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Summary. Our previous in vivo and in vitro studies 
showed that 5-azacytidine (5Az), a cytidine analog, 
induced apoptosis in developing neuronal cells in mice. 
To develop a system in which the precise molecular 
mechanism of 5Az-induced apoptosis in developing 
neuronal cells could be elucidated, we carried out the 
present study with PC12 cells. These cells are derived 
from a rat pheochromocytoma and extrude neurites in 
response to nerve growth factor (NGF). Light 
microscopy showed dose-dependent pyknotic and 
karyorrhectic changes in undifferentiated PC12 cells. 
Although they were less sensitive to 5Az, NGF-treated 
differentiated cells showed the same changes. Analysis 
by the TUNEL method (an in situ method for the 
detection of apoptosis) showed positive signals in the 
pyknotic and fragmented nuclei of these cells. 
Transmission electron microscopy revealed margination, 
segmentation, and condensation of nuclear chromatin, 
cell body shrinkage, and cytoplasmic vacuolization. 
Scanning electron microscopy demonstrated bleb 
formation on the cell surface. These pathomorphological 
changes are typical of apoptosis. 5Az seemed to affect 
cells that were in the proliferative stage; when the cells 
were terminally differentiated, their sensitivity to 5Az 
appeared to decline. PC12 cells could be used as a 
pathomorphological and biochemical model for studies 
of 5Az-induced neuronal cell apoptosis at the molecular 
and genetic level. 
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lntroduction 

The cytidine analog, 5-azacytidine (5Az), has been 
shown to induce cell differentiation in various systems 
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(Tavlor and Jones. 1979: Cedar and Razin. 1990). 
 tud di es of the effects o f  5Az on cell function a i d  
differentiation have demonstrated that the incorporation 
of 5Az into genomic DNA leads to its hypomethylation 
(Jones and Taylor, 1980; Creusot et al., 1982; Jones, 
1985) and thus, possibly, allow inactive genes to become 
expressed (Iguchi-Ariga and Schaffner, 1989). This 
agent is, in addition, highly toxic in cultured cells 
(Flatau et al., 1984; Davidson et al., 1992) and in 
animals (Jaenisch et al., 1985; Richel et al., 1988). For 
this reason, 5Az is utilized as a potent anticancer agent 
for the treatment of myeloid leukemia and 
myelodysplastic syndromes (Pinto and Zagonel, 1993). 

Pathomorphological investigations of the ef fects of 
5Az on the developing central nervous system (CNS) 
showed significantly elevated apoptotic cell death 
(Hossain et al., 1995, 1996). Nonspecific translation of 
some apoptotic proteins by the activation of certain 
genes through the demethylation mechanism was 
speculated to be responsible for these effects. Recently, 
5Az-induced developmental arrest has been reported in 
the early chick embryo, concomitant with the synthesis 
of new protein (Zagris and Podimatas, 1994), supporting 
this speculation. However, contrasting results regarding 
the demethylation mechanism have been reported. Using 
methyl transferase-deficient mice, Jüttermann et al. 
(1994) showed that the cytotoxicity of 5-aza- 
2'deoxycytidine, another cytidine analog, was 
attributable primarily to the covalent trapping of DNA 
methyltransferase and the consequent direct destruction 
of DNA rather than to the secondary demethylation of 
genomic DNA and subsequent protein synthesis. 

In the fetal development of the nervous system, 
physiological programmed cell death plays a criticai role 
in constructing a normally functioning neural network 
(Kallen, 1965; Hankin et al., 1988; Ellis et al., 1991; 
Oppenheim, 1991). Pathological or SAZ-induced 
apoptosis in the developing CNS often causes fetal 
mortality (Hossain et al., 1995). The establishment md 
maintenance of pure primary brain cell cultures from 
particular embryonal stages of development are required 
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to assess the molecular mechanism of this type of 
chemically induced apoptosis. However, the mainte- 
nance of primary neuronal cultures in vitro and the use 
of mouse fetuses in pregnant dams as an in vivo system 
are technically difficult (Hossain et al., 1995, 1996). 

To establish a pure in vitro model for 5Az-induced 
neuronal apoptosis,  we therefore, conducted a 
pathomorphological study of the effects of 5Az in PC12 
cel ls ,  a rat pheochromocytoma cell  l ine which 
differentiates into sympathet ic  neuron-like cel ls  
following the addition of nerve growth factor (NGF) 
(Greene and Tischler, 1976). 

Materials and methods 

Chemicals and growth factors 

5-Azacytidine (542, Sigma Chemical Co., St. Louis, 
MO) and nerve growth factor (NGF, Takara Shuzo Co. 
Ltd., Japan) were used in this study. 

Cell culture 

The rat pheochromocytoma cell line PC12 was 
maintained in Dulbecco's minimum essential medium 
(DMEM) containing 5% bovine fetal serum (BFS) and 
5% horse serum and incubated in a humidified 
atmosphere of 5% Co2 at 37 QC. The cells (lx10~/ml) 
were cultured on cover slips in Petri dishes (Sumilon, 
Tokyo, Japan). Non-neurona1 PC12 cells were cultured 
for  1 week and 5Az was  then added at different 
concentrations (0, 5, 50, 100, and 500 ygíml). Neurona1 
PC12 cells were prepared by treating the cell with NGF 
(50 ngíml) in DMEM containing FBS and horse serum 
for 4 days. After this time, neurites had spread out and 
the cells seemed to have stopped proliferating. 5Az was 
added at different concentrations (0, 5, 50, 100, and 500 
ygíml) 4 days after the addition of NGF. Thirty hours 
after the addition of 5Az, both neuronal and non- 
neuronal cel ls  were fixed with Bouin's fluid for  
hematoxylin and eosin (HE) staining or with methanol 
for Giemsa staining, and examined with a light 
microscope. 

In situ detection of apoptosis by modified TUNEL method 

This method has been used to detect the in situ 
nucleosomal DNA 'fragmentation characteristic of 
apoptosis (Gavrieli et al., 1992). The principie of the 
method is as follows; at first the nuclear DNA is exposed 
by proteolytic treatment, carried out with proteinase K 
(Sigma Chemical Co., St.  Louis,  MO). Multiple 
fragmented DNA 3'-OH ends, which are specific for the 
nucleosomal fragmentation of DNA, are labeled with 
digoxigenin labeled-dUTP in the presence of terminal 
deoxynucleotidal transferase (TdT), and then reacted 
with peroxidase-conjugated anti-digoxigenin antibody. 
The apoptotic nuclei were visualized by peroxidase- 
diaminobenzidine (DAB) reaction. A commercially 

available detection kit, Apog ~a~~~ (Oncor, 
Gaithersburg, MD), was used. 

Electron microscopy 

For transmission electron microscopy (EM), the 
cells were washed gently with phosphate-buffered saline 
(PBS), pelleted by mild centrifugation, fixed with 2.5% 
glutaraldehyde in 0.1M PBS (pH 7.4), postfixed with 1% 
osmium tetroxide in the same buffer, dehydrated through 
a graded series of ethanol and propylene oxide, and 
embedded in epoxy resin (Epon 812; Oken, Tokyo, 
Japan). Ultrathin sections were double-stained with 
uranyl acetate and lead citrate, and examined under a 
Jeol 1200 EX transmission electron microscope. For 
scanning electron microscopy (SEM), the cells were 
cultured on collagen-coated coverslips (Sumilon, Tokyo, 
Japan) in Petri-dishes, fixed with 1% glutaraldehyde in 
0.1M PBS (pH 7.4), postfixed with 1% osmium 
tetroxide in the same buffer, dehydrated through an 
ascending series of ethanol and isoamyl acetate, and 
dried by a C 0 2  critica1 point method. The specimens 
were ion-coated with a thin layer of platinum and 
palladium and examined under a Hitachi S-4000 
scanning electron microscope. 

Quantitative analysis 

On the Apop ~ a ~ ~ ~ - s t a i n e d  plates the cells, both 
positive and negative were counted in 10  randomly 
selected fields under a light-microscope at x200 
magnification. Positive cells were expressed as a 
percentage of the total number of cells counted per field. 

Results 

A. Undifferentiated PC12 cells (without NGF) 

Light microscopy 

The control undifferentiated PC12 cells (without 
5Az treatment) were spherical to round in shape with 
round nuclei and prominent nucleoli; they frequently 
showed mitosis (Fig. la). Few of the cells treated with 
5 yglml of 5Az developed pyknosis. In contrast, cells 
treated with 5Az, at doses of 5 0  and 100 yglml,  
developed significant number of pyknotic and karyo- 
rrhectic changes (Fig. lb). Light microscopic changes of 
5Az-treated undifferentiated PC12 cells were considered 
to be apoptotic cell death morphologically. 

In situ detection of apoptosis 

Undifferentiated cells treated with 5Az showed 
Apop Tag-positive signals, indicated by the brownish 
coloration of seemingly intact as well as fragmented 
nuclei (Fig. 2). Fig. 9 shows the percentage of Apop 
Tag-positive cells in 5Az-treated undifferentiated PC12 
cell culture. A very low incidence (3.2+0.6%) of 
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apoptotic ceils was found in the control group (O mglml). 
A low dose of 5Az (5 pglml) induced apoptosis in 
411.2% of the cells. 5Az at 50 mg/ml caused apoptosis 
in 2412.4% of the cells while 5Az at 100 p g / d  caused 
apoptosis in 42.8I2.5% of the cells. 

The control undifferentiated PC12 cells (without 
5Az) showed round nuclei with abundant electron-lucent 
chromatin and prominent nucleoli; they also exhibited 
abundant cytoplasmic organella such as mitochondria 
and endoplasmic reticulum (Fig. 3a). In SAZ-treated 
cultures, margination, segmentation, and condensation of 
nuclear chromatin, shrinkage of the cell, and numerous 
enlarged cytoplasmic vacuoles typical of apoptosis were 
observed (Fig. 3b) mainly in the affected cells. 

SEM 

Undifferentiated PC12 cells without 5Az or those 

treated with 5 pglml of 5Az. showed a normal 
appearance, characterized by a spherical or polygonal 
shape; the cells tended to grow in small clumps with an 
almost smooth cell surface (Fig. 4a), whiie many cells 
treated with 100 pg/ml of 5Az showed bleb formation on 
the cell surface or apoptotic bodies (Fig. 4b). 

B. Differentiated PC 12 cefls (with NG9 

Light microscopy 

After the addition of NGF, observation under a 
phase contrast microscope revealed that the morphology 
of undifferentiated PC12 cells had changed from 
spherical or round to pyramidal and the cells had 
differentiated into neurons that extruded cellular 
processes (Fig. 5). The control differentiated PC12 cells 
(without 5Az) showed a very low proportion of pyknotic 
change and maintaind normal growth as pyramidal d s  
with the extrusion of neurona1 processes (Fig. 6a). Cells 
treated with 5 pg/ml of 5Az were morphologically 

Flg. 2. In situ detection of apoptosis by a rnodified TUNEL rnethod in undjfferentiated PC12 cells. Experimental group (1 00 pdml of 5Az). Note the 
positive signals of apoptosis in seemingly iniact, pyknotic and karyorrhectic nuclei of numerous cells. x 180 

F&& 3. Tranmission 
elechon microscopic 
mures of undiffenrntiated 
PC12 celis. a. ~ n t r o l  
group (without m). No 
ChütlgeS W0W ot>se~~d.  
x 4,390. b. Experimental 
group (100 pg/ml of 5Az). 
Note the condsnsaüon 
and segmentaüon of the 
nudeus. x 12,000 
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similar to the control differentiated PC12 cells. 
Treatment of the differentiated PC12 cells with 50 pglml 
of 5Az induced fewer pyknotic and karyorrhectic 
changes than those seen in undifferentiated PC12 cells 
treated with 5Az at the same dose. Differentiated PC12 
cells treated with 100 and 500 pglml of SAZ developed 

considerable pyknotic and karyorrhectic changes (Fig. 
6b). 

In situ detection of apoptosis 

Differentiated PC12 cells treated with SAZ showed 

- ?  Gq 
C.' 

Flg. 4. Scanning electron 
microscopic pictures of 
undifferentiated PC12 
cells. a. Control group 
(without 5/42). Note the 
normal growth and lack of 
prominent changes on the 
cell surface. x 1,150. 
b. Experimental group 
(1 O0 pg/rnl of S&). Note 
the bleb fomation 
(apoptdK: bodies) on the 
cell surface. x 1,650 

wllh'ths d~4aMehl8 Bo m M. x 240. & Experimmtai group (500 pml of E&$. Mate the few Wknatfc nudei (arrw) of rwnd- 
ghepedaaWs.x240 

Fig. 7. In situ detection of 
apoptosis by a modied 
TUNEL method in 
differentiated PC12 cells. 
Experimental group (500 
pg/ml of 5Az). Note the 
positive signals of 
apoptosis indicated in the 
pyknotic and karyorrhectic 
nuclei. x 240 

Flg. 8. Scanning electron 
microscopic picture of 
differentiated PC12 cells. 
Experimental group (500 
pg/ml of 5Az). Note the 

apoptotlc bodies and degenera&¡ prowssars. x 720 
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positive apoptotic signals mainly in round-shaped and 
scarcely in pyramidal cells (Fig. 7) but not in cells with 
developed neurites. Fig. 10 shows the percentage of 
Apop Tag-positive cells in 5Az-treated differentiated 
PC12 cells. The control group (5Az, O pglml) exhibited 
apoptosis at the rate of 3.4+0.9%, the physiological 
level. 5Az, at 5, 50, and 100 pglml induced apoptosis in 
4.710.9%, 5.910.6%, and 8.510.8% of cells, 
respectively, whereas 500 pg/ml of 5Az induced 
apoptosis in 1322.3% of the cells. 

SEM 

Some PC12 cells treated with 500 &m1 of 5Az 
showed bleb formation on the cell surfaces, one of the 
characteristics of so-called apoptotic bodies (Fig. 8). The 
control differentiated PC12 cells (without 5Az) were 
star- or pyramid-shaped and connected to each other 
with well developed neurites. 

Discussion 

The main purpose of this experiment with un- 
differentiated and differentiated PC12 cells was to 
establish a suitable system by which the details of the 
molecular mechanism of SAZ-induced neuronal 
apoptosis could be elucidated. Light microscopic 
investigation revealed pyknotic and karyorrhectic 
changes, morphologically characteristic of cell death, 
mainly in less differentiated cells. In siiu detection of 
apoptosis showed positive signals in seemingly intact 
nuclei as well as in the pyknotic and karyorrhectic nuclei 
of less differentiated cells. TEM showed margination, 
segmentation, and condensation of nuclear chromatin 
and vacuolization of the cytoplasm, the typical 
morphological characteristics of apoptosis. In addition, 
SEM showed typical apoptotic bodies. These findings 

Flg. 9. 5Az-treated undifferentiated PC12 cells. Percentage of Apop 
Tag-positive cells. 

are very much typical for apoptosis, indicating that 5Az 
also induces apoptosis in a neuronal celi line. 

The present experiment revealed that the effect of 
5Az on PC12 cells was de-dependent  and that tbe 
differentiated neuronal celis were much more resistaat 
than the undifferentiated d s  and pfimary brain culture 
cells examined in our previous study (Hos~ain et al., 
1996). These results suggest that ansitiwity to 5Az is 
reduced with differentiation, and that thio agent may 
induce apoptotic cell death in cells at oell diviaion 
(Takeuchi and Takeuchi, 1978) but not in the restiw 
phase of the celi cycle. The present study also showed 
that the undifferentiated PC12 cells (without NF 
treatment) were fully replicatirag (indicated by 
morphology) and were more sensitive to 5Az thaa the 
NGF-treated PC12 celis (differentiated). in sur previous 
study (Hossain et al., 1995), we r e p r t e d  that 
differentiating CNS cells were highly sensitive to SAZ at 
the fully dividing developmental stage. The response of 
K 1 2  cells without NGF-treatment to 5Az md the stage- 
specific response of the developing CNS cells appears to 
be similar. 

Differemtiated PC12 neuronal cells die as a result of 
apoptosis when deprived of NGF and thia kath can be 
prevented by the inhibition of mRNA or protein 
synthesis (Mesner et al., 1992). Our biochemid m d y  
(Hossain et al., 1997) has indicated that 5k-induced 
apoptosis in differentiated E 1 2  ceh (NGF-treated) was 
also inhibited by a protein synthesis inhibitor, suggesting 
the involvement of new protein synthmis 1 this type of 
chemically induced apoptosis. EYidence of swch protein 
synthesis has also been obsewed in Sh-treated early 
chick embryos that showed developmental arrest (Zagris 

Flg. 10. SAZ-treated differentiated PC12 celta. Percentage of A.pop Tag- 
posltive d ls .  
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and Podimatas, 1994). In various examples of non- 
neuronal programmed cell death (PCD), the expression 
of functional proteins such as nucleases (Compton and 
Cidlowski, 1987), polyubiquitin (Schwartz et al., 1990), 
hsp70, c-Fos, C-Myc (Buttyan et al., 1988), and TRPM-2 
(Buttyan et al., 1989) has been detected in association 
with cell death. The expression of c-Jun in NGF- 
deprived sympathetic neurons has also been shown by 
some investigators (Estus et al., 1994; Schlingenisiepen 
et al., 1994; Ham et al., 1995). In 5Az-induced apoptosis 
in PC12 cells, the identification of such kind of proteins 
and their precise functions is necessary for under- 
standing the mechanism of this chemically induced 
apoptosis in neurons. A recent study has reported that 
the cell death induced by another cytidine analog, 5-aza- 
2'-deoxycytidine, was due to the direct toxicity of this 
agent acting through covalent methyltransferase 
trapping; the cell death did not require new protein 
synthesis (Jüttermann et al., 1994). The mechanism 
of 5Az-induced neuronal apoptosis is thus still 
controversial. 

To investigate the molecular mechanism through 
which 5Az induces apoptosis in developing neuronal 
cells, we require the establishment of an appropriate 
neuronal cell line system consisting of a pure cell 
population that is easy to manipulate. PC12 cells that 
differentiate into neurons following the addition of NGF 
should serve the desired purpose for elucidating PCD in 
neurons. Native PC12 cells (without NGF treatment) 
which are less differentiated, and are fully dividing could 
be used as a suitable model for detecting the precise 
molecular mechanism of 5Az-induced apoptosis in the 
developing central nervous system. Further detailed 
studies are required to clarify the effects of 5Az on PC12 
celis after the addition of NGF at different time courses 
of differentiation to neurons. 

Buttyan R., Zakeri Z., Lockshin R. and Wolgemuth D. (1988). Cascade 
induction of c-fos, c-myc and heat shock 70K transcripts during 
regression of the rat ventral prostate gland. Mol. Endocrinol. 2, 650- 
657. 

Buttyan R., Olsson C.A., Pintar J., Chang C., Bandyk M., Ng P.-Y. and 
Sawczuk 1.S. (1989). lnductlon of the TRPM-2 gene in cells 
undergoing programmed death. Mol. Cell Biol. 9, 3473-3481. 

Cedar H. and Razin A. (1990). DNA methylation and development. 
Biochem. üiophys. Acta 1049, 1-8. 

Compton M.M. and Cidlowski J.H.A. (1987). ldentlfication of a 
glucocorticaid-induced nuclease in thymocytes: a potential lysis 
gene product. J. Biol. Chem. 262,8288-8292. 

Creusot F., Acs G. and Christman J.K. (1982). lnhiblion of DNA methyl- 
transferases and induction of Friend erythroleukemia cell 
direntiation by 5-azacytldlne and m-2'-deoxycytidine. J. Biol. 
Chm. 257,2041 -2048. 

Davidson C., Crowtheer P., Radley J. and Woodcock D. (1992). 
Cytoxidiy of 5-Aza-2'-deoxycytidine in a mammalian celi system. 
Eur. J. Cancer 28,362-368. 

Ellis R.E., Yuan J. and HoMtr R. (1991). Mechanisms and function of 

cell death. Annu. Rev. Cell Biol. 7,663-698. 
Estus S., Zaks W.J., Fleeman R.S., Gnida M., Bravo R. and Johnson 

E.M. Jr. (1994). Altered gene expression in neurons during 
programmed cell death: identification of c-jun as necessary for 
neuronal apoptosis. J. Cell Biol. 127, 171 7-1727. 

Flatau E., Gonzales F.A., Michalowsky L.A. and Jones P.A. (1984). 
DNA methylation in 5-Aza-2'deoxycyüdinbresistant variants of C3H 
10T1/2 C18 cells. Mol. Cell Biol. 4, 2098-2102. 

Gavrieli Y., Sheman Y. and üen-Sasson S.A. (1992). ldentification of 
the programmed cell death in situ via specific labeling of nuclear 
DNA fragmentation. J. Cell 8101. 119,493-501. 

Greene L.A. and Tischler A.C. (1 978). Establishment of a noradrenergic 
clonal line of rat adrenal pheochromocytoma cells which respond to 
nerve growth factor. Proc. Natl. Acad. Sci. USA M, 2424-2428. 

Ham J., Babij C., Whiffield J., Pfarr C.M., Lallemand D., Yaniv M. and 
Rubin L.L. (1995). A c-jun dominant negative mutant protects 
sympathetic neurons against programmed cell death. Neuron 14, 
927-939. 

Hankin M.H., Schneider B.F. and Silver J. (1988). Death of the 
subcallosal giial sling is correlated with formation of the cavum septi 
pelluddl. J. Comp. Neurol. 272,191-202. 

Hossain M.M., Nakayama H. and Goto N. (1995). Apoptosis of the 
central nervous system of developing mouse fetuses from 5- 
azacytidine administered dams. Toxic. Pathol. 23, 367372. 

Hossain M.M., Nakayama H. and Goto N. (1996). In vitro induction of 
apoptosis of developing brain cells by bazacytidine. Int. J. Dev. 
Neurosci. 14, 1 1-1 7. 

Hossain M.M., Takashima A., Nakayama H. and Doi K. (1997). 5- 
Azacytidine induces toxicity in PC12 cells by apoptosis. Exp. 
Toxicol. Pathol. (in press). 

Iguchi-Ariga S.M. and Schafíner W. (1989). CpG methylation of the 
cAMP-responsive enhancer/promoter sequence TGACGTCA 
abolishes specific factor binding as well as transcriptional activation. 
Gene. Dev. 3,612-61 9. 

Jaenisch R., Schnieke A. and Harbers K, (1985). Treatment of mice with 
5-azacytidine efficiently activates silent retroviral genomes in 
diffwent tissues. Proc. Natl. Acad. Sci. USA 82, 1451 -1455. 

Jones P.A. (1985). Altering gene expression with 5-azacytidine. Cell40. 
485-486. 

Jones P.A. and Taylor S.M. (1980). Cellular difíerentiation, cytidine 
analogs and DNA methylation. Cell20, 85-93. 

Jüttermann R., Li E. and Jaenisch R. (1994). Toxicity of 5-aza-2'- 
deoxycytidine to mammalian cells is mediated primarily by covalent 
trapping of DNA methyitransferase rather than DNA methylation. 
Proc. Natl. Acad. Sci. USA 91,1197-1 1801. 

Kallen B. (1965). Degeneration and regeneration in the vertebrate 
nervous system during embyrogenesis. Prog. Brain Res. 14,77-96. 

Mesner P.W., Winters T.R. and Green S.H. (1992). Neme growth factor 
withdrawl-induced cell death in neuronal PC12 cells resembles that 
in sympathetic neurons. J. Cell Biol. 119, 1869-1680. 

Oppenheim R.W. (1991). Cell death during development of the nervow 
system. Annu. Rev. Neurosd. 14,453601. 

Pinto A. and Zagonel V. (1993). 5-Aza-2'deoxycytidine (Decltabine) and 
5-azacytidine in the treatment of acute myeloid leukemias and 
myelodysplastic syndromes: past, present and future trends. 
Leukemia 7,51-60. 

Richel D.J., Colly L.P., Luwink E. and Willemze R. (1988). Comparison 
of the antileukaemic activiiy of 5 aza-2'-deoxycyüdine and arabino- 
furanosyl-cytosine in rats with myelocytic leukaemia. Br. J. Cancer 



SAZ-induced apoptosis in PC 12 cells 

58,730-733. 
Schlingensiepen K.H., Wollnik F., Kunst M., Schlingensiepen R., 

Herdegen T. and Brysch W. (1994). The role of Jun transcription 
factor expression and phosphorylation in neuronal dierentiation, 
neuronal cell death, and plastic adaptations in vivo. Cell Mol. 
Neurobiol. 14,487-505. 

Cchwark L.M., Myer A., Kosz L., Engelstein M. and Maier C. (1990). 
Activation of polyubiquitin gene expression during developmentally 
pmgrammed cell death. Neuron 5,411-419. 

Takeuchi I.J. and Takeuchi Y.K. (1978). Cell death induced by 5- 

azacytidine in the telencephalic wall of the rat fetus. Annot. Zool. 
Jpn. 51,lO-19. 

Taylor S.M. and Jones P.A. (1979). Multiple new phenotypes induced 
in 10T112 and 3T3 cells treated with 5-azacytidine. Cell 17, 771- 
ns. 

Zagris N. and Podimatas T. (1994). 5-Azacytidine changes gene 
expression and causes deueiopmental arrest of early chick embryo. 
Int. J. Dev. Biol. 38, 741-749. 

Accepted November 5.1996 


