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of local relapse or metastatic disease. Lymph node sta-
tus, and depth of invasion in the gastric wall, are the
most valuable prognostic factors in gastric cancer. A
multivariate analysis has suggested that lymph node sta-
tus in gastric cancer is the most independent prognostic
factor in terms of recurrence and survival [1]. Recur-
rence was frequent in node-positive gastric cancer
patients. Adachi et al. [2] reported that the 10-year
survival rate of patients with node-negative tumors was
93.4%, but some node-negative gastric cancer patients
died of recurrence. Currently, the method used to de-
tect micrometastasis is not adequate. Sometimes it is
not possible to identify any malignant cells by hema-
toxylin and eosin (H&E) staining.

Intracytoplasmic filaments, composed of cytokeratin
proteins that constitute part of the cytoskeleton, are
exclusively present in cells that display epithelial differ-
entiation. They serve as markers for epithelial cells
[3–5]. Since cytokeratin-positive cells are normally not
present in the lymph node, such cells in regional lymph
nodes are considered to be foreign cells, suggesting
metastasis. Immunohistochemical localization with
cytokeratin in the lymph node was shown to identify
micrometastases that had been missed on routine tissue
staining in patients with colorectal cancer [6,7], breast
cancer [8], and gastric cancer [9–11].

This study was performed to determine the useful-
ness of immunohistochemical staining for the detection
of occult metastases in regional lymph nodes, and to
assess the clinical implications in regard to survival in
patients with gastric cancer.

Patients and methods

This retrospective study included 51 Japanese patients
with primary gastric cancer, all of whom had undergone
gastric resection with lymph node dissection at the
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Abstract:
Background. Despite curative resection of the primary tumor
with extensive dissection of lymph nodes, some patients with
node-negative gastric cancer die of local relapse or metastatic
disease. Microinvolvement of regional lymph nodes may play
an important role in the prognosis.
Methods. To evaluate the incidence and prognostic implica-
tions of regional lymph node microinvolvement in node-
negative gastric cancer, we retrospectively analyzed tissue
samples from 51 patients operated on for primary gastric can-
cer. They had tumors that invaded beyond the muscularis
propria, but without metastasis to the lymph nodes, shown by
the conventional H&E staining method. The regional lymph
nodes were examined immunohistochemically, using mono-
clonal antibodies against cytokeratin.
Results. Microinvolvement was found in 4.8% of lymph nodes
(67/1390) and in 43.2% of the patients (22/51). The clinical
outcome of the patients with microinvolvement was not sig-
nificantly different from those without it. However, no patient
died in the no-microinvolvement group, while three patients
in the microinvolvement group died of recurrence.
Conclusion. The incidence of microinvolvement in con-
ventionally negative lymph nodes cannot be ignored, and
detecting microinvolvement may be important for predicting
recurrence of gastric cancer.
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Introduction

Gastric cancer is one of the leading causes of cancer
death in Japan. Despite curative resection of the pri-
mary tumor with extensive dissection of lymph nodes,
over half of all patients with advanced gastric cancer die
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University, between 1985 and 1994. We selected tissue
samples from patients who had an invasion beyond the
muscularis propria without distant metastases. No his-
tological lymph node metastasis at the time of surgery
was confirmed by conventional routine H&E staining.
The clinicopathological profiles of the patients are
shown in Table 1. Pathological diagnoses and classifica-
tion of the gastric cancer were made according to the
rules of the Japanese classification of gastric carcinoma
[12]. All patients had undergone total or distal gastrec-
tomy with D2 (dissection of all group 1 and group 2
nodes) or more extensive lymph node dissection. No
patient had had chemotherapy before the operation,
but most of the patients were treated with adjuvant

chemotherapy after the operation. Clinical information
was available for all patients, and the mean follow-up
period was 53.8 months (range, 1–120 months).

All specimens were fixed in formalin and embedded
in paraffin, sliced at 5-µm thickness, and attached to
glass slides. One section from each lymph node was
stained with H&E. We diagnosed no lymph node
metastasis in the H&E sections. One additional serial
section from each lymph node was stained immuno-
histochemically, using AE1/AE3 (20 :1 mixture of AE1
to AE3; IgG1, Boehringer Mannheim, Mannheim, Ger-
many), a pool of monoclonal antibodies reactive to a
broad spectrum of human keratins [13]. Tissue sections
were rehydrated. The endogenous peroxidase activity

Table 1. Relationship between microinvolvement and clinicopathological factors in
patients with gastric cancer

Microinvolvement

Characteristics No. of patients (2) n 5 29 (1) n 5 22 P value

Age (years)
,50 n 5 7 3 4 NS
50–70 n 5 31 20 11
.70 n 5 13 6 7

Gender
Male n 5 36 22 14 NS
Female n 5 15 7 8

Location
Upper third n 5 12 5 7 NS
Middle third n 5 18 12 6
Lower third n 5 21 12 9

Maximum tumor size (mm)
,40 n 5 28 19 9 P , 0.05
40–80 n 5 19 10 9
.80 n 5 4 0 4

Macroscopic type
Type 0 n 5 8 7 1 NS
Type 1 n 5 6 2 4
Type 2 n 5 19 12 7
Type 3 n 5 11 6 5
Type 4 n 5 3 1 2
Type 5 n 5 4 1 3

Depth of tumor invasion
t2 n 5 39 26 13 P , 0.05
t3, t4 n 5 12 3 9

Histological typing
Differentiated n 5 26 17 9 NS
Undifferentiated n 5 25 12 13

Lymphatic invasion
ly (2) n 5 10 7 3 NS
ly (1) n 5 39 20 (n 5 27) 19

Venous invasion
v (2) n 5 20 15 5 P , 0.05
v (1) n 5 29 12 (n 5 27) 17

Pathological diagnoses and classification of gastric cancer were made according to the Japanese
classification of gastric carcinona12
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was inhibited with 3% hydrogen peroxide in methanol.
Before being stained, the sections were pretreated
for 30min with 0.1% trypsin in Tris-buffered saline
with 0.1% calcium chloride. Non-specific background
staining was inhibited with normal horse serum for
20 min. The sections were then incubated with 10µg/ml
of AE1/AE3 for 120 min, with biotin-conjugated horse
immunoglobulin to mouse immunoglobulins for 30 min,
and finally with avidin-biotinylated peroxidase complex
for 30min (Vectastain ABC-PO kit; Vector Laborato-
ries, Burlingame, CA, USA). Peroxidase activity was
shown with diaminobendizine. Nuclear staining was
shown with Mayer’s hematoxylin. For a positive con-
trol, tissue sections of positive lymph node were in-
cluded. Negative control sections were stained without
primary antibody.

We examined 1390 lymph nodes (mean, 27.3 nodes
per patient) from the 51 gastrectomy patients.
Microinvolvement was defined as the presence of
cytokeratin-positive cells in the regional lymph nodes
of the stomach. We classified the grade of microinvo-
lvement into three groups: grade 0 (G0), no positive
cells in the lymph node; grade 1 (G1), fewer than four
discrete positive cells; and grade 2 (G2), more than five
positive cells or cell clusters. H&E staining alone did
not identify these positive tumor cells.

The ø2 test was performed to evaluate the relation-
ship between microinvolvement and clinicopathological
factors. Survival data were calculated with the Kaplan-
Meier method model and the log rank test was used to
assess significant differences between the groups. The
level of significance was P , 0.05.

Results

A single cytokeratin-positive cell in a negative node
defined by H&E staining (G1) is shown in Fig. 1
(low magnification) and Fig. 2 (high magnification).
Cytokeratin-positive cells showed diffuse staining in the
cytoplasm, with intense staining in the cytoplasmic
membrane. Figure 3 shows G2 microinvolvement in
which more than five cytokeratin-positive cells were
observed. Figure 4 also shows G2 microinvolvement, in
which cytokeratin-positive cells appeared as small clus-
ters. Of the 1390 lymph nodes that were not confirmed
as metastases by H&E staining examination, 67 (4.9%)
had cytokeratin-positive cells, which consisted of G1
microinvolvement in 38 lymph nodes (2.7%) and G2 in
29 (2.1%). The incidence of positive nodes per patient
varied considerably, from 1 to 12. Of the 67 lymph
nodes with microinvolvement, 51 were group 1; 14,
group 2; and 2, group 3. Skip microinvolvement to dis-
tant nodes (group 2 or group 3) was found in a few
negative perigastric nodes (group 1).

Fig. 1. Grade 1 microinvolvement (see text for explanation
of grade of microinvolvement). A single atypical cell in the
lymph node stained strongly for cytokeratin. 340

Fig. 2. Grade 1 microinvolvement. 3200

Fig. 3. Grade 2 microinvolvement. More than five cells
stained strongly for cytokeratin. 3200
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Of the 51 patients with gastric cancer without histo-
logically positive lymph nodes, immunohistochemical
microinvolvement was identified in 22 (43.2%). In re-
gard to the relationship between microinvolvement
and various tumor characteristics, microinvolvement
increased in accordance with the maximum size of the
tumor. In all 4 patients with tumors of more than
80 mm, microinvolvement was identified. The incidence
of microinvolvement also increased in accordance with
the depth of tumor invasion. Thirteen of 39 patients
(33.3%) with depth of invasion within the subserosa (t2)
showed microinvolvement. In contrast, 9 of 12 patients
(75%) with invasion penetrating the serosa or further
into the organ (t3, t4) had microinvolvement. There was
no correlation between microinvolvement and patient’s
sex or age, or the location or histological type of the
tumor.

The clinical outcome of patients with and without
microinvolvement was not significantly different (Fig.
5). Three patients died of peritoneal dissemination
during the follow-up period. These 3 patients were
immunohistochemically diagnosed as having been
lymph-node positive. Two of the 3 patients with recur-
rence were diagnosed with grade 1 microinvolvement,
and one of the 3 patients was diagnosed with grade 2.
The maximum tumor size in 1 patient was more than
90 mm, and that in the other 2 patients was 40–80mm.
Depth of invasion was t2 in 2 patients and t3 in 1. There
were no significant differences between patients with
recurrence and those with no recurrence. Of the 29
patients who had no microinvolvement, 2 died of other
causes. No patients died of cancer metastasis within the
observation period. Figure 6 shows the Kaplan-Meier
survival curves for patients with and without micro-
involvement in regional lymph nodes who died of recur-
rence. The difference in survival between those with

and without microinvolvement was not significant
(P 5 0.15).

Discussion

The monoclonal antibody mixture AE1–AE3 is a pool
of monoclonal antibodies reactive to a broad spectrum
of human keratins in epithelial cells [13]. We performed
an immunohistochemical study of 1390 lymph nodes
dissected from human gastric cancer that were without
lymph node metastasis detectable by conventional
histological examination. We used antibodies against
cytokeratin to detect microinvolvement. Microme-
tastases within lymph nodes from breast carcinoma
[8,14,15] and colorectal carcinoma [6,7,16–18] have
been detected immunohistochemically by using anti-

Fig. 4. Grade 2 microinvolvement. Positive cells that stained
strongly for cytokeratin formed clusters. 3200

Fig. 5. Kaplan-Meier survival curves, including overall
deaths, for patients with node-negative gastric cancer with and
without microinvolvement in regional lymph nodes shown by
cytokeratin antibody (P 5 0.845)

Fig. 6. Kaplan-Meier survival curves for patients with node-
negative gastric cancer with and without microinvolvement
in regional lymph nodes, shown by cytokeratin antibody, who
died of recurrence (P 5 0.15)
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bodies to early membrane antigen (EMA), cytokeratin,
carcinoembryonic antigen (CEA), and/or S-100 protein.
Cytokeratin is a specific marker among antibodies re-
ferred as specific epithelial cell markers [9,10,11]. Small
numbers of cancer cells in lymph nodes have sometimes
been missed by routine histological methods, but
immunostaining with cytokeratin antibody has made it
possible to detect even a single tumor cell among thou-
sands of normal cells [19].

We found microinvolvement in 4.8% of the resected
lymph nodes and in 43.2% of the patients with node-
negative gastric cancer whose tissues we examined.
Siewert et al. [11] reported microinvolvement in 56
of 62 patients with pN0 gastric cancer (90%), by an
immunohistological method using cytokeratin antibody.
Maehara et al. [10] reported microinvolvement in 15 of
420 (3.6%) nodes and in 8 of 34 patients (23.5%) with
cytokeratin-positive cells in the lymph nodes of node-
negative early gastric cancer. Ishida et al. [9] has
reported that 197 of 2446 lymph nodes (8.1%) had
micrometastases identified by immunostaining for
cytokeratin; however, these included samples from
node-positive patients. Thus, a substantial proportion of
negative H&E-stained nodes is considered to have
micrometastases.

It has been reported that meticulous analysis with
serial sectioning of whole lymph nodes in which only
H&E staining was done resulted in the detection of
micrometasis in about 20% of node-negative patients
examined by a routine method [20]. The detection rate
of metastases within lymph nodes increases if the num-
ber of sections increases. However, it is of no use in
routine practice to cut multiple serial sections from all
lymph nodes. Adell et al. [21] reported that 95% of
patients with micrometastases were identified by study-
ing three sections from each of three lymph nodes of
colorectal cancer. Therefore, studying only one section
may be insufficient for detecting micrometastases. Re-
cently, reverse transcriptase-polymerase chain reaction
(RT-PCR) methods have been reported as more sensi-
tive and have been extensively utilized to detect
micrometastases in gastric cancer [22], breast cancer
[23], and colorectal cancer [24].

As lymph node metastasis is likely to occur together
with tumor progression, microinvolvement in gastric
cancer increases in accordance with the size of tumor,
depth of invasion, and venous invasion. Ishida et al. [9]
reported that micrometastases were observed more fre-
quently in diffuse-type gastric cancer, but these results
were not found in our study.

Maehara et al. [10] reported that the survival of a
cytokeratin-positive group of patients with early gastric
cancer was significantly shorter than that of a
cytokeratin-negative group. The presence of microme-
tastases in lymph nodes has been shown to be an indis-

pensable factor in determining the prognosis of gastric
cancer patients [9]. In this study, we found no difference
in the survival of gastric cancer patients with and with-
out microinvolvement. This is partly because the num-
ber of tumors and the follow-up period were limited.
However, it must be noted that no patients without
microinvolvement died of recurrence. Thus, determina-
tion of microinvolvement within lymph nodes is con-
sidered to be a more reliable prognostic factor than
diagnosing lymph node involvement by conventional
methods.

Regional lymph nodes are routinely dissected during
gastric cancer surgery. However, it is not clear why
many lymph nodes have to be dissected. Baba et al. [25]
reported a higher recurrence rate in patients treated
with D1 lymph node dissection than in those who re-
ceived D2/3 dissection, even in patients with node-
negative early gastric cancer. This report suggests the
possible presence of micrometastases in lymph nodes
of node-negative gastric cancer.

It is uncertain whether cytokeratin-positive cells in
lymph nodes will manifest as clinical involvement. Dur-
ing the formation of metastases in lymph nodes, cancer
cells are thought to migrate in the lymph vessels, reach
the lymph nodes, lodge in the sinus, and proliferate.
Chronologically, G1 microinvolvement may mean that
the cancer cells have just reached the lymph node, while
G2 microinvolvement indicates the initiation of prolif-
eration. However, it is not known how long after their
initial arrival in the lymph nodes the cancer cells begin
to proliferate, and it is also not known whether tumor
cells in lymph nodes are really able to migrate and
successfully colonize other organs.

Patients with bone marrow cytokeratin-positive cells
showed a significantly shorter disease-free survival than
those without cytokeratin-positive cells, but not all pa-
tients who had bone marrow tumor cells died [5]. Pantel
et al. [26] reported that cytokeratin-positive cells ex-
isted in bone marrow, but it is still unclear whether
these cells can proliferate or whether they are removed
by the host immune response. The possibility of tumor
cells proliferating and showing metastasis depends on
various factors, such as cell viability, cell characteristics,
the host immune response, and the microenvironment.
It is not clear whether the cytokeratin-positive cells
could grow to macroscopic metastases, but microinvo-
lvement of at least G2 is regarded as metastasis. Further
investigations with a greater number of patients and a
longer follow-up period will clarify these problems.
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