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The expression of ornithine decarboxylase (ODC) mRNA after treatment 
of murine Swiss 3T3 cells with the tumor promoter TPA was studied. The 
induction of ODC mRNA was detectable after 20-40 min, peaked after 
60-120 min and declined within 24 hrs. Using an in v i t ro nuclear trans- 
scription assay, we found that the polymerase I I  density on the ODC gene is 
not affected by TPA treatment. Additionally, we were able to detect stable 
ODC mRNAs in cycloheximide pretreated fibroblasts. These two different 
experimental approaches lead us to the interpretation that in Swiss 3T3 
cells TPA controls ODC expression predominately at the post transcriptional 
level by prolonging the ha l f - l i fe  of ODC-mRNA. o 1987 Academice ..... ~no 

Ornithine decarboxylase (ODC, E.C. 4.1.1.17) is the f i r s t  and rate 

l i m i t i n g  enzyme in polyamine synthesis. I t  catalyses the conversion of 

orn i th ine to putrescine. The a c t i v i t y  of th is  enzyme in vivo undergoes 

d ras t i c  and rapid changes. High levels of enzyme a c t i v i t y  are f requent ly  

associated with rap id ly  d iv id ing ce l l s .  Stat ionary ce l l s  exh ib i t  l i t t l e  or 

no ODC a c t i v i t y  ( for  reviews see refs.  1,2). Depending on the cel l  type 

the induction of ODC can be achieved by administ rat ion of various drugs 

such as growth hormones, cAMP analogues, phosphodiesterase i n h i b i t o r s ,  

s tero id hormones ( I ) .  The tumor promoter TPA has been shown to be one of 

the most potent inducers of ODC a c t i v i t y  in mouse skin (3,4) ,  in rat l i v e r  

(5) and in Swiss 3T3 f ib rob las ts  (6). The exact molecular mechanism of skin 

tumor promotion by TPA is s t i l l  unknown, but there is accumulating evidence 

that  induction of epidermal ODC a c t i v i t y  is one of the essent ial  components 

in the induction of epidermal hyperplasia which is an essent ial  condit ion 

of tumor promotion by TPA (4,7,8) .  
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The mechanism by which TPA induces ODC is unknown. In hamster f i b ro -  

blasts induction of ODC by TPA involves changes at the mRNA and protein 

level (9). The object of our experiments was to def ine the level at which 

TPA controls the induction of ODC in v i t r o .  This information may help to 

be t te r  understand how phorbol esters modify gene expression in the course 

of tumor promotion. 

Methods 

2.1. Cell cu l tu re ;  Swiss 3T3 ce l ls  were grown in Dulbecco's modified 
Eagle's medium (DMEM) containing 10% feta l  ca l f  serum. Medium was changed 
rout ineously 24 hrs p r io r  to treatment or harvest ing. Serum starved ce l ls  
were grown to 80% confluence in 10% serum and subsequently grown 2-3 days 
in 0.5% serum. 

2.2. Northern b lo t  analysis;  Cel ls were washed three times with ice cold 
PBS, and lysed in 50 mM Tris pH 8.4, 2% SDS, i% Diethyl Pyrocarbonate. The 
cel l  lysate was extensive ly  extracted wit~ phenol, phenol/chloroform and 
chloroform, prec ip i ta ted in 4 M LiCI at 4 C overnight.  The pe l l e t  was 
re~uspended in H~O at a concentration of I mg/ml. RNA (5 Ng) was heated to 
65 C for  10 min {n 50% formamide, 20 mM MOPS, 5 mM Na-acetate, 1 mM EDTA, 
2.2 M formaldehyde, p r io r  to gel e lectrophoresis in I% agarose, containing 
2.2 M formaldehyde, 20 mM MOPS, 5 mM Na-acetate, I mM EDTA at 40 V 
overnight .  The gel was stained with 0.5 Ng/ml ethidium bromide, destained, 
photographed and t ransferred to GeneScreen plus membranes (NEN)oaCCording 
to suppl iers ins t ruc t ions .  The f i l t e r s  were prehybridized at 65 C for  I hr 
in 10% dextran su l fa te ,  I M NaCl, 1% SDS and hybridized in the same solu- 
t ion with a n ickt ranslated probe. The probe was the isolated and pur i f i ed  
750 bp PST I fragment o~ pOD48 supplied by Dr. P. Coff ino ( I0 ) ,  the speci- 
f i c  a c t i v i t y  was 5 x 10 cpm/~g DNA. 

2.3. In v i t r o  nuclear t ranscr ip t ion  assay; nuclei preparation and in 
v i t r o  t ranscr ip t ion  was essent ia l l y  done as described in ( I i ) .  B r i e f l y ,  the 
cel l  pe l l e t  was resuspended in i0 ml lys is  buf fer  ( i i ) ,  pe l le ted at 4500 
rpm for  4 min, resuspended in 5 ml lys is  buf fer  and spun through 3.5 ml 30% 
sucrose in l ys is  buf fer .  The 8uclei were resuspended in nuclei storage 
buf fer  ( i i )  and frozen at -70 C. The t ranscr ip t ion  reaction wa§~performed 
in the presence of 330 ~MoATP, UTP, GTP, I0 ~M CTP and 25 ~Ci ~P-CTP (410 
Ci/mmol) for  I0 min at 26 C. The nuclei were t reated with DNAse I ,  pro- 
teinase K for  30 min and for  15 min with SDS at 37°C. The RNA was 
phenol/chloroform extracted and TCA prec ip i ta ted and counted. Equal amounts 
of r ad ioac t i v i t y  were used for  hybr id iza t ion .  The RNA was incubated at 65vC 
for  5' p r io r  to hybr id izat ion to GeneScreen plus (NEN) f i l t e r s  with immo- 
b i l i zed  pOD48, pBR322 and GAPDH DNA on i t :  Hybr id izat ion was Berformed in 
50% formamide, 10% dextran su l fa te ,  i M NaCI and I% SDS at 42 C for  72 
hrs. The washing procedure was the same as described in (12). 

Results and Discussion 

The addition of TPA (0.1 ~M) to Swiss 3T3 cells growing in 10% fetal calf 

serum (fcs) leads to very rapid and transient increase in ODC messenger RNA 
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Figure i .  Northern blot  hybr id izat ion of RNA extracted from 3T3 cel ls  treated with 
TPA (0. i  pM). 
A: cel ls  grown in 10% fetal  ca l f  serum, B: ce l ls  grown in 0.5% fetal  ca l f  
serum. 

as detected by Northern b l o t  h y b r i d i z a t i o n .  The i nduc t i on  is de tec tab le  

a f t e r  20-40 min, the peak is at  I - 2  hrs .  A f t e r  24 hrs the ODC mRNA leve l  

re tu rns  to values close to the con t ro l  leve l  (F ig .  IA ) .  This i nduc t i on  of  

ODC-mRNA is  somewhat more rapid than p r e v i o u s l y  descr ibed (6 ,9 ) .  D i f f e r e n -  

ces might  be due to d i f f e r e n t  ce l l  systems used or to the f ac t  t ha t  o ther  

authors d id  not determine ODC induc t i on  e a r l i e r  than 3 hrs a f t e r  TPA. 

F ig .  i ,  panel B shows the same experiment as in panel A but w i t h  serum 

starved c e l l s  (see exper imental  f o r  d e t a i l s ) .  For d i r e c t  comparision 

RNA from c e l l s  t rea ted w i th  TPA in 10% fcs f o r  i h has been app l ied  to the 

same ge l .  A l t oge the r  the i nduc t i on  in 0.5% serum seems to be somewhat lower 

than in 10% serum but i t  f o l l ows  the same t ime course. 

F ig .  2 shows an in v i t r o  t r a n s c r i p t i o n  assay of  nuc le i  i so l a t ed  from 

c e l l s  grown in 10% serum and t rea ted w i th  0.1 pM TPA f o r  O, 0 .5 ,  2, 4 and 
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Hybridization of 32p-run-on transcripts to c-DNA clones of GAPDH and ODC. 
Nuclei were prepared after treatment with TPA (0.I ~M) for the times indi- 
cated in the figure. 

24 hrs. In an in v i t r o  nuclear t ranscr ip t ion  assay, t ranscr ip ts  that are 

i n i t i a t e d  in vivo are elongated in v i t r o  using 32p-label led r ibonucleotide 

tr iphosphate, The hybr id izat ion of label led RNA to complementary DNA 

immobilized on n i t roce l l u lose  is a measure of the level of t ranscr ip t ion  

at the time of nuclei preparation since new RNA t ranscr ip t ion  is not i n i -  

t i a ted  in v i t r o  (12,14,15). As an internal  standard we used the t ranscr ip-  

t ion of glyceraldehyde-3-phosphate-dehydrogenase (GAPDH) which is supposed 

to remain constant because in a l l  t issues examined the expression of GADPH 

is regulated at the pos t - t ranscr ip t iona l  level (13). In fac t ,  the amount of 

hybr id izable GAPDH-RNA remains constant throughout the experiment. The 

hybridized ODC signal has been quanti tated by densitometry. The re la t i ve  

rate of t ranscr ip t ion  was I ,  2.8, 3.6, 2.4, and i for  TPA treatments 

O, 0.5, 2.4, and 24 hrs respect ive ly .  In comparison with Fig. IA i t  be- 

comes clear that di f ferences in the t ranscr ip t iona l  rate cannot explain 

the at least 20 to 50-fold increase in ODC-mRNA seen a f te r  TPA treatment. 

Since there is only a s l i gh t  t r ansc r i p i t i ona l  induction of ODC-RNA by TPA 

but a very strong increase in hybr id iz-ab le ODC mRNA, the ODC induction by 

TPA must be regulated predominantly at the post t ranscr ip t iona l  leve l .  

To support th is  assumption we treated 3T3 ce l l s  with the t ransscr ip t -  

ional i n h i b i t o r  actinomycin D and the t rans la t ion  i n h i b i t o r  cyclohexi-  

mide. The resul ts  of th is  experiment are shown in Fig. 3. A i h pre- 

treatment with actinomycin D abolishes completely the induction of 

ODC-mRNA by TPA.Actinomycin alone and 2.5 hrs cycloheximide and 
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Figure 3. Northern blot hybridization of RNA extracted from 3T3 cells treated with 
actinomycin (ACD; 5 pg/ml), cycloheximide (CHI,IO Ng/ml) and TPA (0.I pM) 
for the times indicated in the text. 

actinomycin fa i l  to induce ODC-mRNA. But 2.5 hrs pretreatment with cy- 

cloheximide or 4 hrs pretreatment with cycloheximide plus 2 hrs 

pretreatment with actinomycin lead to a strong indut ion of ODC mRNA which 

is s t i l l  even surpassed by the combination of cycloheximide 2.5 hrs 

and TPA (2 hrs) .  An explanation for  th is  resul ts  is that cycloheximide 

leads to an induction of ODC mRNA by extending the ha l f  l i f e  of 

ex is t ing  RNAs without inducing new t ranscr ip t ion  of ODC (lanes 8,9) .  TPA 

together with cycloheximide leads to a stronger induct ion suggesting that 

TPA also s l i g h t l y  enhanced t ranscr ip t ion  of ODC(comp. Fig. 2). 

I n te res t i ng l y ,  Olsen and Spizz (19) reported that cycloheximide induced 

t ranscr ip t ion  of ODC mRNA and had no s i gn i f i can t  e f f ec t  on the s t a b i l i t y  of 

ODC mRNA in the BC3HI cel l  l ine .  In th is  cel l  l ine ODC mRNA induct ion by 

fe ta l  ca l f  serum seems to be regulated at the t ranscr ip t iona l  leve l ,  where- 

as in 3T3 f ib rob las ts  the t ranscr ip t iona l  component of the TPA induction in 

I0 % serum is very small compared with the pos t t ranscr ip t iona l  component 

(Fig. 2, Fig. 3). Accordingly, the e f fec t  of serum anff cycloheximide in 

BC3HI ce l ls  is synerg is t ic  and cycloheximide induct ion is much more pro- 

nounced than serum induct ion. In 3T3 f ib rob las ts  induct ion of ODC mRNA by 

cycloheximide and TPA is ident ica l  and not add i t ive  (Fig. 3). Furthermore, 
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in BC3H1 cells cycloheximide shows only an effect after 8 hrs whereas 

in 3T3 cells i t  induces ODC mRNA after 2 hrs. These differences may indi- 

cate that the effects fo cycloheximide in BC3H1 cells and 3T3 fibroblasts 

are brought about by different mechanisms. I t  may be proposed that the main 

effect of TPA on 00C induction is 3T3 fibroblasts consists of an increase 

of the half l i fe  of ODC-mRNA. I t  is tempting to speculate that a phosphory- 

lation event catalyzed by protein kinase C leads to a rapid inactivation 

of a specific RNAase which normally is responsible for the short half l i fe  

of the ODC message. TPA has been shown to be a potent activator of protein 

kinase C by mimicking the effect of the second messenger diacylglycerol 

(20). Most of the biological effects of the phorbol ester, including ODC 

induction (21), can probably be explained by PKC activation. This hypothes- 

is is supported by the finding of Shaw and Kamen (22) that many transiently 

expressed genes contain AT rich regions at their 3' end with the core sequ- 

ence ATTTA. These regions are shown to decrease the stabi l i ty of the mRNAs. 

Furthermore they show that TPA increases the stabi l i ty of such mRNAs. Mouse 

ODC mRNA contains one ATTTA sequence motif within its 3' end. 

Recently i t  has been published that TPA can also affect the stabi l i ty 

of collagenase mRNA in rabbit synovial cells (20). Moreover, there is 

accumulating evidence that genes involved in the regulation of cell proli- 

feration like the oncogene c-myc are regulated at the posttranscriptional 

level (17). In 3T3 cells c-myc has been found to be induced by TPA (16). 

Whether ODC induction by TPA in mouse skin in vivo follows a similar 

mechanisms as shown here for 3T3 cells remains to be established. 
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