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The Protective Effects of FGF-4 on Hypoxia—-mediated Apoptosis
of Trophoblast Stem Cells
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Preeclampsia and fetal growth restriction are conditions associated with placental hypoperfusion and villous hypoxia.
The villous response to this environment includes elevated apoptosis. Recently, trophoblast stem (TS) cells had been
successfully derived. FGF-4 locates in the inner cell mass(ICM) of blastocyst and TS cells have fibroblast growth fac-
tor receptor-2 (FGFR-2). To identify whether FGF-4 protects hypoxia—induced apoptosisin TS cdlls, this study was
carried out. TS cells were cultured up to 48 h in standard (PO, = 20%) or hypoxic (PO, = 3%) conditions. TS cells were
very vulnerable against exposure to hypoxia for 48 h but embryonic stem (ES) cells were very resistant to hypoxia—
mediated apoptosis. Death of TS cells bears the typical hallmarks of apoptosis as determined by DNA laddering. FGF-
4 and epidermal growth factor (EGF) protected the hypoxia-mediated cell death of trophoblast but granulocyte-macro-
phage colony stimulating factor (GMSF) and transforming growth factor—beta (TGF-beta) did not protect. In conclu-
sion, we speculate that the effects of FGF-4 on apoptosis in trophoblasts may play an important role in protecting the
placenta from hypoxic injury in pregnancy related with placental hypoperfusion.
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Introduction

Clinical conditions such as preeclampsia, anemia,
smoking, and living in a high altitude can lead to pla-
cental underperfusion and villous hypoxia, character-
ized by diminished mainly undifferentiated tropho-
blasts (Benirschke et al. 1995). Apoptosis is a process
of normal development and differentiation in many
tissues. This type of cell death may be enhanced by
deleterious stimuli such as hypoxia (Muschel et al.
1995) and distorting the balance of cellular physiology
including proliferation, differentiation, and death,
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thereby impairing placental function. Indeed, a higher
degree of apoptosis is found in placenta of pregnancy
complicated by fetal growth restriction (Smith et al.
1997). Similarly, apoptosis is more prevalent in tro-
phoblasts from pregnancies complicated by preeclamp-
sia, than those of which obtained from uncomplicated
pregnancies (DiFederico et al. 1999). And preeclamp-
siaand fetal growth restriction are associated with pla-
cental hypoperfusion and villous hypoxia. Hypoxia
induces diminished trophoblast differentiation and
enhanced apoptosis. The enhancement of apoptosis is
associated with an increased expression of proapototic
proteins p53 and Bax and with decreased expression
of antiapoptotic protein Bcl -2 family. In the placenta,
p53 and Bax are primarily expressed in undifferentiat-
ed trophaoblasts and in trophoblasts of gestational tro-
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phoblastic disease, a heoplastic condition with promi-
nent apoptosis(Qiao et al. 1998). In contrast, Bcl-2 is
expressed at higher levels in the fully differentiated
trophoblast (Sakuragi et al. 1994).

Two distinct cell lineages, trophectoderm (TE) and
inner cell mass (ICM) are aready present in embryo.
The peripheral TE consists of a single layer of epithe-
lioid cells that differentiate into trophoblasts and con-
tribute to the formation of placenta. The ICM, in con-
trast, is an inner cluster of totipotent stem cells that
continue to diversify into a variety of cell types to
genernate the different fetal tissues and organs during
organogenesis. Studies have shown that ICM cells and
TE cells have many different cellular, biochemical and
molecular characteristics, including their susceptibility
to embryotoxic environments and agents (Pampfer et
al. 2000). Although little is known about the nature of
interactions between ICM and TE cells, several kinds
of evidence suggest that close cellular contact is requir-
ed between the two cell linages to ensure the proper
development of implanting blastocyst (Pampfer et al.
2000). Studies of ICM-TE interaction indicate that
potent regulatory signals such as fibroblast growth
factors (FGFs), could be produced by ICM cells and
participate in the regulation of TE growth by paracrine
or juxtacrine mechanisms (Rappolee et a. 1994). FGF
-4 is thought to be one of these mgjor candidate sig-
nals because it has been shown to be preferentially
produced in ICM cells of mouse blastocyst and help
maintaining mouse TE cells in undifferentiated state
and proliferative model. But the function of FGF-4
and the effect of differentiation of trophoblast on hy-
poxic induced damages are not still known very well.

In present study, the protective effects of FGF-4
were studied on trophoblast damaged by hypoxia stress.

Materials and M ethods
1. Cdll culture

A medium for TS cell culture (TS medium) and an
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embryonic fibroblast-conditioned medium (EMFI -
CM) was prepared as previously described (Tanaka et
al. 1998). At day 3.5 after mating, blastocysts were
released from the ampulla into media by rupturing the
oviduct with the aid of a 25—-gauge needle and then
TS cells were derived by culturing blastocysts on
embryonic fibroblasts with medium consisting of 70%
EMFI-CM, 30% TS cell medium, FGF-4 of 25ng/ml
(Sigma, St. Louis, MO, USA), and heparin of 1 pg/ml
(Sigma). TS cells were plated in EMFI -CM with FGF
-4 under 5% CO, -95% air at 37°C. Undifferentiated
ES cells were kindly provided by Dr Jurisicova, To-
ronto Medical University, Toronto, Canada) and the
cells were cultured with complete medium Dulbecco’s
modified Eagle’s medium containing 10% fetal calf
serum, leukemia inhibitory factor (LIF), and beta-
mercaptoethanol. Non-adherent cells were removed
after 24 hr by washing three times with medium. Then,
20 mM HEPES (Sigma, St. Louis, Missouri, USA)
was added into EMFI-CM and adherent cells were
transferred to hypoxic incubator. Hypoxic condition
was made by hypoxic incubator (Sanyo, Osaka, Japan),
define as 3% oxygen.

2. Trypan blue exclusion

Cells were incubated for 2~5min in a solution of
0.2% trypan blue in phosphate buffered saline. To
assess cell viability, aliquots of cells were mixed with
trypan blue (1: 1) and loaded onto a hemocytometer,
and the percentage of dead cells per sample was calcu-
lated. Values were calculated as the percentage of
nonviable cells(stained cells) and results represent the
mean=+ S.E.

3. DAPI staining and FACS analysis

TS cells were washed with 1 x PBS, fixed with 4%
paraformaldehyde for 20 min at room temperature,
and washed again 1 x PBS. Cells were treated with
DAPI (1 pg/ml) (Sigma, St. Louis, Missouri, USA) for
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15 min, and washed with 1 x PBS for 5 min. DAPI
staining of cells was observed by fluorescence micro-
scopy (Leica Co). Adherent and detached cells were
combined and fixed overnight in 70% ethanol in wash
buffer (PBS containing 5 mM EDTA) at 4°C. After
centrifugation at 3000 rpm for L min, cell pellets were
incubated for 30 min with 500 pl wash buffer and 50
pul RNAse A (10 mg/ml). Cells were then stained in
500 pl PBS containing 100 pg/ml propidium iodide.
Cells were filtered with 50 um nylon mesh and analys-
ed by flow cytometer (FACS-vantage: Becton Dickin-
son Biosciences, San Jose, CA, USA).

4. Agarose gel electrophoresisfor DNA
fragmentation

Cells (4 x 10°) were lysed in 200 ul of lysis buffer
(10 mM Tris-HCI, pH 7.4, 10 mM EDTA, 0.5%
Triton X~-100) followed by incubation with 40 pg of
RNase A (Roche Molecular Biochemicals, Indianapo-
lis, IN, USA) for 1 h at 37°C and 100 pug of proteinase
K (Roche) for 1 h at 37°C, and only fragmented DNA
was extracted. The pellet was resuspended in TE buf-
fer (10 mM Tris-HCI, pH 7.4), 1 mM EDTA) and

Trypan blue staining

Sub G1 group (Flow cytometer)

treated with DNase-free RNase (Roche) for 1 h at 37
°C. DNA was ethanol —precipitated and finaly resus-
pended in distilled water. The fragmented DNA was
electrophoretically fractionated on 1.5% agarose gel
and stained with ethidium bromide.

5. Electron microscopy

Cells were fixed in 2.5% glutaraldehyde in 0.1 M
sodium cacodylate buffer for 2 hours, washed in the
same buffer, and post-fixed for 4 hours at room tem-
perature in 2% osmium tetroxide in distilled water to
which a few drops of 2% agueous potassium-ferro-
cyanate were added. The cells were embedded in 2%
agar in 0.1 mol/L sodium cacodylate buffer. The tip of
the agar blocks containing the cell pellet was cut off,
dehydrated in a graded series of ethanol, and embed-
ded in eponate resin (Ted Pella Inc, Redding, CA,
USA). The resultant samples were directly dehydrated
and embedded in resin without agar embedding. Thin
sections were cut with a diamond knife on an LKB
Nova ultramicrotome (LKB, Bromma, Sweden) and
collected on parlodion-coated 200—-mesh copper grids
(Ted Pella, Inc). The sections were stained with uranyl
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Fig. 1. Trophoblast stem (TS) cells and embryonic stem (ES) cells were cultured under hypoxia for 48 h with several conditions (CMF:
conditioned media with FGF-4, CM: conditioned media alone, MF: media with FGF-4, M: Media aone). And then, the cells
were assayed for trypan blue exclusion at 48 h after hypoxia(A). Total cell population was assayed for DNA content by flow
cytometry at 48h after hypoxia (B). Cells were assayed for DNA ladder formation on 1% agarose gel electrophoresis (lane 1:
CMF, lane 2: CM, lane 3: MF, lane 4: M) (C). Results represent the mean+S.E.
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acetate and lead citrate and examined with electron
microscope ( x 5000).

Results

1. The protective effects of FGF-4 on hypoxia-
meidated apoptosisin TS cells

The effects of hypoxia-mediated cell damages on
TS cells were determined. With the use of trypan blue
exclusion method, we found that hypoxia for 48 hr
caused a marked increase in damage of TS cells. FGF
-4 protected hypoxia-mediated cell damage. Interest-
ingly, ES cells were less susceptible to hypoxia com-
pared to TS cell (Fig. 1A). Several growth factors such
as FGF-4, EGF, GMSF, and TGF-beta were treated
for checking the protective effects during hypoxic
stress mediated—cell damages. FGF-4 and EGF of 25
ng/ml concentration effectively protected cell damages
of TS cells but other growth factors of same concen-
tration did not protect (Fig. 4).

To assess whether hypoxia induces apoptosisin TS
cells, we monitored the appearance of Pl stained cells
with sub-G; DNA content and checked DNA ladder-
ing with 1.5% agarose gel electrophoresis. TS cells of
media alone group was associated with 53% of cells
with sub-G; DNA and FGF-4 suppressed sub-G;
DNA to 17% (Fig. 1B) and FGF-4 prevented hypoxia
mediated DNA laddering (Fig. 1C). In addition, FGF-
4 suppressed hypoxia-induced DNA fragmentation
and apoptotic body formation in TS cells (Figs. 2, 3).
Therefore, these data suggest that FGF-4 protects
hypoxia mediated—apoptosison TS cells.

2. FGF-4 dose-dependently prevented DNA
ladder fragmentation

The above result was confirmed by the DNA ladder
assay (Fig. 5), increasing FGF-4 concentration from
2.5 ng/ml to 50 ng/ml produced a dose-dependent
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Fig. 2. TS cells were cultured with/without FGF-4 under nor-
moxic or hypoxic condition for 48 h. Cells were washed
with ice-cold PBS, followed by fixation in 2% paraform-
adehyde/PBS for 30 min and stained with DAPI. a2 CMF
(normoxia, 48hr), b: CM (hypoxia, 48 hr), c: CM (hypox-
ia, 48hr), d: MF (hypoxia, 48hr), e M (hypoxia, 48 hr)

decrease in the laddering of DNA as compared with
control group. These data demonstrated that FGF-4
protects hypoxia-mediated apoptosisin TS cells.

Discussion

This study demonstrates that hypoxia enhances the
apoptosis of cultured TS cells. FGF-4 diminishes the
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Fig. 3. TS cells were cultured in the presence or absence of FGF-4 under hypoxic condition for 48 hr. Cells were washed with ice-cold
PBS and fixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer, washed in the same buffer, and post-fixed for 4 hr at
room temperature in 2% osmium tetroxide. And the sections were stained with uranyl acetate and lead citrate and examined with
electron microscope ( x 5000). ¢ CMF (normoxia, 48 hr), b: CM (normoxia, 48 hr), c: CMF (hypoxia, 48 hr), d: CM (hypoxia, 48

hr)

degree of apoptosisinduced by hypoxiain cultured TS
cells, so we speculate that the effect of FGF-4 on
apoptosis in trophoblasts may play an important role
in protecting the placenta from hypoxic injury in preg-
nancies complicated by placental hypoperfusion. Hy-
poxia triggers apoptosis in a number of cell systems
(Muschel et al. 1995, Graber et a. 1996, Banasiak et
a. 1998). The mechanism by which hypoxia induces
apoptosis is postulated to involve mitochondria path-
ways, as opposed to ligand-receptor stimuli mediated
by cytokines, such as TNF-a or Fas ligand. In the
former pathway, stimulation of death signals occurs
through modulation of the expression of specific genes,
such as p53 and members of the Bcl-2 family (Drago-
vich et al, 1998). The p53 protein plays a pivotal role
in the cellular response to DNA damage, specificaly
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Fig. 4. Trophoblast stem (TS) cells were cultured under hypoxia
for 48 h with/without FGF-4, EGF, GMSF, and TGF-
beta of 25 ng/ml concentration. And then, the cells were
assayed with trypan blue exclusion at 48 h after hypoxia.
Results represent the mean+S.E.

halting the cell cycle and alowing repair of DNA. If
repair is not possible, p53 promotes apoptosis(Lane et
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Fig. 5. TS cells were treated with various concentrations of FGF-4 and the cells were incubated in hypoxic incubator for 48 h. Then,
DNA fragmentation assay was carried out. The formation of DNA ladder was examined in 1% agarose gel electrophoresis (A).
And the degree of DNA laddering was displayed by graph through analysis of each bands of 500 bp using Gel-Pro analyzer,
image analysis program (B). The following concentrations of FGF-4 were used: lane 1, control; lane 2, 2.5ng/ml; lane 3, 5ng/ml;

lane 4, 10ng/ml; lane 5, 25 ng/ml; lane 6, 50 ng/ml.

al. 1992). The p53 is an unstable protein with a short
half-life, but exogenous stimuli such as hypoxia and
oxidative stress stabilize the p53 protein (An et al.
1998). The stable p53 protein plays arolein hypoxia-
induced cell death in neurons (Banasiak et al. 1998),
cardiomyocytes (Long et al. 1997), and endothelial
cells(Stempien et a. 1999). The Bcl-2 family of pro-
teins plays a major role in the regulation of the apop-
totic processes (Korsmeyer et a. 1999). Hetero— and
homodimers of the proapoptotic Bax and the antiapop-
totic Bcl-2 determine cell survival or death by affect-
ing the permeability of the mitochondrial membrane
(Oltvai et al. 1993). Bax homodimers likely play a
major role in the apoptotic process in trophoblasts.
Others have found that Bax is translocated from the
cytosol to the mitochondria during hypoxia (Saikumar
et al. 1998). Additional experimentsin which p53 and
Bax are overexpressed or inhibited are necessary to
further clarify the role of these proteins in mediating
hypoxia-induced apoptosis in trophoblasts. In this

194

study, FGF-4 blocked dose dependently hypoxia-
mediated DNA laddering, DNA fragmentation. In
future study, we need more experiments to check that
FGF-4 regulates the expression of apoptosis related-
gene under hypoxia. Collectively, these data suggest
an important role for FGF-4 in protecting the integrity
of the placenta against endogenous and exogenous
stress. Finally, we speculate that the effect of FGF-4
on apoptosis in trophoblasts may play an important
role in protecting the placenta from hypoxic injury in
pregnancies complicated by placental hypoperfusion.
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