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Haptoglobin (Hp) is an acute-phase protein that is produced by the liver to capture the iron that is present in the
blood circulation, thus avoiding its accumulation in the blood. Moreover, Hp has been detected in a wide variety of
tissues, in which it performs various functions. In addition, this protein is considered a potential biomarker in many
diseases, such as cancer, including ovarian carcinoma; however, its participation in the cancerous processes has not yet
been determined. The objective of this work was to demonstrate the expression of Hp and its receptor CCR2 in the
ovarian cancer cells and its possible involvement in the process of cell migration through changes in the rearrangement
of the actin cytoskeleton using western blot and wound-healing assays and confirming by confocal microscopy.
Ovarian cancer cells express both Hp and its receptor CCR2 but only after exposure to ascitic fluid, inducing moderated
cell migration. However, when the cells are exposed to exogenous Hp, the expression of CCR2 is induced together with
drastic changes in the actin cytoskeleton rearrangement. At the same time, Hp induced cell migration in a much more
efficient manner than did ascitic fluid. These effects were blocked when the CCR2 synthetic antagonist RS102895 was
used to pretreat the cells. These results suggest that Hp-induced changes in the cell morphology, actin cytoskeleton
structure, and migration ability of tumor cells, is possibly “preparing” these cells for the potential induction of the
metastatic phenotype.

Introduction

Haptoglobin (Hp), an acute-phase protein, is produced
mainly in the liver, where it is released into the plasma and is
considered the major Hemoglobin (Hb)-binding protein.1,2 The
Hp-Hb complex is rapidly removed from the blood through
endocytosis by specific receptors that are localized on the liver
parenchymal cells, after which the internalized complex is then
rapidly degraded, avoiding accumulation in the kidney and pro-
ducing toxicity.3 Although the liver is the major site of Hp
expression, other tissues are involved in its expression, including
the lung, skin, spleen, and kidney.4-6

The elevation of Hp occurs in infections, inflammation, and
various malignant diseases, including lung and bladder cancers,7

leukemia,8 breast cancer,9 malignant lymphoma,10 urogenital
tumors,11 and esophageal squamous cell carcinoma.12 In these
tissues, Hp exerts direct angiogenic, anti-inflammatory, and
immunomodulatory properties in extravascular tissues and body
fluids. Hp is also involved in the epithelial-mesenchymal

transition (EMT) in oral cancer cell lines with or without IL-6
stimulation.13 Recent reports have shown that Hp may be a che-
moattractant for macrophages in chronic inflammatory processes,
such as obesity, demonstrating an association of the Hp with the
CCR2 receptor that is present in macrophages.14 The presence of
Hp has been reported in tumors, in the ascitic fluid of ovarian
cancer15 and even in the serum of patients with ovarian cancer.

Ovarian carcinoma (epithelial ovarian cancer) is the most
lethal gynecologic malignancy worldwide.16 Like most other epi-
thelial tumors, ovarian carcinoma spreads initially by direct
extension into adjacent organs, especially the fallopian tubes, and
uterus, and the rectum, bladder, and pelvic sidewall are occasion-
ally also invaded.17 After direct extension, epithelial ovarian can-
cer most frequently disseminates via the transcoelomic route,
affecting multiple vital organs within the abdomen, including the
gastrointestinal and genitourinary systems.18

In previous work in our laboratory, we detected the expression
of cytoplasmic Hp within the tumors of patients with ovarian
carcinoma, whereas this protein was absent from cancer-free
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ovarian epithelium.19 With these findings, we wonder what could
be the role of a protein that is naturally produced in the liver in
the microenvironment of the tumor cells, such as ascitic fluid
from ovarian carcinoma.

The results described here demonstrate that tumor cells
express the Hp gene. However, the protein is synthesized only
when the cells are exposed to ascitic fluid. Moreover, when the
cells were exposed to ascitic fluid or to Hp, they were able to
express the CCR2 receptor, leading to changes in the actin cyto-
skeleton rearrangements and inducing processes that are impor-
tant in the beginning of metastasis, as is the migration of tumoral
cells. The participation of CCR2 was confirmed through the use
of its natural ligand, the monocyte chemattractant protein-1
(MCP-1) and the specific inhibitor RS-102895.

Based on the results that were obtained in this work, we postu-
late that Hp may be an important factor in the induction of
changes in the cellular morphology through the actin cytoskele-
ton to prepare the cells to initiate their migration toward the peri-
toneal cavity.

Results

Several studies have proposed haptoglobin, specifically the gly-
cosylated forms that are produced by fucosylation20-22 as a serum
marker for different cancer types, including ovarian can-
cer.2,9,15,23-26 To date, there are no reports describing the role of
Hp in ascitic fluid or exploring its role in the processes that are
involved in metastasis, such as changes in the cytoskeleton rear-
rangements that could participate in the migration of tumor cells.

Our previous studies have demonstrated the presence of a per-
sonalized signature of Hp a in the ascitic fluid of Mexican
patients; moreover, we also showed that Hp is expressed in the
cells from ovarian tumors at different stages.19 Therefore, it was
important to establish whether the cancer cell itself is capable of
synthesising this protein to further understand its biological func-
tion within the tumoral environment.

The cell line SKOV-3 and the 2 primary cultures INCan017
and INCan019 that were recovered from the ascitic fluid of Mex-
ican patients were able to express the Hp gene (Fig. 1A). SKOV-
3, INCan017 and INCan019 were unable to express the protein
when they were harvested from the medium; however, Hp
expression was clearly detected when the cells were exposed for at
least 24 h to ascitic fluid (Fig. 1B). It is important to note that
the induction of the protein was more accentuated in the
INCan017 cells, which correlates with the presence of a higher
concentration of transcript (Fig. 1A). These results were con-
firmed in SKOV-3 cell line by the confocal microscopy detection
of Hp with null signal detection in the cells that were exposed to
the medium and high signal detection in the cells that were
exposed to ascitic fluid (Fig. 1C). A commercial Hp protein that
was purified from human serum (Std Hp) was used to confirm
the specific recognition of the Hp antibody as a positive control
(Fig. 1B). Here, we demonstrate that when cells are exposed to
ascitic fluid as in their tumoral microenvironment, there is de
novo synthesis of Hp.

We therefore hypothesize that the tumoral microenvironment
that is created by the ascitic fluid induces the expression of both
the ligand and its receptor (Hp-CCR2) in a process that is similar
to feedback activation. To demonstrate this theory, the total
extract from SKOV-3, INCan017 and INCan019 cells that were
harvested from the medium was analyzed to detect the expression
of CCR2. The results confirmed the absence of this protein
under these conditions; these results were confirmed in SKOV-3
cell line by confocal microscopy (Fig. 2A). To demonstrate the
de novo expression of CCR2, the same cell lines were incubated
with ascitic fluid for 72 h, during which these cells were able to
express the CCR2 receptor (Fig. 2B). The presence of Hp in the
ascitic fluid and in the cells and of the alternative receptor CCR2
in these cells suggests that if this ligand-receptor combination is
present in the ascitic fluid, it could induce cell migration.

The functional impact of ascitic fluid on the migration of
SKOV-3 cells was analyzed in wound and closure assays
(Fig. 3A). A wound-healing assay was performed using confocal
microscopy to measure changes in actin polymerization and nuclei
polarization as 2 important features in the migration processes.
The cells that were incubated with ascitic fluid migrated efficiently
and almost healed the wound at 48 h. The migration level of each
condition was plotted using the Zeiss Software by selecting the
area corresponding to the wound and plotting the average relative
fluorescence using a histogram under all conditions (Fig. 3B).
These results confirmed that ascitic fluid induced cell migration.

These results were further supported by the analysis of the
changes in cell morphology and actin structure during the migra-
tion process, where the cells formed protrusions toward the
migration front. In the cells that were exposed to ascitic fluid, the
formation of lamellipodia with the polarization of actin fibers
(dashed arrows) together with the retraction of cell membranes
and nuclei polarization opposite to the migration front was visi-
ble (solid arrows) (Fig. 3C).

The exposure of tumor cells to ascitic fluid from ovarian
cancer patients induced the expression of 2 proteins, Hp and
CCR2, which are involved in signal transduction associated
with cell migration, an important stage in the beginning of
metastasis in cancer. To analyze whether the induction of
CCR2 in the SKOV-3 cell line and in the INCan017 and
INCan019 primary cultures was a time-dependent process, the
kinetics of ascitic fluid exposure were analyzed. The results
showed that de novo expression starts after 24 h of ascitic fluid
exposition. This expression is maintained longer in INCan017
than in SKOV-3 and INCan019, in which the expression level
diminished after this time (Fig. 4A). These results were cor-
roborated by exposing the SKOV-3 cell line to different condi-
tions, medium and ascitic fluid, but adding a new condition in
which the cells were also incubated with exogenous Hp (com-
mercially purified from the serum of a healthy human) for 0,
24, and 48 h and analyzed by confocal microscopy. Interest-
ingly, these results not only confirmed the absence of CCR2
expression in the control cells (medium) but also that the
expression of the receptor in the cells that were exposed to Hp
as the only substrate only occurs after 24 h of incubation
(Fig. 4B, green label). These results suggest that Hp is able to
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induce the expression of its own recep-
tor. This finding is very interesting
because it is the first time that a ligand,
such as Hp, has been detected in the
ascitic fluid, possibly inducing the
expression of its putative receptor in a
time-dependent manner.

Another interesting feature that was
observed in the cells that were exposed
to 3 different microenvironments
(medium, ascitic fluid, and Hp) was a
dramatic change in the rearrangement of
the actin cytoskeleton and therefore in
the cell morphology in association with
CCR2 expression. To analyze and quan-
tify the changes in the actin cytoskeleton
in SKOV-3 cells that were exposed to
different conditions, random cells were
selected, and the fluorescence intensity
of the nuclei and polymerized actin was
measured through optical orthogonal
views (zx, zy and zz, axes for stacks).
Under control conditions (medium),
polymerized actin forms abundant fila-
ments that are broadly distributed in the
cells with a flattened morphology, with
lamellipodia and central nuclei, without
changes in actin structure throughout
the incubation time. Under ascitic fluid
condition, the cells were more elongated
in shape, with cortical actin filaments
with several filopodia and lamellipodia,
and most cells touching between them,
grouped but with poor actin structure.
However, under Hp conditions, the cells
exceed 2 or 3 times the size of control
cells or of those exposed to ascitic fluid;
they were rounded in shape, forming
short actin filaments, podosome-like
structures, presenting lamellipodia in its
membranes, and had plenty of actin
points (most likely nucleation centers)
and an actin disposition that was very
similar to concentric swirls toward the
nucleus, with long filaments of actin
close to the cell membrane in close con-
tact with the adhesion zone (Fig. 4C).

Figure 4D-G confirms the results
described above by a quantitative analysis
via confocal microscopy Zen Blue Edi-
tion Software (Carl Zeiss). A statistical
analysis of several morphological charac-
teristics was performed: the cellular area
was manually delimited and measured in

Figure 1. Haptoglobin expression in the SKOV-3 ovarian cancer cell line and primary culture cells
(INCan017 and INCan019). (A) RT-PCR assays using specific primers for Hp, showing an amplification
product corresponding to 510 bp; (B) Western blot (C) and confocal microscopy (C) analyses using an
anti-haptoglobin monoclonal antibody (1:1000, and 1:100, respectively) of cells that were harvested
from culture medium or ascitic fluid. The cells in culture medium did not express the protein, whereas
these cells, when stimulated with ascitic fluid from an ovarian cancer patient, expressed the haptoglo-
bin protein. Bar scaleD 100 mm.
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mm2 (Fig. 4D), the cellular diameter corresponding to the sub-
strate-contact area was measured in mm (Fig. 4E), arbitrary
units of fluorescence intensity were determined for structured
actin for every delimited area (Fig. 4F), and of the nuclei
(Fig. 4G). For the cellular area, the results indicate a statistically
significant increase (P < 0.001) in the cells that were exposed
to Hp compared to the cells that were exposed to ascitic fluid
and medium, albeit without significant differences between
medium and ascitic fluid. When the data from the cellular sur-
face area were analyzed, a statistically significant difference was
also found between ascitic fluid and Hp compared to the

culture medium (P < 0.001). These
changes in the surface area and cell diame-
ter reflect the changes in the actin poly-
merization; therefore, fluorescence
associated with polymerized actin showed
significant differences between Hp and
ascitic fluid compared to the medium (P
< 0.001). Finally, the fluorescent signal
from the nuclei in the 3 conditions showed
a normal distribution without significant
changes (p > 0.001). For measurement
information, see supplementary Figure 1.

The invasion of the surrounding tis-
sues and vasculature is an initial step in
tumor metastasis that requires cell migra-
tion. Hp is a substrate that induces clear
changes in tumor cell morphology that
are possibly necessary for cell migration
and invasion. These processes require the
chemotactic migration of cancer cells,
steered by the protrusive activity of the
cell membrane and its attachment to the
extracellular matrix and regulated by ele-
ments of the local microenvironment,
including the extracellular matrix archi-
tecture and other cell types that are found
in the tumoral microenvironment.27

These results indicate that Hp is able to
change the cell morphology toward a cell
migration phenotype and to induce che-
motaxis by acting as an alternate ligand
for CCR2.

To confirm the role of Hp in cell
migration, induced through its interaction
with CCR2, we evaluated wound closure
by the SKOV-3 cell line when exposed to
MCP-1 (250 ng/ml), the CCR2-specific
ligand, Hp (250 mg/ml) or BSA (1 mg/
ml), herein used as a negative control for
chemotaxis (Fig. 5). The data clearly indi-
cate that MCP-1 and Hp were able to
induce cancer cell migration but with Hp
being less efficient than MCP-1 (Fig. 5A).
This event was evaluated using the soft-
ware for the confocal microscope, showing

that the process was more intense when the cells were in contact
with MCP-1 and Hp than when the cells were in ascitic fluid
(Figs. 3A and 5B). To corroborate migration induction through
CCR2 interaction, SKOV-3 cells were pre-incubated for
45 min with the CCR2-specific antagonist RS102895 (5 mM)
before wound closure assays. It is important to establish that in
this experiment, cell migration was followed only with DAPI
staining because, for unknown reasons, RS-102895 modified
the signal that was generated by rhodamine-phalloidin, altering
the fluorescence emission. The cell responsiveness to MCP1 was
reduced by 70%, and a significant reduction of 40% was

Figure 2. CCR2 (chemokine receptor-2) expression in the ovarian cancer cell line SKOV-3 and pri-
mary culture cells (INCan017 and INCan019). (A) Total extracts of tumor cells were separated by
electrophoresis and transferred to a nitrocellulose membrane that was incubated with the primary
antibodies (a-CCR2, No. Cat. 21667, Abcam; a-ERK 1 (K-23), No. Cat. SC-94, Santa Cruz Biotech, as a
loading control). The ovarian cancer cells that were harvested from the culture medium did not
express the protein; this result was corroborated by confocal microscopy (105 cells) using an anti-
CCR2 antibody (1:100). (B) When the cells were stimulated with ascitic fluid from an ovarian cancer
patient, CCR2 protein expression was detected by Western blot and corroborated by confocal
microscopy. Bar scaleD 100 mm.
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observed in the capacity of cells to migrate in response to Hp
after 18 h of incubation.

The diminishing migration as a response to MCP-1 and Hp
after antagonist RS102895 incubation reflects the role of CCR2
signaling in the migration process via interaction with both
substrates.

Discussion

Haptoglobin, an acute-phase protein, is generally considered
important for the rapid hepatic clearance of hemoglobin from
plasma4 by restricting oxidation via the sequestration of free Hb,
acting as a powerful antioxidant28,29 inhibiting cathepsin, serving
as a chaperone, and assisting in iron recycling.30

The correlation between Hp expression and ovarian carci-
noma has been widely reported.31,32 Studies have also shown
that both the a- and b-subunits of Hp are significantly increased

in early stage ovarian carcinoma patients.33,34 Previous results
have shown at least 6 spots of Hp with differences in the protein
concentration.35 However, our group has demonstrated differen-
ces in both the expression level and the number of Hp a isoforms
in ascitic fluid from patients who were diagnosed with different
histological grades of ovarian carcinoma.19

The hepatic expression of Hp is strongly induced by inflam-
matory mediators, such as IL-6 and related cytokines that are
released at sites of injury or inflammation28 and whose receptors
include CD163 expressed in the monocyte-macrophage system
and CD11b (CR3) found on granulocytes, natural killer cells,
and small subpopulations of lymphocytes.36 It was recently dem-
onstrated that Hp is a novel chemotactic factor that is able to
recruit monocytes, partly mediated by an interaction with the
chemokine receptor CCR2 (natural receptor for the monocyte
chemotactic protein-1 (MCP-1) in macrophages).37 Hp could by
itself induce the migration of tumoral cells to other sites of metas-
tasis, even in the absence of MCP1. These sites of Hp expression

Figure 3. Participation of ascitic fluid in migration of tumor cells. (A) “Wound-Healing Assays” were carried out to measure the capacity of the ascitic fluid
as an inducer agent of migration using confocal microscopy: Nuclei were stained with DAPI (blue, 1:50) and structures of polymerized actin by rhoda-
mine-phalloidin (red, 1:25). (B) A quantitative analysis of fluorescence was performed using the Zen 2011 software (Blue edition, Carl Zeiss) considering
an average area of 9 £ 105 mm2; the program determines the mean fluorescence intensity of each condition, which is plotted in as a histogram. The
results were analyzed corresponding to the average of 3 independent experiments, showing a clear increase of fluorescence in both channels due to
the migration of cells after 24 h. (C) Morphological changes were analyzed by performing a optical zoom of the cells that were exposed to ascitic fluid
(the dashed arrows show the formation of filopodia and extensions of unidirectional membrane protrusions). The nuclear localization in each case is
shown with solid arrows. Bar scale D 100 mm

398 Volume 9 Issue 5Cell Adhesion & Migration



could explain the pleiotropic functions of Hp in several diseases
and, although not yet fully defined, the function of Hp in other
tissues. In the case of ovarian cancer, we believe that although
Hp may be initially widespread from the liver to the peritoneal
cavity of the patients, as a response to an inflammatory process,

at some point the microenvironment of
tumor cells present in the ascitic fluid
could induce the expression and secretion
of Hp, which in turn would induce the
expression of its chemoattractant recep-
tor, the CCR2 chemokine receptor. As a
result of this interaction via autocrine sig-
naling, cells would be induced to migrate,
as a key effect at the beginning of
metastasis.

To test this theory, we first analyzed
whether the cells that were recovered
from the ascitic fluid of patients with
ovarian cancer were expressing both the
Hp gene and the protein. Surprisingly,
we found that although the tumor cells
were expressing the Hp RNA when incu-
bated in culture medium, they were
unable to synthesize the protein; however,
when the cells were exposed to ascitic
fluid for at least 24 h, they produced the
protein. Hp expression in SKOV-3 has
been previously demonstrated, and data
from RT-PCR have convincingly demon-
strated a strong expression of haptoglobin
mRNA in ovarian epithelial cancer cells
in culture.38 Therefore, it was possible to
use SKOV-3 as a positive control in the
Hp gene expression. Interestingly,
INCan017 cells showed a higher expres-
sion level of both the mRNA and the pro-
tein. To confirm the existence of a cell
migration signaling pathway that is medi-
ated by Hp in these cells, it was important
to determine whether these cells were
expressing CCR2. All of the cells
expressed the receptor, albeit only when
they were exposed to ascitic fluid. The
above results confirm that the environ-
ment is crucial to inducing changes in
tumoral behavior.

The expression of the CCR2 receptor
has been demonstrated in a variety of
human cell types, including fibroblasts,
endothelial cells, smooth muscle cells,
epithelial cells and mesangial cells39-41

even by brain endothelial cells42 suggest-
ing that MCP-1 may have functions other
than purely driving leukocyte migration
during inflammation. Moreover, in pros-
tate cancer, the presence of higher levels

of MCP-1 contributes to the development and progression of
cancer via 2 major mechanisms: the autocrine effect of MCP-1 as
a survival/growth factor for CCR2C cancer cells and the attrac-
tion of tumor associated-macrophages, implicating the key role
of this chemokine in supporting tumor survival in an autocrine

Figure 4. Time-dependent expression of CCR2 in the cells that were exposed to medium, ascitic
fluid, and haptoglobin induces changes in actin cytoskeleton. (A) Total extracts of the 3 cell types
were processed for protein gel blot assays to analyze the expression level of the CCR2 receptor for
0, 24 and 48 h of exposure in the medium and ascitic fluid. (B) The same kinetics were analyzed by
confocal microscopy with a 40 £ objective using an LMS 700 confocal microscope; nuclei were
stained with DAPI (blue, 1:50), actin structures with rhodamine-phalloidin (red, 1:25), and CCR2 with
a primary anti-CCR2 antibody (1:1000 for western blot and 1:100 for confocal microscopy) and a sec-
ondary-FITC conjugated antibody (green). The merged zones are shown in yellow. The cells were
stimulated with Hp (purified human cancer-free serum). Bar scale D 100 mm. (C) From the cells that
were exposed to medium, ascitic fluid or Hp, randomly selected fields to which an optical zoom
(crop) was performed were subjected to an ortho analysis to obtain the zx, zy and zz axes from each
image. Bar scale D 100 mm. (D-G) A quantitative analysis was performed using the software Zen
2011 (Blue edition, Carl Zeiss). A Shapiro-Wilk analysis was performed to evaluate the data distribu-
tion. To determine the differences among the conditions (culture medium, ascitic fluid, and Hp), a
Mann-Whitney analysis for non-parametric data was applied. The analyses were performed for at
least 30 cells under each condition (P < 0.001).

www.tandfonline.com 399Cell Adhesion & Migration



manner.43 With the previously reported results and the lack of
information regarding whether Hp could be part of MCP-1-
CCR2 axis in cancer development as an alternative ligand, we
emphasize the important role of Hp and MCP-1 as targets for
therapy design for cancer.

Confocal microscopy analysis of fluorescence and morphology
is becoming the standard tool in cell biology and molecular imag-
ing.44 In this work, confocal microscopy was used as an impor-
tant tool to measure the changes in actin rearrangements that
were involved in the cells that were exposed to different

microenvironments. We demonstrated that the exposure to Hp
induces extraordinary actin rearrangements, similar to those that
have been described during epithelial–mesenchymal transition
(EMT) of cells, whose changes start with the dissociation of inter-
cellular junctions as a result of the downregulation of adhesion
molecules, such as E-cadherin; therefore, cells adopt a front-back
polarity as a result of cytoskeleton reorganization and increase
their migratory capacity.45,46 In terms of EMT, no previous stud-
ies have provided direct evidence that MCP-1 per se induces
EMT in any cell type. However, Soria et al.47 suggested an

Figure 4. Continued
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association between inflammatory mediators and EMT in breast
cancer cells, finding that the expression of MCP-1 was related to
TNF-a and IL-1b expression and that the continuous stimula-
tion of breast tumor cells by TNF-a and IL-1b led these cells to
undergo EMT. Lee et al.,48 demonstrated that the MCP-1/
CCR2 system is involved in the process of extracellular matrix
accumulation in peritoneal dialysis-related peritoneal fibrosis by
inducing peritoneal mesothelial cells to undergo EMT. Numer-
ous previous studies have demonstrated that EMT is involved in
a variety of normal physiologic processes, including embryo
implantation, embryogenesis, and organ development, as well as
pathologic processes, such as cancer metastasis and fibrotic disor-
ders.46 In this work, we noticed a drastic change in cell morphol-
ogy, suggesting that Hp could possibly induce cellular signaling
that would prepare the cells for a new tissue implantation process
due to MCP-1 inducing the reorganization of the actin cytoskele-
ton (stress fiber formation) and the redistribution of the tight
junction proteins ZO-1, ZO-2, occludin, and claudin-5 via the
RhoA/Rho kinase pathway as a mechanism regulating endothelial
permeability.42 Further experiments will be required to demon-
strate that Hp is able to induce cell permeability and ultimately
EMT.

Thus, an autocrine signaling pathway as a migration mecha-
nism of tumoral cells at the beginning of the dissemination pro-
cess in ovarian cancer could be a possibility. To demonstrate this

theory, confluent wounded cultures were exposed to ascitic fluid
or Hp, as well as to MCP-1 and the MCP-1-specific inhibitor
RS102895. The effect of Hp on cell migration was even higher
than that of the ascitic fluid, albeit lower than the effect of
MCP-1. These results not only support a role of Hp as a new
chemoattractant but also suggest for the first time that tumoral
cell migration could be due to an Hp-mediated signaling path-
way in the peritoneal cavity. These findings open the possibility
of explaining the initial processes that are generated in the spread
of tumor cells into the peritoneal cavity and also open new ques-
tions regarding the controversies that are generated around the
origin of ovarian cancer.

Methods

Ascitic fluid patient data
This study was conducted with ascitic fluid that was obtained

from 2 patients who were diagnosed with ovarian carcinoma and
were admitted to the Department of Medical Oncology, the
Instituto Nacional de Cancerolog�ıa de M�exico. These patients
were admitted for a first-time diagnosis; the histopathology and
tumor grade were assigned by a pathologist according to the
International Federation of Gynecology and Obstetrics (FIGO)
criteria.20 The study was approved by the Institutional Scientific

Figure 5. Monocyte chemoattractant protein 1 (MCP1) and haptoglobin (Hp) are affected in their capacity to migrate by CCR2 antagonist (RS1028959
exposition). Wound-healing assays were performed on SKOV-3 cells for 0, 12, 24 and 48 h at the indicated doses of Hp (250 mg) and monocyte chemoat-
tractant protein 1 (MCP1, 250 ng). In addition, the effect of pretreatment with the chemokine (C-C motif) receptor 2 (CCR2) synthetic antagonist
RS102895 (5 mM) on the capacity of SKOV-3 cells to migrate toward MCP1 (250 ng/ml) and Hp (0.250 mg/ml) is shown. As a negative control, bovine
serum albumin (BSA) (1 mg/ml) was used. Chemotaxis was measured by confocal microscopy; nuclei (blue) were stained with DAPI (1:50). (B) Quantita-
tive analysis of migration by the software Zen 2011 (Blue edition, Carl Zeiss) considering an average area of 9 £ 105 mm2. This program determines the
mean fluorescence intensity of each condition, which is plotted as a histogram. The results correspond to the average of 3 independent experiments.
Bar scale D 100 mm.
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and Bioethics Committees (protocol numbers INCAN/CC/134/
09 and CB/549/09), and written consent was obtained prior to
sample collection.

SKOV-3 cell line and primary cell cultures (INCan017 and
INCan019)

The SKOV-3 cell line (ATCC, Manassas VA, USA; Cat. No.
HTB-77) was originally established from the malignant ascitic
fluid of a patient with progressive ovarian carcinoma at Memorial
Sloan-Kettering Cancer Center. SKOV-3 cells are capable of gen-
erating tumors in the peritoneal cavity of nude mice but are
unable to form cell aggregates. Primary cell cultures (INCan017
and INCan019) were obtained from the ascitic fluid from the 2
abovementioned patients (see below).

Culture conditions
All of the cultures included the use of McCoy’s 5A medium

(ATCC, Manassas, VA, USA; Cat. No. 30-2007) with 10% Fetal
Bovine Serum (FBS) (PAA, Piscataway, NJ, USA; Cat. No.
A15-701) and 1% penicillin/streptomycin (PAA, Piscataway, NJ,
USA; Cat. No. P11-010). Trypsin (Cat. No. T4674) and EDTA
(Cat. No. E-4748) both from Sigma, St. Louis, MO, USA, were
used for culture propagation.

Purification of the transformed cells from ascitic fluid
Cell selection was performed from 2 malignant ascitic fluids,

free of hemolysis (no color) and free of bacteria. The ascitic fluids
were placed in culture flasks under sterile conditions and incu-
bated at 37�C with 5% CO2 for at least 3 weeks without any
change. Over time, non-tumor cells die (leukocytes, fibroblasts,
and erythrocytes), while cancer cells remain adherent and prolif-
erating. After 3 weeks, 10% McCoy’s 5A medium that was sup-
plemented with 10% fetal bovine serum was added. At six weeks,
the culture medium was removed taking care to not touch
attached cells. The adherent cells were gently washed with sterile
PBS to remove cellular debris, and McCoy 5A medium that was
supplemented with 10% fetal bovine serum was added. The cul-
ture flasks were further incubated at 37�C with 5% CO2. Period-
ically, the cell viability (considering the percentage of confluence
and the number of adherent cells) was reviewed. All of the cul-
tures were established with McCoy’s 5A medium (ATCC, Cat.
No. 30-2007) with 10% Fetal Bovine Serum (FBS) (PAA, Cat.
No. A15-701) and 1% penicillin/streptomycin (PAA Cat. No.
P11-010). Trypsin (Sigma, Cat. No. T4674) and EDTA (Sigma,
Cat. No. E-4748) were used for culture propagation.

CCR2 and Hp detection
For kinetic exposition assays, SKOV-3, INCan017 and

INCan019 cells (105) were placed on glass coverslips for 12 h of
adaptation and were then starved for 2 h, followed by 3 washes
with 1 £ PBS before being exposed for different time periods (0,
12, 24, and 48 h) to 3 conditions of stimulation: 2 ml of fresh
culture medium (as a negative control), 2 ml of ascitic fluid (as a
positive control) and 2 ml of media without SFB, containing
250 mg of Hp protein standard (Abcam, Burlingame, CA USA;
Cat. No. ab77872). After the established times, the cells were

fixed with 4% paraformaldehyde for 1 h, permeabilized with
0.2% Triton X-100 and blocked with 10% BSA. The following
primary antibodies were used: anti-CCR2 (dil 1:100), (Abcam,
Burlingame, CA USA; Cat No. ab125686) and anti-Haptoglo-
bin clone 9G10 (dil 1:100) (PIERCE, Rockford, IL USA; Cat.
No. HYB 170–06–02). As a secondary antibody, a conjugated
goat anti-mouse IgG (HCL) fluorescein (Thermo Scientific,
Waltham, MA USA; Cat. No. 31569) was used. Actin was
stained with rhodamine-phalloidin (1:25), (Molecular Probes,
Gran Island, NY USA; Cat. No. R415) and nuclei with DAPI
(1:50), (Molecular Probes, Eugene, OR USA; Cat. No. D1306)
for 30 min at 37�C. The coverslips were mounted with VECTA-
SHIELD (Vector Laboratories; Ontario, CA; Cat. No. H-1200)
and analyzed by confocal microscopy using a LSM 700 micro-
scope, and the images were analyzed using ZEN 2011 blue edi-
tion software (both from Carl Zeiss Group, Oberkochen,
Germany).

Wound-healing assays by confocal microscopy
The SKOV-3 ovarian carcinoma cell line (105) was cultured

on glass coverslips in the absence of serum for 24 h. After the
fasting period, the cells were treated with mitomycin C
(0.02 mg/ml, Sigma-Aldrich, St. Louis, MO; Cat. No. M4827)
for 2 h to inhibit cell proliferation that could interfere with cell
migration. Then, the wounds were carefully made with a 200-ml
standard pipette tip in at least 3 different regions across the cell
multilayer, so that the surrounding cells were not disturbed. The
wounded multilayers were carefully washed twice with 1 £ PBS
to remove cell debris and to remove mitomycin remnants.
Finally, the medium was replaced with fresh complete medium,
and the cells were incubated under different conditions: ascitic
fluid from an ovarian cancer patient, 250 mg of Hp protein stan-
dard (Abcam, Burlingame, CA USA; Cat. No. ab77872) in cul-
ture media, 250 ng of monocyte chemoattractant protein 1
(MCP-1) (Abcam, Burlingame, CA USA; Cat. No. A9670) as a
positive control, and 1 mg of bovine serum albumin (BSA)
(Sigma Aldrich, St. Louis, MO; Cat. No. A9418) as a negative
control. At the same time, similar conditions were used for pre-
incubation for 45 min at 37�C with CCR2 synthetic antagonist
RS102895 (Sigma Aldrich, St. Louis, MO USA; Cat. No.
R1903) (5 mM) before the MCP-1 and Hp stimulus to analyze
the effect of pretreatment on the ability of SKOV-3 cells to
migrate in a volume of 2 ml. The cells were monitored over time
by fixing them with 4% paraformaldehyde for 1 h, permeabilized
with 0.2% Triton X-100 and blocked with 10% BSA to observe
their migratory behavior. The samples were processed by confo-
cal microscopy, and quantitative measurements were made at sev-
eral culture time points: 0, 24 and 48 h, by determining the
distances between the wound-edges. Actin was stained with rho-
damine-phalloidin (1:25) (Molecular Probes, Gran Island, NY
USA; Cat. No. R415) and nuclei with DAPI (1:50), (Molecular
Probes, Eugene, OR, USA; Cat. No. D1306) for 30 min at
37�C. The coverslips were mounted with VECTASHIELD (Vec-
tor Laboratories; Ontario, CA, Cat. No. H-1200) and analyzed
by a confocal LSM 700 microscope. Cell migration was calcu-
lated measuring an identical area for each condition, and the
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images were analyzed using ZEN 2011 blue edition software
(both from Carl Zeiss Group, Oberkochen, Germany).

Western blotting
The total cell extracts (50 mg) were separated by electropho-

resis in 12.5% polyacrylamide gels (SDS-PAGE) in duplicate.
One sample was stained with the silver stain plus kit (BIO-
RAD, Manassas, VA USA; Cat. No. 161-0462 to 64), and the
other one was transferred to nitrocellulose membranes (NTCM)
for immunodetection. The NTCM was blocked with TBS-T-
5% milk for 1 h at room temperature (RT). Subsequently, the
filter was incubated overnight at 4�C with the primary antibody
[anti-Haptoglobin clone 9G10 (PIERCE, Rockford, IL USA;
Cat. No. HYB 170-06-02), anti-CCR2 (Abcam, Burlingame,
CA USA; Cat No. ab125686) or anti-ERK1 clone K-23 as a
loading control (Santa Cruz Biotech, Dallas, TX USA; Cat. No.
sc-94)]. Then, the filters were washed and incubated with a sec-
ondary HRP-conjugated antibody (goat anti-mouse IgG,
PIERCE, Rockford, IL USA; Cat. No. 31430) in TBS-2.5%
milk for 2 h at RT. Finally, the filter was washed, and the signal
was revealed by chemiluminescence (SuperSignal West Femto
Luminol, Thermo Scientific, Waltham, MA USA; Cat. No.
1856189).

RNA extraction and RT-PCR
SKOV-3, INCan017, and INCan019 cells (105) were culti-

vated and harvested as described above, centrifuged at 1000 £g
for 5 min and washed with PBS 1X. Purification of total RNA
was performed using the Trizol method described by Simms
et al.21 The pellet of each cell type was homogenized in an
Eppendorf tube with 1 ml of conventional trizol (Life Technol-
ogies, Grand Island, NY, Cat. No. 15596-026) and incubated
at RT during 15 min, to allow the full decoupling of nucleo-
proteins. Later, 200 ml of chloroform per ml of trizol were
added and homogenized by mixing vigorously for 15 sec; the
resulting mixture was incubated at RT for 6 min, centrifuged at
10,000 £ g for 15 min at 4 �C. Once the centrifugation was
completed, there were an organic red color phase, an interface
and a colorless aqueous phase. The aqueous phase was trans-
ferred to a new Eppendorf tube and 200 ml of 2-propanol were
added and the tubes were incubated at RT for 5 min, and cen-
trifuged at 1000 £ g for 15 min at 4 �C. The pellets were
washed twice with 0.5 ml of 75% ethanol. The pellets were
dried and dissolved in 50 ml DEPC water (di-ethyl pyrocarbon-
ate). The concentration of RNA was measured at an absorbance
of 260 nm.

To process the cDNA, first strand cDNA synthesis kit
(Thermo scientific, Rockford, IL Cat. No. K1612) was used as
indicated by the manufacturer�s protocol [22]. Samples served as
a template DNA for 30 rounds of amplification using an iCycler
System from BIO-RAD. PCR was performed in a standard
100 ml reaction mixture consisting of 10 ml of 10£ Ex taq
Buffer, 8 ml of dNTP Mixture, 1 ml of sense and antisense pri-
mers, 0.5 ml of Ex taq, 1 ml of cDNA. PCR primers for Hp

cDNA were as follow: forward primer, 5’- GGCGTGTGGGT-
TATGTTTCT-3’; and anterior primer, 5’- ACCCAT-
CAGCTTCAAACCAC -3’. Amplification was performed at
52.1�C. The amplified PCR products were run on a 1% agarose
gel containing 0.005% ethidium bromide. As a loading control
for cDNA, amplification of glyceraldehyde-3-phosphate dehy-
drogenase with the same cDNA was used under identical
conditions.

Statistical analysis
A Shapiro-Wilk analysis was performed to evaluate the data

distribution. To determine the differences among the conditions
(exposed to culture medium, ascitic fluid, and Hp), a Mann-
Whitney analysis for non-parametric data was applied. The anal-
yses were performed for at least 30 cells in each condition.
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