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Abstract

Tumor-stroma crosstalk leads to a tumor-promoting microenvironment. In this milieu, 
extracellular vesicles (EVs) are protagonists in cell-cell communication. Despite thyroid 
cancer being the most common endocrine malignancy, the contribution of the tumor 
microenvironment to thyroid cancer progression is still largely underexplored. We focused 
on the role of thyroid tumor cell-fibroblast interaction and EVs as mediators of tumor-
stroma interplay, in the promotion of thyroid tumor aggressiveness. Thyroid tumor (TPC-1, 
8505c) or non-tumor thyroid cells (NThyOri) were co-cultured with human fibroblasts (Fb). 
Thyroid cell migration was investigated by the wound-healing assay and actin-network 
staining. Cell-CD147 expression was characterized by flow cytometry. EVs, obtained by 
ultracentrifugation of conditioned media (CMs), were characterized by transmission 
electron-microscopy and CD81 and CD147 expression. Metalloproteinases (MMPs) were 
evaluated by zymography in CMs. A migratory phenotype was triggered in thyroid tumor 
cells treated with CMs from Fb or from Fb-thyroid tumor cell co-cultures. Fb-thyroid cell 
co-cultures induced the secretion of proMMP9 and proMMP2 and led to a significant 
MMP2 activation in CMs. Fb, thyroid cells and Fb-thyroid cell co-cultures released EVs, and 
remarkably, EVs released by Fb-thyroid tumor cell co-cultures induced the secretion of 
proMMP2 and the expression of MMP2 from normal Fb. A significant CD147 expression 
was demonstrated in Fb-thyroid tumor cell-derived EVs. These findings reveal the role of Fb 
and thyroid tumor cell-Fb interaction in the promotion of a microenvironment suitable for 
thyroid tumor progression. Moreover, they highlight, for the first time, the role of thyroid 
tumor cell-Fb interaction in the production of specialized EVs.

Introduction

Carcinomas comprise tumor and non-tumor interacting 
cells. In this context, tumor and stroma cell interaction 
gives rise to several signals that affect stromal cell behavior, 
leading to a tumor-promoting microenvironment (1, 2). 
A prominent functional role for fibroblasts (Fb) in cancer 

progression and metastasis has been demonstrated in 
many studies (3), with the ability of cancer cells to become 
migratory and invade into surrounding tissues and distant 
organs being another crucial step in cancer development. 
In these milieus, metalloproteinases (MMPs) play a 
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relevant role by participating in the extracellular matrix 
(ECM) turnover and altering the cell-ECM and cell-cell 
interactions, causing tissue architecture disturbances that 
enhance tumor growth and aggressiveness (4, 5).

CD147 is a transmembrane glycoprotein involved 
in the secretion and activation of MMPs (6). It is highly 
expressed in many malignant tumor cells (7) and has 
been related to the tumor-stroma interaction (8, 9). In 
this regard, we reported increased CD147 and MMP9 
expression in metastasized liver samples from tumor-
bearing rats (10), with these results being reproduced and 
blocked in vitro using anti-CD147 antibodies in co-cultures 
of tumor and normal rat liver cells, thus highlighting the 
role of CD147 in mediating tumor-host interactions.

Tumor-stroma interplay involves the exchange of 
cellular information. Although cell-cell interactions 
and the secretion of effector molecules are well-known 
mediators of intercellular crosstalk, recent research has 
identified extracellular vesicles (EVs) as being another 
protagonist in cell-cell communication (11, 12). EVs 
are heterogeneous populations of nano- to micro-sized 
particles released through the endosomal pathway or 
by budding from the plasma membrane (12) and are 
vehicles for the horizontal transfer of proteins, nucleic 
acids and other metabolites to neighboring cells or to 
distant anatomic sites. Tumor-derived EVs are able to 
alter the phenotype of recipient cells, transform benign 
cells and depress the immune response, induce epithelial-
mesenchymal transition and support endothelial 
proliferation and blood vessel sprouting (13, 14). 
Interestingly, CD147 has been described in EVs derived 
from multiple myeloma and breast cancer cell lines, as 
well as in EVs from plasma samples of multiple myeloma, 
metastatic breast cancer, colorectal carcinoma and other 
epithelial neoplasia patients (15, 16, 17).

Thyroid cancer is the most common malignancy of 
the endocrine system, with an increasing incidence rate 
recorded over the last three decades (18). The contribution 
of the tumor microenvironment to the development of 
thyroid cancer is beginning to be better understood. With 
respect to this, in thyroid neoplasia, the Fb recruitment 
and ECM remodelling have been reported as pivotal 
features of the tumor milieu, such as in promoting thyroid 
cancer progression in a mouse model of papillary thyroid 
carcinoma (PTC) (19). Previously, using a rat tumor model, 
Saitoh and coworkers (20) demonstrated that Fb confer 
growth-promoting advantages to thyroid carcinoma 
cells, both in vivo and in vitro. Interestingly, this growth-
promoting activity was mediated by soluble factors present 
in the Fb-conditioned medium. Noteworthy, we have 

recently reported that soluble factors present in the CMs 
of human activated Fb promoted the proliferation and 
invasion of the follicular thyroid cancer cell line, FTC-133 
(21). Although there have been proposed roles for Fb in 
thyroid tumor progression, the relevance of thyroid tumor 
cell-Fb crosstalk in thyroid tumor promotion still remains 
underexplored. Thus, using a simulation of the thyroid 
tumor microenvironment, we analyzed in a human 
model the role of Fb-thyroid tumor cell interaction in the 
promotion of tumor aggressiveness, with emphasis on the 
description of EV-mediating tumor-stroma interplay.

Materials and methods

Cell lines and cell maintenance

The human papillary thyroid cancer cell line (TPC-1) used 
was kindly provided by Dr Guillermo Juvenal (Comisión 
de Energía Atómica, Buenos Aires, Argentina), and the 
anaplastic thyroid cancer cell (8505c) and the non-tumor 
thyroid (NThyOri) cell lines were kindly donated by Dr 
Pilar Santisteban (Instituto de Investigaciones Biomédicas 
Alberto Sols, Madrid, Spain). Normal human skin Fb were 
used as stromal representative cells. They were obtained 
from anonymized healthy volunteers, with the protocol 
being approved by the Ethical Committee of Hospital 
Nacional de Clínicas, Universidad Nacional de Córdoba. 
Cells were cultured in high glucose DMEM media 
(HG-DMEM; Sigma Aldrich) or RPMI 1640 media (Gibco; 
Life Technologies) supplemented with 10% v/v fetal 
bovine serum (FB) (Natocor, Córdoba, Argentina) and 
penicillin 100 units/mL-streptomycin 100 µg/mL (Gibco) 
in a humidified 5% CO2 atmosphere at 37°C.

In this study, cell migration was characterized by 
the rhodamine-conjugated phalloidin staining of cell-
filopodia and lamellipodia, as well as by the in vitro 
wound-healing assay. The release of EVs was studied by 
transmission electron microscopy (TEM) and Western 
blotting assays. The effect of cell-cell and EVs-cell 
interaction in the proteolytic activity of MMPs was 
evaluated by zymography.

Co-cultures of Fb, thyroid tumor and  
non-tumor cells

Fb (600,000 cells) and human thyroid tumor (TPC-1 or 
8505c) or non-tumor (NThyOri) cells (600,000 cells) 
were mixed and plated together in 100-mm-diameter 
plates (contact-dependent co-cultures). The expressions 
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‘Fb-TPC-1, Fb-8505c and Fb-NThyOri’ are used throughout 
this work to indicate the co-culture of Fb and any of the 
indicated thyroid cells. Fb, TPC-1, 8505c and NThyOri 
isolated cells were seeded as controls, using the same 
number of cells as in the corresponding co-cultures (22). 
The cells were first cultured in serum-supplemented 
medium for 72 h. Then, the monolayers were washed 
with PBS and the culture medium was changed to serum-
free medium (SFM, 9 mL/plate) for 48 h.

The supernatants were collected and immediately 
cooled to 4°C, with cells and cellular debris being removed 
by sequential centrifugation at 300 g for 10 min, followed 
by 3000 g for 20 min. Finally, the CMs were stored at 
−80°C for zymographic and cell migration studies.

Actin immunofluorescence

Thyroid cells were grown to 75% confluence on uncoated 
glass coverslips in HG-DMEM-FB 10% (TPC-1, 8505c) or 
RPMI-FB 10% (NThyOri) in 24-well plates. The monolayers 
were then stimulated for 24 h at 37°C with CMs obtained 
from isolated Fb, TPC-1, 8505c or NThyOri cells and 
from Fb-TPC-1, Fb-8505c and Fb-NThyOri co-cultured 
cells, diluted 1:1 with fresh culture medium-FB 2%. After 
incubation, coverslips were fixed for 20 min at room 
temperature in 4% w/v paraformaldehyde-4% w/v sucrose 
diluted in PBS, before being permeabilized with PBS-0.2% 
v/v Triton-X100 and stained with rhodamine-conjugated 
phalloidin (Invitrogen, Life Technologies Corporation). 
Finally, slides were incubated with the nuclear stain 
DAPI, mounted with FluorSave-Reagent (Calbiochem) 
and examined with a Nikon ECLIPSE TE2000-U inverted 
microscope. The presence of lamellipodia and filopodia 
on the cells was considered to be a signal of migratory 
phenotype. The evaluation and quantification of cells 
with these characteristics was carried out in ten randomly 
selected fields (63X). Control cultures were performed 
using fresh culture medium-FB 1%.

In vitro wound healing assay

TPC-1, 8505c and NThyOri cells were plated in 24-well 
plates in HG-DMEM- or RPMI-FB 10% and grown to 
confluence. After thyroid cell monolayers were treated 
with 75 µg/mL mitomycin C, a scratch was made in each 
confluent monolayer using a sterile 200 µL pipette tip. Cell 
monolayers were rinsed twice with warm PBS and finally 
incubated with SFM or CMs from isolated and co-cultured 
thyroid cells in a 1:1 mixture with SFM. Immediately after 
wounding (0 h) and after 6–24 h of incubation at 37°C, 

phase-contrast images of each scratch were obtained 
digitally using a Nikon ECLIPSE TE2000-U inverted 
microscope. The distance between the edges of the 
wounds was measured at three points in each picture on 
the same field of interest. The percentage of the remaining 
distance between edges was calculated using the width of 
the scratch at each indicated time point divided by that 
recorded at the beginning of the assay ×100. Each result 
was the mean of three independent experiments.

CD147 expression in Fb and thyroid 
co-cultured cells

CD147 expression was analyzed in Fb, TPC-1, 8505c 
and NThyOri isolated cells and in Fb-TPC-1, Fb-8505c 
and Fb-NThyOri co-cultured cells by flow cytometry. For 
Fb identification in Fb-thyroid cell co-cultures, Fb were 
stained with Cell Proliferation Dye eFluor 670 (CPD, 
eBioscience) following the manufacturer’s instructions. 
CPD-positive Fb were cultured with TPC-1, 8505c 
and NThyOri cells (as stated above) and isolated CPD-
positive Fb, TPC-1, 8505c and NThyOri cultures were 
used as controls. After culture, the cells were collected 
and the CD147 expression in isolated and co-cultured Fb 
and thyroid cells was evaluated using the CD147-FITC 
(BD Pharmingen, BD Biosciences) antibody, following 
the manufacturer’s instructions. Data acquisition was 
performed with a FACS Canto II flow cytometer (BD 
Biosciences), using FlowJo software for the final analysis. 
The percentages of CD147(+) CPD-positive Fb and 
CD147(+) CPD-negative thyroid cells were calculated in 
isolated and co-cultured cells, with each result being the 
mean of four independent experiments.

Isolation of extracellular vesicles

EV isolation was performed by serial centrifugation, as 
described by Desrochers and coworkers (23) with slight 
modifications. Briefly, culture supernatants, derived from 
the same number of final cells after culture (24), were 
removed from the cells and centrifuged at 300 g at 4°C 
for 10 min and then again at 3000 g at 4°C for 20 min 
to remove intact cells and cell debris, respectively. To 
isolate the EV-enriched populations, the CMs obtained 
as described previously were then ultracentrifuged at 
100,000 g at 4°C for 90 min (100K-EVs).

For the Fb stimulation assays, the 100K-EVs were 
resuspended in 2.0 mL of SFM and added to Fb (200,000 
cells). As a control for all experiments involving the EVs, 
SFM was added to another set of recipient cells.
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For the Western blot assays, the pelleted 100K-EVs 
were lysed with sample buffer 2X.

Transmission electron microscopy

The ultracentrifuged EVs were resuspended in 4% w/v 
paraformaldehyde, and 5 μL of EVs preparation were 
dropped on the formvar-carbon coated EM grids and post-
fixed in 1% w/v glutaraldehyde. The grid was washed with 
distilled water, and then the samples were contrasted in 
2% w/v uranyl oxalate (pH 7) followed by 2% w/v methyl 
cellulose for negative contrasting.

For CD147-immunogold labelling, fixed EVs were 
incubated with the anti-CD147 antibody (dilution 
1:25; Affimetrix, eBioscience), and the immunoreactive 
sites were labeled with anti-mouse secondary antibody 
conjugated to 15-nm colloidal gold particles (1:30; 
Electron Microscopy Sciences, Hatfield, PA, USA). The 
EVs were visualized using a Zeiss Leo 906-E electron 
microscope, and for cell ultrastructural characterization, 
isolated and co-cultured thyroid cells were fixed and 
processed as previously described (25).

Fb stimulation assay

Fb were seeded in six-well culture plates (200,000 Fb/well)  
in HG-DMEM-FB 10% until confluence. The Fb monolayers 
were then washed with warm PBS and stimulated for 
24 h with or without 100K-EVs, obtained from isolated 
or co-cultured thyroid cells and prepared as indicated 
previously (see 'Isolation of extracellular vesicles' section). 
After incubation, the culture supernatants were cleared 
of intact cells and cell debris and saved at −80°C for 
zymographic determination of MMP9 and MMP2 activity.

Zymography

Gelatinolytic activity in the CMs (30 μL) was demonstrated 
by zymography using gelatin as a substrate as was 
previously described (10). Enzyme activity was visualized 
as a colorless band on a black background.

Western blot assay

The 100K-EVs pellets were suspended in 60 µL of 2X 
sample buffer on ice, vortexed every 5 min for 20 min 
and boiled at 95°C for 5 min. Samples were separated 
by sodium dodecyl sulfate-PAGE (12% SDS-PAGE) and 
electrotransferred to nitrocellulose membranes (BioRad). 
Nonspecific binding sites were blocked for 1 h at room 

temperature in Tris-buffered saline containing 5% w/v 
non-fat dry milk and 0.1% v/v Tween 20. The blots were 
incubated overnight at 4°C with primary antibodies 
against human CD147 (dilution 1:500; Affimetrix) 
and CD81 (dilution 1:200; Santa Cruz Biotechnology) 
and then incubated for 2 h at room temperature with 
appropriate secondary IR Dye-tagged antibodies, after 
which they were visualized using an Odyssey IR imager 
(LI-COR Biosciences).

Statistical analysis

Values were expressed as mean ± s.e.m. The statistical 
significance of differences among means was determined 
by a parametric or non-parametric ANOVA test and 
unpaired t-test. P < 0.05 was considered to indicate a 
statistically significant difference.

Results

Soluble factors of Fb or Fb-thyroid tumor cell CMs 
induce a migratory phenotype in thyroid 
tumor cells

Concerning cell migration, dynamic actin structures such 
as stress fibers, filopodia and lamellipodia are arranged by 
the cells to be able to sense and move in their environment 
(26). To analyze the effect of CMs in the organization of 
filopodia, lamellipodia and stress-fibers in tumor and 
non-tumor thyroid cells, we obtained immunofluorescent 
images of rhodamine-conjugated phalloidin stained TPC-1,  
8505c and NThyOri cells after their treatment with 
medium or CMs from Fb, TPC-1, 8505c, NThyOri cells 
or from Fb-TPC-1, Fb-8505c and Fb-NThyOri co-cultured 
cells. We recorded the number of cells exhibiting either 
lamellipodia or filopodia as an indirect measure of the 
migratory phenotype of thyroid cells (Fig. 1). The overall 
change in the number of cells with lamellipodia and/or 
filopodia followed a similar pattern in TPC-1 and 8505c 
cells, with a significant increase in the observed percentage 
of TPC-1 and 8505c cells with lamellipodia and/or 
filopodia after their incubation with Fb CMs, with respect 
to the control condition (medium). In turn, a significantly 
higher proportion of lamellipodia and filopodia positive-
8505c cells was also observed with the addition of 
Fb-8505c CMs. A similar trend in the percentage of TPC-1 
cells with lamellipodia and/or filopodia was seen following 
TPC-1 treatment with Fb-TPC-1 CMs, although no 
significant differences were found vs control conditions.  
No changes were observed in the migratory characteristics 
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of NThyOri cells incubated with medium, Fb, NThyOri or 
Fb-NThyOri CMs (Table 1).

Soluble factors of Fb and Fb-8505c CMs promote 
2D-migration of 8505c tumor cells

To further investigate the effect of the CMs from Fb-thyroid 
cell co-culture on thyroid cell migration, we examined the 
ability of TPC-1 (Fig. 2A), 8505c (Fig. 2B) and NThyOri 
(Fig. 2C) cells to migrate from a confluent monolayer into 
an area devoid of cells at 6 and 24 h. Each thyroid cell 
monolayer was stimulated with basal medium, Fb CMs, 
isolated thyroid cell CMs or Fb-thyroid cell CMs. Results 
show that the treatment of 8505c with both CMs for  
24 h, those from Fb and Fb-8505c co-cultures, resulted in 
cells repopulating the cell-free area at a higher rate (Fig. 
2B and D; 26.3 ± 2.0% and 27.6 ± 0.4% remnant cell-free 
area; P < 0.01 and P < 0.05 respectively) compared with 

8505c cell migration in the basal medium. However, 
TPC-1 and NThyOri cell migration did not reveal any 
significant changes for any of the assayed conditions vs 
control migration (medium) (Fig. 2A and C respectively). 
In addition, no changes in cell migration were registered 
following 6 h of incubation.

To note, cell movements dependent on matrix 
degradation could not be revealed by the wound  
healing assay.

Fb, thyroid cells and Fb-thyroid cell co-cultures 
secrete EVs to CMs

It is well-known that EVs provide a way to interchange 
information between homotypic and heterotypic cells in 
the tumor microenvironment (12). To address whether 
EVs could have been progressively released in our 
experimental system, we first used transmission electron 
microscopy (TEM) to analyze isolated Fb, TPC-1, 8505c 
and NThyOri cells as well as Fb-TPC-1, Fb-8505c and 
Fb-NThyOri co-cultured cells for evidence of shedding 
activity. Figure 3 shows a representative image of an 
Fb-TPC-1 cell co-culture. The plasma membrane of TPC-1 
cells co-cultured with Fb was rich in spherical and villi-like 
cell protrusions (Fig. 3A, insert B), with similar findings 
also being observed in isolated TPC-1, 8505c and NThyOri 
cells, as well as in 8505c and NThyOri cells co-cultured 
with Fb (data not shown). In striking contrast, normal 
Fb revealed a smoother cell surface (Fig. 3C). To verify if 
EVs were being released, we collected the CMs of isolated 
Fb, TPC-1, 8505c and NThyOri as well as of Fb-TPC-1, 
Fb-8505c and Fb-NThyOri co-cultures and processed 
them as described in the ‘Materials and methods’ 
section for TEM analysis. EVs could be detected in all the  
100K-EVs fractions analyzed, with Fig. 3D, E, F and G 
showing representative images of 100K-EVs released 

Figure 1
Fb and Fb-thyroid tumor cell CMs promote 
filopodia and lamellipodia formation in thyroid 
tumor cells. Representative images of TPC-1, 
8505c and NThyOri cells incubated for 24 h with 
medium (Basal) and Fb-TPC-1, Fb-8505c and 
Fb-NThyOri CMs, respectively (Fb-Thyroid cell CM) 
and then stained with rodhamine-conjugated 
phalloidin and visualized at 100X using a Nikon 
ECLIPSE TE2000-U inverted microscope. Filopodia 
are indicated by the white arrows, lamellipodia by 
the white arrowheads and stress fibers by the 
asterisks. Bar: 20 µm.

Table 1 Percentage of filopodia and/or lamellipodia-positive 
TPC-1, 8505c and NThyOri cells after the indicated treatments.

Cells
Treatment

TPC-1 8505c NThyOri
% % %

Medium 35 19 9
Fb CMs 78a 52a 17
TPC-1 CMs 33
Fb-TPC-1 CMs 61
8505c CMs 22
Fb-8505c CMs 60b

NThyOri CMs 12
Fb-NThyOri CMs 18

The number of cells with lamellipodia and/or filopodia were counted in 
ten (63X) randomly selected fields. P-values <0.05 (Fisher Exact test) are 
indicated as a for TPC-1 and 8505c cells treated with Fb CMs vs basal 
condition (Medium) and as b for 8505c cells treated with Fb-8505c CMs vs 
basal condition.
CMs, Conditioned media.
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from TPC-1 (Fig. 3D), Fb-8505c (Fig. 3E) and Fb-TPC-1 
co-cultures (Fig. 3F and G), where the characteristic cup-
shaped morphology of EVs can be observed. Similar 
patterns were also obtained in isolated 8505c, NThyOri 
and Fb-NthyOri cell co-cultures (data not shown).  

When analyzed by TEM, the majority of vesicles pelleting 
at 100,000 g, obtained from Fb, isolated and co-cultured 
thyroid cells, were of the size generally described for 
exosomes (i.e. 50–200 nm), with about 10–20% of the 
remaining EVs being larger than 200 nm (Fig. 3H).

Figure 2
In vitro wound healing assay. The ability of TPC-1, 
8505c and NThyOri cells to migrate into the 
cell-free wound area after the indicated 
treatments was assessed at 6 and 24 h. The 
percentage of (A) TPC-1, (B) 8505c and (C) NthyOri 
cell migration was calculated as described in the 
Materials and Methods section. Data are 
presented as the mean value of three 
independent experiments (mean ± s.e.m.). The 
asterisks (**P < 0.01, *P < 0.05, Kruskal–Wallis test, 
Dunn’s post test) indicate a significant 8505c cell 
migration when comparing Fb-CM and Fb-8505c 
CM treatments vs basal condition (Medium), 
respectively. (D) Representative 
microphotographs of 8505c cell-wounds 
incubated with medium, Fb, 8505c and Fb-8505c 
CMs. CMs, Conditioned media.

Figure 3
Representative transmission electron 
microphotograph of Fb-TPC-1 cell co-cultures and 
100K-EVs. (A) Fb-TPC-1 co-cultured cells. Note the 
‘villi like’ (B, arrow) and rounded (B, asterisks) 
membrane projections in TPC-1 cells and the 
smoother cell surface in Fb (C). (D, E, F and G) 
Representative transmission electron images of 
isolated and grouped 100K-EVs released from 
TPC-1 (D), Fb-8505c (E) and Fb-TPC-1 co-cultured 
cells (F, G). Note the characteristic cup-shaped 
morphology of 100K-EVs. (H) Transmission 
electron microscopy analysis of size distribution 
of the 100K-EVs from Fb, TPC-1, 8505c, NThyOri 
and Fb-TPC-1, Fb-8505c and Fb-NThyOri 
co-cultures. The diameter of membrane-enclosed 
structures was determined using ImageJ software 
for two independent experiments. 100K-EVs, 
100,000-g-ultracentrifuged extracellular vesicles. 
Bars: 2 µm (A, C); 1 µm (B); 200 nm (D, E, F, G).
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MMP2 activity increases in CMs from thyroid tumor 
cells co-cultured with Fb

The gelatinolytic activity of MMP2 was measured in CMs 
obtained from cultures of Fb, TPC-1, 8505c and NThyOri, 
as well as in those from co-cultures of Fb-TPC-1, Fb-8505c 
and Fb-NThyOri cells. ProMMP2 and MMP2 activities 
were detected in the Fb CMs, while a very faint expression 
of proMMP2 could be detected in the CMs from all the 
thyroid cell lines tested. A significant increase in MMP2 

activity was registered in CMs obtained from Fb-TPC-1 
(Fig. 4B and C) and Fb-8505c (Fig. 4B and D) co-cultures 
compared with isolated thyroid tumor cells (P < 0.01 and 
P < 0.05, respectively). It is noteworthy that MMP2 activity 
was not detected in CMs from isolated NThyOri cells and 
was only slightly detected in Fb-NThyOri co-cultures (Fig. 
4B and E). Moreover, there was a significantly higher 
prevalence of the active form of MMP2 in CMs obtained 
from Fb-TPC-1 and Fb-8505c co-cultures with respect to 
Fb-NThyOri CMs.

Figure 4
ProMMP2 and MMP2 activity in CMs from Fb, isolated or co-cultured thyroid cells and from Fb stimulated with 100K-EVs from isolated and co-cultured 
thyroid cells. (A) Schematic representation of Fb, thyroid cell and Fb-thyroid cell culture and CM study. (B) Representative zymogram showing proMMP2 
and MMP2 gelatinolytic activity in Fb, TPC-1, 8505c and NthyOri and Fb-TPC-1, Fb-8505c and Fb-NThyOri co-cultured cells. Areas of protease activity are 
indicated by clear bands in the gel for proMMP2 and MMP2. (C, D, E) Densitometric analysis of proMMP2 and MMP2 in CMs from (C) Fb, TPC-1 and 
Fb-TPC-1 co-cultured cells; (D) Fb, 8505c and Fb-8505c co-cultured cells and (E) Fb, NThyOri and Fb-NThyOri co-cultured cells. Results are expressed as 
the mean ± s.e.m. of at least four independent determinations. A significant increase was observed in MMP2 activity in CMs from co-cultured Fb-TPC-1 vs 
TPC-1 and Fb (**P < 0.01 and *P < 0.05, respectively) and in Fb-8505c cells compared to 8505c cells (*P < 0.05; Kruskal–Wallis test, Dunn’s post test). (F) 
Schematic representation of 100K-EVs obtentions and Fb + 100K-EVs CMs preparation. (G) Representative zymograms of 100K-EVs from Fb, TPC-1, 8505c, 
NThyOri and Fb-TPC-1, Fb-8505c and Fb-NThyOri co-cultured cells, with no gelatinolytic activity being detected. (H) Representative zymograms showing 
proMMP2 and MMP2 gelatinolytic activity in Fb-CM upon stimulation with medium (control) or 100K-EVs (CMs of Fb + 100K-EVs) from Fb, TPC-1, 8505c, 
NThyOri and Fb-TPC-1, Fb-8505c and Fb-NThyOri co-cultured cells. Areas of protease activity are indicated by clear bands in the gel. (I, J) Densitometric 
analysis of proMMP2 and MMP2 activity in Fb-CMs. A significant increase in MMP2 activity was observed in Fb-CMs upon stimulation with 100K-EVs from 
Fb-TPC-1 cells vs 100K-EVs from TPC-1 cells (*P < 0.05. Kruskal–Wallis test, Dunn’s post test). (J) A trend to a higher MMP2 activity was observed in Fb-CMs 
stimulated with 100K-EVs from Fb-8505c vs 8505c cells. No changes in MMP2 activity were detected using 100K-EVs from NThyOri and Fb-NThyOri 
co-cultured cells (H, and data not shown). CMs, conditioned media; 100K-EVs, 100,000-g-ultracentrifuged extracellular vesicles; CMs of Fb + 100K-EVs, 
conditioned media from Fb upon stimulation with 100K EVs; DEVs, depleted-EVs media.
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Since previous results have shown proMMP2 and 
MMP2 activity in CMs from isolated and co-cultured cells 
and considering that MMPs have been described in EVs 
(27), we next evaluated MMP2 expression in EV-enriched 
fractions obtained from CMs of thyroid and Fb-thyroid 
cells co-cultures. Although no detectable MMP2 activity 
was observed in 100K-EVs under these experimental 
conditions (Fig. 4G), proMMP2 and MMP2 activities were 
detected in EV-depleted CMs (DEVs), which followed a 
similar expression pattern as the whole CMs previously 
tested (Supplementary Fig. 1, see section on supplementary 
materials given at the end of this article).

EVs isolated from Fb-thyroid tumor cell CMs induce 
MMP2 activity in Fb

EVs are key players in cell to cell communication, driving 
the production of a reactive tumor microenvironment (28). 
To evaluate the role of EVs in the expression of the MMPs 
previously described, we assayed the ability of EV-enriched 
fractions to induce the secretion of MMPs in Fb. To this 
aim, Fb were stimulated with 100K-EVs (Fb + 100K-EVs) 
obtained from isolated Fb, TPC-1, 8505c and NThyOri 
as well as from Fb-thyroid cell co-cultures (Fb-TPC-1, 
Fb-8505c and Fb-NThyOri), with it being observed that 
proMMP2 and MMP2 enzymes were secreted to Fb-culture 
supernatants (Fb CMs) upon Fb stimulation with  
100K-EVs from isolated or Fb-co-cultured thyroid cells 
(Fig. 4H). It is noteworthy that a significant increase in 
active MMP2 was detected in Fb CMs upon Fb stimulation 
with 100K-EVs from Fb-TPC-1 compared with 100K-EVs 
from isolated TPC-1 cells (Fig. 4H and I; P < 0.05). A similar 
trend was also observed in Fb CMs upon stimulation 
with 100K-EVs from Fb-8505c vs 100K-EVs from 8505c, 
although this did not reach statistical significance (Fig. 4H 
and J). Interestingly, no differences in the proMMP2 and 
MMP2 activities were registered when Fb were stimulated 
with 100K-EVs from Fb, Fb-NThyOri or NThyOri cells 
(Fig. 4H).

proMMP9 activity increases in Fb-8505c-CMs and in 
CMs of Fb stimulated with 100K-EVs from 
Fb-8505c co-cultures

Gelatinolytic activity of MMP9 was evaluated in 
CMs from isolated and co-cultured cells, with only 
proMMP9 activity being detected in culture supernatants 
(Supplementary Fig. 2). Regarding proMMP9 expression, 
a significant increase in proMMP9 gelatinolytic activity 
was observed in Fb-8505c co-cultures related to isolated 

Fb and 8505c cells. A trend toward a higher proMMP9 
activity was also observed in Fb-TPC-1 co-cultures vs 
isolated TPC-1 cells. As in the case of MMP2, proMMP9 
was not detected in CMs from isolated NThyOri cells and 
was only slightly expressed in CMs from Fb-NThyOri 
co-cultures (Supplementary Fig. 2B and C).

We next evaluated MMP9 expression in EV-enriched 
fractions from isolated or co-cultured cells, but no 
detectable proMMP9 or MMP9 activity could be 
demonstrated (data not shown). However, upon 
stimulation of Fb with EV-enriched fractions, a trend 
to higher proMMP9 activity was detected in CMs of Fb 
stimulated with 100K-EVs from Fb-8505c vs 100K-EVs 
from 8505c cells (Supplementary Fig. 2E and F; P = 0.09), 
although no significant changes could be demonstrated 
upon Fb stimulation with 100K-EVs from Fb-TPC-1 
compared with 100K-EVs from isolated TPC-1. Finally, no 
changes in the expression of proMMP9 were registered in 
Fb CMs upon Fb stimulation with 100K-EVs from Fb or 
isolated or co-cultured NThyOri cells (Supplementary Fig. 
2E and F).

CD147 expression in Fb, thyroid cells and EVs from 
thyroid cells and Fb-thyroid cell co-cultures

CD147 is expressed at high levels on the surfaces of 
various malignant cells, including thyroid carcinoma 
cells (7, 29). We evaluated the membrane expression of 
CD147 in isolated Fb, TPC-1, 8505c and NThyOri cells as 
well as in interacting Fb-TPC-1, Fb-8505c and Fb-NThyOri 
cells. The flow cytometric analysis revealed a high 
percentage of CD147 positive TPC-1 (78.4 ± 4.6), 8505c 
(89.8 ± 1.4) and NThyOri cells (79.1 ± 6.7), which did not 
change after TPC-1, 8505c or NThyOri co-culture with 
Fb (79.7 ± 3.8; 91.0 ± 2.2 and 77.4 ± 8.4, respectively, Fig. 
5A). In addition, we tested CD147 expression in Fb and 
in Fb-TPC-1, Fb-8505c and Fb-NThyOri co-cultures, and 
similarly, we found that the percentage of CD147 positive 
Fb (42.6 ± 11.1) did not alter significantly (56.7 ± 6.8; 
66.8 ± 10.5; 72.6 ± 3.2; P = 0.12, Fig. 5B) after Fb co-culture 
with TPC-1 (Fb-TPC-1), 8505c (Fb-8505c) or NThyOri 
cells (Fb-NThyOri), respectively. Even though CD147 
was originally identified on the cell surface, CD147 could 
also be detected in EVs released from the cell (8, 9, 16, 
30). We next explored CD147 expression in 100K-EV 
enriched fractions, with CD147 expression being detected 
by immunoelectron-cytochemistry in EVs obtained from 
both isolated thyroid and co-cultured cells, with Fig. 5C 
displaying a representative picture of CD147 expression 
in released EVs from Fb-TPC-1 and Fb-8505c co-cultures.
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CD147 expression increases in EVs obtained from 
thyroid tumor cell-Fb co-cultures

To further characterize the released 100K-EVs populations, 
we tested CD81, a classical tetraspanin marker, typically 
found in EVs pelleting at high speed (31), and CD147 

expression, by Western blotting in EVs obtained from 
Fb, TPC-1, 8505c, NThyOri and Fb-TPC-1, Fb-8505c and 
Fb-NThyOri co-cultures. All EV fractions were found to 
express the classical EV marker CD81. Furthermore, a 
significantly higher CD147 expression was detected in 
100K-EVs fraction obtained from Fb-TPC-1 and Fb-8505c 
co-cultures compared to 100K-EVs fractions from 
isolated TPC-1 and 8505c cells (Fig. 6A, B and C), but no 
significant differences were detected in CD147 expression 
in EVs fractions obtained from NThyOri or Fb-NThyOri 
co-cultured cells (Fig. 6D).

Discussion

In the present work, we used the co-culture between 
tumor cells and normal Fb as a means of investigating 
thyroid tumor cell-Fb interaction and its effects on 
proteolytic activity and thyroid tumor cell migration 
and also examined the role played by EVs as mediators of 
thyroid cell-Fb interplay.

This work demonstrated that the interaction of 
Fb with thyroid tumor cells increased the secretion of 

Figure 5
CD147 expression in Fb, thyroid cells and 100K-EVs from thyroid cells and 
Fb-thyroid cell co-culture. (A, B) Normal Fb were pre-stained with Cell 
Proliferation Dye eFluor 670 (Fb-CPD+) and then co-cultured with TPC-1, 
8505c or NThyOri cells, as stated in the Material and Methods section. 
Isolated and co-cultured cells were collected, fixed, stained with the 
appropriate primary antiCD147 antibody and analyzed by flow cytometry, 
with the percentage of CD147 positive events being depicted. (A) CD147 
expression was analyzed in TPC-1, 8505c and NThyOri cells and in their 
respective co-cultures with Fb-CPD+. No differences in the percentage of 
CD147 positive cells were observed between isolated and co-cultured 
thyroid cells. (B) CD147 expression was analyzed in Fb and in their 
respective co-cultures with TPC-1, 8505c and NThyOri cells (Fb-(TPC-1), 
Fb-(8505c) and Fb-(NThyOri), respectively). No significant differences in 
CD147 expression between isolated and co-cultured Fb were observed. 
Data are presented as the mean value of at least four independent 
determinations (mean ± s.e.m.). (C) Representative microphotograph of 
immunogold-labeling of CD147 protein (15 nm gold particles) in 100K-EVs 
from Fb-TPC-1 (1) and Fb-8505c (2) co-cultures. CD147 can be detected in 
small (arrowheads) and large (arrows) EVs. Bars: 200 nm.

Figure 6
CD147 and CD81 expression in 100K-EVs from isolated and co-cultured 
thyroid cells. (A) Representative Western blotting assay showing CD147 
and CD81 expression in 100K-EVs isolated from Fb, TPC-1, 8505c, NThyOri 
and Fb-TPC-1, Fb-8505c and Fb-NThyOri co-cultured cells. All EV fractions 
expressed the classical 100K-EV marker CD81 (A, lower gel). A higher and 
significant CD147 expression was detected in the 100K-EV fractions 
obtained from FbTPC-1 and Fb-8505c co-cultures compared with 100K-EV 
fractions from isolated TPC-1 and 8505c cells (A, lower gel; B, C; *P < 0.05, 
Student’s t-test). No significant differences were detected in CD147 
expression in NThyOri and Fb-NThyOri 100K-EVs (D). The results are 
expressed as mean ± s.e.m., n = 3.
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proMMP2 and proMMP9 to culture supernatants. In turn, 
a stimulation of MMP2 activity in thyroid tumor cell-Fb 
co-cultures was observed, which did not take place in 
non-tumor thyroid cell-Fb co-cultures. Typically, MMP 
expression is related to tumor aggressiveness and poor 
patient prognosis in several tumor pathologies, with an 
increased MMP2 and MMP9 activity in tumor biopsies 
having been associated with cancer progression in 
ovarian cancer (31) and in breast cancer tissues (32, 33). 
In addition, the increased expression of MMP2 in tumor 
and stromal cells was also related to tumor progression 
and metastasis in prostate cancer (34). In agreement, we 
also reported a higher and significant proMMP9 activity 
in human whole prostate cancer tissues compared with 
proMMP9 activity in benign prostatic hyperplasia (35).

Concerning the MMPs role in thyroid cancer, an 
increased expression of MMP2 and MMP9 in tumor tissues 
was positively correlated with lymph node metastasis 
in PTC patients (36). In agreement, recent studies have 
described serum MMP2 levels as being a relevant factor 
in the evaluation of PTC patient prognosis and also 
preoperative serum MMP2 levels as a predictor of lymph 
node metastasis and disease persistence/recurrence in male 
patients (37). Using a cellular model, in the present study, 
we demonstrated that thyroid tumor cell-Fb interaction 
provides a permissive milieu for the expression of MMP2 
and MMP9 enzymes, thereby demonstrating the role of Fb 
in a thyroid tumoral context.

The ability of cancer cells to migrate and invade 
surrounding tissues and reach distant organs is a crucial 
hallmark of cancer, with changes in cell cytoskeletal 
rearrangements, an initial step in the epithelial to 
mesenchymal transition (EMT) process, being required 
for cell migration. In our study, there was evidence of 
a role for tumor-stroma crosstalk in the generation of 
signals that increase the migratory phenotype of tumor 
thyroid cells. Related to this, CMs from Fb or from 
Fb-thyroid tumor cell co-cultures increased the number 
of thyroid tumor cells with filopodia and lamellipodia. 
Furthermore, there was an enhanced cell migration in 
8505c cells stimulated with Fb- or Fb-8505c CMs in close 
association with an increased migratory phenotype. In 
agreement with our model, Salvatore and coworkers 
(38) also demonstrated that osteosarcoma malignant 
cells alter their morphology in human Fb-tumor cell 
co-cultures, resulting in cytoskeletal polarization and 
cell protrusions. These authors also described a gradually 
increasing tumor cell migration during tumor cell 
co-culture with normal Fb, responding to Fb-secreted 
paracrine signals.

In addition to their role in matrix degradation, MMPs 
are strong candidates for initiating both the EMT and the 
migratory signals that control the initial migration in 
epithelial cells. In cancer cells, the gelatinases MMP2 and 
MMP9 are often assumed to be linked to the breakdown 
of the basement membrane, thereby being involved in 
the metastasis processes. However, numerous reports have 
also implicated MMP2 and MMP9 in regulating epithelial 
cell migration. With respect to this, active MMP2 has 
been described accelerating human nasal epithelial cell 
migration (39), with MMP9 overexpression observed to 
facilitate keratinocyte migration in an in vitro wound 
assay (40, 41) and with both enzymes being critical 
effectors for invasion in papillary and follicular thyroid 
cancer cell lines (42). Moreover, in human breast cancer 
cells, active MMP2 triggers signaling pathways, resulting 
in actin polymerization and thereby inducing cell 
migration (43). In another study, in an anaplastic thyroid 
tumor metastasis model and in thyroid tumor cells, the 
activation of the TNF receptor-associated factor 6/CD147/
MMP9 pathway induced an increase in MMP9 activity 
that was positively correlated with tumor metastasis 
and cell migration (44). Similarly, our results showed a  
higher migratory phenotype in the anaplastic tumor  
cell line, which also exerts an enhanced activity of MMP9 
and MMP2.

In recent years, many studies have supported the role 
and importance of EVs in tumor development (45). During 
tumor progression, an increased EV secretion and specific 
loading of tumor-promoting factors in tumor-derived EVs 
have been reported. In the present work, we demonstrated 
that EV populations were also obtained from isolated 
and co-cultured thyroid cells, but remarkably, only those 
vesicles derived from tumor cell-Fb interacting cells were 
able to modify the proteolytic performance of normal 
Fb and clearly acted as vehicles for the delivery of tumor 
information in the tumor microenvironment. These 
EVs transport CD147, and interestingly, the expression 
of CD147 was significantly increased in EV populations 
obtained from thyroid tumor cell-Fb co-cultures, 
compared to those from isolated thyroid tumor cells. 
CD147 has been mainly related to MMPs secretion and 
activation (46) as well as being linked to tumor-stroma 
crosstalk (47). In addition, CD147 has been described in 
EVs isolated from several tumor cell lines and primary 
tumor-derived cells, with EVs carrying CD147 having 
been linked to heterotypic cellular interactions. In this 
sense, ovary cancer cell-derived EVs carrying CD147 
have been related to proangiogenic activity in human 
endothelial cells (8) and the CD147 present in normal 
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uterine epithelial cell-derived EVs has been linked to 
MMP induction in normal Fb (48). In the thyroid gland, 
CD147 is significantly expressed in thyroid malignant 
tumor tissues, but not in normal tissues or nodular goiter. 
Moreover, in differentiated thyroid malignant tumors, 
CD147 expression is correlated with extrathyroidal 
invasion and lymph node metastasis and is associated 
with a lower degree of cellular differentiation (29, 49). 
In line with this, in undifferentiated thyroid carcinomas, 
a higher expression of CD147 in thyroid tumor cells 
was observed with respect to differentiated forms of the 
disease (50).

Although our in vitro model is a simplified version 
of the thyroid tumor microenvironment, where 
2D-interactions are displayed and only two different cells 
participate of these interactions, we were able to show for 
the first time the relevance of tumor-stroma interplay in 
the release of a qualified different population of EVs in 
thyroid cancer. Besides, even though other limitation of 
our study resides in that the intimate mechanism of EVs 
interaction with Fb as well as the finely participation of 
EVs in MMPs activation are still unknown, the present 
work introduces CD147 expression in another thyroid 
tumoral context, that of being a molecule with the ability 
to be detected in EVs, and thus opening the possibility of 
its detection in accessible bodily fluids. This finding opens 
new frontiers of study with putative impact on human 
oncology, which is the goal of ongoing investigation.

To conclude, our experimental design, using a 
simulation of the thyroid tumor microenvironment, 
suggests a possible role for thyroid tumor cell-Fb 
interaction in the promotion of the tumor cell migratory 
phenotype as well as MMP2 and MMP9 expression. As 
depicted in Fig. 7, our results suggest the role of Fb as 

protagonists of thyroid tumor progression, in consonance 
with our previous findings (21). As well, they highlight 
for the first time the role of tumor cell-Fb interaction in 
EV secretion and also EVs as mediators of tumor-stroma 
crosstalk in the thyroid tumor milieu, thereby pointing 
to Fb as a possible matrix metalloproteinase source in this 
tumor microenvironment.

Supplementary materials
This is linked to the online version of the paper at https://doi.org/10.1530/
EC-20-0113.
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