
Abstract. Background: L1, a 200-220 kDa transmembrane
glycoprotein of the immunoglobulin superfamily, has been
shown to affect prognosis of various types of cancer and was
shown to enhance peritoneal metastasis in ovarian cancer in
vivo. Patients and Methods: Immunostaining with anti-L1
antibody was performed with 72 surgically resected pT3-stage
gastric cancer specimens. Correlation of immunoreactivity
with clinicopathological variables was evaluated and survival
curves were compared between L1-positive and negative
cases. Results: L1 was detected in 15 specimens (21% ), more
often among the intestinal-type cancer. No correlation was
observed between L1 expression and presence of free cancer
cells in the peritoneal cavity or development of peritoneal
carcinomatosis during the follow-up. Nevertheless, prognosis
of patients with L1-positive cancer was significantly inferior
(p=0.024), particularly among the diffuse-type cancer cases.
Conclusion: L1 was associated with poor outcome in gastric
carcinoma. However, its association with the formation of
peritoneal metastases or the presence of free cancer cells in
the abdominal cavity was not observed. Further study to
identify the role of L1 in gastric cancer progression and
metastasis is warranted. 

Gastric cancer is a major health concern worldwide (1).
Although prognosis of early-stage cancer has improved (2),
outcome of advanced/metastatic disease remains dismal.
Peritoneal carcinomatosis is the commonest pattern of disease
failure in the Far East (3, 4). However, owing to the difficulty
in early detection and absence of measurable lesions, gastric

cancer patients with peritoneal metastasis have not been
adequate candidates for clinical trials testing new treatment
modalities. The authors have explored peritoneal metastasis
from the viewpoint of free cancer cells shed into the
abdominal cavity, which has been detected in >65%  of
patients with serosa-positive gastric cancer (5). Some gastric
cancer cases do not develop peritoneal metastases despite
invasion of the serosal surface, and may be biologically
different from those that generate peritoneal disease. Attempts
to elucidate characteristics of cancer that metastasizes to the
peritoneal lining are thus warranted, both to understand the
mechanism behind metastasis and to seek effective treatment. 

L1 cell adhesion molecule (L1) is a 200-220 kDa
transmembrane glycoprotein of the immunoglobulin super
family initially identified in neural cells (6). L1 was recently
detected in ovarian and uterine carcinomas in a stage-
dependent manner and its expression was found to be a
valuable marker for poor prognosis (7). It is also correlated
with tumor progression and metastasis of several other types
of cancer, including malignant glioma (8), renal cell
carcinoma (9), pancreatic neuroendocrine tumor (10),
melanoma (11) and colorectal cancer (12, 13). Interestingly, it
was observed exclusively in the invasion front of colorectal
cancer, and was found abundantly in the culture medium of
colon cancer cell lines when the cells were sparse whereas the
expression diminished when the cells were dense (14),
suggesting its role in cell proliferation and metastasis.
Moreover, antibodies to L1 were shown to have therapeutic
potential and reduce cell proliferation of human ovarian cancer
cells in vitro and in a xenograft mouse model of peritoneal
metastasis (15). These reports prompted the authors to ask
whether the expression of L1 was also associated with the
outcome of gastric cancer, and particularly with development
of peritoneal carcinomatosis. To address this issue, the authors
used a panel of surgically resected specimens consisting
exclusively of serosa-positive (pT3-stage) cancer, and
evaluated the expression of L1 through immunostaining.
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Patients and Methods

Patients and specimens. A panel of 72 paraffin-embedded specimens
of pT3-stage gastric cancer resected at Department of
Gastroenterological Surgery, Aichi Cancer Center, between June
1998 and June 2001 form the basis of this study. In addition, 13
paired samples of primary gastric cancer and corresponding
peritoneal metastasis, 8 paired samples of primary gastric cancer and
corresponding hepatic metastasis, and 42 samples of colorectal
cancer were analyzed. Informed consent had been obtained from all
patients regarding use of the specimens for the immunohistochemical
studies, and the retrospective analysis has been approved by the
institutional review board. 

The mean age of the 72 patients in the dataset was 59.5±12.6 years
with a male:female ratio of 44:28. Eighteen patients had intestinal-
type cancer and 54 had diffuse-type cancer. Sixty-three out of 70
patients had nodal metastasis (information regarding another two
patients was unavailable due to the fact that systemic
lymphadenectomy had not been performed). Peritoneal deposits were
found at laparotomy and histologically confirmed in 19 patients
(28% ). Cytological examination of the peritoneal washes by

Papanicolaou staining was routinely performed and free cancer cells
were detected in 23 patients (32% ). Four patients had concomitant
metastasis to the liver. Gastrectomy with D2 lymphadenectomy was
the treatment of choice for all patients who had been considered
potentially curable at surgery. None of the patients had received
preoperative chemotherapy. Various postoperative therapies were
performed at the discretion of the physicians when surgery was
deemed non-curative, but adjuvant therapies were not given after R0
resection. All the patients were followed up for at least 5 years
(median follow-up time: 2,231 days, range: 1,832-3,289 days, or until
death). The follow-up program consisted of interim history, physical
examination, hematology and blood chemistry panels including tests
for carcinoembryonic antigen (CEA) and carbohydrate antigen (CA)
19-9, and computerized tomography (CT) performed at least once
every 6 months. Sites of recurrence were diagnosed based on imaging
studies and histological confirmation through biopsy and
paracenthesis was performed where possible.

Immunohistochemistry. Histology and immunohistochemistry were
performed on sections of 4 μm thickness from formalin-fixed,
paraffin-embedded tissues dewaxed through xylene and graded
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Figure 1. Immunohistochemical analysis of L1 expression in the non
cancerous stomach. a, Fundic gland mucosa stained for L1. No
substantial positive staining can be seen in normal epithelial cells,
neither in surface epithelial cells nor in intestinal metaplastic cells. b,
In the fundic gland mucosa, positive staining is restricted to the vascular
endothelial cells of the blood vessel in the stroma. c, Peripheral nerve in
the submucosa and muscle layer strongly stained for L1. Bars=100 μm.



concentrations of ethanol. For the histology, sections were stained
with hematoxylin and eosin. For immunohistochemistry, sections
were pretreated for antigen retrieval by microwaving at 98˚C for 
10 min (pH 6.0) for L1. These sections were immersed in methanol
with 0.3%  hydrogen peroxide for 20 min to inactivate endogenous

peroxidase activity, followed by normal horse serum for 30 min to
block nonspecific reactions. Sections were incubated at 4˚C overnight
with mouse monoclonal antibodies against human L1 (1:100 dilution;
Thermo Scientific, Fremont, CA, USA) diluted with phosphate-
buffered saline (PBS) containing 1%  bovine serum albumin. After
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Figure 2. Immunohistochemical analysis of L1 expression in the primary gastric cancer specimens. a, Well-differentiated adenocarcinoma stained for
L1 in the primary tumor. b, Moderately-differentiated adenocarcinoma stained for L1 in the primary tumor. In these tumors, L1 is mainly localized
at the cell surface membrane, especially the lateral surface and partly in the cytoplasm. c, Poorly differentiated adenocarcinoma, medullary type,
stained for L1 in the primary tumor. d, The same tumor as in c, permeated into the blood vessels strongly stained for L1 in both membrane and
cytoplasm. Endothelial cells of the blood vessels also stained positively. e, Poorly differentiated adenocarcinoma, scirrhous type, stained for L1 in
the primary tumor. f, The same tumor as in e, permeated into the lymphatic vessels stained positively. Bars=100 μm.



washing with PBS, sections were incubated with biotinylated second
antibody for 30 min. Sections were washed again with PBS, then
incubated with streptavidin-peroxidase complex (Vectastain ABC kit;
Vector, Burlingame, CA, USA) for 60 min. Chromogen was
developed with 0.01%  diaminobenzidine, and sections were
counterstained with hematoxylin. A board-certified pathologist (H.N.)
who was blinded to the clinical stage and outcome of the patients
evaluated the sections using a scoring system based on percentage of
positively stained cells (0, <10%  positive cells; 1+, 10-50%  positive
cells; 2+, >50%  positive cells) according to the method of Sato et al.
(16). The sections were eventually graded as either L1-negative (0) or
L1- positive (1+ and 2+). Care was taken to detect any specific
immunoreactivity at the invasive front.

Statistical analysis. Chi-square test was performed to evaluate
correlation between the expression of L1 and various
clinicopathological factors and patterns of disease failure. Survival
curves were constructed by the Kaplan-Meier method and the log-
rank test was used to evaluate the differences between the curves.

Multivariable analysis was performed with Cox’s proportional
hazards model with L1 expression, peritoneal deposits at surgery,
free cancer cells as evaluated by cytological examination of the
peritoneal washes at surgery, and nodal metastasis as covariates.

Results

Outcome and patterns of disease failure. There was no
operative mortality. The median survival of all patients was 581
days. Fifty-four out of 72 patients had recurrences during the
follow-up. Recurrence as peritoneal carcinomatosis was
observed in 41 patients, hepatic metastasis in 8 patients, and
bone metastasis in 6 patients. Peritoneal metastasis/recurrence
was observed in 76%  of all patients with recurrent disease, and
was the predominant pattern of failure among this population.
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Table I. Association of L1 expression with clinicopathological factors
in gastric cancer.

Variable L1 Expression

– + p-Value

Gender
Male 34 10
Female 23 5 0.8437

Histology
Intestinal 10 8
Diffuse 47 7 0.0120

Nodal metastasis
Negative 6 1
Positive 50 13 >0.9999

Concomitant peritoneal metastasis
Negative 43 10
Positive 14 5 0.7214

Stage
II 4 1
III 23 4
IV 30 10 0.5923

Peritoneal washing cytology
Negative 40 9
Positive 17 6 0.6593

Hepatic metastasis 
No 54 14
Yes 3 1 >0.9999

Recurrence as peritoneal carcinomatosis
(including concomitant metastasis)

No 25 6
Yes 32 9 >0.9999

Recurrence to the liver
No 53 11
Yes 4 4 0.0905

Recurrence to the bone
No 52 14
Yes 5 1 >0.9999

Figure 3. Survival curves of all 72 pT3-stage gastric cancer patients
stratified by L1 expression. The difference between L1-positive cases and
L1-negative cases was statistically significant. A survival curve of the 6
cases where L1 staining was observed in the invasion front is
superimposed (dotted line). 

Figure 4. Survival curves of patients who either underwent R2 resection
or had recurrence during the 5 years of follow-up, stratified by
expression of L1.



Expression of L1. L1 was not observed in non-cancerous
epithelial cells, neither among the pyloric gland epithelial
cells, nor the hyperplastic mucosal epithelial cells adjacent to
cancer as seen in Figure 1a. In contrast, L1 was detected in
the peripheral nerves in the submucosa and muscular layers of
the stomach and vascular endothelial cells, but not lymphatic
endothelial cells (Figure 1b and 1c). Expression in the neural
tissue was used as a positive control, confirming quality of the
specimens. L1 was clearly detected in 15 out of 72 specimens
(21% ). The degree of expression was 1+ in 12 specimens and
2+ in 3, and these will be treated collectively as positive for
L1 in the subsequent analyses. L1 was more frequently
expressed in the intestinal-type cancer than the diffuse-type
(p=0.012) (Figure 2, Table I). Expression of L1 was usually
limited to the cell surface membrane, particularly the lateral
surface, and was suggestive of its involvement in cell to cell
adhesion. The cytoplasm was only occasionally and partially
stained. Although less frequently, L1-positive cells were
observed in diffuse-type cancer, including linitis plastica type
cancer. L1-positive tumor thrombi were sometimes observed.
In 6 out of 15 L1-positive specimens, overexpression of L1 in
the invasion front was observed. Three of these patients had
intestinal-type cancer; two of these patients suffered from liver
metastasis. Similar immunohistochemical staining was
attempted for 44 colorectal cancer specimens to confirm the
validity of our immunostaining technique, and surprisingly,
cancer cells in the invasive front were stained in all 18 surgical
specimens that were L1-positive.

L1 expression was also evaluated in the metastatic lesions.
As for peritoneal metastasis, 13 pairs of the primary gastric
cancer and corresponding peritoneal metastasis were

available for evaluation, of which 10 were diffuse-type
cancer. Only 2 primary tumors (one diffuse-type and one
intestinal-type) stained positively for L1; L1 was detected in
the peritoneal deposits only in the case of diffuse-type
cancer. Of the 8 paired specimens of primary cancer and the
corresponding hepatic metastasis, only one primary cancer
was L1 positive, whereas the liver metastases of this patient
and two others stained positively for L1. All three tumors
were of the intestinal phenotype.

Association of L1 with metastasis (Table I) and prognosis.
No correlation was observed between expression profile of
L1 in the primary cancer and presence of concomitant
peritoneal metastasis (p=0.721), detection of free cancer
cells in the peritoneal cavity (p=0.659), or development of
peritoneal carcinomatosis during the course of follow-up
(p>0.999). A weak correlation of L1 with recurrence in the
liver was suggested, but did not reach a statistical
significance (p=0.091). L1 was expressed throughout stages
II-IV, with no significant difference between the stage
groups (p=0.592). Nevertheless, survival of patients with
L1-expressing cancer was significantly worse than those
with non-expressing cancer (p=0.024, Figure 3).
Multivariable analysis with L1, peritoneal seeding,
cytological examination and nodal metastasis as covariates
revealed L1 to be barely short of being an independent
prognostic factor (hazard ratio 1.94, 95%  confidence
interval 0.99-3.81, p=0.0536). The difference in survival
remained nearly significant when compared only among
patients who had metastatic/recurrent disease (Figure 4).
The difference in survival between patients with L1-
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Figure 5. The difference in survival between patients with L1-positive and those with L1-negative tumors was significant among the diffuse-type,
whereas the difference was unclear among the intestinal-type.



expressing cancer and those with non-expressing cancer was
remarkable among the diffuse-type cases whereas no
difference was observed among cases of the intestinal-type
(Figure 5). There was no long-term survivor among patients
with L1-positive diffuse-type cancer. All 7 patients
succumbed to peritoneal carcinomatosis with a median
survival time only of 309 days. Finally, prognosis of the 6
patients with L1 in the invasion front was even worse, with
a median survival time of 149 days (Figure 3). 

Discussion

L1 expression was observed in 21%  of the pathologically
confirmed T3-stage gastric cancer cases. It was statistically
more commonly detected in the intestinal-type cancer (8/18,
44% ), equivalent to the detection rate of 43%  in colorectal
cancer specimens evaluated as referential data. This
surpassed the percentages for colorectal cancer found in the
literature that ranged from 10 to 13%  (12, 13). Whether this
is due to the ethnic difference, difference in clinical stages
or difference in the technique and antibodies used is unclear
at this time. In the current study, immunostaining was
selected since there was a possibility that only L1 that is
localized at the invasive front may be clinically relevant (14).
L1 expression at the invasive front was actually confirmed in
all 18 cases of L1-positive colorectal cancer, whereas it was
observed in only 6 out of 15 L1-positive specimens among
the current gastric cancer series. Detection of L1 in the
invasive front did implicate aggressive disease and 5 out of
the 6 patients died of cancer, two from hepatic, two from
peritoneal and one from meningeal recurrences.

All cases evaluated in the current study were of T3-stage
and therefore had potential for concomitant peritoneal
metastasis or a recurrence as peritoneal carcinoma. While 19
patients had concomitant peritoneal metastasis and a further
22 patients had such recurrences, 31 other patients had no
signs of peritoneal disease for 5 years or until death due to
other patterns of disease failure. L1 expression of the
primary tumor was eventually shown by Chi-square test not
to be associated with the finding of concomitant peritoneal
deposits, detection of free cancer cells in the peritoneal
cavity, or recurrence as peritoneal carcinomatosis during the
follow-up. However, since detection of peritoneal disease
remains unreliable even through modern imaging studies, the
possibility that the 31 patients who had no signs of peritoneal
seeding in fact had subclinical peritoneal deposits cannot be
dismissed. In addition, a possibility that L1 is expressed
transiently in free cancer cells floating in the peritoneal
cavity and plays a role in the early phase of peritoneal
metastasis formation cannot be denied. Diffuse-type cancer
that expressed L1 in general had poor prognosis and all
recurrences among this phenotype actually took the form of
peritoneal metastases.

On the other hand, there remained a possibility that L1
is associated with hepatic metastasis and recurrence. L1
was shown to be more commonly detected in cases of
hepatic disease when compared with those of peritoneal
disease. Since hepatic metastasis is not so frequent among
gastric cancer patients, however, this study is
underpowered to statistically show its association with L1
expression. One can only conclude here that expression of
L1 in the primary is not a predictor of any particular
pattern of metastasis.

The detection rate of L1 did not significantly correlate
with clinical stages at surgery. Surprisingly, however, the
expression of L1 indicated poor prognosis among all gastric
cancer patients evaluated, particularly among those with
diffuse-type cancer. Further in vitro studies to identify the
role of L1 in gastric cancer progression are ongoing. L1
remained a significant prognostic factor when survival
analysis was performed only among patients who either
underwent palliative R2 resection or those who eventually
had recurrences. Although details are unavailable, it is likely
that most of these patients had been treated with
chemotherapy. Apart from the speculation that L1 affects
several signaling pathways leading to enhanced cell
migration and proliferation (17-19), there are lines of
evidence suggesting that L1 may have contributed to
worsening outcome through its role in protecting cancer cells
from chemotherapy-induced apoptosis (20, 21).

To conclude, L1 expression in the primary lesion is a
relatively strong prognostic factor for patients with
pathologically confirmed T3-stage gastric cancer and may
play a role in disease progression, especially of diffuse-type
cancer. However, it was not possible to document its role in
the formation of peritoneal metastases at this time. 
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