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Expression of Cyclin D1 and Cyclin E in Human Gastric Carcinoma

and its Clinicopathologic Significance

Cyclin D1 and cyclin E are the mammalian G1 cyclins that are both required
and rate limiting for entry into S phase. Alterations in cell cycle regulators and
subsequent deregulation of the cell cycle are frequently involved in tumori-
genesis andfor tumor progression. We investigated the expression of cyclin D1
and cyclin E protein in 84 gastric carcinoma by immunohistochemical staining
and also the relevance of each cyclin expression to the clinical outcomes.
Overexpression of cyclin D1 and cyclin E was noted in 21 of 84 (25.0%) and
34 of 84 (40.5%) gastric cancer tissues, respectively. There was a significant
correlation between overexpression of cyclin E and lymph node metastasis
(p=0.003), recurrence (p=0.043), disease free survival (p= 0.0378) and overall
survival (p=0.0319), but no correlation was noted between overexpression of
cyclin D1 and other clinicopathologic variables. These findings suggest that
overexpression of cyclin E and cyclin D1 is a frequent finding in gastric cancer
and immunohistochemical analysis for cell cycle regulators, especially cyclin E
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might be a useful prognostic indicator in gastric cancer.
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INTRODUCTION

Gastric cancer is one of the most common cancers in
the wotld. Although it has been reported that many onco-
genes, tumor supptessor genes, and growth factors ate
involved in the development of gastric cancer (1-5), their
catcinogenic mechanism has not been fully explored.
Recent evidence indicates that a set of cyclin-dependent
kinases (cdk) and their tegulatory subunits, cyclins, play
a key role in cell cycle regulation (6, 7). Cyclin D1, func-
tionally forming a complex with cdkd/cdko, is involved
in G1/S transition and its alteration can cause deregula-
tion of the cell cycle resulting in oncogenesis (6-8). Over-
expression of cyclin D1 has been reported in vatious
human cancers, including breast cancer, esophageal can-
cet, hepatocellular carcinoma and pancteatic cancer and
is associated with poor prognosis (9-12). Cyclin E is a late
G1 cyclin, which along with its catalytic subunit, the
protein kinase c¢dk2, is required for entry into S phase
(13, 14). It has been also teported that overexpression of
cyclin E is frequently found in breast cancer and also has
a prognostic significance (15, 16).

The pathways through which these cyclins play a role
suggest a possible implication in cancer, where their de-
regulation, such as untimely and excessive expression,
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could have severe consequences (17). These cyclin D1 or
cyclin E gene amplifications ate vety frequently associated
with each gene overexpression in many human cancets
(10, 18-21). Alterations of the cell cycle regulatots such
as cyclin D1, cyclin E and pl6 have been reported in
gastric catcinoma, their clinical relevance has not been
fully determined yet (22-24). Incteased expression of
cyclin D1 and cyclin E, although which is associated with
gene amplification, in the absence of gene amplification
also occurs in some of the human cancers including
gastric cancer (22, 25). Immunohistochemical analysis of
their expression, therefore, could be a simple and useful
method for evaluating their status in the tissue level. To
investigate the prognostic significance of cell cycle regul-
ators, cyclin D1 and cyclin E in gastric cancer, we
analyzed 84 gastric carcinoma tissues using immunohis-
tochemical method.

MATERIALS AND METHODS

Tissue samples and patient population

Gasttic cancer tissues were obtained from each of 84
patients undergoing surgery (Hanyang University, Seoul,
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Kotea) between 1988 and 1992. The group of patients
consisted of 27 female and 57 male patients. Information
concerning diagnosis date, tumor size and clinical stage,
lymph node status and deaths was obtained from retro-
spective study. Subjects wete followed until the eatliest
of the following: their date of death, the date they wete
last known to be alive, or the end of the follow-up
petiod. Obsetvations were censored at either the date of
last known follow-up or the end date of the follow-up
petiod if death had not occutred. The median follow-up
petiod was 38 months.

Immunohistochemical staining

Formalin-fixed paraffin embedded tissue blocks were
sectioned (4 ym  thickness) and immunostain was per-
formed following previously described methods (22). Sec-
tions were dewaxed and heated in a mictowave oven for
10 minutes to rettieve the antigens. Endogenous peroxi-
dase was blocked with a 3% hydrogen peroxide in meth-
anol solution. All slides were preincubated with 10%
normal goat serum for 20 minutes. Mouse monoclonal
IgG antbody (1:200, Santa Cruz Biotec, US.A) for
cyclin D1 and rabbit polyclonal IgG antibody (1:200,
Santa Cruz Biotec, US.A.) for cyclin E were incubated
for 2 hours at room temperature, tespectively. Each of
the biotinylated secondary antibodies was added for 30
min followed by the streptavidin-biotin peroxidase rea-
gent (DAKO, Santa Babara, CA, US.A.) for an addi-
tional 30 min. After washing with phosphate buffered
saline, staining was achieved by a 3,3-diaminobenzidine
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Fig. 1. Nuclear immunostaining for cyclin D1 in diffuse type (A
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(DAKO, Santa Babara, CA, US.A.).

All slides were coded and evaluated without knowl-
edge of patient identity or clinical status by an experi-
enced pathologist. Each experiment was independently
petformed twice. Results of immunostaining were classi-
fied semiquantitatively into four groups, according to the
number of positively nuclear-stained tumour cells: Scote
0: negative or < 5% nuclear ot cytoplasmic stain; Score
1: 5-25% nuclear stain; Score 2: 26-50% nuclear stain;
Scote 3: 51-75% nuclear stain; Score 4: > 75% nuclear
stain. Adjacent normal gastric mucosa provided negative
internal control for the cyclin D1 and E protein expression.

Statistical analysis

Frequendies of each cyclin overexpression were com-
pared with vatious clinical charactetistics and pathological
vatiables using Pearsons chi-squate test. Survival curves
were calculated using the Kaplan-Meier method and
compared with the frequencies of each cyclin overexpres-
sion using log-rank test. Univariate analysis and muldi-
variate stepwise Cox-tegression analysis were performed
to identify prognostic factors for survival. All statistical
analyses wete two-sided at a significance level of p=0.05,
and performed using SPSS 7.5% statistical software.

RESULTS

Using the anti-cyclin D1 and cyclin E antibody, not-
mal gastric mucosa adjacent to the cancer showed immu-

) and intestinal type adenocarcinoma (B). Normal gastric mucosa

(¥) and intestinal metaplasia (x) showed occasional weak nuclear staining (< 200).
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Fig. 2. Nuclear immunostaining for cyclin E in diffuse type (A) and intestinal type adenocarcinoma (B) with lymphatic invasion.
Adjacent normal gastric mucosa () showed no nuclear staining (<200).

nostaining in less than 25% (Score 1) of the cells. There-
fore, we defined overexptession in cancer as that over Scote
2. Overexpression of cyclin D1 and cyclin E was noted
in 21 of 84 (25.0%), and 34 of 84 (40.5%) gastric cancer
tissues, respectively (Table 1). Representative results are
shown in Fig. 1 and 2. Excluding few exceptional cases,
the gastric epithelium with intestinal metaplasia showed
similar stainability with normal gastric epithelium in
anti-cyclin D and anti-cyclin E antibodies. Thetefore, we
did not count the immunostaining pattern of the meta-
plastic epithelium separately. Overexpression of cyclin E
in gastric carcinoma was associated with the numbet of
lymph node metastasis (p=0.003) (Table 2) and frequent
relapse (p=0.043) (Table 3). However, we could not find
cotrelation with sex, age, histological grade, tumor loca-
tion, tumot type and TNM stage. After a median follow-
up period of 38 months, there was a significant correlation
between the overexpression of cyclin E and disease free
survival (p=0.0378) and overall survival (p=0.0319) (Fig.
3).

Table 1. Results of immunochistochemical staining in 84 gas-
tric cancers

Score Cyclin D1 Cyclin E

0 39 21

1 24 29

2 8 9

3 7 19

4 6 6
Overexpression 21/84 (25.0%) 34/84 (40.5%)

Table 2. Patients characteristics in gastric cancer according to
the cyclin E expression

Cyclin E expression
Overexpression Negative p value

(n=34) (n=50)
Age (years)
< 40 (n=15) 7 8 0.590
> 40 (n=69) 27 42
Sex
Male (n=57) 19 38 0.053
Female (n=27) 15 12
Histologic grade
Well differentiated (n=2) 1 1 0.960
Moderately differentiated (n=22) 9 13
Poorly differentiated (n=60) 24 36
Tumor location
Upper (n=4) 2 2 0.412
Middle (n=14) 8 6
Lower (n=53) 18 35
Diffuse (n=13) 6 7
TNM stage
I (n=4) 0 4 0.204
Il (n=21) 10 1
llla (n=39) 13 26
o (n=17) 9 8
IV (h=3) 2 1
Type
Diffuse (n=46) 21 25 0.288
Intestinal (n=38) 13 25
Lymph node metastasis
Presence (n=73) 30 43 0.766
Absence (n=11) 4 7
Mean* (m=7.45) 10.79 518 0.003

*Mean: mean numbers of lymph node metastasis.
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While the overexptession of cyclin D1 was noted in
25.0% of gasttic cancet, there was no cottelation between
ovetexpression of cyclin D1 and other clinicopathologic
vatiables (Table 4). Also there was no significant correla-
tion between ovetexpression of cyclin D1 and disease free

Table 3. Patients characteristics in gastric cancer according to
the cyclin D1 expression

Cyclin D1 expression
Overexpression Negative P value

M.-J. Ahn, B.-H. Kim, S.-J. Jang, et al.

(p=0.7406) or overall survival (p=0.8425). In our series
of 84 tissues from gastric cancer, we were able to demon-
strate a close correlation between cyclin D1 exptession
and cyclin E expression (p=0.021) as shown in Table 5.
A multivariate analysis with Cox regression analysis iden-
tified two independent predictors with regard to survival.
The analysis tevealed that tumor stage and cyclin E
expression status wete independent prognostic factors

(Table 6).

(n=21) (n=63)
Age (years) 1017
< 40 (n=15) 5 10 0.411 9-
> 40 (n=69) 16 53
Sex 81
Male (n=57) 13 44 0.500 71 ) .
Female (1=27) 8 19 - Cyclin E negative
Histologic grade % '
Well differentiated (n=2) 1 1 0.457 x5 } ) B
Moderately differentiated (n=22) 7 15 & 4 — ] Cyolin Eposmve
Poorly differentiated (n=60) 13 47
Tumor location 31
Upper (n=4) 0 4 0.435 2
Middle (n=14) 2 12 -
p=0.0319
Lower (n=53) 15 38 1
Diffuse (n=13) 4 9 0 . . . . .
TNM stage 0 20 40 60 80 100 120
| (n=4) 0 4 0616 Months
Il (n=21) 6 15
llla (n=39) 10 29 Fig. 3. Overall survival for patients with (n=34) or without (n=
b (n=17) 5 12 54) cyclin E overexpression.
IV (n=3) 0 3
Type
Diffuse (n=46) 9 37 0.206 o . o .
Intestinal (n=38) 12 %6 Table 6. Multivariate analysis of factors predicting survival
Lymph node metastasis -
Presence (n=73) 0 53 0191 Factors p value Odds ratio
Absence (n:‘] ‘]) 1 ‘]O Stage 00095 353
Mean* (m=7.45) 10.14 6.56 Cyclin E 0.0284 213
*Mean: mean numbers of lymph node metastasis.
Table 4. Recurrence and death rate in gastric cancer patients with or without G1 cyclin expression
Expression of cyclin D1 Expression of cyclin E
- - p value - - p value
Overexpression (%)  Negative (%) Overexpression (%)  Negative (%)
Recurrence 9 (42.8) 20 (31.7) 0.373 16 (47.0) 13 (26.0) 0.043*
Death 9 (42.8) 25 (39.7) 0.749 18 (52.9) 16 (32.0) 0.068
Table 5. Correlation between cyclin D1 and cyclin E expression
Cyclin E
Total I
Overexpression (%) Negative (%) o b vale
Cyclin D1 overexpression 13 (15.5) 8 (9.5) 21 0.021
Negative 21 (25.0) 42 (50.0) 63
Total 34 50 84
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DISCUSSION

It has been reported that cyclin D1 ot cyclin E is
detegulated in many types of human tumor cells includ-
ing breast, liver, esophageal, and pancreatic cancer, and
the amplification and/or overexpression of these cyclins
may contribute to oncogenic transformation of cells in
vitro and in vivo (9-12, 15). Recently, these G1 cyclins
have recently been proposed as a prognostic marker for
several human cancers (15, 16). This prompted us to
investigate the potential involvement of the cyclin D1
and cyclin E in human gastric cancet, which is one of
the most common cancers in Kotea.

In the ptesent study, overexptession of cyclin D1 was
noted in 25% of gastric cancers, compared with adjacent
normal gastric mucosa suggesting that cyclin D1 protein
expression also may be deregulated in gastric cancer.
Although overexpression of cyclin D1 was noted in a
sizeable portion of gastric cancer studied, no clear cot-
relation could be determined with othet clinicopatholo-
gical findings. Sasaki et al. reported that no amplification
of cyclin D1 gene was found in gastric cancer (24).
Although thete is a correlation between gene amplifica-
tion and gene expression, this conflicting result should
be elucidated from our ongoing study of cyclin D1 gene
amplification.

Cyclin E overexpression was detected in 50.4% of
gastric cancers by immunohistochemistry. Recently,
Akama et al. reported that cyclin E gene amplification
was noted in about 15% of gastric cancer and all the
gastric cancers with overexpression of cyclin E also
showed gene amplification (22). Sasaki et al. reported
that cyclin E gene amplification was observed in 6 of 42
(15%) of gastric cancer tissues (24) and Yokozaki et al.
also reported that cyclin E ovetexpression was noted in
7 out of 45 (15.6%) gastric carcinoma (23). Although the
ovetexpression rate was low compared to out results, it
can be assumed that overexptession of cyclin E may be
a consistent finding in gastric cancer. These conflicting
results in overexptession rate of cyclin E gene might be
attributed to the different kind of antibody or different
technique in immunohistochemistry. For cyclin E expres-
sion, in out study rabbit polyclonal IgG antibody (1:200)
was used, whereas Akama et al. used mouse monoclonal
antibody (1:250). Intetestingly, Akama et al. also report-
ed that cyclin E gene amplification and overexptession
is often associated with well differentiated advanced gas-
tric cancer. Howevet, we were not able to show a signifi-
cant cottelation between overexptession of cyclin E and
sex, age, histologic grade, tumor type, location, and stage
except the number of lymph node metastasis. This con-
flicting result should be elucidated. Comparative studies
of cyclin E expression and clinical features revealed a
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significant cortelation between poor disease free ot overall
sutvival and overexpression of cyclin E protein in our
series of 84 gastric cancer, in agreement with other
repotts on breast cancer (16). These findings indicate that
cyclin E overexpression may be involved in abnormal cell
proliferation and seems to be an eatly event in tumor-
igenesis since there was no statistical difference in the
level of expression between eatly and advanced tumor
stages. Our findings demonstrated that by multivatiate
analysis cyclin E expression status is an independent
prognostic factor with regard to sutvival for patients with
gastric cancer as well as those with bteast carcinoma (15,
16). In our analysis, both cyclin E and cyclin D1 were
ovetexpressed in a large number of gastric cancets, but
only cyclin E was associated with poot prognosis. It is
not clear that some important regulators are frequently
mutated in tumots, while others are affected through
other pathways. Thus, a search for a set of cell-cycle
proteins that are representative of independent regulatoty
pathways and that also provide the most important prog-
nostic matker in individual tumors will be warranted.

In conclusion, overexpression of cyclin D1 and cyclin
E is a frequent finding in gastric cancer. Along with the
observation that cyclin E overexpression was associated
with poor survival rates, it can be suggested that cyclin
E overexpression might be useful for prognostic measure
in gastric cancer. Further studies to determine whether
other cell cycle regulators are involved in deregulation of
cyclin D1 and cyclin E in gastric catcinogenesis ate

needed.
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