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BACKGROUND. Ornithine decarboxylase (ODC) is a key rate-limiting enzyme in
polyamine biosynthesis. Several studies using an enzyme assay revealed that the
ODC activity was higher in tumor tissue than in normal tissue. However, there is
little information on the mRNA status of ODC in surgical specimens. ODC is a
transcriptional target gene of c-myc.

METHODS. cDNA was obtained by reverse transcription (RT) from fresh specimens
of 56 surgical pairs of primary gastric carcinomas and corresponding normal tissue
specimens. The ODC and c-myc mRNAs were subsequently detected by means of
the polymerase chain reaction. The tumor/normal (T/N) ratio of ODC expression
was calculated after correcting for glyceraldehyde-3-phosphate dehydrogenase as
an internal control. The T/N ratio of ODC was plotted against that of c-myc.
RESULTS. The corrected expression levels of ODC mRNA in the tumor were greater
than those of the normal mucosa in 36 of 56 cases (64%). The cases of tumor with
vascular vessel invasion showed a higher T/N ratio than those without vascular
invasion (P < 0.01). Similarly, female patients showed a higher T/N ratio than male
patients (P < 0.01). There was a significant correlation between the expressions of
both ODC and c-myc genes (P < 0.05).

CONCLUSIONS. The findings imply that (1) overexpression of ODC mRNA in tumor
tissue may correlate with aggressive biologic behavior, such as vascular vessel
invasion, and (2) there is an intimate correlation between ODC and c-myc genes.
Cancer 1996; 77:1634-8, © 1996 American Cancer Society.
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Ornithine decarboxylase (ODC) is a rate-limiting enzyme in the synthe-
sis of polyamines that regulate DNA synthesis and is responsible for
converting L-ornithine to putrescine.' Aberrant regulation of ODC is re-
ported to play a role in neoplastic transformation and tumor growth.**
ODC activity is increased in tumor tissue compared with normal tissue.*”
 For example, with respect to gastric carcinoma, Okuzumi et al. deter-
mined ODC enzyme activity and reported that gastric cancer tissue had
significantly elevated ODC levels over those in normal mucosa. To our
knowledge, however, there are few reports studying the mRNA status of
ODC in human gastric carcinoma.®

A recent report demonstrated that the ODC gene contains a con-
served repeat of the myc binding site in intron 1 and is a transcriptional
target of c-myc.'® The c-myc protooncogene is a key regulator of cell
growth and differentiation, and enforced c-myc expression promotes cell
cycle progression.'' c-myc has been considered to be a potent transactiva-
tor of several genes, such as prothymosin-a.'*'* ODC is the second gene
that has been found to be a target gene of c-myc. However, there is no



study of any correlation between c-myc and ODC mRNA
status in clinical samples of human gastric carcinoma.

In this study, we investigated the mRNA status of
ODC in carcinoma and normal tissues of the stomach
and attempted to clarify its clinical significance. In addi-
tion, we studied whether there was any correlation be-
tween c-myc and ODC mRNA status in human gastric
carcinoma.

MATERIALS AND METHODS

Patients and Tissue Sampling

The fresh surgical specimens included 56 primary gastric
carcinomas and their paired adjacent normal gastric mu-
cosa. Immediately after resection, the necrotic and ulcer-
ated parts of the tumors were removed and the normal
gastric mucosa was dissociated from the muscle and con-
nective tissue. All tissue specimens were then frozen in
liquid nitrogen and kept at —90 °C until the extraction of
RNA.

Extraction of Total RNA

The total cellular RNA was extracted from the specimens
according to the previously described methods.™"
Briefly, each specimen was homogenized in guanidinium
isothiocyanate, and the total RNA was extracted by ultra-
centrifugation in cesium chloride solution at 32,000 revo-
lutions per minute for 20 hours. The concentration of
RNA was measured at a wavelength of 260 nm using a
spectrophotometer (DU-70; Beckman, Fullerton, CA).

Reverse Transcription-Polymerase Chain Reaction and
Analysis

A reverse transcriptase-polymerase chain reaction (RT-
PCR) was performed as follows: oligonucleotide primer
pairs for ODC, c-myc, and glyceraldehyde-3-phosphate
dehydrogenase (GADDH)} were synthesized on a DNA
synthesizer (Applied Biosystems, Foster City, CA) (sense
ODC, 5" - GAGCACATCCCAAAGCAAAGT - 3'; antisense
ODC, 5' - TCCAGAGTCTGACGGAAAGTA - 3'; sense c - myc,
5" - AAGCTCGTCTCAGAGAAGCTG - 3'; antisense ¢ - myc,
5" - AGCCTGCCTCTTTTCCACAGA - 3’; sense GAPDH, 5'-
GTCAACGGDTTTGGFCGTATT - 3';and antisense GAPDH,
5 -AGTCTTCTGGGTGGCAGTGAT-3'"). The oligonucleo-
tide primers were end-labeled with **P-adenosine 5'-tri-
phosphate (**P) (Amersham, Tokyo, Japan) at 3000 Ci/
mmol using T4 polynucleotide kinase (New England Bio-
labs, Beverly, MA), followed by the removal of unincorpo-
rated P using a spin column. A polymerase chain reac-
tion was carried out in a 25-uL volume containing 20-30
ng of cDNA template, 10 pmol each of oligodeoxynucleo-
tide primer, 200 mM each of deoxynucleotide triphos-
phate, 1.5 mM magnesium chloride, 0.01% gelatin, and
1.5 U of Taq polymerase (Perkin Elmer Cetus, Norwalk,
CT). The samples were overlaid with mineral oil and pro-
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cessed through 24 cycles consisting of 1 minute at 94
°C (denaturation), 2 minutes at 57 °C (annealing), and
2 minutes at 72 °C (elongation) for ODC and 25 cycles
consisting of 1 minute at 94 °C (denaturation), 1 minute
at 54 °C (annealing), and 1 minute at 72 °C (elongation)
for c-myc. The amplification condition for GAPDH was
described elsewhere." Aliquots of the amplified DNA by
polymerase chain reaction were mixed with a formamide
gel loading buffer and were then electrophoresed on 2%
agarose gels. The gels were dried, and exposed to an im-
aging plate. The signals were then quantitated using a
Bio-Image analyzer BAS 1000 (Fuji Photo Corp., Tokyo,
Japan). The mRNA expression in tumor (T) and normal
(N) tissue in each pair was then estimated based on the
counts obtained. The tumor-normal ratio of ODC and c-
myc expression (T/N ratio) was calculated after a correc-
tion for that of GAPDH expression.

We determined the nucleotide sequence of polymer-
ase chain reaction products and confirmed that both were
identical to the expected fragments of cDNA of ODC and
c-myc. A GenBank-UPD New sequences library nucleo-
tide database search demonstrated the sequence to be
specific for ODC or c-myc.

To check for any possible artifacts based on the pos-
sible contamination of RNA by genomic DNA during RT-
PCR, a few RT-PCR reactions were performed using a
truly positive sample under the same conditions but with
no reverse transcription step.

Clinicopathologic Findings

The criteria for pathologic diagnosis, such as gross type,
depth of tumor invasion, and vascular vessel invasion of
the gastric carcinoma tissue, were based on the general
rules for gastric cancer outlined by the Japanese Research
Society for Gastric Cancer.'® The histologic type was de-
termined according to modified Lauren’s classification."”

Statistical Methods

Associations between variables were tested by either Fish-
er’s exact probability test or the Student’s ¢ test. Linear
regression analysis was performed to test the relationship
between mRNA expression of ODC and c-myc.

RESULTS

To approve the quantitative analysis of ODC expression
using our RT-PCR method, the values of the radioactivity
of the specific band for either ODC, c-myc or GAPDH
were examined based on the various numbers of poly-
merase chain reaction cycles. The values of radioactivity
of ODC expression increased linearly up to 24 cycles, and
thus indicated a quantitative assessment in this assay.
Similarly, 26 and 22 cycles were used for the amplification
of c-myc and GAPDH, respectively. The present analysis
demonstrated that gastric carcinoma and normal mucosa
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FIGURE 1. Ornithine decarboxylase (ODC) mRNA expression in five rep-
resentative cases of gastric carcinoma detected by reverse transcripiase-
polymerase chain reaction. T represents tumor tissue and N represents
normal tissue. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) is
used as an internal control. The T/N ratio of ODC mRNA corrected for that
of GAPDH mRNA is shown at the bottom.

TABLE 1
Clinicopathologic Data and Ornithine Decarboxylase Expression
Variables T/N ratio of ODC* P value
Age (yn)
60 or older (n = 42 137 + 081 NS
Younger than 5% (n = 14) 1.42 = 090
Sex
Male (n = 38) 1.18 + 0.52
Female (n = 18} 178 + 1.02 P = 0005
Histology
Intestinal (n = 24) 132 + 059 NS
Diffuse (n = 32) 1.41 £ 085
Depth of invasion”
Within the wall (n = 29) 128 = 0.75 NS
Beyond the wall (n = 27) 147 + 0.77
Lymph node metastasis
Absent (n = 14) 1.18 + 0.05 NS
Present (n = 42) 143 + 083
Lymphatic vessel invasion
Absent (n = 14) 1.22 + 0.70 NS
Present (n = 42) 142 =078
Vascular vessel invasion
Absent (n = 32) 112 = 059
Present (n = 24) 170 = 0.84 P=0.004
Stage of disease
1,2n=27) 132 £ 0.75 NS
3,4{n=29 142 + 0.78

0DC: ornithine decarboxylase; NS: not significant.
* The tumor-normal ratio of ODC mRNA expression corrected for that of GAPDH mRNA expression.
" Within the wall includes tumors showing subserosal invasion.

showed variable levels of the ODC mRNA signal. The T/
N ratio of ODC mRNA, which was corrected for that of
GAPDH mRNA, ranged from 0.27 to 3.63, and was less
than 1 in 20 cases (36%). In 64% of the cases, the expres-
sion of ODC mRNA was greater in T than in N. Figure 1
shows 5 representative cases whose T/N ratio ranged
from 1.13 to 3.63. Table 1 shows the clinicopathologic
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FIGURE 2. The tumor/normal ratio of ornithine decarboxylase (ODC)
mRNA is plotted against the ratio for c-myc mRNA for each case. There
is a significant correlation between the mRNA expression of these two
genes (P < 0.05).

data and ODC expression. The female patients showed a
higher T/N ratio than the male patients (P < 0.01). The
cases of tumors with vascular vessel invasion showed a
significantly higher corrected T/N ratio of ODC than
those without vascular vessel invasion (P < 0.01). The
cases of tumors with deep wall invasion, lymph vessel
invasion, or lymph node metastasis also showed a higher
T/N ratio than those without, but the difference was not
significant.

Figure 2 shows the correlation between the T/N ratio
of ODC and that of ¢c-myc in each case. There was a sig-
nificant correlation between the expression of ODC and
c-myc (P < 0.05).

DISCUSSION

ODC enzyme activity, determined by measuring the re-
lease of CO, with biochemical procedures, is higher in
gastric cancer tissues than in normal tissues of gastric
mucosa.”*'™'" This was also recognized by our determi-
nation of mRNA status by RT-PCR in this study, and the
average T/N ratio of ODC corrected for that of GAPDH
was 1.37.

Terashima et al. reported that ODC activity in gastric
cancer tissue was significantly higher in patients who had
lymph node metastasis, serosal invasion, or peritoneal
dissemination than in those who did not.'"® Conversely,
by the same methodology, Okuzumi et al. reported there
was no significant correlation between ODC activity and
any clinicopathologic factors, although the tumors with
a larger size and deeper invasion showed a higher ODC
activity than those with smaller size and shallower inva-
sion, respectively.! The discrepancy may be due to the



difference in obtaining specimens; Terashima et al. exam-
ined biopsy specimens obtained at endoscopic studies
whereas Okuzumi et al. examined specimens obtained
from surgically resected stomachs. The turnover of ODC
is very rapid and the ODC activity decreased rapidly in
the resected specimens.”’® Another explanation may be
heterogeneity of ODC in gastric cancer tissue. Nakanishi
et al. reported that ODC activity was higher in the surface
region than in the advancing marginal area of the gastric
cancer."” The biopsy specimens are obtained from the
surface region; therefore, the ODC activity in biopsy spec-
imens may be different from that in surgical specimens.

Although there have been several reports focusing
on the role of ODC in the process of malignant transfor-
mation, few reports describe the role of ODC in tumor
invasion or metastasis. Kubota et al. recently compared
the invasiveness of mouse mammary carcinoma cell line,
FM3A, and its variant, EXOD, which overproduces ODC.*
EXOD cells showed an approximate fivefold greater inva-
siveness compared with FM3A cells. Furthermore, anti-
sense oligonucleotides of ODC suppressed EXOD cell in-
vasion. They thus considered that ODC was directly in-
volved in tumor cell invasion in vitro. The present study
using RT-PCR demonstrates that the tumor specimens
with vascular vessel invasion show a higher T/N ratio
than those without vascular vessel invasion. This suggests
that ODC may be associated with tumor invasion even
in in vivo specimens.

A possible role of ODC in gastric carcinogenesis has
been unclarified. In the rat, continuous administration of
gastric carcinogen induced ODC in the gastric mucosa.’
Okuzumi et al. suggested that repeated administration of
carcinogens or tumor-promoting stimuli such as nitroso
compounds or salt, which are considered carcinogens of
gastric carcinoma, induced ODC in the gastric mucosa as
in the rat.’ Auvinen et al. reported that aberrant expres-
sion of ODC is not just a coincident, pleiotypic response
to transformation, but a critical factor contributing to
oncogenesis.” They believed that the increase in produc-
tion of ODC was associated with changes in tyrosine
phosphorylation.

The present study demonstrated that female patients
showed a higher T/N ratio than male patients. Hoshino
et al. also detected a higher ODC activity in female tumor
tissue compared with male tumor tissue, although it was
not significantly different.”’ There is currently no appro-
priate explanation for the higher ODC activity in females
rather than in males. One possibility is that estradiol may
stimulate the polyamine cascade by inducing the ODC
mRNA level as shown by the experiment using breast
cancer cells.”” However, further study would be necessary
to clarify this suspect.

ODC is one of the transcriptional target genes of c-
myc; c-myc is a potent transactivator of the ODC pro-
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moter-reporter gene, which has the CACGTG repeat in
which myc can bind,'” and enforced c-inyc expression
results in constitutive expression of the ODC gene.” This
activation may be direct as well as for prothymosin-«,'*"
because it does not need intermediate protein synthesis.
Our study demonstrated that the T/N ratios of ODC
mRNA expression paralleled those of c-myc mRNA ex-
pression in clinical samples of gastric carcinomas. Our
data support the hypothesis that the transcription of the
ODC gene in human gastric carcinomas may be associ-
ated with that of c-myc gene, although this does not pro-
vide direct proof.
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