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Abstract: Blastocyst implantation and neoplastic invasion have some common properties related to tissue invasion,
mediated by various cytokines.

Aim: To compare the expression of IL-6, STAT-3 and telomerase in material of abortions in the first trimester of
pregnancy, at term placentas and in choriocarcinomas.

Methods: Immunohistochemical reactions were performed on formalin fixed and included in paraffin samples from
3 groups: abortions, normal at term placentas and choriocarcinomas. Western Blot and Real-Time PCR assays were
performed on fresh material from BeWo cell line and in primary culture cells of normal placenta.

Results: Immunohistochemical reactions: IL-6 expression was moderate in the first trimester abortion samples and
high in at term placentas and choriocarcinomas. STAT-3 was strongly positive in all groups. Telomerase expression
was absent in normal at term placentas but was increased in BeWo cells.

Conclusion: IL-6 and STAT-3 are present in the invasion process of the normal placental development and they are
maintained during the malignant transformation to choriocarcinoma. The intense telomerase expression observed
in BeWo cells was strongly associated with the malignant phenotype, confirming it as a good marker for cell
transformation and tumor progression.
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Summary sentence: Blastocyst implantation and neoplastic invasion have
some common properties related to tissue invasion. With the aim of
investigating the role of IL-6 (Interleukin-6) and the transcription activator
STAT-3, we compared the expression of these molecules in fresh and fixed
materials from placentas of abortion, normal at term placentas and
choriocarcinomas.
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Introduction
The establishment of pregnancy starts with blastocyst im-
plantation in the endometrium and depends on the ability
of trophoblastic cells to interact with the uterine wall,
endometrial stroma and blood vessels. Additionally, the
uterus undergoes stimulation by regulatory molecules
(Knöfler and Pollheimer 2012), which play a functional role
in preparing the endometrial mucosa for embryo implant-
ation and trophoblastic adhesion, invasion and directional
trafficking (Dimitriadis et al. 2010).
It is well-established that embryo implantation has many

similarities with carcinogenesis because both trophoblastic
and tumor cells are capable of tissue invasion. Although it
occurs in trophoblastic cells under physiological conditions,
changes in this process can result in neoplastic develop-
ment linked to pregnancy (Fitzgerald et al. 2008). Many of
the signaling factors that are operated or produced by
trophoblastic cells can trigger the signaling pathway
through Janus kinases (JAK), signal transducers and activa-
tors of transcription via JAK/STAT pathway that is in-
volved in transcriptional regulation of proteases that are
crucially important for invasive cell growth (Konjević 2009).
In normal conditions, the expression of STAT-3 is respon-

sible for the induction of immunoregulatory signals, as well
as for the modulation of specific genes in the processes of
cell growth, differentiation and survival (Fitzgerald et al.
2010). However, during tumor invasion, its expression or ac-
tivation become extremely high, due to signaling mediators
that are activated via STAT-3, acting on cell growth and mo-
tility of tumor and pluripotent cells (Wen et al. 2014).
Like STAT-3, cytokine IL-6 is also another molecule in-

volved in neoplastic process. According Chiesa et al.
(Chiesa et al. 2015), in normal conditions, IL-6 is a multi-
functional cytokine involved in regulating the immune re-
sponse, the hematopoiesis, the acute phase of
inflammation. IL-6 concentrations correlate with the ex-
tent of leukocyte infiltration in preterm placentas. In con-
trast, in neoplastic process, this cytokine has a role in
adhesion of trophoblastic cells to extra-villous elements of
the extracellular matrix (ECM), decreasing the expression
of integrin and stimulating the production of metallopro-
teinase inhibitors (TIMP), thus allowing the tumor cell in-
vasion process (Bischof 2001).
Another molecule also involved in the proliferation

process is telomerase. Normal cells show limited life span
telomerase activity, both in vitro and in vivo, and they
have mostly negative expression. Differently, in neoplastic
cells the maintenance or increase of telomerase seems to
be necessary to prevent loss of telomere length and main-
tain the capacity for cell proliferation (Chen et al. 2002).
Considering the gestational trophoblastic diseases

(GTD), the choriocarcinoma is the most invasive malig-
nant condition, caused by abnormal proliferation of
trophoblastic cells whose alterations occur during the

trophoblastic differentiation, with the potential to form
tumor mass and metastasis (Kishimoto 2005; Monchek
and Wiedaseck 2012).
Thus, the aim of this study is to verify if there are dif-

ferences in the expression of cytokine IL-6, STAT-3
transcription factor and in the expression of telomerase
in the invasion of trophoblastic cells of normal placenta
in relation to choriocarcinoma.

Materials and methods
Ethics committee
This study was approved by the Ethics Committee of the
Faculty of Medical Sciences, Campinas State University
(UNICAMP), on 26/06/2009, with CEP n°. 368/2009,
C.A.A.E. 0282.0.146.000–09.

Constitution of samples
For the retrospective study from fixed material
Formalin fixed and paraffin embedded tissue blocks
from the biopsy files of the Laboratory of Pathology,
University of Campinas (UNICAMP), Brazil, from Janu-
ary 2000 to November 2008 were selected totaling 12
curettage material in first trimester abortions, 12 normal
at term placentas and 12 choriocarcinomas, in optimal
conditions for technical assays. Four μm thick sections
were cut from paraffin blocks and the slides were stained
with hematoxylin and eosin (H&E) and immunohisto-
chemical reactions for analysis (Table 1).

For the prospective study from fresh material (culture cells)

BeWo cell BeWo cell is an immortalized cell line estab-
lished from a human choriocarcinoma. It was acquired
from Cell Bank of Rio de Janeiro (Scientific Technical As-
sociation Paul Ehrlich - APABCAM). BeWo cells were
replicated in culture medium Ham’s F12 with 5% FBS
(fetal bovine serum), frozen in liquid nitrogen and stored
for further processing. After reaching the semi-confluence
status, adherent cells were removed from the substrate
using a cell scraper and cryo-preserved in liquid nitrogen
for later use in Western Blotting and Real-Time PCR
reactions.

Primary culture from normal at term human placenta
Normal human placenta was collected at delivery room,
cut into small pieces and washed in saline solution to re-
move as much blood cells as possible. After rinsing several
times, the small fragments underwent enzymatic digestion
with TVA solution (trypsin-versine association) for 2 h.
Subsequently, the material was collected in tubes and sub-
mitted to centrifugation at 800 g with the gathering of the
sediment cells. Completing the volume to obtain a cellular
suspension of 2 × 106 cells/ml, the cells were placed in sev-
eral culture flasks with Ham F-12 medium enriched with
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20% of bovine fetal serum. At the semi-confluence stage,
the cells from the primary culture were removed from the
substrate using a cell scraper and cryo-preserved in liquid
nitrogen for later use in Western Blotting and Real-Time
PCR reactions.

Techniques
Immunohistochemistry (IHC)
Immunohistochemical assays for IL-6 and STAT-3 were
performed according to optimized protocols. Sections
were deparaffinized and endogenous peroxidase activity
was blocked in 3% hydrogen peroxide. Heat antigen re-
trieval was used with 10mM sodium citrate buffer, pH
6.0, at 95 °C in a vapor cooker for 30 min. Slides were
washed in PBS and after that incubated with the primary
antibodies (Table 1) under humidity, at 4 °C overnight.
Secondary antibody (anti-mouse, Santa Cruz Biotecho-
nology, CA, USA) was put on slides at 37 °C, for 30 min.
Staining was visualized with DAB (diaminobenzine tetra-
hydrochloride—SIGMA), DMSO, and diluted hydrogen
peroxidase for 5 min at 37 °C. The counterstaining was
done with Harris’ hematoxylin for 1 min. Positive and
negative controls of staining were used in all assays.
Immunostaining was analyzed according to a subject-

ive evaluation: IL-6 (cytoplasmic staining as positive);
STAT3 (nuclear or cytoplasmic staining were considered
as positive) and was scored by two observers. The scor-
ing ranged from 0 to 2 and considered the staining in-
tensity: a) weak or negative staining (0); b) moderate (1)
and c) intense (2). Normal kidney tissue was used as a
positive reaction control.

Western blotting
Total protein extracts of BeWo cells and primary culture
cells of normal placenta were obtained by using lysing so-
lution containing RIPA buffer and a protease inhibitor
mix (1mM phenylmethylsulfonyl fluoride [PMSF], 3%
benzamidine, 3% aprotinin and 3% leupeptin). Samples
were run on 10% polyacrylamide gels containing SDS,
where 50 μg of protein was applied to each lane. After
electrophoresis, the proteins were transferred to nitrocel-
lulose membranes (Hybond-ECL, Amersham, UK) and
non-specific binding sites were blocked by incubating the
membranes with TBS containing 0.05% Tween 20 (TBST)
and 5% dry milk for 4 h, at room temperature. The mem-
branes were subsequently rinsed, incubated overnight at
4 °C with primary antibody (mouse monoclonal anti-IL-6

antibody diluted 1:100 or mouse monoclonal anti-STAT-3
antibody diluted 1:200, all from Santa Cruz Biotechnol-
ogy). A monoclonal anti-β-actin antibody from Sigma, di-
luted 1:100, was used as an internal control to detect β-
actin. The membranes were washed in TBS and then in-
cubated with secondary antibody (anti-mouse IgG conju-
gated to peroxidase diluted 1:500 from Advance HRP,
Dako, Carpinteria, California, USA). After a final wash
with TBS, the bound enzyme was detected by chemilu-
minescence, according to the manufacturer’s instructions
(Amersham®).
Analysis was performed using NIH image analysis soft-

ware (Image J 1.42q, National Institutes of Health, NIH,
Bethesda, Maryland, USA) and expressed in comparison
to βeta-actin.

Real-time PCR
mRNA levels of the Telomerase gene - Hs00162669_m1
was measured in BeWo cells and primary culture cells
from normal placenta by Real-time PCR. Normal placenta
was used as control and GAPDH #4326317E as house-
keeping gene. The assays were purchased from Applied
Biosystems® and mRNA expression was carried out in an
ABI Prism 7500 sequence detection system (Applied Bio-
systems®). The optimal concentration of cDNA and
primers, as well as the maximum efficiency of amplifica-
tion were obtained through five-point, 2-fold dilution
curve analysis for each gene. Each PCR contained 40 ng of
reverse-transcribed RNA (High Capacity cDNA Kit - Ap-
plied Biosystems®) and was run according to the manufac-
turer’s recommendations using the TaqMan PCR master
mix. Real-time data were analyzed using the Sequence De-
tector System 1.7 (Applied Biosystems®).

Image analysis and statistics
Descriptive statistics and comparison tests were per-
formed by Chi-Square to compare proportions and the
Mann-Whitney test to compare means. Statistical signifi-
cance was accepted for the values of p ≤ 0.05. All ana-
lyzes were performed using the commercial program
PASW Statistics (SPSS) 18.0.

Results
Immunohistochemical reactions
IL-6 expression
Placental tissue from abortions showed moderate stain-
ing for IL-6 in the cyto and syncytiotrophoblast cells of

Table 1 Description and dilutions of the primary antibodies used in immunohistochemical reactions and stained structures

Molecule Primary antibody Supplier Dilution Secondary antibody Stained structures

IL-6 monoclonal mouse anti-IL-6
antibody (sc-130,326)

Santa Cruz Biotechnology,
CA, USA

1:500 Anti-mouse IgG conjugated
to peroxidase

Cytoplasm

STAT-3 monoclonal mouse anti-STAT-3
antibody (F-2) (sc-8019)

Santa Cruz Biotechnology,
CA, USA

1:200 Anti-mouse IgG conjugated
to peroxidase

Cytoplasm
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chorionic villi and in the decidual cells (Fig. 1.1-1.3). In
normal at term placentas an intense and diffuse IL-6 ex-
pression was observed with reactive cells present in dif-
ferent tissue compartments. In the chorionic villi, IL-6
was expressed in the cytoplasm of syncytiotrophoblast,
in endothelial cells, in smooth muscle cells of the vessel
wall and in stromal mesenchymal cells. In the decidua
region, IL-6 was expressed mainly in extra-villous cyto-
trophoblast but focally in endothelial and smooth muscle
cells of blood vessels (Fig. 1.4-1.6). In choriocarcinomas,
IL-6 showed an intense and diffuse expression in the
cyto and syncytiotrophoblast neoplastic cells, like to the
staining observed in normal at term placentas (Fig. 1.7-
1-9).

STAT-3 expression
Placental tissue from abortions showed moderate stain-
ing of STAT-3 in decidual cells, in villous cyto and syn-
cytiotrophoblast, in extra-villous trophoblast and in
villous mesenchymal cells (Fig. 2.1-2.3). Similar intensity
of reaction was observed in normal at term placentas,
with predominance of moderate staining in the cyto and
syncytiotrophoblast, and in the cells of the extra-villous
trophoblast in the decidual region (Fig. 2.4-2.6). In
choriocarcinomas, STAT-3 was highly expressed in the
cytoplasm of the tumor cells, in endothelial cells, smooth
muscle cells of blood vessels, as well as in residual endo-
metrium (Fig. 2.7-2.9; Fig. 3).

A comparative statistical analysis between the 3 groups
showed statistically significant differences for the STAT-
3 expression (p = 0.037), but not for IL-6 (p = 0.092).

Western blotting
IL-6 and STAT-3 expressions in the normal placenta pri-
mary culture were lower than in the BeWo cells. In all sit-
uations, the immunoreactive bands were compared to the
presence of β-actin antibody as control reaction (Fig. 4).

Real-time PCR
The analysis of telomerase mRNA showed a high expres-
sion in choriocarcinomas and no expression in normal
placenta primary culture (p = 0.0001). Null expression of
telomerase was ensured by mRNA expression of the hu-
man housekeeping gene Gapdh, used as a control to
normalize the relative expression values of the gene of
interest, validating the target gene system (Fig. 5).

Discussion
The success of embryonic implantation depends on the
adequate orchestration between proliferation, migration,
and invasion of the trophoblast in the endometrium, to es-
tablish the anchorage and blood supply of the fetus,
through the formation of the villous chamber (Dubinsky
et al. 2010). Studies have indicated the role of IL-6 in con-
trolling these events and the maternal immune system is a
critical participant in the establishment of pregnancy, its
progression and maintenance (Munoz-Suano et al. 2011).

Fig. 1 Immunohistochemical expression of IL-6 in first trimester abortion material (1.1–1.3), normal at term placenta (1.4–1.6) and
choriocarcinoma (1.7–1.9). At the top of the figures: IL-6 positivity is observed in the cytoplasm of trophoblasts and basal decidua. At the bottom
of the figures: in the higher magnification (40x): reactive cells in the decidua (d), cyto (Ct) and sinciciotrophoblastic (Sc) cells of the chorionic villi
(v), mesenchymal cells (m) and fetal capillaries (fc)
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Fig. 3 Comparative immunohistochemical analysis of intensity of reactions related to the expressions of IL-6 and STAT-3. Intense IL-6 expression
was observed in at term placentas and choriocarcinomas and moderate IL-6 expression in abortion samples, without significant statistical
differences (chi-square test, p = 0.092). STAT-3 expression was intense in choriocarcinomas and moderate in abortion and normal placenta
samples, with significant statistical differences (chi-square test, *p = 0.037)

Fig. 2 Immunohistochemical expression of STAT-3 in first trimester abortion material (2.1–2.3), normal at term placenta (2.4–2.6) and
choriocarcinoma (2.7–2.9). At the top of the figures: Positive staining for STAT-3 is observed in the cytoplasm of trophoblastic cells and basal
decidua. At the bottom of the figures: in the higher magnification (40x): reactive cells in the decidua (d), cyto (Ct) and sinciciotrophoblastic (Sc)
cells of the chorionic villi (v), mesenchymal cells (m) and fetal capillaries (fc)
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During the pre-implantation period, a pro-inflammatory
environment facilitates the preparation of the embryo im-
plantation and the acquisition of maternal immune toler-
ance. After implantation and with the evolution of the
pregnancy, there will be an anti-inflammatory envir-
onment that restricts the immune system through
suppressor regulatory cells, characteristic of the im-
munological tolerance state of pregnancy. At the end
of pregnancy, a pro-inflammatory environment ap-
pears again, defining the scenario of childbirth and
birth (Prins et al. 2012).
These data are confirmed by studies by Prins et al.

(Prins et al. 2012), who demonstrated that the IL-6 pro-
tein and its mRNA are expressed in the decidua and in
the placenta throughout pregnancy, in different concen-
trations depending on the period (De et al. 1992). IL-6 is
related to angiogenesis and to the vascular remodeling
necessary for morphogenesis in early pregnancy. In
addition, it also regulates the balance between the

invasion properties acquired by the trophoblast (Cham-
pion et al. 2012) and its activity during pregnancy. These
data are confirmed by our results, because IL-6 was
present since the early stages of pregnancy, expressed in
the first trimester abortion samples, with increased ex-
pression at the end of pregnancy, as observed in at term
placentas. This high expression was also seen in carcino-
genesis, in the choriocarcinoma trophoblastic tissue.
According to Jasper et al. (Jasper et al. 2007) the mod-

erate expression of IL-6 in abortion materials is consist-
ent with the known functions of IL-6 in coordinating the
balance of T cell phenotypes, generating cell populations
necessary for the establishment of immunological toler-
ance in pregnancy. The high expression of IL-6 in at
term placentas is related to the physiological processes
of childbirth, because IL-6 stimulates uterine contractil-
ity through the induction of oxytocin expression (Fang
et al. 2000). In choriocarcinomas IL-6 maintains the high
proliferative invasion of the carcinogenic process.

Fig. 4 Western blotting for IL-6 and STAT-3 in BeWo cell line and in primary culture of normal placenta. Note that there are three independent
samples (1, 2 and 3) for BeWo cells and for primary culture of placenta normal. IL-6 and STAT-3 expressions were higher in BeWo cells as
compared to primary cultured of normal placenta

Fig. 5 Telomerase gene expression by Real time PCR. No expression of telomerase in primary cultures of normal placenta contrasting to its high
expression in BeWo cells. The comparative statistical analysis by Mann-Whitney showed statistically significant differences for the telomerase
expression (*p = 0.0001)
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On the other hand, the loss of IL-6 protein expression
in tissues grown in vitro reinforces the idea that this
cytokine should be required in the processes of cell inva-
sion and proliferation, which are gradually deactivated
during the formation of the confluent sheet in the cul-
ture (Kruse and Miedema 1965). Perhaps, the results
could be different if we analyzed the production of IL-6
during the phases of adhesion to the substrate and for-
mation of colonies, during the first 3 days of implant-
ation of the cells to the in vitro system.
In relation to STATs, these are known as transcription-

activating proteins, responsible for carrying information
from the cytoplasm to the nucleus, expressed by many cell
types and activated by a variety of cytokines and growth
factors. The precise way of regulating STAT activation is
critical in terms of causing an appropriate extracellular
signaling pathway. Studies show that when the control of
STAT activation becomes unregulated, there is a change
in it signaling, which contributes to the malignant cell
transformation, leading to cell cycle progression and cell
survival (Fitzgerald et al. 2008).
According to Takahashi et al. (Takahashi et al. 2008),

the JAK-STAT-3 signaling cascade is an important path-
way for trophoblastic cell differentiation, since STAT-3 is
known for its ability to regulate the expression of proteins
that increase the invasion and migration of tumor cells
(Germain and Frank 2007; Chan et al. 2008). Thus, the in-
tense and progressive presence of STAT-3 observed in
our immunohistochemical study during pregnancy (abor-
tions and at term placentas) and choriocarcinoma, seems
to confirm the possibility that the JAK-STAT-3 pathway is
progressively deactivated after nesting and implantation of
the fetus in the endometrium. From then on, both the de-
activation of this preferential route and the activation of
alternative routes are required to sustain the pregnancy
until its end.
We could think that in the process of carcinogenesis,

the deactivation of STAT-3 would not trigger apoptosis,
which favors the stability of atypical cell clones of
choriocarcinoma. However, considering that cytokines
lead to proliferative and antiproliferative responses, de-
pending on the cell type, the role of STAT-3 signaling
pathways in cell control and apoptosis still requires fur-
ther investigations.

Telomerase
Telomerase is a cellular reverse transcriptase, which adds
5 ‘-d (TTAGGG) -3’ hexameric repeats at the 3 ‘end of the
chromosomal DNA helix, providing stability and integrity
to the chromosome telomeric regions. Studies show that
telomerase activity is associated with most human malig-
nant tumors, since the increase in its activity in tumor
cells maintains the integrity of the telomeres and ensures

the capacity for cell proliferation (Chen et al. 2002; Collins
and Mitchell 2002).
According to Castellucci and Kaufmann (Castellucci

et al. 2000), in normal pregnancies, the villous tropho-
blast consists of a proliferative population of cytotropho-
blasts, which differentiates and merges to form the
syncytiotrophoblast. In the first trimester of pregnancy,
the proliferation rate of cytotrophoblasts is high, grad-
ually decreasing in the following months and, in the
third trimester, this proliferation of trophoblasts falls to
about 10% of the values observed in the first trimester
(Chen et al. 2002; Huppertz et al. 1998).
Our results confirmed this behavior in the at term pla-

centa group, as the telomerase expression for the
Hs00162669_m1 gene was absent in normal mature pla-
centa and in the culture of this fresh placental tissue. On
the other hand, there was a high expression of telomer-
ase in the BeWo cells, demonstrating its importance in
the process of neoplastic proliferation.
According to data from CHEN et al. (Chen et al.

2002), of 37 samples of normal term placenta, only 11
(30%) expressed some telomerase activity, contrasting
with the null expression of 26 placentas (70%). In the
same study, 100% of the samples of choriocarcinoma
showed telomerase activity.
Thus, the increase in telomerase activity in BeWo cells

reinforces its relationship with the malignant phenotype,
indicating it as a good marker for disease progression.

Conclusions
Our study showed that, in choriocarcinomas, IL-6 and
STAT-3 are involved in tumor progression. Finally, the
presence of telomerase gene expression allows us to as-
sert that increased telomerase is associated with tumor
progression and cell immortalization, as observed in
BeWo cells.
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