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Abstract:
Background. Detection of micrometastasis is an important
problem of clinical significance for a better understanding and
control of tumor progression, which will improve patients’
survival time.
Methods. To identify micrometastases in bone marrow,
an immunocytochemical assay for epithelial cytokeratin pro-
tein was performed in 106 patients with primary gastric can-
cer. Also, in 40 of the 106 patients, vascular endothelial
growth factor (VEGF) expression and intratumoral vessel
density were examined by an immunohistochemical staining
method.
Results. Of the 106 patients, 22 (20.8%) presented with
cytokeratin-positive cells in bone marrow at the time of pri-
mary surgery. The positive findings were related to depth of
invasion, peritoneal dissemination, and liver metastasis. Pa-
tients with cytokeratin-positivity in bone marrow had a higher
VEGF positive rate (73%; 8/11) than did cytokeratin-negative
patients (48%; 14/29). Intratumoral vessel density in VEGF-
positive patients was 26.9 6 10.3, which was significantly
higher than that in VEGF-negative patients (13.2 6 8.7,
P < 0.05). Thus, the presence of cytokeratin-positive cells
in bone marrow was closely related to angiogenesis in the
primary tumor.
Conclusions. Cytokeratin staining can be useful for identify-
ing patients at high risk for metastasis. Prophylactic lymph
node dissection, adjuvant chemotherapy, and antiangiogenic
treatment may be necessary for patients with micrometastasis.
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Introduction

The development of metastasis in cancer patients after
curative resection of primary tumor is a serious prob-
lem. The early stages of tumor progression and
micrometastasis formation have been difficult to detect
because of the small numbers of tumor cells against the
background of many host cells. Subclinical tumor cell
dissemination can be detected by immunocytological
staining of cells [1,2].

Cytokeratin proteins are essential constituents of
the cytoskeleton of both normal and malignant epi-
thelial cells; hence, they can serve as reliable markers
for the epithelial origin of cells [3]. The use of a mono-
clonal antibody against the cytokeratin component
expressed by all tumor cells derived from simple epi-
thelia facilitates the identification of one of 105 epi-
thelial tumor cells in bone marrow [4]. We examine
disseminated tumor cells in bone marrow, as repre-
sentative of a part of the tumor that can remain
after surgery and which can provide direct evidence of
the metastatic or disseminative potential of the tumor
cells.

The mechanism of cancer cell migration from the
primary lesion to the bone marrow is still unclear.
Angiogenesis is closely involved in tumor progression
and metastasis [5]. The level of microvessel density was
shown to be correlated with hematogenous metastasis
of gastric cancer [6]. We have previously reported
that, in early gastric cancer, microvessel density in the
primary tumor was twofold higher in patients with
cytokeratin-positive cells, compared with findings in
patients with cytokeratin-negative cells [7]. One of the
most important factors in inducing the formation of new
blood vessels is vascular endothelial growth factor
(VEGF), which acts specifically on endothelial cells
[8]. To clarify the relationship between angiogenesis
and micrometastasis of gastric cancer, we investigated
VEGF expression and microvessel density in the pri-
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mary tumor, as well as the detection of cytokeratin-
positive cells in the bone marrow.

Patients and methods

Patients

This study included 106 Japanese patients with primary
gastric cancer, all of whom had under gone gastrectomy,
between 1994 and 1998, at the second Department of
Surgery, Kyushu University Hospital, Fukuoka, Japan.
A thorough histological examination was made using
hematoxylin and eosin-stained tissue preparations, and
the histological classification was done according to the
general rules set up by the Japanese Gastric Cancer
Association [9]. No patient treated preoperatively with
cytotoxic drugs was included in this study.

Bone marrow specimens

Details of the procedure for obtaining bone marrow
specimens are given in a previous report [4]. Briefly,
preoperatively, 1- to 2-ml aliquots of bone marrow aspi-
rates were taken from the sternum in syringes containing
100 units heparin/ml marrow, and bone marrow cells
were prepared. After density centrifugation through
Ficoll-Hypaque (Pharmacia Biotech AB, Uppsala, Swe-
den, 400g, 30min), mononuclear cells were collected
from the interphase. The cells were suspended with
0.5 ml RPMI 1640 medium containing 10% fetal calf
serum, yielding a concentration of 2 3 106/ml, and were
then smeared on glass slides and fixed with acetone
(30 min, 4°C). For immunostaining, the monoclonal anti-
body, CK2 (IgG1; Boehringer Mannheim, Mannheim,
Germany) or CAM 5.2 (IgG2a; Becton Dickinson, San
Jose, CA, USA) was used at a concentration of 0.2 µg/ml.
These antibodies recognize intracellular cytokeratin
component no. 18, an intermediate filament represent-
ing the intracellular network of the cytoskeleton that
is expressed in simple epithelia and nowhere else. The
antibody reaction was developed using the labeled
avidin-biotin (LAB) technique, and biotin-labeled anti-
body and alkaline-phosphatase (LAP)-labeled avidin
were used sequentially. Naphthol-AS-BI-phosphate was
used as a substrate of ALP and the released naphthol-
AS-BI was coupled with hexazotized new fuchsin.
Endogenous phosphatase was inhibited by prein-
cubation with levamisole. Cells containing cytokeratin
were stained bright red. Two observers (Y.M. and Y.K.)
independently examined the positivity of microme-
tastasis in bone marrow.

Immunohistochemical staining of VEGF

The LAB method was used for VEGF immunohis-
tochemical staining in 40 of the 106 patients. Tumors

were collected and fixed in 10% formalin. One paraffin
block contained both cancerous and adjacent non-
cancerous tissue, and cancerous tissue invading to the
deepest level of the stomach wall was selected from
all patients. Sections 5-µm-thick made from paraffin-
embedded blocks were deparaffinized in xylene and
rehydrated in a graded series of ethanol. Endogenous
peroxidase activity was quenched in methanol contain-
ing 0.3% (v/v) hydrogen peroxidase for 30 min, after
which nonspecific binding was blocked by treatment
with 10% (v/v) normal goat serum in PBS for 15 min.
The primary antibody used was A-20 (Santa Cruz Bio-
technology, Santa Cruz, CA, USA) A-20 is an affinity-
purified rabbit polyclonal antibody raised against a
20-amino acid synthetic peptide corresponding to resi-
dues 1–20 mapped at the amino terminus of human
VEGF. The sections were incubated for 2 h with A-20
(1 :50 dilution) at room temperature, then with bio-
tinylated goat anti-rabbit immunoglobin G (Vector,
Burlingame, CA, USA; 1 : 200 dilution for 1h). After
a thorough washing in PBS, peroxidase-conjugated
streptavidin (Dako LSAB Kit, Dako, Carpinteria, CA,
USA) was applied, followed by incubation for 30 min.
Peroxidase labelling was developed with diamino-
benzidine (DAB) and hydrogen peroxidase (H2O2), and
nuclear counterstaining was done using Mayer’s hema-
toxylin solution. Specificity of binding for antibody was
examined by employing non-immune sera instead of
specific antibody.

Cellular localization of the antigenic sites was deter-
mined by two investigators (Y.K. and S.H.) without
knowledge of clinicopathological information. A
double-headed light microscope was used. A positive
value was recorded if more than 5% of the tumor cells
expressed VEGF antigen.

Microvessel staining and microvessel density (MVD)

As an indicator of tumor angiogenesis, microvessels
within the tumor tissue were counted on immuno-
histochemically stained sections, under a light micro-
scope, in 40 of the 106 patients. The primary antibody
used was mouse anti-CD31 antibody (Dako; diluted
1 : 50 at 4°C, overnight) [10].

MVD was assessed with a light microscope, using
the technique of Weidner et al. [11], with some modifica-
tion. All the slides were scanned at a low magnification
(340 or 3100), and the area of the most dense
neovascularization (greatest number of capillaries or
small venules) was determined. Individual microvessel
counts were made on a 3200 field (0.739mm2 per field).
Positive cells or cell clusters, clearly separate from adja-
cent microvessels, tumor cells, and other connective
tissue elements, were considered a single, countable
microvessel. Occasional immunopositive leukocytes
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were excluded on morphologic grounds. The distribu-
tion of areas of most intense vascularization was hetero-
geneous in each tumor. In all the samples, the mean value
for the number of microvessels was calculated from five
highly vascularized areas, “hot spots”. These values were
then assessed as the MVD for each patient’s specimen.
All counts were performed by the same investigator
(Y.K.) and reviewed by the observer (S.H.).

Statistical analysis

Clinicopathological data were stored in an IBM 3090
mainframe computer (IBM, Armonk, NY, USA). A
biomedical computer program (BMDP) was used for all
statistical analyses [12]. The BMDP P4F and P3S pro-
grams were used for ø2 and Mann-Whitney tests to com-
pare characteristics between groups. The BMDP P1L
program was used for the Kaplan-Meier analysis of sur-
vival rates, and the Mantel-Cox test was used to test for
equality of survival curves. The level of statistical sig-
nificance was set at P , 0.05.

Results

Clinicopathological factors

Twenty-two of the 106 patients (20.8%) presented with
cytokeratin-positive cells in bone marrow at the time of
primary surgery. The alkaline phosphatase-stained cells
in cytocentrifuge preparations appeared as red single
or clustered cells, and were present at a frequency of
1024 to 1025 nucleated cells (Fig. 1). These cells were
de-stained and confirmed to be cancer cells by
Papanicolaou staining.

Clinicopathological factors in patients with gastric
cancer with and without cytokeratin-positive cells in the
bone marrow were analyzed. Positive findings were
related to depth of invasion (Fig. 2a) and to peritoneal
dissemination and liver metastasis (Fig. 2b), but not to
other clinicopathological factors.

Relation between presence of micrometastasis and
angiogenesis

Of 40 tumors examined with anti-VEGF antibody, 22
(55%) were VEGF-positive (Fig. 3). The mean MVD
of VEGF-positive tumors was 26.9 6 10.3, which was
significantly higher than that in the VEGF-negative
tumors (13.2 6 8.7; P , 0.05).

Although the difference was not significant, the posi-
tivity rate for VEGF in cytokeratin-positive patients
(73%; 8/11) was higher than that in cytokeratin-
negative patients (48%; 14/29) (Table 1). Microvessel
density did not show differences between patients with
and without cytokeratin-positive cells in the bone mar-
row.

Fig. 1. Micrometastasis in bone marrow. High-power
photomicrograph of bone marrow specimen with a small
cluster of cells. 31000

Fig. 3. Microphotography of vascular endothelial growth fac-
tor (VEGF) expression in the primary tumor. Cytoplasmic
staining was recognized. 3200

Table 1. Relationship between cytokeratin-positive cells in
bone marrow and VEGF expression in primary gastric cancer

VEGF expression

Cytokeratin-positive cells
in primary tumor

in bone marrow (2) (1)

(2) 15 (52%) 14 (48%)
(1) 3 (27%) 8 (73%)

VEGF, Vascular endothelial growth factor
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dissemination or minimal residual disease, rather than
the start of metastatic growth in skeletal systems. The
presence of disseminated cells in bone marrow could
also indicate that cancer cells have reached the perito-
neum, liver, or lung [14]. Therefore, these patients may
be at a high risk for complications arising from perito-
neal dissemination or liver metastasis, with no manifest
metastasis in the bone marrow [17,18]. In our study,
cytokeratin-positivity in the bone marrow was signifi-
cantly related to peritoneal dissemination and liver
metastasis. Survival time was reported to be shorter in
a cytokeratin-positive group of patients with gastric
cancer than in a cytokeratin-negative group [15,16].
Although the follow-up periods were shorter in our
study, the same trend was recognized.

Vascularization is usually required for tumor cells to
enter the blood circulation [6]. A high degree of tumor
vascularization increases the likelihood that tumor
cells will enter the circulatory system and metastasize
[19]. We previously reported the relation between
tumor angiogenesis and micrometastasis in patients
with early gastric cancer [7]. In the present study,
patients with VEGF-secreting tumors associated with
high vascular density often had cytokeratin-positive
cells in the bone marrow. Thus, the presence of
micrometastasis in the bone marrow may be related to
angiogenesis in the primary tumor. Micrometastasis was
noted even in patients with mucosal gastric cancer; thus,
seeding of cancer cells can occur even in early stages of
the cancer.

a

b

Fig. 2a,b. Clinicopathologic findings and cytokeratin-positive
cells in the bone marrow of patients with gastric cancer. a
Depth of invasion and cytokeratin-positive cells. b Invasion/
metastasis and cytokeratin-positive cells. White bars,

Cytokeration-negative patients (n 5 84); black bars,
cytokeratin-positive patients (n 5 22). a P , 0.05 cytokeratin-
positive vs cytokeratin-negative for all depths of invasion. b
*P , 0.05

Prognosis

The overall survival curves for patients with and with-
out cytokeratin-positive cells in the bone marrow
showed no significant difference. The 3-year survival
rate of patients with cytokeratin-positive cells in the
bone marrow was 69.1%, which was lower than that
(79.6%) of patients without cytokeratin-positive cells.

Discussion

After the liver, the skeleton is the most frequent site of
distant metastasis in gastric cancer [13]. Schlimok et al.
[1] reported that tumor cells were detected in bone
marrow in 35% of patients with gastric cancer at pri-
mary surgery, using a cytokeratin assay with mono-
clonal antibody. Overt bone or skeletal metastases are
rare in patients with gastric cancer; however, bone mar-
row is distinctly more often involved than would be
expected from the clinical findings [1,14]. The apparent
discrepancy between clinically rare bone metastases
and the marrow micrometastases frequently detected
by immunocytochemistry may be explained by the re-
duced proliferative behavior of the cells and their often
invoked state of dormancy [4,15]. The capacity of the
tumor cells to proliferate in the bone marrow and to
manifest metastasis depends on the microenvironment.
Jauch et al. [16] reported that positive bone marrow
aspirations are a surrogate marker of general tumor-cell
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We previously examined dissected lymph nodes from
34 patients with node-negative early gastric cancer (who
died with a recurrence) for the presence of tumor cells
[20]. Of the 420 lymph nodes we examined, 15 nodes
(3.6%) and 23.5% (8/34) of the patients presented with
cytokeratin-positive cells at the time of primary surgery.
When the tumor stage was stratified according to the
group of metastatic lymph nodes, the cytokeratin-
positive patients were upstaged and the prognosis was
poorer. It is difficult to predict precisely the presence
of micrometastases in lymph nodes of early gastric can-
cer, based only on the macroscopic findings at the time
of operation [21]. Baba et al. [22] reported that the
rate of recurrence was higher in patients treated with
dissection of group 1 lymph nodes than for those with
dissection of group 2 or 3 nodes, in patients with node-
negative early gastric cancer. These reports also sug-
gested the possible presence of micrometastases in
lymph nodes of node-negative gastric cancer. There-
fore, prophylactic lymph node dissection is expected to
increase the curative rate of early gastric cancer [22].
This surgical strategy was also employed for patients
with advanced gastric cancer. We previously reported
that prophylactic lymph node dissection promoted in-
creased survival time in patients with advanced gastric
cancer [23,24].

Adjuvant chemotherapy may be another effective
treatment for micrometastasis. Okamura et al. [25] re-
ported the possibility of micrometastasis even when
resection seemed to be curative for patients with early
gastric cancer. They concluded that postoperative adju-
vant chemotherapy would lead to a great diminution
in recurrence of cancer. Although postoperative che-
motherapy is too closely associated with other prognos-
tic covariants for it to have prognostic significance
for all tumor stages [26], intensive postoperative chemo-
therapy, based on the characteristics of the tumor,
should be designed for patients with a poorer prognosis.

As some of the new therapies for micrometastasis,
antiangiogenic agents have been spotlighted. TNP-470
[27,28], anti-VEGF monoclonal antibody [29], and
Angiostatin [30,31], have been considered potential
therapeutic agents for controlling the progression of
angiogenic tumors with a high metastatic potential.
These antiangiogenic agents could be a therapeutically
useful addition to cytotoxic treatments directed toward
tumor cells.

In conclusion, the presence of micrometastasis in the
bone marrow was closely related to angiogenesis in the
primary tumor. Tumor cells in the bone marrow are
indicative of the general disseminative capacity of an
individual tumor. Prophylactic lymph node dissection,
adjuvant chemotherapy, and the use of antiangiogenic
agents seem to be effective in helping to prevent
micrometastasis of gastric cancer.
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