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Summary. The polyamines, putrescine, spermidine and 
spermine, as well as ornithine decarboxylase (ODC), 
the rate-limiting enzyme ofpolyamine biosynthesis, are 
increased in the blood, urine and skin of psoriasis 
patients. A study of the association between stimulated 
epidermal cell proliferation and induction of ODC 
activity was done using both an intact, living cell ODC 
assay and the routinely used homogenized cell super- 
nate assay. 10- 6 to 10- 8 mol/1 of the tumor promoter, 
tetradecanoyl phorbol acetate (TPA), I0-3m01/1 
8-BrcAMP, 10 -6 tool/1 cholera toxin and 10-3mol/1 
MIX, which are epidermal cell mitogens, were used to 
stimulate basal cells in short-term suspension cultures, 
freshly plated monolayers, or up to 8-day-old cultures. 
The results showed that the ODC enzyme must be 
assayed in supernates from disrupted epidermal cells in 
order for significant ODC induction by hyperplastic 
agents to be observed. 
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Both normally growing and neoplastic cells show 
increased intracellular amounts and secretion of the 
polyamines, putrescine, spermidine and spermine 
[3, 30]. The rate-limiting enzyme in polyamine biosyn- 
thesis is ornithine decarboxylase (ODC; EC 4.1.1.17), 
which catalyzes the synthesis of putrescine and CO2 
from the diamine ornithine. This enzyme is induced in 
normal hyperproliferative states [2], in hyperprolifer- 
ative epidermal diseases [26, 31, 32], and human 
cutaneous epitheliomas [34]. 

Studies using a number of in vivo and in vitro cell 
systems show that when cells are treated with the tumor 
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promoter, tetradecanoyl phorbol acetate (TPA) 
[22, 41], cyclic AMP analogs [10, 12], the divalent cation 
ionophore A23187 [17], or serum [7,12], ornithine 
decarboxylase activity is induced. These substances are 
also epidermal cell mitogens [6, 11, 12, 14, 15, 33, 40]. 
Therefore, a direct correlation between epidermal hy- 
perplasia and ODC induction may exist; additionally, 
polyamines have also been implicated in the differen- 
tiation of several cell types [35, 36]. 

Other intracellular mediator systems appear to be 
involved in polyamine-associated hyperproliferation. 
The release of arachidonic acid and its product pros- 
taglandin (PG) E 2 is necessary for TPA stimulation of 
epidermal cell proliferation [4, 5] and for induction of 
ODC activity [38] to occur. Moreover, these TPA- 
induced events are probably linked to the calcium 
metabolism of the epidermal cell [18, 37]. 

The role of cyclic nucleotides in these events, i.e., 
TPA induction of ODC activity, hyperplasia and tumor 
promotion, is still unknown and numerous studies 
reporting conflicting data have appeared over the last 
5 years [19, 20, 24, 25]. 

In our investigation of the association between 
stimulated epidermal cell proliferation and the in- 
duction of ODC activity, we used two ODC assay 
techniques: one was an intact cell ODC assay recently 
developed by us [27] and similar to the one described by 
Patterson and Maxwell [23], and the second was the 
routinely used disrupted cell supernate assay [41]. 
Additionally, several neonatal mouse basal cell systems 
were studied. Our results, presented in this report, 
indicated that a significant induction of epidermal cell 
ODC activity by a hyperproliferative stimulus was seen 
only when the enzyme was isolated from the cells by 
homogenization or sonification. Intact cell ODC ana- 
lyses of stimulated, living epidermal cells in suspension 
or monolayer showed a complete dissociation between 
TPA and cyclic AMP stimulated epidermal cell pro- 
liferation and the induction of ODC activity. 
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Materials and Methods 

Reagents 

Neonatal mice were obtained from the Department of Dermatology 
of the University of Michigan Medical School (BALB/e colony). 
Medium 199 (M-199), Eagle's medium (modified with Earle's salt, 
with glutamine), fetal bovine serum (FBS), penicillin and strepto- 
mycin (P & S), and phosphate-buffered saline (PBS, Dulbeceo's) were 
from Flow Laboratories, McLean, VA, USA. Trypsin (bovine 
pancreas type III), soybean trypsin inhibitor type I-S, Ficoll 400, 
8-bromoadenosine-3',5'-cyclie monophosphoric acid (8-BrcAMP), 
12-O-tetradeeanoylphorbol-13-acetate (TPA), and dimethyl- 
sulfoxide were obtained from Sigma Chemical Company, St. Louis, 
MO, USA. 

Cholera toxin (CT) was obtained from Schwarz Mann, 
Orangeburg, NY, USA; 3-isobutyl-l-methylxanthine (MIX) from 
G. D. Searle & Co., Chicago, IL, USA. PGE 2 (prostaglandin E2) 
was a gift from Dr. J. Pike, Upjohn Co., Kalamazoo, MI, USA; 
L-[l-14C]ornithine (49.2mCi/mmol) and [3H]thymidine ([3H]Tdr, 
80Ci/mmol) were obtained from New England Nuclear, Boston, 
MA, USA. The aqueous (ACS) counting scintillation solution was 
purchased from Amersham, Arlington Heights, IL, USA. 

The Lux plastic coverslips were from Flow Laboratories, 
Newbury Park, CA, USA, the tissue culture cluster 24 came from 
Costar, Cambridge, MA, USA. Plastic 35ram, and 60mm petri 
dishes were from Corning Glass Works, Coming, NY, USA. The 
center wells and rubber stoppers were purchased from Kontes, 
Vineland, NJ, USA. The vials for the ODC assay were from Kimble, 
IL, USA. 

Epidermal Keratinocyte Cultures 

The primary keratinocyte and fibroblast cultures were prepared as 
described by Marcelo et al. [16]. Full-thickness skin from 2 0 - 3 0  
neonatal BALB/c mice is trypsinized (0.25 %) for 1 h at 37 ~ C. The 
trypsin is aspirated and a medium with 10% fetal bovine serum is 
added. The epidermis is manually separated from the dermis. The 
keratinocytes, i.e., basal, and a small number of spinous cells are 
removed by gentle shaking and scraping of the epidermis. The basal 
and the few spinous cells are further isolated from debris and any 
dermal fibroblasts by use of a discontinuous Ficoll gradient. After 
centrifugation the basal cells, found in the 20 % Ficoll layer, are 
washed and counted, using 0.05~ trypan blue. 0.5 to 2.0 • 106 
trypan-blue-excluding cells are plated in Costar 24-well culture 
clusters, each well containing a round ] 5-ram coverslip. The cells are 
grown in 5 ~ CO2, in air gassing at 32~ in Medium 199, which 
contains 50 IU/ml of penicillin, 50 gg/ml of streptomycin, and 13 
fetal bovine serum. The medium is changed every second day. 

For preparation of the epidermal cell suspension, the same 
isolation procedure was used and, in addition, 0.1% soybean trypsin 
inhibitor was added to the medium as described by Perchellet and 
Boutwell [24]. 

[27] or in cell suspension and assay of sonicated cell supernate 
fractions for enzyme activity [41]. A scheme of these assay procedures 
is presented in Fig. 1. 

The assay for ODC using intact cell lines [23] and epidermal cells 
[27] has been reported. For the epidermal cells in culture, the 
coverslips with the intact adherent cell layers are rinsed twice with 
cold Dulbecco's PBS and are placed in vials and covered with 475 ~1 
of 0.05 M sodium potassium phosphate buffer, pH7.2, containing 
dithiothreitol (immol/1), EDTA (0.1retool/I), pyridoxal POa 
(0.4 retool/l) and 1.8 g % NaC1. Absolute ethanol-fixed cultures are 
used as blank controls. The assay is initiated by adding 25gl 
L-[1-14C]ornithine (1.25~tCi and 56gM ornithine, final concen- 
tration) to the vials. After capping, the vials are placed in a 37~ 
shaking waterbath for 45 or 60 min. The reaction is terminated by 
adding 0.5 ml of I tool/1 citric acid to the buffer. The vials are shaken 
at least an extra 30min to allow all CO2 to be trapped in the 
centerwells containing trapping agent (1 part of 2-methoxy-ethanol 
to 2 parts of 2-anfino-ethanol). The centerwells with the ~4CO2 
reaction product are put in a 10-ml aqueous scintillation (ACS) fluid 
and are counted in a Packard Tri-Carb Scintillation Counter 
(Packard Instrument Co., Inc., Downers Grove, IL, USA, efficiency 
81% for 14C). 

One milliliter of 10 ~ TCA is added to the vial containing the 
buffer and the monolayers (coverslips). After scraping the cells from 
the coverslips, the TCA precipitate is centrifuged and the pellet 
dissolved in 1 ml of 1% NaOH and assayed for total protein [13]. 

The ODC assay of epidermal cells in suspension is done as 
described by Perchellet and Boutwell [24]. 2 x 106 cells/0.8 ml Eagle's 
medium are placed in 10-ml coming tubes and 0.2 ml of the dissolved 
reagents is added. 10 -3 tool/1 MIX, 10 6 tool/1 cholera toxin (dis- 
solved in 50mmol/1 Tris-HC1, pH 7.5, plus 3mol/1 NAN3, 1 mmol/1 
EDTA, 200 retool/1 NaC1), 10-3 mol/1 8-BrcAMP and 10 -6 tool/1 
8-BrcGMP is added to the cells 20rain before the addition of 
a0- 6 mol/1 TPA. 

All the samples contained 0.02 % DMSO, including the control 
cells. While being shaken, the cells are incubated at 37~ in 95 % Oz- 
5 % COs for 5 h. The incubation is stopped by adding 2 ml of ice-cold 
Eagle's medium. After centrifugation for 20rain at 120g, cells are 
resuspended in 200 g125 mmol/1 Tris-HC1 buffer containing 4 retool/1 
dithiothreitol, l mmol/1 EDTA and 0.2mmol/1 pyridoxal-5'- 
phosphate (assay buffer); these are used in the intact cell assay; 25gl 
ofL-[l-14C]ornithine + cold ornithine is added to the tubes to give a 
final specific activity of 0.5 mCi [14C] in 0.4 mmol/1 ornithine. For the 
ODC activity assay using the cell supernate, the cells are resuspended 
in 3001xl of the assay buffer and are sonicated (Sonifier, Branson 
Sonic Porall Co.) on ice 5X, 1-s pulses, 50 % output. 

After centrifugation at 2,000 g for 15 min, 200 ~tl of the supernate 
is used for the ODC assay as described by Yuspa et al. [41] and 100 gl 
is used for protein determinations [13]. 

The results of the ODC assay are expressed as pmol 14CO2/mg 
protein per 45 or 60rain. The data are presented as ~ control, i.e., 
treated cell value divided by the control cell value x 100. 

Fibroblasts 

The trypsin-separated dermis is minced and suspended in 0.25 ~o 
collagenase in Dulbecco's PBS. The suspension is stirred for 30 min at 
37~ and then is filtered through gauze and centrifuged at 258g for 
5 rain. The pellet is resuspended in 10 ml of M-199 + 13 % FBS and 
layered over a Ficoll gradient. 

Fibroblasts from the 1 2 % - 1 5 %  Ficoll interface are plated 
(0.5 x 106 cells/15-mm coverslips)in M-199 + 13 % FBS + P & S and 
5 % PCO2 in air gassing. Cultures are fed every second day. 

ODC Assays 

The ODC activity of the cells is determined using two different assay 
procedures: assay of intact, living epidermal cells in either monolayer 

Effect of Various Parameters on the ODC Activity of Intact, 
Growing Epidermal Cell Cultures 

TPA or 8-BrcAMP Effect. On the first day of cell culture growth, i.e., 
8h  after plating, 5 x l0 -8 or 1 • TPA, or 10-3mol/1 
8-BreAMP was added to the medium, and ODC activity was 
measured at various times thereafter. In the experiments using 2- to 
8-day-old cultures, the cells were exposed to TPA for 8 - 1 2  h, and for 
9 - 1 4 h  to 8-BrcAMP prior to the intact cell ODC assay. 

Serum Effect. To render the cells quiescent, the mouse epidermal cell 
cultures were plated in growth medium (24 h) and then grown in 
M-199 without FBS. The intact cells were then assayed for ODC 
activity and cell proliferation after 5 days. 
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Fibroblast Effect. We investigated the influence of fibroblasts on the 
responsiveness of the keratinocytes to TPA and 8-BrcAMP. To 
accomplish this, neonatal mouse basal cells and fibroblasts were 
plated on separate 15-ram coverslips. After 1 day, basal cell coverslips 
and fibroblast coverslips were placed together in one 35-mm petri 
dish, sharing the same medium. After 6 days of culture in 1 petri dish, 
10-Tmol/1 TPA or 10-3mol/1 8-BrcAMP was added and ODC 
assays were done on the individual coverslips 1 0 - 1 4  h later. 

PGE 2 Effect. PGE2 (10-5mol/1 was added simultaneously with 
10- 7 mol/l TPA or 10- 3 mol/1 8-BrcAMP to the medium 1 0 - 1 4  h 
prior to ODC assay. 

Determination of Epidermal Cell Proliferation and DNA Assay 

Cell cultures grown in 35-ram petri dishes were pulsed for 6h  with 
1 gCi/ml of  80 Ci/mmol [3H]Tdr. The medium was then aspirated and 
the cell layers were rinsed twice with cold Dulbecco's PBS. The cells 
were scraped in 2ml o f 6 ~  TCA. The 6ml o f 6 ~  TCA was pooled 
and I ml of  this 6 % TCA fraction was counted to determine the 
[3H]Tdr acid soluble fraction. 

The pellet was hydrolyzed in 3 ~ perchloric acid (PCA) at 95~ 
for 15 rain and cooled for 20 min. After centrifugation, an aliquot of 
the supernates was counted to determine the incorporation of label 
into DNA and assayed for DNA by Burton's method [1]. 

Results 

Baseline Ornithine Decarboxylase Activity 

The ODC activity of noninduced control cultures is 
shown in Fig. 1, along with a schematic presentation of 
the three assays and protocols used in these studies. 
Assay of intact living epidermal cells (1 day old) 
resulted in an ODC activity of 3,950 +_ 500pmols of 
14CO2/mg protein per 60min. ODC activity, when 
assayed in intact, living cells maintained in short-term 
suspension cultures was 3,163 +_ 644 pmols t4CO2/mg 
protein/60min. Assay of the ODC activity of super- 
nates from disrupted, sonicated cells was 77 + 20 pmols 
14CO2/mg protein/60 min, which was the same activity 
seen in supernates from homogenized epidermal cell 
monolayer cultures [27]. 

TPA Induction of  Epidermal Cell Proliferation 
and ODC Activity 

10- 7 and 10- s tool/1 TPA was added to the epidermal 
cell cultures on day 2 of growth. Measurement of the 
[3H]Tdr incorporation into DNA after a 6-h terminal 
labeling period on day 7 showed an average 2.7-fold 
stimulation of epidermal cell proliferation (Table 1, 
n = 12). These results are similar to those reported by 
Yuspa et al. [40] and Samsel et al. [33]. 

Figure2 presents the results of ODC activity 
studies (n = 49) in intact living cells using 10 - 7  and 
5 x 10-s tool/1 TPA. When TPA was added for 4, and 
up to 18 h to the newly plated cultures (8-h-old), slight 
increases in ODC activity were often observed. These 
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Fig. 1. Schematic presentation of the ornithine decarboxylase assay 
protocols and systems used in this study 

Table 1. Effect of  tetradecanoyl phorbol acetate (TPA) on pro- 
liferation of  neonatal mouse keratinocyte cultures. 10 -v  to 
10- s tool/1 TPA was added to the medium on Day = 2 of culture and 
[3H]Tdr uptake was measured on Day = 7 of  culture; mean + SEM 
of percent control (cpm/gg DNA) 

Percent control cpm [3H]Tdr/gg DNA 

Control TPA 

100% 276 +_ 82 

n = 12; P < 0.025; statistical analysis used is Student's paired t-test 

were only 5 0 ~ - 7 0 ~  above the control values. 
Statistical analysis of the data showed only a slight 
significant increase of ODC activity 12 h after addition 
of TPA. There was no significant increase of ODC 
activity when TPA was added to the 2- to 8-day-old 
cultures 8 - 10 h prior to the intact cell ODC assay. We 
concluded that no consistent and significant induction 
of epidermal cell ODC activity by TPA occurred over 
the 8-day time span studied. 

8-BrcAMP Induction of Epidermal Cell ODC Activity 

Cyclic AMP analogs (dibutyryl and 8-Bromo cyclic 
AMP) and cholera toxin, an irreversible activator of 
adenylate cyclase are epidermal cell mitogens [6, 14, 
15): 10- 3 mol/1 8-BrcAMP causes a 150 ~ increase in 
epidermal cell culture proliferation approximately 24 h 
after addition, while the greatest mitogenic effect is seen 
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D A Y S  IN C U L T U R E  

Fig. 2. Minimal induction of intact keratinocyte 
ODC activity by tetradecanoyl phorbol acetate 
10 -v or 5 x 10-Smol/l TPA was added 4, 6, 
8, 9, 10, 12, 14, 16, and 18h before assay to 
freshly plated (8-h-old) basal cells, and 8 - 1 2  h 
prior to ODC assay of 2- to 8-day-old cultures 
growing on coverslips. The numbers above the 
bars represent the number of replicate ex- 
periments; n = 49. The data are presented as 
mean _+ SEM of 3-11 experiments or the 
average +_ range of 2 experiments. Each assay 
was done in triplicate. Statistical analysis used 
was Student's paired t-test. * P = 0.025; all 
other P values were P _> 0.200; B: Control 
= ~oo% 
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Fig. 3. Minimal induction of intact keratinocyte 
ODC activity by 8-bromocyclic AMP. 10-3 mol/1 
8-BrcAMP was added 4, 6, 8, 9, 12, 14, 16, 
and 18 h before assay to freshly plated 
(8-h-old) cells, and 9 - 1 4 h  prior to ODC 
assay of 2- to 7-day-old intact cultures growing 
on coverslips. The numbers above the bars 
represent the number of replicate experiments; 
n = 46. The data are presented as mean + SEM 
of 3 - 9  experiments or the average +_ range of 
2 experiments. Each assay was done in triplicate. 
Statistical analysis used was Student's paired 
t-test. The P value was P > 0.200 for all time 
points. B: Control value = 100 % 

4 days  af ter  the  g r o w t h  o f  the cells in  the  m e d i u m  

c o n t a i n i n g  8 - B r c A M P  [14]. 
Th i s  m o s t  p o t e n t  m i t o g e n i c  c o n c e n t r a t i o n  o f  8- 

B r c A M P  (10 -3  mol/1 was a d d e d  to newly  p la t ed  basa l  
cell cu l tu res  (8-h-old)  4 - 8  h before  i n t ac t  cell O D C  
assay.  As  p re sen t ed  in  Fig.  3, a n  a p p r o x i m a t e  50 
i n d u c t i o n  o f  the  O D C  act iv i ty  o f  the cells was  seen 
9 - -  18 h af ter  the  8 - B r c A M P  was added .  N o  i n d u c t i o n  
o f  O D C  act iv i ty  by  this c A M P  a n a l o g  was obse rved  

p r i o r  to the  9-h  t ime  po in t .  
8 - B r c A M P  was  t h e n  a d d e d  9 - 1 4 h  p r i o r  to the 

O D C  assay o f  2- to 8 -day-o ld  cul tures .  A sporad ic  

twofo ld  increase  in  O D C  act iv i ty  was seen in  the t rea ted  
cul tures ,  a lways  wi th  a large v a r i a t i o n  in  the va lues  
(Fig.  3). The  smal l  a n d  n o n s i g n i f i c a n t  i n d u c t i o n  o f  
O D C  act iv i ty  by  8 - B r c A M P  was seen in  65 ~ o f  the 
expe r im en t s  (n = 46) d o n e  in  this s tudy.  

Putative Modulators of ODC Induction 
by TPA and 8-BrcAMP 

Nei the r  a large n o r  cons i s t en t  i n d u c t i o n  by  T P A  or  
8 - B r c A M P  was seen in  o u r  s tudies .  There fore ,  a g r o u p  
o f  expe r im en t s  was  car r ied  out ,  which  were des igned  to 
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Table2. Putative modulators of ODC: effects on TPA and 8- 
BrcAMP induction 
a) Serum 

Day = 6 Percent control 

13 % Fetal bovine serum No serum 

Control 100 • 19% 100 + 22% 
(599 • 113)" (424 + 91)" 

TPA 80 ~ 178 % 
8-BrcAMP 110 % 137 ~o 

One day after plating, half of the cultures were grown in M-199 with 
no serum 

b) Cocultured epidermal and dermal cells 

Day = 7 Epidermal cells Fibroblasts 

Control 100 • 12% 100 + 11% 
(846 • 100)" (1,570 + 178) a 

TPA 73 % 95 % 
8-BrcAMP 75 % 70 % 

The cells, each grown on coverslips, shared common medium to 
which the drugs were added 

c) PGE2 

Days 1 and 3 No PGE2 Plus PGE/ 
(n = 2) (10- 5 mol/1) 

Control 100 • 4 100 _+ 16 
(1,165 + 46) ~ (958 + 155)" 

TPA 125 % 152 % 
8-BrcAMP 108 % 118 % 

ODC assay was carried out 10-14 h after drug addition in triplicates 
or quadruplicates. 10-a mol/1 8-BrcAMP and 10-7 tool/1 TPA con- 
centrations were added 

Control ODC activity in pmol 14CO2/mg protein/45 min. These 
values for ODC activity are characteristic of 1-week-old cultures 
[27] 

thest the effect of  possible modulators  of  ODC activity 
on the induction of this enzyme by TPA and 8-BrcAMP 
(Table 2). 

A. Is a quiescent, i.e., nondividing, cell population 
necessary for maximal induction of  O D C  by TPA or 
8-BrcAMP? 

The cultures were grown in serum-free medium for 
5 days. This decreased the rate of  [3H]Tdr incorpora- 
tion by the cells into D N A  by 70 % (data not shown). 
Cells grown in the serum-free medium showed no 
change in the baseline O D C  activity when compared to 
cells grown in 13 % FBS growth medium (Table2). 
TPA and 8-BreAMP slightly, but not significantly, 
induced the O D C  activity of  the cells grown in the 
serum-free medium. Therefore, arrest of  epidermal cell 
growth had no effect on either the baseline or induced 
ODC activity of  the epidermal cell cultures. 

B. Is the presence of fibroblasts necessary for 8- 
BrcAMP and TPA to maximally induce epidermal cell 
ODC activity? 

Dermal fibroblasts and epidermal basal cells were 
cocultured, each grown on separate coverslips and a 
shared common medium to which TPA or 8-BrcAMP 
was added. Neither TPA- nor 8-BrcAMP-induced 
ODC activity was measured in the intact epidermal cell 
assay. No  induction of fibroblast O D C  by these agents 
was seen, although the dermal fibroblasts did have a 
high baseline ODC activity (Table 2). 

C. Is the presence of PGE2 necessary for 8-BrcAMP or 
TPA induction of ODC to occur? 

As shown in Table 2, exogenously added PGE 2 did 
not significantly influence the induction of O D C  by 
either agent. 

Comparison of Supernate and Whole Epidermal Cell 
ODC Assays Using Stimulated Suspension Cultures 

10-3 mol/l 8-BrcAMP, and 10 -7 and 10 -8 mol/1 TPA 
stimulate epidermal cell proliferation ([14,40]; this 
report). Additionally, 10-6mol/1 cholera toxin, 
10-3mol/1 MIX,  and 10-6mol/1 8-BrcGMP affect 
epidermal cell proliferation and differentiation [14]. 
Most of  these agents, at these concentrations, have been 
reported to induce epidermal cell ODC activity in adult 
mice [24]. Experiments were designed to test the ODC 
activity of the freshly isolated epidermal cells of  neo- 
natal mice in short-term suspension cultures, which had 
been treated for 5h  with these agents. Both intact 
whole-cell and sonicated-cell supernate assays were 
carried out. In Table 3 are presented the results of these 
assays along with a summary of  the results reported by 
Perchellet and Boutwell [24]. Both adult [24] and 
neonatal epidermal cells in suspension when treated 
with either MIX,  cholera toxin, TPA or M I X  plus TPA 
or cholera toxin plus TPA, showed an induction of 
ODC activity ranging from 2- to 18-fold in magnitude. 
Additionally, 8-BrcAMP and 8-BrcGMP both induced 
ODC activity 3- to 4-fold. The manyfold induction of 
ODC activity through all these agents was observed 
only when the cells were ruptured by sonication and the 
supernates were assayed for ODC activity. When cells 
treated in parallel suspension cultures were simul- 
taneously tested using the intact cell ODC assay, no 
significant induction of  O D C  activity was seen 
(Table 3). 

D i s c u s s i o n  

Epidermal cells respond to TPA and cyclic-AMP- 
elevating stimuli by hyperproliferation, both in vivo 
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Table 3. The ODC activity of  adult and neonatal isolated epidermal 
cells in short-term suspension cultures 

Supernatant ( ~ )  Whole-cell 
assay ( ~ )  

Adult [24] NeonataP NeonataP 

MIX 10 -3 mol/1 294 564 + 162 167 + 57 

CT 10-6mol/1 328 222 59 __+ 8 

TPA 10-6mol/1 1,176 736 + 185 136 + 65 

10- 3 mol/1 MIX 
+ 10-tmol/1 TPA 3,300 1,832 + 499 194 + 55 

10- 6 mol/l TPA 
+ 10-6tool/1CT 2,576 378 + 82 85 + 37 

8-BrcAMP 
10-3mol/1 - 407 _+ 41 69 _+ 31 

8-BrcGMP 
10-6mol/1 - 313 _+ 71 49 

n = 2 - 4 ,  each assay was run using triplicates or quadruplicates 
CT = cholera toxin; MIX = 3-isobutyl-l-methylxanthine 
a ODC activity expressed as ~ DMSO control ( =  100); the control 

ODC assay values were almost equivalent to blank values in our 
supernatant assay. When using suspended epidermal cells we saw 
greater variability in 1"CO2 pmols/mg, h values than when we used 
plated cells 

[11,21] and in vitro [14, 15, 33, 40, 41]. In vivo, the 
hyperproliferation induced by both agents may cor- 
relate with the induction of ODC activity [21, 25], thus 
suggesting an association between epidermal hyper- 
plasia and induced ODC activity. 

Isolated cell systems allow manipulations that are 
difficult, if not impossible to do in vivo. Therefore, cells 
in culture are primarily used in studies of both the 
molecular events that occur during TPA-induced hy- 
perplasia and ODC activation, and of the role that 
cAMP might play in these interactions. Recent work, 
however, using both in vivo and in vitro models, mainly 
serves to illustrate the complexity of the polyamine 
system. 

At present it is known that some but not all 
epidermal hyperplastic stimuli are associated with the 
induction of ODC activity [17, 18]. While in vitro 
studies have demonstrated TPA induction of ODC 
activity in epidermal cells [41], other work with cell 
cultures suggests that hyperproliferation and ODC 
induction are not always concordantly expressed [22]. 
Moreover, it is still unclear as to whether there are 
interactions between cAMP and/or cGMP-activated 
mechanisms, and TPA induction of hyperplasia and 
ODC activity [19, 24, 25]. 

Our studies showed that the method of ODC 
analysis determined the magnitude of ODC induction 
measured when cells were challenged with epidermal 
mitogens. The results indicated that when epidermal 

cells were exposed in vitro to various hyperplastic 
agents, an induction of ODC activity was seen only 
when the assay was done using supernates from dis- 
rupted sonicated cells as the enzyme source. 
Simultaneous assay of cells from the same primary 
culture, grown both in suspension and in monolayer, 
showed no significant or consistent induction of ODC 
when the intact cell assay was used ([27]; this paper; 
Roseeuw, unpublished data). 

Intracellularly, ODC has a biologic half-life of 1 0 -  
20 min [29] and the growth condition of the cells can 
lengthen the half-life of the enzyme [9]. ODC activity 
appears to be controlled by inhibitory proteins, called 
ODC-antizymes, the synthesis of which is induced by 
putrescine, spermidine, and spermine [8]. Therefore, 
there is negative feedback regulation of ODC by the end 
products of the reaction it catalyzes. Recently, Weeks 
et al. [39] reported that when the ODC activity of 
treated mouse epidermis treated by sonicated TPA is 
measured in the presence ofputrescine, almost absolute 
inhibition of ODC induction is seen. Thus, ODC is an 
enzyme that has a short a variable half-life; its in- 
tracellular activity is controlled by specific protein 
inhibitors (ODC antizymes) which are, in turn, induced 
by the end products of ODC activity, the polyamines. 

The simplest interpretation of the results of the 
studies described in this report is that ODC is subject to 
stringent intracellular control mechanisms which ap- 
pear to be lost when the isolated enzyme is assayed. It is 
possible that some types of proliferative stimuli cause 
changes in overall cell metabolism, which could result 
in the apparent induction of ODC activity when the 
enzyme is assayed using disrupted cell preparations. 
For example,one possible metabolic change induced by 
proliferative stimuli might be the lengthening of the 
half-life of the ODC (and other) enzymes while the cell 
adapts to the hyperproliferative state. This increased 
half-life would not result in the increase of ODC 
activity when the cellular control mechanisms were 
operating. However, when isolated, a lengthening in the 
half-life of ODC might translate into an apparent two- 
to tenfold increase in the activity of the enzyme. 

This explanation becomes more plausible when the 
stability of the ODC enzyme in intact cells is compared 
with its stability in sonicated cell supernates (Fig. 1, 
Table 3). In intact cells, ODC has a stable and very high 
enzymatic activity. Manipulation of culture conditions 
which might have changed the activity of normal or 
induced cell ODC, i.e., the growth rate of the cells, the 
medium levels of PGE2, or the presence of fibroblasts, 
did not affect the control or stimulated cell ODC 
activity. On the other hand, the baseline ODC activity 
of epidermal cell supernates is often not measurable, 
demonstrating the viability and variability of this 
enzyme once it is extracted from the cell. 
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W e  t h e r e f o r e  h a v e  c o n c l u d e d  f r o m  these  s tudies  

t h a t  the re  is n o  c o r r e l a t i o n  b e t w e e n  O D C  induc t i on ,  

a n d  cycl ic  A M P -  o r  T P A - i n d u c e d  h y p e r p r o l i f e r a t i o n ,  

a lso  i m p l y i n g  t h a t  c A M P - i n d u c e d  even t s  a re  n o t  in-  

v o l v e d  in the  i n d u c t i o n  o f  e p i d e r m a l  O D C .  Th i s  s tudy  

a n d  o u r  c o n t i n u i n g  w o r k  on  in t r aceUula r  p o l y a m i n e  

c o n t e n t  a n d  t r a n s p o r t  [28] sugges ts  t h a t  the  p o l y a m i n e  

m e t a b o l i s m  o f  these  cells is a s table ,  c o m p l e x ,  and  

p r o t e c t e d  func t ion ,  t hus  i den t i fy ing  the  p o l y a m i n e  

sys t em as be ing  cr i t ica l  to  the  m a i n t e n a n c e  o f  e p i d e r m a l  

cell  g rowth .  
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