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Abstract Background Gastric cancer may be considered

the final step of a progressive imbalance between mucosal

cell proliferation and apoptosis. CDC25 phosphatases

comprise a multigene family, including CDC25A and

CDC25B, that plays a crucial role in the control of cell

cycle progression and has been linked to the development

of human cancers. The role of CDC25 phosphatases in the

pathogenesis of gastric cancers is, however, still largely

unknown. Material and methods Immunohistochemical

expression of CDC25A and CDC25B was investigated in

matched normal and cancerous tissues from 70 patients

with gastric cancer (52 intestinal and 18 diffuse type).

Results In non-cancerous gastric tissues the expression of

CDC25A and CDC25B was absent or weak. In gastric

cancer tissues, the enhanced immunoreactivity of CDC25

phosphatases was independent of intestinal or diffuse type

of gastric cancer. However, the intensity of immunostain-

ing was related to the grade of differentiation of the tumors.

Interestingly, c-myc expression was directly correlated

with CDC25A and B expression. Conclusions The over-

expression of CDC25A and B seems to be a common and

very early event in the development of both intestinal and

diffuse types of gastric cancer and may play an important

role in gastric carcinogenesis.

Keywords CDC25A � CDC25B � c-myc � Cell cycle �
Gastric cancer

Introduction

Despite a dramatic reduction in incidence and mortality

rates, gastric cancer is the second most frequent cause of

cancer-related death worldwide [1]. Over the last decades it

has become clear that carcinogenesis evolves from pro-

gressive genotypic changes that modify original cell

morphology, generating biologically transformed cells that

are characterized by uncontrolled growth and by progres-

sive de-differentiation of the histological and cytological

structure [2–4]. Gastric carcinoma can be divided into two

distinct types: the intestinal type and the diffuse type that

can be separated by characteristic histological features [5].

Although some differences exist in the histological inter-

mediary stages and in the frequency and timing of certain

molecular alterations, both diffuse and intestinal type

gastric cancers are accompanied by important common

cellular changes. These include an increase in cell prolif-

eration and alteration in apoptosis [6]. Cell cycle

checkpoints are crucial in controlling cell proliferation [7].

They are frequently disrupted in tumors by activation of

oncogenes and inactivation of tumor suppressor genes [8].

Thus, identification and characterization of abnormalities

occurring in components of these checkpoints may extend

our understanding of the multistep process of gastric

carcinogenesis.

CDC25 phosphatases play key roles in cell cycle pro-

gression by controlling the activation of cyclin-dependent

kinases [9–11]. CDC25 is a multigene family, comprising

CDC25A, CDC25B and CDC25C [12, 13]. However, only

CDC25A and CDC25B possess oncogenic properties [14].

Several studies have demonstrated overexpression of

CDC25A and CDC25B in different primary human tumors

supporting the key role of these genes in tumorigenesis

[15–20]. Interestingly, several groups have demonstrated
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that the expression of CDC25 phosphatases may be

induced by c-myc [21–33].

Materials and methods

Tissue samples

Tissue samples for immunohistochemical analysis were

collected from patients who underwent gastric cancer sur-

gery. The study population consisted of 70 patients, 50

men, 20 women. The mean age was 59.9 years (SD:

10.6 years, range: 26–86 years). The clinical and histo-

logical characteristics of the study population are shown in

Table 1.

Histology

According to the Lauren’s classification [5], we classified

the carcinoma tissues into diffuse and intestinal types of

tumor. There were 52 carcinomas of the intestinal type and

18 carcinomas of the diffuse type. The grade of differen-

tiation was poor in 41 gastric cancers, moderate in 23 and

well differentiated in six tumors. The tumors were confined

to the mucosa or submucosa in two cases (all of the

intestinal type) and advanced in 68 cases.

Immunohistochemistry

Sections (4 lm) were dewaxed and rehydrated, then the

endogenous peroxydase activity was inhibited by incuba-

tion with 0.3% H202-methanol solution (30 min at room

temperature). To enhance immunostaining, sections were

treated with an antigen retrieval solution (0.1 M trinat-

riumcitrat-dihydrate pH 6.0 and 0.1 M citric-acid solution)

and heated two times in a microwave oven at high power

for 7 min.

To reduce non-specific background staining, slides were

incubated with normal goat serum for 20 min at room

temperature. Finally, the slides were incubated with the

appropriate primary antisera in humidity chambers over

night at 4�C. The following primary antibodies were used:

anti-human CDC25A (sc-97) polyclonal IgG, CDC25B (sc-

326) polyclonal IgG, c-myc (sc-40) monoclonal IgG (Santa

Cruz Biotechnology, CA).

Detection of the bound primary antibody was performed

using the standard HRP-Streptavidin System (Kirkegaard

& Perry Laboratories, USA). Peroxidase activity was

detected with diaminobenzidine as substrate. Finally the

slides were weakly counterstained with hematoxylin and

mounted with a mounting medium.

Furthermore, to ensure the specificity of immunostaining

we performed immunohistochemistry using consecutive

sections in the absence of the primary antibody and with

preimmune serum. In all of these cases, no immunostaining

was detected. The degree of immunopositivity was evaluated

semiquantitatively. The number of positive cells was coun-

ted and expressed as percentages. The immunoreactivity was

graded as negative (0–5%), low positivity (5–25%), mod-

erate positivity (25–50%), and high positivity ([50%).

Statistical analysis

Spearman test was used to evaluate the correlation of

CDC25A and CDC25B with the grade of differentiation of

the cancers as well as the correlation between the expres-

sion of CDC25A and CDC25B. The expression of

CDC25A and CDC25B in relation to histotype and degree

of differentiation was determined by Fisher’s exact test and

non-parametric one-way ANOVA (Kruskal–Wallis test),

respectively. A P-value below 0.05 was taken as the level

of significance.

Results

In non-neoplastic gastric mucosa the surface epithelial cells

exhibited no CDC25 phosphatase immunoreactivity.

However, areas with intestinal metaplasia exhibited strong

CDC25 expression (Fig. 1). In the gastric cancer cells

CDC25 immunoreactivity was detected in the cytoplasm of

the cancer cells. Interestingly, the expression of c-myc was

also observed in the cytoplasm of gastric cancer cells

(Fig. 1).

In gastric cancer CDC25A and CDC25B were expressed

in 87.1% and 92.9% of the cases, respectively, but the

overexpression of each one of these proteins was not sig-

nificantly different in relation to the histotype of gastric

cancer (Table 2).

The intensity of immunostaining of CDC25A and

CDC25B was directly related to the grade of differentiation

of the tumors (Tables 3–5), and the immunoreactivity of

each one of these markers was significantly lower in poorly

Table 1 Clinical and histological characteristics of the study

population

Patients n = 70

Intestinal type

(n = 52)

Diffuse type

(n = 18)

Sex (M:F) 38:14 12:6

Mean age ± SD

(range years)

60.2 ± 10.8 (26–86) 59.0 ± 10.0 (30–60)

950 Dig Dis Sci (2008) 53:949–953

123



differentiated than in well or moderately differentiated

adenocarcinomas (P \ 0.001). Furthermore, the co-

expression of the two CDC phosphatases was highly sta-

tistically significant (Table 6).

Discussion

Gastric cancer is the end result of a long-term process

accompanied by a sequence of molecular changes that

include increased cell proliferation and alteration in

apoptosis [2–4]. The imbalance between apoptosis and cell

proliferation has also been observed in premalignant con-

ditions of the stomach such as Helicobacter pylori-

associated chronic gastritis, gastric atrophy, intestinal

metaplasia, and dysplasia [34].

However, alterations and mutations of cell cycle regu-

lating genes occur typically in the cancer cells resulting in

a loss of the homeostasis of gastric epithelial cells [6].

CDC25 phosphatases comprise a multigene family,

consisting of CDC25A, CDC25B, and CDC25C, that plays

a crucial role in the control of cell cycle progression by

activating cyclin-dependent kinases. CDC25A is required

for entry into S phase, while CDC25B seems to be the

mitotic starter phosphatase [9–11]. It has been suggested

that both CDC25A and CDC25B, but not CDC25C pos-

sesses oncogenic properties [14].

The proto-oncogene c-myc has been shown to play a key

role in growth control, differentiation and apoptosis and

has been proposed to induce expression of CDC25A and

CDC25B [33].

We examined the immunohistochemical expression of

CDC25A, CDC25B and c-myc in tumoral and non-tumoral

mucosa of seventy patients with primary gastric cancer. In

Fig. 1 Immunohistochemical

analysis of CDC25A and c-myc

expression in gastric cancer and

intestinal metaplasia. Strong

immunoreactivity specific for

CDC25A was present in gastric

cancer cells (A). Furthermore,

areas with intestinal metaplasia

also exhibited strong CDC25A

immunoreactivity (B). C-myc

expression was detected in

gastric cancer cells (C) and

areas with intestinal metaplasia

(D) as well. Magnifications: A,

C, 120·; B, D, 400·

Table 2 Immunohistochemical expression of CDC25A, CDC25B

and c-myc in relation to histotype of gastric cancer

Intestinal type Diffuse type P*

Expressing

(%)

Not expressing

(%)

Expressing

(%)

Not

expressing

(%)

CDC25A 88.5 11.5 83.4 16.6 ns

CDC25B 94.3 5.7 88.9 11.1 ns

c-myc 88.5 11.5 77.8 22.2 ns

*Fisher’s exact test

Table 3 Correlation of CDC25A and degree of tumor differentiation

CDC25A expression*

– + ++ +++

Well 0 0 8 (100%) 0

Moderate 0 4 (19%) 9 (43%) 8 (38%)

Poor 9 (22%) 25 (61%) 6 (15%) 1 (2%)

*Spearman r = –0.6641; P \ 0.0001. –/+++: intensity of

immunostaining

Table 4 Correlation of CDC25B and degree of tumor differentiation

CDC25B expression*

– + ++ +++

Well 0 0 3 (38%) 5 (62%)

Moderate 0 3 (14%) 13 (62%) 5 (24%)

Poor 5 (12%) 18 (44%) 15 (36%) 3 (8%)

*Spearman r = –0.5353; P \ 0.0001. –/+++: intensity of

immunostaining
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normal mucosa we found absent or weak immunopositiv-

ity, but in tumoral areas CDC25A, CDC25B, and c-myc

were frequently overexpressed. These results confirm the

key role of CDC25A, CDC25B, and c-myc in gastric car-

cinogenesis. Frequency of overexpression of these proteins

was not significantly different between the two histological

types, intestinal and diffuse, of gastric cancer. However,

there was strong association between CDC25A, CDC25B

and c-myc overexpression and higher histological grade of

differentiation.

Taken together, these data suggest that the overexpres-

sion of CDC25A, CDC25B and c-myc may contribute to

the development of gastric cancer. Furthermore, the over-

expression of these proteins seems to be a very early and

common event in carcinogenesis of intestinal and diffuse

types of gastric cancer.

The association between loss or weak expression of

these molecules and poor differentiation may be explained

by a possible clonal selection of these aggressive cancer

cells.

Although several studies support the concept that the

overexpression of CDC25A and CDC25B may play an

important role in carcinogenesis, the mechanisms leading

to such overexpression are still unclear [15–20]. A recent

study showed that CDC25 phosphatases are direct tran-

scriptional targets of c-myc, and overexpression of

CDC25A and CDC25B is associated with overexpression

of c-myc in several types of human cancers [33].

In our study we found a significant and direct relation

between c-myc and CDC25 phosphatase overexpression.

These results indicate that in gastric cancer the overex-

pression of CDC25A and B may also be a downstream

event of c-myc overexpression.

In conclusion, the overexpression of CDC25A,

CDC25B, and c-myc seems to be a common and very early

event in the carcinogenesis of both intestinal and diffuse

types of gastric cancer. Because of the direct correlation, it

is likely that CDC25A and B overexpression in gastric

cancer is caused by c-myc.
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