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ABSTRACT

We have previously shown that sialyl Lewis* antigen (sLe") (NeuAca2-

3GalÃŸl-4(Fucal-3)GlcNAC-R) has an important functional role in defin

ing the invasion and metastasis of human colorectal carcinoma. The re
sults were derived from the clinical specimens obtained at surgery or
experimental metastasis of human colon carcinoma variant expressing
different levels of sLe" in nude mice. In the present study, we imniuno-

histochemically examined 132 human colorectal carcinomas for the ex
pression of sLe* to investigate whether this antigen expression could serve
as a prognostic parameter. The tumors were divided into two groups: sLe*
positive and sLe" negative. The incidence of sl.e" positive was correlated

with the depth of tumor invasion, the presence of the lymph node metas
tasis, lymphatic invasion, and the disease stage. The difference was statis
tically significant (P = 0.0026; P = 0.0002; P - 0.003; P - 0.0013;

respectively).
Based on the data on 114 patients who underwent curative resections,

incidence of the disease recurrence was assessed. The sLe*-positive pa

tients had higher incidence of recurrence in distant organs, especially in
the liver, than that of the sLe*-negative patients. The 5-year disease free
survival rates of sLe'-positive and -negative patients were 57.7 and 89.1%,

respectively (P = 0.0002). The difference of 5-year overall survival rates
between the two were also significant (sLex positive, 58.3%; sLe* negative,
93.0%: P < 0.0001). By Cox multivariate analysis, sLe* expression levels
remained the best discriminant of disease-free survival (/' = 0.035) and
overall survival (/' = 0.0081). These results suggest that increased expres
sion of sLe* is correlated with the extent of malignancy and high incidence

of recurrence and consequently with survival of colorectal carcinoma
patients. Thus sLe* may prove to be a potent marker of recurrence in

colorectal carcinoma patients.

INTRODUCTION

Although the prognosis for colorectal carcinomas has improved
during the last quarter-century, nearly one-half of the patients who

contract carcinoma of the colon and rectum succumb to their diseases
(1-3). Major problems for therapy are not the primary tumors but the

formation of mÃ©tastases.A significant number of patients who under
went curative resection at the surgery develop systemic metastasis
within a few years after surgery (1-3). These recurrences probably

develop from the proliferation of occult micrometastases already es
tablished at the time of surgery (4). The identification of specific-

indicators of metastatic potential at the time of surgery for primary
tumors would allow a better prognostic evaluation of the patient, and
hence a better therapeutic approach.

Recent studies on experimental animals from many laboratories
showed that metastasis is not a random event, but arises from a tumor
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cell subpopulation of higher metastatic potential (5, 6). Highly met
astatic tumor cells have a variety of specific biochemical properties
different from those of lower metastatic cells (4-6). Cell-surface dif

ferences in glycoconjugate molecules are most frequently found to be
associated with tumor progression and metastatic phenotype (7-9).
These are thought to influence specific adhesion process, invasive-
ness, immunogenicity. and other immune recognition systems (10-
15). Based on these assumptions, we have been searching for cell-

surface markers of glycoprotein in progression and metastasis of
colorectal carcinoma by biochemical and immunohistochemical
analysis of tumor specimens obtained during surgery (16-21). Our

recent studies using the various clinical specimens of colorectal car
cinoma demonstrated that changes in the expression of a modified
blood group ABO/Lewis antigen. sLe"' (NeuAca2-3GalÃŸl-4(Fucal-

3)GlcNAC-R) identified with MAb FH6 (22). occurred during the

progression of human colorectal carcinoma from the benign to the
metastatic stage (19, 20). A significant portion of this antigen con
sisted of high molecular weight glycoproteins called mucin (20. 21).
FH6 bound at higher levels in the advanced stage primary tumors
and in the mÃ©tastasesin the liver (19). Immunohistochemical analy
sis revealed heterogeneity in the MAb FH6 reactivity of individual
tumor cells within a carcinoma, and a higher proportion of stained
cells appearing at metastatic lesions in liver than in primary tumors
(20).

sLe" is expressed on the surface of human leukocytes (23) and is

involved with their interaction with activated endothelial cells (24-

26). We proposed that the biological function of the metastatic tumor
cell associated with sLe" is to mediate carcinoma cell-endothelial cell

interactions in a manner similar to that of leukocyte-endothelial cell

interaction. Our recent studies using the selected variant colon carci
noma cells which express different levels of sLex supported this
proposal (27, 28). High expressor cells of sLe" were more invasive to

the reconstitute basement membrane, more adhesive to activated hu
man endothelial cells, and more metastasized to the liver in nude mice
than low expressor cells of sLe*.

Taken together, our results from clinical specimens and experimen
tal cell systems could show that sLe" expression in human colorectal

carcinoma may have an important functional role in the formation of
metastasis and may consequently influence prognosis of the patients
with colorectal carcinoma. However, there have been no reports eval
uating either the correlation of sLe" expression with elinicopatholog-
ical features or the prognostic significance of the sLe" expression in

colorectal carcinomas. In this study, we immunohistochemically ex
amined the expression levels of sLe" in 132 patients with colorectal
carcinomas undergoing surgery. The relation between the sLe* ex

pression and clinicopathological features was analyzed, and prognos
tic value of the sLex expression was studied using a multivariate

analysis.

' The abbreviations used are: sLe\ sialyl Lewis* antigen; MAb. monoclonal antibody.
DPBS. Dulbecco's phosphate-buffered saline; ELAM-I. endcithelial-leukocyle adhesion

molecule I; sLe^, sialyl Lewis a antigen.
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sl.ev EXPRESSION IN COLORECTAL CANCER

MATERIALS AND METHODS

Patients. A series of 132 patients with colorectal carcinoma were assessed
for sLe* staining patterns. All patients had undergone resections of primary

tumors with regional lymph node clearance at Department of Surgery, The
Center for Adult Diseases. Osaka, Japan, between November 1985 and October
1987. The surgical treatment for 114 patients was regarded as curative on
clinical and pathological ground [RO resection according to the International
Union Against Cancer TNM classification (29)], whereas 18 were noncurative
resection because of remaining unresectable metastatic tumors in distant or
gans, i.e.. liver, lung, peritoneum. All of the 132 resected primary tumors were
macroscopically and microscopically examined to determine location of tumor,
tumor size, extent and mode of cancer invasion, metastasis to lymph node, and
histologie-aÃt̄ype. Tumor staging was based on histopathological TNM (pTNM)

classification system (29). Clinicopathological features of all patients used in
this study are summarized in Table 1. All patients received standardized fol
low-up examinations including laboratory tests (routine blood count, serum
carcinoembryonic antigen level) at 1-2-month intervals, x-ray of the chest,

ultrasound examination of the liver, computerized tomographic scan of pelvis
and liver at 6-month intervals, and endoscopy of the colon at I-year intervals

Table 1 Clinicopalhologicitl features of colorÃ©ela!carcinomas palÃenteentered in the
-V/Ã•Ã•Ã•/V

VariablesClinical

featuresAge
(years)Mean

Â±SDSexMaleFemalePatient

outcomeAlive
with no evidence ofdiseaseAlive
withdiseaseDead
ofdiseaseDead
of othercausesPathological

featuresTumor
localizationCecum

or ascendingcolonTransverse
colonDescending
colonSigmoid

colonRectumTumor

size(cm)Mean
Â±SDHistological

differentiationWellModeratelyPoorlyMucinousDepth

ofinvasionMucosa/submucosaMuscularis

propriaSubserosaSerosa

exposedInvasion
to neighboringtissueLymph

nodemetastasisNegativePositiveLymphatic

invasionNegativePositiveVenous

invasionNegativePositiveTumor

stage1
(pT|_2, pN,,.M,,)II
(pT,_i. pNâ€ž.Mâ€ž)IIKpT|_,.

pN,_,,M,,)IV(PT,_,.
pN,_.,. M,)No.

of patients(n=132)60.5

Â±11.688448153412lo8IO32664.7

Â±2.275496222195334478546468765636403818

during the first 3 postoperative years, and thereafter all in 6-12-month periods.

Follow-up care was organized by the Department of Surgery, and all patients

were followed until death or until the end of the observation period (October
31, 1992). The mean observation time was 50.5 Â±18.0 (SD) months.

Immunohistochemical Staining. Four micrometer sections from formalin-

fixed, paraffin-embedded adenocarcinoma of the colon and rectum and adja
cent normal colonie tissue were mounted on poly-i -lysine-coated slides, air-

dried, and deparatfinized. Endogenous peroxidase activity was blocked with
0.3% hydrogen peroxide in methanol for 30 min. The sections were rehydrated
and washed with DPBS. then incubated with 1% bovine serum albumin in
DPBS for 2 h at room temperature to block nonspecific antibody binding. The
sections were incubated with anti-sLe" monoclonal antibody FH6 (22) in
DPBS containing \<7rbovine serum albumin overnight at 4Â°C.After 4-5 rinses

in DPBS, the sections were incubated for I h at room temperature with
biotinylated anti-mouse IgM (Zymed Laboratories. South San Francisco, CA)
and were washed 4 times with DPBS. Finally, immunoreactivity of sLe* was

detected with an avidin-biotin system (Vector Laboratories. Burlingame. CA).
using 0.02% 3,3'-diaminobenzide telrahydrochloride (Sigma. St. Louis. MO)
for 3 min as chromogen. The sections were lightly counterstained in Mayer's

hematoxylin. Negative controls were prepared by substituting normal mouse
serum for primary antibody which resulted in no detectable staining.

Evaluation of Degree of MAb Reactivity. The degree of MAb reactivity
with individual tissue sections was scored by percentage of stained carcinoma
cells in the section by two authors (S. N. and Y. M.) without of knowledge of
patients' outcome and clinicopathologic features. In this study, tumors with

more than 5% stained cells were defined as sLex positive and others as sLex

negative. We examined cytoplasm, cell membrane (luminal surface), and as
sociated secretory products independently; cells were considered stained when
at least one of these components was stained, as previously described (20).

Statistical Analysis. Statistical comparisons on baseline data between
groups were performed by the %- test or Student's t test. Overall and disease-

free survival rate were calculated by the Kaplan-Meier method (30). Statistical

analysis for the difference between the survival curves was made by the
log-rank test. Factors related to survival were analyzed by the Cox's propor

tional hazards regression model (31) with SAS software (Statistical Analysis
System Institute, Cary, NC). The difference was considered to be significant
when P < 0.05.

RESULTS

Expression of sLex in Colorectal Carcinoma. Of 132 primary
colorectal carcinomas. 50 (37.9%) were found to express sLev in the
manner described as sLex positive (Fig. 1. a-c). and 82 tumors (62.
1%) showed sLex negative (Fig. li/). In carcinoma. sLex-stained cells

showed either strong surface staining or secretary products of atypical
glands, in some cases, apical or diffuse cytoplasmic staining. sLe"

staining was rarely seen in normal or transitional colonie mucosa and
the intensity was low (data not shown). Of the 8 resected or biopsy
specimens of the metastatic tumors in the liver, 6 (75%) showed
higher percentage of tumor cells stained with MAb FH6 than their
primary counterparts (Fig. le), as previously described (20). Staining
pattern of metastatic foci in lymph node represented those in the
primary tumors. Of the 25 metastatic lymph nodes examined, 20
(80%) showed stronger staining patterns than primary tumors
(Fig. I/).

Relationship between sLe* Expression and Clinicopathological

Features. The correlation of immunostaining with different Clinico
pathological features is shown in Table 2. No statistically significant
difference in age. sex, location of primary tumor, tumor size, histo
lÃ³gica!type, or venous invasion were found between the sLe*-nega-

tive and -positive groups. However, significant difference was found
between the sLex reactivity and depth of invasion (P = 0.0026).

lymph node metastasis (P = 0.0002), lymphatic invasion (P = 0.003).
and tumor stage (P = 0.0013).

To better understand the pathobiological implications of the expres
sion of sLex in colorectal carcinoma, we analyzed the pattern of

recurrence in 114 patients who had undergone curative resections. As
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Fig. 1. ImtnunohisUx'hemical staininii ot hum;in colorectal tumors (u-il) and their metaslatic tumors in the liver (e) and in the lymph node (/). with anti-sLex antihod) FH6. (/.
sLex-rxisitive case; moderately differentiated adenocarcinoma of transverse colon; Slage II. />.sLe^-positive case; well differentiated adeniicarcinoma of ascending colon; Stage II. r.
sLev-positive case; moderately differentiated adenocarcinoma of rectum; Slage III. Â¡I,sLevnegative case; well differentiated adenocarcinoma of transverse colon; Stage II; only a few
cells stained, t1. liver metastasis resected I year after initial operation of primary tumor in h: sLex-positive case. /. lymph node metastasis resected with the tumor in t. sLex-positive

case. All sections were photographed under the same magnification. IX 20).

shown in Table 3, incidence of recurrence in the sLe*-positive group
was significantly higher than in sLex-negative group (P = 0.0002).

Recurrence of distant metastasis was more frequent; its rate was
higher in the sLeK-positive group than in the sLe*-negative group ( 15

recurrence, and the patients positive for sLev had it more often than
those negative for sLev (8 of 39 verxus 5 of 75; P = 0.0146).

Survival Analysis. For the 50 patients of sLex-positive group, the

5-year survival rate was 48.9%, whereas the rate was 86.2% for the 82
of 39 versus 7 of 75; P = 0.0002). The liver was a common site of patients of the sLex-negative group. The difference was statistically
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sLe- EXPRESSION IN COLORECTAL CANCER

Table 2 Clinicopatholo^ical features of patients with negative and positive sLe*

staining of colorectal carcinomas

No. of patients"

Variables

sLev negative sLex positive
(;i=82) (Â»=50) P value''

Clinical features
Age (years)

mean Â±SD

Sex
male
female

Pathological features
Tumor localization

proximal (to splenic flexure)
distal

60.7 Â±11.4 60.2 Â±11.8 0.245

42(51.2) 24(48.0)
40(48.8) 26(52.0) 0.719

13(15.9) 11(22.0)
69(84.1) 39(78.0) 0.374

Tumor Size (cm)
mean Â±SDHistological

differentiation
wellmoderately/poorly/mucinousDepth

of invasion (serosa exposed)
Negative

PositiveLymph

node metastasis
Negativi-

PositiveLymphatic

invasion
Negative

PositiveVenous

invasion
Negative

PositiveTumor

stage
I (pT|_2. pN,,. MO)

II (pTi_j, pNo, MO)
III (pT|_j, pN|_,, MO)
IV (pT,^. pN,_3, M,)4.6

Â±2.052

(63.4)
30(36.6)66(80.5)

16(19.5)58(70.7)

24(29.3)48(58.6)

34(41.4)50(61.0)

32(39.0)28

(34.2)
30(36.6)
17(20.7)
7(8.5)4.9

Â±2.423

(46.0)
27(44.0)28

(56.0)
22(44.0)18(36.0)

32(62.0)16(32.0)

34(68.0)26(52.0)

24(48.0)8(16.0)

10(20.0)
21 (42.0)
II (22.0)0.7020.0510.00260.00020.00300.3110.0013

" Numbers in parentheses, percentages.
h x2 test or Student's i test.

Table 3 Patterns of initial recurrence according io a status in tumors in patients with
A/..*'*imnutnoreacti\'it\

PatternsRecurrenceLocal

recurrenceDistant
metastasisliverlung

orbonelymph
nodeperitoneumNo.

ofpatients"sLex

negative sLexpositive(n=75)

(11=39)8(10.6)

16(41.0)1
(1.3) 1(2.5)7(9.3)

15(38.5)5
(6.6) 8(20.5)1(1.31

3(7.7)1(1.3)
2(5.1)()(().())

2(5.1)P

value*().(XX)20.613().(XX)20.0150.0470.2030.052

" Numbers in parentheses, percentages.
'' Calculated by Kaplan-Meier method and analyzed by log-rank test.

significant (P < 0.0001). To confirm a possible correlation between
sLe" expression and prognosis of the patients, the survival analysis

was calculated on the basis of 114 patients undergoing curative re
sections because the patients undergoing noncurative operations might
contribute to the poor survival and could not allow exact analysis of
recurrence. The difference of disease-free survival between the sLex-

negative and -positive groups of the 114 patients was significant (Fig.
2cr, P = 0.0002). Also, positive staining of sLe* was significantly

associated with poor survival (Fig. 2h; P < 0.0001). However, five
clinicopathological features (histolÃ³gica! differentiation: P = 0.0017.
depth of invasion; P = 0.0001, presence of node metastasis; P =
0.0004, presence of lymphatic invasion; P = 0.033, tumor stage; P =

0.0005) also influenced the disease-free survival rate according to the

univariate analysis. To determine the independent predictive value of
each clinicopathologic variable for disease-free survival and overall

survival, multivariate analysis was performed. This analysis revealed
that sLe" positivity was an important discriminant for predicting dis

ease-free survival (P = 0.035) and overall survival (P = 0.0081)

(Table 4).
Of particular interest was the examination of whether status with

respect to the expression of sLex added predictive value to the tumor

stage, which is widely used and is described as an appropriate prog
nostic factor in colorectal carcinoma because of the good reflection of
the status of tumor invasion and lymph node metastasis (32). There
was no significant difference in the disease-free survival between the
sLex-positive and -negative groups in patients with stage I disease, in

which recurrence is rare and prognosis is fairly good (3) (Fig. 3a).
However, in the patients with stage II or III disease, disease-free
survival in sLex-positive group was poorer than in sLex-negative

group (P = 0.035 and P = 0.023, respectively; Fig. 3, b and c).

DISCUSSION

Carbohydrate antigen. sLe", is carried by an unbranched type 2

blood group chain. This antigen was first characterized as onco-
developmental antigen with MAb CSLXI or FH6 (22, 33-35). Ex
pression of sLe* was commonly found on the cell surfaces of a variety

of adenocarcinoma such as lung cancer, gastric cancer, and colorectal
cancer (33-35). Although the biological function of sLex had been

unclear until quite recently, this antigen expression on cancer cells has
been proposed as a possible detecting or monitoring marker of these
diseases and no attentions had been paid to sLe" expression regarding

prognosis or recurrence (35-37). However, one function of this anti-

a
100

positive (n = 39)

57.7%

p=0.0002

6 Years

100

M 40

20

negative (n=75)
93.0%

n=39>

58.3%

p<0.0001

0246 Years

Fig. 2. Disease-free survival (Â«)and overall survival (/>) according to sLe*-negative or
-positive status of tumors in 114 patients undergoing curative resection. Seventy-five
patients were sLev-negative group (Jolted line} and 39 were sLev-positive staining group
(solid line). Significant difference was seen between sLex-negative and -positive group
(a, P = ().(XX)2; />.P < O.OOOI,by log-rank lest).
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sLcx EXPRESSION IN COLORECTAL CANCER

Table 4 Value of six variablen in predicting disease-free survival and overall survival of ÃŒÃŒ4patients \\ilfi colnrectal carcinoma, according tt>mnltivnriatt' fimi/v.vi.vof Cox's

proportional hazards model

Disease-freesurvivalVariablesLe*

statusHistolÃ³gica!

differentiationDepth
ofinvasionLymph
nodemetastasisLymphatic

invasionTumor
stageÃŸ1.030.4890.7931.360.0271.67SE0.4840.4840.4381.290.4671.10P

value0.0350.3140.0730.2940.9540.

132ÃŸ1.510.881.041.290.4981.16Overall

survivalSE0.5590.5900.4781

.350.551.13P

value0.00810.1390.03

10.3430.3710.309

a Stage I (pT1-2. pNO, MO)

positive (n=B) 100%

3 80-

& 60-
u- <
S 40-
<Ti

I 20-

96.4%
negative (n=28)

p=0.59

Years

Stage II (pT3-4, pNO, MO)

5I1MVajÃ‡100-00-oo-40*20

-^

Â±Â»>x, negative(n=30)positive

(n- 10)p

= 0.035

6 Ye

Stage III (pT1-4, pN1-3, MO)
â€”¿�1 negative (n-17)

3(AÂ¡Ibâ€¢I5*60-60-40

-20

-Â«-Ipositive

(n=2i)p
= 0.023

Years

Fig. 3. Disease-free survival according to sLe'-negative or -positive status of tumor

cells andTNM stage in 114 patients undergoing curative resections. (<i) Stage I: (/Â»Stage
II; (r) Stage III. Dulled line: sLev-negative group. Solid line. sLex-positive group.

gen has been recently reported to serve as a ligand of endothelial-
leukocyte adhesion molecule ELAM-1 (24-26) which is expressed on

the cell surface of endothelium activated by cytokines such as tumor
necrosis factor a or interleukin 1 (38, 39). Potential of this antigen in
metastasis formation is also postulated (26. 40. 41).

The adherence of specific tumor cells to capillary endothelial cells
of the target organs is a mandatory step in the formation of mÃ©tastases.
Several adhesion molecules, such as laminin receptors, carcinoem-

bryonic antigens, and a molecule homologous to neural cell adhesion
molecule are significant factors in colon carcinoma pathogenesis (42-

45). However, none of these adhesion molecules has been rigorously
assessed for either its contribution to the adhesion of colon carcinoma
cells to endothelial cells or its correlation with metastatic potential in
vivo. We have recently shown that cell surface sLex on human colon

carcinoma cells acts as a ligand to ELAM-I and that human colon
carcinoma cells with high levels of cell surface sLex are metastatic

both in vivo and in vitro (27, 28). Furthermore, we previously showed
that changes in the expression of sLex occurred during progression of

colon carcinoma from the benign to the metastatic stage using the
tissue specimens obtained by surgery ( 19. 20). Therefore, it was very
possible that aberrant expression ofsLex on colon carcinoma cells had
a functional role in the formation of mÃ©tastasesand that the sLex

expression might be helpful for predicting metastatic potential of
tumor cells. The present study clearly indicated that this was the case.

Our results have demonstrated that the anti-sLex MAb could im-

munostain human colorectal carcinoma cells in varying degrees and
that high sLev reactivity is correlated with the extent of local inva-

siveness of the tumor cells, such as depth of tumor invasion, lymphatic
invasion, lymph node involvement, and metastasis formation in dis
tant organs: consequently, it is also correlated with tumor stage based
on tumor status of invasion, lymph node mÃ©tastases,and distant
metastasis. Furthermore, the expression of sLex by colorectal carci

noma cells was strongly associated with prognosis. The patients with
sLex-positive tumors exhibited a 51.77c for 5-year disease-free sur

vival and 58.3% for 5-year overall survival, whereas patients with
antigen-negative tumors had 89.1 and 93.0% for 5-year disease-free
survival and 5-year overall survival, respectively. As might be ex

pected, prognosis of patients was significantly influenced by depth of
invasion, presence of lymph node metastasis, and tumor stage. How
ever, multivariutc regression analysis revealed that sLex expression

was the variable of greatest importance in predicting disease-free

survival and overall survival. Also, within the Stage II or III category,
patients with sLex-positive tumors had a much poorer disease-free

survival. Therefore, the sLex expression appears to be a useful inde
pendent prognostic marker for colorectal carcinoma patients.

In the present study, expression of sLex in patients with colorectal
carcinoma was immunohistochemically examined using anti-sLe"

MAb FH6. Although relatively lower than that of previous studies
with colorectal carcinoma by Itzkowits ci al. (35). the incidence of
positive colorectal tumors for sLex in the present study was similar to

the results of Fukushi el ai (34), Kannagi et al. (37), and our previous
studies ( 19) in two of which the same MAb was used as in this study.
We previously showed that levels of sLex in tumor tissues in early

stage were as low as those in normal colonie mucosa (19). The
relatively low incidence of the positive staining for sLex might be due

to the predominance of the early stage tumors in this study.
A recent report showed that sLe;l, which represents the positional

isomer of sLex-synthesiz.ed on type 1 blood group chain, served as a
specific ligand for ELAM-1 as well as sLex and mediated adhesion of

cancer cells to activated endothelial cells (46). It is controversial
whether sLea affects the outcome of patients with colorectal carci
noma. The expression in colon cancer of sLe;1did not seem to affect

the survival of patients in two multivariate studies (47. 48). although
one other study noted an association between sLe;' expression and
recurrence of colon cancer by \~ analysis (49). We also found an
association between sLea expression and prognosis by univariate anal

ysis using the same specimens examined in this study, although the
multivariate analysis failed to prove sLe;' expression to be a potent

discriminant of prognosis (data not shown). The reason for these
discrepancies is still unclear.
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