indicate size expressed in micrometers (pt.

#2 and #3) or pixels (pt. #1). Magnification, 5�. (D) Histogram ofmean absorbance of crystal violet eluted fromNFs + exosomes over NT. Standard deviations were calculated

on replicates from two independent experiments performed on three different NF cells (pt. #1, #2, and #3). The p value was calculated using two-tailed unpaired t test; *p =

0.039. (E) Histogram of quantitative real-time PCR showing FAP, Caveolin-1, SLC16A3, and SLC2A1 mRNA relative expression in NFs + exosomes over NT. Standard

deviations were calculated on replicates from two independent experiments performed on three different NF cells (pt. #1, #2, and #3). The p values were calculated using

multiple t test with false discovery rate (FDR) adjustment (FAP and SLC2A1, **p = 0.0014; SLC16A3, ***p = 0.00064; Caveolin-1, ***p = 0.00014).
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the individual miRNAs had no significant biological effects on fibro-
blast activation, as shown by western blotting for FAP, MCT4, and
Caveolin-1, known markers associated with the CAF phenotype
(Figures S2A and S2B). Therefore, we hypothesized that miR-185-
5p, miR-652-5p, and miR-1246 might work synergistically, as
already reported for miR-185-5p.38 We found that combined trans-
fection of the three miRNAs (combo miRs) was associated with up-
regulated CAF markers (FAP, MCT4, and Caveolin-1) in NFs
derived from all three individuals (Figures 4E and 4F).
20 Molecular Therapy: Nucleic Acids Vol. 28 June 2022
Exosomal miR-185-5p, miR-652-5p, and miR-1246

synergistically activate fibroblasts toward a pro-migratory

functional phenotype

The main ability acquired by CAFs in the TME is ECM remodeling, a
process promoting permissive tracks for cancer cell invasion.34 Our
results so far demonstrated that the combo miRs mediated activation
of NFs by primarily boosting their motility in the ECM. To explore
this, we set up a collagen contraction assay, plating NFs pre-trans-
fected with combo miRs or a scrambled control onto type 1 collagen



Figure 3. 3D Organotypic invasion assay of normal breast epithelial cells in a matrix containing exosome-activated fibroblasts

(A) Left panel: representative phase-contrast images of a collagen matrix-embedded section (10-mm slides) showing MCF10A cell invasion through the matrix when three-

dimensionally co-cultured with NFs (pt. #3) incubated with MDA-MB-231-derived exosomes (+ exosomes) or PBS (NT). Right panel: confocal microscopy images of collagen

matrix sections showing MCF10A cells stained with DAPI for nuclei (blue signal) and Alexa 594-conjugated anti-pan-cytokeratin antibody (red signal) as an epithelial marker.

(B) Histogram of the number of invading MCF10A cells (NFs + exosomes and NFs_NT), calculated for different fields of confocal microscopy images. Standard deviations

were calculated on technical replicates. The p value was calculated using two-tailed unpaired t test; ****p < 0.0001.
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matrices. We found that the synergistic action of the three miRNAs
promoted fibroblast collagen contraction, as shown by reduction of
the collagen plug area in combo miR-transfected NFs (Figures 5A
and 5B).

We then investigated the invasion potential of fibroblasts, specifically
their ability to move within the ECM as a result of its degradation. We
transfected NFs (pt. #1, #2, and #3) with combo miRs and performed
a Transwell invasion assay, seeding the cells in a Matrigel solution
plated on top of the migration chamber, simulating the three-dimen-
sional ECM.We observed increased invasion by NFs transfected with
combo miRs, as demonstrated by the higher absorbance values of
crystal violet eluted from migrated cells (Figures 5C and 5D).

Considering that ECM remodeling depends on force-mediated and
protease-dependent mechanisms,34 we investigated integrin (ITG)
and matrix metalloprotease (MMP) expression in NFs after combo
miR overexpression. We conducted western blot analysis for expres-
sion of ITGB1 and ITGA5 proteins, major players in mechanical
force-mediated cell invasion and ECM modeling, especially during
CAF transformation.39–42 We found that ITGB1 and ITGA5 were
increased in NFs transfected with combo miRs after 72 h (Figures 5E
and 5F), suggesting that there was a higher driving force exerted by fi-
broblasts to contract the collagen matrix. However, the protease activ-
ity involved inmatrix degradation is arbitrated by differentmembers of
the MMP protein family. In particular, MMP1, MMP2, MMP3, and
MMP9 aremainly upregulated in breast cancer stroma under the influ-
ence of cancer cells.43–45 We found that, after 48 h of transfection,
combo miRs led to increased levels of MMP1, MMP2, and MMP3,
justifying the boost in fibroblast invasion potential (Figures 5E and 5F).

We found that combo miRs promoted a pro-migratory phenotype in
NFs, as demonstrated by Transwell migration and scratch assays (Fig-
ures 6A–6D). To corroborate these results, we investigated expression
of FAK, the main regulator of focal adhesion turnover responsible for
cell movement.46 We found upregulation of the activated form of
Molecular Therapy: Nucleic Acids Vol. 28 June 2022 21

http://www.moleculartherapy.org


Figure 4. Differentially expressed miRNAs in fibroblasts upon exposure to MDA-MB-231 cell-derived exosomes

(A) Heatmap of data from small RNA sequencing analysis, showing miRNAs differentially expressed in NFs (pt. #1) incubated with MDA-MB-231 cell-derived exosomes

(+exosomes) and PBS (NT). Upregulated miRNAs are represented in green and downregulated miRNAs in red. The results are based on technical duplicates (p < 0.05). (B)

Histograms of qRT-PCR results showing the expression levels of miR-185-5p, miR-652-5p, andmiR-1246 in NFs (pt. #1) incubated with exosomes compared with NT. Data

are shown as relative expression of themiRNAs. Standard deviations were calculated on technical duplicates. The p values were calculated using unpaired t test (*p = 0.0317;

***p = 0.0008). (C) Histograms of qRT-PCR results showing the basal expression levels of miR-185-5p, miR-652-5p, and miR-1246 in NFs compared with CAFs. Data are

shown as relative expression of miRNAs folded on NFs. Standard deviations were calculated with replicates from two independent experiments performed on four different

primary NF cells (pt. #1, #2, #3, and #4) and four different primary CAF cells (pt. #81, #82, #87, and #89). The p values were calculated using unpaired t test (*p = 0.0210; **p =

0.0027). (D) Representative images of the EXOmotif analysis with MDS2 software showing a short motif (3–5 nt) in miR-185-5p, miR-652-5p, and miR-1246 sequences,

(legend continued on next page)
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FAK protein (phosphorylated at Y576/577) using western blot anal-
ysis (Figures 6E and 6F) in NFs (pt. #1, #2, and #3) transfected with
combo miRs, indicating activation of the molecular pathway involved
in cell migration. These data demonstrated that miR-185-5p, miR-
652-5p, and miR-1246 synergistically foster a pro-migratory func-
tional state in NFs in the TME.

DISCUSSION
The data presented here shed light on the role of exosomes in the
crosstalk between the TME and breast cancer cells. Our results
strengthen knowledge of the mechanisms adopted by breast cancer
cells to potentiate the oncogenic phenotype of neighboring cells in
the TME. We demonstrate that TNBC-derived exosomes and the
miRNA cargo they hold activate stromal fibroblasts to obtain a spe-
cific pro-migratory functional phenotype, potentially enabling tumor
invasion and metastasis.

It is known that fibroblasts are recruited by cancer cells in the TME to
support different tumor traits.7,47 However, the major obstacle when
studying CAFs is high functional heterogeneity and lack of specific
molecular markers defining their status, even considering occasional
antitumorigenic roles.9 However, some researchers have tried to asso-
ciate precise gene signatures with CAF subtypes.48 In our case, fibro-
blast activation mediated by cancer cell exosomal miRNAs was asso-
ciated with upregulation of MCT4, FAP, and Caveolin-1, among
other canonical CAF markers. The role of Caveolin-1 in CAF activa-
tion is controversial. In fact, some studies have demonstrated that loss
of Caveolin-1 expression is a trait associated with CAF transforma-
tion.49–51 In contrast, our data are in line with those of Goetz
et al.13 showing that the presence of Caveolin-1-enriched CAFs cor-
relates with tumor invasion and metastasis by promoting biomechan-
ical remodeling of tumoral stroma.

In the context of the breast cancer TME, intracellular and extracel-
lular miRNAs have been reported widely to mediate the crosstalk be-
tween CAFs and cancer cells.52–58 In this study, we provide evidence
supporting the notion that breast cancer cell exosomal miRNAs
induce a CAF-related pro-migratory phenotype rather than a prolif-
erative pro-survival one. No significant effect on activation of prolif-
erative and survival pathways mediated by combo miRs was observed
(Figures S3A and S3B), as shown by cell viability assay and western
blotting for phosphorylated AKT serine/threonine kinase (S473)
and phosphorylated b-catenin (S33/37/T41), known markers of cell
proliferation, self-renewal, and survival in cancer.59–62 In contrast, de-
livery to fibroblasts of the breast-cancer-cell exosomal combo miRs
induced the former to increase migration, contraction, and invasion,
characteristics acquired by specific CAF subtypes. Otherwise, incuba-
tion of NFs with MCF10A-derived exosomes, which presented lower
predictive of their active loading into exosomes. (E) Western blot showing overexpressio

combo miRs compared with control (scrambled [Scra]) after 72 h. (F) Histogram of den

expression is represented as the mean of folded densitometry from NFs transfected with

independent experiments performed on three different NF cells (pt. #1, #2, and #3). Th

0.0001; MCT4, **p = 0.0019; Caveolin-1, **p = 0.0016).
levels of two of the three miRNAs, showed no effect on fibroblast
migration, indicating the presence of a specific mechanism related
to the combined exosomal miRNA function (Figures S4A and S4B).
Overexpression in fibroblasts of combo miRs induced expression of
MMPs (types 1, 2, and 3) and ITGs (a5 and b1 subunits) and
increased FAK phosphorylation (Y576/577), components of major
pathways involved in cancer cell invasion and motility, because
they operate in protease-dependent ECM remodeling and cellular
movement.40,54,63

Although breast cancer prognosis has improved with development of
molecular targeted therapies, treatment of TNBC is still a challenge
because of its highly invasive nature and relatively low response
rate. These adverse clinicopathological aspects are often caused by
CAFs populating the activated tumoral stroma and the exosomal
cargo shed by cancer cells into the surrounding TME.64–66 Thus,
discovering new molecular targets for TNBC prognosis and drug
response prediction has become fundamental. Regarding this point,
our study shows that three exosomal miRNAs (miR-185-5p, miR-
652-5p, and miR-1246) act synergistically to promote fibroblast
transformation in the context of TNBC.

In individualswith severe active alopecia,miR-185-5phas already been
reported to work in synergy with other miRNAs rather than alone,38 a
finding coherent with our initial hypothesis. Upregulation of this
miRNA has been observed specifically in lymph nodes withmetastases
from breast cancer; similarly, it has emerged as a prognostic factor of
radiation-related toxicity in the serum of individuals with oropharyn-
geal cancer67 and as a predictive biomarker of chemotherapy response
and metastasis formation in colorectal and gastric cancer.68,69

miR-652-5phas been reported tobe upregulated inbreastmalignancies.
However, decreased expression of thismiRNA is correlatedwith esoph-
ageal carcinoma progression and recurrence.70,71 This difference could
be explained by the fact that miRNAs can operate in different ways de-
pending on the biological system in which they are acting.

miR-1246 is a well-known master regulator in cancer. In particular,
its upregulation has been associated with tumor growth, metastasis,
and drug resistance in different types of cancer.72–74 In breast cancer,
exosomal miR-1246 has been used as diagnostic biomarker because of
its high expression specificity.

Given the considerable role of these miRNAs in cancer, the novelty of
our study lies in the combined effect exerted by these exosomal
miRNAs on fibroblast activation in the TME. This could reflect the
existence of a specific miRNA profile in the tumor cells’ exosomal car-
gos, with a well-defined scope of action.75
n of FAP, Caveolin-1, and MCT4 proteins in NFs (pt. #1, #2, and #3) transfected with

sitometric measurement of bands, obtained with ImageJ. Quantification of protein

combo miRs over Scra. Standard deviations were calculated on replicates from two

e p values were calculated using multiple t test with FDR adjustment (FAP, ****p <
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Figure 5. Combo miRs promote fibroblast-mediated ECM remodeling

(A) Representative pictures of collagen plugs containing NFs transfected with combo miRs or Scra taken after 24 h. (B) Histogram of mean collagen plug area for NFs

transfected with combo miRs, fold over Scra at 24 h (ImageJ). Standard deviations were calculated on replicates from two independent experiments performed with three

different NF cells (pt. #1, #2, and #3). The p value was calculated using two-tailed unpaired t test; **p = 0.0011. (C) Transwell invasion assay with NFs (pt. #2 and #3)

transfected with combo miRs or Scra (control). Shown are representative bright-field images of NFs that invaded the matrix and migrated through the Transwell chamber,

fixed and colored with crystal violet. Bars indicate size, expressed in micrometers or pixels. Magnification, 5�. (D) Histogram of mean absorbance values for crystal violet

eluted from NFs transfected with combo miRs folded on Scra. Standard deviations were calculated on replicates from two independent experiments performed on two

different NF cells (pt. #2 and #3). The p value was calculated using two-tailed unpaired t test; **p = 0.0018.

(E) Western blot showing overexpression of MMP1, MMP2, and MMP3 proteins together with ITGB1 and ITGA5 in NFs (pt. #1, #2, and #3) transfected with combomiRs and

Scra after 48 and 72 h. (F) Histograms of mean densitometric measurement of bands (ImageJ) for NFs transfected with combo miRs over Scra. Standard deviations were

calculated on replicates from two independent experiments performed on three different NF cells (pt. #1, #2, and #3). The p values were calculated using multiple t test with

FDR adjustment (MMP1, *p = 0.023; MMP2, ***p = 0.00087; MMP3, **p = 0.0035; ITGB1, ***p = 0.00014; ITGA5, **p = 0.0054).

Molecular Therapy: Nucleic Acids
Our results demonstrate that exosomes encourage breast cancer devel-
opment by delivering specific miRNAs that stimulate formation of a
singular and aggressive TME. These findings may aid development
of novel, alternative strategies for TNBC theragnostics. Better compre-
hension of the mechanisms underlying the behavior of CAFs in the
context of a tumormay help to adapt them for specific clinical benefits.
24 Molecular Therapy: Nucleic Acids Vol. 28 June 2022
MATERIALS AND METHODS
Primary and continuous cells cultures

Primary cultures of fibroblasts (NFs) were obtained from individuals
undergoing breast reduction surgery at Mediterranea Cardiocentro
(Naples, Italy). Informed consent was obtained before sample collec-
tion. This study was conducted according to the criteria set by the



Figure 6. Combo miRs promote migration of NFs

(A) Wound healing assay performed with NFs transfected with combo miRs or Scra. Shown are representative images of NFs in bright fields 0 and 24 h from scratch. Bars

indicate size, expressed in pixels. (B) Histogram of mean scratch area at 24 h, normalized on 0 h, of NFs transfected with combo miRs over Scra. Standard deviations were

calculated on replicates from two independent experiments performed on three different NF cells (pt. #1, #2, and #3). The p value was calculated using two-tailed unpaired t

test; **p = 0.0061. (C) Transwell migration assay performedwith NFs (pt. #1, #2, and #3) transfected with combomiRs and Scra (control). Shown are representative images of

NFs in bright fields migrating through the Transwell chamber and colored with crystal violet. Bars on the images indicate size, expressed in micrometers (pt. #1 and #2) or

pixels (pt. #3). (D) Histogram of mean absorbance values of crystal violet eluted frommigrated cells. Standard deviations were calculated on replicates from two independent

experiments performed on three different NF cells (pt. #1, #2, and #3). The p value was calculated using two-tailed unpaired t test; **p = 0.0049. (E) Western blot showing

overexpression of phosphorylated FAK (Y576/577) protein in NFs transfected with combo miRs compared with Scra after 72 h. (F) Histogram of mean densitometric

measurement of bands (ImageJ) for NFs transfected with combo miRs over Scra. Standard deviations were calculated on replicates from two independent experiments

performed on three different NF cell lines (pt. #1, #2, and #3). The p value was calculated using two-tailed unpaired t test; *p = 0.029.
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declaration of Helsinki and approved by the Research Ethics Com-
mittees of the University of Naples Federico II (119/15ES1) and
A.S.L. Napoli 1 (247/C.E.-20/2021Oss). Briefly, human breast speci-
mens were cut by mechanical fragmentation with sterile blades and
tongs. The ECM was digested with collagenase (Sigma-Aldrich,
Code(Cod.) C5138) for 2 h under continuous agitation (200 rpm)
at 37�C. Then the cellular suspension was centrifuged to separate
epithelial cells from the fibroblast population (200 rpm for 2 min to
obtain a pellet of epithelial cells and 1,300 rpm for 5 min to obtain
the fibroblast population). Fibroblasts were grown in Dulbecco’s
modified Eagle’s medium/nutrient F12-Ham (DMEM-F12; Sigma-
Aldrich, Cod. D8437, lot RNBG9065) supplemented with 10% heat-
inactivated fetal bovine serum (FBS; Sigma-Aldrich, Cod. F7524, lot
BCBW0228), 1% penicillin/streptomycin (A/A; Gibco, Cod. 15240-
062, lot 2321085), and 1% amphotericin B (Gibco, Cod. 15290-026,
lot 2244434) at 37�C with 5% CO2. The breast cancer continuous
cell line MDA-MB-231 (ATCC) was grown in RPMI 1640 medium
(Sigma-Aldrich, Cod. R8758, lot RNBF0094) supplemented with
10% heat-inactivated FBS, 1% A/A. The normal breast epithelial
cell line MCF-10A (ATCC) was cultured in DMEM-F12 supple-
mented with 5% heat-inactivated fetal horse serum, 1% A/A, 1% am-
photericin B, and all hormones and factors needed for their growth:
epidermal growth factor (EGF; 1 mg/mL), hydrocortisone (1 mg/mL),
cholera toxin (100 mg/mL), and insulin (20 mg/mL). All media and sup-
plements were from Sigma-Aldrich (Milan, Italy).

Exosome isolation

Exosomes were isolated from cell culture media of MDA-MB-231
cells. 4 � 106 cells were plated in 150 � 25 mm cell culture dishes
(Corning, 430599) with their usual growth medium (described in
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the previous section) to allow plate attachment. After 24 h, cells were
washed twice with PBS (Dulbecco’s PBS, Sigma-Aldrich, Cod. D8537,
lot RNBH3372), and 12 mL of RPMI medium (Sigma-Aldrich) sup-
plemented with 10% FBS depleted of exosomes (Exo-FBS, SBI, Cod.
EXO-FBS-250A-1, lot 161004-002), 1% A/A, and 1% amphotericin
B was added. After 48 h, culture media were collected and centrifuged
at 3,000 � g for 15 min at room temperature (RT) to remove cellular
debris. The supernatants were transferred into new sterile tubes, and
the appropriate volume of the ExoQuick-TC exosome isolation re-
agent (SBI, Cod. EXOTC50-A) was added according to the manufac-
turer’s instructions. Then the tubes were gently mixed until the sepa-
ration between the two phases was no longer visible. The tubes were
kept standing at 4�C overnight (O/N). The following day, the tubes
were centrifuged first at 1,500 � g for 30 min and then at 1,500 � g
for 5 min to ensure complete removal of the ExoQuick-TC solution.
Last, exosome pellets were resuspended in 300 mL of PBS solution.

NTA

Exosome size and particle number were analyzed using the NS300
nanoparticle characterization system (NanoSight; Alfatest, Rome,
Italy) equipped with a blue laser (405 nm). In brief, 40 mL of exosome
isolation (see “Exosome Isolation”) was diluted with PBS to a final
volume of 400 mL and loaded into the instrument. For the measure-
ment, the instrument’s software (NTA 3.1 Build 3.1.54) was used.
The capture settings were as follows: camera type, scientific CMOS
camera (sCMOS); camera level, 15; slider shutter, 1,206; slider gain,
366; Frame Per Second (FPS), 25.0; number of frames, 1,498; temper-
ature, 24.6�C–24.7�C; viscosity (water), 0.895–0.897 centipoises (cP);
dilution factor, 2 � 10 � 102; syringe pump speed, 20. The analysis
settings were as follows: detection threshold, 5; blur size, auto; max
jump distance, auto (12.3–12.9 pixels). Sample measurement was per-
formed in triplicate.

TEM

TEM imaging was carried out at the Department of Radiology of
Leiden University Medical Center (Leiden, the Netherlands). Car-
bon-coated grids (formvar/carbon on 200-mesh copper; AGS162;
Van Loenen Instruments, Zaandam, the Netherlands) were glow dis-
charged for 1 min at 2 � 10�1 mbar and 20 mA using the Emitech
K950X Turbo Evaporator (Quorum Technologies, Ashford, UK).
Then 3 mL of sample solution was transferred to the glow-discharged
grid and left for 1 min to adhere. Excess liquid was blotted onto filter
paper, and 3 mL of 2% uranyl acetate in distilled water was applied to
the grid for negative staining. Excess uranyl acetate was removed by
blotting after 1 min, and the sample was air dried for 10 min. Grids
were placed on an RT holder and observed at a voltage of 120 kV
with a Tecnai 12 Twin (FEI; OR, USA) fitted with a OneView camera,
model 1095 (Gatan; Pleasanton, CA, USA). DigitalMicrograph 3.4
was used to capture and save digital images (Gatan).

Cell transfection and exosome treatment

NFs (2.5� 105) were seeded in 60� 15 mm cell culture dishes (Corn-
ing, 353004), and a combination of miRNA precursor (pre-miR)-185-
5p, pre-miR-652-5p, and pre-miR-1246 (combo miRs) as well as pre-
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miRNA-scramble (Ambion, Life Technologies, Milan, Italy) was
transiently transfected at a final concentration of 150 mM for each
transfection point using Oligofectamine reagent (Invitrogen, Thermo
Fisher Scientific, Milan, Italy; Cod. 12252-011, lot 2030861) under
reduced serum conditions (Opti-MEM, Gibco, Cod. 31985-047, lot
2091581). After 4 h, the cell medium was supplemented with a final
concentration of 10% FBS to restore optimal cell growth conditions.
Cells were collected at 24, 48, and/or 72 h of transfection for down-
stream analysis or applications. Exosomes isolated from MDA-MB-
231 cells were quantized using Bradford reagent (a protein assay
dye, Bio- Rad, Cod. 5000006, lot 64254929), and a total amount of
40 mg was used for NF treatments. Briefly, NFs (2.5 � 105) were
seeded in 60-mm dishes in 10% FBS-DMEM-F12 as long as they
get attached, then washed twice with PBS solution and kept in
DMEM-F12 medium supplemented with 10% Exo-FBS for the exo-
some treatment. Last, NFs were collected after 24 and/or 48 h for
downstream analysis.

Exosome labeling and immunofluorescence assay

Exosomes isolated from MDA-MB-231cells (see “Exosome isolation
and characterization”) were labeled with the red fluorescent cell
membrane linker PKH26 (Sigma-Aldrich, SLBT6344). Briefly, exo-
somes (40 mg) were stained with PKH26 (0.33 mL) for 5 min in the
dark at RT in a final reaction volume of 2 mL. Then the same amount
of 1% BSA (2 mL) was added to stop the labeling reaction. Finally,
samples were ultracentrifuged (Beckman Coulter, Optima MAX)
twice at 100,000 � g for 70 min at 4�C, and pellets were resuspended
in 500 mL of PBS. For the immunofluorescence assay, 5 � 105 NFs
were plated on glass coverslips in a 24-well plate. The following
day, NFs were treated with PKH26-labelled exosomes for 12 h,
washed three times with PBS, and finally fixed with MetOH/acetone
1:1 for 10 min at �20�. After 3 washes in PBS, cells were blocked in
1% PBS-BSA with 0.3% Triton X-100 (Sigma-Aldrich, catalog num-
ber 9002-93-1) solution at RT for 15 min. Subsequently, cells were
stained with anti- b-actin primary antibody (1:1,000) diluted in
blocking solution for 1 h at RT for cytoskeleton detection. After 3
washes in PBS, the secondary antibody, goat anti-mouse immuno-
globulin G (IgG)-fluorescein isothiocyanate (FITC) (Santa Cruz
Biotechnology, F0211, 1:300 in PBS), was added for 30 min at RT.
Last, cells were incubated with DAPI (BD Pharmingen, catalog num-
ber 564907, 1:1,000 in PBS) for 10 min at RT in the dark for nucleus
visualization. Coverslips were washed and mounted with 2mL of 1:1
glycerol (Sigma-Aldrich, 114K0183V) in PBS on a microscope slide,
and images taken from confocal microscopy (Leica LSM700) were
analyzed to check exosome uptake.

Protein isolation and western blotting

Cells were washed twice in ice-cold PBS and exosomes isolated previ-
ously were lysed in JS buffer (50 mM HEPES [pH 7.5] containing
150 mM NaCl, 1% glycerol, 1% Triton X-100, 1.5 mM MgCl2,
5 mM EGTA, 1 mM Na3VO4, and 1� protease inhibitor cocktail).
Protein concentration was determined by Bradford reagent (BioRad,
Cod. 5000006, lot 64254929) using BSA as the standard, and equal
amounts of proteins were analyzed by SDS-PAGE (12.5% acrylamide,
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Bio-Rad, Cod. 1610158, lot 64269544). First, gels were electroblotted
into nitrocellulose membranes (GE Healthcare Life Science, catalog
10600002). Then membranes were blocked for 1 h with 5% blot-
ting-grade blocker (Bio-Rad, 1706404) in Tris-buffered saline (TBS;
Bio-Rad, 1706435) containing 0.1% Tween 20 (Sigma-Aldrich,
P1379-1L) and finally incubated at 4�C O/N with the primary anti-
bodies. Signal detection was performed by peroxidase-conjugated sec-
ondary antibodies using the enhanced chemiluminescence system
(Thermo Fisher Scientific, Milan Italy). Primary antibodies used
were as follows: anti-FAP (Abcam, ab53066, 1:1,000 in 5% TBS-
milk), anti-Caveolin-1 (Santa Cruz Biotechnology, MA, USA;
sc-53564, 1:500 in 5% TBS-BSA), anti-MCT4 (Santa Cruz Biotech-
nology, sc-376140, 1:500 in 5% TBS-BSA), anti-b-actin (Sigma,
A5441, 1:15,000 in 5% TBS-milk), anti-phospho-FAK(Y576/577)
(Cell Signaling Technology, 3281, 1:500 in 5% TBS-BSA), anti-FAK
(Cell Signaling Technology, 71433, 1:1,000 in 5% TBS-milk), anti-
CD63 (Santa Cruz Biotechnology, sc-15363, 1:500 in TBS-milk),
anti-TAPA1 (Abcam, ab35026, 1:1,000 in 5% TBS-milk), anti-
Tsg101 (Abcam, ab83, 1:1,000 in 5% TBS-milk), anti-Hsp70 (Santa
Cruz Biotechnology, sc-32239, 1:500 in 5% TBS-milk), anti-Calnexin
(Abcam, ab10286, 1:1,000 in 5% TBS-milk), anti MMP1 (Santa Cruz
Biotechnology, sc-21731, 1:500 in 5% TBS-milk), MMP2 (Santa Cruz
Biotechnology, sc-21731, 1:250 in 5% TBS-milk), MMP3 (Santa
Cruz Biotechnology, sc-21731, 1:500 in 5% TBS-milk), anti-ITG a5
(Santa Cruz Biotechnology, sc-13547, 1:500 in 5% TBS-milk), anti-
ITG b1 (Santa Cruz Biotechnology, sc-13547, 1:1,000 in 5% TBS-
milk), anti-AKT (Cell Signaling Technology, 9272, 1:1,000 in 5%
TBS-milk), anti-phospho-AKT (Ser473) (Cell Signaling Technology,
9271, 1:1,000 in 5% TBS-milk); anti-b-Catenin (Cell Signaling Tech-
nology, Inc, #9582 1:1000 in 5% TBS-BSA), and anti-phospho-b-Cat-
enin (Ser33/37/Thr41) (Cell Signaling Technology, 9561, 1:1,000 in
5% TBS-BSA).

RNA extraction and real-time PCR

Total RNA (miRNAs andmRNA) was extracted using TRIzol reagent
(Life Technologies, 15596018). Reverse transcription was performed
starting from an equal volume of total RNA/sample (150–300 ng)
using the miScript Reverse Transcription Kit (QIAGEN, catalog
number 218161) for total miRNAs and SuperScript III First-Strand
(Invitrogen, catalog number 18080051) for mRNAs. Quantitative
analysis of miR-185-5p, miR-652-5p, miR-1246, and RNU6A (as an
internal reference) was performed by real-time PCR using the
miScript SYBR Green PCR Kit (QIAGEN, catalog number 218075)
and miScript Primer Assays (QIAGEN, catalog number 3406126).
The reaction for detection of miRNAs was performed as follows:
95�C for 15 min, 40 cycles of 94�C for 15 s, 55�C for 30 s, and
70�C for 30 s. For mRNA amplification of FAP, Caveolin-1,
SLC16A3, SLC2A1, and b-actin as the internal normalizer gene, we
performed real-time PCR with iTaq Universal SYBR Green Supermix
(Bio-Rad, catalog number 1725124) and custom-made primers for
mRNAs (Integrated DNA Technologies, Milan, Italy). The reaction
for detection of mRNAs was performed as follows: 95�C for
15 min, 40 cycles of 94�C for 15 s, 58�C for 30 s, and 72�C for 30 s.
All reactions were run in triplicate.
Collagen contraction assay

The collagen contraction assay was performed with NFs in 35 �
10 mm cell culture dishes (Corning, 430165) for exosome treatment
and in 12-well plates (Corning, 3513) for combomiRNA transfection.
Type 1 collagen (Corning, 354236, 33 ng/mL) was resuspended in an
acidic environment composed of acetic acid (5 mM) and minimum
essential Eagle’s medium (Sigma, MO275, 10�). Then NaOH (1 M)
was added drop by drop to restore the neutral pH for cell resuspen-
sion. For the contraction assay performed with combo miRNAs,
NFs were first transfected with combo miRNAs (scrambled for con-
trol) for 48 h and then used for the contraction assay; for exosomes,
NFs were first plated in the collagen plug and then treated with exo-
somes. In both cases, 1.5 � 105 NFs resuspended in 250 mL of FBS
were added to type 1 the collagen mix prepared before. All steps dur-
ing collagen handling must be performed on ice to avoid early
collagen solidification. Then plates containing collagen plugs and cells
were taken at 37�C with 5%CO2 for 3 h to allow collagen solidifica-
tion. Subsequently, collagen plugs were detached from plate walls to
allow cell contraction, and DMEM-F12 FBS-free medium (with or
without exosomes, depending on the experiment) was added. Images
of the entire collagen plugs were taken after 24 h with the camera tool
of a mobile phone held in a fixed position. Then plug areas were calcu-
lated with ImageJ software and analyzed for NF contraction ability af-
ter exosome treatment or combo miR transfection.

3D organotypic co-culture assay

NFs were starved in DMEM-F12 medium without FBS for 24 h and
then seeded in 35 � 10 mm cell culture dishes (Corning, 430165)
in a neutralized matrix made of type 1 collagen treated with MDA-
MB-231-derived exosomes (or PBS as a control) to ensure their acti-
vation (the same procedure as described under “Contraction assay”).
1 � 105 MCF10A cells were seeded on top of the collagen plug for
48 h. Then the plugs were transferred to an invasion grid (screens
for CD-1 size 40 mesh, Sigma-Aldrich) in a 60-mm plate, and com-
plete growth medium was added underneath to create an air/liquid
interface to trigger epithelial cell invasion. After 14 days, matrices
were fixed, paraffin embedded, and cut into 10-mm sections. Organo-
typic matrices were stained with anti-pan-cytokeratin (Santa Cruz
Biotechnology, sc-8018, 1:400 in blocking solution) O/N at 4�C and
then with the secondary antibody, Alexa 594-conjugated goat anti-
mouse (Abcam, ab150116, 1:400 in blocking solution) for 1 h at RT
in the dark. Images were taken with an inverted microscope and
with a fluorescent one. Pan-cytokeratin-positive cells were counted
using ImageJ software in different fields of the images to quantify
the number of invading cells.

Transwell migration assay

The migration assay was carried out with 8.0 mm polycarbonate-
membrane-permeable, 6.5-mm Transwell inserts (Corning, Cod.
3422, lot 11619021). NFs pretreated with exosomes (40 mg) or trans-
fected with miRNAs (as described under “Cell transfection and exo-
some treatment”) were harvested with a trypsin-EDTA solution
(Sigma-Aldrich, Cod. T4D49, lot SLCH3365) and counted with a
Neubauer chamber. Then 1 � 105 cells were washed with PBS to
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remove any FBS residue, resuspended in DMEM-F12 FBS-free me-
dium, and seeded in the upper part of the Transwell chamber. The
lower part of the chamber was filled with 600 mL of DMEM-F12
medium supplemented with 10% FBS, 1% A/A, and 1% amphoter-
icin B to create the chemical gradient needed for cell migration.
Cells were incubated at 37�C with 5% CO2 for 24 h. Then the
Transwell chambers were stained and fixed with 0.1% crystal violet
in 25% methanol for 20 min at RT in the dark. The reaction was
stopped with water, and non-migrated cells were scraped off the
top of the chamber with a cotton swab. Representative images
were taken with the phase-contrast microscope (Leica DMI3000
B). The percentage of migrated cells was calculated by eluting crystal
violet with 600 mL of 1% SDS for each well and measuring the
respective absorbance at 490 nm with a Multiskan FC plate reader
(Thermo Scientific).

Invasion assay

The in vitro invasion assay was performed in Corning 24-well plates
with 8.0 mm polycarbonate-membrane-permeable 6.5 mm Transwell
inserts (Corning, Cod. 3422, lot 11619021). NFs (1.2 � 105). NFs
transfected previously with combo miRs for 24 h were resuspended
in a mix containing Matrigel Matrix Basement Membrane (Corning,
Cod. 354230, lot 6207017) diluted 1:5 in DMEM-F12, FBS free. The
lower part of the chamber was filled with 600 mL of DMEM-F12 me-
dium supplemented with 10% FBS, % antibiotic-antimycotics, and 1%
amphotericin B to create the chemical gradient for cell movement.
Cells were incubated at 37�C with 5% CO2 for 72 h. The Transwell
supports were stained and fixed with 0.1% crystal violet in 25%meth-
anol for 20 min at RT in the dark. The reaction was stopped with wa-
ter, and non-migrated cells together with residual Matrigel solution
were scraped off the top of the Transwell with a cotton swab. Repre-
sentative images were taken with a phase-contrast microscope (Leica
DMI3000 B). The percentage of migrated cells was evaluated by
eluting crystal violet with 600 mL of 1% SDS for each well and
measuring the respective absorbance at 490 nm with a Multiskan
FC plate reader (Thermo Scientific).

Scratch assay

NFs (5� 104) were seeded in a 12-well plate (Corning, 3513) and, on
the following day, transfected with miR-185-5p, miR-652-5p, miR-
1246, or a scrambled sequence as a control. After 48 h, cells were
starved for 3 h in DMEM-F12 FBS-free culture medium. Next, a
scratched wound was made with a 200-mL tip in each well, and
then cells were grown continuously in DMEM-F12 culture medium
complemented with 10% FBS and 1% A/A for 24 h. Microscopy im-
ages were taken in different fields of the wound at the scratch moment
(t0) and after 24 h (t24) using a 5� objective of an inverted microscope
(DMI3000 B, Leica, Milan, Italy). Scratch area was calculated with
ImageJ software and analyzed to measure the wound-healing ability
of NFs after combo miR transfection.

Small RNA sequencing

NFs (5 � 105) were plated in 100-mm dishes with DMEM-F12 cul-
ture medium supplemented with 10% Exo-FBS (SBI) and 1% A/A
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and treated with 120 mg of MDA-MB-231-derived exosomes and
the same volume of PBS solution as a control. After 24 h, cells
were collected, and RNA was extracted using TRIzol reagent (Life
Technologies, 15596018). Samples were shipped to Genomix4Life
(Baronissi, Salerno, Italy), who performed small RNA sequencing us-
ing Illumina HiSeq2500 (SmallRNA 1 � 20M Cod. G4L1630 – iMir,
Cod. G4L15055) and bioinformatics analysis (PCA component and
differential expression analysis). Two biological replicates for
each experimental point were analyzed. For the statistical analysis,
p < 0.05 alone was considered for experimental significance; no
p value adjustment was performed because of the small sample
size (NFs from pt. #1).

In vitro cell viability assay

Cell viability was evaluated with the CellTiter 96 AQueous One Solu-
tion Cell Proliferation Assay (Promega, Milan, Italy) according to the
manufacturer’s protocol. After 30 min of incubation, the plates were
analyzed on a multilabel counter (Bio-Rad) to measure the absor-
bance values used for the analysis.

Data availability

The RNA sequencing data discussed in this publication have been
deposited in database: NCBI Gene Expression Omnibus (Edgar
et al., 2002) and are accessible through GEO series accession number
GSE185654 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=
GSE185654).
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