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A 60 kDa prolactin variant secreted by cervical cancer cells
modulates apoptosis and cytokine production
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Abstract. Prolactin (PRL) is associated with different types
of cancer, such as cervical cancer. Recombinant PRL has anti-
apoptotic effect on cervical cancer cells, and it can also induce
cytokine production on macrophages. A 60 kDa variant of
PRL is produced by cervical cancer cells. The aim of the
present study was to evaluate this variant's bioactivity, to test
its effect on cervical cancer cell apoptosis, and to assess its
ability to induce cytokine production on THP-1 macrophages.
First, 60 kDa PRL was isolated and used to stimulate Nb2
cells. Later, apoptosis was measured after exposure to 60 kDa
PRL. Finally, cytokines were measured on THP-1 stimulated
supernatants. Our results show that 60 kDa PRL increased Nb2
cell proliferation. Apoptosis was decreased after stimuli with
60 kDa PRL in cervical cancer cells. IL-1f and TNF-a are
produced by THP-1 macrophages after stimuli. These results
suggest that 60 kDa PRL produced by cervical cancer cells is
able to reduce apoptosis in HeLa, SiHa and C-33A cells and
induce IL-1p and TNF-a production by THP-1 macrophages.

Introduction

Prolactin (PRL) is a peptidic hormone that has been shown
to play multiple biological functions. In addition to its clear
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role in lactation, PRL participates in some cellular processes
such as proliferation, growth and differentiation (1). PRL can
modulate the immune system, being involved in alterations of
both cellular and humoral responses (2,3). For instance, PRL
is able to influence different immunological processes such as
proliferation (4), antigen presentation (5) and immunoglobulin
production (6).

Human PRL, besides being expressed in the pituitary
gland, is independently and differentially expressed by
different tissues such as breast, prostate, endometrium and
immune cells (7).

Several studies have described the modulating effects of
PRL involving disturbances in chronic inflammatory processes
such as autoimmune diseases (8). Low doses of PRL are able
to induce the production of proinflammatory cytokines such
as TNF-a, IL-1p, IFN-y in murine peritoneal macrophages;
however, higher doses of PRL (1,000 ng/ml) induced IL-10
synthesis with significant inhibition of proinflammatory cyto-
kine production in the same cells (9,10). One study showed that
proinflammatory cytokines induced in vitro PRLR expression
in pulmonary fibroblasts (11).

Increased PRL levels have been shown in autoimmune
diseases, such as systemic lupus erythematosus (SLE),
rheumatoid arthritis (RA), systemic sclerosis and Sjogren-
sindrome (12-14). Proinflammatory cytokines have the ability
to induce pituitary PRL secretion (15), which in turn may
contribute to circulating pool of the hormone. Several studies
have focused on the blockade of proinflammatory cytokines to
prevent autoimmune diseases in murine models (16-18), which
may be a possible therapeutic strategy.

The PRL protein can undergo post-translational modi-
fications that include glycosylation, phosphorylation,
polymerization and proteolytic cleavage, which can influ-
ence its biological activities (19). Pituitary PRL is a 23 kDa
polypeptidic hormone; however, other forms of PRL called
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macroprolactin (over 100 kDa) and big PRL (40-60 kDa) have
been identified in human serum (19,20). The 60 kDa PRL
corresponds to the big PRL form, which is a dimer that may be
an aggregate of glycosylated subunits (25 kDa) (21), and this
modification may be involved in mechanisms of biosynthesis,
secretion, and clearance of the hormone (19).

There is also evidence of the association between
PRL/PRLR and tumorigenesis in clinical samples. A previous
study of our research group showed the relation of high PRLR
expression and malignant laryngeal tumors (22).

In a previous study we provided evidence that the cell lines
and tissues of cervical cancer synthesize a 60 kDa PRL variant
unlike the non-tumorigenic keratinocytes (HaCaT) (23,24).
This PRL variant has been previously identified in peripheral
blood mononuclear cells (PBMC) from patients with SLE and
THP-1 monocytes (24,25).

The diverse activities of PRL are mediated by PRLR, and
this complex may activate several signaling pathways including
Jak-STAT (26,27), MAPK (28) and PI3K (29,30). Howeyver, in a
previous study, our group reported that STAT3 is an important
transcription factor for recombinant hPRL (rec-hPRL) to carry
its effects (31).

There is an association between PRL and its receptor's
overexpression with the development of different types of
cancer such as breast, laryngeal, prostate, colon and cervical
cancer (22,23,32-36). The role of circulating PRL in tumori-
genesis, mainly in breast cancer, has been a topic of debate
for more than 20 years since various epidemiological studies
were unable to reach unified conclusions on the correlation
between circulating PRL levels and risk for cancer (37,38).
However, there is no evidence that this 60 kDa PRL, which
may be acting in an autocrine manner, may cooperate with the
development of cancer.

Cervical cancer is still a major public health problem
and the third most common type of cancer in women
worldwide (39). Persistent high-risk human papillomavirus
infection is the main risk factor for cervical cancer; however,
there are other important cofactors for this outcome.
Previous results of our group show that a long PRLR isoform
is mainly expressed in cervical cancer tissues (40), and its
overexpression is associated to cell survival by inhibition of
apoptosis (23). Moreover, we found the presence of a 60 kDa
PRL isoform that is present in cervical cancer cells (23).

There are no studies that evaluate the biological effect of
PRL produced by tumor cells and the different responses due
to the existence of different isoforms. The aim of the present
study was to obtain the 60 kDa PRL produced by cervical
cancer cells and to evaluate some aspects of its functionality.
We tested whether the 60 kDa PRL is bioactive in Nb2 cells
and its effect on apoptosis in cervical cancer cells. In addition,
we assessed its impact on the induction of proinflammatory
cytokines in THP-1 macrophages.

Materials and methods

Reagents. Rec-hPRL (L-4021) and 3-(4,5-dimetylthiazol-
2-yl)-2,5-diphenyltetrazolium reagent (MTT) were obtained
from Sigma-Aldrich® (St. Louis, MO, USA). Polyvinylidene
difluoride (PVDF) membranes, enhanced chemiluminescence
(ECL), and western blotting detection kit (WBKLS0500)
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were purchased from Merck Millipore (EMD Millipore
Corporation Billerica, MA, USA) as well as Amicon® Ultra
0.5 ml centrifugal filters. Monoclonal antibody anti-PRL (E-9)
sc-48383 was obtained from Santa Cruz Biotechnology, Inc.
(Santa Cruz, CA, USA). Dulbecco's modified Eagle's medium
(DMEM), DMEM advanced, charcoal stripped fetal bovine
serum (FBS) and antibiotic/antimicotic were purchased from
Gibco Life Technologies (Carlsbad, CA, USA). Polyclonal
antibodies anti-pSTAT3 (Ser 727), sc-13564, anti-bcl-x1
(H-5) sc-8392 and anti-bcl-2 (C-2) sc-7382 were obtained
from Santa Cruz Biotechnology. Polyclonal antibody
anti-survivin AF886 was purchased from R&D Systems
(R&D Systems, Inc., Minneapolis, MN, USA). Inhibitor for
JAK/STAT signaling pathway a-cyano-(3,4-dihydroxy)-N-
benzylcinnamide (AG490) was dissolved in dimethyl
sulfoxide (DMSO) and stored at -20°C as recommended by
the manufacturer. Phorbol 12.myristate 13-acetate (PMA)
was obtained by Sigma (P8139). uMACS™ Protein G
MicroBeadsMultiMACS™ Protein G kit was provided
by MiltenyiBiotec. Finally, multiple cytokine magnetic
bead MIHCYTOMAG-60K-05 kit was manufactured by
MILLIPLEX® MAP.

Cell culture. Cervical cancer derived cells (HeLa, SiHa
and C-33A), non-tumorigenic immortalized keratinocytes
(HaCaT), as a negative control, THP-1 monocitic cell line,
and Nb2 rat lymphoma-derived cells were used for stimula-
tion with PRL assays. All the cell lines were obtained from
American Type Culture Collection (ATCC; University
Boulevard Manassas, VA, USA) and were grown with DMEM,
DMEM advanced or RPMI-1640 medium supplemented with
5% of charcoal stripped FBS, penicillin G, streptomycin and
amphotericin B.

PMA was used to differentiate THP-1 monocytes into
macrophages, and its concentration was 200 nM for 72 h.

Cells were cultured in a jacket-water incubator at 37°C
with an atmosphere of 5% CO,. The cells were grown to
reach 80% confluence, thus they could be used for assays.

Western blotting. Protein (40 pg) from supernatants of
cervical cancer cells were mixed with loading buffer
and denatured at 95°C for 5 min. Afterwards, they were
loaded on 10% SDS polyacrylamide gels to be resolved.
Protein transference was carried out in PVDF membranes
(Bio-Rad Laboratories, Hercules, CA, USA). Blocking
solution was prepared with 5% of Blotting Grade Blocker
(Bio-Rad Laboratories), and membranes were incubated
in this solution for 2 h. Solutions with primary antibodies
were prepared at a dilution of 1:500, and membranes were
kept overnight followed by the secondary antibody solu-
tions (diluted 1:5,000). The process was developed with a
chemiluminescence system (Immobilion, Merck Millipore).
MicroChemi 6.0 was also used to reveal membranes and
measure optical density.

Immunoprecipitation with magnetic beads. Immunoprecipi-
tation was carried out to isolate the 60 kDa isoform of PRL.
Supernatants of different cervical cancer cell cultures were
tested by western blotting to evaluate whether the isoform
was present. Positive samples (250 ul) were mixed with
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10 pl of anti-PRL and 50 ul of microbeads using uMACS™
Protein G MicroBeadsMultiMACS™ Protein G kit. The
mixture was kept on ice for 30 min, and then it was transferred
into magnetic columns followed by four rinse steps and a final
one to detach the protein with an acid glycine solution. After
testing the correct PRL isolation, the protein was quantified to
proceed with stimuli.

Molecular weight cut-off filtration. The PRL isolated from
cervical cancer cell supernatants was filtered to purify the
60 kDa isoform using Amicon® Ultra 0.5 ml centrifugal filters
setting up a molecular weight cut-off at 50 kDa. Filtration
conditions were 14,000 x g for 30 min for concentration spin
and 1,000 x g for 2 min for reverse spin.

Quantification of 60 kDa PRL. Lowry method was used
to measure the isolated and purified 60 kDa PRL, having a
bovine serum albumin standard curve and reading samples by
triplicate. The plates were read in an iMark microplate reader
Bio-Rad version 6.1.

Silver nitrate staining. Polyacrylamide gels (10%) were used
to determine the presence of PRL after isolation assays and to
determine the correct 60 kDa isoform isolation after molecular
weight cut-off filtration. After electrophoretic running, a silver
nitrate staining was performed.

Nb2 cell proliferation assay. Nb2 cells were cultured with
complete medium (10% of horse serum and 10% of FBS) and
24 h before the assay cells were transferred to maintenance
medium (1% FBS). Finally, assay medium (0.1% FBS) was
used to carry out the test. Cells were grown for 60 h with no
stimulus, rec-hPRL (200 ng/ml), or 60 kDa PRL (200 ng/ml).
MTT (5 mg/ml) was added at a proportion of one tenth of
final medium volume and incubated for 4 h, according to
the protocol of the manufacturer. Blue formazan crystals
were solubilized with acidified isopropanol, and absorbances
were read at a wavelength of 570 nm in an Epoch Microplate
Spectrophotometer (BioTek Instruments, Inc., Winooski, VT,
USA).

Apoptotic assay (TUNEL assay). The kit APO-BrdU
(Invitrogen, Carlsbad, CA, USA) was used to carry out
TUNEL assay. Cells were grown in 8-well chamber slides
seeded with 5x10* cells/well, and treated with etoposide alone
or in combination with the 60 kDa PRL for 24 h and incubated
at 37°C. The slides were washed with PBS and fixed with 4%
paraformaldehyde for 30 min at room temperature. Fixed
cells were washed and permeabilized using 0.2% Tween-20
for 10 min and then incubated with terminal deoxynucleotidyl
transferase and BrdU for 1 h at 37°C. After rinsing with PBS,
cells were treated with Alexa Fluor 488 dye-labeled anti-
BrdU antibody at 37°C for 30 min and mounted with a glass
coverslip. Staining of DNA fragmentation was observed with
ultraviolet fluorescent microscope (Carl Zeiss, Jena, Germany)
counting at least 200 cells/well. Semi-automatic quantification
was performed using the cell counter function of Image-pro
Plus 6.0 software. The color intensity of the positive objects
(green) was manually preset for each pattern (pixel/pixel)
based on the hue-saturation-intensity (HSI) histogram. The
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final option of the ‘count/size’ command allows to obtain the
mean optical densities of 5 fields/sample.

Human cytokine magnetic bead panel assay. Cytokines
secreted by THP-1 cells differentiated into macrophages
were quantified using a multiple cytokine magnetic bead kit
(MILLIPLEX® MAP, MIHCYTOMAG-60K-05; Millipore)
following the instructions of the manufacturer. This kit was
targeted to TNF-a., IL-1p, IL-6, IL-12 and IL-10.

Statistical analysis. Data were analyzed using (GraphPad
Prism software (GraphPad version 6.01). Significant effects
were determined using ANOVA. Statistically significant
differences were considered for P-values <0.05.

Results

Isolation and purification of 60 kDa PRL. After demon-
strating the presence of 60 and 80 kDa isoforms of PRL in
total protein extracts from cervical cancer cell lines HeLa,
SiHa and C-33A (23), it was decided to evaluate whether both
isoforms were also present in these cell culture supernatants.
The 60 kDa variant of PRL was present in all of the 18 samples
of cervical cancer cell supernatants evaluated; in contrast,
the 80 kDa variant was absent (Fig. 1A). Additionally, the
supernatants of non-tumorigenic immortalized keratinocytes
(HaCaT) were also evaluated and the 60 kDa variant was not
found (data not shown). Hence, compared with cervical cancer
cell lines, HaCaT does not produce the 60 kDa PRL variant,
and do not express long isoforms of PRLR (23).

Due to its absence in HaCaT cell line, the PRL isoform
of 60 kDa was isolated only from cervical cancer cells
(particularly from HeLa) and was collected using magnetic
bead immunoprecipitation assays. After a second elution, PRL
was not recovered, which means that one rinse was enough to
recover the total immunoprecipitated PRL (Fig. 1B).

To identify the optimal conditions for the best purification
performance, different volumes of the supernatants (250, 500
and 1,000 ul) and the antibody (1 and 2 ug) were assayed. The
highest amount of protein obtained was accomplished with
250 p of supernatant (Fig. 1B) and 2 ug of antibody (Fig. 1C).

During the immunoprecipitation assays, positive and nega-
tive controls were used to test the correct PRL isolation. In
Fig. 1D it is observed that when using PBS buffer (negative
control) there are no bands present, which means no protein
was recovered. In contrast, when using rec-hPRL (positive
control), we observed a band that shows immunoprecipitation
is carried out correctly.

To confirm the correct isolation of PRL and exclude the
presence of other interfering proteins, a silver staining assay
in polyacrylamide gels was performed, and we detected the
presence of PRL isoform of 60 kDa and other lower molecular
weight bands, which may be degraded proteins (Fig. 1E).
These fragments were eliminated by molecular weight
cut-off filtration and the unique presence of the 60 kDa band
was observed by a silver staining assay in polyacrylamide
gels (Fig. 1F).

Bioactivity of 60 kDa PRL. Nb2 cell proliferation assay was
used to determine whether the autocrine 60 kDa PRL is
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Figure 1. Isolation of 60 kDa PRL from cervical cancer cell supernatants. (A) Presence of 60 kDa PRL on supernatants of HeLa, SiHa and C-33A by western
blotting. (B and C) To standarize optimal conditions for immunoprecipitation of 60 kDa PRL different volumes of sample [250, 500 and 1,000 1 (B) and
amounts of a-PRL antibody (1 and 2 ug) (C) were tested by western blotting (NBP, non-bound protein; El, elution 1; E2, elution 2)]. (D) Polyacrylamide
gel stained with silver nitrate showing the presence of 60 kDa PRL after immunoprecipitation (1, 2 and 3, are 3 different samples of HeLa supernatants,
M, molecular weight marker). (E) Presence of a unique 60 kDa PRL band on a polyacrylamide gel with different volumes after ultrafiltration of immunopre-

cipitated supernatants.

bioactive. Nb2 cell proliferation assay is the gold standard
to evaluate PRL bioactivity, based on the studies carried out
by Noble et al. In these studies, they used a broad panel of
hormone stimuli and identified that the only ones that induced
proliferation on the Nb2 cell line were the members of the
PRL family, particularly PRL, whose effects were observed
to be in a more sensitive manner (even to 1 ng/ml). This is the
reason why we decided to use this model to evaluate 60 kDa
PRL bioactivity (41,42).

Nb2 cells were stimulated either with rec-hPRL or 60 kDa
PRL (200 ng/ml for 60 h), and then compared to non-stimulated
cells. The concentration of hormones and time of stimulus had
been standardized in previous studies published by our group
(24).

As observed in Fig. 2,60 kDa PRL strongly induced prolif-
eration in Nb2 cells almost in a 2-fold basis and this behavior
is similar to that observed with rec-hPRL.

Antiapoptotic effect of 60 kDa PRL in cervical cancer
cells. Our research group previously showed that rec-hPRL
has an important effect on cervical cancer cell survival by
inhibition of apoptosis (23) and the optimal concentration of
rec-hPRL and etoposide was tested in previous studies for
apoptosis assays (23,31). This is the reason to evaluate whether
the 60 kDa PRL has the same capacity. The effect of the
60 kDa PRL on a model of apoptosis induced by etoposide in
cervical cancer cells was analyzed. Treatment with etoposide
(30 pg/ml) augmented the number of cells with fragmented

Nb2 cell viability

RS

Optical density

60 kDa PRL

No PRL

rec-hPRL

Figure 2. Bioactivity of 60 kDa PRL on Nb2 cells. Nb2 cells were stimulated
with recombinant human PRL (rec-hPRL) and 60 kDa PRL for 60 h and
compared with cells without stimulus, cell viability was measured by MTT
(""P<0.0001).

DNA in all cell lines after 24 h of incubation, as expected.
60 kDa PRL (200 ng/ml) costimulus significantly decreased
the number of cells with DNA fragmentation. As observed in
optical analysis, HeLa, SiHa and C33A reduced its apoptotic
cells when they were stimulated with 60 kDa PRL (from 698
to 248.6 for HeLa, from 642 to 302.4 for SiHa, and from 695
to 407.6 for C33A; Fig. 3A). Representative images of immu-
nofluorescence from TUNEL assays in HeLa cell line are
shown (Fig. 3B).
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Figure 3. Effect of 60 kDa PRL on apoptosis induced by etoposide in cervical cancer cells. (A) HeLa, SiHa and C-33A were stimulated with 60 kDa PRL for
24 h. Apoptosis was measured by TUNEL assays and optical analysis was performed with the software Image-pro Plus 6.0 ("“P<0.0001, “P<0.01, "P<0.05).
(B) Representative images of immunostainning from TUNEL assays in HeLa cells, apoptotic cells (green B, D, F, H) and DAPI staining (blue A, C, E, G) are
shown. (C) Phosphorylation of STAT3 is shown after 30 min of stimulus with 60 kDa PRL in HeLa, SiHa and C33A. (D) Expression of antiapoptotic proteins
after stimuli with 60 kDa PRL for 48 alone or in combination with AG490 in HeLa, SiHa and C-33A cells. 1, not stimulus; 2, with 60 kDa PRL; 3, with 60 kDa

PRL plus AG490.

Sincerec-hPRL is able to induce phosphorylation of STAT3,
and this pathway is required for antiapoptotic effects of PRL
in cervical cancer cells (31), we decided to evaluate whether
autocrine 60 kDa PRL has the same capacity. The 60 kDa PRL
augmented STAT3 phosphorylation in HeLa, SiHa and C33A;
however, in HaCaT cells was not observed (Fig. 3C).

The antiapoptotic effect the autocrine 60 kDa PRL exerted
was abolished when Jak-STAT signaling pathway was inhib-
ited with AG490 inhibitor (Fig. 3A and B). This behavior was
similar on the three cervical cancer cell lines used and similar
to that observed in previous studies of our group analyzing
apoptosis of cervical cancer cells and STAT3 activation in
response to rec-hPRL (31).

Since a similar behavior was observed regarding the
bioactivity and the antiapoptotic effect exerted by 60 kDa
PRL compared to rPRL in cervical cancer cells, we decided
to evaluate how the expression of antiapoptotic proteins was
modulated.

In HeLa and C-33A cells, the expression of Bcl-xL and
Survivin slightly increased after stimuli with 60 kDa PRL;
as expected protein levels decreased when STAT3 pathway is
blocked. For Bcl-2 these changes were not observed. However,
in SiHa the expression of these antiapoptotic proteins were not
modified (Fig. 3D).

The 60 kDa PRL induces TNF-a and IL-1§3 production in
THP-1 macrophages. The THP-1 monocytes were differ-
entiated into macrophages. After 48 h of stimulation with
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Figure 4. Proinflammatory cytokine production by THP-1 macrophages in
response to 60 kDa PRL. (A) TNFa and (B) IL-1f production by THP-1
macrophages stimulated with 200 and 300 ng/ml of 60 kDa PRL for 48 h
was measured using MILLIPLEX® MAP, MIHCYTOMAG-60K-05 kit
("P<0.01, ""P<0.001).

the 60 kDa PRL (200 and 300 ng/ml), the concentration of
cytokines on macrophage supernatants was measured by
MILLIPLEX® MAP, MIHCYTOMAG-60K-05 kit. The
60 kDa PRL stimulus significantly increased TNF-a (220.97
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and 215.40 pg/ml, respectively) and IL-1p (10.08 and
10.39 pg/ml, respectively) (Fig. 4). The production of IL-12,
IL-6 and IL-10 was not detected under the conditions set for
this assays.

Discussion

Prolactin (PRL) activates signaling pathways that regulate cell
proliferation, migration, differentiation and apoptosis; there-
fore, it has been implicated in the etiology and progression of
cancer (1,37,43).

Even though pituitary gland is the main source of this
hormone, there are several cells and tissues that can produce
it such as brain, decidua, spleen, adipocytes and breast cancer
cells among others. In the same context, PRLR is also expressed,
which suggests an autocrine/paracrine mechanism (7).

However, opposite effects have been found on prostate
cancer cell lines: rec-hPRL, induces apoptosis in LNCaP
cells, but not in PC3 cells (44). This demonstrates that PRL
can modulate different actions depending on the type of
tumor.

Previous studies of our group demonstrated that rec-hPRL
induces apoptosis inhibition in cervical cancer cells (23).
Similar effects were observed in ovarian carcinoma, where
the rec-hPRL did not affect proliferation, but it decreased
apoptosis (45).

The molecular heterogeneity of PRL has been previously
described (46), and we have provided evidence that the cell
lines and tissues of cervical cancer synthesize a 60 kDa PRL
variant, unlike the non-tumorigenic keratinocytes (HaCaT)
that do not express this isoform (23,40). This PRL variant has
been previously detected in PBMCs from patients with SLE
and THP1 monocytes (25,32).

Consequently, we hypothesize that the expression of an
autocrine/paracrine loop of PRL may play an important role
in the tumoral microenvironment in cervical cancer that can
lead to changes in cell proliferation, apoptosis and immune
response, among other functions.

PRL is a pleiotropic hormone whose effects can affect
cellular processes that may favor the development of cancer.
Once the presence of PRL of 60 kDa was identified in the
supernatant of the 3 cell lines derived from cervical cancer,
we considered it may be important to determine whether the
60 kDa PRL was bioactive and whether it was performing
some functions in these cells.

After the isolation of 60 kDa PRL from supernatants of
HelLa cells, its bioactivity was tested. In the present study,
a high proliferative bioactivity of the PRL of 60 kDa was
demonstrated on Nb2 cells. These results are in concordance
with the activity of PRL derived from PBMCs of SLE patients
in the same cells (25).

Unlike the study of Larrea et al, in which stimuli were
performed with the complete supernatant from PBMCs (25),
in the present study purified 60 kDa PRL from cervical cancer
cell supernatants was used to avoid masked effects of other
molecules contained in the culture medium.

To prevent any interference due to hormones present in
the FBS, charcoal stripped serum was used and; moreover, we
corroborated that there was no presence of PRL or the levels
are so low they cannot be detected.
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Subsequently, we determined that 60 kDa PRL decreases
apoptosis in HeLa, SiHa and C-33A cells, and it is able to
phosphorylate STAT3 in a similar way to that observed in
response rec-hPRL (31).

The high STAT3 expression has been related to many types
of cancer such as prostate (47), breast (48,49), skin (50,51) and
gliomas (52,53). In a recent study of Shukla er al, a positive
correlation between STAT3 and increased E6/E7 expression
as well as a diminished p53/pRB were shown, which opens the
possibility to focus on therapeutic targets blocking STAT3.
In the latter, curcumin is proposed as a potential candidate
(54). In the same regard, there are other molecules proposed
as STAT?3 blockers such as SC99, proved in an antimyeloma
model with ability to induce apoptosis in a selective STAT3
downregulation manner (55); however, on cervical cancer
there is only one study involving an in vitro model where
IL-37 inhibits STAT3 and supressed proliferation of cervical
cancer cells (56).

The latter effects may be carried out by expression of
antiapoptotic genes, such as bcl-2, bel-x1 and survivin. In
preliminary experiments we observed that in HeLa cells there
was an increase of Bcl-xL and survivin in response to etopo-
side, and these proteins showed a decrease when 60 kDa PRL
was added. Whereas in SiHa cells, Bcl-xL and survivin do
not show this tendence. These results may be explained since
it is well known that antiapoptotic proteins are redundant in
their functions (57-59), and this is why it may occur that one or
another protein is expressed and in some cases both; however,
more experiments must be performed in order to conclude
with more certainty.

It may be interesting to use siRNAs to block the translation
of 60 kDa PRL, however, it is necessary to characterize first
the mRNA sequence to design a specific probe to carry out
this assay. Nevertheless, this is a perspective our group is eager
to investigate in future studies.

Regarding the immune system in cervical cancer, it is
known that in early stages of precancerous cervical lesions
there is a proinflammatory cytokine profile in the cervical
microenvironment; however, in late phases, or cancer, this
profile is shifted to an anti-inflammatory one, characterized
by immunosuppressor cytokines (60,61).

One limitation of the present study was not blocking the
60 kDa PRL. However, it is necessary to characterize first the
sequence of the protein, in order to use a specific antibody to
directly inhibit 60 kDa PRL. This is an ongoing project we are
currently working on.

We demonstrate that the 60 kDa PRL has the capacity to
induce production of proinflammatory cytokines (IL-1 and
TNF-a) in THP-1 macrophages at the concentration used.
However, no IL-6, IL-12 or IL-10 production was detected.
Previous studies show that rec-hPRL induces expression of
TNF-a, IFN-v, IL-12 and IL-1p in THP-1 macrophages using
the concentration 100 ng/ml, and, as for the case of IL-10, its
induction requires a higher concentration (1,000 ng/ml) (9,10).
Further analysis must be performed to evaluate the complete
immune role of the 60 kDa PRL on THP-1 macrophages or
other cells.

In conclusion, we have shown that cervical cancer cells
synthesize and secrete a 60 kDa PRL isoform that can inhibit
apoptosis, and it can activate STAT3. In addition, this PRL
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form induces IL-1f3 and TNF-a production in THP-1 macro-
phages. It may be interesting to evaluate a broader panel of
cytokines to establish PRL autocrine/paracrine effects on the
inflammatory response in cervical cancer.
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