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TME: tumor microenvironment.

Multiple juxtacrine and paracrine interactions occur between cancer cells and non-cancer cells of the tumor
microenvironment (TME) that direct tumor progression. Cancer Associated Fibroblasts (CAFs) are an integral
component of the TME, and the majority of breast tumor stroma is comprised of CAFs. Heterotypic interactions
between cancer cells and non-cancer cells of the TME occur via soluble agents, including cytokines, hormones, growth
factors, and secreted microRNAs. We previously identified a microRNA signature indicative of hyperactive MAPK
signaling (hMAPK-miRNA signature) that significantly associated with reduced recurrence-free and overall survival. Here
we report that the hMAPK-miRNA signature associates with a high metric of stromal cell infiltrate, and we investigate
the role of microRNAs, particularly hMAPK-microRNAs, secreted by CAFs on estrogen receptor (ER) expression in breast
cancer cells. ER-positive MCF-7/ItE2- cells were treated with conditioned media (CM) from CAFs derived from breast
cancers of different PAM50 subtypes (CAFgas, CAFpera, and CAF ). CAF CM isolated specifically from ER-negative
primary breast tumors led to ER repression in vitro. Nanoparticle tracking analysis and transmission electron microscopy
confirmed the presence of CAF-secreted exosomes in CM and the uptake of these exosomes by the ER+ MCF-7/ItE2-
cells. Differentially expressed microRNAs in CAF CM as well as in MCF-7/ItE2- cells treated with this CM were identified.
Knockdown of miR-221/222 in CAFgas resulted in knockdown of miR221/222 levels in the conditioned media and the
CM from CAFgas; miR221/222 knockdown rescued ER repression in ER-positive cell lines treated with CAFgas-CM.
Collectively, our results demonstrate that CAF-secreted microRNAs are directly involved in ER-repression, and may
contribute to the MAPK-induced ER repression in breast cancer cells.

Introduction

While understanding the genetic and epigenetic changes that
occur within breast cancer cells has identified novel therapeutic
targets and biomarkers for disease progression, over the past
decade an accumulating body of evidence has clearly established
the significance of surrounding stromal cells (also known as the
tumor microenvironment (I'ME)) in promoting breast cancer
progression.'™ Cross-talk between the TME and cancer cells is
known to play a major role in driving breast cancer progression
and poor clinical outcome.”>"" Cancer associated fibroblasts
(CAFs) form an essential component of the TME, and the major-
ity of TME in many cancer types, including breast cancer, is
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comprised mainly of CAFs.'">'* There is increasing evidence
highlighting the role of CAFs in various processes that range
from tumor initiation, progression, epithelial to mesenchymal
transition (EMT), tumor invasion, angiogenesis, and metastasis,
as well as conferring drug resistance to cancer cells.”'>>° CAFs
secrete soluble factors including cytokines, MMPs, and growth
factors which are major mechanisms by which CAFs promote
tumor progression.' > 1127 Many of these growth factors and
cytokines activate the growth factor dependent-MAPK signaling
172733 \which has been well-established as a
major pathway activated in breast cancer.

We previously established that hyperactivation of ERK1/2
MAPK in breast cancer cells leads to repression of estrogen

in breast tumor cells
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receptor (ER),>* and we identified a hyperactive  MAPK
(hMAPK) gene signature that correlates with ER-negative breast
cancers.”” Furthermore, we demonstrated the importance of
MAPK activation in establishing the ER-negative breast tumor
phenotype, as inhibition of ERK1/2 MAPK leads to re-expres-
sion of ER in multiple ER-negative breast cancer cell lines and in
primary  cultures

6,
tumors.”*>’

established from  ER-negative breast

Aberrant mitogenic signaling also affects expression of micro-
RNAs (miRNAs).?® We have recently identified a novel, patient-
derived miRNA signature indicative of hMAPK signaling in
breast cancer.>® This signature identifies breast cancers with poor
clinical outcomes, including decreased recurrence-free and dis-
ease-specific survival; moreover, ER+ breast cancers exhibiting
this hMAPK-miRNA signature had reduced recurrence-free and
disease-specific survival with hormone therapy.”® Several of the
hMAPK-miRNAs have been shown to target various proteins
like ER, EMT transcription factors, markers of luminality, stem-
ness, and ECM.>*%

miRNAs are small, 19-22 nucleotide long, non-coding RNAs,
are often found to be differentially regulated in cancer, and are
known to play multifaceted roles in tumorigenesis.“‘47 miRNAs
are known to have both oncogenic and tumor suppression func-
tions.*> In breast cancer, miRNA expression associates with
tumor grade, proliferation, and the major molecular sub-
types.”®*2 It is now well known that changes in the level of
miRNAs can occur by interaction between cancer cells and stro-
mal cells via paracrine secreted cytokines/growth factors or direct
secretion of miRNAs.*> The hMAPK-miRNA signature was
developed from primary breast cancer specimens that are com-
posed of a tumor cell population that contains breast cancer cells
and also containing infiltrating stromal cells. This suggests that
there may be significant stromal contribution to these hMAPK-
miRNAs, as the presence of non-tumor stromal cells has been
shown to strongly impact gene expression signatures.” >’

Our results show that the hMAPK-miRNA signature signifi-
cantly associates with tumors that have a high stromal score, as
defined by Yoshihara et. al.”* We demonstrate that expression of
a number of the miRNAs in our hAMAPK-miRNA signature are
more highly expressed in CAFs than in cultured dissociated
tumor cells. Treatment of ER+ breast cancer cells with condi-
tioned media (CM) from CAFs represses both ER protein and
mRNA expression. Importantly, we show that this ER repression
is specific to CM isolated from CAFs from ER-negative breast
tumors (CAF21,n and CAF23g45), and not seen in CM iso-
lated from CAFs obtained from ER+-positive tumors
(CAF19;4). The effect of ER repression at protein, mRNA and
ER 3’UTR luciferase activity was more significant by conditioned
media from CAF23p,5 when compared to CAF19; 4 alone. We
found that miR-221 and miR-222 were overexpressed in CM
from CAF23p45 vs CAF191 4, as determined by Nanostring anal-
ysis. miR-221/222 are part of the hMAPK-miRNA signature
and known to repress ER expression.*> To determine the role of
miR-221/222 in CAF mediated ER repression, we performed
knockdown of these miRNAs in CAF233,5 and were able to par-
tially rescue the CAF235,5 mediated ER repression. Our results
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indicate that CAF secreted hMAPK-miRNAs miR-221/222 can
influence the ER-negative phenotype of breast cancer cells via
paracrine interactions within the tumor microenvironment and
that this miRNA-mediated repression of ER is specific to CM
from CAFs obtained from basal breast cancers.

Results

Correlation of hMAPK-microRNA signature with tumor
stroma and CAFs

Gene expression profiling of tumor samples have helped better
classify tumors and understand their biology. Tumor samples are
not only composed of tumor cells but also consist of infiltrating
stromal and immune cells. It is now clear that the associated stro-
mal and immune cells can influence gene expression and miRNA
expression profiles of tumor salmples.45’53 =7 Using breast cancer
specimens, we developed an hMAPK-miRNA signature that
associates with poor survival.*® Since the breast cancer specimens
in patient datasets are composed of tumor cells and associated
stroma, we wanted to investigate the connection between
hMAPK-miRNAs and stroma. We employed the method devel-
oped by Yoshihara et al.’* to calculate stromal and immune
scores for breast cancers from the TCGA and METABRIC data
sets; these scores provide an indication for the proportion of
immune and stromal infiltrate of a tumor sample. According to
this method, a higher stromal score or immune score indicates a
higher stromal or immune cell infiltrate in the tumor, and the
ESTIMATE (estimation of stromal and immune cells in malig-
nant tumor tissue) score represents the combination of stromal
and immune scores. Breast tumors from the TCGA and META-
BRIC datasets classified as high hMAPK-miRNA according to
our signature are significantly enriched for tumors with higher
stromal, immune, and ESTIMATE scores, when compared to
breast tumors classified as low hMAPK-miRNAs (Figure 1).
Because CAFs make up a large portion of breast tumor stroma'?*
and have been shown to contribute to gene and miRNA expres-
sion of tumor cells,”**>7 we hypothesized that CAFs could
similarly contribute to the AMAPK-miRNA signature.

Media conditioned by CAFs derived from different breast
tumor subtypes elicits distinct effects on ER repression in
ER-positive breast cancer cells

We previously reported that breast tcumors from basal-like and
HER2 molecular subtypes are enriched for the hMAPK-miRNA
sign;alture.38 Because CAFs are known to secrete factors that can
stimulate growth factor signaling pathways in breast cancer cells,
and hyperactivation of growth factor pathways in breast cancer
contributes to repression of ER and development of hormone
independent growth, we hypothesized that CAFs derived from
different subtypes of breast cancer would differentially impact
ER biology in ER-positive breast cancer cells. To determine the
in vitro effect of CAF interactions with ER+ breast cancer cells,
MCEF-7/1tE2- cells were treated with conditioned media collected
from CAFs obtained from different breast cancer molecular sub-
types (Fig. 2A) and normal human mammary fibroblasts at
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various time points. Conditioned
media from CAF21;,y  and
CAF23p,s transiently activated
MAPK  signaling (20min). CM
from CAF23pa5 resulted in sus-
tained MAPK activation and
repression of ER (4hrs) in MCF-7/
ItE2- cells (Fig. 2B). Conditioned
media from additional luminal
and basal-like CAFs, CAF8; 4 and
CAF31pas respectively (Fig. S1A),
produced similar results. These
CAFs were confirmed using fibro-
blasts markers (Fig. S1B and 1C)
and their ability to not form soft
agar (Fig. S1D). CM
from CAF31gg elicited a more
sustained ~ MAPK  activation
(20min) and repression of ER (4h)
in MCF-7/ItE2- cells than CM
from CAF8;, (Fig. S1E). ER gene
expression was analyzed in total
RNA isolated from MCEF-7/ItE2-
cells treated with different CAF-
CM at various time points. CM
from CAF19;4 did not cause

colonies

repression of ER mRNA, while conditioned media from CAF23-
pas led to significant repression in ER mRNA (Fig. 2C). Similar
results were obtained by treating parental MCF-7 cells with CAF
conditioned media (data not shown); we employed the MCE-7/

ItE2- cell line model because the
differences in ER protein expres-
sion were more pronounced than
in parental MCF-7 cells, due to
the enhanced expression of ER in

the MCF-7/ItE2- cells.

miRNA-dependent repression
of ER in ER+ cancer cells treated
with CM from basal-like CAFs

In order to address if CAFs
could be the source of over-
expressed miRNAs in  the
hMAPK-miRNA  signature we
performed miRNA expression
analysis on CAFs and dissociated
primary human breast tumor cells
(DTs) using TagMan® Array
Human MicroRNA A+B Cards
Set v2.0 panel. (CAFs and DTs
are previously described®®). We
observed that several miRNAs
overexpressed in the hMAPK-
miRNA signature were significantly
overexpressed in CAFs compared
cells

to dissociated  tumor
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Figure 1. hMAPK miRNA signature associates with stromal, immune and estimate score. (A) TCGA breast
cancer gene expression data set comparing hMAPK-miRNA signature to stromal, immune and estimate
score. (B) ER+ breast cancer gene expression TCGA dataset comparing hMAPK-miRNA signature to stromal,
immune and estimate score.

(Fig. 3A). Several of these hMAPK-miRNAs overexpressed in
CAFs compared to DTs are also known to target ER, (including
miR-22, miR-221 and miR-222).>%%? We treated the hyperac-
tive MAPK cell line ca-Raf/MCF-7°""® with MAPK signaling
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Figure 2. CAF23g,s conditioned media leads to estrogen receptor repression. (A) Table showing the 3 differ-
ent types of cancer associated fibroblasts (CAFs) cell cultures isolated from 3 different primary breast tumors.
(B) Western blot data showing ER (4h) and pERK (20min) expression when MCF-7/It E2- cells are treated with
different CAF-CM. GAPDH used as loading control. (C) gPCR data showing ER mRNA expression when treated
with different CAF-CM.
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MCF-7/It E2- cells are treated with CAF23gas vs HMF conditioned media.

Figure 3. hMAPK miRNA 221/222 are involved in CAF mediated ER repression. (A) Table showing list of
hMAPK miRNAs in all the CAF cell cultures vs dissociated tumor cells (DTs). (B) Treatment of MCF-7/It E2-
cells transfected with dual luciferase reporter vector with different CAF conditioned media. Data represents
relative luciferase units (RLU). (C) A volcano plot showing miRNAs that are differentially expressed when

somes from microvesicles,® we
chose to use the term “exosomes”
in our studies. To determine if
CAF-secreted
involved in the ER repression

€xosomes were

inhibitor U0126 and found that hMAPK miR221/222 levels
went down with the decrease in MAPK signaling. The decrease
in hMAPK miR221/222 levels upon U0126 treatment was com-
parable to antagmiR knockdown of miR221/222 (Fig. S2A). To
confirm that hMAPK-miR221/222 plays a role in the MAPK-
mediated ER repression, we transfected the ca-Raf/MCF-7 cells
with ER 3°'UTR Dual Glo® luciferase reporter constructs or a
control vector. ER 3’UTR Dual Glo® vectors contains firefly
luciferase (Lucg) under 3°UTR control of the full ER 3’UTR
(ER 3’UTR is split among 2 vectors [ER # 1 and ER # 2] due to
its large size), while the Lucg in the control vector contains a
non-targeted 3’"UTR (Fig. S2B). We also observed an increase in
the ER 3’UTR luciferase activity in ca-Raf/MCF-7 cell lines
upon knockdown of miR221/222 (Fig. S2C). Thus MAPK-reg-
ulated expression of miR221/222 participates in MAPK-medi-
ated ER repression. To investigate if the ER repression effect of
CAF-CM involved miRNA regulation, MCF-7/ItE2 cells were
transfected with ER 3’UTR Dual Glo® luciferase reporter con-
structs or control vector, and then treated with CM from HMF
vs CAFs. CAF235,5—CM repressed ER 3'UTR luciferase activ-
ity, while CM from other CAFs did not and furthermore, the
repression was with the ER 3'UTR#2 sequence containing
miR221/222 sites (Fig. 3B); indicating that CAF23px5-CM
impacts regulation of the miRNA regulatory elements present in
the latter portion of the ER 3’'UTR. Moreover, when the ER+
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observed in CAF-CM treated
MCEF-7 CAF-conditioned
media was depleted of exosomes
by ultracentrifugation. It should be noted that complete removal
of exosomes is not readily achievable by conventional means, and

cells,

though this media was significantly depleted of exosomes, we
were nevertheless able to detect trace amounts of miRNAs (data
not shown). MCF-7/It E2- cells were then treated with both con-
centrated exosomes and exosome-depleted media. Exosome
depletion in CAF19;4-CM had no effect on MAPK activation or
ER expression of treated MCF-7/1tE2- cells (Fig. 4A). Exosome-
depleted CAF235,s-CM no longer repressed ER expression
while MAPK activation was still maintained (Fig. 4A), suggest-
ing that CAF-secreted exosomes mediate ER repression but not
stimulation of MAPK activation. These results further suggest
that while MAPK activation within the MCF-7/ItE2- cells would
result in ER repression,58 the MAPK activation seen with CM
treatment is not the primary driver for ER-repression in MCF-7
cells within the short time frames we observed. These data
(Fig. 4A) along with the repression of ER 3’UTR (Fig. 3B),
indicate that CAF2354s CM-mediated ER repression seen within
short time frames is attributable to the exosomal miRNAs
secreted by the CAFs.

Uptake of exosomes secreted by CAFs by breast cancer cells

Nanoparticle tracking analysis and transmission electron
microscopy demonstrated that CAFs and HMFs secrete exo-
somes into conditioned media (Fig. S3A and B). Nanoparticle

Volume 16 Issue 11



tracking analysis showed that CAF a. c.
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marker CD63 (Fig. S$3C). MCF-
7/1tE2- cells treated with Exo-Red
labeled CAF-secreted

display uptake of the exosomes

€xosomes

when visualized using confocal
microscopy (Fig. 4B) proving that
the exosomes secreted in CAF-CM
enter the MCF-7/lt E2- cells.

CAF conditioned media from
different breast cancer subtypes
contains diverse miRNA profiles

The expression of miRNAs in
various CAF-CM, as well as in
MCEF-7/ItE2- cells following treat-
ment with various CAF CM, was
identified using nCounter® Human microRNA Expression
Assays. CAF23545-CM exhibited overexpression of several miR-
NAs compared to CAF19;4-CM, including miR221/222
(Fig. 4C). These results show that CAF23p,5 secreted miR221/
222 could be responsible for the ER repression.

Knockdown of miR221/222 in CAF23ps rescues ER
expression

Nanostring miRNA analysis indicated that miR221/222 is
secreted in CAF23p45 CM and overexpressed in MCF-7/1tE2-
cells treated with CAF235,5 CM, may promote ER repression
through miRNA transfer into MCEF-7/1tE2- cells. Knockdown
of miR221/222 in CAF23pas was performed using antago-
miRs and CM was collected 96hrs after antagomiR transfec-
tion. Knockdown of miR221/222 in CAF23g,s cells did not
have any impact on cell proliferation during this time-frame
(Fig. S4A). miR221/222 knockdown was confirmed by qRT-
PCR, and following knockdown miR-221/222 was essentially
completely depleted in CAF23ps cells and significantly
reduced in CAF235,5 CM (Fig. 5A and B). Depletion of
miR221/222 in CAF23p5ss CM attenuates the ability of
CAF23p545 CM to repress ER in MCEF-7/ItE2- cells (Fig. 5C)
and ER expression correlates with the miR-221/222 expression
levels in CAF23p5,5 CM (Fig. 5D). Treatment of MCE-7/
ItE2- cells with the miR-221/222 antagomiR for the same
amount of time had no effect on ER expression (Fig. S4B).
Together, these data indicate that miR221/222 secreted in
CAF23p545 CM is a key component involved ER repression
caused by CAF23p5,5 CM.
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Figure 4. CAF-CM with exosomes containing hMAPK miR221/222 are involved in ER repression.(A) Western
blot data showing effect of exosome depleted CAF conditioned media on pERK and ER of MCF/ItE2- cells
treated with different CAF conditioned media. GAPDH used as loading control. (B) Cancer associated fibro-
blast-derived exosomes uptake by MCF-7/It E2- breast cancer cells. (A) HMF exosomes. (B) CAF19 exosomes.

(C) CAF21 exosomes. (D). CAF23 exosomes. (C). A volcano plot showing miRNAs that are differentially
expressed in CAF23g4s vs. CAF19, 4 conditioned media.
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Discussion

It is well appreciated that cancer cells change the behavior of
non-cancer stromal cells (i.e immune cells, pericytes, cancer asso-
ciated fibroblasts, adipocytes, and endothelial cells) to establish a
TME that can facilitate tumor progression.”>'%**7% Within
the TME, CAFs are key regulators of tumor initiation, invasion,
EMT, angiogenesis, and metastasis.'*'>>'>° Prior studies have
demonstrated gene and protein expression heterogeneity between
CAFs obtained from different molecular subtypes of breast can-

,76
CCI‘,75 76

suggesting that aggressive tumor characteristics associ-
ated with Basal-like and HER2 breast cancer subtypes may be
attributable in part to CAFs. In this study we investigated differ-
ences in paracrine interactions between breast cancer cells and
CAFs obtained from primary breast cancers from 3 distinct
molecular  subtypes-Luminal A, HER2-like and Basal
(Fig. 2A, Fig. SIA, ref.*).

Within the TME, stromal cells communicate with tumor cells
and other stromal cells via a multitude of paracrine interactions.
Apart from cytokines, hormones, and growth factors, it has
recently become appreciated that exosomes also mediate para-
crine communication within the TME.*>*® The exosomes that
are on the nanometer scale can carry proteins, DNA, mRNA,
and miRNA that facilitate communication between different cells
within the TME. Exosomal miRNAs and mRNAs can be taken
up by tumor cells; this can not only affect the expression of
various proteins, but in turn can affect tumor progression and
metastasis. % 606260697374 Additionally, it is known that
miRNAs are packaged within exosomes in a non-random
fashion.*>¢% 7782 The type of cargo the exosome contains
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Figure 5. Knockdown of hMAPK miR221/222 prevents CAF mediated ER repression. (A) qPCR data showing
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after treatment with CAF23gas miR221/222 knockdown conditioned media.

if there is heterogeneity in exoso-
mal miRNAs secreted by CAFs
obtained from different molecular
subtypes of breast cancer. Using
nCounter® Human miRNA
Expression Assays analysis, we
report that CAFs obtained from
luminal exhibit a different profile
of secreted miRNA compared to
CAFs from basal breast cancer.
Interestingly, we found that a
number of miRNAs present in our
previously established hMAPK-
miRNA signature were secreted in
greater amounts by CAF23pug
compared to CAF19y,, including
miR221/222, miRNAs known to
regulate estrogen receptor38’42’43
(Fig. 4C). Because this signature
was developed from primary breast
tumor miRNA expression data, it
is likely that stromal gene expres-
sion contributed to this signature,
as the presence of non-tumor,
stromal cells has been shown to
strongly impact gene expression
signatures.%‘56 Our results reveal
a significant association of the
hMAPK-miRNA signature with
an increased stromal infiltrate
score (Fig. 1). CAFs displayed
over-expression of hMAPK-miR-

depends on the type of cells that it is being secreted from. Differ-
ent types of cells of the TME secrete different types of exosomal
information. Tt has also been shown that exosomes secreted
from CAFs can affect breast cancer progression and metastasis
via regulation of the Wnt-PCP pathway.’” It is, however, unclear

NAs compared to the dissociated tumor cells (Fig. 3A), support-
ing the notion that CAFs may contribute to the establishment of

the hMAPK-miRNA signature.
Activation of the MAPK pathway in tumor cells is one of
the mechanisms through which CAFs promote breast cancer
progression.15’16’19’21‘27 CAFs
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Figure 6. Summary. Role of CAF in MAPK induced ER repression.
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In our study, we report that exposure to CAF conditioned media
leads to MAPK activation and repression of ER in ER+ breast
cancer cells. The MAPK mediated ER-repression effect is more
pronounced in conditioned media collected from CAFs isolated
from a basal tumor than from CAFs isolated from a luminal
tumor. This MAPK mediated ER repression is not seen when
MCE-7/ItE2- cells are treated with conditioned media from
CAFs isolated from ER-positive tumors (CAF19; 4 and CAF8;4)
(Figs. 2B, 2C, Fig. S1E). Stimulation of the ER-positive
MCE-7/ItE2- cell line with conditioned media from CAF23gas
caused an upregulation of the hMAPK-miRNAs miR221/222
(Fig. 3C). Moreover, knockdown of miR221/222 in CAF23g,g
cells led to reduced miR221/222 levels in CM. miR221/222
depleted CAF23 CM was unable to repress ER in breast cancer
cells (Fig. 5). Collectively, our data indicate that miR221/222
secreted from CAF23p,s are key regulators of MAPK-mediated
ER repression observed when ER-positive breast cancer cells were
treated with conditioned media from basal CAFs.

Results from our study suggest that CAF populations isolated
from different subtypes of primary breast tumor can induce dis-
tinct characteristics in breast cancer cell lines. We suggest that
there exists a hierarchy and heterogeneity between CAFs obtained
from different breast cancer molecular subtypes, specifically in
terms of their paracrine interactions with cancer cells. Although
the current report focuses on ER-repression as a distinctive phe-
notype induced by different CAF populations; our findings sug-
gest novel means by which CAFs from different breast cancer
subtypes may mediate particular paracrine interactions within
the tumor microenvironment, contributing to the breast cancer
tumor progression, invasion, EMT, escape from immune surveil-
lance, and metastasis. Furthermore, we report distinct paracrine
interactions between cancer cells and CAFs mediated by miRNA
depending on whether the cancer cells are surrounded by aggres-
sive (basal) vs indolent (luminal A) CAFs. Understanding these
interactions will help to identify biomarkers of CAFs that associ-
ate with aggressive breast cancer, potentially identifying specific
interactions or miRNAs that could serve as therapeutic targets
within the TME. Better characterization of the tumor microenvi-
ronment, in addition to characterizing the cancer cells them-
selves, will foster better classification of tumors, ultimately
helping to improve therapy and clinical outcome.

Methods

Stromal, immune, and ESTIMATE score associations with
hMAPK-microRNA signature

Stromal, immune, and ESTIMATE scores for breast cancers
from the TCGA breast cancer data set were obtained from the
ESTIMATE website
ease.html). Breast cancers from the TCGA breast cancer dataset
were classified as “high-hMAPK” or “low-hMAPK” according to
a published hMAPK-miRNA signature and published method.*®
Stromal score, immune score, and ESTIMATE score values were
compared between high-hMAPK and low-hMAPK groups using
Student’s t-test, and were visualized as boxplots.

(hetp://ibl.mdanderson.org/estimate/dis-

www.tandfonline.com

Cancer Biology & Therapy

Tissue culture

All cell lines were grown in a 37°C, 5% CO2 forced air incu-
bator. CAF cells were grown in phenol red containing modified
IMEM (Life Technologies) supplemented with 10% fetal bovine
serum (FBS, Hyclone). CAFs were passaged and characterized
using previously published methods.>® MCF-7/lt E2- cells and
(ca)Raf-MCF-7%" cells were maintained in phenol red free modi-
fied IMEM (Life Technologies) supplemented with charcoal
treated 10% FBS and passaged continuously by detachment
using TrypLE™ Express (Life Technologies).

Collection of conditioned media

Cultures of CAF cells were grown to 70-80% confluency, and
then maintained in serum-free IMEM for 48 hours; this condi-
tioned serum-free IMEM was collected after 48 hours. After con-
ditioned media collection, the media was centrifuged at
1800 rpm for 10 minutes to remove cell debris. The media was
then filtered through 0.45 um cellulose acetate syringe filter
(Thermo Scientific) and stored at —80°C in 6-9 ml aliquots.

Western blot

The cells were harvested at 70-80% confluency in gold lysis
buffer and processed as previously described.®® Protein was trans-
ferred on to nitrocellulose membrane, blocked with 5% milk and
incubated overnight at 4°C with the following primary antibod-
ies diluted in 0.1 % TBS-T: Anti-ERa (Abcam), anti-pERK1/2
(Cell Signaling), CK19 (Cell Signaling), a-SMA (Santacruz Bio-
tech), Vimentin (Cell Signaling) and anti-GAPDH (Cell Signal-
ing). Membranes were washed with 0.1% TBS-T and incubated
with secondary antibody (ECL Rabbit or Mouse IgG, HRP-
Linked whole antibody) for 1h at room temperature. Membranes
were washed with TBS-T and chemiluminescent detection was
performed using ECL western blot substrate or SuperSignal West
Pico substrate (Thermo Scientific).

Soft agar colony formation assay

10,000 cells/well were resuspended in 0.3 % agarose IMEM
medium [supplemented with 10 % FBS, and penicillin/strepto-
mycin], and were plated in triplicate on top of a 0.9 % agarose
IMEM (supplemented with 10 % FBS and penicillin/streptomy-
cin) layer in 6-well plates. All wells were monitored microscopi-
cally to assure plating of single-cell suspension. Cultures were
maintained at 37°C, 5% CO2 atmosphere for up to 5 weeks,
after which cell colonies were stained with crystal violet dye
(Sigma) and counted according to established protocol.34

Immunoflorescence staining

Immunostaining of CAFs for presence of Fibroblast Activa-
tion Protein (FAP) was performed according to established pro-
tocol.>* CAFs were cultured on coverslips and fixed with 10%
formalin (VWR). Fixed samples were then blocked with 5% nor-
mal goat serum (Rockland) and 0.3% Triton X-100 (Biorad) for
1 hour at room temperature. Samples were then incubated with
mouse anti-rabbit antibody against FAP (eBioscience) diluted
1:300 with antibody diluent (Life Technologies). After incuba-

tion with primary antibody at room temperature for 2 hours, the
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samples were incubated with goat anti-mouse Alexa 488 (Life
Technologies) at a 1:500 dilution for 1 hr at room temperature.
The samples were then mounted by coverslip containing gold-
anti-fade DAPI (Life Technologies) and imaged with Nikon
Eclipse Ti with 40X oil lens.

qRT-PCR

Total RNA was isolated from cells and from serum free condi-
tioned media using the miRNeasy mini or the miRNeasy serum
plasma kit RNA isolation kit, respectively, according to the man-
ufacturer’s protocol. RNA concentration was measured using
Nanodrop 1000 (Thermo Scientific). ¢DNA synthesis for
mRNA or miRNA analysis was performed using High capacity
cDNA reverse transcription kit (Applied Biosystems) or miRcury
LNA™ Universal RT microRNA PCR (Exiqon) kit, respec-
tively. The PCR primer sequences used for quantitative real-time
PCR were: ESR1 (Forward primer 5-CCACCAACCAGTG-
CACCATT, Reverse primer 5-GGTCTTTTCGTATCC-
CACCTTTC) GAPDH (5-CACCAGGGCTGCTTTTAACT
CTGGTA). hsa-miR-221-3p, hsa-miR-222-3p and hsa-miR-16-
5p LNA™ primers were purchased commercially from Exiqon.
TagMan® Array Human MicroRNA A+B Cards Set v2.0 panel
was used to identify differentially expressed miRNAs between
CAFs vs DTs using cutoff 1.5 fold change and P value<0.05.

Luciferase reporter assay

The pEZX-MTO1 reporter vectors, containing the ESRI
3’UTR or a non-targeting 3’UTR appended to firefly luciferase,
were purchased from Genecopoeia. pEZX-MTO1 constructs also
contain a renilla luciferase enzyme that is constitutively expressed
from a CMV promoter element, allowing for dual-luciferase
reporter assays. ca-Raf/MCF-7 or MCF-7/1t E2- cells were trans-
fected with the pEZX-MTO1 reporter vector using Lipofect-
amine 2000 (Life Technologies) for 48hours. Dual-luciferase
reporter assay was performed using the manufacturer’s protocol,
and data recorded on a Promega GloMax instrument.

Exosome isolation

Exosomes were isolated from CAF-conditioned media by
ultracentifugation. 12ml of frozen serum free conditioned media
was ultracentrifuged at 110,000 g for 70 minutes to pellet the
small vesicles that correspond to exosomes. The exosome pellet
was washed with 12 ml of PBS and ultracentrifuged at
110,000 g for 70 minutes. The exosome pellet was resuspended
in 100 wl of PBS.

Transmission electron microscopy

DPurified exosomes were fixed with 2% paraformaldehyde. A
20 pl drop of the suspension was loaded onto a formvar coated
grid, negatively stained with 2% aqueous uranyl acetate for 2
minutes, and examined under a transmission electron microscope
FEI Tecnai G2 Spirit using a digital camera Morada (Olympus
Soft Image Solutions).
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Nanoparticle tracking analysis

Isolated exosomes were analyzed using the Nanosight NS300
system (Malvern Instruments Company). Exosome preparations
were diluted (1:20) in sterile 1X PBS and analyzed by NanoSight
NS300 and Nanosight NTA 2.3 Analytical Software. Each indi-
vidual sample of isolated exosomes was quantified by minimum
of 3 replicate analyses.

Exosome labeling, confocal microscopy and live imaging of
internalized exosomes

Exosomes were labeled with Exo-Red (System Biosciences),
according to the manufacturer’s protocol. Briefly, exosome pellets
were resuspended in 100l 1X PBS, mixed with 10nL Exo-Red
stain solution, and incubated for 10 minutes at 37°C. The label-
ing reaction was stopped by adding 100 wl of ExoQuick-TC
reagent. Labeled exosomes were incubated 30 minutes at 4°C.
Finally exosomes were centrifuged 3 minutes at 14,000 rpm. All
experiments were performed on Leica SP5 inverted confocal
microscope equipment using excitation wavelengths of 460 nm
and a 20x/63x glycerol immersion objectives. For live cell confo-
cal laser scanning microscopy experiments, cells were grown in
glass bottom chamber slides, and labeled exosomes were added to
subconfluent cells and incubated for 1 hr. Cells were immediately
analyzed.

Nanostring analysis

Total RNA from the cells and conditioned media containing
exosomes was isolated as mentioned above in QRT-PCR. Prior to
Nanostring analysis we analyzed the RNA quality and quantity
using Bioanalyzer 2100 Pico (Agilent). Same amount of RNA
was used as input for the nCounter® Human microRNA Expres-
sion Assays and subsequent analysis.

Knockdown of microRNA 221/222

Locked nucleic acid oligonucleotide microRNA inhibitor
(anatgomiR) hsa-miR-221-3p and hsa-miR-222-3p and scram-
bled control miR (Exiqon) were transfected into ca-Raf/MCF-7
or MCF-7/lt E2- cells using Lipofectamine RNAimax (Life
Technologies), at a concentration of 100nm (scrambled) and
50 nM (antagomiR). Knockdown of miR221/222 expression
was confirmed by qPCR 48hrs post-transfection.

Cell proliferation assay

Following 48 hrs of transfection with scrambled control
siRNA or miR-221/222, 10,000 CAF23ga5 cells were seeded in
24-wells in triplicates in IMEM+10%FBS media. Counts of via-
ble cells were determined by trypan blue exclusion at 48 hr inter-
vals, and enumerated using hand counts on a hemocytometer

Statistical analysis

The nSolver software v 1.0 (nCounter) was used to evaluate
the results of the Nanostring analysis. 95% confidence interval
from the negative control was selected as a threshold for signal.
All the microRNAs with intensity less than the threshold were
discarded from the analysis. For all samples, microRNAs with %
coefficient of variance less than 15% and intensity greater than
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signal threshold were used as normalization codesets. Student t-
test was performed to identify statistically differentially expressed
microRNAs (P<0.05)

Reagents and Supplies

Tissue Culture

IMEM with phenol red (Life Technologies Cat # A10489-
01), IMEM phenol red free (Life Technologies Cat # A10488-
01), FBS (Thermo Scientific Cat # SH30071.03), charcoal
treated FBS (Thermo Scientific Cat # SH30068.03), Tryple
Express (Life Technologies Cat # 12604.013)Antibodies: ERa
(Abcam Cat # ab16660), pERK1/2 (Cell signaling Cat #
9101L), GAPDH (Cell signaling Cat # 3683S), FAP (eBio-
science Cat # BMS168), Vimentin (Cell Signaling Cat #
50741S) CK19 (Cell signaling Cat # 4558S), a-SMA (Santacruz
Biotech Cat # sc32251), Rabbit IgG (GE Healthcare Cat #
LNA934V) Mouse IgG (GE Healthcare Cat # LNXA931), Alexa
488 (Life technologies Cat # A11029)

Kits

miRNeasy mini/serum plasma kit (Qiagen Cat # 217004/
217184) miRNA Primers and AntagomiRs: Primers Exiqon
(hsa-miR-221-3p Cart # 204532, hsa-miR-222-3p Cat # 204551,
hsa-miR-16-5p Cat # 205702) and AntagomiRs Exiqon (hsa-
miR-221-3p Cat # 4103821-001) and hsa-miR-222-3p Cat #
4101984-001)

Miscellaneous

10% Formalin (VWR Cat # 89370-094), Triton x-100 (Bio-
rad Cat # 161-0407), 5 % normal goat serum (Rockland Cat #
B304), Antibody diluent (Dako Cat # K8006), gold-antifade
DAPI (Life Technologies Cat # P36931), Lipofectamine 2000/

RNAIMAX (Life Technologies Cat # 11668-019/13778-075),
Exored (System Biosciences Cat # EXOR100A-1), Syringe filter
(Thermo Scientific Cat # 190-2545) and ECL western blot sub-
strate/SuperSignal West Pico substrate (Thermo Scientific Cat #
32106/34077)
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