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Introduction

Rhabdomyosarcoma (RMS) represents approximately 4% of all cancers
diagnosed during childhood and adolescence ( 1 ). With an incidence of 4. 5
cases per million of youth population per year, RMS is the most common soft
tissue sarcoma ( 2 ). The onset of RMS has been attributed mainly to the
cells of myogenic lineage but more recently also non-myogenic
mesenchymal cells were indicated as possible RMS progenitors (3,4 ). As a
result, RMS can develop not only in skeletal muscles, like head and neck,
trunk, and extremities, but also in distant sites, including genitourinary and
biliary tract. The most common histological subtypes are embryonal (ERMS),
with favorable prognosis, and alveolar (ARMS) RMS, with worse patient
outcome ( 5 ). The multimodal therapy that combines surgical resection,
radiation and chemotherapy has been adopted over the past 3 decades for
the cure of patients with RMS. This therapy regimen significantly improved
the survival rate of the patients with localized disease. Yet, overall survival of
RMS patients remains poor when metastases occur, particularly in the bone
marrow, lungs, and lymph nodes ( 1 ). Cancer spreading and metastasis
formation is a complex mechanism that requires multiple players to be
successful, including many components of the surrounding tumor
microenvironment (TME), both cellular and acellular. Indeed, while healthy
tissue and stroma share tumor suppressive features ( 6 ), in pathological
conditions substantial changes occur and the environment adapts to the

needs of tumor cells, supporting their survival and proliferation ( 7 - 9).
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The TME is composed of the extracellular matrix (ECM), built on both non-
cellular (proteins, glycosaminoglycans, growth factors) and cellular
components (e. g. immune cells, fibroblasts, endothelial cells). Together,
cellular and non-cellular components of the TME determine the
aggressiveness and the pro-metastatic potential of tumor cells. Fibroblasts,
instead, are the major stromal cell population and are critical determinants
of cancer cell-stroma crosstalk. In healthy tissues, fibroblasts are responsible
for ECM proteins and matrix metalloproteases (MMPs) production, acting as
tumor suppressors ( 10 ). During wound healing process, they acquire an
activated phenotype and increase the deposition of ECM proteins. Under
these circumstances, fibroblasts express alpha-smooth muscle actin (a-SMA)
protein, becoming myofibroblasts ( 11 ), and drive wound contraction thanks

to the strong inner actomyosin forces ( 12 ).

In cancer, the permanent activated phenotype of fibroblasts give rise to
cancer-associated fibroblasts (CAFs), and due to such behavior, cancer is
usually considered a “ wound that does not heal” ( 13 ). The role of CAFs is
mainly defined in epithelial tumors and it is focused on the modification of
the ECM protein deposition: fibrillar collagens, type | and lll are increased as
well as the amount of glycoproteins, including fibronectin, laminin, elastin,
and proteoglycans ( 14 ). These microenvironment changes contribute to the
formation of the metastatic niche. In addition, the deposition of ECM proteins
is accompanied by activation of ECM-degrading matrix metalloproteinases
(MMPs) enzymes which represents a driving event for fibroblasts activation,

cancer cells migration and invasion ( 15 ). CAFs are heterogeneous and
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different subsets are found in one single tumor ( 16 , 17 ). Among all, one of

the classical CAF markers is the fibroblast activation protein (FAP), a serine
protease with a gelatinase domain ( 18 ). FAP activity is paramount to
sustain CAFs growth and TME development, likewise cancer cell survival,
invasive cell properties, and neoangiogenesis ( 17 ). FAP is particularly

expressed by normal fibroblasts that turn into CAFs ( 19, 20 ). These

activated fibroblasts are present in many epithelial tumors (colorectal
cancer, breast carcinoma), but in tumors of mesenchymal origins, such as

RMS, have so far only started to be investigated ( 21 , 22 ).

To date, little is known about TME composition in RMS tumors and CAFs role

in pathological ECM remodeling ( 21, 23 ). In order to better understand the

cell-TME interaction, three-dimensional (3D) models have been developed
since the flat two-dimensional (2D) cell cultures are too far to mimic the
complex physiological interconnections that happen in patients ( 24 ). In this
preliminary study, using 2D /n vitro and 3D models (spheroids and /in vivo
xenogeneic samples), we assessed the RMS cells invasiveness
characteristics, in term of ECM proteins expression and the contribution that
CAFs have in determining ECM composition, dictating RMS tumor cell growth

and behavior.

Materials and Methods

Cells
The RH30 (ARMS) (RRID : CVCL_0041), RD (ERMS), and MCF7 (breast cancer)

(RRID : CVCL_0031) cell lines were kindly provided by the Solid Tumours lab
(Prof. Bisogno, Padova, Italy), HT29 (colon carcinoma cells) were kindly
https://assignbuster.com/rhabdomyosarcoma-cells-produce-their-own-
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provided by Nano Inspired Lab (Dr. Agostini, Padova, Italy). RH30 were stably

transduced with pRRLsin. PPTs. hCMV. GFPpre vector to obtain GFP-

expressing RH30 (GFP * RH30). BJ healthy skin fibroblasts were kindly
provided by Dr. Radu, Department of Women and Children Health, Padova,
Italy. All cell lines were cultured in high glucose DMEM, supplemented with
10% fetal bovine serum (FBS, Gibco), 1% penicillin/streptomycin, 1% L-
glutamine (all reagents were from Gibco, Monza, Italy) in tissue culture flasks

(Sarstedt, Verona, Italy) at 37°C, 5% CO2, and 95% relative humidity.

Primary Cells
Primary human muscle precursor cells (hMPC) were isolated from discarded

muscle biopsy (protocol number P3030 and 2682P Azienda Ospedaliera of
Padova), following the protocol described in ( 25 ). Wharton's jelly-derived
mesenchymal stromal cells (MSC) were provided by Esperite—The cell
factory, Niel, Belgium. Cells were cultured in high glucose DMEM,
supplemented with 10% FBS, 1% penicillin/streptomycin, 1% L-glutamine (all
reagents were from Gibco, Monza, Italy). Pictures of all cells were taken

using an Olympus IX71 microscope.

Animals

In this work only xenogeneic tumor samples have been used. Twelve-week-
old male and female (C; 12954- Rag2 ™M1 FIv jjorg tm1. FIV j 3iso called Rag2

~/~ yc 7~ ) mice were used as recipients for subcutaneous flank injections

for xenograft production following three different procedures: (1) the

classical, single cell type resuspended in Matrigel ® (Corning, Tewksbury,

https://assignbuster.com/rhabdomyosarcoma-cells-produce-their-own-
extracellular-matrix-with-minimal-involvement-of-cancer-associated-
fibroblasts-a-preliminary-study/



Rhabdomyosarcoma cells produce their own... - Paper Example Page 6

USA): 2 x 10 6 RMS cells or 5 x 10 © colon carcinoma or breast cancer cells

(10 mice for RH30, 10 for RD and 10 for HT29 cells, 6 for MCF7 cells); (2)
tumor cells together with the fibroblasts (without Matrigel ® ): 1 x 10 ® RMS

cells or 2:5 x 10 © colon carcinoma with 1 x 10 ® and 2-5 x 10 © BJ cells (10

mice for RH30, 10 for RD, and 10 for HT29 cells); (3) single cell type without

Matrigel ® or other cell support: 2 x 10  RMS cells or 5 x 10 © colon
carcinoma cells. The treatment was approved by Animals care and Use
Committee (CEASA, protocol 304/2017) and were communicated to the
Ministry of Health and local authorities in accordance with the Italian Law (DL
n. 16/92 art. 5). Xenogeneic samples were harvested 21 days post injection
for RMS cells [for characterization of RMS samples see ( 26 )] and 15 days
post injection for colon (HT29) and breast carcinoma (MCF7) cells. Four mice
per group were used for cell sorting. Xenografts were weighted and the

volume was evaluated multiplying height x width x length using caliper.

Cell Migration Tests
Migration rate was assessed using 8 pm-pore transwell inserts (Sarstedt,

Verona, Italy) in a 24-well plate: 1 x 10 ° cancer cells (or fibroblasts) were

seeded in the upper chamber, and 5 x 10 # fibroblasts (or cancer cells) were
seeded in the lower chamber. After 24 h, membranes were fixed in 4% PFA
(Sigma-Aldrich, Saint Louis, USA) and stained with Hoechst (Life

Technologies, Carlsbad, USA), for 15 min. They were then dehydrated in

ascending alcohol series and transferred on glass slides using Eukitt ® quick-
hardening mounting medium (Sigma-Aldrich, Saint Louis, USA) and a

coverslip. For each cell line six independent experiments in triplicate were
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assessed. For each transwell, 10 random pictures, 10x magnification were

taken using Leica DMI6000B microscope, collected and analyzed.

Spheroids
The RH30, GFP * RH30, and RD spheroids were obtained seeding 5 x 10 3

cells in ultralow-adhesion, round-bottom 96-well plates (Corning, Tewksbury,
USA) in low glucose DMEM supplemented with B27 (both from Gibco, Monza,

Italy), 10 ng/ml bFGF and 20 ng/ml EGF (both from ORF Genetics, Kopavogur,

Iceland). HT29 spheroids were produced seeding 5 x 10 3 cells in the same
plate in high glucose DMEM (Gibco, Monza, Italy) supplemented with 5% FBS
(Gibco, Monza, Italy). After 5 days, cell viability was assessed using Cell

Titer-Glo Luminescent assay kit (Promega, Madison, USA). Five days after

seeding, each spheroid was transferred on a layer of 1 x 10 % BJ or MSC.
These cells were used as stromal layer and the spheroid-stromal interaction
was monitored for 48 h using Leica DMI6000B microscope. Cytotoxicity was
analyzed with the Lactate Dehydrogenase Activity (LDH) Assay Kit (Sigma-
Aldrich, Saint Louis, USA). Supernatant of stromal cells (B and MSC) and of
spheroids alone was used as control. Absorbance was expressed as fold
change in respect to the control. Alive cells were detected with Live and
Dead staining (Thermo Fisher, Waltham, USA) following manufacturer’s

instructions. Five experiments were performed for each condition.

Xenograft Processing

Xenotransplants were minced with sterile blades, digested using 0. 2%
Collagenase Il, 1 mg/ml Collagenase IV (Sigma-Aldrich, Saint Louis, USA) at

37°C for 90 min and then with trypsin (Gibco, Monza, Italy) for 90 min at
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37°C. The digestion product was filtered using 70 or 40 um cell strainers and

stained for 15 min at RT with the antibodies listed in Table 1 . Analyses were

performed using Accuri BD cytofluorimeter or sorted. Specifically, 3-5 x 10 ©
cells/ml were incubated with anti-mouse mPDGFRa (APC conjugated, Becton

and Dickinson) and analyzed on a MoFlo High Performance Cell Sorter

(Beckman Coulter). mPDGFRa * and mPDGFRa ~ cell fractions were selected
and sorted on the basis of MPDGFRa expression. Relative percentages of the
two different subpopulations were calculated based on live gated cells (as
indicated by physical parameters, side scatter and forward scatter, and
7AAD negative cells) (7AAD is provided by Invitrogen, Carlsbad, USA). After
sorting, an aliquot of the sorted cells was run on the MoFlo to check the
purity of the two populations. The reached overage purity was higher than
92% (93 = 1. 2% of purity for the positive fraction and 98 + 0. 5% of purity

for the negative fraction).

TABLE 1

Antibody list for cytofluorimetric analysis.

Immunofluorescence

Ten samples from xenografts and from human muscle tissue (used as
control, Ethical protocol number P3030 and 2682P Azienda Ospedaliera of
Padova) were fixed in 4% PFA and included in Killik cryostat embedding
medium (Bio-Optica, Milano, Italy). Samples were stored at —80°C until they
were cut on 7 um slices using Leica CM1520 cryostat. For

immunofluorescence analyses, samples were incubated with primary
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antibodies overnight at 4°C and later with secondary antibodies Alexa Fluor-
conjugated. Antibodies used are listed in Table 2 . Nuclei were
counterstained with fluorescent mounting medium plus 100 ng/ml 4’, 6-
diamidino-2-phenylindole (DAPI) (Sigma-Aldrich, Saint Louis, USA). Each
sample was prepared carrying 7 um tissue slides (n = 10), cutting the whole
xenograft, from the border to the center of the sample. The same procedure
was used for human healthy muscles. For each count performed, 10 random

pictures at 20x magnification, were collected and analyzed.

TABLE 2

Immunofluorescence antibody list.

Zymography

Total of 5 x 10 % cells from 2D cultured cell lines and xenogeneic-derived
cells were seeded in six-well plate in 1-5 ml serum-free DMEM ( 27 ) The
serum-free conditioned medium was harvested after 24 h for zymography.
Zymography was carried out as previously described ( 28 ). MMP-2 and 9

quantification was performed using Fiji software.

Real-Time Quantitative PCR (qPCR)

Total RNA was extracted from 2D adherent cell lines, xenogeneic samples-
derived cells and human muscle samples using RNeasy Plus Mini kit (QIAGEN
GmbH) or Trizol reagent (Life Technologies) following the supplier’s
instructions. RNA was quantified with a ND-2000 spectrophotometer. For all
the samples 1 ug of total RNA was reverse transcribed with SuperScript Il
https://assignbuster.com/rhabdomyosarcoma-cells-produce-their-own-
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(Life Technologies) in a 10 ul reaction, while 20 ng of total RNA purified from
sorted cells was retrotranscribed with SuperScript Il following supplier’s
instructions. Real-Time PCR reactions were performed using a Viia 7 Real-
Time PCR System (Applied Biosystem); reactions were carried out in
triplicate using SYBR Green master mix (Applied Biosystem) and primer mix
(final concentration, 200 nM) in a final reaction volume of 10 pl. A relative
quantification (RQ) was calculated by AACt methods using a software
implemented in Viia7 Real-Time PCR System. GAPDH was used as reference
gene for normalization and fetal skeletal muscle or HT29 cells were used as
calibrator sample. For each quantification, a confidence interval (IC) of 95%
was calculated. Primer sequences used are listed in Table 3 , and all primers
amplified both human and murine sequences. All graphs displayed were
produced with GraphPad software 6. Data are displayed as means = IC 95%

(confidence interval, IC).

TABLE 3

Primer list.

Statistical Analysis
Image based counts and measurements were performed with Fiji ( 29 ). For

each analysis, at least five random pictures were used for data output. All
graphs displayed were produced with GraphPad software 6. Data are
expressed as means = SD. For all experiments (qPCR and tissue analysis),
statistical significance was determined using an equal-variance Student’s t

test or Mann-Whitney U test to compare two groups (i. e. hMT vs RH30, HT29
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vs RH30 or HT29 vs RD). Kruskal-Wallis test was applied to compare all

groups. A p value below 0. 05 was considered to be statistically significant.

Results

2D Cell Monolayers and 3D Spheroids of Rhabdomyosarcoma Do Not Attract
Fibroblasts

In order to evaluate the possible interactions between RMS cells and the
stromal microenvironment, we analyzed the ability of different tumor types
and fibroblast to crosstalk. To this extent, we examined the ability of RH30

(ARMS), and RD (ERMS) cells to interact with BJ fibroblasts ( Figures 1A, B ).

As a positive control we used HT29 cells of colorectal cancer (CRC) origin, an
epithelial carcinoma in which activated fibroblasts play a pivotal role in TME
remodeling ( 30 ). With the classical migration transwell assay, we tested the
migration ability of the cancer cells seeded on the top of transwell toward
the monolayer of B). We studied also the migration of the fibroblasts BJ (on
the top of the transwell) toward the RMS and colorectal cancer cells (seeded
at the bottom of the well). In addition, the three types of cancer cells alone
and BJ, alone, were seeded on the top of the transwell without any other cell
type at the bottom of the well, in order to count the cells migrated without
any external stimuli (control) ( Figure 1A ). In these settings, RMS RH30 and
RD cells were not attracted by BJ cells, and vice versa, as none of the two
cell lines significantly migrated toward the other unlike it was observed with

HT29 and BJ cells ( Figures 1B, C ). This finding confirmed that the stromal

cells were prone to migrate toward the HT29 cell line and suggested the lack

of a crosstalk with RMS cells ( Figure 1B ).
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FIGURE 1

Migration assay.(A)Schematic representation of the transwell procedure.
Initial experimental conditions (T = 0 h) and data evaluation (T = 24 h) were
depicted for RMS (RH30 and RD cells) and CRC (HT29) cells.
(B)Representative images (10x magnification) of the migrated cells are
shown. Insets indicate higher magnification (20x) of the cells that crossed
through the porous membrane. DAPI (blue) marks cell nuclei. Scale bar =
100 pm.(C)Number of cells per field that passed through the membrane was
determined for mono-culture (control RH30, RD, BJ, and HT29 only) or double
cell combinations (“ on,” x axis of the graph, indicates the cell line grown on
top of transwell porous membrane; lower positioned cell line was grown

inside the well plate); *p = 0. 01, **p < 0. 01; n. s., not significant.

To better investigate the complexity of the cell-cell interactions between
RMS and stroma cells, we moved from the 2D assay to the production of 3D
spheroids from different cell lines. At first, an optimal cell number and time
window for the spheroid formation was defined and in Figure S1 can be
appreciated the round shape and the good viability after 5 days of culture.

According to previously established protocols ( 31 ), over the cultured

monolayer of stromal cells (B) or mesenchymal stromal cells—MSC), either a

single spheroid or RMS-conditioned medium was added ( Figures 2A, E ) and

cell viability was assessed. At first, we detected the presence of the classical

mesenchymal stromal surface makers (CD44, CD73, CD90, CD105) in BJ cell

line and in the heterogeneous primary cells MSC ( 32 - 34 ) ( Figure S2 ).
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Secondly, we observed that the well-defined RH30 and RD spheroid edges

disaggregated when in contact with BJ or MSC stromal cells ( Figures S3B

and C ), most likely due to spreading of calcein stained RMS cells in Figure
2B , along with BJ displacement. The spheroids cultured alone were well
shaped, compact, and alive ( Figure S3A ). The cells positive for MYOD,
myogenic marker for RH30 and RD cells, migrated outside the spheroids.
This was previously observed with spheroids of GFP+ RH30 on BJ ( Figure 2D
). The edges of HT29-derived spheroids, instead, remained well defined when

layered on both BJ and MSC cells ( Figures 2B and S3B ). With respect to cell

toxicity, we measured LDH release in the growth medium of stromal cells
grown in the presence or absence of cancer spheroids. The amount of LDH
release was not statistically significant, when both HT29 and RMS spheroids
were put on stromal cells. This supports the concept that RMS cells displace
stromal cells, most likely overwhelming their growth without perturbing the
cell viability ( Figure 2C ). Migration toward the periphery of both RH30 and
BJ cell lines was observed when the cells were grown together ( Figure S3 ).
We assessed whether contact-dependent or -independent mechanisms were
responsible for such behavior. Therefore, as first step, we investigated
whether paracrine factors could dictate such behavior. We used RMS
conditioned medium in order to investigate whether the secretion of
molecules from tumor cells could influence the crosstalk between the two
subpopulations. To this intent, BJ and MSC stromal cells were grown in the
presence or absence of spheroid-conditioned medium from both RMS and
colon cancer cells ( Figure 2E ), and viability was assessed as previously

described. As expected, Calcein/Propidium lodide (PI) staining highlighted
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alive cells in both BJ and MSC stromal cells grown in the spheroid-conditioned
medium ( Figure 2F ), further sustained by the absence of LDH release and
changes in cell morphology ( Figures 2G and H , respectively). This was also
confirmed for spheroids alone ( Figure S3A ). Although this aspect merits
further investigation, it is important to underline that such influence of RH30
cancer cells on BJ fibroblasts migration (and vice versa ) was not observed

when B]J cells were cultured in the presence of HT29 colon cancer cells.

FIGURE 2

Cancer cells-stroma interaction.(A)Cancer cell spheroids were added on top
of stromal cells (BJ or MSC) monolayer and live and dead assay was
performed after 48 h.(B)Cancer cell derived spheroids were added on 2D
grown stromal cells (BJ or MSC) and live and dead assay was performed.
Calcein (green)-alive cells; Pl (red)-dead cells. The yellow color is the effect
of the green/red overlapping. Both RH30 and HT29 cells stained negative for
Pl suggesting no occurrence of cell death. Bright yellow fluorescence for BJ-
HT29 and MSC-RH30 images was due to image background signal in red.
Scale bar = 100 um.(C)LDH assay. B) and MSC were cultured with spheroids
for 48 h and LDH was measured. Absorbance fold change was calculated

relatively to the control (BJ or MSC alone. Set value: 1). Both Kruskal-Wallis

and Mann-Whitney tests were used to confirm the lack of toxicity.(D)GFP *
RH30 spheroids disperse their cells when in contact with BJ. MYOD positive
staining demonstrate how cells migrate from the spheroid.(E)Supernatants of

cancer cell spheroids were added on top of stromal cells (BJ or MSC)
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monolayer and live and dead assay was performed after 48 h.(F)Live and
dead assay [calcein—green; and propidium iodide (PI) in red] in B) and MSC
cultured with the different spheroid supernatants and without supernatants.
No death events (red signal) were found.(G)LDH assay. B) and MSC were
cultured with different supernatants for 48 h and LHD was measured.
Absence of supernatant toxicity was confirmed by both Kruskal-Wallis and
Mann-Whitney statistical tests.(H)Phase contrast microscopy show the
morphology of the BJ and MSC after supernatant conditioning. n. s., not

significant.

Lack of CAFs Recruitment Was Observed in RMS Xenogeneic Samples
In vitro we demonstrated that RMS cells are not attracted to stromal cells

(when not in contact), we then assessed the same phenomenon in vivo . At
first, we tried the orthotopic implant of RMS cells ( Figure S4 ), but the
growth of tumor together with the healthy muscle made the tissue and the
cell analysis confusing (the murine healthy muscle grew wrapped with the
human tumor mass making the tissue morphology and the cell composition
cumbersome to be analyzed). Consequently, we employed three different
experimental approaches using subcutaneous injection. For all the three
experimental strategies the histology was comparable and the similarity
between our xenografts ( Figure S5 ) and the human sample biopsies can be
appreciated comparing Figure S5 and the images in PathologyOutlines. com (

35).

Regarding the first approach, RH30, RD, or HT29 cell lines were injected with

biomimetic ECM (Matrigel ® ), as the epithelial breast cancer MCF7 cells
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were, included in the study to validate RMS model in our
immunocompromised mice ( Figure S6 ). Indeed, while it is well known that

epithelial tumors recruit CAFs to grow in nude mice ( 36 ), it was important to

demonstrate that this also happen in Rag2 =/~ yc =/~ mice. Furthermore,
the CAF presence has only started to be investigated for RMS tumors ( 22 ).
After obtaining single-cell suspension from explanted tumor masses ( Figures
3A and S5 ), cytofluorimetric analysis of CAFs marker PDGFRa, of both,
human and murine origin, was performed. Xenogeneic RMS tumors recruited
ten times less mMPDGFRa-positive cells than those found in HT29 and MCF7
xenografts, providing two-fold evidence: firstly, our mouse model validated
the importance of CAFs in sustaining epithelial cancers formation, and
secondly, we start underlining the CAFs dispensability in RMS tumor onsets (

Figures 3A, B ). Interestingly, the human PDGFRa in RMS, HT29, and MCF7

cells was almost absent in 2D ( Figures S6 and S7 ), and slightly increased

only in RMS xenogeneic samples (about 4%). Murine PDGFRa increased
particularly in xenografts derived from HT29 and MCF7 cells ( Figures 3B and
S6, HT29 26. 02 = 2. 18% versus RH30 3. 0 £ 1. 43%), suggesting that
epithelial cancer cells require much more CAFs to grow. In parallel, CXCR4
marker (also called CD184), a chemokine receptor involved in metastasis
formation and poor survival of RMS patients ( 37 ), was analyzed. RMS and
MCF7 cells cultured in 2D expressed a higher percentage this receptor
(RH30: 86% = 0. 8; RD: 65% = 1. 2; MCF7: 61% = 1. 9) as compared to HT29
cells (11. 5% = 1. 5). Although in all the cells isolated from the different
xenografts CXCR4 decreased (MCF7: 10% = 2. 1, HT29: 0. 15% %= 0. 2), it

was still higher in RMS cells (RH30: 40% = 1. 8) ( Figures 3B, S6 and S7).
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FIGURE 3

Isolation and characterization of CAFs in xenogeneic samples.

(A)Experimental strategy (1): cancer cells are subcutaneously injected with

Matrigel ® . Cartoon of the entire in vivo / ex vivo experimental procedure is
presented. Tumors were harvested, digested, and cell immunophenotype
were analyzed in following.(B)Flow cytometry analysis for the expression of
murine or human PDGFRa (mPDGFRa, hPDGFRa, respectively), and the
invasion marker CXCR4. p value of RH30 mPDGFRa versus HT29 mPDGFRa =
0. 0005. p value of RH30 CXCR4 versus HT29 CXCR4 = 0. 0007. hPDGFRa in
RH30 4% = 0. 9; hPDGFRa in HT29 0. 05% = 0. 01.(C)Upper row. Cells
extracted from the RH30 xenogeneic masses were grown in culture for 48 h,
and subsequently analyzed for the fibroblasts activation protein (FAP; green)
and for human nuclei (HUNU; red) expression. DAPI was used for nuclei
counterstaining. Insets represents a closer overview of positive cells for each
of the markers. Lower row. Graph bars present a percentage (%) of positive
cells respect to total cell nuclei counted per field. Only cells from epithelial

masses expressed FAP. Scale bar = 50 um, *p = 0. 05.

Finally, cultured cells from the xenogeneic HT29 masses were positive to
CAFs marker FAP protein and, to a lesser extent, to human nuclei protein

(HUNU), whereas RMS cells did not express FAP and were positive only to

HUNU ( Figure 3C).
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RMS Xenogeneic Samples Highly Express ECM Remodeling Factors

Since the role of CAFs is paramount in modifying the surrounding ECM, we
decided to delineate the genes devoted to microenvironment remodeling in
mMPDGFRa-positive and -negative cell fractions ( Figure 4A ). It was striking
that in the fraction of RMS xenograft cells positive to mPDGFRa (3. 1 = 1.
43% for RH30 and 1. 41 = 0. 9% for RD xenogeneic samples), MMP2 was
three times more expressed than in cells isolated from HT29 xenogeneic

tumors (26. 02 +/— 2. 18%) ( Figure 4A , Table 4 for sorted cells), as it was

fibronectin ( FN1 ), one of the main structural protein of ECM. Importantly,
when the proteolytic activity of MMP2 and MMP9 was assessed by
zymography, RMS and HT29 cells cultured in the flat 2D conditions barely
expressed both enzymes ( Figure 4B ). On the contrary, the cells isolated
from the xenografts, that included also the mPDGFRa+ cells, strongly
enhanced these ECM remodeling proteins and this was particularly true for

MMP2 in RH30 samples ( Figures 4B, C ). MMP2 and FN1 genes were

analyzed also in tumor cells cultured in 2D and extracted from the

xenogeneic masses (MPDGFRa ~ fraction). The genes were significantly

more expressed in cells from the xenogeneic samples ( Figures S8A, B ).

These results support the concept that cells grown in a more complex
environment then the flat 2D acquire characteristics that better mimic the /in
vivo tumor microenvironment landscape, characterized by the presence of
CAFs and other cells and proteins. Of note, the latent form of MMP9 was
detected only in RMS cells, highlighting a more pronounced

microenvironment remodeling in this type of tumors ( Figure 4C).
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FIGURE 4

Analysis of mMPDGFRa positive and negative fractions.(A)Upper row. The
steps of the adopted experimental procedure are depicted. Lower row. Left.
gPCR for MMPZ2 in xenogeneic tumors (3D) of epithelial (HT29) and
mesenchymal (RMS: RH30, RD cell lines) origin. The small percentage of
CAFs (mPDGFRa positive cells) isolated from RH30 and RD xenogeneic
samples highly expressed the gene. Right. gPCR for FN1 in xenogeneic
tumors (3D) of epithelial (HT29) and mesenchymal (RMS: RH30, RD cell lines)
origin. The small percentage of CAFs (mPDGFRa positive cells) isolated from
RH30 and RD xenogeneic samples highly expressed the gene. HT29
(mPDGFRa-, tumor cells) was used as calibrator. In the Figure p-value
relative to two group comparison (i. e. HT29 versus RH30, HT29 versus RD)
was reported (Mann-Whitney-test. *p < 0. 05; **p < 0. 001; **p < 0. 01).
Kruskal-Wallis test was also performed (MMP2 p = 0. 0067; FN1 p = 0. 005).
(B)Zymography in RH30, RD, HT29 cells grown in 2D and isolated from
xenogeneic tumor masses developed in immunocompromised mice (3D). The
cells cultured in 2D do not express active MMP9 and MMP2 enzymes while
their 3D counterpart does (xenogeneic samples).(C)MMP9 and MMP2
quantification. Xenogeneic samples express higher level of the two enzymes
in respect to 2D petri culture. In particular, active MMP2 is significative more

expressed in RH30 xeno than HT29 xeno samples. n. s., not significant.

TABLE 4
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mPDGFRa * sorted cells.

In order to investigate whether stromal cells could influence the tumor

growth, we developed a second approach ( Figure 5A ): we injected RH30,

RD, and HT29 cells together with BJ cells, without adding Matrigel ® , such as
with cancer cells alone. Presence of human nuclei and laminin proteins
characterized all formed tumors ( Figure 5C ). RMS-derived tumors were
formed ( Figure 5B ) and possessed more than 80% of cells positive to HUNU.
HT29 xenografts, instead, displayed about 60-70% of HUNU-positive cells
and about 30% of HUNU-negative cells, most likely mPDGFRa-positive cells,
in accordance with the cytofluorimetric results attained with the first

approach (with Matrigel, Figure 3).

FIGURE 5

Co-injection of stromal and cancer cells.(A)Experimental strategy (2): cancer

cells are injected without Matrigel ® but with stromal cells. Characterization
of the xenogeneic mass and cytofluorimetric analysis of the freshly isolated
cells. (B)Upper row. RMS mass obtained after co-injection of cancer cells
(RH30 and RD) and B]j cells. Lower row. HT29 mass obtained after co-
injection of HT29 cells with BJ cells.(C)Xenogeneic mass characterization with
antibody specific for human nuclei (HUNU; red) and laminin (LAM; green).
Scale bar = 50 um. HUNU positive nuclei counting: about 80-90% of cells in

xeno RH30 were positive while in xeno HT29 only about 60-70%.
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ECM Structural Proteins Are Self-Secreted in RMS Cells and Xenogeneic
Samples

Since our /n vitro and in vivo findings imply that RMS do not need CAFs for
tumor growth, we assessed whether RMS cells are self-sufficient in producing
and depositing structural and functional ECM components. To prove our
hypothesis, we analyzed laminin and fibronectin expression in RH30, RD, and
HT29 cell lines and xenogeneic samples. In vitro, RMS cells secreted both
proteins, although for RH30 was more evident than for RD cells. In particular
RH30 behaved similarly to human muscle precursor cells (hMPC), whereas

HT29 cells produced fibronectin but not laminin ( Figures 6A-C ). The

fibronectin gene expression was detected in cells cultured in 2D (at very low
level in HT29 cells) and in cells extracted from xenogeneic samples ( Figures

6D, H ). Interestingly, when fibronectin expression was compared in cells

from flat 2D cultures and from xenogeneic samples, a significantly higher
expression was detected in the latter samples ( Figure S8B ). The same gene
was highly present in cells extracted from the xenogeneic samples ( Figures

6D, H ). In vivo, both RMS and HT29 xenogeneic samples produced laminin

and fibronectin proteins ( Figures 6E-G ). This finding supports the evidence

that HT29 cells need the /in vivo injection to express laminin. Conversely,
RH30 and RD cells self-produce, already in vitro (2D), laminin and
fibronectin. In particular, RH30 cells produce more fibronectin than RD cells;

still the presence of fibronectin in RD is detected around 10%.

FIGURE 6
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Characterization of ECM in RMS and HT29 xenogeneic tumors.
(A)iImmunofluorescence of laminin (LAM) and fibronectin (FIBR) in cells.
hMPC, human muscle precursor cells. Scale bar = 50 um.(B)Number of
positive cells expressing laminin. HT29 cells do not express LAM (arrow).
(C)Number of positive cells expressing fibronectin. All cell lines expressed
this protein.(D)gPCR of FN1 in cell lines.(E)Immunofluorescence of laminin
(LAM) and fibronectin (FIBR) in xenogeneic samples.(F)Mean fluorescence
intensity of laminin area in xenogeneic samples. Xeno HT29 express LAM
(arrow).(G)Mean fluorescence intensity of fibronectin area in xenogeneic
samples. hMT: human muscle tissue).(H)gPCR of FN1 in xenogeneic samples.
Remarkable FN1 gene expression on tissue samples derived from RMS cell
lines. In the Figure p-value relative to two group comparison (i. e. hMT vs
RH30, HT29 vs RH30, HT29 vs RD) (Student’s t test or Mann-Whitney test)
was reported. Kruskal-Wallis test was also performed (p < 0. 0001). Fetal
skeletal muscle was used as calibrator in gPCR tests. *p < 0. 05, **p < 0. 01,

**p < 0. 001, ****p < 0. 0001. n. s., not significant.

Finally, to investigate whether synthesis and secretion of ECM proteins was
also observed /in vivo and used to contribute to the establishment of the

tumor mass, we used the third approach ( Figure 7 ). We injected cancer

cells into Rag2 /=~ yc ~/~ mice in the presence of Matrigel ® or alone ( Figure

7A). As expected, RMS cells formed big and heavy tumor masses after the

two types of injections ( Figures 7B, C , and S9A ). The injection of HT29 cells
alone, without the support of either Matrigel ® ECM or stromal cells (B]
fibroblasts), produced xenografts with a very low efficiency (only in the 20%
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of cases—2 xenografts were produced out of 10 injections), impaired also in

weight and size ( Figures 7B, D, and S9B ). When HT29 cells were co-

injected with BJ stromal cells, the weight of xenogeneic samples increased

significantly to levels comparable to those obtained in the presence of

Matrigel ® . In contrast, co-injection of B) cells with RMS RH30 cells led to
development of smaller and significantly lightweight tumor masses ( Figures

7C and S9A ). In contrast, co-injection of BJ cells with RMS RH30 cells led to

development of smaller and significantly lightweight tumor masses ( Figures

7C and S9A).

FIGURE 7

Xenogeneic samples with and without Matrigel ® .(A)Experimental strategy
(3): cancer cells are injected with Matrigel ® or alone(B)Pictures of the
masses produced with and without matrix support of the Matrigel © .

(C)Graph bars of the weight of the RMS xenogeneic masses with Matrigel ®,

with BJ and with cancer cell alone. The weight of xeno RMS did not differ with
Matrigel ® or with cancer cell alone.(D)Graph bars of the weight of the HT29

xenogeneic masses with Matrigel ® , with BJ and with cancer cell alone. HT29
xeno with B) were heavier than with cancer cells only. HT29 only rarely gave

rise to xeno masses. *p = 0. 05. n. s., not significant.

Discussion

The results of our study support the evidence that RMS cells do not need the

contribution of CAFs to grow and establish tumor masses, as they produced
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and secreted ECM components of both structural and functional significance

already in flat 2D cell culture.

Such a behavior is peculiar, since the growth and aggressiveness of many
tumors, mostly of epithelial origin, are not determined only by the malignant
cancer cells themselves, but also by the surrounding stroma, formed by CAFs
(19). However, most of the studies on the dissection of TME have been
carried out in epithelial cancers of adulthood, such as colon and breast
carcinomas. In childhood cancer, such as pediatric mesenchymal sarcomas,
including RMS, function, and presence of CAFs is still uncertain. The absence
of specific molecular markers that allow the identification of CAFs in
mesenchymal tumors makes their detection challenging and the

comprehension of their role still incomplete.

Herein, as other works obtained xenogeneic masses after HT29 injection in
nu/nu mice and CAF were identified ( 36 , 38 ), we set up the optimal
conditions to obtain the same tumor masses also in our
immunocompromised mouse model. Consequently, after validating our
model, we could support the new findings with our RMS xenogeneic samples.
We then tailored known tools and markers for CAFs identification in epithelial
tumors and applied them to analyze RMS microenvironment. In RMS few
works have faced the role of CAFs. For instance, Tarnowski and colleagues
demonstrated that RMS cells secrete the Macrophage Inhibitory Factor (MIF),
which enhances vascularization and inhibits CAFs recruitment ( 39 ).
However, the same factor promotes intestinal tumorigenesis ( 40 ) and in

colon carcinoma CAFs are present contributing to chemoresistance,
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promoting stemness ( 41 ). Ovarian, breast and lung epithelial cancer recruit
CAFs, which in turn enhance disease progression ( 42 - 44 ), contributing to

angiogenesis and apoptotic resistance.

Fibroblasts communicate with cancer cells and other cell populations
(epithelial, endothelial, inflammatory cells) through the secretion of growth
factors and chemokines, becoming CAFs. Indeed, by adopting a transwell
approach, we demonstrated that colon cancer HT29 cells do attract BJ
stromal cells, and vice versa . Such a paracrine crosstalk was not observed

for RMS cells.

For cell co-culture, in addition to the homogeneous cell line BJ, we used MSC
from Wharton jelly, a cell population containing stromal cells, progenitor
cells, fibroblasts, and stem cells ( 45 ) that better mimic the in vivo
heterogenicity of the stromal compartment of tumors. Furthermore, since in
vitro studies revealed that MSCs can differentiate into CAFs via many

mechanisms such as a TGFR1/Smad3- pathway ( 46 - 48 ), these cells are a

good tool to recapitulate the stroma complexity. It was highlighted that HT29
spheroids stay compact with BJ cells, while RMS tend to displace them. When
the supernatant of RMS spheroids was collected and used to cultivate BJ or
MSC stromal cells, no changes in cell morphology, growth, viability, and
motility was observed, suggesting that contact between RMS and stromal

cells is somehow repulsive.

The in vitro results were reproduced /in vivo by comparing xenogeneic RMS

(with RH30 and RD) and CRC (with HT29) models. In summary, the results of

https://assignbuster.com/rhabdomyosarcoma-cells-produce-their-own-
extracellular-matrix-with-minimal-involvement-of-cancer-associated-
fibroblasts-a-preliminary-study/



Rhabdomyosarcoma cells produce their own... - Paper Example Page 26

the transwell and the spheroid experiments are consistent, because the cells
do not attract each other both when seeded far away (transwell), and when
put directly in contact (spheroids). We assessed a xenogeneic model which is
closer to the human sample complexity in terms of crosstalk between cells,
structural proteins, and growth factors. This model is also suitable to
distinguish murine from human PDGFRa and, hence, host recipient CAFs
from exogenous cancer cells. PDGFRa is a cell surface tyrosine kinase
receptor widely expressed by many fibroblast populations including

activated CAFs ( 49, 50 ), neural progenitors and pericyte cells, but also

many tumor types, including glioma, prostate, and ovarian cancer ( 51 ).
While HT29 cells freshly isolated from xenografts highly expressed human
PDGFRa, detection in RMS xenogeneic tissues was weak. It was not
important that the cell number and the time window of tumor retrieval were
different between RMS and HT29 cells. It is known that each tumor type has
its own intrinsic behavior. Indeed, we did not want to compare the growth
rate of both tumor types (RMS and CRC), but we want to identify the CAFs
population retrieved by cells incapable to grow without them, as HT29 CRC
and MCF7 breast cancer cells are. Besides, we aimed at looking for CAFs in
RMS xenogeneic tumors, since this model can substitute the scenario in vivo
when human biopsies are not available for research studies, as frequently
occurs in childhood cancer. We also considered aSMA and FAP as additional
markers for CAFs. aSMA is member of an actin family, that plays an
important role on cell motility and contractility; it stimulates myofibroblast
contractility upon wound healing. FAP, instead, is a type Il integral

membrane serine protease, upregulated in epithelial carcinomas and tumor
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activated fibroblasts ( 52 ). As myofibroblasts are numerous in TME, aSMA
becomes a specific marker to identify CAFs ( 53 ). Nonetheless, RH30 and RD
cells express aSMA and we could not use this marker to identify CAFs in RMS
cell samples. In contrast, when anti-FAP antibody was used in RMS and HT29-
derived xenogeneic samples, FAP was detected only in the latter, mainly in
cells of murine origin, therefore supporting the concept that RMS cells, unlike
HT29 epithelial cancer cells, do not need fibroblasts to build and remodel
their own ECM and to grow. Beyond the regulation of inflammation and

wound healing ( 54 , 55 ), fibroblast functions include the deposition of ECM

proteins such as fibronectin, collagen, and laminin ( 55, 56 ). In addition,

they are also an important source of ECM-degrading proteases such as
matrix metalloproteinases (MMPs), which points out their crucial role in

regulating ECM homeostasis and turnover ( 57 ).

PDGFR is a well-recognized CAF marker ( 11 ). Strikingly, the small
percentage of PDGFRa positive cells isolated from RMS samples express
homogeneously MMP2 and FN1 genes, as the murine PDGFRa positive cells
isolated from HT29 samples. We can speculate that the homogeneous
behavior of the few stromal cells in RMS xenografts is similar to the CAFs
found in HT29 xenografts. As clearly shown in the co-culture of RH30-GFP

spheroids and BJ (in Supplementary Material S3 ), the cells of the spheroids

and the fibroblasts do not communicate with each other: spheroids
disaggregate as long as fibroblasts escape from them. We can postulate that
RMS cells and fibroblasts act independently. Indeed, given the complexity of

the tumor environment, we cannot be sure that RMS cells are able to induce
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the expression of the above genes in fibroblasts. Further investigation will
shed light on this aspect. We investigated the expression of human PDGFRa
because it is recognized as marker of tumor RMS cells, while the variant B
(human PDGFRpB) was primarily detected in vascular stroma and it has been
shown to be more related to wound healing and leukocyte differentiation ( 22
). In our hands, the RMS cells cultured in 2D did not express this marker and
it was interesting to see how the 3D environment induced in RH30 cells the
production of the surface protein. This also confirmed the autocrine

mechanism previously described in RMS cells ( 58 ), since these cells have

been shown to express a lot of growth factors including the majority of
PDGFR ligands. In addition, zymography confirmed the stronger secretion of
MMP2 activity exclusively in 3D-growing cancer cells, providing the evidence

that the 3D environment enhances the expression of genes and proteins

related to the ECM. Indeed, when Matrigel ® was used to support RMS cells
growth and expansion /in vivo , xenogeneic masses did not change in size
and morphology compared to those obtained in the absence of it, proving
the ability of RMS cells to generate a new ECM by themselves. When BJ
stromal cells were co-injected, instead, RMS tumors were reduced in weight
tough maintaining a similar growth rate. In summary, murine CAFs were few
and played a less important role in growth of RMS than epithelial cancer
cells. The activated stromal cells are the major depositors of ECM
components in the TME but the self-production of extracellular matrix
proteins, such as fibronectin, laminin, and MMPs proved to be paramount for
the growth of RMS xenografts. Of note, RMS cells share features with

myoblast like cells and are similar to healthy human muscle cells with
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respect to fibronectin and laminin production. The differences on fibronectin
production that have been found between RH30 and RD cells can be related
to the different origin of the cells: RH30 cells belong to the more aggressive

alveolar RMS subtype, whereas RD to the less aggressive embryonal RMS.

Mesenchymal RMS cancer cells resemble healthy muscle cells, one of the
most highly regenerating cell population in the human body. This
characteristic, together with their pathological transformation, could be one
of the reasons explaining their incredible capability to self-sustain and

organize their growth.

In conclusion, further investigations of the microenvironment are paramount
to understand which elements are crucial for RMS tumorigenesis. Injection
with CAFs should be performed to investigate whether RMS cells will still
recruit CAFs from the host since it has already been demonstrated that
xenogeneic epithelial cancer are more aggressive when cancer cell lines are
co-injected with CAFs ( 59 ). From the literature there are important
examples on how surrounding environment influences tumor fate. In
sarcomas, a recent work demonstrated how a collagen matrix crosslinker
modifies the mechanical and chemical properties of the microenvironment,
accelerating tumor cells motility ( 60 ). In perspective, ECM proteins in RMS
can exert a pleiotropic effect in the milieu and their role on disease
progression could be the new discovered target to block tumor growth in

young patients.
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