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Trophoblast cells are specific for placenta, the organ necessary for development of the fetus. Trophoblast derived chorio-
carcinoma is a rare cancer, with high metastatic potential, invading surrounding tissues and distant organs. Macrophage
migration inhibitory factor (MIF) is a pleiotropic cytokine involved in a wide range of biological processes, which is
increased in almost all human cancers. Expression of MIF in normal and choriocarcinoma trophoblast cells is investi-
gated here, using normal extravillous trophoblast derived cell line HTR-8/SVneo, and choriocarcinoma cell lines JAR and
JEG3. Expression of MIF and its receptors CD74 and CXCR2 was investigated at mRNA level using qPCR. Expression of
MIF protein was studied using immunofluorescence and western blot, under reducing and native conditions, in whole cell
lysates, subcellular fractions and conditioned media. The expression of MIF mRNA was similar in all three cell lines, while
CD74 mRNA was more expressed in choriocarcinoma cells (14-fold for JAR, 12-fold for JEG3, p<0.01). CXCR2 mRNA
was higher in JEG3 cell line compared to HTR-8/SVneo cells (6-fold, p<0.01). While the cellular level of MIF was similar,
the level of secreted MIF was lower in JAR cell conditioned media compared to media of both HTR-8/SVneo (2.8-fold,
p<0.01) and JEG3 cells (4.1-fold, p<0.001). Cellular distribution of MIF was similar between the studied cell types. MIF was
predominantly cytoplasmic, but also detected in membrane, nuclear soluble and nuclear chromatin fraction. MIF appeared
in high molecular weight complexes of >150 kDa under native conditions. A band of 140-145 kDa was consistently present
in JEG3 cell lysates, while it was absent or very weak in other cell types. These results show that MIF/CD74 axis is shifted
in choriocarcinoma, as previously shown for other cancers, and further justifies research towards the most effective MIF

targeting therapeutics.
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Placenta is a highly specific organ necessary for growth
and development of the fetus. Chorionic villi comprise the
outermost layer of placenta, covered by syncytiotrophoblast,
multinucleated layer resulting from fusion of underlying
cytotrophoblast cells (CTB). Trophoblast cells that invade
uterine stroma and remodel spiral arteries are called extravil-
lous trophoblast. Despite the fact that invasive trophoblast
differentiation is a physiological process, there are striking
similarities between invasive CTBs and invasive cancer cells.
Gestational choriocarcinoma is a highly malignant tumor
characterized by abnormal trophoblastic hyperplasia, absence
of chorionic villi, hemorrhage and necrosis. It is composed
exclusively of cytotrophoblast and syncytiotrophoblast and is
often preceded by a complete hydatidiform mole. Choriocar-
cinoma is relatively rare, affecting approximately 1 in 40,000
pregnancies in Europe and North America, while the rates

for Southeast Asia and Japan are higher, being 9.2 and 3.3 per
40,000 pregnancies, respectively [1].

However, it has high metastatic potential and a
pronounced vascular invasion, and as a result, many chorio-
carcinomas are hemorrhagic [2]. It often invades the uterus
and surrounding organs, and usually gives distant metastasis,
particularly to the lung and brain, but can also metastasize
to liver, spleen, kidneys and bowels [2, 3]. Molecular mecha-
nisms and sequential events leading to the pathogenesis of
the gestational diseases remain largely unknown.

MIF is a pleiotropic cytokine that participates in a wide
range of biological processes and was shown to act as a
cytokine, hormone, enzyme and a chaperone [4-7]. MIF is
an important regulator of both innate and adoptive immunity
[8, 9] and promotes pro-inflammatory functions of immune
cells [10]. Human MIF consists of 114 amino acids with a



324 A. VILOTIC, Z. BOJIC-TRBOJEVIC, L. VICOVAC, M. JOVANOVIC KRIVOKUCA

molecular mass of 12,345 Da. The 3D structure analysis
showed that MIF crystallizes as a trimer of identical subunits.
Each monomer consists of a four-stranded P-sheet placed
above two antiparallel a-helices [11, 12]. MIF binds to a cell
surface receptor CD74 which associates with co-receptor
CD44 [13], but can also bind non-cognate chemokine recep-
tors CXCR2, CXCR4 and CXCR?7 [14, 15].

MIF is constitutively expressed in many tissues and is
found in plasma and, apart from infection, can be increased
by stress or glucocorticoid administration [6]. MIF is
expressed in placenta [16] and its secretion is regulated by
estradiol in placental explants [17]. MIF is implicated in
various pathological conditions including infection [18, 19],
autoimmunity [20] and inflammation [21-23]. MIF was also
found at high levels in almost all types of human cancers,
and strongly associated with the development of tumors [24,
25]. It exerts autocrine and paracrine effects on cancer cells,
which include promotion of cell proliferation, escape of the
immune response, induction of angiogenesis, stimulation of
cell migration and suppression of apoptosis [26, 27]. Impor-
tantly, MIF overexpression in the serum of cancer patients
and in tumor biopsies has been correlated with enhanced
tumor progression and metastasis [28-31].

There are no data regarding expression of MIF in chorio-
carcinomas. Given the fact that MIF is linked to a wide
variety of cancers and its positive correlation with metastatic
potential, we found it of interest to investigate the possible
differences in MIF expression between normal extravillous
and transformed trophoblast.

Materials and methods

Cell lines, cell culture and treatment. Normal extravil-
lous trophoblast cell line HTR-8/SVneo was kindly provided
by Dr. Charles H. Graham (Queen’s University, Kingston,
ON, Canada). Choriocarcinoma cell line JAR was from
ATCC (Manassas, USA) and JEG3 was from ECACC (Salis-
bury, UK). HTR-8/SVneo cells were cultured in RPMI 1640
(Gibco, Thermo Scientific, USA), while JAR and JEG3 were
cultured in DMEM/F12 (Sigma, USA), both supplemented
with 10% FBS and containing 1% antibiotic/antimycotic
mixture (Capricorn Scientific, Germany). For analysis of
secreted MIEF, cells were grown in 24-well plates in complete
medium for 24 h, then rinsed and media was replaced with
corresponding serum-free medium for another 24 h. JAR
cells were also treated with a high affinity estrogen receptor
antagonist Fulvestrant (100 and 1000 nM; Sigma, USA).
For these experiments phenol red free RPMI 1640 medium
(Gibco, Thermo Scientific UK) was used in order to avoid
estrogen activity of phenol red.

For immunocytochemical analysis cells were seeded
(6x10°) in 3 ml of respective media into 65 mm Petri dishes
and cultured on glass cover slips for 24 h. Ice-cold acetone-
methanol (1:1) fixed cells were stained using anti-MIF
(5pg/ml, R&D systems, MAB289). Binding was visualized

using anti-mouse IgG AlexaFluor 488 (Molecular Probes,
USA). Slides were mounted with Vectashield mounting
medium containing DAPI (Vector Laboratories, USA) and
examined using a Carl Zeiss Axio Imager microscope with an
AxioCam HR Camera (Carl Zeiss, Germany).

Quantitative real-time PCR analysis. Total RNA was
isolated from HTR-8/SVneo, JAR and JEG3 cells using TRI
Reagent, as suggested by the manufacturer. First-strand
cDNA was synthesized from 1 pg of total RNA, using 0.5 ug
of Oligo(dT) 12-18 primers (Invitrogen, USA), 250 uM of
each dNTP and 200 U of RevertAid reverse transcriptase
(Fermentas, Lithuania). Real-time PCR was performed
using the 7500 Real-Time PCR System (Applied Biosystems,
USA). The reaction mixture contained 1ul of cDNA, 5pul 2x
SYBR® Green PCR Master Mix (Applied Biosystems, USA)
and specific forward and reverse primers in a final concen-
tration of 0.5uM. Reactions were run at 95°C for 10 min,
followed by 40 cycles of 15 s at 95°C and 1 min at 60°C.
Melting curve analysis was performed to verify amplification
specificity. Expression levels of MIF, CD74 and CXCR2 genes
were normalized to GAPDH. Calculations were made by the
comparative 2-**Ct method. The sequences of specific primers
were: MIF_F: CCGGACAGGGTCTACATCA; MIF_R:
ATTTCTCCCCACCAGAAGGT; CD74_F: GACCTTATC-
TCCAACAATGAGCAAC; CD74_R: AGCAGAGTCACCA-
GGATGGAA; CXCR2_F: ACATGGGCAACAATACAGCA;
CXCR2_R: GAGGACGACAGCAAAGATG; GAPDH_F:
GAAGGTGAAGGTCGGAGT; GAPDH_R: GAAGATGGT-
GATGGGATTTC

Subcellular fractionation. Subcellular fractionation
of cells from all three cell lines was carried out using the
Subcellular Protein Fractionation Kit for Cultured Cells
(Thermo Scientific, USA), according to the manufacturer’s
instructions. The procedure yields a cytosolic fraction (C), a
membrane fraction (M), a nuclear soluble fraction (Ns) and
a nuclear chromatin bound fraction (Nc). Protein concen-
tration was then determined in each subcellular fraction
using a BCA Protein Assay kit (Thermo Scientific, USA) and
equal amounts of each fraction were loaded for native and
SDS-PAGE electrophoresis and western blot.

SDS-PAGE, native electrophoresis and immunoblot.
Whole cell lysates, conditioned media and subcellular
fractions of HTR-8/SVneo, JAR and JEG3 cells were analyzed
by western blot. For electrophoresis under reducing and
denaturing conditions, all samples were prepared by boiling
for 5 min in 0.125M Tris-HCI buffer, containing 4% SDS
(w/v), 20% glycerol (v/v), 0.1% bromophenol blue and 10%
2-mercaptoethanol (v/v). For native electrophoresis, cells
were lysed in 20mM Hepes containing 1% Triton X100,
mixed with sample buffer (containing 0.125M Tris-HCI
buffer, 20% glycerol (v/v), and 0.1% bromophenol blue)
and run under native conditions. Following electropho-
resis on 6% for native conditions or 10% or 4-20% gradient
polyacrylamide gel for reducing and denaturing conditions,
the membranes were incubated with anti-MIF antibody



MIF EXPRESSION IN NORMAL AND CHORIOCARCINOMA TROPHOBLAST

325

(0.5 pg/ml) overnight at 4 °C, with constant shaking. Staining
for GAPDH (cell lysates) was used as the loading control.
Proteins were detected with Pierce ECL Western Blotting
Substrate (Pierce Biotechnology, USA). The obtained signals
were scanned and analyzed by the ImageMaster TotalLab
v2.01 program (Amersham Biosciences, Inc., USA).

Analysis of secreted MIF by ELISA. MIF concentration
in conditioned media of HTR-8/SVneo, JAR and JEG3 cells
was determined using sandwich ELISA. Polystyrene wells
(Maxisorb, ThermoScientific, Denmark) were coated with
anti-MIF monoclonal antibody (0.5 ug/well, MAB289, R&D
systems) in 0.05 M phosphate buffer pH 7.2 with 0.15M NaCl
(PBS) and incubated at 4°C overnight for antibody adsorp-
tion. After incubation the wells were rinsed with PBS and
treated with 1% serum albumin in PBS for 1 h at 37°C to
block non-specific binding sites, washed again with PBS and
used in ELISA.

Conditioned media (100 pl/well) of examined cell lines
was incubated for 2 hours at room temperature (RT), with
shaking. After washing with PBS, 100ul of anti-MIF rabbit
polyclonal antibody (0.02pug/well, sc-48241, Santa Cruz
Biotechnology) was added and incubated for 2 h at RT, with
shaking. Wells were washed with PBS and incubated with
biotinylated goat anti-rabbit IgG. After 30 min, well were
washed, incubated with ABC (Vector Laboratories, USA)
for another 30 min and further with substrate. The reaction

was stopped with 0.2 M H,SO,. Absorbance was measured at
450 nm using Victor3V Multilabel Counter (PerkinElmer).
Absorbances measured in assay were expressed as relative
MIF secretion. Relative MIF secretion was calculated using
average absorbances in conditioned of all examined cell lines
compared to MIF in HTR-8/SVneo media. Secreted MIF was
determined in three individual experiments.

Statistical analysis. The data were analyzed using
GraphPad Prism Demo Software (GraphPad Software, Inc.,
USA). For statistical analyses, One-way ANOVA or Kruskal-
Wallis test was used as appropriate. Values were considered
significantly different when p<0.05.

Results

The expression of MIF in three trophoblast derived cell
types was investigated at both mRNA and protein levels.
MIF mRNA expression wasn’t significantly different between
these cell lines (Figure 1A). On the other hand, expression
level of MIF receptor CD74 was significantly higher in both
choriocarcinoma cell lines (14-fold for JAR, 12-fold for JEG3,
p<0.01) compared to HTR-8/SVneo cell line (Figure 1B),
while non-cognate receptor CXCR2 mRNA expression was
higher in JEG3 cells (6-fold, p<0.01, Figure 1C) compared
to HTR-8/SVneo cell line. Immunofluorescent staining for
MIF showed similar pattern of expression in tested cell lines,
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Figure 1. The expression of MIF and its receptors in normal and choriocarcinoma trophoblast. The expression of MIF mRNA (A), CD74 mRNA (B) and
CXCR2 mRNA (C) in HTR-8/SVneo, JAR and JEG3 cell lines. The localization of MIF protein assessed by immunofluorescence in HTR-8/SVneo (D),
JAR (E) and JEG3 (F) cells. Scale bar = 20pum. Data are expressed as mean + SEM, ** p<0.01, n=6.
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which was predominantly cytoplasmic, with some detectable
nuclear presence (Figures 1D-F).

Protein levels of MIF in whole cell lysates of the three cell
types were similar, as assessed by western blot (Figure 2A).
On the other hand, the level of secreted MIF was significantly
lower in conditioned media of JAR cell line compared to both
HTR-8/SVneo (2.8-fold, p<0.01) and JEG3 cells (4.1-fold,

p<0.001, Figure 2B). The ELISA test of cell conditioned
media (Figure 2C) showed that JAR cells secreted 2.43-fold
(p<0.01) less MIF compared to HTR-8/SVneo cells. The
same trend was observed when JEG3 cells were compared
(2.7-fold less). This difference, however, was not significant.
Cellular distribution of MIF was studied using subcellular
fractionation. As expected, MIF was predominantly found
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Figure 2. MIF protein expression and cellular distribution in normal and choriocarcinoma trophoblast. The expression of MIF in whole cell lysates (A),
conditioned media (B, C) expressed relative to HTR-8/SVneo cell MIF level and subcellular fractions (D) in tested cell lines. The MIF level in whole cell
lysates was normalized to GAPDH. Western blot of both secreted and corresponding cellular MIF expression (cells from the bottom of the same well)

along with GAPDH loading control of the cell lysates are shown in panel B.

The results of ELISA test of conditioned media are shown in panel C. Ab-

breviations in western blot samples (D): C - cytoplasmic fraction, M - membrane fraction, Ns - nuclear soluble fraction, Nc - nuclear chromatin frac-
tion. The scans of films after shorter (3 min) and longer exposition (15 min) are shown in panel C. The charts represent relative expression compared
to HTR-8/SVneo cell line, assessed by densitometric analysis. Data are expressed as mean + SEM, **p<0.01, ***p<0.001, n=4.
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as a band of 12.5 kDa in cytoplasm, but was also
present in membrane fraction of all three cell lines,
and to a lesser extent in nuclear soluble and nuclear
chromatin fractions (Figure 2C). An intense band
above 12.5 kDa, currently poorly understood, was
also detected in nuclear chromatin fraction of all
studied cell lines.

Based on the literature data regarding regulation
of MIF secretion in placental explants by estradiol
[17], we further investigated whether low secre-
tion of MIF in estradiol producing JAR cells would
be enhanced by treatment with estrogen receptor
antagonist — Fulvestrant. The higher concentration
used (1000 nM) led to a significant increase in MIF
secretion (209% of control, p<0.05, Figures 3A, 3B).

The molecular forms of MIF were studied in
whole cell lysates, conditioned media and subcellular
fractions of the three cell lines under native condi-
tions by western blot. Cellular MIF appeared in high
molecular weight complexes of >150 kDa in whole
cell lysates (Figures 4A, 4B), conditioned media
(Figure 5A) and subcellular fractions (Figure 5B)
of all three cell lines. Only JEG3 line consistently
expressed a band of 140-145 kDa, which was either
absent or very weak in other two cell lines (Figures
4A, 4B). Complex of the same molecular weight was
also detected in conditioned media of JEG3 cells,
but only in two out of four experiments (Figure 5A).
This band was localized to cytoplasmic fraction of
JEG3 cells (Figure 5B). A diffuse band of 140-145
kDa was detected in membrane fractions of all tree
cell types (Figure 5B).

Discussion

MIF is involved in a variety of physiological
and pathological processes. In trophoblast, MIF
was shown to support trophoblast invasion and
migration in autocrine/paracrine manner [32].
Trophoblast and tumor cell invasion share multiple
similarities  including epithelial-mesenchymal
transition (EMT) and degradation of extracellular
matrix (ECM) by secreting proteolytic enzymes
[33], the main difference being the fact that
trophoblast invasion is under strict spatiotemporal
control. Due to its involvement in various aspects
of cancer progression, neutralization of MIF has
been proposed as a potential anti-cancer therapy.
Anti-MIF antibodies, small chemical compounds,
as well as mRNA silencing have been used in in vitro
studies [34-36].

Here we investigated MIF expression and
subcellular localization in normal and choriocarci-
noma cell lines. Similar mRNA and protein levels
were observed in all three cell types. However, the
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Figure 3. Increase in MIF secretion following estrogen receptor antagonist treat-
ment in JAR cells. MIF levels in JAR cell conditioned media are increased fol-
lowing 24 h treatment with estradiol receptor antagonist Fulvestrant, assessed by
western blot (A), followed by densitometric analysis (B). Data are expressed as
mean + SEM, * p<0.05, n=3.
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Figure 4. The molecular forms of MIF in normal and choriocarcinoma tropho-
blast whole cell lysates. The two representative experiments are shown for west-
ern blot following protein separation on 6% polyacrylamide gel in panel A and a
representative experiment for western blot following protein separation in 4-20%
gradient polyacrylamide gel in panel B. The electrophoresis was performed under
native conditions.
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Figure 5. The molecular forms of MIF in normal and choriocarcinoma trophoblast conditioned media and subcellular fractions. The two representative
experiments are shown for conditioned media (A) and a representative experiment for subcellular fractions (B) of the three tested cell lines. Western
blot was performed following protein separation on 6% polyacrylamide gel under native conditions.

designated MIF receptor - CD74, and alternative receptor
shared between several chemokines - CXCR2, were both
significantly higher in at least one choriocarcinoma cell type
compared to normal trophoblast cell line. This could point
to possible excessive responsiveness to MIF and over-activa-
tion of consecutive signaling pathways. The overexpression
of CD74 was also shown in various cancers [37-39] and
proposed as a prognostic marker [40]. Anti-CD74 antibodies
were shown to induce cytotoxic effect on B-lymphoma cells
in vitro [41]. Blocking MIF or CD74 also attenuated growth
and invasion of prostate cancer cells [34]. Non-cognate
receptor, CXCR2 has in addition been implicated in various
cancer types including lung cancer [42], laryngeal squamous
cell carcinoma [43] and hepatocellular carcinoma [44].
Moreover, high expression of CXCR2 has been correlated
with poor overall survival in cancer patients [45].
Subcellular distribution of MIF studied here was similar
in all three cell types. Cytoplasmic localization was predomi-
nant, but MIF was also present in membrane fraction, and to
some extent, in both nuclear chromatin and nuclear soluble
fraction. Localization in membrane fraction could reflect

MIF both binding to plasma membrane- or intracellular
membrane-associated proteins, or MIF molecules in transit
across plasma membrane. Majority of the studies showed a
vesicular cytoplasmic localization of MIF. This protein has
been shown to be secreted from these pools in response to a
number of stimuli including lipopolysaccharide (LPS), tumor
necrosis factor (TNF)-a, hypoxia, H,O,, etc. [46]. There are
studies reporting nuclear MIF localization as well [31, 47,
48]. MIF was recently shown to exert nuclease activity, and
its translocation to nucleus following treatment by cytotoxic
agent has been described, implicating it in cellular death
induced by DNA damage [48].

Among the data reported here we found very intriguing
that, although the cellular levels of MIF were similar between
investigated cell lines, JAR cells secreted dramatically less
MIF. In that context it should be noted that Ietta et al. [17]
found that treatment of trophoblast with estradiol modulated
placental MIF secretion not affecting tissue mRNA or protein
levels. Higher concentrations of estradiol led to a significant
decrease in MIF secretion in their study. These findings made
us wonder whether JAR cell-derived estradiol was respon-
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sible for lower MIF secretion compared with the other two
cell lines acting in an autocrine manner. To test this possi-
bility, JAR cells were treated with a widely used estradiol
receptor antagonist Fulvestrant. Indeed, treatment with
higher concentration of Fulvestrant increased MIF secretion
significantly. MIF lacks a signal sequence and is secreted by
an unconventional route that requires the Golgi-associated
protein, pl15, and regulated MIF secretion was shown to
involve ATP-binding cassette transporter protein A1 (ABC1)
[49]. The underlying mechanisms were not studied here, but
Tetta and coworkers [17] showed that estradiol decreased
MIF secretion in placental explants by downregulating the
mRNA and protein expression of the ABC1. Other mecha-
nisms may also be involved, since JEG3 cells were shown
to produce estradiol as well [50], and yet, secretion of MIF
in this cell line is still functional. However, JEG3 cells were
earlier shown to produce three times less estradiol compared
to JAR, as reported by Bahn et al. [50] in serum free condi-
tions, also used in our study for MIF secretion, which might
partly explain this difference between the two choriocarci-
noma cell lines.

Molecular forms of cellular and secreted MIF were
further analyzed. Under native conditions, cellular MIF in
all three cell lines appeared in protein complexes. Diffuse
band of higher molecular weight detected in membrane
fractions suggests that MIF associates with proteins in
plasma membrane or intracellular membranes. Previously,
MIF high molecular weight complexes were shown in rat
bladder homogenates [51] ranging from 60-500 kDa, rat
bladder intraluminal fluid [52] from 200 to 500 kDa, and
human serum [53] ranging from 150-500 kDa. Similarly,
data presented here show that MIF exists in trophoblast
only in complexed form. Higher molecular weight forms
were also observed in cell culture supernatants, suggesting
MIF secretion in complexed form as well. There is a broad
spectrum of proteins shown to act as MIF binding partners,
which clearly points to involvement of MIF in a wide range
of cellular processes. Apart from its receptors, MIF interacts
with a variety of proteins including p115 [54], HIF-1a [55],
insulin, HLA-DP2 B [56], p53 [57] and many other [58].
The constituents of persistent 140-145 kDa MIF complex in
JEG3 cell lysates and conditioned medium remain uniden-
tified at the moment. As pointed above, MIF is linked to a
range of carcinomas, and is correlated to metastatic potential
[28, 59, 60]. JEG3 and JAR are both choriocarcinoma cells,
but they differ in several characteristics, including metastatic
potential, which is higher in JEG3 cell line [61]. A number
of metastasis-involved mediators were found expressed more
in JEG3 compared to JAR cells. These include fibronectin
(FN), matrix metalloproteinase-2 (MMP-2), urokinase-
type plasminogen activator (uPA), Caveolin-1 (CAV-1) and
VEGEF-B [62]. MMP-12, another matrix metalloproteinase
associated with tumor aggressiveness was detected only in
JEG3 cell line [63]. Whether MIF complex, shown here to
be specifically expressed in JEG3 cells, contributes to their

metastatic potential remains to be elucidated. Revealing MIF
binding partners in this complex will be the focus of our
future research.

Due to involvement of MIF in many pathological
conditions therapeutic approaches aimed at inhibiting its
enzymatic and biologic activities or functional blocking of
its receptors have been widely explored. A number of MIF
inhibitors have been and are being developed, and some
of them are in the process of clinical trials (Clin.Trials.gov
ID: NCT01765790). CD74 has been proposed as target for
multiple myeloma therapy [64] and humanized anti-CD74
mAb was shown to have therapeutic activity in B-cell malig-
nancies [65]. Hertzer et al. [66], proposed CXCR?2 as a target
for pancreatic cancer treatment.

The current findings of various research groups, together
with our results show that MIF/CD74 axis is shifted in
various cancers, including choriocarcinoma, and further
justifies the research towards the most effective MIF
targeting therapeutics.
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