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Abstract

Connective tissue growth factor (CCN2/CTGF) is a matricellular-secreted protein involved in extracellular matrix remodeling.
The P19 cell line is an embryonic carcinoma line widely used as a cellular model for differentiation and migration studies. In
the present study, we employed an exogenous source of CCN2 and small interference RNA to address the role of CCN2
in the P19 cell aggregation phenomenon. Our data showed that increasing CCN2 protein concentrations from 0.1 to 20 nM
decreased the number of cell clusters and dramatically increased cluster size without changing proliferation or cell survival,
suggesting that CCN2 induced aggregation. In addition, CCN2 specific silencing inhibited typical P19 cell aggregation, which
could be partially rescued by 20 nM CCN2. The present study demonstrates that CCN2 is a key molecule for cell aggregation

of embryonic P19 cells.
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Introduction

Connective tissue growth factor (CCN2/CTGF) is a
member of the CCN [CYR61 (cysteine-rich 61)/CTGF NOV
(nephroblastoma over-expressed)] family of matricellular
signaling modulators. These modulators are characterized
by four conserved modules that share homology with differ-
ent protein domains (1,2). The amino terminus of the first
module displays homology with an insulin-like growth factor
binding protein. The second module is a von Willebrand
factor type C/Chordin-like cysteine-rich domain (2). After a
cysteine-free sequence, the third module displays homol-
ogy to the thrombospondin type 1 repeat and contains a
cysteine-knot at the carboxy-terminus. During development,
CCN2 expression is mostly detected in tissues of compact
cell organization, such as notochord, somites, cartilage
(3,4), and Merckel’s cartilage (5), and also in mesenchymal
condensation (6). Although several studies have indicated
that CCN2 is a pleiotropic molecule, there are compelling
data showing that CCN2 can function in the maintenance
of multicellular spheroid aggregates as in ovarian cancer
cells (7) and in mesenchymal cell condensation during
chondrocyte differentiation (6). P19 mouse embryonic
carcinoma cells have been used extensively as a model to
address questions related to cell aggregation and differen-
tiation (8,9). P19 cells have tumor stem cell features and

resemble embryonic multipotent cell since they are able to
give rise to different cell types derived from the three germ
layers (10). P19 cells are a suitable model for the study of
cell differentiation, which is an essential cellular process for
embryonic development and tissue formation. In monolayer
culture, P19 cells treated with retinoic acid can differenti-
ate into neural-like cells (11). In the presence of dimethyl
sulfoxide (DMSO), P19 cell clusters rapidly differentiate
to form large amounts of cardiac and skeletal muscle but
they never give rise to neurons or glial cells (3,11). Cell
attachment is a crucial step in tissue regeneration and the
increase in CCN2 expression has been correlated with cell
attachment (12). Cell aggregation is a prerequisite for the in
vitro and in vivo (13) differentiation of mesenchymal stem
cells from adult somatic tissues into multiple mesoderm-
derived cell types including bone, cartilage, adipose tissue,
tendon, ligament, or even muscle (14,15). The CCN2 mol-
ecule is implicated in these events, cooperating with other
substances such as integrin alphaSbeta3 (16), TGF-beta1
(3), aggrecan (17), focal adhesion kinase, and promoting
the activation of transcription factors such as ERK1/2 and
NF-kappa B (6). Recent studies have shown that CCN2
mediates drug resistance in human breast cancer by in-
creasing cell viability through the activation of the survival

Correspondence: J.G. Abreu, Programa de Biologia Celular e do Desenvolvimento, Instituto de Ciéncias Biomédicas, UFRJ, Bloco
F, Sala 9, 21949-590 Rio de Janeiro, RJ, Brasil. E-mail: garciajr@anato.ufrj.br

Received August 30, 2010. Accepted January 3, 2011. Available online February 18, 2011. Published March 7, 2011.

Braz J Med Biol Res 44(3) 2011

www.bjournal.com.br



CCN2/CTGF silencing blocks P19 cell aggregation

pathway by up-regulation of ERK1/2-dependent Bcl-xL/
clAP1 (18). This type of cancer remains aggregated and
contains a high percentage of stem cells (19). Although cell
aggregation has been studied for decades, its implication
in both embryonic development and progress of particular
diseases is not fully understood. In the present study, we
investigated the cell aggregation properties of embryonic
carcinoma P19 cells in culture under the influence of CCN2
protein. Our data show that CCN2 is sufficient for P19 cell
aggregation and strongly suggest that CCN2 is a chemoat-
tractant molecule for these stem-like cells.

Material and Methods

Cell culture

P19 embryonic carcinoma cells were purchased from
the American Type Culture Collection (ATCC, USA). Cells
were cultured in a-MEM (Sigma-Aldrich, WGK, Germany)
supplemented with 10% fetal bovine serum (FBS) (Invit-
rogen/Gibco, New Zealand) and split every 2 days. After
the first 24 h P19 were incubated for more than 24 h with
CCN2 at 37°C in 5% COo.

Flag epitope-tagged construct of full-length CCN2
protein was prepared using S2 stable cells (3), which were
cultured in Schneider’s Drosophila Medium supplemented
with 10% FBS (Invitrogen/Gibco) and 56 uM hygromycin-B
(Sigma, USA). Cells were split every 4 days and kept at
22°C. Full-length CCN2-Flag protein was purified as previ-
ously described (3). Protein concentration was determined
by the method of Lowry et al. (20).

siRNA synthesis and utilization

To silence CCN2 expression in P19 cells, we performed
smallinterference RNA (siRNA). Two siRNAs were synthe-
sized using the Ambion Silencer siRNA construction kit as
a reference guide (Ambion, USA). The oligonucleotides
used to target the CCN2-RNA (accession No. NM_010217)
sequences were (CCN2-siRNA1) GAAGACUCAGCCAG
AUCCAUU sense, UGGAUCUGGCUGAGUCUUCUU an-
tisense (CCN2-siRNA2), AGCAGCUGCAAAUACCAAUUU
sense, AUUGGUAUUUGCAGCUGCUUU antisense. The
CCN2-siRNA1 and CCN2-siRNA2 (negative control) were
transfected using RNAiFect (Qiagen, USA, 301,605)in P19
cells at 50-70% confluence. The transfection procedures
were carried out by the method of Rober et al. (21). To
perform rescuing experiments, 20 nM recombinant CCN2
was added in 1% FBS culture medium after 24 h of siRNA
silencing. Since only CCN2 siRNA1 was able to block CCN2
translation (data not shown) we used CCN2-siRNA2 as a
negative control to check possible cytotoxic or nonspecific
effects caused by CCN2-siRNA1.

Cell proliferation and [3H]-thymidine incorporation

assays
P19 cells were seeded at 1 x 105 cells per wellin a-MEM
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with 1% FBS in 24-well dishes, treated or not with various
concentration of CCN2 (0.1, 5, and 20 nM) depending on the
experimental series. A [3H]-thymidine pulse was added to
the cell culture along with the CCN2. After 24 h, the medium
was removed, the cultures were washed three times with
PBS and 300 pL ice-cold 10% trichloroacetic acid was added
to each well. The cells were harvested and [3H]-thymidine
incorporation was measured with a scintillation counter.
Each experiment was performed at least three times using
three culture wells per condition.

Cell viability assay

Cellviability and growth were measured by the MTT assay
(22,23). The yellow tetrazolium salt (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide; MTT) was reduced in
metabolically active cells to form insoluble purple formazan
crystals, which were solubilized by the addition of DMSO
and then quantified by spectrophotometry at 340 nm.

Western blot

CCN2 expression levels were monitored by Western blot
analysis. Treated and untreated cell cultures were washed
three times with 1X PBS, and then harvested in sample
buffer [20 uM dithioreitol (DTT); 1.38 mM sodium dodecyl
sulfate (SDS); 125 mM Tris-HCI, pH 6.8, and 20% glycerol].
The samples were submitted to 12% SDS-polyacrylamide
gel electrophoresis (SDS-PAGE), electroblotted and trans-
ferred to a PVDF membrane (HybondTM-P, Amersham
Biosciences, Brazil). Membranes were pre-incubated in 5%
non-fat dry milk in Tris-buffered saline containing 0.001%
Tween 20 (TBS-T) for 1 h and then incubated with the pri-
mary polyclonal antibody anti-CTGF (Torrey Pines Biolabs,
USA, 1:1000) and anti-tubulin (Sigma, 1:2000) overnight.
The reaction was visualized using the SuperSignal West
Pico Chemiluminescent Substrate (Pierce, USA).

Quantification parameters

Tomeasure the cluster size, aggregates submitted to spe-
cific treatments were photographed and the area of each ag-
gregate was quantified with the ImageJ software (NIH-Image
- http://rsbweb.nih.gov/ij). The ImageJ software quantifies the
number of pixels in the cluster area that is defined by a line
around the cluster perimeter. The values attributed to these
pixels were defined as arbitrary units. For each condition, 20
fields were randomly chosen and 500 clusters were counted.
Only clusters consisting of more than 10 cells were counted.
The values obtained for different experimental conditions
were analyzed with the GraphPad Prism 4.0 software (www.
graphpad.com). Statistical analysis was performed using the
non-parametric Mann-Whitney test (24).

Results

CCN2 increases P19 cell cluster size
The presence of CCN2 protein has been related to
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mesenchymal condensation during embryonic development
(4,6,25), a phenomenon that involves aggregation and
chemoattraction. However, these morphological changes
have not yet been fully investigated in stem-like cells. To
gaininsightinto the aggregation properties of CCN2 protein,
P19 cells were treated for 24 h with different concentrations
of recombinant CCN2 (Figure 1). Even at low confluence,
P19 cells tend to form some epithelial-like aggregates in
culture (11) (Figure 1A). But the addition of 20 nM CCN2
recombinant protein induced larger aggregates (Figure 1B).
The effect of CCN2 on morphological aggregation clusters
was analyzed in terms of number and size. Only clusters
containing more than 10 cells were scored. We detected an
average of 30 small clusters of P19 cells not treated with
CCN2 (Figure 1C). There was a dose-response reduction of
clusters with CCN2 concentration, and 20 nM CCN2 reduced
the number of P19 clusters to roughly 50% compared to
untreated cells (Figure 1C). There was a dose-dependent
increase in cluster size with CCN2 (Figure 1D).

These observations suggested that CCN2 protein
promoted cell aggregation or induced cell proliferation
or both. [3H]-thymidine incorporation experiments were
performed with P19 cells cultured with or without CCN2
for 24 h. No significant difference in proliferation rate was
detected between untreated and CCN2-treated P19 cells,
showing that the increase in cluster size was not due to
cell proliferation (data not shown).

Since CCN2-treated P19 cells have
larger but fewer clusters than untreated
cells, we determined if CCN2 could regu-
late cell viability. The determination of cell
viability with MTT did not show significant
differences between untreated P19 cells and
cells treated with 0.1, 0.5 or 20 nM CCN2
(data not shown). Therefore, the increase in
P19 cell cluster size was probably induced
by aggregation.

CCN2 silencing impairs P19 cell

D.P. Aguiar et al.

tion of 20 NnM CCN2 recombinant protein allowed us to detect
CCN2 (Figure 2A, lane 4). CCN2-siRNA1-transfected and
-untransfected P19 cells were analyzed in terms of cluster
formation (Figure 2B, C and E). CCN2-siRNA1-transfected
P19 cells present clusters that were smaller compared to
untransfected and CCN2-siRNA2-transfected cells (nega-
tive control, data not shown). In addition cells appeared to
be dissociated in CCN2-siRNA1-transfected cultures (Figure
2E). Interestingly, the addition of 20 nM recombinant CCN2
protein to CCN2-siRNA1-transfected P19 cells was able
to achieve the normal cluster size observed in untreated
cells, but did not reach the phenotype observed in 20 nM
CCNZ2-treated cells (Figure 2C, D and F). The cluster size
of CCN2-siRNA1 P19 cells treated with 20 nM CCN2
indicated that the cells had retained their natural state of
aggregation since the cluster sizes were similar to those
found in untreated P19 cells (Figure 2B).

We quantified the percentage of cells in the clusters dur-
ing the aggregating phenomenon promoted by CCN2. Four
categories of clusters were established based on the number
of cells per cluster (Table 1). In untreated cultures, almost
60% of the clusters are formed by 25 to 50 cells per cluster
(Table 1). Conversely, in cultures treated with 0.1 and 5 nM
CCNZ2, the percentage of cells per cluster increases and in
cultures treated with 20 nM CCN2 approximately 70% of the
clusters consist of >75 cells per cluster (Table 1). In CCN2-
siRNA1-transfected cultures, only clusters containing less

aggregation Cao- E(; 150
To examine the requirementof CCN2for & | * 2
P19 cell aggregation, CCN2-siRNAsilencing % 80 <; 100
(CCN2-siRNA) was performed. We silenced 5 5 | >
CCN2for 24 h by transfecting CCN2-siRNA1. & ?, 50 I
CCN2 protein silencing in P19 cells was de- § 10 2
tected by Western blotting of the cell extracts o o) o
using an anti-CCN2 antibody (Figure 2A). Untreated 0.1 5 20 Untreated 0.1 5 20

The endogenous CCN2 protein was silenced
by CCN2-siRNA1 (Figure 2A, lane 3). P19

CCN2 (nM) CCN2 (nM)

cells transfected with CCN2-siRNA2, whose
oligonucleotide sequences were not able
to block CCN2 protein translation (data not
shown), display morphology and aggregation
pattern similar to those of untreated P19 cells
(Table 1, see Methods for details). The addi-

Braz J Med Biol Res 44(3) 2011

Figure 1. CCN2 induces P19 cell aggregation. Phase contrast microscopy of
P19 cells grown for 24 h under control culture conditions (A), or in the presence
of 20 nM recombinant CCN2 (B). Graph bars showing the quantitation of P19
cluster number (C) and the cluster area (D) of untreated cells and of cells treated
with 0.1, 5, and 20 nM CCN2. Each experiment was carried out in triplicate. N =
4, scale bar 50 ym. AU = arbitrary units. *P < 0.05 as indicated (non-parametric
Mann-Whitney test).
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e "
o o o o o
| | | 1

Cluster size (AU x 10%)

- Tubulin 0

Figure 2. CCN2 is required for P19 cell aggregation. A, Immunoblotting detec-
tion of CCN2 protein in P19 extracts of untreated cells (lane 1) and of cells
treated with 20 nM CCN2 (lane 2), CCN2-siRNA1 (lane 3), and CCN2-siRNA1
plus 20 nM CCN2 (lane 4). Tubulin detection was used as a loading control. B,
Cluster size of P19 cells and of cells treated with 20 nM CCN2, CCN2-siRNA1,
and CCN2-siRNA1 plus 20 nM CCN2 protein. Phase contrast microscopy of
untreated P19 cells (C), in the presence of 20 nM recombinant CCN2 (D), trans-
fected with CCN2-siRNA1 (E) and with CCN2-siRNA1 plus 20 nM CCN2 protein
(F). Each experiment was carried out in triplicate. N = 4; scale bar 50 ym for
all panels.
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than 25 cells were observed. The addition of
CCNZ2 protein partially reversed the inhibition
of cluster formation by CCN2-siRNA1 and
no effect was observed on cluster formation
in CCN2-siRNAZ2 (scramble siRNA)-treated
cells (Table 1). Since proliferation was not
modified by CCN2, these results strongly
suggest that CCN2 induces P19 cell ag-
gregation.

Discussion

The present study addressed the ag-
gregation induced by CCN2/CTGF of
embryonic carcinoma P19 cells in culture.
Our data show that CCN2/CTGF induces
cluster formation when added exogenously
to P19 culture media. Conversely, silencing
of CCN2/CTGF protein by siRNA inhibits
P19 cluster formation (Table 1). Therefore,
our data indicate CCN2/CTGF as a pivotal
component of the P19 cell aggregation ma-
chinery.

Several reports have documented
CCN2-mediated adhesion in adult mesen-
chyme-derived cells such as fibroblasts, os-
teoblasts, chondrocytes, myoblasts, stellate
and mesangial cells (9,26-30). However, the
role of CCN2 in the aggregation of embryonic
carcinoma cells has not been investigated.
P19 cells have the potential to differentiate
into ectoderm or mesoderm cell lineages
by adopting embryonic body-like structures
or monolayer morphology, respectively, de-
pending on the treatment (11,31-33). These
features suggest that the aggregation of
these cells is an important step during the
establishment of their differentiation pro-
gram. Thus, these cells provide an excellent
tool to understand the events controlling cell
aggregation, proliferation and differentiation.
We have shown that monolayers of P19

Table 1. Cell cluster analysis showing different percentages of cells per cluster in each experimental condition.

Number of cells Untreated CCN2 CCN2-siRNA1 CCN2-siRNA1 + CCN2 (20 nM)  CCN2-siRNA2

per cluster

0.1 nM 5nM 20 nM

<25 22.4% 9.5% 3.3% 4.3% 100%
25-50 58.6% 4.5%  10.0% 4.3% 0
51-75 15.5% 26.2%  26.6% 17.4% 0
>75 3.5% 19.1% 60.0%  73.9% 0

65.2% 36.0%
34.8% 47.6%
0 14.3%
0 2.1%

www.bjournal.com.br
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and Mv1Lu cells form spherical aggregates when CCN2
and TGFR-1 are added together to the culture medium (3).
Under these conditions, the spherical aggregates were
able to express endothelial markers and to adopt an ag-
gregate morphology during their differentiation. The CCN2
protein is highly expressed during early development in
morphogenetic areas where migratory behavior, adhesion
properties and pluripotency state are cellular characteristics
for tissue organization, as shown in Xenopus leavis and in
mice (3,4,34). Furthermore, cell adhesion is also critical for
tumor survival and progression. In addition, some tumor cells
can adopt an embryonic behavior and express pluripotency
markers, including octamer-binding transcription factor 4
and Nanog (35). Thus, acquisition of adhesion potential
could explain why CCN2 has been implicated in metas-
tasis (36,37). Our findings have brought more information
regarding chemoadhesive and aggregation behavior upon
CCN2 stimulation; therefore, P19 cells combine properties
of cell pluripotency as well as tumor behavior.

Cell condensation results from different interactions
between cell surface receptors and molecules of the
microenvironment such as extracellular matrix-related
proteins and glycoproteins. In fact, it has been reported
that CCN2 interacts with fibronectin (25,38) and that, during
migration, cells can perform attachment/detachment and
undergo cytoskeletal actin rearrangement to move upon the
extracellular matrix network (9,11). In our analysis of the
cluster number and size of untreated versus CCN2-treated
cells, we noticed an inverse correlation, i.e., the larger the
cluster, the lower the number of clusters, suggesting that
cells reorganize the culture topology probably by migrating
and aggregating toward colony formation. One could argue
that small colonies of untreated P19 cells could proliferate
in response to CCN2. However, this does not seem to be
the case since the [3H]-thymidine incorporation assay did
not reveal differences in proliferation between CCN2-treated
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