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ABSTRACT

Ornithine decarboxylase (ODO) activity was measured in colon aden-
ocarcinomas and adjacent normal-appearing colon mucosa from a total
of 40 patients undergoing surgical resections. The enzyme activity Â»as
measured in the presence and absence of GTP, since recent work has
demonstrated a GTP-activatable form of ODO in some murine and human
tumors. In general, ODC specific activity was higher in adenocarcinomas
than in adjacent normal-appearing mucosa. Of greater interest, however,
was the finding that 13 of 40 tumors and 3 of 40 mucosae contained a
GTP-activatable form of ODC. These are minimal estimates of the
proportion of tissues positive for this enzyme form, since a multiple
sampling protocol indicated that expression of a GTP-activatable ODC
was not uniform throughout a given tumor. Chromatographie analyses of
tumor extracts revealed the presence in some tumors of multiple size
forms of ODC, only some of which were activated by GTP. Enzyme
kinetic data indicated that the multiple forms of ODC can have different
affinities for i.-ornithine and that GTP can "normalize" the aberrant

kinetic properties of these forms.
While there was no statistically significant correlation of the presence

of a GTP-activatable ODC with stage of disease, analysis of our data
revealed a positive association of a GTP-activatable ODC with tumor
site; a much higher percentage of tumors of the cecum contained this
ODC isoform than tumors of other colonie segments (64% versus Â£25%
for other sites). These results demonstrate (a) the presence of a function
ally distinct form of ODC in some human colon adenocarcinomas and (b)
a distinct regional distribution of this ODC form within the colon. We
suggest this alteration in a key enzyme in the growth-associated pathway
of polyamine biosynthesis may play a role in colon tumor progression.

INTRODUCTION

Very little is known of the molecular events responsible for
human colon tumor progression. In particular, knowledge is
lacking concerning function of genes whose aberrant regulation
is responsible for the altered growth and differentiation features
of colon tumor cells. Recently, two studies of the ras gene
family in human colon tumors indicated that approximately
40% contain activating mutations, almost all in the 12th codon
of the Ki-ras gene (1,2). The raÃproteins (p21 s) are membrane-
associated guanine nucleotide-binding proteins thought to be
involved in signal transduction processes in both normal and
neoplastic cells. The precise functions of the normal and mu-
tationally activated p21 proteins are not known. Alterations
in the function or level of expression of the tyrosine kinase
pp60c "l and the nuclear proto-oncogene c-myc have also been
described in primary colon adenocarcinomas or tumor-derived
cell lines, compared to normal tissue (3, 4). A second class of
gene, that responsible for FAR' syndrome, has recently been

mapped to the long arm of chromosome 5 (5, 6). Analysis of
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nonfamilial colon adenocarcinomas also revealed, in approxi
mately 20% of cases, a loss of alÃeleson chromosome 5q in
tumor but not normal tissue (7). Thus the FAP gene is an
example of a recessive gene whose function, when lost, can lead
to colon tumor development, at least in some cases. A third
class of genes that may be involved in some aspects of colon
carcinogenesis are cellular genes known to be important for
growth. Recent studies in both experimental models of skin
carcinogenesis (8, 9) and human cutaneous squamous cell car
cinomas (10) have demonstrated that, at some point during
skin tumor progression, elevated expression of the growth-
associated enzyme ODC occurred. Using a variety of ap
proaches (biochemical, molecular, and immunocytochemical),
it has been shown that the broad features of the cellular control
of this gene shift from a tightly regulated expression in normal
cells to a constitutively high level of expression of ODC in at
least some cells of the tumor (10, 11). Several previous studies
have reported elevated levels of ODC activity in neoplastic
human colon versus normal-appearing colonie mucosa. Luk and
Baylin (12) studied polyps from FAP patients and found higher
levels of ODC activity in dysplastic polyps than in nondysplastic
polyps. Noninvolved mucosae from polyposis patents also ex
hibited a higher ODC activity than noninvolved mucosae from
normal individuals. In nonfamilial colon adenocarcinomas,
ODC activity has been consistently found to be elevated, com
pared to adjacent mucosa (13, 14). Porter et al. (15), for
instance, found an 8-fold increase in carcinoma ODC activity
versus adjacent mucosa in a series of 40 patients. In experimen
tal models of colon carcinogenesis, both tumor-promoting
agents and a carcinogen induce ODC activity (16). Evidence
that enhanced ODC activity may have an important role in
colon tumor development is provided by the observation that
DFMO, a highly specific irreversible inhibitor of ODC, sup
pressed tumor development in carcinogen-treated rats (17).
Because of its role as a key regulatory enzyme in the pathway
of polyamine biosynthesis and the numerous reports on the
growth-inhibitory consequences of polyamine depletion (re
viewed in Ref. 18), it is theoretically possible that the converse
also occurs; over-expression of ODC and consequent elevated
rates of polyamine synthesis may provide a selective growth
advantage for certain neoplastic cell populations.

The regulation of ODC at the molecular level is complex and
can occur at many levels, including transcriptional and post-
transcriptional mechanisms. Rather than attempt to describe in
detail the possible differences in ODC regulation in a complex
in vivo biological system (i.e., humans), our initial studies have
focused instead on what is believed to be a tumor-specific
functional change in the ODC protein itself, the ability to be
"activated" by GTP (9). Previous studies in human cutaneous

squamous cell carcinomas have demonstrated the presence of a
GTP-activated ODC in some but not all carcinomas but not in
normal skin (10). Moreover, the presence of the atypical iso-
form of ODC was correlated with particularly aggressive tu
mors, many of whose etiology was presumed to be nonactinic
(i.e., from non-sun-exposed areas) (19). It was, therefore, con
sidered important to extend these findings to another organ
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site. Given the frequency of colorectal carcinoma in the United
States and the availability of sufficient tissue for analysis, the
present study was undertaken to analyze the properties of ODC
present in colorectal tumors versus surrounding mucosa, espe
cially with respect to the presence of a functionally altered form
of ODC as indicated by its activation by GTP. A second goal
was to establish whether the presence of a functionally altered
ODC correlated with the biological behavior of the tumor.

MATERIALS AND METHODS

Tissues. Adenocarcinornas of the colon and adjacent normal-appear
ing mucosa (not separated from submucosa) were obtained fresh from
surgical resections. Tissues were placed on ice immediately upon re
moval and, generally within 30 min, from one to five samples repre
senting different areas of tumor and mucosa were frozen in liquid N2.
Tissues were subsequently stored at -70Â°Cuntil enzyme analyses were

performed.
All tissues used in this study were from patients prepared for surgery

by a standardized preoperative bowel-cleansing procedure. Patients
were of either sex (26 females, 14 males) and ranged in age from 33 to
90 years (median = 74 years).

Enzyme Analyses. Tissue samples were minced and homogenized in
a Polytron homogenizer in Buffer A (25 mM Tris, pH 7.4, plus 2.5 mM
dit ludi Invii i>land 0.1 mM EDTA) containing 0.5 mM freshly added
phenylmethylsulfonyl fluoride and in some cases 10 mM aprotinin.
After centrifugation at 20,000 x g for 20 min, the supernatant was
concentrated by double (NH4)2SO4 precipitation and dialyzed overnight
against Buffer A plus 0.02% Brij-35. The resulting dialyzed crude
extracts were then used for enzymatic analyses. The measurement of
ODC activity was performed in duplicate at a i.-ornithine concentration
of 0.125 or 0.25 mM, essentially as described (20). Gel filtration
chromatography was performed on a LKB fast protein liquid chroma-
tography system, using a Superose-6 column and Buffer A containing
10 JIMpyridoxal phosphate and 0.02% Brij-35.

Statistics. Tests of statistical significance were done using either
Student's t test. Fisher's exact test, or a x2 test of a 2 x 4 contingency

table. The t test was used to evaluate the significance of the difference
of mean tumor ODC activity versus adjacent mucosal ODC. The
contingency table analysis was used to test for a relationship of Dukes
Stage to GTP-activatablc ODC. All other assessments of statistical
significance were made by use of Fisher's exact test.

RESULTS

Several previous studies have established quantitative differ
ences in the specific activity of ODC in normal versus neoplastic
colon (12-15). One of the purposes of this study was to deter
mine whether there were any qualitative differences in the ODC
present in colon adenocarcinomas versus adjacent colonie mu
cosa. The results of our analyses of a series of 40 patients are
given in Fig. 1 and Table 1. The absolute level of ODC activity
measured in all tissues with our standard assay is illustrated in
Fig. 1. The mean ODC activity of the tumor samples (0.76 Â±
0.1, mean Â±SE) was 5-fold higher than the mean mucosal
ODC activity (0.15 Â±0.03, mean Â±SE). This result is similar
to that reported by Porter et al. (15) for another large patient
series. For each crude extract, the enzyme was also assayed in
the presence of GTP, since this is an easy and sensitive method
to detect a qualitatively different ODC isoform. The results of
these assays as well as patient and tumor data are summarized
in Table 1. Several conclusions can be reached from these data.
First, for the great majority of patients, the absolute values for
ODC activity (units/mg protein in the absence of GTP) are
higher in tumor tissue versus adjacent mucosa from the same
patient. Second, if a ratio of ODC activity in the presence of
GTP versus the absence of GTP greater than or equal to 1.2 is
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Fig. I. Scatter plot of ODC activity in adjacent mucosa versus colorectal
adenocarcinomas. Since multiple samples of tumors were assayed, the results are
expressed as the mean specific activity of all the samples.

taken as evidence for a GTP-activatable ODC isoform, then 13
of 40 tumor extracts and 3 of 40 mucosal extracts are positive
for this form of ODC. This difference between tumor and
mucosal extracts is statistically significant (P = 0.0103). The
rationale for choosing a ratio of 1.2 is the following; if we
assume the maximum error in the enzyme assay is 5% then
occasionally a given tumor extract will have a ratio of 1.1
(1.05)
0.95

-, simply due to variations in the enzyme assay. To avoid

scoring such tumors as (false) positives, we have conservatively
chosen a ratio of 1.2 as the cutoff for the presence of a GTP-
activatable ODC. Previous analyses of human cutaneous squa-
mous cell carcinomas indicated 57% of a relatively small series
(n = 7) contained a GTP-activatable ODC (10), although in
that study no evidence was found for this isoform in normal
skin. It should be noted that a few (n = 5) mucosal and tumor
extracts exhibited a ratio of ODC activity in the presence versus
the absence of GTP equal to 0.8 or less. At the present time,
the significance of this possible inhibitory effect of GTP is not
known. A third conclusion from these analyses is illustrated
more clearly in Table 2, in which data from multiple samples
of the same tumor are given. While there was some (expected)
sample-to-sample variation in the absolute specific activity of
ODC, the table also shows that the presence of a GTP-activat
able ODC was not uniform throughout a given tumor. In the
majority of tumors in which a GTP-activatable ODC has been
detected, it has been found in less than 50% of samples derived
from different areas of the tumor.4 Thus, this particular ODC
isoform may be only present in focal "islands" heterogeneously

distributed throughout the tumor mass. This result emphasizes
that the percentage of colon adenocarcinomas containing a
GTP-activatable ODC isoform, derived from Table 1, is a
minimal estimate; if additional areas of "negative" tumors were

sampled, some of these tumors might be found to be positive.
We attempted to correlate the presence of a GTP-activatable

4 T. G. O'Brien and O. Mietala, unpublished data.
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Table 1 Analyses of mucosa! and tumor OIK
Crude extracts were prepared from both normal-appearing mucosa and tumor from each patient listed. Extracts were assayed for ODC in the presence and absence

of GTP. The absolute specific activities of ODC are given for each tissue, as well as the ratio of enzyme activity in the presence and absence of GTP. Since multiple
samples from each tumor were analyzed independently in some cases, the results shown in the -GTP column are the mean ODC specific activity of all samples, while
the data in the column labeled +GTP/â€”GTP represent the highest value of all the samples analyzed.

ODC specific activity (uniis/mgprotein)Patient1356789IIIII121314ISIf,1924252628293132333435363839404445464849505152545561Age

(years)3360765890807860517778846764465756X67673xo68767977607475M5270908472X86885725986SexF1IIMFFFFMFMMMIFMFFFMFFMFMF11FMMFM1I--FMMFDukesStageBCDCRBDDDAAABCCCDDCDBCCAABBCDBABBCCCBBBBTumorsiteCecumC'ecumDescendingCecumDescendingAscendingCecumTransverseCecumAscendingAscendingAscendingAscendingRecto

SigmoidSigmoidAscendingAscendingTransverseTransverseSigmoidSigmoidCecumCecumCecumCecumCecumAscendingTransverseRectumRectumCecumDescendingSigmoidCecumAscendingCecumSigmoidAscendingTransverseCecum-GTP0.080.040.070.040.060.050.020.070.020.030.070.020.250.060.150.050.120.040.040.030.430.160.040.800.070.290.170.150.050.560.080.070.020.080.340.260.640.090.360.01Vlucosa+GTP/-GTP1.01.01.31.00.70.91.00.91.00.91.11.00.91.00.91.00.90.91.01.01.01.01.03.21.01.00.90.91.00.80.8.0.0.0.0.1.00.9.2.0-GTP0.861.180.180.640.250.310.301.170.280.351.570.560.300.640.190.230.284.120.590.240.460.620.041.192.361.800.490.270.340.780.380.450.500.860.950.740.750.571.441.17Tumor+GTP/-GTP1.41.11.0I*1.01.0IJo.xI.X1.21.01.00.80.9IJ0.90.91.21.01.61.01.2IJ1.61.12.31.01.11.01.01.4I.II.I1.11.01.01.11.01.11.1

Table 2 Heterogeneity of ODC expression in different samples from the same
tumor

Multiple samples from different areas of each of the tumors listed were assayed
for ODC activity in the presence and absence of GTP. The absolute specific
activities are given, as well as the ratio of enzyme activity in the presence versus
the absence of GTP.

Patient61926293436ODC

activSpecific

activity
(units/mgprotein)0.400.880.150.150.210.252.313.746.863.580.080.260.381.450.660.841.811.432.782.390.60ity+GTP/-GTP1.80.9O.X0.9IJ1.21.01.21.01.01.61.01.41.51.6IA1.21.22.31.50.9

ODC with other tumor variables, such as degree of differentia
tion or tumor size. In neither case was any consistent relation
ship found (data not shown). Finally, analyses of the data in
Table 1 indicate that there was no association of a GTP-
activatable ODC with the patients' age or sex. For example, 9

of 26 tumors from female patients exhibited a GTP-activatable
ODC versus 4 of 14 tumors from males, a difference that is not
statistically significant (P â€”¿�1.0).

Analysis of the anatomic sites of the tumors used in this
study revealed a surprising preponderance of tumors of the
right colon (cecum and ascending colon). This information is
illustrated in Fig. 2, along with data from ODC analyses of
these tumors. Specifically, we were interested in whether a
GTP-activatable ODC was preferentially expressed in a partic
ular colonie segment. The answer to this question appears to
be yes. When left-sided tumors (descending, sigmoid, rectum)
are compared to tumors of the right colon (cecum, ascending),
with the transverse segment excluded, 10 of 24 (42%) right
colon tumors expressed a GTP-activatable ODC, while only 2
of 11 (18%) of left colon tumors did so. This difference is not
statistically significant, however (P = 0.259). Since most of the
right colon tumors which express a GTP-activatable ODC are
of cecal origin (9 of 10). comparison of cecal tumors versus left
colon tumors did, however, give a significant difference (9 of
14 versus 2 of 11; P = 0.042). There was also a highly significant
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Right colon Transverse

Ascending

Descending

Cecum

Anus

Sigmoid

Fig. 2. Anatomic localization of tumors used in this study. The approximate
location of each tumor is given, along with data indicating whether the tumor
extract did (â€¢)or did not (O) contain a GTP-activatable ODC.

A B C D

Dukes stage
Fig. 3. Relationship of GTP-activatable ODC to Dukes Stage. Tumors were

staged by standard histopathological criteria and the percentage of tumors within
each stage which expressed a GTP-activatable ODC is shown, \umhers over the
bars, number of tumors analyzed.

association of GTP-activatable ODC with cecal tumors versus
tumors at all other sites (9 of 14 versus 4 of 26; P = 0.003). It
appears that preferential expression of this form of ODC is
independent of stage of disease; of the 10 right-sided tumors
expressing a GTP-activatable ODC, 5 were classified as Dukes
Stage A or B and 5 as Dukes Stage C or D (see Table 1).

In addition to the stage-independent association of a GTP-
activatable ODC with right-sided tumors, we also considered
the possibility that this form of ODC might be a biomarker of
more advanced disease when all tumors are classified according
to Dukes stage. As shown in Fig. 3, the percentage of Dukes A
tumors which contained GTP-activatable ODC was 50% (3 of
6), while the percentage for Dukes B, C, and D tumors were
14%, 33%, and 50%, respectively. The Dukes A tumor data are
deceptive, since all the relatively few tumors in this category-
were right-sided tumors (3 ascending, 3 cecum) which express
GTP-activatable ODC in a stage-independent manner. When
the data for Dukes B, C, and D tumors (which were distributed

more uniformly throughout the colon) are analyzed, there ap
pears to be a trend towards increasing expression of GTP-
activatable ODC with advanced stage of disease, although be
cause of the relatively small sample sizes there was not a
statistically significant association of a GTP-activatable ODC
with increasing Dukes stage (P = 0.19).

Despite the small degree of stimulation of many of the colon
tumor ODCs by GTP, it was considered important to attempt
to characterize biochemically the nature of the enzyme iso-
form(s) present in colon tumor tissue. The question we wished
to address was whether, by analogy to previous work in mouse
and human skin tumors (9, 10), multiple catalytic forms of
ODC exist in tumors, only one (or some) of which can be
activated by GTP. The results of Chromatographie analyses of
four crude tumor extracts are shown in Fig. 4. These four
tumors were chosen because they represented extracts which
were not stimulated (Fig. 4A), slightly stimulated (Fig. 45),
moderately stimulated (Fig. 4C), and substantially stimulated
by GTP (Fig. 4D). As shown in Fig. 4A, chromatography of a
tumor extract whose ODC activity was not activated by GTP
revealed a single peak of enzyme activity. In contrast, some
tumor extracts whose ODC activity was stimulated by GTP
addition contained multiple size forms detected by Chromato
graphie analysis (see Fig. 4, B and D). The crude extract
illustrated in Fig. 4B exhibited only a slight (20%) activation
by GTP, which could be accounted for by the smaller earlier
eluting peak of activity detected only when column fractions
were assayed in the presence of GTP. The much larger peak of
enzyme activity was unaffected by GTP. This pattern of multi
ple tumor forms of ODC is more clearly demonstrated in Fig.
4D. in which two peaks of activity are detected, only the larger
(earlier eluting) of which is activated by ODC. This pattern of
multiple size forms of ODC, with the larger form capable of
being activated by GTP, is entirely consistent with previous
results with mouse epidermal tumors (9). However, analysis of
other human colon adenocarcinomas, exemplified by the tumor
extract chromatographed in Fig. 4C, revealed an additional
complexity for human colon tumors that was not observed in
murine tumors. In this case, an apparent single peak of ODC
activity is activated by GTP. This peak eluted at the same
position as the later eluting peaks illustrated in Fig. 4, B and
D, which were not affected by GTP.

Enzyme kinetic analyses of crude and partially purified ODCs
(Table 3) documented another functional difference in some of
the tumor-derived enzymes, a lower affinity for substrate L-
ornithine. When the apparent A',,,for the enzyme shown in Fig.

4C was determined, it was found to be 80 UMin the absence of
GTP but 36 n\i in the presence of the nucleotide. A similar
result was obtained when another sample of the tumor shown
in Fig. 4D was chromatographed and the apparent A'mvalues

for L-ornithine were determined for the two major peaks of
enzyme activity, peak I and peak II. The apparent A'mvalue for

the GTP-activatable ODC (peak I) was 77 MM,while that for
peak II was 22 /Â¿M.In agreement with results for the tumor
shown in Fig. 4C, GTP lowered the apparent A',,,value of the

peak I enzyme by approximately 3-fold. Thus, as in mouse
tumors, the enzyme kinetic explanation for the activation of
human tumor ODC by GTP lies in the ability of the nucleotide
to increase the affinity of the enzyme for its substrate, L-
ornithine.

DISCUSSION
Previous work from several laboratories (12-15) has estab

lished that human colonie tumors, both benign and malignant.
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Fig. 4. Crude tumor extracts were chromatographed on a fast protein liquid chromatography system equipped with a Superose-6 gel filtration column. Each panel
shows the results of a different tumor sample. Column fractions were assayed in the presence (â€¢)and absence (O) of 0.1 /JM GTP. The effect of GTP on the crude
extract prior to chromalography is shown in the inset to each panel.

Table 3 Enzyme kinetic analyses of ODC from colonie mucosa and tumors
ODC activity Â»asmeasured in crude extracts of colon mucosae and tumor 34

or in pooled column fractions comprising peaks I and II of tumor 36. at several
t.-ornithine concentrations (0.05-2 mM). When a GTP-activatable ODC was
used, the assays were done in the presence and absence of GTP.

Apparent A'm.i -ornilhine

EnzymesourceMucosa

(n =4)Tumor
34Tumor

36Peak
1Peak

II-GTP32

Â±6807722+GTP3627

exhibit higher levels of ODC than adjacent uninvolved mucosa.
It was not the purpose of this study to corroborate this finding.
Rather, the questions we wished to ask were 2-fold. First, do
colon tumors express any qualitatively different forms of ODC
than does adjacent mucosal tissue and, second, is the presence
of a qualitatively different form of ODC correlated with any
biological feature of these tumors, such as stage of disease?
Recent work from this laboratory has established that both
mouse and human cutaneous tumors express a functionally
different form of ODC, one of whose unique properties was the
ability to be activated by GTP (8-10). It was also of interest
that, in human cutaneous squamous cell carcinomas, the expres

sion of a GTP-activatable ODC was associated with more
aggressive biological behavior, although the number of tumors
examined in that series was small (19). In order to extend these
results to another human epithelial cancer, especially one with
appreciable morbidity and mortality, we chose to examine a
series of colon adenocarcinomas for both changes in the level
of ODC activity and the possible presence of a tumor-specific
isoform of ODC.

In agreement with previous studies, we found that the abso
lute level of ODC activity was significantly higher in tumor
tissue than in adjacent mucosa (Fig. 1 and Table 1). Of greater
interest was the finding that 32.5% (13 of 40) of the tumor
specimens tested and 7.5% (3 of 40) of the adjacent mucosa
specimens exhibited a qualitatively different form of ODC, as
defined by the ability to be activated by GTP. The detection of
a GTP-activatable ODC in noninvolved tissue has not been
observed previously, but only normal tissues and human skin
samples from normal individuals have been examined in prior
studies (8, IO).4The presence of this form of ODC in at least a
few noninvolved mucosa samples of a colon tumor-bearing
patient suggests that this phenotypic change may occur early in
colon tumor progression (as it does in experimental mouse skin
carcinogenesis) and, if it does, may predispose the tissue to
additional events necessary for acquisition of full malignant
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character. Patient 34 is an example of this possible scenario,
since the mucosal ODC was strikingly stimulated by GTP, one
of only three mucosae to exhibit a response to GTP, and the
corresponding tumor was the only one in which all samples
contained a GTP-activatable ODC (Table 2). However, this
case was atypical. In most other cases examined, the presence
of a GTP-activatable ODC, when it occurred, was heteroge-
neously distributed throughout the tumor mass and generally
absent from adjacent mucosa.

The other major finding of this study was the nonrandom
regional distribution of tumors containing a GTP-activatable
ODC; tumors located in the cecum much more frequently
expressed this ODC isoform than tumors from any other co-
Ionic segment (64% versus no more than 25% for any other
site). The reasons for this nonrandom distribution are not
known, but it is apparently not correlated with stage of disease,
since the cecal tumors expressing a GTP-activatable ODC were
evenly distributed among all Dukes Stages. Since ODC is a
highly inducible enzyme, a possible explanation for our results
might be the presence of unique ODC-inducing substances in
the cecum versus more distal segments. Possible candidates for
such inducers include oxidized fatty acids (21), bile salts (16),
and diglycerides (22), all of which have been shown to induce
ODC in colon or other systems. It would be expected that the
concentrations of all these constituents would be much higher
and/or more bioavailable to the intestinal mucosa in the cecum
than in more distal segments.

It should be noted that the patient population in this study,
although not selected in any obvious way, may be somewhat
atypical, in that a preponderance of right-sided tumors was
studied (24 right- versus 11 left-sided tumors). Historically,
most human colon adenocarcinomas in the United States have
originated in the left colon (23), although a recent increase in
right-sided tumors has been noted (24, 25). Several possibilities
could account for this shift, including better diagnostic proce
dures, changes in dietary habits, and longer life-spans (espe
cially for women), but the causes of this trend remain unknown.
Within our patient population, there was no statistically signif
icant association of tumor site with the patients' age or sex (see

Table 1). Whatever the mechanism(s), it is intriguing to spec
ulate that the factors responsible for the shift towards right-
sided tumors may also be involved in favoring the expression
of a GTP-activatable ODC.

The enzymatic properties of ODC present in some of the
human colon adenocarcinomas we have analyzed are very sim
ilar to previously studied cutaneous tumors of both mouse and
human origin (8-10). The similarities include the ability to be
activated by GTP, kinetic alterations such as lowered affinity
for substrate, and the presence of multiple size forms in a single
tumor. The present study has also revealed some relatively
minor differences between the results with mouse and human
tumor ODCs. The kinetic alterations such as affinity for L-
ornithine of colon tumor ODCs are modest, compared to highly
atypical mouse tumor ODCs (8, 9). Many of the colon tumors
examined contain relatively small proportions of a GTP-acti
vatable ODC, compared to the apparently normal enzyme form,
whereas most mouse tumors contain a higher proportion of the
atypical ODC form. Nevertheless, the major conclusions re
garding the comparison of our mouse and human data are that
very similar changes in ODC catalytic properties occur at some
point during tumor development in each system.

Except for our recent work, eukaryotic ODC is not considered
a GTP-activatable enzyme, while the prokaryotic enzyme is
decidedly so (26). An obvious concern was whether the inter

pretation of our enzymatic analyses could be confounded by the
presence of bacterial ODC contributed by intestinal flora. To
minimize this possibility, we excluded from this study any
patient who did not undergo a bowel cleansing procedure pre-
operatively. Also, in selected tumor homogenates, attempts
were made to culture intestinal bacteria, without success. Fi
nally, L-arginine decarboxylase assays were done on several
crude extracts exhibiting a GTP-activatable ODC. No activity
of this exclusively bacterial enzyme was detected. These results
demonstrate that the GTP-activated ODC activity measured is
of human tissue, not bacterial, origin.

In view of the close association of elevated levels of ODC
activity with both normal and abnormal cell proliferation, it is
not surprising that elevated levels of ODC can be found in
colon tumors, relative to the adjacent mucosa. The potential of
total ODC activity as a marker for severity of disease, however,
would seem to be poor based on our data (Fig. 1 and Table 1)
and that of others (15). In practical terms, the use as a "quan
titative marker" of a highly inducible enzyme that is present in

all proliferating cells and that can be very heterogeneously
distributed within different cell populations of normal or ab
normal tissue is fraught with many potential difficulties. How
ever, the presence of a qualitatively different form of a protein
in tumors but not normal tissue raises the possibility that such
a species might be of some usefulness in the management of
neoplastic disease. If further work confirms our preliminary
observations and a few technical problems can be worked out
(such as the problem of tissue sampling), we envisage two
potential areas of benefit. In the short term, if the presence of
a specific form of ODC can be correlated with a more aggressive
subset of tumors, regardless of standard staging criteria, then
this marker may be used to more effectively guide postoperative
therapy. The patients in this study are currently being followed
to determine whether those whose tumors contained a GTP-
activatable ODC differ in disease-free interval or survival time
from those patients whose tumors did not contain this ODC
form. Depending on the results of follow-up, it remains to be
seen whether this form of ODC can be used in a qualitative
sense as a prognostic "marker." In the longer term, knowledge

of the precise molecular changes that confer the ability of
mammalian ODC to be activated by GTP could lead to the
rational design of inhibitors to target only this form of ODC.
If such drugs could be developed, they might be highly effective,
either alone or in combination with other modalities, against
tumors containing a GTP-activatable ODC. In a recent report
using an experimental rat model, the specific inhibitor of ODC,
DFMO, was shown to inhibit the growth of established colon
tumors, although tumors "escaped" from growth inhibition

with prolonged DFMO treatment and some tumors were com
pletely resistant (27). We have recently found that the partially
purified GTP-activatable ODC of mouse epidermal tumors is
much less susceptible to DFMO inhibition than normal mouse
epidermal ODC.5 Since both carcinogen-induced rat colon
tumors6 and human colon adenocarcinomas express a GTP-

activatable ODC, the presence of this form of ODC may explain
the generally disappointing therapeutic results with DFMO
administration to tumor-bearing rats (27) and humans (28).
Since at least 33% of human colon adenocarcinomas (this
report) and 58% of human cutaneous squamous cell carcinomas
(10, 19) express this novel form of ODC, a sizable proportion
of human tumors might be susceptible to a more selective

' K. O'Donnell and T. G. O'Brien, unpublished data.
6 K. O'Donnell and T. G. O'Brien, unpublished data.
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enzyme-directed therapeutic approach based on inhibition of
only the GTP-activatable form of ODC.
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