
(CANCER RESEARCH 47, 881-889, February 1, 1987]

Ulex europeus Agglutinin I-reactive High Molecular Weight Glycoproteins of

Adenocarcinoma of Distal Colon and Rectum and Their Possible Relationship
with Metastatic Potential1

Tatsuro Irimura,2 David M. Ota, and Karen R. Cleary

Departments of Tumor Biology [T. I.], Surgery [D. M. O.J, and Pathology [K. R. CJ, The University of Texas M. D. Anderson Hospital and Tumor Institute
at Houston, Houston, Texas 77030

ABSTRACT

A Ulex europeus agglutinin I (UEAi)-reactive glycoprotein(s) with
molecular weight higher than 300,000 was detected by direct binding of
I25I-labeledUEAi to lysates of rectal or sigmoid colon cancer tissues

separated by polyacrylamidegel electrophoresis in the presence of sodium
dodecyl sulfate. This was the major UEArreactive molecule in tumor
tissues and different tumors possessed varying reactivities. Very little
l;KA| binding was detected to lower molecular weight components.
Histochemical localization of UEAi confirmed that the UEArreactive
molecules were mostly localized to the surface of carcinoma cells. A total
of 135 fresh tissue samples, includingthose from adenocarcinoma,villous
adenoma, and normal mucosa in surgical specimens (69 patients), were
examined to determine the reactivities of UEAi to the high molecular
weight component in the tissue extracts. The quantitative bindingof IZSI-

UEAi was compared according to the stage of colorectal cancer at the
time of surgery. The relative amount of UEArreactive high molecular
weight substance was significantly higher in the carcinomas than in
normal mucosa. UEAi binding to high molecular weight regions of the
polyacrylamide gel was significantly lower in primary colorectal adeno-
carcinomas from stage C or D patients than in those from stage 61
patients. Therefore, increased expression of the UEArreactive molecule
was related to transformation of colorectal epithelial cells and decreased
expression appeared to be associated with progression and metastatic
potential.

INTRODUCTION

Colorectal carcinoma is routinely staged according to the
extension of tumor growth and the presence or absence of
detectable metastasis at the time of surgery (1). Dukes' staging

classification has provided a good prognostic indicator of sur
vival. Supplemental factors, such as depth of bowel wall inva
sion (2), level of serum carcinoembryonic antigen (3, 4), histo-

logical appearance of the tumors (3, 5), and the anatomical
location of the tumors (5, 6), have also been used as prognostic
indicators of survival. However, none has improved our ability
to predict recurrence or development of metastasis in individual
patients.

We have attempted to find markers of tumor progression and
metastasis for colorectal cancer by analyzing tumor specimens
taken during surgery. Based on the biochemical data on highly
metastatic tumor cells in experimental animals, we have been
searching for cell surface and extracellular molecules produced
by colorectal carcinomas that have a higher metastatic potential
than by the tumors that have not spawned mÃ©tastases.In this
paper we correlate colorectal carcinoma metastasis and de-
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creased expression of a fucosylated high molecular weight gly-
coprotein that is reactive with an anti-H lectin UEAi3 specific

to FucÂ«l-Â»2Gal/Ã®lâ€”>4GlcNAcsequence.
Lei-tins have been widely used to identify specific carbohy

drate structures in intestinal epithelial cells since Etzler and
Branstrator discovered differential localization of lectin reactiv
ity along the small intestine and along the depth of the crypt in
rats (7). Several investigators have used UEAi for localization
studies of glycoconjugates in the normal colonie epithelia of
mice and rats (8-10). Essner et al. (8) showed that UEA,
reactivity is associated primarily with the cytoplasm of colum
nar epithelial cells, whereas Freeman et al. (9) and Thomopou-
los et al. (10) indicated that UEAi binds to goblet cells. Freeman
(11) demonstrated that chemically induced colon carcinomas
in the rat express differing lectin reactivities. Similar changes
in glycoconjugate expression associated with human colorectal
carcinoma were demonstrated by use of specific antibodies and
lectins (12-15). Yonezawa et al. (16) have shown that UEAi
reactivity is seen along the apical surfaces and luminal borders
of carcinoma cells regardless of the patient's blood type,

whereas only the mucin of proximal colon goblet cells stains
positively in normal colon. We have shown that UEAi is reactive
with cells in the deep portion of the crypt, whereas another
blood group H-specific lectin, CSA, reacts with goblet and
epithelial cells facing the luminal surface (17). Because the
UEAi reactivity of colorectal carcinoma cells varies from one
sample to another, we quantitated the amount of reactive mol
ecules and compared results from primary tumors of different
Dukes' stages and mÃ©tastases.Our results indicate that the
major UEApbinding molecules are high molecular weight gly-
coproteins and they are expressed to a greater extent in carci
nomas as compared with normal mucosa. The UEApbinding
molecules are not functionally related to the malignant behavior
of colorectal carcinoma cells because the amount appears to
decrease with tumor progression.

MATERIALS AND METHODS

Selection of Patients and Staging. Patients with histologically proven
adenocarcinoma of the rectum and sigmoid or left colon were selected
for this study. Those who had undergone previous radiotherapy or
chemotherapy, or who had had a previous colon carcinoma were
excluded. Staging was based on the Astler-Coller modification (2) of
Dukes' classification (1).

Specimen Processing. Tumor specimens of approximately 0.5-1.0 g
were obtained from the intraluminal edge of colorectal tumors. Liver
mÃ©tastasesof colorectal carcinoma were obtained when available. The
surface portion of the liver metastasis was removed to eliminate the
possible influence of fibrotic tissues on the analytical data. Necrotic
portions of the tumors also were excluded. Normal mucosa was ob
tained from an area approximately 5 cm from the primary carcinoma.

3The abbreviations used are: UEAi, Ulex europeus agglutinin-I; BSA, bovine
serum albumin; Con A, concanavalin A; CSA, Cytisus sessilifolius agglutinin;
DPBS, Dulbecco's phosphate buffered saline; LTA, Lotus tetragonolobus agglu
tinin; Pa4, pokeweed mitogen isolectin Pa-4; PNA, Arachis hypogaea (peanut)
agglutinin; RCA], Ricinus communis agglutinin-1; WGA, wheat germ agglutinin.
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One hundred mg of the tissue were rinsed with DPBS, minced with
a scalpel blade into small pieces (<0.5 mm), and mixed with 667 Â¿il5
ITIMTris-HCl:0.25 M sucroserSO pM CaCl2:50 ^M phenylmethylsufo-
nylfluoride:0.5% Nonidet P-40 (pH 7.4). After ultrasonication on ice
for 10 s (Heat System Ultrasonic Cell Disrupter), the mixture was
incubated on ice for 18 h and gently mixed periodically (18). Superna
tant was collected by centrifugation at 9000 x g, mixed with 333 ^1 of
6% sodium dodecyl sulfate:3% j3-mercaptoethanol:1.5 niM of
EDTA:30% glycerin: 187.5 mM of Tris-HCl buffer (pH 6.8), and heated
at 100Â°Cfor 5 min. In some instances, the minced tissues (100 mg)

were directly extracted with 1 ml of a 2:1 mixture of the above two
solutions. The relative intensities of UEA,-reactive components, as
described later, were virtually identical in these two extraction methods.

Histology. Sections of formalin-fixed, paraffin-embedded primary
colorectal carcinoma tissues and mÃ©tastaseswere prepared as a part of
the pathological examination. HistolÃ³gica! grading was based on lie
matoxylin and eosin-stained tissues and classified as poorly, moder
ately, or well differentiated, depending on the degree to which gland-
like structures had formed (19). From 16 paraffin embedded tissues, 4
//\i sections were obtained and mounted on glass slides. Paraffin was
removed from the sections and they were treated with 0.5% hydrogen
peroxide for 30 min to remove endogenous peroxidase and were then
rehydrated. The sections were first coated with a 5% BSA solution for
30 min and reacted with biotinylated lectins at concentrations of 5-10
Â¿Â¿g/mldiluted into 2.5% BSA in DPBS. Biotinylated lectins were
prepared by mixing 2 mg of lectins dissolved in 1 ml of DPBS with
0.25 mg of NHS-Biotin (Pierce) in DPBS for 2 h at room temperature.
Unreacted reagents were removed by dialysis against DPBS for 18 h at
4'C. Lectins used were UEA,, LTA, CSA, Pa4, Con A, WGA, RCA,,

and PNA. Pa4, PNA, Con A, WGA, and RCA, were purified as
described previously (20-24). CSA and LTA were purchased from E.
Y. Laboratories (San Mateo, CA). UEA, was from Vector Laboratories
(Burlingame, CA).

Electrophoresis and Lectin Staining. Polyacrylamide gel electropho-
resis was performed in 1-mm thick 6% running gels (13.5 cm long)
with 3.3% stacking gels (1.5 cm long) using a BioRad Protean II
electrophoresis unit as described previously (18, 25). A 50-^1 sample
corresponding to 5 mg of wet tumor tissue was loaded onto each lane
and electrophoresed at a constant current of 20 mA/gel at the beginning
of the run and 35 mA/gel after the samples entered into running gels.
The gels were stained with Coomassie brilliant blue R-250 (0.25 g/liter
in 10% acetic acid and 25% isopropyl alcohol) and destained with 10%
acetic acid and 10% isopropyl alcohol. The gels were washed repeatedly
with 25 mM of Tris-HCl buffer: 0.13 M of sodium chloride (pH 7.3).
The neutralized gels were soaked in 40 ml of [I25I]UEA, (10 tig/m\) 25
mM of Tris-HCl buffer:0.13 M of sodium chloride (pH 7.3) containing
2% BSA for 2 h. [125I]UEA, was prepared from purified UEA, by
chloramine-T iodination followed by gel filtration on BioGel P-10 (25).
The specific activity varied (77-110 cpm/ng) from one batch to another.
More than 90% of the radioactivity in the preparation was bound to
type O erythrocytes, indicating that the lectin maintained reactivity
after iodination.

The gels were washed with 25 mM of Tris-HCl buffer:0.13 M of
sodium chloride (pH 7.3), with repeated changes until the radioactivity
of the wash became lower than 100 cpm/ml. The gels were then dried
and exposed to Kodak XAR-5 X-ray film with intensifying screens for
autoradiography. To quantitate UEAi binding we cut 3-cm areas from
the top of the running gel for each lane, corresponding to molecules
with molecular weight larger than 300,000, and counted them in a
Beckman Gamma 8000 counter.

Statistics. Statistical analyses were performed on a Macintosh Plus
personal computer (Apple Computer, Cupertino, CA) with Statview
512+ program (Brainpower, Calabasas, CA) using Student's i tests (two

tailed) and Kruskal-Wallis tests.

RESULTS

Histochemical Distribution of Lectin Reactive Molecules. Fig.
1, a-/, shows serial sections of an adenocarcinoma of the
sigmoid colon resected from a 61-year-old man with liver

mÃ©tastases.The sections show a portion of carcinoma and
adjacent normal colonie epithelial cell layers. It is apparent that
certain lectins, such as UEA, and LTA, are specific to carci
noma cells, whereas other lectins, including PNA (after neura-
minidase treatment), WGA, RCA,, and Con A, stain not only
tumor cells but many other types of structures. The specific
staining of carcinoma cells is consistent with the observations
of other investigators (16, 26, 27). The reactive molecule in
carcinoma cells does not seem to be identical to blood group H
antigens of red blood cells or to some soluble blood group
substances because staining with CSA, another blood group H
specific lectin, did not produce a similar profile. Instead, CSA
specifically binds to normal colonie epithelial cells located close
to the luminal surface of a crypt, as described previously (17).
CSA is known to react with the internal portion of the blood
group H antigen, and this lectin's failure to react with carci

noma cells suggests that UEA,-reactive molecules in colorectal
carcinoma contain Fucalâ€”Â»2Gal01â€”Â»4GlcNAcsequence with a
modified internal structure (Table 1). Alternatively, CSA may
only bind to H-antigen with type-1 backbone. As described by
others (16), strong UEA, reactivity was not consistently found
in carcinoma tissues. Thus, we suspect that expression of UEA,-
reactive molecules might represent a stage of colorectal cancer
progression.

Identification of UEAi-reactive Molecules in Tissue Extracts.
Fig. 2 presents typical profiles of UEA,-reactive glycoproteins
from normal mucosa and colorectal carcinoma tissue extracts.
Most of the UEAj-reactive molecules migrate to areas corre
sponding to molecular weights of more than 400,000. In a few
instances, we have seen three major components with approxi
mate molecular weights of 800,000 and 450,000, whereas in
other instances we have noted a broad band in a molecular
weight larger than 400,000.

Quantitation of UEAi-reactive, High Molecular Weight Gly-
coprotein in the Gels. To examine whether UEA, reactivity to
the high molecular weight glycoprotein could be quantitatively
compared, we loaded various lysates from an adenocarcinoma
of a 60-year-old woman with stage B2 disease onto separate
lanes on a gel, electrophoresed them, and then stained them
with three concentrations of [125I]UEA,.This specimen was one
that expressed a relatively large amount of the UEA,-reactive,
high molecular weight glycoprotein. Bound radioactivity was
linear to the dilution of the specimen at 10.0 pg of UEA,/ml
and 2.0 Mg/ml (Fig. 3). Thus we chose to use 10.0 Mg/ml to
quantitate UEA, reactivity. The bound radioactivity may not
correlate exactly with the amount of the glycoprotein because
UEA, binds to carbohydrate portions based on structural and
configurational characteristics. Therefore, this procedure is
considered to be only semiquantitative for glycoproteins with
UEApbinding carbohydrate chains.

Differences in the Reactivity of I KA, to High M, Glycopro
teins in Tumors from Different Patients. Table 2 summarizes
the data from [125I]UEA, binding to the high molecular weight

glycoproteins in colorectal carcinoma tissues, along with clini
cal information. The specimen numbers are serial numbers in
our specimen bank and not all the specimens in the bank were
used in this study. A total of 140 tissue specimens were ana
lyzed. The specific binding of UEAi is defined as pmol of bound
[I25I]UEA| to high molecular weight substances (higher than

300,000) derived from 1 mg of wet tissue. Logarithmic values
also were calculated. The binding ranged from 0 to 6 pmol (0
to l /ig), and the reactivity with UEA, was seen exclusively in
the high molecular weight regions of most specimens. The
logarithmic values were converted into histograms according to
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Fig. I. Histochemical staining of carcinoma and adjacent normal mucosa of sigmoid colon with various lectins. I mu . M thick serial sections were stained with

biotinyl lectins and visualized by avidin-biotinyl peroxidase complex and 3,3'-diaminobenzidine. The specimen was derived from a primary sigmoid colon
adenocarcinoma of a stage D patient (specimen number 58), from a 61-year-old man with blood type O. a, UEAi; ft, LTA; c, CSA; </, Pa4; e. Con A;/, WGA; g,
RCAi; A, section treated with neuraminidase from Vibrio cholerae (Behring Diagnostic, La .lolla. CA) at a concentration of 50 M unit/ml in 10 HIMsodium acetate
buffer 0.15 M NaCI, and 2 HIM( a( !..(pH 6.0) for 60 min at 37'C and then stained with PNA. Bars, 100 AIM.UEA, and LTA bound specifically to carcinoma cells.
CSA bound the luminal surface of the crypt. Pa4, which recognizes the branched poly(A/-acetyllactosamine)-type carbohydrate chain did not bind to colon carcinoma
nor to normal mucosa except for some cells in a lymphatic nodule. Con A, WGA, RCA,, and PNA (after neuraminidase treatment) stained both carcinoma and
normal epithelial and other cells, yet the localization and relative intensity of staining seemed to be different. For example, the PNA stain (after neuraminidase
treatment) is more intense with carcinoma than with normal mucosa, but lamina propria tissues were also strongly stained.
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FUCOSYLGLYCOPROTEIN AND COLORECTAL CANCER METASTASIS

Table 1 Carbohydrate binding specificity of UEA\

Antigen Structure UEA,
reactivity

H (type 1)

Le*

LeÂ»

H (type 2)

Le"

Lev

Gal/31-Â»3GlcNAc/31-
2

Fucal
Gal/31- >3GlcNAc01

4
I

Fucal

2 4

I I
Fucal Fucal

Gal/31->4GlcNAc/3-Â»
2
I

Fucal
Gal01-Â»4GlcNAc/3->

3
I

Fucal
Gal/31-Â»4GlcNAC|S-Â»

2 3
I I

Fucal Fucal

1m2345
iMflfc. â€¢6

7

â€¢â€¢
-LA

-MY

-PH

-AL

Fig. 2. Profile of UEArreactive glycoproteins revealed after polyacrylamide
gel electrophoresis in 6% gels. I.anc J, moderately difTerentiated sigmoid colon
carcinoma of stage D patient (specimen number 2); lane 2, hepatic metastasis of
the same patient as lane 1 (specimen number 3); lane 3, moderately difTerentiated
rectal carcinoma of stage Bl patient (specimen number 4); lane 4, sigmoid colon
carcinoma of stage B2 patient (specimen number 31); lane 5, sigmoid colon polyp
from the same patient as lane S (specimen number 32); lane 6, moderately
differentiated rectum carcinoma of stage C2 patient (specimen number 52); and
lane 7, normal rectal mucosa from the same patient as lane 6 (specimen number
S3). Each lane contains tissue extracts equivalent to S mg of wet tissue. Molecular
weight markers used are: large subunit of laminin (I.A. M, â€”440,000);myosin
(MY, M, -200,000); phosphorylase b (PH, M, -92,500); and serum albumin
(AL, M, -66,000).

Dukes1 staging (Fig. 4). This chart demonstrates the following:

(a) UEAi reactive, high molecular weight components of nor
mal mucosa were lower than those of carcinoma tissues; (b) the
mean values of the UEA, reactivity of stage B tumors and stage
C or D tumors were slightly different. The UEA|-reactive, high
molecular weight substance was more abundant in stage B
tumors compared with stage C or D tumors. The statistical

mg tumor tissue

Fig. 3. Quantitative binding of ['"IJUEAi to cellular glycoproteins. A different
concentration of [12SI]UEAi was applied to the set of gels containing various

amount of lysate from specimen number 37. The radioactivity associated with the
high molecular weight region of the gels was counted and plotted. O, 10 Mg/ml;
Â»,2 MgUEA,/mI; A, 0.4 MgUEA,/ml.

significances of the differences according to unpaired t tests
and Kruskal-Wallis tests are summarized in Tables 3 and 4.
Primary tumors from all disease stages had higher levels of
UEArreactive, high molecular weight glycoprotein than did
normal mucosa (P = 1 x IO"4). Among primary tumors of

different stages, Bl tumors produced more UEArreactive, high
molecular weight glycoprotein than did all other primary tu
mors (P = 3 x 10~4). Significant differences also present be

tween B (Bl and B2) tumors and all others (C and D) (P =
0.0042). Kruskal-Wallis tests indicated the rank order of UEA,
reactivity was Bl >B2>D>C2>C1, and the H value was
13.489 (P< 0.01).

Relationship of l KA, Reactivity with the Patient's Blood

Group. Mean log (1 + UEAi reactivity) for tumors from blood
group O patients was significantly higher than the mean value
for the tumors from other blood groups (P = 0.0089; Table 3).
However, there was no inclined distribution of the blood groups
of the patients among different stages. In both the blood group
O population and the other population (A, B or AB), difference
in UEA, binding between normal mucosa and carcinoma was
significant (P = 0.0081 for blood group O population, and P =
0.0003 for combined blood group A, B, or AB population
according to Student's t tests). The statistically significant

differences among different stages were seen with the blood
group O population but not with the other population (Table
4). Secretor or nonsecretor status of the patients were not
available for this study.

Comparisons of UEArreactive Glycoproteins in Primary Tu
mors and MÃ©tastases.Because primary colorectal carcinomas
from stages Bl and B2 express a slightly larger amount of
UEA,-reactive glycoproteins, the decreased expression of this
molecule that is seen in stage C or D tumors may be functionally
related to increased metastatic potential. If this were true, then
mÃ©tastases,which are known to arise from a subpopulation of
tumor cells in the primary tumor with a higher metastatic
capacity, should express lower amounts of the UEArreactive
glycoprotein. In fact, we have observed heterogeneous expres
sion of U F Ai reactivity within a primary carcinoma tissue (two
of 16 cases by histochemical analysis). Fig. 5 shows an example
of such heterogeneous expression. However, metastatic foci
expressed similar variation in UFA, reactivity compared with
primary tumors (Fig. 4). Also, the UEA, reactivity to large
molecular weight glycoproteins of primary tumors and their
mÃ©tastasesderived from the same patients were not significantly
different (Table 3). The levels of UEA, reactivity of metastatic
foci were either lower, higher, or similar. Therefore, we con
cluded that the level of UEA,-reactive glycoproteins on the
surface of colorectal carcinomas was not directly related to the
molecular functions necessary for metastasis, but was related
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FUCOSYLGLYCOPROTEIN AND COLORECTAL CANCER METASTASIS

Table 2 Specimens from rectum and distal colon carcinomas and mÃ©tastasesanalyzed for the content ofUEAÂ¡binding high molecular weight glycoproteins

Specimen
No.12345678910121314152224252629303132333435363738394041424344474849515253555758596162636569707374757679818283888990112113120121122123124125126127128129130131132133134135136137138139PatientNo.12234444568888121414141717181819202020212223242424252628292930313132343535373839424444474746464950505053535362626969717171717070737372727274747477767678Age(yr)Â°6561617252525252705384848484675555556767777763555555606557535353527046393968525245656161577462455656505062624471717187878776766262646464644141646462626260606059595973N/C*CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCNCCCCCCCCCNNCNCCCCNCNCCNNCNCCCNCNCNCCCCNCCCr/rpPMPPPPMPPPMMMPPPMPPPPPPMPPPMMPPPPPMPPPPPMPPPPMPPPMPMPPPPPMPPPMMPPPPStage

of
diseaseB2DBlDDDC2C2DB2DDB2B2B2C2DDB2C2C2DB2B2B2DB2CiBlBlDDBlB2B2C2DBlDDBlDDDClBlDDC2C2B2Metastasis''HEHEHEHEHELNHEHELNPEHEHEHEHEHEHELNBloodtypeAOooooooAABBBBAAAAAAOAAAAOAAAAAOOOOOOOAOOAAOAAAAOABABOOAOAAAOOOOOOAAOMorphology'MMMMMMMMMMMMMMMMMMMMWMuWMMMMMMWWWMWMPMuUEA,binding70.2200.5140.7500.9500.1800.2340.3060.1880.4410.3510.2780.2260.2290.2300.5560.1610.2830.1930.5560.4040.2200.1690.2210.2180.2120.3061.0200.2440.2220.1280.1930.0840.1580.7450.3530.1130.1520.4090.1540.1560.5170.6251.0410.4660.2200.2380.6290.2050.3930.1050.0870.0920.0700.4550.3070.9820.3470.2120.7620.1290.4260.1470.1190.1400.2160.1530.3470.8840.0870.0930.2270.0640.2230.1310.2830.5510.4750.2150.0030.1160.0150.1500.483Serum

CEA
(ng/ml)*5.8165.81.5814.55.84.53.5215.71.641.5172119683421.58.3461.59.614324381.55.52641.52.43525
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FUCOSYLGLYCOPROTEIN AND COLORECTAL CANCER METASTASIS

Table 2 Continued

Specimen
No.14114614715315415515615715815916016116216318818919019119219.1194198199202203209210213214234235237238239240241245246247248249252253256257258259265266267276277PatientNo.798383858586868686878787888896969898979797101101103103107107108108118118117117119119120123123126126126127127129129130130134134134136136Age(yif506060656556565656646464474736366363535353737352526969282850506868506161767676636374747171N/C*CCNNCNCNCCCNCNNCNNCCNCCNNCCCNCNCNCCNCNCCNCNCNCNCCCr/2"pppppppppppppppMPPPPPPPPPPPPMStage

ofdiseaseMetastasis"*ClDB2B2B2BlBlDB2B2B2C2B2C2DHEC2B2B2DB2DDBlBlDBlBlHEBloodtypeO0BABAB00ABAAA0A00000A000Morphology*MMWWMMMMuMPMMMMMMWMMUEA,binding'0.0580.0630.1160.0790.2530.0551.0230.1240.9483.5306.0500.2300.3230.1430.1571.0000.3200.0000.0000.0000.2920.2360.3740.1640.1610.2210.1800.1020.6550.0530.0760.0290.0920.1310.4930.4500.1120.1490.7101.3651.6100.4500.8780.0030.5500.0840.0050.0530.7371.0090.6391.962Serum
CEA

(ng/ml)Â«1.51.51.52.31.53.55.14.41014.51.66.72.51.8211.5

Â°At time of surgery.
'' N, normal mucosa; C, carcinoma.
f P, primary tumor. M, metastasis.
d Location of the metastasis (LN, lymph node; PE, peritoneal; HE, liver).
' W, well differentiated; M, moderately differentiated; P, poorly differentiated; Mu, mucinous carcinoma.
1 Binding to the high molecular weight glycoprotein, pmol/mg wet tissue.
* Level shortly before surgery (CEA, carcinoembryonic antigen).

to the phenotypic expression of colorectal carcinoma cells, such
as malignant phenotypes or metastatic phenotypes.

Relationship of UEA| Reactivity with Other Prognostic Fac
tors. We examined the correlation between the UEAi reactivity
and the level of serum carcinoembryonic antigen, tumor size,
and morphological appearance such as poorly, moderately, or
well-differentiated morphology. None of these properties was
positively or negatively correlated with UEAi reactivity. The
level of UEAi-reactive glycoproteins in transverse and ascend
ing colon tumors varied to a larger extent (data not shown) and
the statistical evaluation of this population has not been done.

DISCUSSION

In the last several years, knowledge of the mechanisms of
tumor metastasis has been advanced through the use of exper

imental animal models. A variety of biochemical and biological
properties of tumor cells have been associated with high meta
static potential. Yet little is known about the mechanism of
metastasis in human cancer, especially relatively common ones,
such as breast, colorectal, and lung carcinoma. Colorectal car
cinoma is a unique target for studying metastasis in humans
for a number of reasons. First, prognosis is directly related to
the presence or absence of metastasis but no convenient method
is available to clinically detect occult mÃ©tastases.Second, our
studies (28) and work by Wolmark et al. (29) indicate that
colorectal carcinoma size and therefore tumor burden have no
relationship to the tumors' metastatic potential. Thus, biochem

ical differences among tumors of different pathological stage
may account for differences in metastatic behavior. A third
practical and important fact is that, because the primary treat
ment for colorectal cancer is surgical resection, fresh tumor
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20

10

Normal mucosa

'rimary-Stage B

Primary-Stage D

Metastasis

0.1 OA 1.0
UEA]-binding(pmole/mg tissue)

Fig. 4. Histogram of I "1ÃŒA,reactivity to high molecular weight region in

polyacrylamide gels. The histogram is based on the logarithm of I HA, binding
(pmol/mg of wet tissue). Stage B tumor panel: Mack bars, stage Bl; open bars,
stage B2 tumors. Stage C tumor panel: black bars, stage Cl; open bars, stage C2
tumors. Metastasis panel: black bars, lymph node metastasis; open bars, hepatic
metastasis; hatched bar, peritoneal metastasis.

Table 3 Comparisons of the amounts of VEA, binding glycoproteins among
different categories ofcolorectal carcinoma specimens

ComparisonNormal

CarcinomaPrimary

MetastasisStage

Bl
OtherprimaryStage

Bl & B2
OtherprimaryBlood

type O
OthersNo.35

98791913

6536424347Mean"0.057

0.1530.152

0.1530.273

0.1290.199

0.1130.188

0.118SD0.052

0.1280.134

0.1080.230

0.0910.163

0.0890.161

0.076SE0.009

0.0130.015

0.0250.064

0.0110.027

0.0140.025

0.011Probability*P=

0.0001NS<P

=0.0003P

=0.0042P=

0.0089

"The statistical analysis was based on log[l + UEAi binding (pmol/mg wet

tissue)].
* Student's t tests.
' NS, not significant.

tissues without prior treatment with radiation or chemothera-
peutic agents are readily available. Biochemical markers of
colorectal cancer progression and metastasis may be found by
analyzing primary and metastatic tumor tissues obtained at the
time of surgery.

A variety of glycoconjugates are expressed on the surface of
normal colorectal mucosa or colorectal carcinoma cells and
some are specific for cancerous cells. Lectins and monoclonal
antibodies have been widely used to detect these glycoconjugate
molecules (11-17, 30, 31). Only some of the cell surface mole
cules, such glycolipids antigens related to Le blood group
antigens, have been identified and characterized (30, 32, 33).
No investigation has yet elucidated the significance of these
molecules in the malignant behavior of the tumor cells. We
have been studying cell surface glycoconjugates as a determi

nant of metastasis by comparing glycoconjugate profiles of
tumor cells with different metastatic potentials in experimental
animals (18, 34). In this study, we attempted to apply similar
technology to the analysis of glycoproteins directly extracted
from tumor tissues.

At first, we stained formalin-fixed tumor sections to identify
lectins that bind colorectal carcinoma. We analyzed eight lectins
in 16 different tumors and decided to use UFA, for biochemical
analysis. This lectin was shown to bind specifically to carcinoma
tissue over normal mucosa in most of the tissues (Fig. 1a). In
a few instances, it also showed limited reactivity with the deep
portion of the normal colonie crypt, presumably representing
dividing stem cells. Among the eight lectins tested, LTA, which
is also an antiblood group H agent showed a similar histochem-
ical distribution (Fig. Ib). In normal colonie epithelial cells or
carcinoma cells, UEAi histochemically localized at the cell
surface. Another antiblood group H lectin, CSA, did not bind
to carcinoma cells but reacted with the luminal portion of
crypts, which represent terminally differentiated columnar ep
ithelial cells and goblet cells (Fig. 1c). Some of these observa
tions are consistent with previous findings based on various
types of histochemical techniques (14-16, 26, 35).

After we separated the detergent lysates of colorectal carci
noma tissues electrophoretically, we identified the major UEAr
reactive glycoprotein molecule as a large and possibly mucin-
like glycoprotein. This finding is not consistent with the obser
vation of Matsushita et al. (26) that a major UEArreactive
molecule migrated at a molecular weight of ~ 160,000. This
discrepancy is probably due to a technical difference. They
performed UEAi staining after glycoproteins were transblotted
to nitrocellulose, whereas we stained gels directly. We have
found that radiolabeled cell lysate molecules, that migrated at
the positions corresponding to molecular weights higher than
300,000 are not transblotted under the conditions they applied.

Varying quantitative levels of UEAi reactivity among differ
ent tumor tissues have been described (16). Thus, we investi
gated the following hypotheses. First, we asked if primary
tumors with and without metastasis expressed different levels
of UEAi-reactive molecules. Second, we sought to determine
whether mÃ©tastasesare derived from tumor cells that differen
tially express UEAi-reactive glycoproteins. The first hypothesis
appeared to be true. Of a significant number of patients with
B2 disease, approximately 50% will later develop metastatic
disease and their primary tumors might possess metastatic
properties similar to those of tumors from stage D patients. On
the other hand, approximately 80% of stage Bl patients will
not have occult mÃ©tastases.Thus, it seems reasonable that the
level of statistical confidence of the difference in U FA,-binding

to high molecular weight between primary tumors from stage
Bl and other stages was more significant than that between
combined Bl + B2 and other primary tumors (Table 2). The
second hypothesis could not be confirmed. Selection of certain
tumor cell subpopulations with differing amounts of UEAi
binding to the high molecular weight glycoprotein were found
in mÃ©tastases.Therefore, the UEArreactive glycoprotein may
not play a functional role in the metastatic process. Instead, the
level of UEAi-reactive molecules may reflect the colorectal
epithelial cell type from which the carcinoma cells arose. If this
were the case, the amount of UEArreactive glycoprotein should
correlate with the expression of other cell phenotypes that are
related to metastasis, such as degradative enzymes and adhesive
properties. Alternatively, the cells in metastatic lesions may
undergo rapid change and the property associated with the cells
responsible for the formation of metastasis might have disap-
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Table 4 Significance of the differential expression of the UEA, binding glycoproteins among different stages and different grades

Stage orgradeStage
HI''Stage
82'Stage
D*Stage
C2*Stage
Cl'Stage

B1dStage
B2*Stage
0JStage

CI''Stage
C2dStage

B2'Stage
BI*Stage

DJStage
C2JMucinous

carcinomaWell
differentiated7Moderately

differentiated7
Poorly differentiated7Blood

typeOOOooA,

B, orABA,
B, orABA,
B, orABA,
B, or ABNo.13232812289142213412839422S

rank"71610219743363420517522915627984223.5116.597.5275119132.5Meanrank*Hc55.07744.39134.789281713.48925.62519.44416.3757.5311.35421.4622118.62514.5622.16832.530.55628.357

16.251.455Probabili!/P

<0.01P

<0.05NS'NS

" Statistical analysis was based on the rank order of I ' !â€¢:A, binding (pmol/mg wet tissue).
* Kruskal-Wallis tests.
1Estimated from \ â€¢'table.
"'Dukes' staging with Astler-Coller's modification. (1, 2).
' NS, not significant.
7Grinnell's grading (19).

"

*!**â€¢**- â€¢â€¢i

Fig. 5. An example of the intratumoral heterogeneity of UEA[ reactivity. This
specimen is derived from a moderately differentiated rectal carcinoma of a stage
D patient (specimen number 24), representing the invasive edge of the tumor. In
the middle are the UEAi-reactive cells; some carcinoma cells remain unstained.
Bars, 100 ,,111.

peared by the time the mÃ©tastasesbecame detectable (36).
As described earlier, the carbohydrate structure of UEAr

reactive carbohydrate chains in colorectal carcinoma may not
be identical to that of the erythrocyte surface H antigen because
the distribution of another anti-H agent, CSA, in normal co-
Ionic epithelium was distinct from that of l T.A, and because
CSA reactivity was not observed with any of the tumor speci
mens after polyacrylamide gel electrophoresis, or on the tumor
tissue sections. However, the UEArreactive molecule must
carry type-2 blood group H determinants (Fucalâ€”>2Gal/31-Â»
4GlcNAc sequence), judging from the specificity of this lectin
(37, 38). Possible reactivity of UEAi with related fucose-con-
taining structures to the blood group H antigen might be
another important consideration. Blood group Le-related anti
gens may be candidates for UEArreactive molecules, as in
creased expression of Le-related antigens is known to be asso
ciated with colorectal carcinogenesis (30, 31, 39). Expression

of Le" determinants on colorectal carcinoma cell surfaces may
make tumor cells adhesive to the liver because Le"-specific
lectin-Iike molecules have been associated with hepatocytes
(40). However, Le" [Gal/31->4(Fucal-Â»3)GlcNAc], L" [Gal/31->
3(Fucal-Â»4)GlcNAc], and Leb [Fucal-Â»2Gal,8->3(Fucal--Â»

4)GlcNAc] antigens are not likely to be responsible for UEA!
reactivity because UEAÂ¡has little or no affinity for lacto-W-
fucopentaose III, lacto-A^-fucopentaose II, lacto-W-difucohex-
aose I containing the above three structures, respectively (38),
nor a glycopeptide of human lactoferrin containing the Lex
structure (41). On the other hand LeY [Fucalâ€”>2Galj91-Â»
4(Fucal-Â»3)GlcNAc] is likely to be recognized by UEA, (38).
According to recent studies by Itzkowitz et al. (42) and Gordon-
Cardo et al. (43), expression of blood group H antigens in
creased in parallel with Leb, Le", and LeY antigens on colonie

polyp, colon carcinoma, and transitional mucosa when com
pared to normal colon epithelial cell. Gordon-Cardo et al. (43)
suggested that a general increase in fucosylation of glycocon-
jugates occurred with colorectal carcinogenesis. Assuming that
UEAj recognizes and binds H antigen and LeY antigen, the

trend we observed with our patient population is consistent
with these previous observations. Abe et al. (44) demonstrated
that the expression of LeY antigen in erythrocytes was stronger
in blood group O individuals. However, LeY expression of
colorectal tumors were shown not to be related to the patient's

blood types (45). On the other hand Brown et al. (46) reported
that the expressions of LeY antigen and type-2 H antigen are

greater in blood group O individuals. Our observations are
consistent more or less with the latter. It is likely that H-
structure is modified to various extents by blood group A- or
B-specific transferases in blood group A, B, or AB patients
giving inconsistent UEAi reactivities among the specimens. In
fact, aberrant expression of blood group A and B antigens in
colorectal carcinomas has also been reported (42). Nonetheless,
all the previous findings were based on the histochemical ob
servations, and comparison among different stages as well as
between primary and metastasis were not performed except that
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Gordon-Cardo et al. (43) briefly described UEAr reactivities in
lymph node metastasis. Our quantitative data is apparently
consistent with their histochemical observation that UEAi reac
tivity in the mÃ©tastaseswas higher, lower, or unchanged than
the primary. Although Lex-specific lectin-like molecules have

been found on hepatocytes, our preliminary study indicates that
metastatic colon carcinoma cells grown in tissue culture adhere
well to hepatic sinusoidal endothelial cells instead of to cultured
hepatocytes.4
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