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Abstract — Gastrulation is a critical step in vertebrate development, that depends on synergistic
effects of several signalling molecules, including fibroblast growth factor-2 (FGF-2). To follow this
phenomenon in vitro we isolated rabbit inner cell masses (ICMs) at embryonic day 4 and we exposed
ICM-derived cells to FGF-2. Then, we analysed the quantitative differences in rates of protein syn-
thesis from day 3 to day 5 of culture by two-dimensional (2D) gel electrophoresis. Here we show that
both up- and down-regulation of protein synthesis took place in ICM-derived cells upon their expo-
sure to FGF-2. The effect of FGF-2 was most pronounced at day 4 of culture, when the changes
were very much in favour of a set of down-regulated proteins. To test the significance of this period
of time for FGF-2-mediated regulation of protein synthesis, cells were grown without FGF-2 and then
they were pulse-treated with FGF-2 at the end of day 4. When compared to the continuous culture with
FGF-2, the FGF-2 pulse resulted in a quite indistinguishable pattern of up- and down-regulated pro-
teins. Thus, the readiness of ICM-derived cells to accept and respond to the FGF-2 signals may be of
limited duration.
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1. INTRODUCTION regarding the regulation of protein synthesis
in preimplantation embryos. Such databases
Similarly to other mammals, the ICM of were published for one-cell stage to blasto-
the rabbit embryo is the source of all foetaCyst stage mouse embryos [3, 14, 16, 19].
tissues. Cells within the large, flat rabbitOthers focus on the quantitative analysis of
ICM are first allocated to primitive ecto- Proteins synthesized by 6.5-7.5 day mouse
derm and primitive endoderm. Then, pos.embryos with respect to differentiation of
sibly under the control of growth factors, ectoderm, endoderm and mesoderm [15],
cells originating within primitive ectoderm Proteins specific to major organogenesis in
give rise mesoderm. Mesoderm diversifiedhe mouse from day 7.5 to day 9.0 of devel-
into three populations — axial mesodermoPment [25] or the developing heart of a
that contributes to organizing the basic bod9-5 day mouse embryo [26]. Concerning
axis; somitic mesoderm, which gives risePotential morphogens, of all the growth fac-
to bone, muscle and dermis: and latergtors that are known to affect embryon]c
mesoderm, which forms the body cavitiecd€velopment, only the effects of insulin
and contributes to several organs. In condrowth factor on protein synthesis in eight-
trast to the mouse, rabbit gastrulation occurc€ll mouse embryos and blastocysts [20]
before implantation [12]. This makes the@d porcine embryonic discs [8], and the
rabbit embryo a well accessible model foi€ffect of TGFs on total protein synthesis in
analysing the expression of genes that aimouse blastocysts [1] were investigated.

specific to gastrulation. However, the sig- Taking advantage of our previously
nificance of the data obtained in vivo is lowestablished model of in vitro mesoderm
due to the large asynchrony among embrycinduction in the rabbit [5], we analysed pro-
in multiparous rabbit females. Here, wetein synthesis in ICM-derived cells that were
overcame this limitation by using ICMs iso-exposed to a candidate morphogen FGF-2
lated from blastocysts that were synchroduring the period when the initial steps of
nised in culture since the morula stage. rabbit gastrulation occur in vivo. We show

As mentioned above, growth factors ma)that exogenous FGF-2 can stimulate and/or

play crucial roles during the initial stagesNhibit protein synthesis in rabbit embry-
of gastrulation. One of them, FGF-2, ha:ONic cells in a pattern that may resemble the
been involved in the differentiation of meso-d€évelopmental specification of originally
derm in amphibian development [7, 21, 22totipotent cells.

23], and increasing evidence suggests that

also plays a similar role in mammals, includ-

ing in the rabbit [5, 9, 11]. The process of 2. MATERIALS AND METHODS
mesoderm induction is displayed by the ]

expression of Specific MRNAS [18, 24] 2.1. Isolation and culture of ICMs

and proteins [5, 13, 28]. Besides analysiny

specific gene products directly involved in  Rabbit morulas were collected at day
mesoderm induction or accompanying mor3 p.c. by oviduct flushing and were cultured
phogenetic movement during that stageindividually overnight to the blastocyst stage
characterising the overall changes in proin Dulbecco’s modified Eagle medium
tein synthesis should also be emphasize(DMEM; Gibco/BRL, Gaithersburg, MD)
One useful approach is the constructiorsupplemented with 20% foetal calf serum,
of protein databases using high-resolution2 mM glutamine, 0.1 mM non-essential
2D gel electrophoreses followed by com-amino acids, 0.05 mN3-mercaptoethanol,
puter-assisted analyses. Several mammalic100 1U-mL~1 penicillin and 0.1 mgnL~1
databases, with the exception of thestreptomycin. Then, only well developed
rabbit species, already provide informatiorblastocysts were subjected to immunosurgery
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development of the rabbit embryo in vivo (days p.c.)
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Figure 1.Experimental design of 2D gel analysis. Rabbit ICM-derived cells were exposed to the two
concentrations of FGF-2 either from immunosurgery of blastocysts to day 5 of culture (Experiment 1)
or only for 16 hours beginning from hour 80 of culture (Experiment 2).

in order to isolate ICMs. ImmunosurgeryM2 medium containing 0.4% polyvinyl-
was performed essentially according tgyrolidone (Sigma) and labelled with
the method of Babinet and Bordenave [2]L.5 mCimL~! [3°S]-methionine (specific
using goat anti-rabbit whole serum (Sigmagactivity 1500 CimmotL; Amersham, Buck-
St. Louis, MO) and guinea pig complementnghamshire, England) for 2 hours. After
(Sigma). After isolation, four ICMs/well labelling, cells were extensively washed
were placed on gelatin-coated 4-well dishewith cold PBS, proteins were extracted in
(Nunc, Roskilde, Denmark) and cultured inlysis buffer (9.5 M urea, 5%8-mercap-
DMEM with 1 and/or 5 ngnL~2 FGF-2 toethanol, 0.5% NP-40, 0.5% SDS, 2.5%
(Sigma) until labelling and 2D analysis glycerol, 0.2% ampholines) and incorpora-
(Fig. 1; Experiment 1). For short-term expo-tion of [3°S]-methionine was determined by
sure to FGF-2, ICMs were cultured for TCA precipitation followed by scintillation
80 hours without FGF-2, then exposed tccounting. Labelled proteins were then sep-
1 and/or 5 ngnL~1 FGF-2 for 16 hours and arated by non-equilibrium pH gradient elec-
subjected to analysis (Fig. 1; Experiment 2)trophoresis [17] using pH 3-10 gradient
For both experiments, control ICMs wereampholines (NEPHGE; 4% acrylamide,
cultured in medium without FGF-2. 9.5 M urea, 2% NP-40, 2% acrymalide,
9.5 M urea, 2% NP-40, 2% ampholines) an
11% SDS-PAGE in the second dimension.
2.2. Radiolabelling Between 0.5 and g 10° cpm were loaded
and 2D gel electrophoresis onto each gel. The gels were then fixed,
soaked in Amplify (Amersham), dried, and
ICM-derived cells grown in the presenceexposed to Fuiji films at =70 °C. For each
or absence of FGF-2 were scraped off theeatment, several experimental replicates
dish and washed twice with phosphatewere done and two representative gels show-
buffered saline, pH 7.2 (PBS; €aVig2*-  ing the largest number of high-quality spots
free). Then cells were suspended irwere selected for detailed analysis.
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2.3. Image analysis mental conditions (FGF-2-treated and con-
trol nontreated). Only spots, the density of
The gel autoradiograms were scannewhich increased and/or decreased at least
(Ultroscan, Pharmacia, Uppsala, Swederwo-fold when compared to nontreated con-
and processed using Image Master Systetrols, were classified as changing.

(Pharmacia) as follows. First, the migration Upon continuous treatment with FGF-2
coordinates were identified for all Spots.iy path concentrations, about 11% of pro-
Using these coordinates, the sta_lndard prote|l; o up-regulated théir accumulation at
maps were created representing the set Qb 3 Tyenty-four hours later, however,
protein spots that are detectable under twg, percentage of proteins that increased
experimental conditions (FGF-2-treated andpejr 4ccymulation was much lower, 3.1 and
FGF-2-nontreated) and for each culture timy 5o, cyitures supplemented with 1 and
ing. Thgan the optical densities (OD) wereg ngmL-1 FGF-2, respectively. Then, at
determ|_ned for e'ac.h_spot and -the rel""I'V%Iay 5 of culture the level of up-regulation
synthesis rate of individual proteins for each, . raased back to 9.2 and 10% in 1 and

treatment was quantified as a fold chang ) B ; ; .
of OD between the spot being evaluate N%QRHEIASE;'FGF 2, respectively (Fig. 2;

(FGF-2-treated) and the identically migrat-

ing spot in the control gel (FGF-2-non- In fact, in a certain sense the opposite is
treated). true for proteins that down-regulate their

accumulation (Fig. 2; DECREASE). On the
one hand, the most significant down-regulat-

3. RESULTS ing effect of FGF-2 occurred after 4 days of

culture with FGF-2, specifically 15.7% and
3.1. FGF-2 induces changes 11.5% of proteins became down-regulated
in the accumulation of proteins upon 1 ngnL~1and 5 ngnL1 of FGF-2,

synthesized in rabbit ICM-derived cells  respectively. On the other hand, compared to

day 4, much less down-regulation took place

First, we determined the total number ofat days 3 and 5. Only 11.7% and 12.8% of
protein spots that is typical for each cultureproteins were down-regulated upon treat-
condition (FGF-2 concentrations and cul-ment with 1 ngnL~!at days 3 and 5, respec-
ture timing). Routinely, we were able totively. An even smaller proportion, 5.5%

identify an average of 200 proteins of whichand 7.7% of proteins became down-regu-
at least 90% were common to both experitated in cultures supplemented with

20

INCREASE DECREASE Figure 2. Number of at least two-
fold up- and down-regulated pro-
tein spots as a percentage of spots
§ resolved in the standard image for
each of the three intervals and con-
tinual treatment of ICM-derived
cells with FGF-2. All values are
expressed as the mean percentage
of two representative pairs of gels
for 0 and 1 or 0 and 5 AgL~1 of

7 FGF-2. Note day 4 as a time win-
dow showing very characteristic
changes in protein synthesis. The
different fill patterns indicate D3,
D4, and D5 of culture.

D3

10 D5

D4

Percentage of regulated proteins
g

1ng/ml 5ng/ml 1ng/|
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5 ngmL~1of FGF-2. An example of FGF-2- 4. DISCUSSION
induced changes in protein synthesis for . ]
each period of culture is shown in Figure 3. Experimental design of our 2D gel anal-
ysis is based on a previously established
Altogether, when ICM-derived cells were model of in vitro mesoderm induction in the
maintained in culture supplemented withrabbit [5]. In that report we showed that cul-
FGF-2 for 4 days, that is, to the time pointture of isolated ICMs in the presence of
corresponding to day 8 of intrauterine develGF-2 gives rise to migrating cells that are
opment, they modulated the overall trendnesoderm-like in their phenotype. Their
in protein synthesis in a way not observednesodermal phenotype was immunocyto-
in cells treated with FGF-2 for either 3 orchemically demonstrated by the elevated
5 days. expression of vimentin (days 7-10 of cul-
ture),brachyury(T) protein (day 10 of cul-
ture) and cytokeratins (day 10 of culture)
3.2. Time-limited exposure to FGF-2  and/or by down-regulation of desmoplakins
is sufficient to elicit a response (days 7-10 of culture) and embryoglycan
of ICM-derived cells epitope, stage-specific embryonic antigen 1
(SSEA 1/TEC 1; day 7-10 of culture). Cor-

The mechanism of growth factor_depen_respond|ngly, mesoderm of entire rabbit

L ) embryo typically expressdsachyury(T)
dent embryonic inductive processes has sey:, .. : . .
eral important limitations [10]. One of thembrOteIn [12], cytokeratin and vimentin [27,

; i oL 28]. Notably, our previous in vitro experi-
is that the time for which tissue or cells car, s pointed to the fact that increasing the
respond to signals may be restricted to

e i @oncentration of exogenous FGF-2 results in
specific developmental period and, morépan4es of both proliferation activity and
over, may be limited in its duration. morphology of ICM-derived cells, and that

To test whether or not this scenario mayn€se changes precede the expression of typ-
apply to the specific changes in protein acculc@! Protein markers. In some cases, we
mulation occurring in our in vitro system atoPServed the successive expression of
day 4, we designed the following experi-V'me”“” in morpholog|callly homogenous
ment. We cultured ICM-derived cells with- C€!l colonies (our unpublished data). We
out FGF-2 for 80 hours and then we expose@!SO observed that the expression of pluripo-
the cells to 1 and/or 5 agL~1 FGF-2 for tent ceII-speC|f|(_: SSEA_l/TEC 1 was sup-
an additional 16 hours. Thus, these cell@réssed faster in the higher concentration
were labelled, lysed and subjected to 2D gé?f FGF-2, particularly in cells that migrate
analysis at exactly the same time as culturédV@y from closely packed ectodermal or
that were continuously treated with FGF-2mesodermal colonies.
for 4 days beginning at the time of their iso- These previous observations led us to
lation (Fig. 1). According to our standard examine the overall quantitative pattern of
criteria, it appears that short-term exposur@rotein synthesis using the same rabbit
to FGF-2 not only produces the significantmodel. Two different concentrations of
effect, but its qualitative and quantitativeFGF-2 that we previously found to exert
parameters are essentially the same as different effects on cell morphology and on
continuous exposure. Specifically, as showthe expression of protein markers were
in Figure 4, an average of 4.5% of proteingested. Several lines of evidence make our
up-regulated and 12% of proteins down-ypothesis that overall protein synthesis
regulated their accumulation upon shortimay be dramatically changed during just
term treatment with 1 and/or 5 mgL~1  three days of culture with FGF-2 biologi-
FGF-2. cally relevant. During the corresponding
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Figure 3. Autoradiographs of representative 2D gels of ICM-derived cells treated witmLAgf FGF-2 for 3 A), 4 B), and 5 C) days. Proteins whose
synthesis is altered upon FGF-2 are indicated by circles (increase) and squares (decrease), respectively. Numberedtareopasjimntexpected

for vimentin (1), cytokeratin 8 (2), and cytokeratin 18 (3). Molecular masses are given in kDa.
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INCREASE DECREASE
Figure 4. Number of at least two-
fold up- and down-regulated pro-
tein spots as a percentage of spots™
resolved in the standard image for §
short-term exposure of ICM-derived £
cells to FGF-2 at day 4 of culture.
All values are expressed as the
mean percentage of two represen-
tative pairs of gels for 0 and 1 or
0 and 5 ngnL~! of FGF-2. For
comparison purposes, grey columns ¢
show the values obtained after &
continuous treatment with FGF-2 0
at day 4 of culture. 1ng/ml Sng/ml 1ng/ml 5ng/ml

roteins

D4

151

16h

101

16h D4

entage of regu

time period in vivo, mesoderm is inducedshowed that in eight-cell and blastocyst stage
and many primordial organs are formedmouse embryos the same growth factor,
Clearly, this critical period of development IGF-1, causes mostly inhibition of synthesis.
is characterised by a rapid specification ofThese controversial data on corresponding
cell lineages. This certainly involves tran-developmental periods may suggest that reg-
scriptional, translational and posttransla-ulation of protein synthesis by growth fac-
tional regulation of the expression of manytors is species-specific.

gene products. It is noteworthy that in the . . .
normally developing embryo, gradients  OUr analysis revealed a prominent time
other than FGF also play a role in drivingWindow in FGF-2-mediated regulation of
various differentiation processes [4, 6]. OuProtein synthesis/turnover. This distin-
culture system has the advantage of working“'s'hable change in protein synthesis
with a fairly well-defined cell population — 0ccured at day 4 of culture. In the rabbit,

ICM, and we reduce external signals tghis time is roughly equivalent to the major

probably one gradient — FGF-2. ThereforeP€ak of organogenesis. Moreover, the per-

this most likely leads to a dramatic simpli-C€Ntage of proteins that were down-regu-

fication of both differentiating stimuli and 12t€d was higher in the lower concentration

cell response. It is also likely that some®f FGF-2. This suggests that two physio-

changes in protein synthesis do not necedogical dos_es of FGF-2 differ in th_eir effects
sarily result from treatment with FGF-2, butOn régulation of protein synthesis. We put
may reflect an adaptation of the ICMs toforward the hypothesis that concentrations of

.. -1 - i i -
the culture conditions. Nevertheless, at least 21d 5 ngnL—"FGF-2 direct the differen
a tendency for growth factor-inducedtiation of ectodermal cells into distinct cell

changes of protein synthesis in rabbit icmlineages with their specific patterns of pro-

derived cells can be expected with some ref€in synthesis/turnover. Alternatively, our
evance to in vivo conditions. results may suggest that only a low dose of

. ... morphogen can induce true differentiation,
Several previously reported in Vitro e 5 higher dose rather pushes ectodermal
experiments have suggested that growth fags|s towards the proliferation that can be

tors regulate protein synthesis in preim-g,pipited by a less pronounced down-regu-
plantation stage embryos. In isolated porcingsion of protein synthesis.

embryonic discs more than 90% of the pro-
teins increased their synthesis in the pres- There are several other studies showing
ence of IGF-1 [8]. In contrast, Shi et al. [20]the changes in protein synthesis during
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intrauterine development of the mouse thatestricted cell response. Future studies may
correspond to our results in the rabbit. Inemploy amino acid sequencing to unravel
7.5-day embryos, comparison of proteinthe nature of some attractive candidate pro-

syntheses revealed the difference amongpins.

embryonic and extraembryonic regions, and
between isolated embryonic endoderm,

mesoderm and ectoderm. In summary, these ACKNOWLEDGEMENTS
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