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SUMMARY �  The aim was to analyze the regulation of growth and tissue differentiation in a unique in vitro
culture model of gastrulating mammalian embryo by fibroblast growth factor (FGF) and nerve growth factor
(NGF) during two weeks. They both play a crucial role during embryogenesis and the purpose of this study
was to test their possible synergistic influence in the period when mammalian embryos are extremely
sensitive to external factors. We cultivated 9.5-day-old rat embryos on metal grid supported lens paper, at
the air-liquid interface in culture medium (Eagle�s minimal essential medium (MEM) with 50% of homol-
ogous serum) with the addition of FGF, NGF and a combination of FGF/NGF in a time frame of 9 days.
Other three groups of embryos were for 24 hours pretreated with 5-azacytidine (5azaC), an agent that can
activate repressed genes. A parallel group of nontreated control embryos were cultivated with each experi-
mental group. During 14 days of culture embryos grown in teratoma-like explants and growth rate were
evaluated by measuring average size of explants using an eyepiece micrometer on days 5, 7, 11 and 14 after
the addition of growth factors. Differences between respective groups were estimated by Student�s t-test.
Differentiated tissues were estimated on serial histologic sections. χ2-test or Fisher exact test were used to
compare the proportion of tissues between respective groups. In embryo-derived teratomas NGF or FGF/
NGF combination used within the 9 day time frame did not stimulate differentiation of any kind of tissues;
moreover, FGF/NGF inhibited maturation of epidermis, while FGF stimulated differentiation of neural
tissue, hemopoiesis and myotubes. We did not observe any kind of stimulative cooperative action of FGF
and NGF in differentiation processes. So it seems that NGF hinders the stimulating effect of FGF. NGF
alone impaired growth of explants, but in combination with FGF actedd synergistically, thus improving the
growth rate of cultivated embryos. Additional activation of genes with 5azaC had no the effect on possible
NGF influence on neural tissue differentiation, but resulted in improved myotube differentiation. The
activation of genes with 5azaC/FGF signal and 5azaC/FGF/NGF combination improved the proportion of
neural tissue and myotubes as well as hemopoiesis. Obviously, these results supported the role of FGF as
neural inducer and mesoderm inducer. Anyway, FGF or NGF induced differentiation at least partially depends
on the status of gene methylation.
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Introduction

A model of ectopic development of mammalian embryo
in vitro devised in our laboratory1 was developed to study

differentiation and growth of mammalian embryo during
the critical period of development. The proper embryon-
ic part of the whole gastrulating embryo cultivated in vitro
had grown during two weeks into teratoma-like explants
composed of various intermixed tissues. Therefore, this
model is very successful for investigating differentiation
and simultaneous growth of various tissues. During the last
decade, considerable progress has been made in elucidat-
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ing the molecular basis of tissue differentiation and
growth2-7. Molecular cell biology tends to look at cell func-
tion as cross talk from cell to cell in the embryo as well as
in the body. Signaling molecules such as fibroblast growth
factor (FGF) and nerve growth factor (NGF) take part in
these processes. They are found in various parts and at
various times during development of mammalian em-
bryo5,8-12. NGF is physiologically significant for survival and
development of sympathetic and neural crest-derived sen-
sory neurons13. Moreover, it has a wide spectrum of influ-
ence on non-neural cells14,15.

FGF is a potent mitogenic agent for a wide variety of
mesoderm-derived cells, including capillary and endocar-
dial endothelial cells, myoblasts and mesothelial, glial and
astroglial cells in vitro. FGF plays an important role in cell
proliferation and differentiation in embryogenesis, tissue
regeneration, CNS development, wound healing and tu-
mor progression5,7,16,17. There is some evidence that they
act synergistically in neural differentiation and perhaps
other tissue differentiation during embryogenesis5,18-20.

We used two strategies to investigate FGF and NGF
signaling in growth and differentiation of early mammali-
an development in vitro: first, we applied factors in medi-
um for cultivation, and then treated additionally activat-
ed repressed genes with demethylating agent 5-azacyti-
dine (5azaC) before adding growth factors.

Material and Methods

The experiments were carried out on Fischer inbred
rats aged 3 to 4 months. They were kept in conventional
cages, fed standard laboratory diet and water ad libitum.
Males were used as donors of sera for culture medium sup-
plementation.

Dissection technique used for isolation of
postimplantation embryos

Fischer inbred strain rats were mated overnight. Ges-
tation was considered to have begun early in the morning
when sperm was found in vaginal smear, and it was desig-
nated as day 0.5 of pregnancy21. Immediately after the sac-
rifice of animals on gestation days, 9 embryos at the early
head-fold stage (E9.5) were isolated from the uterus. The
isolated uterus from pregnant females was manipulated in
sterile Tyroda�s saline. The decidua in which the embryo
was embedded was peeled off with watchmaker�s forceps.
The entire egg cylinder (embryonic shield + extraembry-
onic part + ectoplacental cone) was isolated using a dis-
secting microscope. After separation of the embryo from

the uterus, the ectoplacental cone and Reichert�s mem-
brane were removed; extraembryonic part was cut at the
level of the amnion and discarded. The remaining proper
embryo was cultivated.

Organ culture in vitro

Cultivation of the embryonic parts of the egg cylinders
was performed at the air-liquid boundary. Three embryos
were put on lens paper supported by a stainless-steel grid
placed in the center of an organ culture dish (Falcon No.
3037, Becton Dickinson, Oxford, UK). A certain amount
of culture medium was put under the grid to keep the lens
paper wet. As basal medium, Eagle�s minimal essential
medium (MEM) with Hank�s balanced salt solution
(MEM from Gibco BRL) supplemented with 50% of rat
serum was used. Serum was taken from the same strain as
embryos. Rat blood from aortas was immediately centri-
fuged and the serum was inactivated at 56 0C for 30 min-
utes and sterilized through a 0.22 µm Millipore filter22.

NGF or FGF (Sigma Chemical Co., St. Louis, MO,
USA) or both agents together were added to basic culture
medium from day 5 through 14 at a concentration of 100
ng/mL. The time of embryo exposure to NGF, FGF or
FGF/NGF signals was 9 days.

In the other three experimental groups, embryos were
exposed to DNA methylation inhibitor 5azaC (Sigma
Chemical Co., St. Louis, MO, USA) for 24 hours before
FGF, NGF or FGF/NGF treatment. 5azaC was added to
culture medium at a concentration of  3 µM as a single dose
from day 5 through 6, followed by the addition of FGF,
NGF or FGF/NGF until the end of culture. We used this
protocol because overt differentiation began on day 5 of
culture23.

Embryos were grown in an incubator in humid atmo-
sphere containing 5% CO2 and 95% air at 37 0C. The me-
dium was changed every other day during the culture pe-
riod. Embryos were maintained in vitro for 14 days.

At the same time we measured growth on days 5, 7, 11
and 14 during the culture period.

Evaluation of growth and tissue differentiation in culture in
vitro

To monitor growth, dimensions of explants were mea-
sured from day 5 through day 14 of culture period, i.e. at
the same time when the medium was changed, using an
eyepiece micrometer. The perpendicular major and minor
diameters of all explants were measured and expressed as
arithmetic mean of these two values (micrometers). Thus,
the growth rate of explants was evaluated by measuring av-
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erage size on a particular day23. Differences between the
respective groups were estimated by Student�s t-test for
unlimited degrees of freedom.

After 14 days in culture, the embryos grown in terato-
ma-like explants were fixed in Zenker�s solution, washed
in tap water, and processed by routine histologic methods.
Serial histologic sections (5 µm) stained by hemalaun and
eosin (HE) were made and checked for the presence of
various tissues by light microscopy. We compared the pro-
portions of differentiated tissue between the respective
treated and control groups of explants. The incidence of
tissues found was statistically evaluated using χ2-test anal-
ysis or Fisher exact test; p values of less than 0.05 were
considered statistically significant.

Results

Differentiation of tissues in explants of embryos
treated with FGF, NGF and FGF/NGF combination

Cultivation was performed with early head-fold stage
of embryos for 14 days. We used Eagle�s minimal essential
medium (MEM) supplemented with 50% of serum as
basic culture medium (Tables 1 and 2). The 9.5-day-old
embryos at head fold stage were cultivated in the medi-
um with serum (control, i.e. nontreated embryos) and ap-
proximately the same number of embryos were treated
with NGF, FGF or both agents during 9 days of culture
(Table 1).

Teratoma-like explants developed from cultivated
embryos in control medium (nontreated embryos) con-
tained tissue derivatives of all three germ layers. We found
the same tissues such as epidermis, neural tissue, myo-
tubes and smooth muscle, cartilage, etc. Epidermis was
present in almost all explants (18/20), neural tissue differ-
entiated in 65% of all cultivated explants, whereas only 30%
of explants contained myotubes (Table 1). Neural cells
contained typical big euchromatic nuclei with striking dark
nucleoli and cells with smaller nuclei and relatively irreg-
ular nuclear envelope (glial cells).

We tried to assess the effect of FGF or NGF, or their
putative synergistic action on differentiation in gastrulat-
ing embryo in the period when mammalian embryos are
most sensitive to the effect of different natural substanc-
es present in vivo. Therefore, we treated embryos with 100
ng/mL of NGF or FGF or FGF/NGF combination during
9 days. Considering NGF, the results confirmed our pre-
vious experiments24. The proportion of tissues in NGF-
treated explants was approximately the same as in control
nontreated explants (Table 1).

FGF treatment modified the differentiation. FGF sig-
nificantly improved the rate of neural tissue differentia-
tion (p<0.05) (Fig. 1B), stimulated hemopoiesis and
myotube differentiation, although the proportion of myo-
tubes (Fig. 1A) was not significantly different from con-
trol. The same held true for combined action of FGF/NGF,
although the proportion of the mentioned tissues was not

Table 1. Differentiation of various tissues in embryo-derived teratoma-like explants in vitro treated with FGF, NGF and FGF/NGF
combination, from day 5 through 14 of culture

Proportion of tissues

Treatment** Control* FGF100 NGF 100 FGF/NGF
No. of explants analyzed 20 13 28 14
Differentiation: n      % n      % n      % n      %

Keratinized epidermis  18 (0.90)  8 (0.61)  26 (0.93)  7 (0.50)a

Immature epidermis   2 (0.10)  4 (0.30)  2 (0.07)  7 (0.50)
Neural tissue  13 (0.65)  13 (1.00)a  14 (0.50)  10 (0.71)
Intestinal epithelium  14 (0.70)  5 (0.38)  18 (0.64)   9 (0.64)
Gland epithelium   4 (0.20) �   6 (0.21) �
Cartilage  13 (0.65)  10 (0.76)  19 (0.68)   6 (0.43)
Myotubes   7 (0.35)   8 (0.61)   9 (0.32)   6 (0.43)
Smooth muscle   7 (0.35)   4 (0.30)   7 (0.25)   5 (0.35)
Heart muscle   7 (0.35)   7 (0.53)   5 (0.18)   4 (0.28)
Hemopoiesis �   4 (0.30) �   3 (0.21)

* Control = nontreated group grown in basic culture medium
** FGF100 = 100ng/mL FGF, NGF100 = 100 ng/mL NGF; FGF/NGF = 100 ng/mL FGF + 100 ng/mL NGF; χ2-test: significant difference

versus control: a) p<0.05
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significantly different from control. Moreover, this combi-
nation prevented epidermal keratosis. The proportion of
immature epidermis was significantly higher in FGF/NGF
treated embryos (p<0.05) (Table 1).

Differentiation of tissues in explants of embryos pre-
cultivated in culture medium with 5azaC

To verify if it was possible to change the degree and
pattern of tissue differentiation we treated embryos with
the demethylating agent 5azaC for 24 hours before FGF
or NGF or FGF/NGF treatment. 5azaC was applied from
day 5 through 6 and after that embryos were exposed to
particular growth factors until the end of culture period.

Table 2. Differentiation of various tissues in embryo-derived teratoma-like explants in vitro pretreated with 5azaC for 24 h, followed by
FGF, NGF and FGF/NGF combination, from day 6 through 14 of culture

Proportion of tissues in explants pretreated with 5azaC from day 5 through 6

Treatment** Control* FGF100 NGF 100 FGF/NGF
No. of explants 18 14 14 14
Differentiation: n      % n      % n      % n      %

Keratinized epidermis   17 (0.94)   9 (0.64)   13 (0.92)   10 (0.71)
Immature epidermis   1 (0.05)   5 (0.35)   1 (0.07)    4 (0.28)
Neural tissue   10 (0.55)   14 (1.00)a   8 (0.57)   14 (1.00)a

Intestinal epithelium   13 (0.72)   6 (0.42)   9 (0.64)   11 (0.78)
Gland epithelium �   1 (0.07)   2 (0.14)   5 (0.35)
Cartilage    13 (0.72)   7 (0.50)   6 (0.42)   12 (0.85)
Myotubes   5 (0.27)   12 (0.85)b   11 (0.78)b   12 (0.85)b

Smooth muscle   8 (0.44)   6 (0.42)   8 (0.57)   5 (0.35)
Heart muscle   11 (0.61)   6 (0.42)   7 (0.50)   3 (0.21)
Hemopoiesis �   4 (0.28) �   3 (0.21)

* Control = nontreated group grown in basic culture medium
** FGF100 = 100ng/mL FGF; NGF100 = 100 ng/mL NGF; FGF/NGF = 100 ng/mL FGF + 100 ng/mL NGF; 5azaC = 3 µM 5-azacytidine; χ2-

test: significant difference versus control: a) p<0.02, b) p<0.001

Fig. 1A. Myotubes and cartilage developed in an explant treated with FGF in concentration of 100 ng/mL from day 5 through 14 of cul-
ture. HE, scale = 50 mm. B. Detail of explant with neural tissue. HE, scale = 25 mm.

In explants developed from embryos treated with
5azaC/NGF differentiation of myotubes significantly im-
proved and this was in accordance with our previous ex-
periment24. Thus, in the embryos pretreated with 5azaC,
then treated with FGF on FGF/NGF, the incidence of dif-
ferentiation of neural tissue, myotubes and hemopoiesis
was also markedly improved (Table 2, Fig. 1).

Regulation of growth by FGF and NGF

Control explants grown in serum supplemented me-
dium reached the maximum size in the first week of cul-
ture and then gradually decreased in the second week
(Figs. 2, 3). NGF impaired growth of explants, while FGF
stimulated growth, although it was not always statistically
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different from control groups on a particular day of mea-
surement. During FGF treatment the average size of ex-
plants showed an increasing tendency on all measurement
days. When we applied FGF and NGF together in culture
media the growth of explants significantly improved in
comparison to control and experimental FGF-treated or
NGF-treated embryos on each measurement day (Fig. 2).

Growth rate in the groups of embryos pretreated with
5azaC was always reduced in comparison to that in non
5azaC pretreated groups of embryos and control groups.
Growth curves of the groups of embryos pretreated with
5azaC on day 5 of culture followed by FGF or NGF until
the end of culture gradually decreased. On the contrary,
combined FGF/NGF treatment for 9 days of culture after
a single dose of 5azaC improved growth (Fig. 3). In this
group of embryos growth rate significantly improved in
comparison to FGF- or NGF-treated embryos after 5azaC
application and was similar to control growth curve, but the
average size of embryos did not reach the size of those em-
bryos which were treated without 5azaC during the exper-
imental period (Figs. 2, 3).

Discussion

Embryonic parts of 9.5-day-old head-fold embryos were
cultured in vitro for 14 days and the growth and histologic
analysis of the resulting teratomas confirmed that the
growth and differentiation were possible under the con-
ditions described. Such conditions are highly desirable for
precise investigation of developmental growth and differ-
entiation-inducing agents or teratogenic factors affecting
the mammalian embryo25. However, for the whole 9.5-day-
old embryo cultures, which are usually used in such exper-
iments, a longer culture period is desirable26 and in our
experiments it lasted two weeks, although the period for
the whole-embryo culture is usually limited to two days26.
Differentiation of the muscle tissue14, neural tissue27, car-
tilage28, etc. is often studied in cell cultures. However,
there are no tissue interactions in cell cultures. Inductive
interactions between embryonic cells are very important
in early development, and there is no doubt that our three-

Fig. 3. Effect of FGF, NGF and FGF/NGF combination on the
growth of embryo-derived teratomalike explants in organ culture
in vitro pretreated for 24 hours with 5azaC. For the first 5 days
embryos were cultivated in basal control medium and treatments with
5azaC started on day 5 through 6, and after that with growth factors
until the end of culture. Control groups of explants were untreated.
NGF100 = 100 ng/mL NGF; FGF 100 = 100 ng/mL FGF; FGF/
NGF = 100 ng/mL FGF + 100 ng/mL NGF; 5azaC = 3 mM 5-
azacytidine

Fig. 2. Effect of FGF, NGF and FGF/NGF combination on growth
of embryo-derived teratoma-like explants in organ culture in vitro.
For the first 5 days embryos were cultivated in basic culture medi-
um and treatments started on day 5 through 14 of culture. Control
groups of explants were untreated. Each point depicts the mean of
about 20 values. NGF100 = 100 ng/mL NGF; FGF 100 = 100
ng/mL FGF; FGF/NGF = 100 ng/mL FGF + 100 ng/mL NGF.
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dimensional organ-culture model allows for interaction be-
tween cells in the whole embryo.

Considering growth, NGF impaired growth. In our
previous experiments in serum-free and protein-free me-
dium NGF as the only protein present, diminished growth
as well4. Therefore, these experiments confirmed the in-
hibitory effect of NGF on the growth of early gastrulating
embryo.

On the contrary, FGF stimulated growth although it
was not always statistically different from the control group
on a particular measurement day, while combined FGF/
NGF  treatment significantly improved growth in compar-
ison to control and experimental FGF- or NGF-treated
groups. It seems that FGF and NGF act synergistically,
thus improving growth rate.

In the groups of embryos pretreated with 5azaC
followed by FGF or NGF growth rate gradually reduced
from day 5 till day 14 of culture. Considering 5azaC/FGF
treatment, we were rather surprised with its inhibitory
effect because one single dose of 5azaC in serum supple-
mented medium did not change growth29. Therefore, we
could expect similar stimulatory effect as in FGF treated
embryos. The possible explanation is: all embryos were ran-
domly chosen as control or experimental, and average
masses of experimental groups of embryos were significant-
ly lower than the control ones, at the time when the
treatment started (Fig. 2), so they could not recover in 9
days. Anyway, this requires further investigation.

 As the growth rate of explants pretreated with 5azaC
followed by FGF/NGF combination was improved in re-
lation to control, FGF- or NGF-5azaC-pretreated, it seems
that the possible antimitotic suppressing effect of 5azaC
was neutralized by combined FGF/NGF treatment for 9
days of culture (Fig. 3). In all appearance, this experiment
confirmed the synergistic stimulatory action of FGF and
NGF on the growth.

Although NGF could in other experimental systems
induce differentiation5,14,27, in our experimental system the
concentration of NGF used did not affect the differentia-
tion at all (Table 1), and simultaneously diminished
growth. These results are in accordance with our previous
experiments4.

On the contrary, FGF signal changed the differentia-
tion of several tissues (stimulated hemopoiesis, myotubes
and neural tissue). FGF, previously studied as a mesoderm
inducer30, has more recently been proposed as a candidate
for neural induction31. The expression of FGF supports a
possible role in neural induction and patterning 31.

 It has been found that FGF and NGF have a neural
inducing activity in vertebrates at an appropriate time32,

and other signaling factors cooperate to produce the com-
plete pattern. Considering combined FGF/NGF treat-
ment, the data in Table 1 show that this combination was
less effective in differentiating neural tissue and myotubes
than FGF alone. Moreover, combined treatment inhibit-
ed maturation of epidermis, although there was evidence
for cooperative action of FGF and NGF5,18.

By changing the gene methylation pattern via 5azaC
action, more genes were activated than repressed. There-
fore, additional gene activation improved differentiation
of neural tissue in explants treated with FGF/NGF. This
is most probably the effect of FGF signaling, because we
found the same proportion of neural tissue in 5azaC/NGF
treated explants in control group (Table 2). Considering
myotube differentiation, we found a significantly higher
proportion in all experimental series than in controls (Ta-
ble 2). Results obtained with 5azaC/NGF confirm our pre-
vious experiments24. In embryos treated with 5azaC/FGF
and 5azaC/FGF/NGF the proportion of myotubes was the
same. At the moment it is difficult to say if there was any
cooperative interaction between FGF and NGF.

Conclusion

In our experimental system, NGF or FGF/NGF com-
bination used within a time frame of 9 days did not stim-
ulate differentiation of any kind of tissues in embryo-de-
rived teratomas, while FGF stimulated differentiation of
neural tissue, hemopoiesis and myotubes. We did not ob-
serve any kind of stimulating cooperative action of FGF
and NGF in differentiation processes. Moreover, FGF/
NGF combined action inhibited the maturation of epider-
mis. So, it seems that NGF hinders the stimulating effect
of FGF. In spite of the fact that NGF alone impaired
growth of explants, it seems that NGF acts synergistically
with FGF, thus improving the growth rate of cultivated em-
bryos.

Gene activation by hypomethylation action of 5azaC
had no effect on the possible NGF action on neural tissue
differentiation, but it resulted in improved myotube dif-
ferentiation. The activation of genes with 5azaC/FGF sig-
nal resulted in changes. Improvement of the proportion of
neural tissue and myotubes as well as of hemopoiesis con-
firmed its role as a neural inducer and mesoderm inducer.
Anyway, FGF or NGF induced differentiation was at least
partially dependent on the status of gene methylation.

This study offered a new approach in gaining a more
precise insight into the differentiation inducing agents in
early postimplantation embryos cultivated in vitro.



Acta Clin Croat, Vol. 44, N0 2,  2005 209

V. Crnek-Kunstelj et al. Embryo culture model for analysis of FGF and NGF signals

Acknowledgment

We thank Ms. J. Ljubek and Ms. Ð. Cesar,  University
of Zagreb, for their skilful technical assistance.

References

  1. �KREB N, CRNEK V. Development of embryo-derived teratomas
in vitro. In: McKINNELL MA, DiBERARDINO M, BLUME-
NFELD RD, BERGAD RD, eds. Results and problems in cell dif-
ferentiation, Vol 11, Differentiation and neoplasia. Berlin-Hidelberg-
New York: Springer Verlag, 1980:283-9.

  2. KENGAKU M, OKAMOTO H. bFGF as a possible morphogen for
the anteroposterior axis of the central nervous system in Xenopus.
Development 1995;121:3121-30.

  3. YAMADA T, PLAZEK M, TANAKA H, DODD J, JESSELL TM.
Control of cell pattern in the developing nervous system: polariz-
ing activity of the floor plate and notochord. Cell 1991;64:635-47.

  4. STIPIÆ J, �KREB F, BRADAMANTE �, �KREB N. Neural growth
factor inhibits the growth of rat egg-cylinders cultured in vitro. Int
J Dev Biol 1991;35:203-7.

  5. ACOSTA CG, FABREGA AR, MASCO DH, LOPEZ HS. A senso-
ry neuron subpopulation with unique sequential survival depen-
dence on nerve growth factor and basic fibroblast growth factor
during development. Neurosci J 2001:21: 8873-85.

  6. ZHANG SC, WERNIG M, DUNCAN ID, BRUSTLE O, THOM-
SON JA. In vitro differentiation of transplantable neural precursors from
human embryonic stem cells. Nat Biotechnol 2001; 19: 1129-33.

  7. GARNIER M, GIAMARCHI C, DELRIEU I, RIO MC,
CHINESTRA P, BAYARD F, POIROT M, FAYE JC. Insulin and
estrogen receptor ligand influence the FGF-2 activities in MCF-7
breast cancer cells. Biochem Pharmacol 2003;65:629-36.

  8. DAVIES AM. Role of neurotrophic factors in development. Trends
Genet 1988; 4: 133-43.

  9. MUENKE M, SCHELL U. Fibroblast-growth-factor receptor mu-
tations in human skeletal disorders. Trends Genet 1995;11:308-13.

10. ARMAN E, HAFFNER-KRAUSZ R, GORIVODSZKY M, LONAI
P. FGFR2 is required for limb outgrowth and lung branching mor-
phogenesis. Proc Natl Acad Sci USA 1999;96:11895-9.

11. CIRULLI F, ALLEVA E, ANTOMELLI A, ALOE L. NGF expres-
sion in the developing rat brain: effects of maternal separation. Brain
Res 2000;123:129-34.

12. CHEN Y, LI X, ESWARAKUMAR JP, SEGER R, LONAI P. Fibro-
blast growth factor (FGF) signaling through PI 3-kinase and Akt/
PKB is required for embryoid body differentiation. Oncogene
2000;19:3750-6.

13. LEVI-MONTALCINI R. The nerve growth factor, 35 years later.
Science 1987;237:1154-62.

14. ERCK C, MEISINGER C, GROTHE C, SEIDL K. Regulation of
nerve growth factor and its low-affinity receptor (p75NTR) during
myogenic differentiation. J Cell Physiol 1998;176:22-31.

15. PEARSON H, AYER-LE LIEVRE CH, SODER O, VILLAR MJ,
METSIS M, OLSON L, RITZEN M, HOKFELT T. Expression of
beta nerve growth factor receptor mRNA in Sertoli cells down reg-
ulated by testosterone. Science 1990;247:704-7.

16. BASILICO C, MOSCATELLI D. The FGF family of growth fac-
tors and oncogenes. Adv Cancer Res 1992;59:115-65.

17. WERNER S, SMOLA H, LIAO X, LONGAKER TK, HOF-
SCHNEIDER PH, WILLIAMS LT. The function of KGF in mor-
phogenesis of epithelium and reepithelization of wounds. Science
1994;266:819-22.

18. FERHAT L, REPRESA A, ZOUAOOUI-AGGOUN D, FERHAT
W, BEN-ARI Y, KEHRSTCHATISKY M. FGF-2 induces nerve
growth factor expression in cultured rat hippocampal neurons. Eur
J Neurosci 1997;9:1282-9.

19. ZHANG JM, HOFFMAN R, SIEBER-BLUM M. Mitogenic and
anti-proliferative signals from neural-crest cells and the neurogen-
ic action of TGF beta-1. Dev Dyn 1997;208:375-86.

20. SPEAR N, ESTEVEZ AG, JOHNSON GV, BREDESEN DE, TH-
OMPSON JA, BECKMAN JS. Enhancement of peroxynitrite-in-
duced apoptosis in PC12 cells by fibroblast growth factor-1 and nerve
growth factor requires p21 Ras activation and is suppressed by Bcl-
2. Arch Biochem Biophys 1998;356;41-5.

21. COCROFT DL. Comparisons of in vitro and in vivo development
of rat foetuses. Dev Biol 1976;48:163-71.

22. �KREB N, CRNEK V, DURST-�IVKOVIÆ B. Effect of various sera
on cultured rodent embryonic shields. Cell Differ 1983;12:27-32.

23. CRNEK-KUNSTELJ V, STIPIÆ J, STIPIÆ-MARKOVIÆ A, �KREB
F. Induction and development of embryo-derived teratomas in vivo
and in vitro. 2001; 29: 143-151.

24. STIPIÆ J, CRNEK-KUNSTELJ V, BRADAMANTE �, �KREB F.
Nerve growth factor and neuroblast differentiation. Period Biol
2001;103:331-7.

25. COCKROFT DL. A comparative and historical review of culture
methods for vertebrates. Int J Dev Biol 1997;41:127-37.

26. WEBSTER WS, BROWN-WOODMAN PD, RITCHIE HE. A re-
view of the contribution of whole embryo culture to the determi-
nation of hazard and risk in teratogenicity testing. Int J Dev Biol
1997;41:329-35.

27. PERSENGIEV SP, KILPATRICK DL. Nerve growth factor induced
differentiation of neuronal cells requires gene methylation. Neu-
roreport 1996; 8: 227-231.

28. DAILEY L, LAPLANTINE E, PRIORE R, BASILICO C. A net-
work of transcriptional and signaling events is activated by FGf to
induce chondrocyte growth arrest and differentiation. J Cell Biol
2003;161:1053-66.

29. BULIÆ-JAKU� F, VLAHOVIÆ M, JURIÆ-LEKIÆ G, CRNEK-
KUNSTELJ V,  �ERMAN D. Gastrulating rat embryo in a serum-
free culture model. Changes of development caused by teratogen
5-azacytidine. ATLA 1999;27:925-33.

30. SLACK JMV. Inducing factors in Xenopus early embryos. Curr Biol
1994;4:116-26.

31. GODSAVE SF, DURSTON AJ. Neural induction and patterning in
embryos deficient in FGF signaling. Int J Dev Biol 1997;41:57-65.



V. Crnek-Kunstelj et al. Embryo culture model for analysis of FGF and NGF signals

210 Acta Clin Croat, Vol. 44,  No 2,  2005

32. LAMB TM, HARLAND RM. Fibroblast growth factoris a direct
neural inducer, which combined with noggin generates anterior-pos-
terior neural pattern. Development 1995;121:3627-36.

Sa�etak

REGULACIJA RASTA I DIFERENCIJACIJE EMBRIJA SISAVACA FAKTORIMA RASTA FGF I NGF U KULTURI
ORGANA IN VITRO

V. Crnek-Kunstelj, J. Stipiæ i T. Zeljko

Namjera je bila istra�iti regulaciju rasta i diferencijacije pomoæu fibroblastnog faktora rasta (FGF) i faktora rasta �ivaca (NGF)
u jedinstvenom in vitro modelu za kultiviranje embrija sisavaca u kritiènoj fazi razvoja, gastrulaciji, tijekom dva tjedna. Oba faktora
imaju kljuènu ulogu u embriogenezi sisavaca, a svrha je bila istra�iti njihov moguæi sinergistièni uèinak kada su embriji sisavaca
najosjetljiviji na djelovanje pojedinih vanjskih èimbenika. Embrije �takora stare 9,5 dana kultivirali smo na metalnoj mre�ici s
leænim papiriæem, na granici plinske i tekuæe faze, u temeljnom mediju za kultiviranje (Eagleovom minimalnom esencijalnom
mediju (MEM) s 50% homolognog seruma) uz dodatak faktora rasta FGF, NGF i kombinacije FGF/NGF tijekom 9 dana kulture.
Druge tri skupine embrija su prethodno bile tretirane 24 sata 5-azacitidinom (5azaC), agensom koji mo�e aktivirati gene. Paralelne
skupine embrija kultivirane su u temeljnom mediju kao kontrolne. Tijekom 14 dana kultiviranja embriji izrastu u teratoidne
strukture, a pritom se rast procjenjuje odreðivanjem prosjeène velièine eksplantata pomoæu okularnog mikrometra u odreðene
dane (5, 7, 11, 14) nakon dodavanja faktora rasta. Razlike u rastu izmeðu pojedinih skupina ispitane su Studentovim t-testom.
Prisutnost diferenciranih tkiva u teratomima utvrðena je analizom na serijskim histolo�kim rezovima. Razlike u proporcijama
diferenciranih tkiva izmeðu pojedinih skupina utvrðene su χ2-testom ili Fisherovim egzaktnim testom. U embrijskim teratomima
razvijenim in vitro niti NGF niti FGF/NGF kombinirani tretman  nisu stimulirali diferencijaciju bilo koje vrste tkiva, dapaèe,
FGF/NGF kombinacija je inhibirala sazrijevanje epidermisa. FGF je stimulirao diferencijaciju �ivèanog tkiva (p<0,05), miotuba
i hemopoezu. Nismo mogli utvrditi sinergistièni uèinak FGF i NGF u procesu diferencijacije bilo koje vrste tkiva. Dapaèe, èini
se da NGF smanjuje stimulacijski uèinak FGF u procesu diferencijacije. NGF suzbija rast eksplantata, ali u kombinaciji s FGF
djeluje sinergistièno, znaèajno poveæavajuæi rast eksplantata. NGF nije imao uèinka na oèekivano poveæanje diferencijacije �ivèanog
tkiva, nakon dodatne aktivacije gena pomoæu 5azaC, meðutim, diferencijacija miotuba je znaèajno poveæana. Kombinirano
djelovanje 5azaC/FGF i 5azaC/FGF/NGF na aktivnost gena poveæalo je uèestalost diferencijacije �ivèanog tkiva, miotuba i
hemopoezu u eksplantatima. Ovaj rezultat potvrðuje djelovanje FGF kao induktora �ivèanog tkiva i mezoderma. U svakom sluèaju
diferencijacija potaknuta FGF i NGF signalima djelomice ovisi o stupnju metilacije gena.

Kljuène rijeèi: Kultura embrija sisavaca; Fibroblastni faktor rasta; Faktor rasta �ivaca, Embrijski teratomi


