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ABSTRACT

Ornithine decarboxylase (OIK) activity was elevated in the premalig-

nant metaplastic columnar epithelium (mean activity, 0.13 unit/mg pro
tein, V = IS individual samples from 18 patients), compared to either
adjacent gastric (mean activity, 0.02 unit/mg protein, N = 9) or small
intestinal (mean activity, 0.02 unit/mg protein, N = 9) epithelium in
patients with Barrett's esophagus. Enzyme activity ranged from 0 (less

than detectable) to more than 0.5 unit/mg protein in the metaplastic
tissue. However, neither putrescine, spermidine, spcrmine (as individual
parameters), nor total polyamine contents were related to ODC activity
in the individual patient biopsies. Spermidine/spermine ratios ranged
from 0.38 to 2.18 and were also not related to enzyme activity in any
apparent manner. Nevertheless, cell strains derived from the metaplastic
tissue were growth inhibited by a-difluoromethylornithine, an enzyme-

activated, suicide inhibitor of ODC. In two different cell strains derived
from Barrett's epithelium, growth was affected with drug concentrations

as low as 0.05 HIM. While the mechanism responsible for the elevation
in enzyme activity is unknown, the regulation of polyamine metabolism
appears to be altered in this premalignant tissue. The growth inhibition
of Barrett's epithelium-derived cell lines by ODC inhibitors suggests a

potential role for these compounds in the treatment of this disease.

INTRODUCTION

Barrett's esophagus is a lesion in which the normal squamous

epithelial lining of the esophagus is replaced by a metaplastic,
columnar epithelium (1-3). Barrett's esophagus is a premalig

nant lesion associated with an increased risk of development of
esophageal adenocarcinoma (2). ODC3 (EC 4.1.1.17) is the first

enzyme in polyamine biosynthesis (4). Polyamines play essen
tial roles in cell proliferation and differentiation. They partici
pate in macromolecular synthesis (4, 5). Inhibitors of ODC
block aspects of tumor promotion and induce cellular differ
entiation in several animal model systems (5). ODC activity
has recently been shown to be altered in certain premalignant
conditions in humans. For example, elevated ODC levels were
found in familial polyposis of the colon, an inherited condition
associated with increased proliferation of the colonie mucosa
and a high risk of developing colon cancer (6). Induction of
ODC has been implicated as being important in carcinogenesis
(7). Further, ODC regulation may be altered in this process;
specifically, the enzyme degradation rate appears to decrease
(8).

We have previously demonstrated that ODC activity is
greater in Barrett's mucosa than in squamous esophageal mu
cosa from the same patient, and that Barrett's mucosa with
dysplasia has a significantly higher ODC activity than Barrett's
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without dysplasia (9, 10). In the present study we compared
ODC activity and polyamine levels in Barrett's, gastric, and

small intestinal mucosa. The objectives were: (a) to compare
ODC activity in columnar epithelium of the upper gastrointes
tinal tract with that seen in Barrett's mucosa, and b) to deter
mine if increased ODC activity in Barrett's mucosa is associated

with changes in levels of polyamines.

MATERIALS AND METHODS

Patients. All patients entered in this study were male and had biopsy-
proven Barrett's esophagus with specialized columnar epithelium doc

umented histologically by using hematoxylin-eosin and alcian blue
stains (3). Eighteen patients were included in this study. Adjacent
biopsies were taken from a randomly selected site in their Barrett's

mucosa. One biopsy was used for histological evaluation while the other
was processed for ODC and polyamine assays. In 9 patients, an addi
tional biopsy was taken from the gastric fundus and in the remaining 9
from the small bowel (duodenum) for ODC activity and polyamine
assays. The biopsy sites were chosen so as to avoid grossly evident areas
of erosion or ulcÃ©ration.The experimental protocol was approved by
the Human Subjects Committee and all procedures were carried out
after obtaining written, informed consent. There were no complications
in any patient as a result of the biopsies.

ODC Assay. ODC activity was assayed by quantitating the release of
I4CO2 from D,L-[l-'4C]ornithine as previously described (11). Biopsy
specimens were immediately frozen at -80Â°Cfor storage. For the assay,

they were sonicated in 0.5 ml of 50 mM Na2H-KH2PO4, pH 7.2,
containing 0.1 mM EDTA, 1 mM dithiothreitol, 1 HIMphenylmethyl-
sulfonylfluoride and 20 MMpyridoxal phosphate. After centrifugation,
150-//1aliquots were removed and incubated for 30 min at 37*C in the

presence of 20 M!of radiolabeled ornithine (25 /iCi/ml, 4.5 mCi/mmol).
The reaction was terminated by adding 0.5 ml of l M citric acid and
the liberated >4CO2was trapped for counting on glass fiber filters

containing 20 Â¿UNCS reagent (New England Nuclear, Boston, MA).
One unit of enzyme activity is defined as the release of 1 nmol MCO2

from radiolabeled ornithine/h. Total protein in the specimens was
measured by using the Bradford procedure (12).

Polyamine Assays. Acid-soluble intracellular polyamine levels were
measured by high-performance liquid chromatography as described
previously ( 13). Briefly, an aliquot of the sonicate used in the ODC
assay was centrifugea at 20,000 x g for 5 min. The polyamines were
separated on a C,8-MBondopak reverse phase column (Waters), using a
liner gradient from 100% buffer A (0.1 M sodium acetate, pH 4.5-0.01
M octane sulfonate) to 75% buffer B (0.2 M sodium acetate, pH 4.5-
0.01 M octane sulfonate), 25% acetoni true over 40 min at 1.5 ml/min.
1,7-Diaminoheptane was used as an internal standard (500 pmol/100
H\).

All specimens were processed for ODC and polyamine assays within
6 weeks of collection. Control experiments in our laboratory have
shown no loss of enzyme activity or change in polyamine levels over
this period of time under these storage conditions.

Cell Culture. Nonenzymatic techniques were used to initiate cultures
from endoscopie biopsies of Barrett's epithelium. The spilloni and fine

mince methods of Leibovitz et al. (14) were used. The minces were
covered completely with detoxification growth medium M-19. This is
modified medium M-3 (15) and contains pituitary extract. The minces
were debrided and transferred to T-25 plastic tissue culture flasks. They
were separated on the floor of the flasks and sufficient medium was
added to assure that each mince was covered with medium. The flasks
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were tightly capped and permitted to incubate at 37Â°Cuntil obvious

outgrowths had started from the minces. Subcultures were made when
complete monolayers were attained, using a 0.25% trypsin-0.10%
EDTA mixture in Hanks' basic salt solution without calcium or mag

nesium. The time to confluent monolayers varied from 6 to 12 weeks
for successfully initiated cultures.

The two cell strains used for the current studies were at passages 8
to IS. At this stage they were of a predominately single type of cell
morphology. Their epithelial nature was confirmed by morphological
appearance and positive staining for cytokeratins by using monoclonal
antikeratin antibodies. The cultured cells also stained positively with
periodic acid-Schiff reagent and alcian blue stains, confirming their
origin from Barrett's epithelium. Details about the culture and charac
terization of Barrett's epithelial cell strains will be published elsewhere.

Effect of DFMO on Growth of Cultured Cells. The effect of DFMO
on the growth of Barrett's cell strains was quantitated by measuring

viable cell number and colony formation on a plastic surface in the
presence and absence of DFMO. For the former 1 x 10s cells were
placed in T-25 flasks containing 5 ml of medium M-19. DFMO was
dissolved in Hanks' balanced salt solution and added to achieve final

concentrations of 0.05, 0.5, and 5 mM. Control flasks containing no
DFMO were treated with an equal volume of Hank's balanced salt

solution. The total cell number was determined on day 4 and day 8
after removal of the cells with Trypsin-EDTA by using a hemocytom-
eter. Percentage of cell viability was estimated by using the trypan blue
dye exclusion method (16). It was always in excess of 90%. Each drug
concentration was tested in triplicate.

For the colony formation assay, 1000 cells were plated in 5 ml of
medium M-19 in 60-mm plastic Petri dishes. The same concentrations
of DFMO were used as above. After 8 days of growth, the medium was
removed, the plates washed once with Hanks' balanced salt solution,

and the colonies were fixed and stained. Colonies containing >60 cells
were scored and counted by using an inverted microscope.

Statistical Analysis. ODC activity and polyamine levels for each of
the tissue types were analyzed statistically, using the Kruskal-Wallis
test (17). This nonparametric procedure is equivalent to a one-way
analysis of variance, using the ranks of the observed values. Upon
comparing the three sites, significant differences were noted only for
ODC activity and spermine levels (both, P < 0.01). Hence, for ODC
and spermine the individual sites were compared by using the Wilcoxon
rank sum test (the two sample equivalent of the Kruskal-Wallis test).
The P value was adjusted to account for the multiple comparisons
among sites by using the Bonferroni procedure (18).

The statistical significance of correlations between ODC activity and
polyamine contents was estimated by using the Spearman rank corre
lation coefficient (17).

RESULTS

Fig. 1 shows the ODC activity in Barrett's, gastric, and small

intestinal mucosae. There was a statistically significant differ
ence between the ODC activity in Barrett's mucosa compared

with the other two tissue types. In fact, most of the patients
had undetectable ODC activity in gastric and small intestinal
mucosa, i.e., ODC activity was below 0.02 unit/mg protein.

Polyamine levels in the three different tissue types are shown
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Fig. 1. ODC activity in Barrett's, gastric, and small intestinal mucosa from
patients with Barrett's esophagus. The mean Â±SE values were: Barrett's, 0.13 Â±

0.04 unit/mg protein; gastric, 0.02 Â±0.04 unit/mg protein; small intestine, 0.02
Â±0.003 unit/mg protein. Bars, mean value for each tissue type.

in Table 1. There were no statistically significant differences in
polyamine levels among the three tissues except for spermine
levels. Spermine levels in gastric mucosa were significantly
higher than those in Barrett's mucosa (P < 0.05). There were

no statistically significant differences in polyamine levels be
tween small intestinal and Barrett's mucosa.

Fig. 2 shows the relationship among putrescine, spermidine,
and spermine contents from the 18 individual patient biopsies
of the metaplastic tissue as a function of ODC activity expressed
by those same tissues. Statistical analysis showed no significant
correlation between the level of any of these polyamines and
ODC activity (P > 0.20).

Fig. 3A displays the relationships between total polyamine
content (putrescine plus spermidine plus spermine) and enzyme
activity. No relationship was apparent (P > 0.20). Spermidine/
spermine ratios have sometimes between been correlated with
cell proliferative rates (5). As seen in Fig. 3fi, no relationship
was apparent between this parameter and ODC activity (P >
0.20).

Fig. 4 illustrates the effect of DFMO on the growth of a

Table 1 Polyamine levels in Barrett's, gastric, and small intestinal mucosae

Polyamine levels in mucosae
(nmol/mg protein)

Putrescine
Spermidine
SpermineBarrett's0.42

Â±0.11Â°

2.91 Â±0.38
2.95 Â±0.30*Gastric0.38

Â±0.22
2.94 Â±0.31
4.88 Â±0.61*Small

intestine0.39

Â±0.08
2.24 Â±0.24
3.17 Â±0.38

â€¢Mean Â±S.E.
* Statistically significant difference (P < 0.05).
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Fig. 2. Relationship between ODC activity and individual polyamine content
in Barrett's mucosa. No statistically significant relationship between ODC activity
and polyamine content could be demonstrated (/' > 0.20 for each polyamine).

Put, putrescine; Spd, spermidine; Spm, spermine.
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Fig. 3. Relationship between ODC activity and total polyamines (A) or sper
midine (5^rf)/spermine (Spm) ratio (B) in Barrett's mucosa.
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Fig. 4. Effect of DFMO on the growth of a cultured Barrett's epithelial cell

strain. Data are based on colony count and viable cell number after 8 days of
growth. Points, mean; bars, SD.

Barrett's epithelial cell strain. Cell growth was inhibited even

at the lowest DFMO concentration tested (0.05 HIM). DFMO
usually acts as a cytostatic agent. Therefore, mere enumeration
of colony number can underestimate drug effect, especially at
low concentrations, since colonies formed in the presence of
DFMO are smaller than in its absence. This is illustrated by
the difference in the colony and cell number data at 0.05 mM.
Similar results were obtained with the second Barrett's cell

strain.

DISCUSSION

Recently ODC activity has been found to be elevated in
human premalignant lesions compared to relevant normal tis
sues. Luk and Baylin (6) showed an increased ODC activity in
colonie mucosa in patients with familial colonie polyposis.
ODC activity was also been shown to be elevated in adenoma-
tous colonie polyps (19, 20). Since polyamines are the putative
effector molecules involved in this system, it is important to
study not only ODC activity, but also polyamine levels in these
tissues in order to define a role for this pathway in premalig-
nancy and carcinogenesis. Studies on polyamine levels in hu
man premalignant tissues are lacking.

In this study we have demonstrated an increased ODC activ
ity in Barrett's mucosa of the specialized columnar type when

compared with other upper gastrointestinal columnar epithelia.
However, polyamine levels showed no correlation with the
increase in ODC activity nor were they any greater in Barrett's

than in normal gastric or small bowel epithelium. Consequently,
the higher ODC activity appears to be needed in Barrett's

mucosa to maintain polyamine levels similar to those seen in
adjacent normal upper gastrointestinal mucosae.

It should be emphasized that the study population in this
report consisted only of patients with nondysplastic Barrett's

mucosa. We have previously shown that dysplastic changes in
Barrett's epithelium are associated with higher ODC activity
than in non-dysplastic epithelium (10). Measurement of poly
amine levels in dysplastic Barrett's mucosa would be of interest

to see whether development of dysplasia is associated with
altered polyamine levels in addition to an increased ODC
activity. Similar investigations in other dysplastic versus non
dysplastic premalignant lesions, such as colonie polyps, need
to be performed in order to study the role of an elevated ODC
activity in the pathogenesis of dysplasia.

The mechanism of ODC elevation in metaplastic tissue is
unknown. Although alterations in activity of other key enzymes
in the polyamine pathway, such as 5-adenosylmethionine de-
carboxylase or diamine oxidase, may account for the need for
higher ODC activity to maintain polyamine levels, one possible

mechanism would involve a change in ODC itself. It has been
reported that ODC half-life is increased during carcinogenesis
in several animal models (8). ODC protein degradation is a
spermidine-dependent process (11, 21) and appears to occur
via a nonlysosomal, ubiquitin-independent mechanism (21).
The degradation of this enzyme and other short-lived proteins
has been correlated with certain amino acid sequences in the
proteins (22). Thus, it is possible that ODC activity is elevated
in metaplastic Barrett's tissue due to an alteration in the ODC

gene which might affect regions in the protein which determine
whether the enzyme protein is rapidly degraded or not. This
possibility is currently being evaluated in our laboratory.

Independent of the mechanism of ODC elevation, growth of
cells derived from metaplastic Barrett's tissue appears to be

reduced in the presence of DFMO, an ODC inhibitor, at
pharmacologically achievable concentrations (23). While this
response of Barrett's cells in culture does not predict any

therapeutic potential for DFMO, the positive finding of a
growth inhibitory effect along with the observed changes in
polyamine metabolism in Barrett's tissue from human patients

suggests that this drug should be tested as an interventional
agent, either to reverse the metaplastic lesion or as a preventive
agent to inhibit the development of adenocarcinoma of the
esophagus, analogous to the use of retinoids in premalignant
lesions of squamous epithelial origin (24).
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