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Recently, we proposed a new paradigm for understanding the role of the tumor microenvironment in breast cancer onset
and progression. In this model, cancer cells induce oxidative stress in adjacent fibroblasts. This, in turn, results in the onset
of stromal autophagy, which produces recycled nutrients to “feed” anabolic cancer cells. However, it remains unknown
how autophagy in the tumor microenvironment relates to inflammation, another key driver of tumorigenesis. To address
this issue, here we employed a well-characterized co-culture system in which cancer cells induce autophagy in adjacent
fibroblasts via oxidative stress and NFkB-activation. We show, using this co-culture system, that the same experimental
conditions that result in an autophagic microenvironment, also drive in the production of numerous inflammatory
mediators (including IL-6, IL-8, IL-10, MIP1c, IFNy, RANTES (CCL5) and GMCSF). Furthermore, we demonstrate that most
of these inflammatory mediators are individually sufficient to directly induce the onset of autophagy in fibroblasts. To
further validate the in vivo relevance of these findings, we assessed the inflammatory status of Cav-1 (-/-) null mammary
fat pads, which are a model of a bonafide autophagic microenvironment. Notably, we show that Cav-1 (-/-) mammary
fat pads undergo infiltration with numerous inflammatory cell types, including lymphocytes, T-cells, macrophages and
mast cells. Taken together, our results suggest that cytokine production and inflammation are key drivers of autophagy
in the tumor microenvironment. These results may explain why a loss of stromal Cav-1 is a powerful predictor of poor
clinical outcome in breast cancer patients, as it is a marker of both (1) autophagy and (2) inflammation in the tumor
microenvironment. Lastly, hypoxia in fibroblasts was not sufficient to induce the full-blown inflammatory response that
we observed during the co-culture of fibroblasts with cancer cells, indicating that key reciprocal interactions between

cancer cells and fibroblasts may be required.

Introduction

We have previously shown that the co-culture of cancer cells with
fibroblasts is sufficient to generate cancer-associated fibroblasts,
with the upregulation of smooth muscle actin, and the activation
of TGFp signaling.! Under these co-culture conditions, we also
observed that cancer cells induce oxidative stress in the adjacent
fibroblasts, resulting in the activation of two key transcription
factors, namely NFkB and HIFla.*? NFkB is a master regula-
tor of inflammation, while HIFla trancriptionally upregulates
genes associated with aerobic glycolysis. Both of these factors also
induce the onset of a genetic program that drives autophagy and
mitophagy, the autophagic destruction of mitochondria.*” These
results indirectly suggest that autophagy and inflammation in

the tumor microenvironment should be tightly-linked biologi-
cal processes. However, this association remains relatively unex-
plored. Importantly, both inflammation and autophagy in the
tumor microenvironment have been independently associated
with tumor progression and metastasis.*"

To address these issues, here we directly examined the associa-
tion between inflammation and autophagy in the microenviron-
ment, using a variety of complementary experimental approaches.
First, we show that co-culture of fibroblasts with cancer cells (a
condition known to induce stromal autophagy) results in the
induction of a “cytokine storm,” with the increased secretion of
many inflammatory mediators known to be produced by cancer-
associated fibroblasts. Notably, these inflammatory mediators are
sufficient to induce autophagy in normal fibroblasts, using LC3-11
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as a marker protein, which is reminiscent of the “field effect”—
in which “normal looking” areas become cancerized. Finally, we
see that a known autophagic microenvironment [Cav-1 (-/-) null
mammary fat pads] shows significant infiltration with inflam-
matory cells. Thus, inflammation and autophagy in the tumor
microenvironment may work synergistically to promote tumor
progression and metastasis. In support of this notion, loss of stro-
mal Cav-1 in human breast cancer(s) is a strong prognostic bio-
marker of early tumor recurrence and lymph-node metastasis, as
well as poor clinical outcome.'¢%°

Similarly, a loss of stromal Cav-1 is associated with inflam-
mation in DCIS patients, and either a loss of stromal Cav-1 or
inflammation are both individually sufficient to predicc DCIS
recurrence and/or progression to invasive breast cancer.”

Results

Co-culture of fibroblasts with cancer cells generates an acti-
vated microenvironment, rich in inflammatory mediators and
growth factors. Recently, we devised a novel co-culture system
to monitor the early interactions between cancer cells and their
microenvironment.! In this co-culture system, breast cancer
cells (MCF7) are co-incubated with immortalized fibroblasts
for a period of up to 5 days in low-mitogen media.! Under these
conditions, we observed (using a luciferase-reporter system) that
NFkB-signaling is transcriptionally activated ~10-fold in fibro-
blasts within 8 hours of co-culture.?? These results were also
confirmed using phospho-specific antibody approaches. In addi-
tion, complementary studies showed that cancer cells induce
oxidative stress in fibroblasts, which is also known to drive
NFkB-activation.?**

Thus, one prediction of these findings is that co-culture of
fibroblasts with cancer cells would induce the acute production of
inflammatory mediators and growth factors, as NFkB-signaling
transcriptionally functions as a master regulator of the inflamma-
tory response. To address this issue, we quantitated the amounts of
~40 known inflammatory mediators and growth factors that were
released to the media. For this purpose, we prepared conditioned
media from single homotypic cell cultures of fibroblasts and can-
cer cells (MCF7), as compared with MCF7-fibroblast co-cultures.

Figure 1 shows that numerous inflammatory mediators were
indeed upregulated during the co-culture of fibroblasts with MCF7
cancer cells. These factors included IL-6, IL-8, IL-10, MIP1a,
IFNvy, RANTES and GMCSEF, suggestive of a “cytokine storm.”

Figure 2 shows that a number of growth factors and extracel-
lular matrix proteins were also upregulated, during the co-cul-
ture of fibroblasts with cancer cells. The factors that were most
highly increased are TGFP2, FGFB, MMP2, MMPY, fibronec-
tin and activated PAI-1, consistent with an “activated” tumor
microenvironment.

Figure 3 shows that four growth factors were also downreg-
ulated during co-culture, namely HGF, TWEAK, VEGF and
PDGF-AA. Thus, certain growth factors were also downregu-
lated or remained unchanged.

A detailed summary of these results is also presented in Table
1, where all the fold-changes (co-culture vs. fibroblasts alone;
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and co-culture vs. MCF7 cells alone) and all the corresponding
p-values are enumerated.

It is important to note that many of the cytokines and growth
factors that we identified here that are upregulated and secreted
in MCF7-fibroblast co-cultures, are the same cytokines and
growth factors that are overexpressed by bonafide human can-
cer-associated fibroblasts and murine Cav-1 (-/-) null mammary
fibroblasts.?

Inflammatory mediators are sufficient to induce autophagy
in the tumor microenvironment. We have previously shown that
MCEF7 cancer cells induce oxidative stress and autophagy in adja-
cent fibroblasts, via the activation of certain transcription factors,
such as NF«kB and HIF1-a.>*% We speculated that inflamma-
tory mediators might also contribute to this process directly.

To address this issue, here we treated fibroblasts individu-
ally with the different factors that were upregulated during
co-culture. Figure 4 shows that, as predicted, many of these
inflammatory mediators were sufficient to induce autophagy in
fibroblasts cultured alone, as detected using LC3B-II as a marker
of the autophagic response. More specifically, treatment with
PAI-1, IFNv, IL-6, IL-8, IL-10, TNFa, MIP1ae, RANTES or
GMCSEF, were all individually sufficient to induce the autophagic
response in fibroblasts. Thus, cytokine production and the result-
ing inflammation in the tumor microenvironment can drive the
onset of autophagy in cancer-associated fibroblasts.

Autophagy in the tumor microenvironment is associated
with an inflammatory response. To test the in vivo relevance
of our findings, we next studied the status of inflammation in
a bonafide autophagic microenvironment. We have previously
shown that the mammary fat pads of Cav-1 (-/-) null mice are
a model for a lethal tumor microenvironment and constitutively
undergo autophagy, which provides recycled nutrients to “feed”
cancer cells.”*?” In this context, genetic ablation of Cav-1 is suffi-
cient to drive oxidative stress, which leads to the onset of autoph-
agy.>? Similarly, transient knock-down of Cav-1 in fibroblasts,
using an siRNA approach, is sufficient to induce the onset of
oxidative stress and autophagy, as well as NFkB activation.*?

As such, we stained Cav-1 (-/-) mammary fat pads with a
variety of markers for inflammatory cells, such as CD3 (Fig. 5),
CD45 (Fig. 6) and F4/80 (Fig. 7). Figures 5-7 show that the
mammary fat pads of Cav-1 (-/-) null mice are rich in inflam-
matory cells, such as lymphocytes, T-cells and macrophages. In
accordance with these findings, mast cells (Fig. 8) were also quite
numerous.

Thus, it appears that loss of stromal Cav-1 in vivo is sufficient
to create both an autophagic and pro-inflammatory microenviron-
ment. This may explain why loss of stromal Cav-1 is such a power-
ful predictive biomarker in breast cancer patients, and is associated
with tumor recurrence, metastasis and poor clinical outcome.'2%2

Hypoxia is not sufficient to induce the complete inflamma-
tory response observed during the co-culture of fibroblasts with
cancer cells. Next, we decided to test the hypothesis that hypoxia
in fibroblasts could mimic the effects of co-culture with cancer
cells. Thus, fibroblasts were maintained under normoxia (Nx)
or hypoxia (Hx) for a period of 2 days. Then, the conditioned
media was collected and subjected to analysis for the secretion
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Figure 1. Co-culture of fibroblasts with breast cancer cells upregulates inflammatory mediators. Breast cancer cells (MCF7) were co-incubated with im-
mortalized fibroblasts (F) for a period of 3 days in low-mitogen media. In parallel, we prepared conditioned media from single homotypic cell cultures
of fibroblasts and cancer cells (MCF7), for comparison with MCF7-fibroblast co-cultures. Note that numerous inflammatory mediators were indeed
upregulated during the co-culture, including IL-6, IL-8, IL-10, MIP1¢, IFN-y, RANTES and GMCSF. An asterisk indicates statistical significance; see Table 1

for specific p-values.

of ~40 cytokines, growth factors and extracellular matrix pro-
teins. Interestingly, Figure 9 show that only IL-8 and MIPla
were modestly induced by hypoxia in fibroblasts, in the absence
of cancer cells. Thus, the co-culture of fibroblasts with cancer
cells is required for the full-blown inflammatory response, that
we see in Figures 1-3.

In addition, our results are consistent with the literature, as
the secretion of both IL-8 2 and MIP1a** is known to be
induced by hypoxia in a variety of different cell types, via HIF1-
dependent mechanism(s).

Discussion

Here, we have shown that the co-culture of cancer cells with
fibroblasts results in a “classic” inflammatory response, with
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the increased secretion of numerous inflammatory mediators,
extracellular matrix proteins and growth factors. Our previ-
ous studies have mechanistically implicated oxidative stress in
this process, which results in the activation of NFkB-signaling
(Fig. 10), as well as the increased transcription of HIFla tar-
get genes. Furthermore, we show that individual inflammatory
mediators are sufficient to induce autophagy in cultured fibro-
blasts. Thus, inflammation in the tumor stroma is inextricably
linked to the autophagic production of recycled nutrients that
can then be re-used by anabolic cancer cells. This may explain
why inflammation drives tumor progression and metastasis in
pre-clinical animal models of breast cancer, and other malignan-
614 Furthermore, we evaluated the inflammarory state of the
Cav-1 (-/-) mammary fat pad, which is a well-established model
for an autophagic microenvironment. Importantly, we observed

cies.
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Figure 2. Co-culture of fibroblasts with breast cancer cells drives the secretion of growth factors and extracellular matrix proteins. As in Figure 1,
conditioned media was prepared from single homotypic cell cultures of fibroblasts (F) and cancer cells (MCF7), for comparison with MCF7-fibroblast
co-cultures. Note that certain key factors were highly upregulated, including TGFR2, FGFB, MMP2, MMP9, fibronectin and activated PAI-1. An asterisk

indicates statistical significance; see Table 1 for specific p-values.

that Cav-1 (-/-) null mammary fat pads show significant infiltra-
tion with numerous types of inflammatory cells, such as lympho-
cytes, T-cells, macrophages and mast cells. Thus, it appears that
inflammation drives autophagy in the tumor stroma, thereby
creating an aggressive tumor microenvironment, which promotes
the anabolic growth of cancer cells via the increased availability
of recycled nutrients (i.e., chemical building blocks and high-
energy metabolites).

Consistent with these assertions, a loss of stromal Cav-1 in
breast cancer patients is a strong predictor of poor clinical out-
come.'®?” For example, in triple-negative breast cancer patients,
a loss of stromal Cav-1 is associated with a 5-year survival rate of
<10%."® In contrast, triple-negative breast cancer patients with
high stromal Cav-1 have survival rate of >75% at even 12 years
post-diagnosis.”® Thus, a loss of stromal Cav-1 is a marker of a
“lethal” tumor microenvironment.'
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Interestingly, in DCIS patients, a loss of stromal Cav-1 is asso-
ciated with inflammation in the tumor microenvironment.” In
this patient cohort, either a loss of stromal Cav-1 or inflammation
were both sufficient to predict DCIS recurrence and/or progres-
sion to invasive breast cancer.”” However, a loss of stromal Cav-1
was a better predictor (as compared with inflammation) of DCIS
recurrence and/or progression.!”

Importantly, patients with (1) high stromal Cav-1 (a marker
of decreased autophagy) and (2) increased inflammation did not
show DCIS recurrence or progression.” As loss of stromal Cav-1
is directly mediated by autophagy in the tumor stroma (lysosomal
degradation), these results suggest that both inflammation and
autophagy may be required to effectively promote tumor progres-
sion. Thus, future biomarker studies are warranted to explore the
emerging functional relationship between loss of stromal Cav-1,
autophagy and inflammation in the tumor microenvironment.
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Figure 3. Certain growth factors are also downregulated during the co-culture of fibroblasts and cancer cells. As in Figure 1, conditioned media was
prepared from single homotypic cell cultures of fibroblasts (F) and cancer cells (MCF7), for comparison with MCF7-fibroblast co-cultures. Note that
four growth factors were downregulated during co-culture, namely HGF, TWEAK, VEGF and PDGF-AA. An asterisk indicates statistical significance; see

Table 1 for specific p-values.

We have previously shown that MCF7 cells cultured alone
have dramatically reduced levels of mitochondria, as revealed by
immuno-staining with mitochondrial marker proteins, indica-
tive of a pseudo-hypoxic state (oxidative stress and aerobic glycol-
ysis).>? Consistent with this observation, here we see that MCF7
cells cultured alone secrete high levels of two angiogenic growth
factors, which are known to be induced by hypoxia, namely
VEGF and PDGEF (Fig. 3).

Conversely, when MCEF7 cells are co-cultured with fibro-
blasts, they show increased mitochondrial mass, due to increased
mitochondrial biogenesis and oxidative phosphorylation, which
is “fueled” by lactate donated by fibroblasts.>® In accordance,
with this shift away from pseudo-hypoxia, the MCF7 cells in co-
culture show dramatic reductions in VEGF and PDGF secretion
(Fig. 3). Thus, the metabolic changes we observe in MCF7 cells
(alone versus co-culture) can have profound effects on the profile
of what growth factors they are secreting.

IL-6 is a known growth factor and mediator of inflamma-
tion that is commonly secreted by cancer associated fibroblasts,*
and promotes the growth of cancer stem cells.” Interestingly,
IL-6 treatment of cells is sufficient to induce aerobic glycoly-
sis.*® Conversely, IL-6 can be induced by ROS species and
autophagy.® These observations are consistent with the idea that
autophagy, mitophagy and aerobic glycolysis are both a cause and
a consequence of inflammation. Thus, cytokine production and
inflammation provide a feed-forward mechanism for autophagy,
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mitophagy and aerobic glycolysis in the tumor stromal microen-
vironment. Similarly, it has been observed that mitochondrial-
derived ROS species drive inflammatory cytokine production, !
consistent with our current hypothesis (Fig. 10).

Experimental Procedures

Materials. Antibodies were obtained as follows: LC3B (Cat #
ab58610, Abcam), B-tubulin (Sigma), CD3 (Cat # 555273, BD
Biosciences), CD45 (Cat # 550539, BD Biosciences), F4/80 (Cat
# RDI-T2008X, Fitzgerald Industries Intl.). Recombinant cyto-
kines were obtained from PeproTech.

Cell culture. Cell culture experiments were carried out as pre-
viously described with minor modifications.! Human foreskin
fibroblasts immortalized with human telomerase reverse tran-
scriptase (WTERT-BJ1) were purchased originally from Clontech,
Inc. The breast cancer MCF7 cell line was from ATCC. All
cells were maintained in complete media consisting of DMEM,
with 10% Fetal Bovine Serum (FBS) and Penicillin 100 units/
mL-Streptomycin 100 pg/mL (all from Invitrogen) at 37°C in a
humidified atmosphere containing 5% CO,.

MCEF7-fibroblast co-cultures. For co-culture experiments,
fibroblasts and MCF7 cells were co-plated in complete media at a
5:1 fibroblast-to-epithelial cell ratio.! Fibroblasts were plated first
and MCEF7 cells were plated within 2 hours of fibroblast plating.
The total number of cells for a 10 cm dish was 1.5 x 10° cells. As
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Table 1. Analysis of analytes in fibroblasts alone, MCF7 cells alone and in co-culture

i (cocalt v fibrc e
Inflammation
IL-6 5.8 2.25E-05
IL-8 6.6 4.81E-07
IL-10 59 0.0003
MIP1« 24 0.0003
IFNy 54 0.0007
RANTES 1421 0.0005
GMCSF 9.9 1.98E-05
IFNa 4.5 0.01
IL-13 1.9 0.12; ns
TGF-B/Extracellular Matrix
TGFR1 1.7 0.2; ns
TGFB2 6.5 0.01
FGFRB 4.6 2.88E-05
MMP-2 1.4 0.01
MMP-9 158.7 0.0002
SFD1B 1.4 0.2; ns
Fibronectin 2.3 1.27E-05
PAI1 Active 8.1 0.0006
PAI1 Total 1.7 0.01
Angiogenesis/EMT
HGF -7.4 6.32E-05
TWEAK -2.9 0.006
VEGF -2.5 0.06
PDGF-AA 1.5 0.18; ns
ns, denotes not significant.
= o~ (.
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Figure 4. Inflammatory mediators are sufficient to induce autophagy in cultured
fibroblasts. Fibroblasts were treated individually with many of the different factors
that were upregulated during the MCF7-fibroblast co-culture. Note that treatment
with PAI-1, IFN, IL-6, IL-8, IL-10, TNFa, MIP1a,, RANTES or GMCSF, was sufficient to
induce the autophagic response in fibroblasts. Immunoblotting with LC3 was used
as a marker of the autophagic response (note the position of LC3-1I); B-tubulin is
also shown as a control for equal loading. Thus, inflammatory factors can drive the

onset of autophagy in fibroblasts.

www.landesbioscience.com

Cell Cycle

Fold-change
[cocult vs. MCF7] p-value
200.2 1.07E-05
601.6 2.08E-07
259 0.0002
7.1 1.52E-06
15.5 0.0004
923.9 0.0004
271 1.51E-05
1.1 0.57; ns
-3.2 0.3; ns
24 0.09; ns
4.1 0.02
13.2 1.16E-05
1,975.7 4.29E-05
170.6 1.14E-05
6.5 0.01
2,956.3 1.05E-06
318.6 0.0004
1,954.5 0.0003
363.9 6.02E-07
239 0.008
-125.5 0.004
-6.5 0.0009

controls, homotypic cultures of fibroblasts and MCE7
cells were plated in parallel, using the same number of
a given cell population as the corresponding co-cul-
tures. The day after plating, the media was changed
to DMEM with 10% NuSerum I (a low protein alter-
native to FBS; BD Biosciences) and Pen-Strep. After
three days of culture, the media was collected, spun
down to remove cellular debris and subjected to cyto-
kine analysis.

ELISA assays on secreted proteins. Levels of ~40
different growth factors, cytokines and chemokines
were measured in tissue culture supernatants using
SearchLight Protein Arrays (Aushon Biosystem,
Billerica, MA).? The SearchLight Protein Array is a
quantitative multiplexed sandwich ELISA contain-
ing different capture-antibodies spotted on the bot-
tom of a 96-well microplate. Each antibody detects
specific protein present in the standards and samples.
The bound proteins are then detected with a bioti-
nylated detection antibody, followed by the addition
of streptavidin-HRP and lastly, SuperSignal Chemi-
luminescent substrate. The luminescent signal is
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Figure 5. Cav-1 (-/-) mammary fat pads show the upregulation of CD3(+)
cells. Mammary fat pads from wild-type (WT) and Cav-1 (-/-) null mice
were harvested and processed for immuno-staining. Note that Cav-1
(-/-) null mammary fat pads show the upregulation of CD3(+) cells,
consistent with T-cell infiltration. Boxed areas are also shown at higher
magnification. Original magnification, 40x.

Figure 6. Cav-1 (-/-) mammary fat pads show the upregulation of
CD45(+) cells. Mammary fat pads from wild-type (WT) and Cav-1 (-/-)
null mice were harvested and processed for immuno-staining. Note
that Cav-1 (-/-) null mammary fat pads show the upregulation of
CD45(+) cells, consistent with lymphocytic infiltration. Original magnifi-
cations, 40x and 60x.

measured by imaging the plate using the SearchLight Imaging
System, which is a cooled charge-coupled device (CCD) cam-
era. The data is then analyzed using ArrayVision customized
software. The amount of luminescent signal produced is propor-
tional to the amount of each protein present in the original stan-
dard or sample. Concentrations are extrapolated from standard
curves. All assays were performed in triplicate.

Statistical analysis. Data were analyzed using the Student’s
t-test, assuming a normal distribution. A p-value lower that 0.05
was considered statistically significant.

Cytokine stimulation. Fibroblasts (5.4 x 10° cells/dish) were
plated in 6 cm dishes. After 12 hours, fibroblasts were incubated
with the indicated cytokine for 48 hours. Then, cells were harvested
and subjected to western blot analysis, using LC3B antibodies.
The following concentrations of “cytokines/growth factors” were
used: FGFp (150 pg/mL), TGFB2 (10 ng/mL), PAI-1 (0.44 pg/
mL), IFNvy (10 pg/mL), IL-6 (3 ng/mL), IL-8 (2.5 ng/mL), IL-10
(6 pg/mL), TNFa (50 pg/mL), MIP1a (30 pg/mL), RANTES (2
ng/mL) and GMCSF (250 pg/mL), each in serum-free DMEM
supplemented with 10% NuSerum I. The concentration utilized
for each factor was ~3-fold higher than the levels observed during
the co-culture of fibroblasts with MCF7 cells.

Western blotting. Cells were harvested in lysis buffer (10
mM Tris-Hel, pH 7.5, 150 mM NaCl, 1% Triton X-100, 60 mM
octyl-glucoside), containing protease and phosphatase inhibi-
tors (Roche Applied Science). After rotation for 40 min at 4°C
samples were centrifuged for 10 min at 13,000 g at 4°C. Protein
concentrations were determined using the BCA reagent (Pierce).
Proteins (30 g) were separated by SDS-PAGE and transferred
to a 0.2 wm nitrocellulose membrane (Fisher Scientific). After

blocking for 30 min in TBST (10 mM Tris-HCl pH 8.0, 150 mM
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Figure 7. Cav-1 (-/-) mammary fat pads show the upregulation of
F4/80(+) cells. Mammary fat pads from wild-type (WT) and Cav-1 (-/-)
null mice were harvested and processed for immuno-staining. Note
that Cav-1 (-/-) null mammary fat pads show the upregulation of
F4/80(+) cells, consistent with macrophage infiltration. Original magnifi-
cations, 40x and 60x.

NaCl, 0.05% Tween-20) with 5% nonfat dry milk, membranes
were incubated with the primary antibody for 1 hour, washed
and incubated for 30 minutes with horseradish peroxidase-
conjugated secondary antibodies. The membranes were washed
and incubated with an enhanced chemi-luminescence substrate

(Thermo Scientific).
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Figure 8. Cav-1 (-/-) mammary fat pads show the upregulation of mast
cells. Mammary fat pads from wild-type (WT) and Cav-1 (-/-) null mice
were harvested and processed for histo-chemical staining. Note that
Cav-1 (-/-) null mammary fat pads show an abundance of mast cells.
Original magnifications, 20x and 40x.
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Figure 9. Hypoxia is not sufficient to induce the complete inflamma-
tory response observed during the co-culture of fibroblasts with cancer
cells. Fibroblasts were maintained under normoxia (Nx) or hypoxia (Hx)
for a period of 2 days. Then, the conditioned media was collected and
subjected to analysis for the secretion of >40 cytokines, growth factors
and extracellular matrix proteins. Note that only IL-8 and MIP1a were
modestly induced by hypoxia in fibroblasts, in the absence of cancer
cells. Thus, the co-culture of fibroblasts with cancer cells is required for
the full-blown inflammatory response. An asterisk indicates statistical
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Figure 10. An emerging functional relationship between cytokine pro-
duction, autophagy and inflammation in the tumor microenvironment.
Co-culture of fibroblasts with cancer cells drives the onset of oxidative
stress and NFkB-activation in cancer-associated fibroblasts.>? Here,

we show that one of the consequences of this reciprocal interaction,
between fibroblasts and cancer cells, is elevated cytokine production,
which may drive both autophagy and inflammation in the tumor mi-
croenvironment. Autophagy in cancer-associated fibroblasts destroys
Cav-1 (via lysosomal degradation),’ further driving oxidative stress and
NFkB activation (marked by the large red arrow). Importantly, transient
knock-down of Cav-1 in fibroblasts, using an siRNA approach, is suf-
ficient to induce the onset of oxidative stress and autophagy, as well as
NFkB activation.??

significance.

Animal studies. Animals [WT and Cav-1 (-/-) null mice in
the FVB/N genetic background**#] were housed and main-
tained in a pathogen-free environment/barrier facility at the
Kimmel Cancer Center at Thomas Jefferson University under
National Institutes of Health (NIH) guidelines. Mice were
kept on a 12-hour light/dark cycle with ad libitum access to
chow and water. All animal protocols used for this study were
reviewed and approved by the Institutional Animal Care and
Use Committee (IACUC). Four-month old mice were sacri-
ficed and the mammary glands were harvested and either fixed

www.landesbioscience.com
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with 10% formalin or flash-frozen with liquid nitrogen cooled
isopentane.

Immunohistochemistry. Immunohistochemistry was per-
formed on 5-6 micron frozen sections, with a 3-step biotin-
streptavidin-horseradish peroxidase method. Sections were fixed
with acetone at -20°C for 5 min, air-dried and blocked with 10%
rabbit serum in PBS for 30 min at room temperature. Primary
antibodies were then incubated overnight at 4°C. The next day,
samples were incubated with biotinylated rabbit anti-rat IgG
(Vector Labs, Burlingame, CA) followed by streptavidin-HRP
(Dako, Carpinteria, CA). Immunoreactivity was revealed with
3,3'-diaminobenzidine.

Mast cell staining. Mammary gland paraffin sections were
de-paraffinzied and re-hydrated to H,O. Sections were stained
for 1 minute with 1% Toluidine Blue O (Sigma) in isopropa-
nol, washed in water to remove excess color and dipped in 95%
ethanol to enhance purple mast cell staining. Sections were
then air-dried, placed in xylene for 5 min and mounted with
Permount.

Hypoxia conditions. Fibroblasts cultured alone were incu-
bated in hypoxia (0.5% O,) or normoxia (21% O,) for 2 days.
Briefly, hTERT-BJ1 fibroblasts (5.4 x 10° cells/dish) were first
seeded in 6 cm tissue culture plates with complete media con-
sisting of DMEM, with 10% Fetal Bovine Serum (FBS) and
Penicillin 100 units/mL-Streptomycin 100 pg/mL. One day
after seeding, the media was changed to in DMEM with 10%
NuSerum I (a low protein alternative to FBS; BD Biosciences)
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and Pen-Strep. Then, hypoxia experiments were carried out for 2
days, using a standard hypoxia chamber with 0.5% O,.
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