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Abstract
Aim: To study the cellular distribution of CCN3(NOV) and to determine if the carboxyterminus
of CCN3 is hidden or masked due to high affinity interactions with other partners. CCN3 was
detected using affinity purified antibodies (anti-K19M-AF) as well as a Protein A purified anti-K19M
antibodies (anti-K19M IgG) against a C-terminal 19-aminoacid peptide (K19M) of human CCN3
protein. The antibodies were applied in indirect immunofluorescence tests and immunoenzyme
assays on glial tumor cell line, G59, and its CCN3-transfected variant G59/540 and the
adrenocortical cell line, NCI-H295R.

Results: Anti-K19M-AF antibodies reacted against K19M peptide in ELISA and recognized two
bands of 51 kDa and 30 kDa in H295R (adrenocortical carcinoma) cell culture supernatants by
immunoblotting. H295R culture supernatants which contained CCN3 as shown by immunoblotting
did not react with anti-CCN3 antibodies in liquid phase. Anti-CCN3 antibodies stained the surface
membranes of non-permeabilized H295R and cytoplasm in permeabilized H295R cells. Similarly,
anti-CCN3 stained surface membranes of G59/540, but did not react with G59 cells. Prominent
cytoplasmic staining was observed in G59/540, as well as the cell footprints of G59/540 and H295R
were strongly labeled.

Conclusions: The K19M-AF antibody directed against the C-terminal 19-aminoacid peptide of
CCN3 recognized the secreted protein under denaturing conditions. However, the C-terminal
motif of secreted CCN3 was not accessible to K19M-AF in liquid phase. These anti-CCN3
antibodies stained CCN3 protein which was localized to cytoplasmic stores, cell membranes and
extracellular matrix. This would suggest that cytoplasmic and cell membrane bound CCN3 has an
exposed C-terminus while secreted CCN3 has a sequestered C-terminus which could be due to
interaction with other proteins or itself (dimerization). Thus the K19M-AF antibodies revealed at
least two conformational states of the native CCN3 protein.

Introduction
The CCN3 protein belongs to an emerging family of
growth regulators referred under the CCN acronym

(cysteine-rich protein, Cyr61, connective tissue growth
factor, CTGF, and the nephroblastoma overexpressed
gene, nov; CCN 1–3 respectively) [1-3]. The CCN family
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now comprises six identified members with properties of
both positive and negative regulators of cell growth, shar-
ing a common multimodular organization. New mem-
bers of the CNN family have been described over the past
few years, and recent reviews on the CCN proteins high-
light their intimate involvement in a variety of key biolog-
ical processes including development, angiogenesis, and
cancer [1-4].

The CCN3 (NOV) gene had been initially characterized as
an integration site for the myeloblastosis associated virus
MAV [5] which induces kidney tumors resembling neph-
roblastoma and Wilms tumor [6]. In human and animal
tumors, the expression of the CCN3 gene was found to be
altered either positively or negatively [7-11]. Experiments
performed in our laboratory have established that CCN3
is a marker of tumor differentiation in Wilms tumors [12]
and several other tumor types [unpublished observa-
tions]. Furthermore, an increasing amount of results
assigns growth inhibitory functions to CCN3 in several
conditions ([7,8,13-15], Manara et al. submitted).

The CCN proteins share a strikingly conserved multimod-
ular organization with distinctive functional features [1].
From the amino to the carboxy terminus of these proteins,
four modules can be recognized : an insulin-like growth
factor (IGF) binding protein (IGFBP)-type motif, fol-
lowed by a Von Willebrand type C (VWC) domain likely
responsible for oligomerisation, a thrombospondin type
1 (TSP1) repeat, responsible for interaction with extracel-
lular matrix proteins, and a carboxy-terminal module
(CT), postulated to represent a dimerization domain, as it
contains a cysteine-knot motif that is present and
involved in the dimerization of several growth factors
such as nerve growth factor (NGF), transforming growth
factor -2 (TGF-2) and platelet derived growth factor BB
(PDGFB).

The multimodular structure of CCN3 and other CNN pro-
teins raises interesting questions as to participation of
each individual module in conferring the biological prop-
erties to the full length proteins. Either the biochemical
functions of the individual IGFBP, VWC, TSP and CT
modules are indeed conserved and in sum determine the
ultimate function of the full length protein, or each mod-
ule confers on the whole protein specific biological func-
tions which may vary from the conserved function, and
either substitute or add to those of individual modules.

Application of the yeast two-hybrid system and co-precip-
itation strategies to identify proteins interacting with
CCN3 has revealed that full length CCN3 interacts with
several receptors, signaling molecules, and proteins of the
extracellular matrix (16–19), suggesting functional

involvement of CCN3 in cell signaling and adhesion
regulation.

Our results also established that truncated isoforms of
CCN3 could bind specific targets and pointed the CT
domain of CCN3 as a critical determinant for protein
interaction. This led us to hypothesize that truncated iso-
forms of CCN3 could also modulate its biological activity
(3). The question therefore arises whether different con-
formational states exist due to multiple protein interac-
tions and thereby the presentation of known antigenic
epitopes.

In the present study we have used an immunological
approach to establish the cellular distribution of CCN3 in
cell lines representing adrenocortical and glioblastoma
tumors and to ask whether the CT module of CCN3 exists
in different conformational states depending on its
involvement in protein interactions and cellular location.
We now provide evidence that the CT end of CCN3 exists
in more than one conformational state.

Results
Cell culture supernatants and cellular lysates from the
H295R, G59/540, and parental G59 cell lines were elec-
trophoresed under denaturing conditions and immunob-
lotted with anti-K19M IgG antibody. Immunoblot
analysis revealed secreted forms of CCN3 for the H295R
and G59/540 cell lines, consisting of two distinct bands at
51 kDa and 30 kDa [Figure 1A]. The latter likely corre-
sponded to the previously described amino-truncated
CCN3 isoform [3]. Intracellular CCN3 proteins were also
detected in these cell lines. However, in addition to the
two bands at 48 kDa and 30 kDa, two other high molecu-
lar species reacting positively with the antibodies were
also detected in the lysates [Figure 1B]. The different sizes
of these various isoforms likely results from post-transla-
tional modifications and oligomerisation of CCN3
protein.

When tested in ELISA, pre-incubation of the anti-K19M-
AF antibodies with CCN3-containing H259R supernatant
did not affect the binding of anti-K19M-AF antibodies to
the K19M peptide coated on microtitre plates (Figure 2).
Under identical conditions, the absorption of K19M-AF
antibodies with serial dilutions of K19M peptide showed
a dose-dependent absorption pattern with 7.78 µg/ml
K19M peptide, yielding a 50% reduction in the binding of
anti-K19M-AF to K19M peptide coated on plates (Figure
3). These results suggested that the K19M-AF antibodies
did not recognize the CCN3 protein in its native configu-
ration, whereas it can be detected in the same sample after
denaturation and Western blotting.
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When fixed and non-permebialized cells were used in cell-
ELISA with anti-K19M-AF antibodies it was shown that
positive reaction of the antibodies could be recorded with
H295R cells which are known to synthesize and secrete
CCN3 protein, while the reaction with G59 cells was in
the ranges of the negative background. After
permebialization of the cells the intensity of the reaction
was increased but a significantly positive reaction was
recorded with H295R cells (Figure 4).

Since CCN3 was secreted by H259R cells, it was important
to check whether it could bind cell surface. Evidence for
this would lend support to the previous suggestion of an
autocrine mechanism of control by the CCN3 protein. To
explore this possibility cells from H259R, G59/540 and
G59 cell lines were incubated for 1 h on ice in the presence
of supernatant containing CCN3 protein and then ana-
lyzed by cell ELISA as described above. The results
obtained showed that such a treatment did not increase
the intensity of the reaction with anti-K19M-AF bound to
the cell surface. These experiments demonstrated that

H295R, and G59/540 which expressed CCN3 on the cell
surface and no further absorption occurred, and the
control G59/540 cells did not absorb CCN3 from the cul-
ture supernatant (data not shown).

Cellular Localization of CCN3
Paraformaldehyde fixed, non-permeabilized H259R cells
treated with the anti-K19M antibody (Protein A purified)
exhibited immunofluorescent membrane specific staining
distributed over the cell surface (Figure. 5A) while simi-
larly treated G59 CCN3 negative cells did not stain (not
shown). The CCN3-transfected glioblastoma cell line
G59/540 stained positively with a similar localization of
the reaction product (Figure 5B – G540). Interestingly,
since cells grown on coverslips and fixed in
paraformadehyde tend to slough, we did note the pres-
ence of positively staining cell footprints, suggesting dep-
osition of CCN3 protein in a secretable extracellular
matrix (Figures 5C,5D). After ethanol/formalin fixation
and further permeabilization of the cells with 0.1% Triton
X-100 the anti-K19M antibody (Protein A purified) gave
an intensive granular fluorescence pattern which
appeared perinuclear in a significant fraction of the cells
with a similar pattern observed in H295R and G59/540
cells (Figure 5E,5F). On the other hand, the parent G59
cell line showed a weak, but still perinuclear cytoplasmic
staining (Figure 5G). The latter may represent a smaller
endogenous isoform of CCN3.

Western blot analysisFigure 1
Western blot analysis. Representative gels illustrating the 
expression of CCN3 proteins in H295R, G59/540, and G59 
cell lines. Conditioned medium and cellular lysates were elec-
trophoresed under denaturing conditions and immunoblot-
ted with anti-K19M IgG antibody. A. Starts: 1). supernatant 
collected form H295R cell line; 2). G59/540 transfected cells 
supernatant; 3). supernatant from G59 CCN3 negative cells; 
4). lysate from H295R cells; 5). lysate from G59/540 cells; 6). 
lysate from G59 cells showing two bands at 48 kDa and 30 
kDa.

Reactivity of affinity purified anti-K19M-AF antibodies in ELISAFigure 2
Reactivity of affinity purified anti-K19M-AF antibodies in 
ELISA. Affinity chromatography fractions were tested in wells 
coated with: a) GST 1 µg/ml (hatched columns); b) GST-
CCN3 1 µg/ml (blank columns); c) K19M peptide 1 µg/ml 
(black columns). Column fractions F1 to F3 contain the flow 
through unbound proteins while fractions F4 to F8 contain 
antibody bound to K19M peptide that eluted with glycine 
buffer pH 2.8.
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In summary, the results produced using an immunologi-
cal approach would suggest multiple conformations of
the C-terminal end which harbors the immunogenic
epitopes. Furthermore, these variations are associated
with cell bound and secreted forms of CCN3. Cytoplasmic
localization indicated abundant CCN3 protein localized
with ER and Golgi networks.

Discussion
In this study we exploited the range of binding affinities
present in polyclonal antibodies raised against the C-ter-
minal peptide of CCN3 and analyzed with different
immunoaffinity methods to ask whether CCN3 exists in
alternate conformational forms in cell cultures and super-
natants. Whereas immunocytochemistry of fixed, perme-
abilized and non-permeabilized cells yielded evidence of
both cell surface membrane and cytoplasmic expression
and topographical distribution of native CCN3, ELISA
method and western immunoblot revealed different pos-
sible conformational forms of CCN3. Taken together the
results of the assays suggest that native CCN3 assumes dif-
ferent configurations that either expose or sequester the C-
terminal peptide depending on whether CCN3 is cell
associated or free within the culture supernatant. When
considered in the light of recent evidence indicating that
CCN3 can associate with specific integrins at the cell
membrane [23,24] the question also arises whether CCN3
associates with specific protein partners in the circulation

and in the extracellular matrix produced by different cell
types.

In these studies we focused on two cell lines, H295R and
G59, representing adrenocortical and glial tissues, signifi-
cantly different in their anatomical location and
microenvironment. Since CCN3 has been demonstrated
in plasma [25] it is conceptually feasible that CCN3 may
be secreted by well organized ectodermal, mesodermal
and endodermal cell types where it is expressed [26-28],
and then is transported through complex extracellular
matrix to enter the circulation. Moreover, as CCN3 has
been shown to be expressed by endothelium [23,29], the
source of the circulating CCN3 may be restricted to
endothelium. Keeping to this scenario, tissue expression
of CCN3 would be restricted to regional cell types and its
arena of activity relegated to the extracellular matrix and
resident cells. Interestingly, we could show in vitro that
CCN3 is sequestered in cell footprints representing a
secreted extracellular matrix. Cell footprints can be depos-
ited by various cell types in different arrangements and
consists of extracellular matrix, including a variety of base-
ment membrane proteins [30-32]. In our studies we noted
a more uniform and punctuate deposition of CCN3 in the
footprints suggesting possible association with regularly
arranged clustered partners (e.g. integrins), yet to be deter-
mined. Localization of CCN3 to footprints is perhaps
expected since it has been shown to mediate adhesion of
endothelial cells [23], in turn triggering intracellular phos-
phorylation signaling events.

Absorption ELISA to check the binding of anti-K19M-AF to CCN3 in liquid phaseFigure 3
Absorption ELISA to check the binding of anti-K19M-AF to 
CCN3 in liquid phase. A fixed dilution of anti-K19M-AF (1/
250 in 1% BSA) was mixed with a) serial dilutions of K19M 
peptide -- --- --- -- b) serial dilutions of H295R supernatant, 
positive for CCN-3 --- --- ---; c). G59 supernatant, negative 
for CCN-3 ---x----x---; d). 1% BSA in PBS pH 7.4 --- --- --- -- 
and applied to wells coated with K19M peptide. Each point 
repsent the average of 4 determinations.

Detection of CCN3 expression on cultured cell lines by cell-ELISAFigure 4
Detection of CCN3 expression on cultured cell lines by cell-
ELISA. Cells from H295R line or glioblastoma G59 cells were 
treated with 1% bovine serum albumin in PBS, pH 7.4 (blank 
columns) or K19M-AF diluted 1/500 in 1%BSA (hatched col-
umns). Treatment of cells: A – G59 non-permeabilized cells; 
B – C59 permeabilized cells; C – H295R non-permeabilized 
cells; D – H295R permeabilized cells. Each point repsent the 
average of 4 determinations.
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This then raises the notion that proximity of CCN3 to cell
surfaces could allow CCN3 to function in possible auto-
crine and paracrine mechanisms. Depending on the asso-
ciating proteins, CCN3 would likely undergo specific
conformational changes with potentially different func-
tional outcomes. A variety of functional states may exist
since CCN3 is expressed in secretable and non-secretable

isoforms and contains motifs that overlap with other pro-
teins and therein, additional binding partners [1,4]. Thus
far the actual molecular function of native CCN3 has not
been determined, although biologically it shows evidence
of being able to regulate mitogenesis and motogenesis [3].
In turn, CCN3, compared to other CCN proteins, may be
differentially regulated by mechanical stress [29]. As a

Indirect immunofluorescence staining with the anti-K19M IgG antibodyFigure 5
Indirect immunofluorescence staining with the anti-K19M IgG antibody. A, B The H295R and G540 cell lines, paraformaldehyde 
fixed and non-permeabilized, show a similar granular like surface membrane labeling pattern; C, D, Both in H295R and G540 
cultures, paraformadehyde fixed and non-permeabilized, cell footprints are positively labeled; E, F, The H295R and G540 cell 
lines, formalin/ethanol fixed and permeabilized show a granular cytoplasmic labelling pattern that is perinuclear localized in ER 
and Golgi network; G, The G59/540 parent line, formalin/ethanol fixed and permeabilized, still shows a small amount of a peri-
nuclear granular staining pattern.
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heparan binding protein, CCN3 could associate with a
large group of molecules at the cell membrane and in the
extracellular matrix. Yeast two hybrid studies have
indicated associations with fibulin 1C [16]. Other studies
have shown CCN3 involved in calcium signaling [19,33],
associated with Notch signaling [17], and able to trigger
membrane mediated phosphorylation events [34] Some
of the cellular effects of CCN3 may also be mediated by
different isoforms operating at the level of the nucleus
[35].

The biological significance of different conformations of
CCN3 is not known. However, examples from other
studies have suggested that conformational changes can
occur in serum proteins due to binding of bivalent cations
[36]. Since we recently reported that CCN3 may interact
with Ca2+ binding proteins like fibulin-1C, modulate
calcium uptake, and considering that Ca2+ binding mod-
ulates function of other protein partners such as integrins
[reviewed in [33]], it is conceivable that secreted CCN3
could assume an altered conformation by binding biva-
lent cations, directly or indirectly, like Ca2+ present in cul-
ture media. Whether calcium or some other bivalent
cation could be involved and how this could occur is still
speculative as the sequence of CCN3 does not suggest any
obvious cation binding properties. It is also possible that
secreted CCN3 complexes with an as yet unknown partner
thus sequestering the antigenic epitopes.

Altered expression of CCN3 in a variety of cancers may
reflect maintenance of a normal homeostatic function of
the cell of origin, or may indicate requirement of specific
CCN proteins for maintaining the undifferentiated tumor
state. One such example where the two possibilities are
not yet resolved is in Wilms tumor, where CCN3 is abun-
dantly expressed during normal nephrogenesis and in
tumors [12]. Interestingly, CCN3 was originally identified
during MAV virus induction of nephroblastoma but is not
a direct target of WT1, the Wilms tumor suppressor gene
[34]. Thus far few mutations have been described for CCN
family and none for CCN3. CCN proteins have however
been associated with a variety of cancers where they can be
markedly overexpressed [11,37-39]. It may be that CCN
proteins are not directly involved in tumorigenesis (e.g.,
Wilms tumor) but rather play supporting roles or may act
as a negative regulator on malignant behavior reflecting
their roles as integrators of cell-cell and cell-matrix com-
munications. Thus having antibodies that can recognize
the different isoforms of CCN proteins with great specifi-
city and in respect to specific epitopes within the domains
would be invaluable for quantitation [40] and for dissect-
ing their functions in communication signaling.

Conclusions
Our preliminary investigations here have revealed possi-
ble physical and functional states of native CCN3
localizing to cytoplasmic, cell membrane and extracellu-
lar matrix. Further complexity is added since shorter and
larger isoforms of CCN3 can be detected using western
blotting. The origin of these short forms is still not fully
understood. As there do not appear to be alternate tran-
scripts [1] this suggests post-translational processing
including, in addition to variant glycosylation, phosphor-
ylation, specific proteolytic events and sites. The C-termi-
nal antibody recognizes these forms. The use of
antibodies to other motifs in CCN3 will permit us to track
the cleaved N-terminal peptide which potentially could
be functionally active as it resembles IGFBP [1]. Therefore
the cleavage products of CCN3 in concert with native
CCN3 may also be involved in several aspects of the regu-
lation of growth factor activity at the cell membrane or its
management in extracellular repositories.

Finally, cells can coordinately express a variety of CCN
proteins that are closely related, for example CCN1-3 with
cross-over and opposite functional effects yet bearing
similar functional domains. Evidence is starting to surface
that they might compete for binding partners, such as
integrins, thus forming protein complexes with different
biological consequences to cell behavior [18,19]. It will be
important to understand how stoichiometric changes in
CCN protein concentrations can change the behavior of
cells, thus opening up opportunities for therapeutic
manipulations in disease. It is obvious that there will be a
necessity for antibody reagents and quantitative method-
ologies to enable these studies.

Materials and methods
Cell Lines
NCI H259R (American Type Cell Collection) is a human
adenocortical carcinoma cell line and was cultured in
DMEM/F12 supplemented with 2.5 % Nu-serum plus
ITS+ supplement (Sigma Co, St. Louis, USA). H295R cells
have been characterized and were shown to secrete high
levels of CCN3 protein [20,21]. The glioblastoma cell line
(G-59) has been described previously [22]. CCN3 express-
ing G59/540 sublines were obtained following transfec-
tion of G59 with pCMV CCN3 plasmid and G418
selection [13]. These cell lines and their derivatives were
used in cell ELISA and indirect immunofluorescence labe-
ling experiments as described below.

Antibodies
Antibodies against C-terminal peptide K19M were used in
these experiments after either purification by an antigen
specific affinity chromatography (anti-K19M-AF) or by
Protein A chromatography (anti-K19M IgGs).
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Antibody Affinity Purification and Characterization
The K19M C-terminal peptide (KNNEAFLQELELKT-
TRGKM) of human CCN3 protein was coupled to CNBr
activated Sepharose 4B (Pharmacia Biotech, Uppsala,
Sweden) following the protocol recommended by the
manufacturer. Briefly, 3 mg of peptide were dissolved in 5
ml of 0.1 M NaCO3 pH 9.0 containing 0.5 M NaCl (cou-
pling buffer) and added to 3.5 ml CNBr-Sepharose
swelled gel and the mixture was rotated end-over-end for
2 hours at room temperature. Excess ligand was eluted
with 20 ml of coupling buffer and the gel was incubated
in 0.1 M Tris-HCl buffer pH 8.0 for 2 hours at room tem-
perature. The gel was washed 5 times in cycles consisting
of 20 ml of 0.1 M acetate buffer pH 4.0 followed by 20 ml
of 0.1 M Tris-HCl buffer pH 8.0, each containing 0.5 M
NaCl, and then packed into a PD-10 column.

The rabbit anti-K19M antiserum was absorbed with 1 mg/
ml human serum albumin to remove cross-reactivity with
human plasma and dialyzed overnight at 4°C against
phosphate buffer pH 7.0. An aliquot of 3.5 ml serum was
loaded on the affinity column and the flow through and
the unbound proteins were collected in 3 ml fractions fol-
lowed by thorough washing of the column with the load-
ing buffer. The K19M peptide bound antibodies were
eluted with 9 ml of 0.1 M Tris-glycine buffer pH 2.8 in 3
ml fractions that were collected into test tubes containing
100 µl 1 M Tris buffer pH 8.0. All column fractions were
tested by ELISA for the presence of antibodies reacting
against K19M peptide and the positively reacting fractions
were further purified by affinity chromatography on pre-
packed HiTrap Protein A columns (Pharmacia Biotech,
Uppsala, Sweden) as recommended. Affinity purified
antibody preparations were further tested to determine
their reactivities and specificities. The affinity purified
anti-K19M-AF antibodies reacted against the K19M pep-
tide when tested in serial dilutions in ELISA (see below).
The titers of K19M-AF antibodies were comparatively
lower as compared to the unfractionated K19M antise-
rum. This finding was not unexpected as it likely reflects
the polyclonal composition of the primary rabbit antise-
rum and differences in the content of the specific mono-
clonal specificities in the antiserum. Importantly, the
affinity purified antibodies recognized the K19M peptide
when coated on a solid phase.

K19M Peptide Enzyme-linked Immunoabsorbent Assay 
(ELISA)
Affinity purified antibodies were titered by ELISA. Individ-
ual wells of polystyrene 96-well flat bottom plates
(NUNC) were coated with 1 µg/ml of K19M peptide
diluted in coating buffer (0.05 M carbonate buffer pH 9.6)
by incubation overnight at 4°C. The unsaturated protein
binding sites were blocked with 300 µl/well 2% BSA for 1
h at room temperature. The primary anti-K19M antiserum

and affinity purified antibodies were added in serial dilu-
tions in duplicates and the wells were incubated for 2 h at
room temperature. After thorough washing the wells were
incubated with goat anti-rabbit IgG serum conjugated
with peroxidase (Sigma Co) diluted 1/5000 in blocking
buffer for 1 h at room temperature. The bound enzyme
activity was revealed by adding the enzyme substrate 0.5
mg/ml ortho-phenylenediamine in citrate buffer pH 5.0
containing 0.5 µl/ml H202. The enzyme reaction was
stopped by addition of 50 µl/well of H2SO4 and the color
reaction was read at 492 nm in a MicroELISA reader.

Cell Enzyme-Linked Immunoabsorbent Assay (Cell ELISA)
Tumor cell lines were cultured in complete medium in 96-
well flat bottom plates (Corning) to form a subconfluent
monolayer and further incubated overnight in serum free
medium. The cells were washed 3 times for 5 min each
with phosphate buffered saline (PBS, pH 7.2) and cells
were fixed by treatment with ice-cold methanol for 30
min warming to room temperature. The endogenous per-
oxidase activity was blocked with 3% H2O2 in distilled
water for 7 min at room temperature followed by 3 × 5
min washes in PBS, pH 7.2. Non-specific binding was
blocked with 1% bovine serum albumin (BSA) for 1 h at
room temperature. Cells were washed once in PBS and
incubated with K19M-AF diluted in 1%BSA for 2 h at
room temperature. After 3 × 10 min washes in PBS goat-
anti rabbit IgG conjugated with peroxidase diluted 1/
10000 in 1% BSA-PBS was added for 1 hour at room tem-
perature. The cells were washed again in PBS and the
bound enzyme activity was developed by adding ortho-
phenylendiamine (5 mg/10 ml citrate buffer, pH 5.0)
containing 5 µl of 30% H2O2. The color reaction was
stopped by adding 50 µl of 10% H2SO4 and the intensity
was read at 492 nm in a MicroELISA reader.

Gel Electrophoresis and Western blotting
To prepare proteins for immunoblotting, cells were lysed
in NP40 buffer (50 mM Tris hydrochloride, pH 8.0, 150
mM NaCl, 5 mM EDTA and 2% NP40) with protease
inhibitors (Cocktail Tablets, complete, Roche) and phos-
phatase inhibitors (50 mM NaF, 2 mM sodium
orthovanadate) for 30 min at 4°C. After centrifugation at
15 000 g, extracts were stored at -80°C until use. CCN3
proteins in the conditioned medium were concentrated
on Heparin Sepharose (Amersham, Uppsala, Sweden) as
described by Chevalier et al (1998). Briefly, supernatants
were incubated overnight with heparine and then washed
4 times in PBS containing protease inhibitors. Bound
CCN3 was dissociated using 2-mercaptoethanol in Lae-
mmli buffer, boiled for 10 min and then centrifuged to
keep the free protein. Heparin Sepharose concentrated
samples and cellular extracts were subjected to electro-
phoresis under reducing conditions in 12.5% polyacryla-
mide gels. Separated proteins were subsequently
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transferred to nitrocellulose by a semi-dry blotter (LKB
Biotech, Sweden) as recommended by the supplier. The
nitrocellulose sheet was blocked by incubation for 1 hour
at room temperature with 5% nonfat milk in PBST (PBS
with 0.2% Tween 20, pH 7.4). The membrane was then
incubated in the same buffer with the anti-K19M IgG (1/
2000) and then washed extensively. The blots were further
incubated in goat anti-rabbit IgG conjugated with peroxi-
dase (1/10 000 in blocking solution, Sigma Co, USA) for
1 hour at room temperature. Revelation was performed
using the chemoluminescence protocol and reagents
(Pierce, Rockford, IL, USA).

Indirect Immunofluorescence Labeling
Cells were grown on alcohol flamed coverslips, rinsed in
PBS and fixed in cold 70% ethanol containing 10% for-
malin (Sigma) for 10 min on ice, and stored in PBS.
Immunofluorescence labeling was performed at room
temperature. For this procedure, coverslips were placed
into weighing boats [Sigma; 4.5cm × 4.5cm] maintaining
cell side up. Cells were further permeabilized in 0.5% Tri-
ton X-100 in PBS for 15 min and then blocked in 5%FBS/
PBS for 30 min.

Anti-K19M IgGs antibodies were applied at 1:1000 dilu-
tion in 5%FBS/PBS for 1 hour with intermittent rotation,
followed by 5 washes in PBS containing 0.1% Tween 20.
Subsequently, the cells were incubated in anti-rabbit IgG
serum conjugated with either Alexa 488 (green fluores-
cence) or Alexa 594 (red fluorescence), in 5%PBS/BSA for
1 hour. After final washes in PBS/Tween 20 followed by
one wash in PBS cells were mounted with antifade mount-
ing medium (Bio-Rad, France), excess liquid adsorbed
with filter paper, and coverslips sealed with clear nail
polish. Immunofluorescence images were captured on
400 ASA film and processed further with Adobe Pho-
toshop (version 7.0).

List of abbreviations
None.

Competing interests
None declared.

Authors' contributions
SK carried the affinity chromatography and immunoen-
zyme experiments;

HY carried out immunofluorescence labeling
experiments;

AMB carried out IgG purification and Western blots;

BP conceived the study design and coordinated and edited
the manuscript

Acknowledgements
This study was supported by funds to BP from Association pour la Recher-
che Contre le Cancer (ARC), Ligue Nationale Contre le Cancer (Comités 
du Cher et de l'Indre), and Ministère de l'Education Nationale, de la Recher-
che et de la Technologie. Part of this work has been achieved when the Lab-
oratoire d'Oncologie Virale et Moléculaire was affiliated to the INSERM. SK 
and HY were invited Professors of the Université Paris 7-D. Diderot. Per-
manent address for SK : Department of Molecular Immunology, Institute of 
Biology and Immunology of Reproduction, Bulgarian Academy of Sciences, 
Sofia, Bulgaria. Permanent address for HY : Department of Paediatric Lab-
oratory Medicine, The Hospital for Sick Children and Laboratory Medicine 
& Pathobiology, University of Toronto, Toronto, Canada. AMB is recipient 
of a fellowship from the Fonds de la Recherche en Santé du Québec.

References
1. Perbal B: CCN proteins: multifunctional signaling regulators.

Lancet 2004, 363:62-64.
2. Brigstock D: The CCN family: a new stimulus package. J

Endocrinol 2003, 178:169-175.
3. Perbal B: NOV (nephroblastoma overexpressed) and the

CCN family of genes: structural and functional issues. Mol
Pathol 2001, 54:57-79.

4. Perbal B: The CCN3 (NOV) cell growth regulator: a new tool
for molecular medicine. Expert Rev Mol Diagn 2003, 3:597-604.

5. Perbal B: Pathogenic potential of myeloblastosis-associated
viruses. Infect Agents Dis 1995, 4:212-227.

6. Perbal B: Contribution of MAV-1-induced nephroblastoma to
the study of genes involved in human Wilms' tumor
development. Crit Rev Oncog 1994, 5:589-613.

7. Gellhaus A, Dong X, Propson S, Maass K, Klein-Hitpass L, Kibschull
M, Traub O, Willecke K, Perbal B, Lye SJ, Winterhager E:
Connexin43 interacts with NOV: A possible mechanism for
negative regulation of cell growth in choriocarcinoma cells. J
Biol Chem 2004, 279:36931-36942.

8. Yu C, Le AT, Yeger H, Perbal B, Alman BA: NOV (CCN3) regula-
tion in the growth plate and CCN family member expression
in cartilage neoplasia. J Pathol 201:609-615.

9. Manara MC, Perbal B, Benini S, Strammiello R, Cerisano V, Perdichizzi
S, Serra M, Astolfi A, Bertoni F, Alami J, Yeger H, Picci P, Scotlandi K:
The expression of CCN3(nov) gene in musculoskeletal
tumors. Am J Pathol 2002, 160:849-859.

10. Maillard M, Cadot B, Ball RY, Sethia K, Edwards DR, Perbal B, Tatoud
R: Differential expression of the CCN3(nov) protooncogene
in human prostate cell lines and tissues. Mol Pathol 2001,
54:275-280.

11. Glukhova L, Angevin E, Lavialle C, Cadot B, Terrier-Lacombe MJ, Per-
bal B, Bernheim A, Goguel AF: Patterns of specific genomic
alterations associated with poor prognosis in high-grade
renal cell carcinomas. Cancer Genet Cytogenet 2001, 130:105-110.

12. Chevalier G, Yeger H, Martinerie C, Laurent M, Alami J, Schofield PN,
Perbal B: nov: differential expression in developing kidney and
Wilms' tumor. Am J Pathol 1998, 152:1563-1575.

13. Gupta N, Wang H, McLeod TL, Naus CC, Kyurchiev S, Advani S, Yu
J, Perbal B, Weichselbaum RR: Inhibition of glioma cell growth
and tumorigenci potential by CCN3 (NOV). Mol Pathol 2001,
54:293-299.

14. Scholz G, Martinerie C, Perbal B, Hanafusa H: Transcriptional
down regulation of the nov proto-oncogene in fibroblasts
transformed by p60v-src. Mol Cell Biol 1996, 16:481-486.

15. Joliot V, Martinerie C, Dambrine G, Plassiart G, Brisac M, Crochet J,
Perbal B: Proviral rearrangements and overexpression of a
new cellular gene (nov) in myeloblastosis-associated virus
type 1-induced nephroblastomas. Mol Cell Biol 1992, 12:10-21.

16. Perbal N, Martinerie C, Sainson R, Werber M, He B, Roizman B: The
C-terminal domain of the regulatory protein NOVH is suffi-
cient to promote interaction with fibulin 1C: a clue for a role
of NOVH in cell-adhesion signaling. Proc Natl Acad Sci USA 1999,
96:869-874.

17. Sakamoto K, Yamaguchi S, Ando R, Miyawaki A, Kabasawa Y, Takagi
M, Li CL, Perbal B, Katsube K: The nephroblastoma overex-
pressed gene (NOV/CCN3) protein associates with Notch1
extracellular domain and inhibits myoblast differentiation
via Notch signaling pathway. J Biol Chem 2002, 277:29399-29405.
Page 8 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0140-6736(03)15172-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14723997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12904165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1136/mp.54.2.57
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1136/mp.54.2.57
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11322167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14510180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14510180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8665086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8665086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8519812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8519812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8519812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M404073200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M404073200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M404073200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15181016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/path.1468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/path.1468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/path.1468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11891184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11891184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11891184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1136/mp.54.4.275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1136/mp.54.4.275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11477145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0165-4608(01)00477-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0165-4608(01)00477-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0165-4608(01)00477-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11675130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9626060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9626060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1136/mp.54.5.293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1136/mp.54.5.293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11577170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=231025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=231025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=231025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8552074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=364064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=364064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=364064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1309586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9927660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.96.3.869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M203727200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M203727200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M203727200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12050162


Cell Communication and Signaling 2004, 2:9 http://www.biosignaling.com/content/2/1/9
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

18. Lin CG, Leu SJ, Chen N, Tebeau CM, Lin SX, Ywung CY, Lau LF:
CCN3 (NOV) is a novel angiogenic regulator of the CCN
protein. J Biol Chem 2003, 278:24200-24208.

19. Li CL, Martinez V, He B, Lombet A, Perbal B: A role for CCN3
(NOV) in calcium signaling. Mol Pathol 2002, 55:250-261.

20. Gazdar AF, Oie HK, Shackleton CH, Chen TR, Triche TJ, Myers CE,
Chrousos GP, Brennan MF, Stein CA, La Rocca RV: Establishment
and characterization of a human adrenocortical carcinoma
cell line that expresses multiple pathways of steroid
biosynthesis. Cancer Res 1990, 50:5488-5496.

21. Thomopoulos GN, Kyurkchiev S, Perbal B: Immunocytochemical
localization of NOVH protein and ultrastructural character-
istics of NCI-H295R cells. J Submicrosc Cytol Pathol 2001,
33:251-260.

22. Li WX, Martinerie C, Zumkeller W, Westphal M, Perbal B: Differen-
tial expression of novH and CTGF in human glioma cell lines.
Mol Pathol 1996, 49:91-97.

23. Ellis PD, Metcalfe JC, Hyvonen M, Kemp PR: Adhesion of endothe-
lial cells to NOV is mediated by the integrins alphaVbeta3
and alpha5beta1. J Vasc Res 2003, 40:234-243.

24. Lau LF, Lan SC: The CCN family of angiogenic regulators: the
integrin connection. Exp Cell Res 1999, 248:44-57.

25. Burren CP, Wilson EM, Hwa V, Oh Y, Rosenfeld RG: Binding prop-
erties and distribution of insulin-like growth factor binding
protein-related protein 3 (IGFBP-rP3:Nov), an additional
member of the IFGBP superfamily. J Clin Endocrinol Metab 1999,
84:1096-1103.

26. Su BY, Cai WQ, Zhang CG, Martinez V, Lombet A, Perbal B: The
expression of ccn3(nov) and protein in the rat central nerv-
ous system is developmentally regulated. Mol Pathol 2001,
54:184-191.

27. Kocialkowski S, Yeger H, Kingdom J, Perbal B, Schofield PN: Expres-
sion of human NOV gene in first trimester fetal tissues. Anat
Embryol 2001, 203:417-427.

28. Natarajan D, Andermarcher E, Schofield PN, Boulter CA: Mouse
nov gene is expressed in hypaxial musculature and cranial
structures derived from neural crest cells and placodes. Dev
Dyn 2000, 219:417-425.

29. Schild C, Trueb B: Three members of the connective tissue
growth family CCN are differentially regulated by mechani-
cal stress. Biochim Biophys Acta 2004, 1691:33-40.

30. Alitalo K, Kurkinen M, Virtanen I, Mellstrom K, Vaheri A: Deposition
of basement membrane proteins in attachment and neurite
formation of cultured C-1300 neuroblastoma cells. J Cell
Biochem 1982, 18:25-35.

31. Jalkanen M, Rapraeger A, Bernfield M: Mouse mammary epithelial
cells produce basement membrane and cell surface heparan
sulfate proteoglycans containing distinct core proteins. J Cell
Biol 1988, 106:953-962.

32. Marchisio PC, Cremona O, Savoia P, Pelligrini G, Ortonne JP, Ver-
rando P, Burgeson RE, Cancedda R, De Luca M: The basement
membrane protein BM-600/nicein codistributes with kalinin
and the integrin alpha 6 beta 4 in human cultured
keratinocytes. Exp Cell Res 1993, 205:205-212.

33. Lombet A, Planque N, Bleau AM, Li CL, Perbal B: CCN3 and cal-
cium signaling. Cell Commun Signal 2003, 1:1-10.

34. Liu C, Liu XJ, Crowe PD, Kelner GS, Fan J, Barry G, Manu F, Ling N,
De Souza EB, Maki RA: Nephroblastoma overexpressed gene
(NOV) codes for a growth factor that induces protein tyro-
sine phosphorylation. Gene 1999, 238:471-478.

35. Perbal B: Nuclear localization of NOV protein: a potential
role for NOV in the regulation of gene expression. Mol Pathol
1999, 52:84-91.

36. Desrosiers RR, Bertrand Y, Nguyen QT, Demeule M, Gabathuler R,
Kennard ML, Gauthier S, Beliveau R: Expression of melanotrans-
ferrin isoforms in human serum: relevance to Alzheimer's
disease. Biochem J 2003, 374:463-471.

37. Menendez JA, Mehmi I, Griggs DW, Lupu R: The angiogenic factor
CYR61 in breast cancer: molecular pathology and therapeu-
tic perspectives. Endocr Relat Cancer 2003, 10:141-152.

38. Xie D, Nakachi K, Wang H, Elashoff R, Koeffler HP: Elevated levels
of connective tissue growth factor, WISP-1, and CYR61 in
primary breast cancers associated with more advanced
features. Cancer Res 2001, 61:8917-8923.

39. Planque N, Perbal B: A structural approach to the role of CCN
(CYR61/CTGF/NOV) proteins in tumourigenesis. Cancer Cell
Int 2003, 3(1):15.

40. Kawaki H, Kubota S, Minato M, Moritani NH, Hattori T, Hanagata H,
Kubota M, Miyauchi A, Nakanishi T, Takigawa M: Novel enzyme-
linked immunoabsorbent assay systems for the quantitative
analysis of connective tissue growth factor (CTGF/Hsc24/
CCN2): detection of HTLV-I tax induced CTFG from a
human carcinoma cell line. DNA Cell Biol 2003, 22:641-648.
Page 9 of 9
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M302028200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M302028200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M302028200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12695522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1136/mp.55.4.250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1136/mp.55.4.250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12147716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2386954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2386954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2386954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11846094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11846094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11846094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1159/000071887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1159/000071887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1159/000071887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12902636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/excr.1999.4456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/excr.1999.4456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10094812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1210/jc.84.3.1096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1210/jc.84.3.1096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1210/jc.84.3.1096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10084601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1136/mp.54.3.184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1136/mp.54.3.184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1136/mp.54.3.184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11376133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1007/s004290100177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1007/s004290100177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11453160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/1097-0177(2000)9999:9999<::AID-DVDY1058>3.0.CO;2-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/1097-0177(2000)9999:9999<::AID-DVDY1058>3.0.CO;2-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/1097-0177(2000)9999:9999<::AID-DVDY1058>3.0.CO;2-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11066097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/j.bbamcr.2003.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/j.bbamcr.2003.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/j.bbamcr.2003.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15053922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7068777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7068777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7068777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1083/jcb.106.3.953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1083/jcb.106.3.953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1083/jcb.106.3.953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2964452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/excr.1993.1078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/excr.1993.1078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1006/excr.1993.1078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8482332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=244900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=244900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14606958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1186/1478-811X-1-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0378-1119(99)00364-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0378-1119(99)00364-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0378-1119(99)00364-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10570975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10474687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10474687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1042/BJ20030240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1042/BJ20030240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1042/BJ20030240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12809550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12790776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12790776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12790776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11751417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11751417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11751417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=194616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=194616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12969515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1186/1475-2867-3-15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1089/104454903770238111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1089/104454903770238111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1089/104454903770238111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14611685
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Aim
	Results
	Conclusions

	Introduction
	Results
	Cellular Localization of CCN3

	Discussion
	Conclusions
	Materials and methods
	Cell Lines
	Antibodies
	Antibody Affinity Purification and Characterization
	K19M Peptide Enzyme-linked Immunoabsorbent Assay (ELISA)
	Cell Enzyme-Linked Immunoabsorbent Assay (Cell ELISA)
	Gel Electrophoresis and Western blotting
	Indirect Immunofluorescence Labeling

	List of abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References

