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Sialyl Lewis* expression at the invasive front as a predictive
marker of liver recurrence in stage II colorectal cancer
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Abstract. Sialyl Lewis* (SLX) is a carbohydrate ligand
for endothelial selectin that participates in cell adhesion,
proliferation and scattering. It plays an important role in
cancer cell adhesion to vascular endothelial cells, leading to
hematogenous metastasis. The prognostic significance of SLX
expression level at the invasive front in patients with stage II
colorectal cancer (CRC) was examined. A total of 209 patients
with stage IT CRC curatively resected between 1997 and 2000
were enrolled. The preoperative serum SLX levels measured
by radioimmunoassay and SLX immunoexpression levels
at the invasive front, and at the non-invasive frontal region
determined by tissue microarray were analyzed. SLX expres-
sion at the invasive front was positively associated with
tumor invasion depth (P=0.007) and tumor budding grade
(P=0.038). Discase-free survival curves differed between
the high and low SLX-expression groups (5-year survival
rates, 77.0 and 89.7%, respectively; P=0.036). Liver cancer
recurrence was more frequent in the high-expression group
than in the low-expression group (15.9 and 2.4%; P=0.002).
Multivariate analysis revealed that its expression (hazard
ratio, 5.26; P=0.015) and venous invasion (hazard ratio, 4.14;
P=0.040) were independent predictive markers of liver cancer
recurrence. Neither the preoperative serum SLX level nor
SLX expression at the non-invasive frontal region showed any
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association with histopathological features or disease-free
survival. SLX expression level at the invasive front is a prom-
ising marker for identifying patients with stage I CRC with a
high risk of liver cancer recurrence.

Introduction

The biological activity of colorectal cancer (CRC) is most
accurately reflected by histological characteristics at the inva-
sive front. One parameter of CRC activity is tumor budding,
which represents de-differentiation of epithelial cells into
more invasive phenotypes in a process known as the epithe-
lial-mesenchymal transition (EMT) (1-3). Tumor budding at
the invasive margin has been demonstrated to involve mole-
cules such as Laminin-5, CD44, and L1 cell adhesion molecule
(LICAM) and is associated with poor prognosis in CRC (4-8).
Although an association with hematogeneous metastasis has
also been documented, the underlying molecular mechanism
is not known.

Tissue microarray (TMA)isatechnique forhigh through-put
evaluation of protein expression in a large number of archival
tissue blocks used for routine histopathological diagnosis. A
cohort of tissue core specimens obtained from original tissue
blocks are arranged into a single recipient paraffin block (9).
TMA analysis efficiently screens for molecular alterations
in a large number of cases. Using TMA, we have shown that
protein expression levels in CRC are heterogeneous and that
the findings from core specimens taken from the invasive front
most precisely reflect tumor aggressiveness (6).

Sialyl Lewis* (SLX) is known to be a carbohydrate ligand
for endothelial-selectin (E-selectin) expressed on vascular
endothelial cells. SLX expression in cancer cells promotes
their adhesion to vascular endothelial cells, and several clinical
studies show that SLX expression in cancer tissues plays a role
in hematogenous metastasis and cancer prognosis (10-13). In
previous reports, SLX expression was evaluated by micro-
scopic examination of a slide that was representative of the
whole tumor. SLX immunoexpression is shown to be hetero-
geneous between different areas in a tumor and is higher at the
invasive front (12,14,15). Hence, evaluation of tumor cells at
the invasive front is considered to be important for revealing
the role of SLX expression in CRC metastasis.
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This study aims to investigate the association between SLX
expression at the invasive front of tumors and the prognosis of
Stage II CRC using TMA analysis. In addition, we compare
the prognostic significance of SLX expression at the invasive
front with that of other tumor regions and examine the prog-
nostic significance of preoperative serum SLX concentrations.

Materials and methods

This study was conducted after obtaining approval from
the internal review board of the National Defense Medical
College hospital (Tokorozawa, Japan). A consecutive series of
314 patients with Stage II CRC who underwent a potentially
curative resection between January 1997 and December 2000
was derived from the files of the Department of Surgery of
the National Defense Medical College. Serum SLX levels
were measured preoperatively by radioimmunoassay (RIA) in
the 209 patients who were enrolled in this study. Serum SLX
levels were divided into two categories based on the upper
limit of the normal range (38 U/ml): Normal SLX, any value
<38 U/ml; high SLX, any value >38 U/ml. Clinicopathological
features were assessed according to the 2nd edition of the
Japanese classification of CRC (16). We defined a focus of
tumor budding as an isolated single cancer cell or a cluster
composed of fewer than five cancer cells and then classified
these cancers based on the number of foci found in a x200
microscopic field of hematoxylin and eosin (H&E) stained
section as follows: G1, 0-4 foci; G2, 5-9 foci; G3, 10 or more
foci (2). We showed tumor budding expressing SLX in Fig. 1.
Disease-free survival (DFS) was defined as the time from
surgery to the first event of either recurrence disease or death.
Cancer-specific survival (CSS) was defined as the time from
surgery to death from CRC recurrence. The word ‘recurrence’
was used in this report to denote metachronous metastasis at
the same site or in another location.

TMA construction and immunohistochemical staining. We
first identified two regions of the invasive front (submucosal
and subserosal) and two regions of non-invasive frontal lesions
(central or superficial tumor area) with viable cancer cells
by referring to an H&E stained whole section microscopi-
cally. To construct a TMA block, a single tissue core (2-mm
diameter) was taken from each region in formalin-fixed
paraffin-embedded CRC tissue blocks (‘donor’ blocks) using
a Tissue Microarrayer (Beecher Instruments, Silver Spring,
MD, USA) and was transferred to the ‘recipient’ blocks
(TMA blocks). TMA blocks were cut (4-mm-thick slices) and
deparaffinized using standard histological techniques. These
sections were deparaffinized with xylene and rehydrated with
ethanol. Antigen retrieval was performed in an autoclave
(121°C, 15 min). Endogenous peroxidase activity was blocked
using 5% H,0,. The sections were incubated in 10% normal
goat serum to block nonspecific binding of the antibody and
then incubated with an SLX monoclonal antibody (clone
KMB93; dilution 1:100; Kyowa Medics, Tokyo, Japan) as the
primary antibody overnight at 4°C. Subsequently, the sections
were incubated with the secondary antibody for 1 h at room
temperature, immersed in 0.1% diaminobenzidine tetrahydro-
chloride (DAB) solution for 5 min, and counterstained with
hematoxylin for visualization of the antigen. The negative
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Figure 1. Microscopic appearance of tumor budding cancer cells expressing
Sialyl Lewis* under x400 magnification.

control was stained using an identical procedure without the
primary antibody.

Evaluation of SLX expression. We determined the proportion
of stained cancer cells in a whole core of TMA. The
distribution of staining was scored as 0 (0-25%), 1 (26-50%),
2 (51-75%), and 3 (76-100%). The sum of the distribution
scores from two invasive fronts was used as the final staining
score (0-6) for SLX immunoexpression. Final scores of 5 and
6 were considered positive (high SLX expression) because
postoperative recurrence and disease-specific mortality rates of
patients with a score of 5-6 were extremely high [postoperative
recurrence rates, 9.6% (patients with score 0-2), 14.0% (3-4),
and 22.7% (5-6); mortality rates, 3.5% (0-2), 6.0% (3-4), and
13.6% (5-6)]. The sum of scores from two non-invasive frontal
regions was also used for assessment in the same manner; none
of the score ranges had prognostic significance [postoperative
recurrence rates: 12.8% (0-2), 15.2% (3-4), and 13.2% (5-6);
mortality rates: 11.2% (0-2), 8.7% (3-4), and 7.9% (5-6)]. In
addition, we conducted immunohistochemical staining of
SLX in 30 standard sections to confirm the integrity of the
TMA data. They were classified as either high (=50%) or low
(<50%) grade in terms of the percentage of immunopositive
cells among all cancer cells located at the invasive front (the
deepest 3 mm width) of the tumor. Immunohistochemical
staining was independently evaluated by two observers (MY
and ES); in cases of discrepancy, a consensus was reached
after re-evaluation.

Followup. All 209 patients received regular follow-up care at
our outpatient clinic. Physical examination, serum carcinoem-
bryonic antigen (CEA) levels, and carbohydrate antigen (CA)
19-9 levels were monitored every 3 months. Contrast computed
tomography (CT) scan was performed every 6 months, and
colonoscopy was performed biannually. Whenever any find-
ings suggestive of cancer relapse did not appear after 5 years,
the follow-up procedure was changed to an annual physical
without any other detailed examinations. At the date of the
last followup, 32 patients had died, with a median time from
surgery to death of 44.5 months (range, 13.5-121.6 months).
Of these, 19 died from CRC recurrence, 5 died from other
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Table I. Association of pair scores of Sialyl Lewis* expression
at two invasive frontal regions.

Distribution score (subserosal)

Distribution score

(submucosal) 0 (%) 1 (%) 2 (%) 3 (%)
0 48 (23) 12(6) 10(5) 7 (3)
1 13 (6) 73) 6(3) 10 (5)
2 6(3) 73) 21(10) 2(1)
3 73) 11 (5) 3(2) 39 (19)

Figure 2. Sialyl Lewis* expression in colorectal tumors under x200 magnifi-
cation. A tumor with (A) positive and (B) negative cytoplasmic staining.

carcinomas, and 8 died from other reasons or from unclear
causes. The median follow-up period for the survivors (n=177)
was 62.9 months (range, 38.8-133.3 months). Adjuvant chemo-
therapy was administered to 13% of all patients (27/209) after
curative surgery.

Statistical analysis. Comparisons between groups were
performed using the ¥* test or Fisher's exact method. Survival
was analyzed according to the Kaplan-Meier product limit
method. The significance of differences was determined using
the log-rank test. Covariates with trend-significant effects
(P<0.10) on univariate analysis were selected for multivariate
analysis of the factors for survival using Cox's proportional
hazard model and for postoperative recurrence using a logistic
regression model. Statistical analysis used JMP version 11,
and statistical significance was considered as P<0.05. The
degree of interobserver agreement for the evaluation of
immunoreactivity was measured using the generalized « test
for two or more observers. In accordance with the criteria
of Landis and Koch (17), k values were assigned a strength
of agreement score of poor (<0.00), slight (0.00-0.20), fair
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(0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80), and
near perfect (0.81-1.00).

Results

Interobserver agreement. Characteristic microscopic appear-
ances of SLX-positive and SLX-negative TMA specimens of
CRCs are shown in Fig. 2, respectively. The level of interob-
server agreement for evaluation of SLX immunostaining was
substantial [82.3% (k=0.63)]. We showed the association of
pair scores of SLX expression at two invasive frontal regions
in Table I. SLX expression had heterogeneity even at the inva-
sive frontal region. The proportion of the cases with the gap of
2 or more score was 24%. SLX expression at the invasive front
in TMA was in good agreement with that in standard section
in 26 of 30 cases (87%).

Relationship to survival. The serum SLX level was high in 9%
of all subjects, whereas high tissue expression of SLX at the
invasive front and non-invasive frontal region were observed
in 21 and 18%, respectively.

Fig. 3A-C show the Kaplan-Meier DFS curves, and
Fig. 3D-F display the CSS curves according to the preopera-
tive serum SLX levels, SLX expression levels at the invasive
front, and those at non-invasive frontal regions, respectively.
The DFS and CSS of the high serum-SLX group did not
differ significantly from those of the low serum-SLX group
(5-year DFS rates, 83.5 and 87.3%; P=0.75; 5-year CSS rates,
89.5 and 94.0%; P=0.41). In contrast, the group with high SLX
expression at the invasive front had poorer prognoses than did
the low-expression group (5-year DFS rates, 77.0 and 89.7%;
P=0.036; 5-year CSS rates, 86.1 and 95.6%; P=0.021). High
SLX expression at non-invasive frontal regions did not corre-
late with shorter survivals (5-year DFS rates, 86.8 and 86.2%;
P=1.0; 5-year CSS rates, 92.1 and 93.9%; P=0.62). These data
indicate the superiority of the invasive front for clinically
relevant evaluation of SLX expression.

Univariate analyses of DFS indicate that lymphatic inva-
sion (P<0.001), venous invasion (P=0.023), tumor budding
(P=0.001), serum CEA level (P=0.022), SLX expression at
the invasive front (P=0.036), the number of retrieved lymph
nodes (P=0.073), and the depth of tumor invasion (P=0.090)
are prognostically significant or marginally significant. Using
these factors as variables, multivariate analysis revealed that
lymphatic invasion (hazard ratio [HR] 2.8; P=0.028) and
tumor budding (HR 2.6; P=0.021) are independent prognostic
factors.

Relationship to postoperative recurrence. Of the entire cohort,
28 patients (13.4%) had postoperative recurrence. The overall
recurrence rate for the group with high SLX expression at the
invasive front was higher than that of the group with low SLX
expression (22.7 vs. 10.9%; P=0.041) (Table II). Regarding
sites of recurrence, liver cancer recurrence was more frequent
among patients with high SLX expression at the invasive front
than among those with low SLX expression (15.9 vs. 2.4%;
P=0.002). We observed no statistically significant differences
between groups with respect to primary site, lung, or perito-
neal recurrence. Univariate analyses revealed that liver cancer
recurrence is associated with venous invasion, tumor budding,
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Figure 3. Kaplan-Meier survival curves for 209 patients with Stage II colorectal cancer. Disease-free survival curves stratified by (A) preoperative serum
Sialyl Lewis* (SLX) level, (B) SLX expression at the invasive front, and (C) SLX expression at the non-invasive frontal regions. Cancer specific survival curves
stratified by (D) preoperative serum SLX level, (E) SLX expression at the invasive front, and (F) SLX expression at the non-invasive frontal regions.

serum CEA level, and SLX expression at the invasive front
(Table III). Further, multivariate analysis revealed that venous
invasion and SLX expression at the invasive front are indepen-
dent factors for postoperative liver cancer recurrence. Patients
with both moderate to severe venous invasion and high SLX
expression at the invasive front had a significantly higher liver
cancer recurrence rate (25.0 vs. 3.6%; P=0.006) and a signifi-
cantly poorer prognosis (5-year DFS, 62.5 vs. 89.1%; P<0.001)
compared with the other patients.

Relationship to clinicopathological findings (Table IV). Tumors
from the group with high SLX expression at the invasive front
showed more aggressive properties than did those from the
low SLX-expression group with respect to the depth of tumor
invasion (pT4, 34 vs. 16%; P=0.007), grade of tumor budding
(G3, 32 vs. 18%; P=0.038), and the serum CEA level (CEA
>5.0 ng/ml, 50 vs. 22%; P<0.001). A strong correlation was
observed between the serum SLX concentration and the level
of tissue SLX protein expression at the invasive front (P<0.001).

Discussion

This study indicates that SLX expression at the tumor inva-
sive front is significantly associated with the depth of tumor
invasion, the grade of tumor budding, and the CEA level.
Univariate analysis of DFS revealed that the SLX expression
level is a significant prognostic factor. With respect to the site
of postoperative recurrence, SLX expression level associates
strongly with liver cancer recurrence but not recurrence in the
primary site, lung, or peritoneum. Thus, SLX expression might
be a specific predictive marker of postoperative liver cancer
recurrence in Stage IT CRC.

Hematogenous metastasis of CRC is known to be a
multistep process. Membrane-type 1 matrix metallopro-
teinase (MT1-MMP) is a membrane-anchored zinc-binding
endopeptidase that is expressed at the leading edge of
various invasive carcinomas. MT1-MMP degrades the base-
ment membrane, and once in direct contact with the stroma,
cleaves pro-MMP-2 made by stromal cells, converting it
to an active protease. Subsequently, the activated MMP-2
dissolves the collagen I network and creates a channel in
front of the carcinoma cell that allows it to invade more
deeply into the stroma (18). Furthermore, it has been
revealed that cancer cells in the invasive front acquire the
cell motility by activating proteins like Rho-family and are
prone to invade blood vessels (19). Through these steps, the
cancer cells at the invasive front show migration across the
stroma and approaching blood vessels. When cancer cells
overexpressing SLX in the invasive front invade a blood
vessel, they circulate to the liver, lung, and other distant
organs. Ligand-receptor interactions between CAs and cell
adhesion molecules of the selectin family are proposed to
play a role in the preparation of metastatic foci at distant
organs. Overexpressed SLX on cancer cells gives rise to
their weak adhesion to selectins on endothelial cells and
prepares their stronger adhesion and transmigration outside
the blood vessel through integrin, CD44, CXCR4, and their
receptor systems (20-22). Accordingly, circulating cancer
cells overexpressing SLX increase the likelihood of forming
a metastatic lesion. This study reveals that SLX expression
at the invasive front is an independent risk factor for postop-
erative liver cancer recurrence of Stage II CRC. This finding
is similar to that for the venous invasion level, which well
supports the theory that hematogenous metastasis occurs
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Table II. Correlation between postoperative recurrence and degree of SLX staining at the invasive front.

Degree of SLX staining, no (%)

Total High expression Low expression
Recurrence (n=209) (n=44) (n=165) P-value
Overall 28 (13.4) 10 (22.7) 18 (10.9) 0.041
Primary recurrence site*
Local 11 (5.3) 4.1 7(4.2) 0.25
Liver 11 (5.3) 7(159) 424 0.002
Lung 10 (4.8) 49.1) 6 (3.6) 0.22
Peritoneum 3(14) 2 (4.6) 1 (0.6) 0.11
Other organs 3(14) 1(2.3) 2(1.2) 0.51

“Primary recurrence not limited to a single organ. SLX, Sialyl Lewis*.

Table III. Univariate and multivariate analyses of risk factors influencing liver recurrence in patients with colorectal cancer.

Univariate analysis

Mutivariate analysis
by logistic regression model

Hazard  95% confidence Hazard  95% confidence

Parameter Comparison ratio interval P-value ratio interval P-value
Depth of tumor
invasion

T4 T3 2.49 0.62-8.68 0.18
Histologic type

Por/Muc* Wel/Mod® 0.78 0.06-18.15 1.00
Lymphatic invasion

Moderate to severe No or minimal 1.87 0.27-7.90 0.47
Venous invasion

Moderate to severe No or minimal 4.67 1.31-16.58 0.016 4.14 1.07-18.15 0.040
Tumor budding®

G3 G1/G2 351 1.02-12.11 0.036 1.56 0.35-6.27 0.54
Serum CEA level

>5.0 ng/ml <5.0 ng/ml 491 1.38-17.47 0.013 3.20 0.81-13.94 0.097
The number of sampled
lymph nodes

<12 >12 2.06 0.52-7.15 0.28
SLX expression at the
invasive front

High Low 7.61 2.12-27.37 0.002 5.26 1.39-22.27 0.015

"Well to moderately differentiated tubular adenocarcinoma. "Poorly differentiated adenocarcinoma or mucinous carcinoma. °“Grade of tumor
budding: G1, 0-4 foci; G2, 5-9 foci; and G3, 10 or more foci (per x200 microscopic field). SLX, Sialyl Lewis*.

through the adhesion of cancer-expressing SLX to E-selectin
on the surface of endothelial cells.

Our results are consistent with a previous report by
Akamine et al (11) showing that CRC patient prognosis is rarely
associated with serum SLX level but significantly associated with
SLX expression level in tumor tissues. Nakagoe et al (23,24)
reported that the level of serum SLX from the drainage vein of
a tumor was significantly higher than that of a peripheral vein,

and the concentration of SLX in the tumor's drainage vein but
not the peripheral vein is associated with CRC prognosis. We
propose that the measurement of SLX through a typical blood
test is of little meaning for predicting postoperative recurrence
during the surveillance period.

A number of meta-analyses indicate that intensive
follow-up examinations are associated with a favorable prog-
nosis in CRC patients (25). Early detection and treatment of
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Table IV. Clinicopathological features and their correlations with degree of SLX staining at the invasive front.

Degree of SLX staining, no. (%)

Total High expression Low expression

Characteristic (n=209) (n=44) (n=165) P-value

Age, years
<70 128 31 (24) 97 (76) 0.15
=70 81 13 (16) 68 (84)

Sex
Male 125 27 (22) 98 (78) 0.81
Female 84 17 (20) 67 (80)

Tumor location
Colon 152 29 (19) 123 (81) 0.25
Rectum 57 15 (26) 42 (74)

Tumor size
<45 mm 86 20 (23) 66 (77) 0.51
>45 mm 123 24 (20) 99 (80)

Depth of tumor invasion
T3 168 29 (17) 139 (83) 0.007
T4 41 15 (37) 26 (63)

Histologic type
Wel/Mod* 199 42 (21) 157 (79) 1.00
Por/Muc® 10 2 (20) 8 (80)

Lymphatic invasion
No or minimal 186 36 (19) 150 (81) 0.087
Moderate to severe 23 8 (35) 15 (65)

Venous invasion
No or minimal 148 28 (19) 120 (81) 0.24
Moderate to severe 61 16 (26) 45 (74)

Tumor budding®
G1/G2 166 30 (18) 136 (82) 0.038
G3 43 14 (33) 29 (67)

Number of retrieved lymph nodes
>12 162 30 (19) 132 (81) 0.095
<12 47 14 (30) 33 (70)

Serum CEA level
Low (=5.0 ng/ml) 150 22 (14) 128 (86) <0.001
High (>5.0 ng/ml) 59 22 (37) 37 (63)

Serum SLX level
Low (=38 U/ml) 190 34 (18) 156 (82) <0.001
High (>38 U/ml) 19 10 (33) 9 (67)

SLX at non-invasive frontal region
Low expression 171 18 (41) 153 (93) <0.001
High expression 38 26 (59) 12 (7)

"Well to moderately differentiated tubular adenocarcinoma. *Poorly differentiated adenocarcinoma or mucinous carcinoma. “Grade of tumor
budding: G1, 0-4 foci; G2, 5-9 foci; and G3, 10 or more foci (per x200 microscopic field). SLX, Sialyl Lewis*.

postoperative recurrences likely contribute to better survival.  of diagnosis (26). Meanwhile, patient survival after curative
As for CRC, liver cancer recurrence occurs frequently, and  resection of liver cancer recurrence has improved dramati-
29% of patients will develop liver metastases within 3 years  cally, with 5-year survival ranging from 25 to 74% (27,28).
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Consequently, it is worthwhile to identify the patients at
highest risk of postoperative liver cancer recurrence and to
perform intensive examinations during surveillance of these
patients. Increasing evidence indicates that unfavorable
features such as T4 lesions, poorly differentiated histology,
the number of sampled lymph nodes (<12), venous invasion,
lymphatic invasion, perineural invasion, ileus or perforation
as an initial symptom, and high serum CEA level (>5.0 ng/ml)
are risk factors for postoperative recurrence in Stage II
CRC (29-31). Although information on perineural invasion
and initial symptoms could not be collected here, this study
reveals that the levels of SLX expression at the invasive front
and venous invasion are key predictive factors of postopera-
tive liver cancer recurrence. Thus, we recommend intensive
followup for patients whose tumors show evidence of these
two factors.

This study has several potential limitations. First, the TMA
method is not generally used in routine pathological diagnosis;
thus, it is necessary to determine whether similar results are
obtained from examinations using standard sections. Second,
as this was a retrospective study with limited cases, the veri-
fication of our results requires a large-scale prospective study.
Nonetheless, this is the first report to clearly show that SLX
expression in the invasive front of CRC is a predictor of hema-
togeneous metastasis, especially liver recurrence.

In conclusion, the present study demonstrates the important
role of SLX expression at the invasive front as an independent
liver recurrence predictor in Stage II CRC. The level of SLX
expression also correlates with the serum SLX concentration,
the depth of tumor invasion, and the grade of tumor budding.
The clinical application of these findings could identify patients
at high risk for postoperative liver cancer recurrence, allowing
for the selection of patients for whom intensive followup is
most beneficial.
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