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Expression of Laminin During the Differentiation of F9
Teratocarcinoma Stem Cell
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In order to investigate the retinoic acid induced-differentiation of F9 teratocarcinoma stem
cell, we have analyzed the change of cell morphology and laminin expression after exposure to
retinoic acid and cyclic AMP. It is shown that undifferentiated F9 stem cells grow as closely
packed colonies, and it is difficult to distinguish cell-cell boundaries. After retinoic acid and
dibutyryl cyclic AMP treatment, F9 cells assume a flat morphology characterized by perinuc-
lear granules and arrest growth. According to Northern blot analysis, laminin expression was
increased markedly after retinoic acid treatment. Laminin B1 gene expression was increased at
least 30-fold and laminin B2 gene expression was increased approximately 20-fold during
differentiation process. Employing immunofluoresence analysis, it was proved that the synth-
esis of laminin protein was low level in F9 stem cell whereas it became high level in retinoic
acid treated F9 cell and the laminin protein was largely accumulated in the cell surface.

Our results suggest that induction of laminin B1 and B2 genes in F9 cells is retinoic
acid-mediated control, and morphological change and differentiation of F9 cells might be

associated with laminin gene expression.
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The tumorigenic stem cells of murine teratocar-
cinoma or embryonal carcinoma cells, which re-
semble the inner cell mass cells of the early
mouse embryo, have the capacity to differentiate
into multiple types of cell products (Stevens,
1983; Martin, 1980). Embryonal carcinoma cells
have proved to be a good model for studies of
events during early embryo development (Martin,
1980). One of these cell lines, F9, shows very low
spontaneous differentiation in vivo or in vitro
(Grover and Adamson, 1986). However, it can be
induced to differentiate into a homogeneous
population of primitive or parietal endoderm in
the presence of retinoic acid and dibutyryl cyclic
AMP (Strickland et al., 1980). If F9 cells are tre-
ated with retinoic acid and allowed to aggregate,
they differentiate into the alternate cell type,
visceral endoderm characterized by the synthesis
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of a -fetoprotein (Grover et al., 1983). Therefore,
the differentiation may involve molecular mechan-
ism on the cell surface (Joukoff et al., 1986). The
differentiation response of F9 cells is irreversible
and is accompanied by morphological alteration
and increased synthesis and secretion of proteins
characterized of differentiated phenotype such as
laminin, tyep IV collagen, {8 2-microglobulin and
protease plasminogen activator (Eriksson et al.,
1986; Strickland et al., 1980). Besides, differentia-
tion of F9 cells results in production of insulin-like
growth factor I (Nagarajan et al., 1985), an in-
crease in the specific activity of UDP-galactose: -
D-galactosyl « -1,3-galactosyl transferase (Cum-
mings and Mattox, 1980), lack of surface antigen
SSEA-1 (Griep and Deluca, 1986) and change of
colonization pattern (lLeonicini et al., 1988).

The retinoids are a class of compounds that can
modify processes of cellular proliferation and dif-
ferentiation (Sporn and Roberts, 1983). Retinol
(vitamin A) and its natural analog, retinoic acid,
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are essential for normal development of epithelial
tissues and have been found to play a role in the
prevention of epithelial carcinogenesis and sup-
press the development of the malignant phenoty-
pe in vitro (Lotan, 1983). More recently, it has
been shown that retinoids can exert effects on cer-
tain fully transformed, invasive, neoplastic cells,
leading in certain instances to a suppression of
proliferation, and in other instances to terminal
differentiation of these cells, resulting in a more
benign, nonneoplastic phenotype (Strickland,
1978; Strickl and Madhavi, 1981). Retinoic acid
can promote differentiation of cultured cell types
including teratocarcinoma cells (Strickland et al.,
1980), human promyelocytic leukemia cells
(Daenen et al., 1986), and human myeloblast
(Fontana et al., 1986).

The mechanism by which retinoic acid induces
differentiation is largely unknown. One hypothesis
suggests that retinoic acid may act in a manner
analogous to the steroid hormones and its effects
in controlling gene expression are mediated by in-
tracellular binding proteins (Sporn and Roberts,
1983). Specific cellular binding proteins for retinol
(CRBP) and for retinoic acid (CRABP) have been
found (Grippo and Gudas, 1987, Stoner and
Gudas, 1989). Recently, retinoic acid receptor
(RAR) has also been identified and cloned from
human ¢DNA library and was homologous to the
receptors for steroid hormones, thyroid hormones
and vitamin D3, suggesting that the molecular
mechanisms of the retinoic acid are similar to
those described for other members of this nuclear
receptor family (Petkovich et al., 1987). Therefore,
CRABP and CRBP may act as shuttles of the re-
tinoids from cytoplasm to nucleus, then the com-
plex of RAR and retinoids ultimately results in
modulation of transcription of specific genes.

Laminin is the first basement membrane protein
to appear during embryonic development and is
detected between cells in the 16-cell (morula)
embryo. Current models suggest that each laminin
molecule contains A (400-KDa), Bl (230-KDa)
and B2 (220-KDa) chains, which form a cross-
shaped structure by inter- and intrachain disulfide
bonds (Sasaki et al., 1987). Laminin had diverse
biological functions including promotion of cell
attachment, neurite outgrowth, mitogenesis and
differentiation (Ogawa et al., 1988; Pikkarainen et
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al., 1988). Roles for laminin in induction of polar-
ity, intracellular flattening, formation of specialized
junction and as an auto- antigen have been also
suggested (Timple et al., 1984). For F9 cells, it is
known that laminin may affect the differentiation
direction, basement membrane production, and
epithelial organization (Grover and Adamson,
1985).

We examined the change of morphology,
steady-state mRNA levels of laminin Bl and B2,
and the production and distribution of laminin
protein in F9 cells during retinoic acid-induced
differentiation.

Materials and Methods

Cell Culture and Induction of Differentiation

F9 cells were obtained from ATCC (USA) and
grown on gelatinized plasticware in Dulbecco’s
Modified Eagle’s Medium (Sigma Chemical Co.,
Mo. USA) supplemented with 10% calf serum,
penicillin (100U/ml) and streptomycin (100 pg/
ml) (Gibco, Grand Island, N. Y. USA) in humidi-
fied atmosphere of 5% CO, at 37°C. Stock cul-
ture were passed by trypsinization every 2 to 3
days.

Differentiation was induced by the addition of 1
% 107®M all trans-retinoic acid, 5 X 107*M
dibutyryl cyclic AMP and 2.5 X 10 M theophyl-
line. Theophylline serves as a cyclic AMP stabiliz-
er. Retinoic acid was prepared as 10 "M stock in
ethanol, dibutyryl cyclic AMP was prepared as
100mM aqueous solution, asnd theophylline was
100mM stock in 0.1IN NaOH. Stock solution was
diluted directly in the medium.

Isolation of Total RNA from F9 Cell

Total cellular RNAs were isolated from undiffe-
rentiated and differentiated F9 cells by acid-guani-
dinium thiocyanate-phenol-chloroform (AGPC)
extraction method (Chomczynski and Sacchi,
1987).

Transfer of Formaldehyde-denatured RNA to
Nitrocellulose Membrane

The total RNAs isolated were electrophoretically
separated in a formaldehyde-agarose gel as de-
scribed by Lehrach et al. (1977). Consequently
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the RNAs were transferred to a nitrocellulose
membrane and then the membrane was baked for
4-5 hours at 80°C.

Preparation of Radiolabeled DNA Probes

The 464 base pair EcoRI fragment of 5" end of
mouse laminin B1 ¢cDNA (Kim and Choi, 1989),
the 30 base pair synthetic laminin B2 oligonuc-
leotide and the 600 base pair Pstl fragment of
mouse actin cDNA were used as DNA probes.
The sequence of laminin B2 oligonucleotide was
5-GGC CTC CCT TGT CTT CTC ATT GGC
TTC AGC-3" and was obtained from L. J. Gudas,
Department of Cancer Genetics, Dana-Farber
Cancer Institute, Boston, U.S.A. Laminin Bl and
actin ¢cDNA were labeled by random primer
method (Feinberg and Vogelstein, 1984) and lami-
nin B2 oligonucleotide was labeled by 5 end
labeling method (Davis et al., 1986).

Northern and Slot Blot Hybridization

The Northern blotted nitrocellulose membrane
was hybridized with %2P-labeled cDNA probe and
with 32P-labeled oligonucleotide (Sambrook et al.,
1989). The filter was exposed to X-ray film at
-70°C for several days. The expressions of the
genes were analyzed by microdensitometer.

For slot blot analysis, nitrocellulose membrane
was prepared and then applied to slot blot appar-
atus according to the recommended protocol
(Bio-Rad # 170-6543). Each slot contained 10 x. g
of total RNAs. The membranes were baked for
4-5 hours at 80°C, then hybridized with
32p_labeled DNA probe, washed and exposed to
X-ray films.

Immunofluoresence

Rabbit antilaminin antibody and fluorocein
isothiocyanate (FITC) conjugated goat-antirabbit
Ig were obtained from Sigma.

Cells were grown on 22 X 22mm coverslips
placed individually into 35mm tissue culture dis-
hes. The coverslips were pre-coated with 0.3%
gelatin and air dried prior to use. Differentiation
was induced as described above. The coverslips
were washed twice for 30 seconds each time in a
solution of 1:1 PBS and alpha MEM (PBS-MEM).
Then they were incubated with primary antibody,
rabbit antilaminin antibody, diluted into 60 z1 of
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PBS-MEM per coverslip for 45 minutes at room
temperature in a humidified chamber. They were
washed three times for 5 minutes each time in
3ml of PBS-MEM and then incubated with secon-
dary antibody, FITC-conjugated goat-antirabbit
IgG, diluted into 60 1 of PBS-MEM per coverslip
for 45 minutes at room temperature in a humidi-
fied chamber. The coverslips were washed as
above and cells were fixed by immersing the
coverslip in freshly-prepared methanol: acetic acid
(95:5, v/v) for 15 minutes at —20°C. The covers-
lips were air-dried and the cells were rehydrated
under PBS for 15 minutes. The coverslips were
mounted onto a slide and photographed.

Results

Morphological Observations

F9 cells grew in culture as closely packed col-
onies, and it was difficult to distinguish cell-cell
boundaries (Fig 1A). After addition of differentia-
tion inducers, retinoic acid-dibutyryl cyclic
AMP-theophylline (RACT), the cell growth was
ceased and differentiation was occurred. After 3
days of treatment, more than 50% of cells ac-
quired the differentiated morphology characterized
by flat, perinuclear granules (Fig. 1B). After 6 days
of treatment, most of cells acquired the differenti-
ated morphology (Fig. 1C).

Comparision of Steady State Level of Laminin
Bl mRNA in F9 Cells Before and After Dif-
ferentiation

For this study, we used a 464 bp 5 end of
laminin Bl ¢DNA which was previously cloned
from mouse F9 teratocarcinoma stem cell line in
our laboratory. Restriction map and elec-
trophoresis of EcoRI digested laminin B1 ¢DNA is
shown in Fig. 2. The relative level of laminin Bl
mRNA was determined by Northern and slot blot
analysis (Fig. 3), and then the degree of the gene
expression was analyzed by microdensitometer.

According to these results, laminin Bl gene ex-
pression was 30 times higher in differentiated F9
cells than in undifferentiated F9 stem cells. In con-
trast, actin gene expression remained the same
degree.

Therefore, it was concluded that RACT treat-
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Fig. 1. Phase-contrast photomicrographs of live cultures
of F9 cells before and after exposure to retinoic acid--
dibutyryl cAMP-theophylline. (A) F9 cells growing ex-
ponentially in the undifferentiated state. (B} F9 cells cul-
tured for 3 days in 1,M RA, 500 M dibutyryl cyclic
AMP and 250 ;.M theophylline (RACT). (3} F9 cells cul-
tured for 6 days in RACT.

ment caused a marked increase in the steady state
level of laminin B1 mRNA in differentiated F9 cell.

Comparision of Laminin B2 Gene Expression in
Undifferentiated and Differentiated F9 Cells
Thirty base pair laminin B2 oligomer described in
Materials and Methods was used as a probe.
Then, the relative level of laminin B2 mRNA was
determined by Northemn blot analysis. After addi-
tion of RACT, steady state level of laminin B2
mRNA (8Kb) increased markedly as indicated in
Fig. 4. Therefore, we concluded that RACT treat-
ment caused increase in the laminin B2 gene ex-
pression as in the case of laminin Bl gene ex-
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Fig. 2. Restriction map of laminin B1 cDNA(A) and elec-
trophoresis of EcoRI digested laminin B1 ¢cDNA on 1%
low melting point agarose gel(B). The 5" end of laminin
B1 ¢DNA (464 bp EcoRI fragment) is indicated by solid
bar and used as a probe. A Hind llI-molecular size mar-
kers(Kb) are indicated on the right.

Fig. 3. Comparision of the steady state levels of laminin
Bl mRNA in F9 cells before and after exposure to
RACT. (A) Total cellular RNAs from F9 stem cells (lane
1,3) and RACT-treated F9 cells {lane 2, 4) were isolated
and 20 4 g of RNAs per lane were electrophoresed on
1% agarose-formaldehyde gel. After electrophoresis,
RNAs were transferred to nitrocellulose membrane and
hybridized with the 464bp laminin B1 ¢cDNA probe (lane
1, 2) and 600bp actin cDNA probe(lane 3, 4) respective-
ly. The expression of laminin Bl gene was quantitated
by microdensitometer. {B) Total cellular RNAs were iso-
lated from F9 stem and differentiated cells as described
in (A). 10 . g of the RNA per slot was blotted onto nit-
rocellulose paper. Then, hybridized with 5" end of lami-
nin B1 ¢cDNA probe and analyzed by microdensitometer.
Lane 1, F9 undifferentiated stem cells; lane 2, F9 cells
treated with RACT.
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Fig. 4. Northemn blot analysis of laminin B2 mRNA ex-
pression in F9 cells before and after exposure to RACT.
Total cellular RNAs from F9 cells were treated as de-
scribed in Fig. 3(A). 20 . g of total RNAs were separated
in 1% agarose-formaldehyde gel, transferred to nit-
rocellulose membrane and hybridized with 30 bp lami-
nin B2 oligonucleotide. Lane 1, F9 undifferentiated stem
cells; lane 2, F9 cells treated with RACT.

pression.

Immunofluorescence

In immunofluorescence test, it was shown that
F9 cells cultured in the presence of RACT pro-
duced large quantities of laminin protein as a thick
deposit around outer layers of the cell, whereas, it
was scarcely detected in the cytosol of F9 stem
cell (Fig. 5). This result indicates that the increased
level of laminin mRNA is directly related with the
increase in the production of laminin protein dur-
ing F9 cell differentiation.

A
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Discussion

It has been known that retinoids, a family of
compounds comprising both the natural and
synthetic analogues of retinol, are potent agents
for the control of both differentiation and prolif-
eration (Sporn and Roberts, 1983). Therefore, at
the gene level, it appears that retinoids affect the
expression of genes involved in both differentia-
tion and proliferation. As for a evidence of this
hypothesis, retinoic acid receptor (RAR) was re-
cently identified and its function seems very simi-
lar to that of the steroid hormone superfamilies
(Petkovich et al., 1987). The proteins of this su-
perfamilies suggested to have DNA binding func-
tions and control the expression of their respon-
sive genes (Beato, 1989). The alterative to a ster-
oid-like mechanism for retinoic acid is to suggest
that they control gene expression via interactions
with protein kinases, both cyclic AMP-dependent
and cyclic AMP-independent (Plet et al., 1982). It
was also reported that differentiation response of
F9 cells is accompanied by both morphological
alterations and an increase in the synthesis of con-
stituents of the cytoskeleton and basement mem-
brane (BM). Basement membrane including lami-
nin may convey regulatory information through
binding interaction with cytoskeletal proteins. For
instances, laminin binds to the cell surface lami-
nin-binding protein (or laminin receptor), and the
laminin-binding protein successively binds to actin
filaments directly. These BM-cytoskeletal linkages
are most likely critical for morphogenesis. In addi-

Fig. 5. Immunofluorescence of F9 cells stained for laminin before and after exposure to

RACT. (A) F9 cells growing exponentially in the undifferentiated state. (B) F9 cells ex-

posed to RACT.
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tion, cytoskeletal alteration can redistribute cyto-
plasmic mRNAs, alter mobility and function of in-
tegral membrane proteins and nuclear structure
(Ingber and Folkman, 1989).

In this study, we analyzed the change of mor-
phology and expression of laminin which is dif-
ferentiation-specific and the major constituent of
BM during F9 stem cell differentiation process in-
duced by retinoic acid. We have shown that the
morphology of F9 cells, cultured in suspension
with RACT, became rounded. Using Northern blot
analysis, we also observed that the retinoic acid--
treated F9 cells expressed much higher level of
laminin Bl (approximately 30 fold) and laminin
B2 (approximately 20 fold) compared to F9 stem
cells. In addition, by using laminin antibody, we
demonstrated that the laminin protein induced by
RACT was largerly distributed in the surface of the
cells.

These data suggest that the induction of laminin
gene is under retinoic acid mediated control.
Once laminin protein in produced, it may inter-
connect with cytoskeleton via laminin receptor or
laminin-binding protein, then induces the altera-
tion of cell morphology. Furthermore, laminin-
linked changes of cytoskeleton may alter nuclear
organization and switch on or off other dif-
ferentiation-related genes.

References

Beato. M., 1989. Gene regulation by steroid hormones.
Cell 56:335-344

Chomczynski, P. and N. Sacchi. 1987. Single-step
method of RNA isolation by acid-guanidinium
thiocyanate-phenol-chloroform extraction. Anal.
Biochem. 162:156-159.

Cummings, R. O. and S. A. Mattox, 1988. Retinoic acid-
induced differentiation of the mouse teratocarcinoma
cell line F9 is accompanied by an increase in the
activity of UDP-Galactose: #-D-Galactosyl- « -1,
3-galactosyltransferase. J. Biol. Chem. 263:511-519.

Daenen, S., E. Vollenga, O. A. Dobbenburgh, and M. R. . :

Halie, 1986. Retinoic acid as antileukemic therapy in a
patient with acute promyelocytic leukemia and Asper-
gillus pneumonia. Blood 67:559-561.

Davis, L. J.,, M. D. Dibner, and J. F. Battey, 1986. End
labeling of synthetic probes, In: Basic Methods in
Molecular Biology. Elsevier Press Inc., New York, pp

Lee et al. —

Laminin expression 451

72-74.

Eriksson, U.. E, Hansson, K. H. Jonsson, J. Sundelin,
and P. A. Peterson, 1986. Increased level of several
retinoid binding proteins resulting from retinoic acid-
induced differentiation of F9 cells. Cancer Res. 46:712-
722.

Feinberg, A. P and B. Vogelstein, 1984. A techinique for
radiolabeling DNA restriction endonuclease fragments
to high specific activity. Anal. Biochem. 137:255-267.

Fontana, J. A., A. Reppucci, 4. P. Durham, and D.
Miranda, 1986. Correlation between the induction of
leukemic cell differentiation by various retinoids and
modulation of protein kinases. Cancer Res. 46:2468-
2473.

Griep, A. E. and H. F. Deluca, 1986. Studies on the re-
lation of DNA synthesis to retinoic acid induced dif-
ferentiation of F9 teratocarcinoma cells. Exp. Cell.
Res. 164:223-231.

Grippo, J. F. and L.J. Gudas, 1987. The effect of
dibutyryl cyclic AMP and butyrate on F9 teratocarcino-
ma cellular retinoic acid-binding protein activity. J.

Biol. Chem. 262:4492-4509.

Grover, A. and E. D. Adamson, 1986. Evidence for the
existence of an early common biochemical pathway in
the differentiation of F9 cells into visceral and parietal
endoderm: modulation by cyclic AMP. Dev. Biol.
114:492-503.

Grover, A. and E. D. Adamson, 1985. Roles of ex-
tracellular matrix components in differentiating terato-
carcinoma cells. J. Biol. Chem. 260:12252-12258.

Grover, A., G. Andrews, and E. D. Adamson, 1983.
Role of laminin in epithelium formation by F9 aggre-
gates. J. Cell Biol. 97:137-144.

Ingber, D. E. and J. Folkman, 1989. How does ex-
tracellular matrix control capillary morphogenesis?.
Cell 58:803-805.

Joukoff, E., T. Planchenault, and V. Keil-Dlouha, 1986.
Change of laminin in epithelium formation by F9
aggregates. Dev. Biol. 114:289-295.

Kim, K. W., and K. S. Choi, 1989. Preparation of lami-
nin B1 specific cDNA probes; 1. Cloning and sequenc-
ing of 5’ end of laminin specific ¢cDNA. Korean. J.
Genetics 11:105-114.

Lehrach, H. D., 4. M. Diamond, Wozney, and H. Boedt-
ker, 1977. RNA molecular weight determinations by
gel electrophoresis under denaturing conditions, a
practical reexamination. Biochemistry 16:4743.

Leoncini, L., L.. Pacenti, O. Russiano, D. Burroni, S.
Garbisa, M. Cintorino, and B. Terrana, 1988. Correla-
tion between differentiation and lung colonization by
retinoic acid treated F9 cells as revealed by the ex-
pression pattern of extracellular matrix and cell surface
antigens. Am. J. Pathol. 130:505-514.



452

Lotan, R., 1983. Effects of vitamin A and its analogs
(retinoids) on normal and neoplastic cells. Biochim.
Biophys. Acta. 605:33-91.

Martin, G. R., 1980. Teratocarcinomas and mammalian
embryogenesis. Science 209:768-776.

Nagarajan, L., W. B. Anderson, S.P. Nissley, M. M.
Rechler, and A. M. Jetten, 1985. Production of in-
sulin-like growth factor-I[(MSA) by endoderm-like
cells derived from embryonal carcinoma cells: Possible
mediator of embryonic cell growth. J. Cell. Physiol.
124:199-206.

Ogawa, K., P. Burbelo, M. Sasaki, and Y. Yamada,
1988. The laminin B2 chain promoter contains unique
repeat sequences and its activity in transient transfec-
tion. J. Biol. Chem. 263:8384-8389.

Petkovich, M., N. J. Brand, A. Krust, and P. Chambon,
1987. A Human retinoic acid receptor which belongs
to the family of nuclear receptors. Nature 331:444-450.

Pikkarainen, T., T. Kallunki, and K. Tryggvason, 1988.
Human laminin B2 chain. J. Biol. Chem. 263:6751-
6758.

Plet, A., D. Evain, and W. B. Anderson. 1982. Effect of
retinoic acid treatment of F9 embryonal carcinoma
cells on the activity and distribution of cyclic-AMP de-
pendent protein kinase. J. Biol. Chem. 257:889-893.

Sambrook, J., E. F. Fritsch, and T. Maniatis, 1989. Con-
dition for hybridization of oligonucleotide probes, In:
Molecular Cloning; a Laboratory Manual, 2nd ed. Cold
Spring Harbor Laboratory Press Inc., New York, pp.
11. 45-11. 57.

Sasaki, M., S. Kato, K. Kohno, G. G. Martin, and Y.
Yamada, 1987. Sequence of the cDNA encoding a

Korean J. Zool.

Vol. 33, No. 4

multidomain protein containing cystein-rich domains.
Proc. Natl. Acad. Sci. U.S.A. 84:935-939.

Sporn, M. B. and A. B. Roberts, 1983 Role of retinoids
in differentiation and carcinogenesis. Cancer Res. 43:
3034-3040.

Stevens, L. C., 1983. The origin and development tes-
ticular, ovarian and embryo-derived teratomas. CSH
Conf. on Cell Proliferation 10:23-25.

Stoner, C. M. and L. J. Gudas, 1989. Mouse cellular re-
tinoic acid binding protein: cloning, complementary
DNA sequence, and messenger RNA expression dur-
ing the retinoic acid-induced differentiation of F9 wild
type and RA-3-10-mutant teratocarcinoma cells. Can-
cer Res. 49:1497-1504.

Strickland, S., 1981. Mouse teratocarcinoma: prospects
for the study of embryogenesis and neoplasia. Cell
24:277-278.

Strickland, S. and V. Madhavi, 1978. The induction of
differentiation in teratocarcinoma cells by retinoic acid.
Cell 15:393-403.

Strickland, S., K. K. Smith, and K. R. Marotti, 1980.
Hormonal induction of differentiation in teratocarcino-
ma stem cells: Generation of parietal endoderm by
retinoic acid and dibutyryl cyclic AMP. Cell
21:347-355.

Timple. R., H. Rohde, P. G. Robey, S.I. Rennard, J. M.
Foidart, and G. R, Martin, 1984. Modulation of the
metastatic activity of melanoma cells by laminin and
fibronectin. Science 226:982-985.

(Accepted July 30, 1990)



October 1990 Lee et al. —Laminin expression

F9 Teratocarcinoma stem cell2] £5}0f & 2}0|Ll9 Hi5q
closd walafd T - Alarsl ! o] shod she) o} ekebe) st o¥sbal, *xfol pely 8t R

b kst aho) ke ol o a4 el

4812 el el o) 4kel] ¢)a F9 teratocarcinoma stem cell?] 512 ¢% 3} o sk
ol A Al el o] wsbol ehulnlfi2le] abad S 2 apslodc),

LoFEL ] 0 FO stem cell & 2] 4d 0 R £ 4.9 shu) 4 w7be] 71 PG TREb ) o) e g
nbobu] o) Al Alel Kok sla o) ot el E) xo) 4kt dil butyryl (y(lx( AMPA ) 32) g}
2F9 i o B gk vekd il el s 324 ko R4 x)od o, Northern blot-4-4 o] 2]
shod ¥ L] ol Abak eyelic AMPA ] 2.2 F9 4 3ol 4 vho] ] fral 242 ubal o 5 4 g} Al St
shalvh. &, ebvlyl Bl fod =} ubal 2 Mshob g o) 3 48 30, ehulvl B2 i 2he] whede
°f 200 Gopskalrh gk elelnl hal ol B4k wlole 4 ek Northern A 4 spg) o)
A AL Esh Sl epulyl g g ghdde] 2l Zobs] o] glolo ”1. A48 ehulx) gl e 7))
AlEiulel] B3l Qo vbejybc),

ofetel Astirw e, wle] el dkol]l olal F9 stem celle] Hg}7p §550 of 8] 31 3 of] 4]
=]

o] Al Hshel ._Se}"l A2 epulnle] A WAg wbeol olefa 2y},

A

453



