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Abstract

AIM: To investigate the expression of ornithine
decarboxylase (ODC) in precancerous and cancerous
gastric lesions.

METHODS: We studied the expression of ODC in gastric
mucosa from patients with chronic superficial gastritis
(CSG, n = 32), chronic atrophic gastritis [CAG, n = 43;
15 with and 28 without intestinal metaplasia (IM)],
gastric dysplasia (DYS, n = 11) and gastric cancer (GC,
n = 48) tissues using immunohistochemical staining. All
134 biopsy specimens of gastric mucosa were collected
by gastroscopy.

METHODS: The positive rate of ODC expression was
34.4%, 42.9%, 73.3%, 81.8% and 91.7% in cases
with CSG, CAG without IM, CAG with IM, DYS and
GC, respectively (P < 0.01), The positive rate of ODC
expression increased in the order of CSG < CAG (without
IM) < CAG (with IM) < DYS and finally, GC. In addition,
ODC positive immunostaining rate was lower in well-
differentiated GC than in poorly-differentiated GC (P <
0.05).

CONCLUSION: The expression of ODC is positively
correlated with the degree of malignity of gastric mucosa
and development of gastric lesions. This finding indicates

that ODC may be used as a good biomarker in the
screening and diagnosis of precancerous lesions.
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INTRODUCTION

Ornithine decarboxylase (ODC) is the first-rate limiting
enzyme in the polyamine biosynthesis pathwaym.
ODC plays a critical role in cell proliferationlzj, and it is
implicated as an essential promoter in normal cell cycles.
The activation of ODC is similarly related to tumor
promotion and progressionp’“. ODC activity appears to
be directly coupled to the expression of ODC protein and
increases with eukaryotic cell division in neoplasia and
fetal development. Convincing evidence has confirmed
that ODC plays an important role in the chemical
carcinogenesis of mouse skin, and tumor formation can
be blocked by the irreversible inhibitor of ODC, q-diflu
oromethylornithinelm. ODC is overexpressed in a variety
of cancers. Elevated levels of ODC have been found
in gastric cancerlsj,gliomasm, breast cancer!”""! colon
cancer, pancreatic cancer'™ lung cancet" and prostate
cancer'”. In addition, increased expression of ODC has
been found associated with gastric atrophym.

Although ODC overexpression is clearly associated
with cancer development, a definitive causal role for ODC
overexpression in carcinogenesis has only been shown
in NIH/3T3 fibroblast cells"”. Opverexpression of ODC
is sufficient to transform fibroblast cells 7z vitro, causing
increased frequency of skin tumors in a transgenic mouse
model™"”.

Although several studies have evaluated ODC expre-
ssion in gastric cancer, to date, no one has investigated
its associations with precancerous gastric lesions, namely,
in chronic atrophic gastritis (CAG), intestinal metaplasia
(IM) and gastric dysplasia (DYS). There is no information
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presently available about the protein status of ODC in
stomach mucosa collected by gastroscopy. A detailed
study comparing the expression patterns of ODC in
gastric carcinoma and precancerous tissues has not been
conducted. Furthermore, whether overexpression of
ODC is involved in the initiation or promotion of gastric
cancer (GC) has not been established. Therefore, the aim
of the present study was to investigate the expression
of ornithine decarboxylase (ODC) in precancerous and
cancerous gastric lesions.

MATERIALS AND METHODS

Tissue samples

We collected gastric mucosal specimens from 134 patients
including 32 with chronic superficial gastritis (CSG),
43 with CAG (15 with and 28 without IM), 11 with
DYS and 48 with antral GC, during gastroscopy. These
specimens were obtained from symptom-free subjects

who volunteered to participate in gastroscopic screening
for gastric cancer in the Department of Gastroenterology
of the First Affiliated Hospital of Zhengzhou University.
The 48 GC patients had not received any radiation therapy
or chemotherapy. GC tissues could be further separated
on the basis of differentiation grade. Histopathologically,
all the 48 gastric specimens were confirmed as
adenocarcinoma. All of the biopsies were taken from
gastric antrum. The tumors were histologically graded
as well-differentiated (17 patients, 35%), moderately-
differentiated (10 patients, 21%) and pootly-differentiated
(21 patients, 44%).The study protocol was approved by
the Ethics Committee of the First Affiliated Hospital of
Zhengzhou University.

Immunohistochemical staining for anti-ODC antibody
Tissues were fixed in 96% ethanol for 6 h at 4°C, embed-
ded in paraffin, and cut into 5-mm thick sections. For
Immunohistochemical (IHC) analysis, endogenous
peroxidase activity was neutralized by treating the section
in 1% hydrogen peroxide in phosphate-buffered saline for
20 min. For the microwave antigen retrieval procedure,
slides were immersed in 10 mmol/L citrate buffer (pH 6.0)
in a clean polyethylene chamber and placed inside a full-
powered microwave, then heated for 10 min at 95°C to
repair antigens, and subsequently cooled for 10-20 min.
After being washed 3 times with phosphate-buffered
saline, the sections were blocked in 10% mouse serum for
30-60 min to suppress nonspecific binding of IgG. Each
tissue section was then incubated with primary mouse
antthuman ODC monoclonal antibody (1:1000, Westbury,
NY) for 2 h at room temperature. The slides were washed
3 times with phosphate-buffered saline and incubated
with anti-mouse biotinylated secondary antibody (Vector,
Burlingame, CA). The slides were colorized by DAB
Reagent (Vectastain) and counterstained with hematoxylin.
Negative controls were established by replacing the
primary antibody with PBS supplemented with normal
mouse or rabbit serum.

The staining results were evaluated according to the
immunodetection of stain intensity and positive cells by
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Table 1 Immunohistochemical assay of ODC protein in gastric

precancerous and cancerous lesions

Positive
rate (%)’

Histological grade ODC protein expression (7) Total

= + + + + + +
CSG 21 9 2 0 32 34.4°
CAG (without IM) 16 9 1 2 28 429
CAG (with IM) 4 2 6 3 15 73.3
DYS 2 1 4 4 11 81.8
GC 4 4 23 17 48 91.7

°P < 0.01, by treand; "P < 0.01, CSG vs CAG (with IM), CSG vs DYS, CSG vs
GC, CAG (without IM) vs DYS and CAG (without IM) vs GC; and P < 0.05,
CAG (without IM) vs CAG (with IM). CSG: chronic superficial gastritis; CAG:
chronic atrophic gastritis; IM: intestinal metaplasia; DYS: dysplasia; GC:
gastric cancer.

two pathologists (Z Tan and L. H Jiao), who discussed
cach case until they reached a consensus. Stain intensity
is up to the standard of the relative stain intensity of
most cells. The stain intensity could be from 0 to 3 (0, no
staining; 1, shallow brown; 2, brown; 3, dark brown); and
the positive cells in the observed stomach mucous cells
ranged from 0 to 3 in percentage (0,no staining; 1, < 30%; 2,
30%-70%; and 3 > 70%). The samples were scored by their
summation: 0-1 (-); 2-3 (+); 4 (++); 5-6 (+++).Any staining
score = 2 (+) was considered as positive expression.
Histopathological diagnosis for gastric epithelia was
made according to the cellular morphological changes and
tissue architecture using previously established criteria®"”,
In brief, SCG, an inflammation manifested by mild
lymphocyte and plasma-cell infiltration; CAG, glandular
morphology disappeared partially or completely absent
in the mucosa and replaced by connective tissues, inter-
glandular space was infiltrated mainly by plasma cells and
lymphocytes; IM, confirmed by the presence of goblet
cells in gastric mucosa; and DYS, characterized by nuclear
atypia with or without architectural abnormalities in the
gastric epithelium without invasion. GC is characterized by
invasion of neoplastic gastric cells through the basement
membrane. Carcinomas were classified according to the
histological classification of WHO and the Japanese

. .. 2021
Gastric Cancer Association”",

Statistical analysis

The XZ test was used for the percentage of samples with
positive staining among lesions of different severities.
SPSS 12.0 was used for statistical analyses. P < 0.05 was
considered statistically significant.

RESULTS

Positive immunostaining for ODC was observed in the
gastric epithelial cells and cancer cells with different rates
in the lesions of CSG, CAG (without IM), CAG (with
IM), DYS and GC. To estimate the difference, staining
for ODC was carried out on whole sections. The positive
immunostaining rate for ODC was 34.4% (11 of 32),
42.9% (12 of 28), 73.3% (11 of 15), 81.8% (9 of 11), and
91.7% (44 of 48), respectively (P < 0.001) (Table 1). ODC
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Table 2 IHC assay of ODC protein in gastric cancer

Histological ODC protein expression (17) Total Positive

grade . = o e rate (%)

Well 9 1 5 2 17 47.1°
differentiated

Moderately 1 3 2 4 10 90
differentiated

Poorly 1 5 6 9 21 95.2
differentiated

°P < 0.05, well differentiated tissue vs either moderately or poorly
differentiated tissues.

immunoreactivity was located mainly in the cytoplasm and
cell membrane (Figure 1A-E).

The positive immunostaining rate for ODC was very
low in CSG and CAG (without IM), and slightly increased
in CAG (with IM) and DYS, and significantly increased
in GC. ODC protein accumulation was higher in the
GC than in CSG and CAG (without IM). In the cases of
CAG (with IM) and DYS, it was also higher than in CSG
and CAG (without IM). But it did not show significant
difference among the groups with CAG (with IM), DYS
and GC (Table 1). ODC positive immunostaining rate in

Figure 1 Immunoreactivity of ODC
protein in gastric precancerous
and cancerous lesions. A:
Immunostaining of ODC in CSG,
SP x 200; B: Immunostaining of
ODC in CAG (Without IM). SP x
200; C: Immunostaining of ODC
in CAG (with IM) SP x 200; D:
Immunostaining of ODC in DYS,
SP x 200; E: Immunostaining
of ODC in GC, SP x 200. CSG:
chronic superficial gastritis;
CAG: chronic atrophic gastritis;
IM: intestinal metaplasia; DYS:
dysplasia; GC: gastric cancer.

the well-differentiated GC was lower than that in poorly-
differentiated GC (Table 2).

DISCUSSION

Gastric cancer has a high incidence in China and around
the world. Gastric carcinogenesis is considered as a
multistage, progressive process. It is of great importance
to understand the biological processes of cancer initiation
for early cancer detection. An early indicator for a patient
predisposed to GC is abnormal hyperproliferation of
gastric epithelial cells, such as in CAG, DYS and IM,
which have all been considered as precancerous lesions
for GC™*. However, information about the mechanism
of gastric carcinogenesis is very limited. Studies of ODC
protein expression levels at different stages of gastric
carcinogenesis may help answer why different stages of
cancerous development occut.

Polyamines, such as putrescine, spermidine and
spermine, play important roles in cell proliferation
and differentiation. ODC is a rate-limiting enzyme in
the biosynthesis of polyamines, and the ODC gene
is considered as an immediate early gene as well as an
oncogene””*. The expression rate of ODC is invariably
associated with a cell’s proliferate activity. ODC protein
is 50 kDa monomer and about 100 kDa as the active
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homodimer is formed. It has a rapid turnover rate with
a half-life at 15 min"”. While ODC activity may be
correlated with the oncogenesis and progression of gastric
cancer, the expression pattern of ODC in precancerous
gastric lesions have not yet been elucidated.

In the present study, we conducted a detailed IHC
comparison between precancerous and cancerous gastric
lesions. The expression of ODC is positively correlated
with the degree of malignity of gastric mucosa and the
development of gastric lesions. With the likelthood of
malignant lesions progtressed from normal to CSG < CAG
< DYS < GC, the positive immunostaining rates for ODC
similarly increased, showing a good linear correlation
between ODC expression and lesion progression. We
found that the positive immunostaining rate of ODC
is abnormally high in CAG (with IM), DYS and GC,
indicative of abnormally high cell proliferation activity.
This indicates that ODC expression may be related to
the proliferative status of gastric mucosa epithelial cells.
These data are consistent with the views of Patchett and
others who have suggested that the presence of atrophy
and intestinal metaplasia are strongly associated with
increased levels of ODC activity™. The present results
indicate that increased expression of ODC may be an
important molecular event, involved in the early stages of
gastric carcinogenesis. The high coincidental expression
of ODC protein accumulation may be an important event
to enhance GC and a useful biomarker to assess risk for
the development of GC”’. This conclusion differs from
Patchett’s, which suggested that measurement of mucosal
ODC activity may not be a valuable clinical marker of
increased cancer risk . We believe that variations in
technique, materials and methods may partly explain these
distinctions.

Another interesting observation is that the expression
of ODC directly correlates with the differentiable
condition of GC. The ODC positive immunostaining
rate in well-differentiated GC was lower than in both the
pootly-differentiated and moderately-differentiated GC.
This result is consistent with findings in human colon
carcinomas”’. The present results indicate that increased
expression of ODC may reflect the differentiated
condition of stomach mucosa.

The regulation of ODC expression can occur at
multiple levels including transcription, translation and
protein degradation”™”, The ODC antizyme is a major
factor in the regulation of OoDCP. ODC antizyme
binds to monomeric ODC, stimulating the degradation of
ODC, and therefore, decreasing the exogenous level of
ODC proteinl35J. We presume that gastric mucosa epithelial
cells may have different intrinsic ODC antizyme levels.
ODC antizyme levels may decrease significantly while
the degree of malignity of the gastric mucosa increases.
This hypothesis requires careful investigation in follow-up
studies.

In conclusion, the expression of ODC is positively
correlated with the degree of malignity of gastric mucosa
and development of gastric lesions. This finding indicates
that ODC may be used as a good biomarker in the
screening and diagnosis of precancerous lesions.
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Background

Ornithine decarboxylase (ODC) catalyzes the first step in the polyamine
biosynthetic pathway forming putrescine, which is then converted into the
polyamines spermidine and spermine. Polyamine content plays an important role
in both normal and neoplastic growth and alterations of polyamine synthesis via
changes in ODC content occur in response to tumor promoters and carcinogens.
The amount of ODC is altered in response to many growth factors, oncogenes,
and tumor promoters and to changes in polyamine levels. ODC is overexpressed
in a variety of cancers. Gastric cancer has a high incidence in China and around
the world. Gastric carcinogenesis is considered as a multistage, progressive
process. It is of great importance to understand the biological processes of cancer
initiation for early cancer detection. An early indicator for a patient predisposed to
GC is abnormal hyperproliferation of gastric epithelial cells, such as in CAG, DYS
and IM, which have all been considered as precancerous lesions for GC. Studies
of ODC protein expression levels at different stages of gastric carcinogenesis may
help answer why different stages of cancerous development occur.

Research frontiers

It can be seen in the following four aspects: (1) expression of ODC in cancers;
(2)regulation of ornithine decarboxylase; (3) inhibitor of ODC-antizyme; and (4)role
of ODC and antizyme in carcinogenesis

Innovations and breakthroughs

Although several studies have evaluated ODC expression in gastric cancer, to
date, no one has investigated its associations with precancerous gastric lesions,
namely, in chronic atrophic gastritis (CAG), intestinal metaplasia (IM) and gastric
dysplasia (DYS). The authors found the expression of ODC is positively correlated
with the degree of malignity of gastric mucosa and the development of gastric
lesions. The positive immunostaining rates for ODC similarly increased, showing
a good linear correlation between ODC expression and lesion progression. This
finding indicates that ODC may be used as a good biomarker in the screening and
diagnosis of precancerous lesions.

Applications

The authors found the expression of ODC is positively correlated with the degree
of malignity of gastric mucosa and the development of gastric lesions. With the
likelihood of malignant lesions progressed from normal to CSG < CAG < DYS
< GC, the positive immunostaining rates for ODC similarly increased, showing
a good linear correlation between ODC expression and lesion progression.
Therefore, ODC may be used as a good biomarker in future in screening and
diagnosing precancerous and cancerous gastric lesions

Terminology
ODC: ornithine decarboxylase; CAG: chronic atrophic gastritis; IM: intestinal
metaplasia; DYS: gastric dysplasia; GC: gastric cancer.

Peer review

This paper investigates the expression and diagnostic value of ODC, a key rate-
limiting enzyme in polyamine biosynthesis, in gastric precursor and cancer.
The expression of ODC is positively correlated with the degree of malignancy
of gastric mucosa, in the order of chronic superficial gastritis, chronic atrophic
gastritis (without intestinal metaplasia), chronic atrophic gastritis (with intestinal
metaplasia), gastric dysplasia and gastric cancer. They concluded that ODC
can be a good indicator in the screening and diagnosis of gastric precursor and
cancerous lesions.
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