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Remote Adipose Tissue-Derived Stromal Cells of Patients with
Lung Adenocarcinoma Generate a Similar Malignant
Microenvironment of the Lung Stromal Counterpart
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Cancer alters both local and distant tissue by influencing the microenvironment. In this regard, the interplay with the stromal
fraction is considered critical as this latter can either foster or hamper the progression of the disease. Accordingly, the modality by
which tumors may alter distant niches of stromal cells is still unclear, especially at early stages. In this short report, we attempt to
better understand the biology of this cross-talk. In our “autologous stromal experimental setting,” we found that remote adipose
tissue-derived mesenchymal stem cells (mediastinal AMSC) obtained from patients with lung adenocarcinoma sustain pro-
liferation and clonogenic ability of A549 and human primary lung adenocarcinoma cells similarly to the autologous stromal lung
counterpart (LMSC). This effect is not observed in lung benign diseases such as the hamartochondroma. This finding was validated
by conditioning benign AMSC with supernatants from LAC for up to 21 days. The new reconditioned media of the stromal
fraction so obtained, was able to increase cell proliferation of A549 cells at 14 and 21 days similar to that derived from AMSC of
patients with lung adenocarcinoma. The secretome generated by remote AMSC revealed overlapping to the corresponding
malignant microenvironment of the autologous local LMSC. Among the plethora of 80 soluble factors analyzed by arrays, a small
pool of 5 upregulated molecules including IL1-f, IL-3, MCP-1, TNF-q, and EGF, was commonly shared by both malignant-like
autologous A- and L-MSC derived microenvironments vs those benign. The bioinformatics analysis revealed that these proteins
were strictly and functionally interconnected to lung fibrosis and proinflammation and that miR-126, 101, 486, and let-7-g were
their main targets. Accordingly, we found that in lung cancer tissues and blood samples from the same set of patients here
employed, miR-126 and miR-486 displayed the highest expression levels in tissue and blood, respectively. When the miR-126-3p
was silenced in A549 treated with AMSC-derived conditioned media from patients with lung adenocarcinoma, cell proliferation
decreased compared to control media.

candidates for many clinical and cell therapy applications,
almost concluding that their wide applicability was also
possible in cancer treatment [3].

Mesenchymal stem cells (MSC) have been described as adult
multipotent stem cells, showing many relevant properties,
spanning from the ability to immunomodulate and migrate
to specific sites of injury to the transdifferentiation into
multiple cell types [1, 2]. MSC have been considered ideal

The biological interaction between MSC and tumors is
complex and enormously debated. Several controversies
exist about the potential of MSC to enhance or to even arrest
tumorigenicity, not only of their double-faced behavior such
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as tumor-tropism (hence tested as vehicles for anticancer
genes targeting cancer cells or as enhancement of the CAR-T
immunotherapy) [4, 5] and immunomodulatory features
but also prometastatic functions [6-8], transdifferentiation
into cancer-associated fibroblasts and drug resistance [9],
the parallel ability to overturn the immune system [10-13],
and activation of autophagy and neo-angiogenesis [14],
therefore contributing to tumor evolution. This discrepancy
also includes exosome-derived MSC, considered both an
intriguing therapeutic tool for drug delivery and the main
biological mediators of several supporting tumor molecular
processes [15]. Moreover, from a clinical standpoint, it has
been recognized that the endogenous recruitment of MSC
(of different origins including adipose) from systemic niches
may occur by tumor secretion of inflammatory soluble
factors [16] and that a correlation exists between circulating
mesenchymal tumor cells and stage of tumor development
(17, 18].

This scenario is also complicated by recent indications
about the heterogeneity of MSC and the phenotypic and
functional changes potentially caused by tumors. For in-
stance, adipose tissue and bone marrow-derived MSC have
shown differences with respect to stem cell content and
epigenetic states [19, 20]. Besides, MSC obtained from di-
verse sources such as heart, dermis, bone marrow, and
adipose tissue have been reported as genotypically different,
expressing different levels of embryonic stem cell markers
such as OCT-4, NANOG, and SOX-2 [21], and biological
properties including angiogenesis and secretome [20]. When
MSC are derived from cancer tissues, they show altered
molecular and functional properties [22-24], suggesting that
the tumor characteristics such as benignity or malignancy
could influence the environment where MSC is located.

From a biological standpoint, the evolution from a local
to a systemic cancer microenvironment can be driven either
by phenotypically altered cancer-associated cells (fibroblasts
and endothelial cells), which organize clusters of systemic
spreading cells or by niche-to-niche recruiting phenomena
from the bone marrow to the tumor site [25, 26]. However,
the thorny question is still centered on the modality by
which cancer can control the systemic environment,
influencing remote “normal” and nonbone marrow stem
cell-derived niches including distant MSC niches, particu-
larly at the early stages of the tumor, which are of paramount
biological and clinical relevance to understand cancer
progression.

Assuming that the pathophysiology of cancer can be
interpreted as a systemic disease, in this short report we
attempt to investigate whether MSC-derived microenvi-
ronments at a remote site from a tumor can be already
altered at the early stages of lung adenocarcinoma [27].

2. Methods

2.1. Surgical Specimen Collection and Clinical Database.
At the end of the surgical procedure, a small sample of
mediastinal adipose [1, 2] and lung tissue was collected by
electrocoagulation from patients undergoing surgical pro-
cedures for hamartochondroma and non-small cell lung
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carcinoma (NSCLC). Surgical procedures were conducted at
S. Andrea Hospital, Rome. Written informed consent was
obtained from patients, before starting all the surgical and
laboratory procedures. Patients with NSCLC and staging
TINOMO G1 were selected, whereas subjects with metastasis
have been excluded from the study.

2.2. Isolation and Characterization of AMSC and LMSC.
AMSCs were isolated and characterized as previously de-
scribed [1, 2, 28]. Patient’s characteristics are described in
supplementary Tables la and 1b. Lung specimens were
chopped with a scalpel and scissors in a 100 mm Petri dish,
then gently transferred into a clean 100 mm Petri dish to
allow tissue adherence. A complete growth medium com-
posed of DMEM high glucose (Invitrogen) supplied by 10%
FBS, antibiotics, and L-glutamine (all Gibco) was added to
the fragments. Plates were incubated at 37°C in a fully
humidified atmosphere of 5% CO,, avoiding shaking the
plates at least for 72 hours. Half of the medium was replaced
with a fresh complete medium every three days.

2.3. Isolation of Lung Adenocarcinoma Cells and In Vitro
Conditioning with MSC-Derived Supernatants. Human
primary lung adenocarcinoma cells (LAC) were isolated as
we already previously described [29]. The cells obtained were
cultured in a complete medium (DMEM-F12, penicillin-
streptomycin, L-glutamine, nonessential amino acids, so-
dium pyruvate, all Gibco, Monza, Italy, and 5% FBS, Lonza,
Milan, Italy). Lung adenocarcinoma A549 was purchased by
ATCC and cultured in DMEM-F12 supplemented with 10%
FBS (All Gibco). AMSC and LMSC supernatants derived
from patients with hamartochondroma or NSCLC were
collected between passages 3-6, then stored at —80°C
until use.

A549 or human primary LAC was conditioned by re-
moving their own medium and replacing it with A- or
LMSC-derived conditioned media diluted 1:1 with basal
media of A549 or LAC. Every 3days, 1/5 of the whole
medium was discarded and fresh media was replaced. Cells
were cultured according to the time course indicated in
the study.

2.4. Proliferation, Clonogenic Assay, and FACS Analysis.
Both LAC and A549 were seeded onto 96-well plates
(150 cells/well) and incubated for 24 hours with DMEM low
glucose 10% FBS [29]. Then cells were exposed to the dif-
ferent conditioned media collected from AMSC and LMSC
for up to 7 days. Cells treated with the basal medium were
used as a control. The effect of conditioned media on cell
viability was evaluated by the MTS assay. Briefly at 3, 5, and
7 days after treatment, 20 yl of MTS reagent were added to
each microculture well, and plates were incubated for
2 hours at 37°C, after which absorbance at 492 nm (optical
density) was measured using a microplate reader.

To test the secondary colony forming efficiency (CFU)
assay, LAC or A549 were seeded at passage 3 at low density
(10cells/cm?) [29] in AMSC- and LMSC-derived
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conditioned media for 14days and incubated at 37°C.
Colonies produced were fixed with 4% paraformaldehyde
and then stained with Giemsa (Sigma, Milan, Italy) for 1 h
and counted by optical microscope. A cluster with >50 cells
was considered a colony [20].

FACS analysis was performed to investigate the per-
centage of apoptotic cells after stimulation with AMSC-
derived conditioned media as previously reported
[30, 31]. Briefly, semiconfluent cultures were harvested with
Accutase (Sigma-Aldrich) and stained for 30 minutes with
5ul AnnexinV-FITC antibody (Invitrogen Cat. number 88-
8005-74) and counterstained with propidium iodide (10 ng/
mL, Invitrogen, Cat. number 88-8005-74) according to the
manufacturer’s protocol for adherent cells. Data acquisition
was performed on a FACS-Aria II platform equipped with
FACSDiva software (BD Biosciences). All flow cytometry
data were analyzed with FlowJo software (FlowJo LCC,
Ashland, USA).

2.5. Analysis of the Autologous A- and LMSC-Derived
Secretome. The evaluation of the different microenviron-
ments was performed on collected supernatant obtained
from both A- and LMSC in patients with lung adenocar-
cinoma and hemartochondroma. C-Series Human Cytokine
Antibody Array C5 (RayBiotech, Inc) was used for simul-
taneous semiquantitative detection of 80 multiple cytokines/
growth factors as previously described [31]. Briefly, an equal
volume of collected undiluted supernatants was incubated
by gentle shaking overnight at 4°C on the membrane of the
kit C-Series Human Cytokine Antibody Array C5. Chem-
iluminescence was employed to quantify the spots (at the
same time exposure was used for all membranes) and each
spot signal was analyzed by Image]. The samples were
normalized on positive control means (six spots in each
array) and then values were expressed as a percentage. To
visualize the overall changes in cytokines array average data,
results were graphed as log (2) in heatmap analysis by using
the pheatmap R package in the RAYIBI color scale (from 0 to
7 expression levels). Cytokines with zero values in all rep-
licates were ruled out.

2.6. Interaction and Functional Evaluation of Cytokines
Network within the Microenvironments and miRNA Target
Interaction Analysis. Correlation analysis between the cy-
tokines expressed by A- or LMSC-derived benign and
malignant microenvironments, was obtained by calculating
the fold changes between these two conditions. A fold
change threshold of >1.2 was considered as upregulated [32].
The analysis for known protein interaction was performed
on commonly upregulated cytokines between A- and LMSC
by using the STRING software (https://string-db.org/, ver-
sion 11.5) [33], building the whole network according to the
high confidence setting (0.7) and default options. The
pathway and process enrichment analysis were performed
using Metascape as already described elsewhere [34].

The miRNA-target interaction analysis was performed
by using the “multiMiR” R package and reviewing literature
employing lung cancer as a keyword. The list of miRNAs in

the R package was obtained using the get_multir function
setting only on validated data and the databases queried were
miRecords, miRTarBase, and TarBase.

2.7. A549 Transfection with AntagomiR-126-3-p and Digital
Droplet PCR. A549 were cultured in complete media. For
silencing endogenous miR-126-3p, we perform the same
protocols we recently described with some modifications
[34]. Briefly, A549 were transfected plating at a density of
1.5%10%/24 wells with DMEM-F12 10% FBS. A mix com-
posed of 25 picomoles LNA_126 (miRCURY LNA miRNA
inhibitor (5)—3 'Fam, Cat. N. 339121, Qiagen) or
25 picomoles control (miRCURY LNA miRNA inhibitor
control (5)-No Modification Fam, Cat N. 339126. Qiagen) in
Opti-MEM reduced serum media and lipofectamine (1 yl/
100 4l Opti-MEM, RNAIMAX, Invitrogen, Cat. N. 56531)
was added to the A549 and incubated for 5 hours. After that,
the medium was removed, and new DMEM-F12 10% FBS as
control and supernatants of AMCSs were added to the cells
for up to 24hours of total transfection. To verify trans-
fection, cells were subjected to digital droplet PCR, to
quantify the decrease of copy numbers of the miR-126-3p.

Total RNA was extracted from the A549 cell pellet by
miRNeasy kit (Qiagen, GmbH, Hilden, Germany) according
to the manufacturer’s recommendation. Purified RNA was
quantified at a NanoDrop spectrophotometer and used for
reverse transcription reaction by the TagMan miRNA Re-
verse Transcription Kit and miR-126-3p-3p-specificstem-
loop primers (Applied Biosystem, Carlsbad, CA, USA).
10ng of total extracted RNA, 1 xstem-loop RT primer
specific for miRNAs, 3.33 U/yL MuLV reverse transcriptase,
0.25U/uL  RNase inhibitor, 025mM dNTPs, and
1 x reaction buffer were run in a total reaction volume of
15 uL and incubated at 16°C for 30 min, 42°C for 30 min, and
85°C for 5minutes in a thermal cycler. Afterward, digital
droplet PCR was performed by employing the QX200
ddPCR system (Bio-Rad, Hercules, CA, USA), using Taq-
Man MicroRNA assay specific for hsa-miR-126-3p (Applied
Biosystem) as we reported [34, 35]. The reaction mix was
assembled with 1.3ul of miR-126-3p-specific c¢DNA,
1 x TagMan MicroRNA miR-126-3p-specific assay, and
1 x ddPCR supermix for probes (no dUTP) (Bio-Rad) in
20l of total volume. The mix was loaded into droplet
generator cartridges with 70yl droplet generation oil for
probes (Bio-Rad). Each reaction mixture was partitioned by
the QX200 droplet generator machine (Bio-Rad) into ap-
proximately 20,000 droplets. Then, 40 ul of droplets were
placed into a PCR 96-well plate that was sealed using
a pierceable foil heat seal and a PX1 PCR plate sealer (Bio-
Rad). The PCR was performed on the T-100 thermal cycler
(Bio-Rad) under the following conditions: 10 minutes at
95°C, 30 seconds at 94°C and 1 minute at 60°C for 40 cycles
with a ramp speed of 2°C/s, 98°C for 10 min, and held at 4°C
for at least 40 minutes. Droplets were assessed with a QX200
droplet reader machine and QuantaSoft Software (Bio-Rad).
The threshold between the positive and negative droplet
clusters was manually set for all samples. ddPCR data are
presented as absolute copies of transcripts/ul of reaction
sample + Poisson 95% confidence intervals.
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2.8. MiRNA Extraction and Quantification. MicroRNA ex-
traction was performed from paraffin tumor tissue sections
(RNeasy DSP FFPE Kit, Qiagen) and the RNA amount was
determined using a NanoDrop spectrophotometer. Differ-
ently, miRNAs obtained from serum patients (200 ul) were
isolated by the Qiagen miRNeasy kit with further modifi-
cations for biofluids applications. Syn-cel-miR-39 spike in
synthetic RNA (Qiagen) was added to monitor extraction
efficiency. Afterward, on both tissue sections and sera
samples the reverse transcription was performed using the
“MiRCURY LNA Reverse Transcription Kit” (QIAGEN) in
ThermoMixer 5436 (Eppendorf, Italy) according to the
following protocol: 42°C for 60 seconds, 95°C for 5 minutes,
4°C forever [33].

Selected miRNA levels such as hsa-miR-101, hsa-miR-
126-3p, hsa-miR-486, and hsa-Let-7g were quantified by
relative quantification using Qiagen LNA-based SYBR green
detection method (miRCURY LNA miRNA PCR assay-
Qiagen). Briefly, 3yl of cDNA was used on the Applied
Biosystems 7900HT machine, adding the relevant ROX
concentration to the qPCR mix [33]. The relative miRNA
expression was calculated using hsa-miR-16 as endogenous
control with the 2-ACt method for cancer tissues and miR-
16/miR-39 for sera [33].

2.9. Statistical Analysis. The results were expressed as the
arithmetic mean + standard deviation (SD) for at least 3
repeated individual experiments for each sample group.
Statistical differences between the values were determined by
Student’s T-test, with a value of p<0.05 was considered
statistically significant.

3. Results

Firstly, we investigated if early-stage lung adenocarcinoma
could influence the biological behavior of MSC according to
(1) their own tissue source (autologous lung or mediastinal
adipose tissue-derived MSC isolated from a tumor-free
nearby or remote area, respectively) and (2) the biological
feature of the lung tumor (malignant or benign defined by
the histological analysis) where the MSC was derived from.
To this aim, we conditioned the A549 cell line with super-
natants of autologous lung or adipose-derived MSC (LMSC
or AMSC) derived in parallel from patients with benign
disease (pulmonary hamartochondroma) or malignant tu-
mor (early-stage lung adenocarcinoma, see supplementary
Tables 1a and 1b). We tested both cell proliferation (at 0, 3, 5,
and 7 days) and the clonogenic capacity of A549. The ex-
perimental plan is depicted in Figure 1(a). Results showed
a significant increase of A549cell proliferation at 5 and
7 days compared to control (Figure 1(a), p <0.001 both vs
control) after conditioning the lung tumor cell line with
supernatants derived from LMSC or AMSC.

When A549 were cultured with supernatants derived
from autologous LMSC or AMSC both obtained from pa-
tients with pulmonary hamartochondroma, A549 pro-
liferation decreased compared to control (Figure 1(c), day
7 p<0.05 both vs control). The stimulus with conditioned
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media of benign or malignant origin did not increase ap-
optosis of A549 compared to control over time as dem-
onstrated by the percentage of double-positive Annexin
V/lodide propidium cells detected by FACS analysis (Sup-
plementary Figure 1). This result has suggested that no
apoptotic effect was related to both tumor microenviron-
ments, apart from the physiological cell turnover similar to
controls.

Interestingly, a similar scenario was also reproduced
regarding the clonogenic capacity of A549, where only
mediastinal AMSC derived from patients with early-stage
lung adenocarcinoma were able to enhance the clonoge-
nicity respect to control (Figure 1(c), p < 0.05vs control). The
conditioning of A549 with supernatants derived from L- or
AMSC of patients with pulmonary hamartochondroma, did
not alter the clonogenic capacity of A549 (Figure 1(c)).

Afterward, we verified whether the same effects were also
reproducible on early-stage human primary lung adeno-
carcinoma cells (4 lines of LAC staging T1/N0O/M0 G1), by
employing the same supernatants as for the A549 cell line.
The experimental sequence is described in Figure 2(a).
Notably, both supernatants from autologous LMSC and
AMSC (because derived from the same subject) of patients
with lung adenocarcinoma were able to sustain cell pro-
liferation of LAC cells similarly to controls at all time points
(Figure 2(b), p>0.05). Differently, conditioned media of
autologous L- or AMSC obtained from patients with pul-
monary hamartochondroma, were able to decrease cell
proliferation of LAC compared to controls at days 5 and 7
(Figure 2(c), day 5 LMSC p<0.001, AMSC p<0.05vs
controls; day 7 both LMSC and AMDC p <0.001vs con-
trols). Coherently, we also found a significant enhancement
of the clonogenic ability of LAC after the culturing with
supernatants of autologous LMSC o AMSC derived from
patients with early-stage lung adenocarcinoma (Figure 2(d),
p =0.04 LMSC and p =0.02 AMSC vs controls). Condi-
tioned media derived from autologous L- or AMSC of
patient with hamartochondroma decreased or did not alter
the clonogenic capacity of LAC cells (Figure 2(d), p = 0.011
LMSC vs controls).

We then evaluated if these effects entailed also a different
paracrine signature of autologous MSC-derived microen-
vironments. Thus, we screened a panel of 80 pro- and anti-
inflammatory cytokines and growth factors excreted by both
sources of MSC in the conditioned media. Results analyzed
through the heatmap (soluble factors with no expression in
both L- and AMSC were ruled out) revealed that the
secretome of both autologous L- and AMSC of patients with
early-stage lung adenocarcinoma was similar (Figure 3(a)),
therefore suggesting a comparable in vitro microenviron-
ment. Interestingly, supernatants derived from AMSC of
patients with hamartochondroma exhibited a more heter-
ogenous profile of soluble factors with respect to that derived
from the corresponding autologous MSC counterpart in the
lung (Figure 3(b)). Afterward, we further examined these
secretomes. By keeping constant the source of the stromal
fraction during the analysis, we calculated the increasing
ratio of the soluble factors between malignant and benign
microenvironments. An upregulation ratio of >1.2 was set as
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a cut-off. Then, we sought for those common cytokine or
growth factors upregulated among the two microenviron-
ments and we generated a functional protein association
network with the STRING software. Results showed a shared
upregulation of 6 soluble factors including EGF, IL-1p, IL-3,
TNF-a, CCL2, and SPP1 (osteopontin). Notably, the
STRING analysis which identifies protein-protein in-
teraction, also displayed that all cytokines but SPP1 were
strictly interconnected in the same cluster with a high
confidence score of 0.7. Afterward, we used Metascape for
the pathway enrichment analysis of this network, and we
found that the most significant terms within the cluster
consisting of EGF, IL-1f, IL-3, TNF-a, CCL2 were associ-
ated with lung fibrosis and proinflammatory/fibrotic me-
diators (Figure 3(d)).

These results indicated a potential biological supporting
tumor behavior of AMSC localized in remote areas even at
the early stages of the disease. Thus, to validate this aspect,
we attempt to similarly “educate” in vitro the benign AMSC
obtained from a patient with hamartochondroma towards
a biological “malignant-like” behavior, by reversing the
experiment and culturing benign AMSC for 7, 14, and
21 days with the sole supernatants produced by LAC cells.
Afterward, the same conditioned media produced by AMSC
after conditioning with adenocarcinoma was removed and
replaced on A549cells which were tested for cell pro-
liferation. We found a significant increase in cell pro-
liferation of A549 at 14 and 2ldays of tumor
preconditioning compared to day 7 (Figure 4, p <0.001
both).

Considering the analysis of the malignant and benign
secretome of A- and LMSC (Figures 3(a)-3(d)) and that
miRNAs have been demonstrated as an eligible candidate to
mediate a long-distance paracrine effect, to instruct MSC
and endothelial cells in lung cancer [36], we performed
a computational analysis using the miRNA-target prediction

tools miRecords, miRTarBase, and TarBase combined to
a revision of the literature on lung cancer of miRNAs tar-
geting the pool of the 5 cytokines. We found four miRNAs
including miR-126, 101, 486, and let-7-g. To validate the four
miRNAs, we explore their expression levels on matched lung
cancer tissues and samples of blood from the same set of
patients employed to isolate LAC cells. Results showed that
among all analyzed miRNAs the miR-126 displayed the
highest expression in the lung cancer tissue (Figure 5(a),
p<0.01 and p<0.001), differently from the circulation
where is the miR-486 to show the highest levels (Figure 5(b),
p<0.05 and p<0.01).

The miR-126 is described as one of the most important
differentially expressed miRNAs in lung tumors [37] and
a key miRNA regulating the pathogenesis [38] and angio-
genesis of NSLC [39]. We also recently showed the angio-
genic property exerted by miR-126 in endothelial cells [34].
Thus, to investigate the proliferative effects of only cancer
cells by respective miR-126, we firstly evaluated in A549 by
digital droplet PCR if the AMSC-derived conditioned media
obtained from patients with lung adenocarcinoma was able
to increase the levels of miR-126-3p. Results have shown that
the treatment did not significantly increase the number of
copies of miR-126-3p up to 7 days compared to the corre-
sponding physiological levels (Figure 6(a)). Afterward, we
knocked down the miR-126-3p in A549 (the recipient cells)
by small interfering-based experiments at 24 hours (which
was the best time performing, data not shown), halving the
number of copies in cells (Figure 6(b)). After silencing, cells
were reconditioned with the AMSC-derived supernatants
from patients with lung adenocarcinoma and the MTS assay
was performed. Notably, cell proliferation was significantly
decreased only when miR-126-3p was silenced compared to
the scramble (Figure 6(c), p<0.05). This effect was not
reproducible in A549 silenced for miR-126-3p but condi-
tioned with the basal media of the cells (Figure 6(d)).
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4, Discussion

This short report highlights how the tumor microenviron-
ment is already defined at early stages, such that the stromal
fraction can be influenced even at remote sites and in ab-
sence of metastasis. Intriguingly, remote AMSC derived
from subjects with lung adenocarcinoma, are permissive to
cell proliferation and clonogenic properties when tested on
both A549 and LAC cells similar to the stromal lung
counterpart. Oppositely, this effect is lost in “benign con-
ditions.” The first important point of novelty of our brief
study is that we have been able to isolate both A- and LMSC
within the same patient (autologous stromal cells), therefore
ruling out the variability in biological performance within
the individual. A further point of originality is that our study
has been focused on the early stages of lung adenocarci-
noma, which has been currently given more clinical

attention. Accordingly, we have shown that at the early
stages of the tumor, malignant-like microenvironments are
already generated from AMSC at remote sites, and they can
be overlapped with the lung stromal counterpart, which is
tumor adjacent. This is in line with the concept that cancer
cannot be interpreted only as a local disease, but rather than
a systemic disorder [40, 41] and with the concept of tumor
permissive microenvironment as the result of the interaction
between stroma and cancer [42]. Our data extend this idea
also to the early stages of the tumor and not only when
metastasis occurs [43]. In fact, several pieces of evidence
already exist regarding cancer cell spreading, considered
a very early event [44].

The biological alterations we have highlighted here, are
centered on the microenvironment, which is considered
a critical hallmark to elucidate mechanisms of cancer
plasticity [45] and where the stromal fraction exerts a critical
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FIGURE 3: (a) and (b) Hierarchic clustering heatmap based on the cytokine arrays of autologous A- and LMSC-derived conditioned media
from patients with lung adenocarcinoma and hamartochondroma (malignant and benign microenvironments, respectively). The red-yellow
and the blue range colors indicate cytokines with high and low average levels, respectively. (c) Protein-protein interaction network generated
by STRING database on the 6 upregulated cytokines commonly shared by autologous A- and LMSC when their malignant and benign
microenvironments are compared. The number of nodes is proportional to a strict correlation among the proteins analyzed. (d) The analysis
of the pathway and process enrichment evaluation derived from the Metascape analysis of the cytokines displayed in (c) showing that IL-1,
IL-3, MCP-1, TNF-a, EGF are all related to lung fibrosis and inflammation.
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regulatory role within the tissue [46]. Specifically, our data
show that the difference among the secretome obtained by
benign and malignant-like microenvironments of AMSC at
early stages is limited to the increase of a small pool of
soluble factors. Notably, among them (IL1-8, IL-3, MCP-1,
TNF-a), the EGF, the most acknowledged target for lung
cancer therapy [47], emerges. We also found that this set of
soluble mediators is functionally interconnected and related
to lung inflammation and fibrosis. The grade of fibrosis in
lung cancer is a key issue and represents the modification of
a permissive microenvironment induced by the continuous
crosstalk between tumor and cancer-associated fibroblasts
(as part of the stromal fraction), which leads to the ma-
nipulation of the extracellular matrix components and to the
transition towards the epithelial-mesenchymal traits [48].
Lung fibrosis may be a prerequisite for the development of
lung adenocarcinoma [49] and so is the perpetuating in-
flammatory condition which fosters the most suitable bi-
ological background for tumor progression [50]. Profibrotic
markers (alpha-smooth muscle actin, fibrillar collagens,
SMAD3) expressed in histological samples of patients with
lung cancer, are correlated to low survival [51]. Other im-
portant observations derived from pulmonary idiopathic
fibrosis cases and interstitial fibrosis, are considered an
independent risk variable for lung adenocarcinoma [52-54].
Lung fibrosis also positively correlates with a glycolytic
metabolism of the tumor in subjects with IIIA NSCLC [55].

Notably, we have provided a first biological indication of
the possibility to “educate” the benign AMSC toward
a malignant-like behavior. This is in line with several ob-
servations regarding the process of educating MSC [56]
which has been described for bone marrow-derived MSC
differentiating towards malignant phenotype, once recruited
by cancer microenvironment [57]. Novel clinical applica-
tions by employing chemotherapeutic agents or enhancing
CAR-T cells/-NK in cancer immunotherapy exploit the
ability to educate MSC to guide the tropism of the stromal
fraction [4, 58]. Our study is also coherent with additional
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reports showing that tumor cells educate MSC depending on
the tumor microenvironment [59], strengthening the sig-
nificance of the microenvironmental control exerted by
cancer.

Although we have not identified the exact molecular
mechanism by which a malignant microenvironment can be
also generated in the remote stromal area, we have provided
a first biological correlation between the secretome (the pool
of the 5 increasing soluble factors between malignant and
benign microenvironments) of the stromal fraction at re-
mote sites and changes of matched circulating and tissue
miRNAs. Our data highlight how serum levels of miR-101,
126, and let-7g already reflect the same expression profile of
the corresponding cancer tissue in patients with early stages
of lung adenocarcinoma. The miR-486 represents an ex-
ception in our findings as its levels are downregulated and
upregulated in tissue and serum, respectively. This is not
surprising, considering that the decrease of miR-486 found
in NSLC tissues, is inversely correlated to both lung me-
tastasis [60] and cancer stages [61]. Plasma levels of miR-486
are reported to increase after NSLC resection [62]. Based on
these findings, miR-486 is currently considered one of the
most significant prognostic markers for early diagnosis in
NSLC [63]. Besides, the miR-126-3p which is known as
angiomiRNA and mainly produced by platelets and endo-
thelial cells [33], is already upregulated in both cancer tissue
and serum, likely suggesting a potential early involvement of
a dysregulated angiogenesis towards the influence of lung
adenocarcinoma at early stages. The miR-126 possesses
prognostic value and its involvement in lung cancer an-
giogenesis has been described [64, 65]. By decreasing the
proliferation through the silencing of miR-126-3p, our re-
sults suggest a specific effect on the “malignant-like” AMSC-
derived media. Our explanation is that the AMSC-derived
supernatants did not influence per se the level of the miR-
126-3p in A549 (as it is similar to the control media up to
7 days), but rather the endogenous target/s of the miR-126-
3p associated to proliferation, once cells were treated. We
found that a defined pool of 5 soluble factors (EGF, IL-1b,
IL-3, TNF-a, CCL2) resulted in predictive under the control
of miR-126-3p. However, even the bidirectional cytokine-
miRNAs relationship in inflammatory systems has been
reported, where also soluble molecules are able to influence
the activity of miRNAs and vice versa [66, 67]. Thus, it is
plausible that the proliferative effects were mediated by those
cytokines within the AMSC-derived media and miR-126
feedback loop. A main involvement in the regulation of the
miR-126-associated proliferation could be the epidermal
growth factor-like domain-containing gene 7 (EGFL7)
a master regulator of angiogenesis and cancer pathogenesis
[38, 68]. The miR-126 is encoded by EGFL7 and it may
silence genes such as mTOR and PIK3R2 [69], which are all
linked to cell proliferation.

Notably, the enhancement of miR-126 in A549 cultures
impairs tumor cell proliferation [71]. However, these studies
have been mainly performed in absence of specific treatments
such as AMSC-derived conditioned media strengthening the
role of miRNAs in targeting different molecular partners
according to the biological stimulus applied.
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showing the significant decrease of cell proliferation after 24 hours. The effect was not reproducible in the control (d). *p <0.05.

5. Conclusions

Our study has several limitations. We have not demon-
strated the direct association between the soluble factors-
miRNAs and systemic effect towards stromal cells at re-
mote sites upon the influence of lung adenocarcinoma at
early stages. The education of the stromal fraction cannot
be also restricted to the sole secretome by cancer cells and
certainly additional molecular and biological mechanisms
including genomic alterations and mutations need to oc-
cur, in order to favor the progression of lung cancer.
Besides, we must consider that AMSC retains the intrinsic
ability to favor cell proliferation and proangiogenic
properties depending on the adipose depot [20], suggesting
further prudence to the use of MSC in cancer-related
clinical applications.

Despite this, our study sheds further light on the
complex relationship between cancer and stromal com-
partment mediated by the microenvironment to commu-
nicate with niches at remote sites.
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