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ABSTRACT

The quantity and localization of two lactose-binding lectins with mo
lecular weights of 31,000 and 14,500 in human colorectal carcinoma
tissue specimens obtained by surgical resection have been studied using
specific polyclonal antibodies. Electrophoretic separation and blotting of
detergent extracts of tumor tissues (48 specimens), followed by the
binding of an antibody that recognizes both of these lectins, demonstrated
that the contents of M, 31,000 and 14,500 lectins vary from one specimen
to another. The U, 31,000 lectin content was higher in tumor specimens
classified as Dukes" stage D than in those from other stages. A significant

correlation was found between M, 31,000 lectin levels and the levels of
carcinoembryonic antigen in the patients' sera at the time of surgery.

Immunohistochemical staining with antibodies specific for each lectin
was performed with 20 colon carcinoma tissues and 5 colonie adenoma
tissues. The results showed that the M, 31,000 lectin localizes in the
cytoplasm of colorectal carcinoma cells and normal epithelial cells,
whereas antibody binding to M, 14,500 lectin is observed in a limited
number of carcinoma specimens and is mainly associated with luminal
surfaces and secretory products. Adenoma cells Â»erereactive with M,
14,500 anti-lectin antibody at their luminal surfaces or cytoplasms, but
they did not stain with M, 31,000 anti-lectin antibody. These results
suggest that a correlation exists among the level of the M, 31,000 lectin,
the serum level of carcinoembryonic antigen, and the stage of progression
of colorectal carcinomas.

INTRODUCTION

Recent studies with experimental animals from many labo
ratories have shown that highly metastatic tumor cells have a
variety of specific biochemical properties different from those
of poorly metastatic tumor cells. Cell surface molecules with
unique properties are frequently found associated with met
astatic phenotypes (1). These cell surface molecules are thought
to influence specific adhesion processes, invasiveness, immu-
nogenicity, and other immune recognition systems, all of which
collectively influence metastatic potential of the tumor cells.
Many of these molecules are glycoconjugates such as glycopro-
teins, glycolipids, and proteoglycans or glycoconjugate-binding
and modulating molecules such as glycosidases, glycosyltrans-
ferases, and lectins.

The presence or absence of metastasis is the most critical
factor in determining prognosis of colorectal cancer patients.
One of the major causes of failure in the treatment of colorectal
cancer is the occurrence of mÃ©tastases(2). In fact, this disease
is usually classified based on the presence or absence of detect-
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able metastasis at the time of initial surgery (3, 4). Our previous
finding that there is no significant correlation in the size or
grade of colon carcinoma with metastatic potential strongly
suggests that biochemical and biological characteristics of the
tumors, independent of the factors regulating tumor growth at
the primary sites, might be responsible for metastasis (5). We
have engaged in studies to determine whether cell surface and
extracellular molecules produced by human colon carcinoma
cells are actually involved in critical processes of metastasis
formation and whether these molecules are useful as prognostic
indicators. Our previous studies using fresh tumor tissues and
histolÃ³gica! specimens available from biopsy and surgical resec
tion of the tumors demonstrated that the levels of at least four
different high molecular weight glycoproteins positively or in
versely correlate with the stage of progression of human colo
rectal carcinoma (6-9). These mucin molecules may influence
the immune effector sensitivity of these cells (10). We also
reported that activity of collagenolytic enzymes produced and
secreted by tumor tissues had no correlation with metastatic
potentials of the tumor (11).

Investigations to correlate the expression of cell surface mol
ecules that mediate adhesive interactions of tumor cells with
stage of colorectal carcinoma progression to the metastatic
phenotypes have not previously been performed with clinical
specimens. While cell adhesion is not a simple process, infor
mation regarding possible significance of several adhesive mol
ecules in colorectal carcinoma pathogenesis has recently been
described. For example, Fearon et ai ( 12) reported a nucleotide
sequence associated with a segment of chromosome 18q that is
often deleted in colorectal carcinoma and demonstrated that
the deduced amino acid sequence is homologous to the immu-
noglobulin-like domain of the neural cell adhesion molecule
and related adhesion molecules. Benchimol et al. (13) proposed
that CEA\ a widely used human carcinoma marker, is an
adhesion molecule responsible for homotypic aggregation of
the cells. Pignatelli et al. (14) found that CEA is associated
with collagen-binding molecules and modulated their function.
They suggested that this interaction is essential for extracellular
matrix-induced differentiation of colon carcinoma cells. Jessup
and Thomas (15) demonstrated that CEA can enhance experi
mental metastasis of colorectal carcinoma cells in nude mice,
that CEA binds to the surface of such cells, and that the cells
attach to a CEA-coated substrate. Furthermore, they suggested
that binding of the cells to CEA may be mediated by tumor cell
surface-associated lectins.

In the present report we focus on endogenous lactose-binding
lectins that could mediate cell to cell adhesion as well as cell-
matrix adhesion through glycoconjugate receptors containing
terminal or penultimate galactosyl residues (16, 17). Lactose-

1The abbreviations used are: CEA. carcinoembryonic antigen: MAb, monoclo
nal antibody: BSA, bovine serum albumin: DPBS. Dulbecco's phosphate-buffered

saline.

387

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/1/387/2443334/cr0510010387.pdf by guest on 19 M

ay 2023



ENDOGENOUS LECTINS IN COLON CARCINOMA

binding lectins have been found in the normal intestines of spending to these molecules as judged from autoradiography were cut
chickens, mice, rats, and humans (18-23). Previous reports of
the occurrence of such lectins in colon carcinomas were anec
dotal, and very little information was available regarding the
biological importance of these molecules in the malignant be
havior of the tumor (24-26). We compared the levels and
localizations of M, 31,000 and 14,500 lactose-binding lectins
in a large number of human colorectÃ¼lcarcinoma specimens.
The results indicate that the relative amount of the M, 31,000
lectin in tumor tissues is higher in colon carcinoma at advanced
stages. Correlation is also seen between the amount of M,
31,000 lectin in the primary carcinoma and serum levels of
CEA at the time of surgery.

MATERIALS AND METHODS

Tissue Specimens and Clinical Information. Colorectal primary tumor
specimens of approximately 0.5-1 g were removed surgically from the
luminal edge of colorectal tumors from 45 patients. The primary tumors
were staged according to the Astler-Coller modification of Dukes'

classification system (3, 4). HistolÃ³gica! grade and location were also
recorded. Frozen tumor tissues (approximately 50 mg each) were
minced into small pieces and extracted with 0.5 ml of 5 mM Tris-HCl
buffer containing 0.25 M sucrose-0.05 m,\i calcium chloride-O.OI m\i
phenylmethylsulfonyl fluoride-0.5% Nonidet P-40, pH 7.3, at 4Â°Cfor

18 h. These extracts were used to determine the contents of M, 31.000
and 14,500 lactose-binding lectins by an immunoblotting technique.
Immunohistochemical localization of these molecules was examined
using a separate set of specimens (total of 23). Clinical information for
these tissue specimens was also obtained from the pathology reports.

Antibodies. Polyclonal antibodies prepared against a mixture of M,
14,500 and 29,000 lectins from bovine lung (supplied by Dr. Samuel
H. Barondes) were used for blotting assays to estimate relative quantity
of human M, 14,500 and 31.000 endogenous lectins. For immunohis-
tochemical localization of M, 31,000 lectin, antibodies against mouse
3T3 cell M, 35,000 lectin (supplied by Dr. John L. Wang) were used.
These antibodies were found to cross-react with endogenous lectins
from human tissues. Immunohistochemical localization of M, 14,500
lectins was examined by polyclonal antibodies prepared against M,
14,500 lectin purified from human placenta (27). A MAb 7F specific
for CEA developed by Zhang et al. (28) was provided by Dr. James
Chan.

Estimation of Tissue Content of Lactose-binding Lectins. Protein
contents of tumor tissue extracts were determined by the method of
Lowry et al. (29) and normalized at 2 mg/ml by adding the same buffer
used for the extraction of tumor tissues. Then, the tissue extracts were
mixed with a half volume of 187.5 mM Tris-HCl buffer, pH 6.8,
containing 6% sodium dodecyl sulfate, 3% 2-mercaptoethanol, 1.5 mM
EDTA, and 30% glycerin, and heated at 100Â°Cfor 5 min. Thirty-five

p\ of each of the samples was subjected to electrophoresis on 13%
polyacrylamide gels and electrophoretically transblotted onto nitrocel
lulose membranes (0.1 >JM;MSI, Westboro, MA). The membrane was
blocked for the nonspecific antibody binding with 3% BSA dissolved
in 10 mM Tris-HCl buffer, pH 7.4, containing 0.14 M sodium chloride
and 0.02% sodium azide at 4Â°Covernight. The nitrocellulose mem

branes were treated with antiserum against a mixture of bovine lung
lectins (diluted 1:100 in the same solution as the blocking step) for 2 h
at room temperature and washed at room temperature for 1 h in 10
mM Tris-HCl buffer, pH 7.4, containing 0.9% sodium chloride. Then,
the nitrocellulose membranes were further incubated with U5I-labeled

goat anti-rabbit IgG antibodies (12.7 Â¿iCi/^g;ICN Radiochemicals,
Irvine, CA), diluted at a concentration 1.5 x IO5cpm/ml of 3% BSA
dissolved in 10 mM Tris-HCl buffer, pH 7.4, containing 0.9% sodium
chloride and 0.02% sodium azide at 23Â°Cfor 2 h. After repeated

washing with 10 mM Tris-HCl buffer, pH 7.4, containing 0.9% sodium
chloride at 23Â°Cfor 1.5 h, the membranes were air dried and processed

for autoradiography. To estimate the relative quantity of M, 31,000
and 14,500 lectins, portions of the nitrocellulose membranes corre-

and the radioactivity associated with them was counted on a gamma
counter. The amounts of radioactivity associated with M, 31,000 and
14,500 lectins, respectively (derived from '"I-labeled goat anti-rabbit

IgG antibodies), on separate nitrocellulose membranes were normalized
based on the radioactivity associated with M, 35.000 and 14,500 lactose-
binding lectins derived from 10' murine lymphosarcoma cells, which

are included in each gel. Electrophoresis and immunoblotting experi
ments with serially diluted lymphosarcoma extracts indicated that the
bound radioactivity was proportional to the amount of lactose-binding
lectins in the range observed with colorectal carcinoma tissue extracts.

Estimation of Tissue Content of CEA. Serum content of CEA was
determined using commercial kits and recorded as a part of the clinical
management of colorectal carcinoma patients. The contents of CEA in
surgical specimens were estimated by the binding of anti-CEA antibody
to electrophoretically separated and transblotted tissue extracts pre
pared in the same manner as described above except that 6% polyacryl
amide gels were used. A hybridoma culture supernatant of a mouse
MAb 7F was used at a 1:50 dilution. Biotinylatcd goat anti-mouse IgG
and '25I-streptavidin were used for the detection of CEA on the nitro

cellulose blots. Electrophoretically separated lysates from 22 tumor
tissue specimens were analyzed.

Immunohistochemical Distribution of Lactose-binding Lectins and
CEA. Immunohistochemical staining of formalin-fixed tissue sections
was carried out as previously described (30, 31). Briefly, serial sections
of surgical specimens embedded in paraffin were deparaffinized and
treated with 0.03% hydrogen peroxide in methanol for 30 min to block
endogenous peroxidase activity. The sections were rehydrated and
washed with DPBS and then incubated with 1% BSA (dissolved in
DPBS) for 2 h at 23Â°Cor overnight at 4Â°C.The sections were then

incubated with an antiserum specific for the M, 31,000 lectin (diluted
1:300), with IgG fraction (50 ^g/ml) of a rabbit antiserum against
human placenta M, 14,500 lectin or MAb 7F hybridoma supernatant
(diluted 1:30). These solutions were diluted in 1% BSA and the incu
bations were carried out at 4Â°Cfor 16 h. The sections were washed

several times with DPBS and treated with biotinylated goat anti-rabbit
IgG or biotinylated goat anti-mouse IgG for 1 h. After repeated washing
with DPBS, the sections were further incubated with solutions of avidin-
biotinylated peroxidase complex for 1 h. For these procedures, avidin-
biotinylated peroxidase complex staining kits (purchased from Vector,
Burlingame, CA) were used. After several additional washes with
DPBS, the sections were incubated with a peroxidase substrate solution
prepared by mixing 1 ml of 0.4% 3-amino-l-ethylcarbazole dissolved
in A',A"-dimethylformamide, 100 ml of 20 mM sodium acetate buffer

(pH 5.2), and 70 n\ of 30% hydrogen peroxide. The sections were
counterstained with Meyer's hematoxylin and mounted with gelatin-

glycerin-mounting agent. The sections -.vereobserved and photographed
under a Nikon Biophoto microscope.

Statistical Analysis. The significance of the differences among differ
ent Dukes' stages was evaluated with the analysis of variance test (32)

and simple regression analysis tests (33). The Kruskal-Wallis test was
also used to assess the significance of rank orders of different stages
(34).

RESULTS

Binding of Antibodies against Lactose-binding Lectins to Elec
trophoretically Separated Human Colorectal Carcinoma Tissue
Extracts. Immunoblotting analysis of human colorectal carci
noma tissues with antibodies against lactose-binding lectins
revealed essentially two components with apparent M, of
31,000 and 14,500. As shown in Fig. 1, the relative intensity of
antibody binding to these two components varied from one
sample to another. Furthermore, additional components with
apparent M, of 17,000, 18,000, 26,000, 34,000, and 46,000
were also detected in a few samples. Relative amounts of
antibody binding to M, 31,000 and 14,500 components were
estimated by binding of 125I-labeledanti-rabbit IgG antibody to
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43 44 47 51 52 56 57 58

*Â« *

Table I Lactose-binding lectin contents of human colorectal carcinoma surgical
specimens as determined by antibody binding to electrophoreÃ®icaUyseparated

tissue lysates

B2 B2 B2 B1 C2 B2 B1 D

141 129127108176226266281

- '31 kD

>14.5kD

C1 C2 C1 D C1 C2 B1 B2
Fig. 1. Typical profiles of Western blots of colorectal carcinoma tissues probed

for M, 31,000 and 14,500 lactose-binding lectins. Fifteen % polyacrylamide slab
gels were used. The electrophoretically separated tumor cell lysates were electri
cally transblotted to nitrocellulose membranes and reacted with specific antibod
ies. Bound antibodies were detected by 12!I-labeled goat anti-rabbit IgG followed
by autoradiography on Kodak XAR X-ray films. Autoradiograms as shown in
this figure were used to localize bound antibodies in the gels and to measure the
associated radioactivity. Top abscissa, specimen numbers as shown in Table 1;
bottom abscissa, stages of the patients according to Dukes' classification with

modification by Astler and Coller; ordinale. M, in thousands.

these components blotted onto nitrocellulose membranes. The
amounts of bound second antibody were shown to correlate
linearly to the amount of M, 31,000 or 14,500 lectins. The
results derived from analysis of 45 primary tumor specimens
and 3 specimens from hepatic mÃ©tastasesare summarized in
Table 1 along with clinical and pathological information. Var
iation and difference among categories of tissue specimens were
compared using information presented in Table 1. The results
of analysis of variance among different stages, different grades,
and different locations were obtained (32). A significant differ
ence was seen in the levels of M, 31,000 components from
different stages as shown in Table 2. Antibody binding to M,
31,000 components of primary carcinoma at an advanced stage
[stage D according to Astler-Coller-modified Dukes' classifi

cation (3, 4)] was significantly higher than antibody binding to
M, 31,000 components from early stages (stage B, or B2 ac
cording to Astler-Coller-modified Dukes' classification (3, 4).

The results of the Kruskal-Wallis test indicated that a rank
order B2 < C, < B, < C2 < D was significant at a 97.1%
confidence level (34). A scattergram for the data is shown in
Fig. 2. In this figure, the relative quantity of M, 14,500 lectin
(top) and M, 31,000 lectin (bottom) in tumor tissues was plotted
against the stages (values 1, 2, 3,4, and 5 are assigned for stages
BI, B2, Ci, C2, and D, respectively). Significant simple regres
sion (P = 0.0099 for the F test) was found between stages and

Patientno.11111214161718202122232526283031333435353738394347464856585963647073799293113134138154166167177181186220220Specimen
no.19212224282931343738394344475152565758596162636674767799101102106108127129141171176226266281320359362390405407462463Stage"DB,DB,B,BjDB,C2C2B,B,I'

ll.C2B,B,DDB,B,C2C,DDC,B,BIB,C2C,B,C,B,C,DB,B2C2B,B,B,B,C,DLocation*TH

(met)RRARSRRRRRSRRRAD/SDH

(met)RDSARSARSSSLRLRRSARRRR/SSRAR/SSH

(met)Grade*"MMMMM/MM-PMMMWMuMuMMuM//WMW//MWM///MuMWMM/M/M/MM/WM/Serum

CEA(ng/ml)17.11.05.8r4.53.515.71.01.04.011.0//3.04.01.51.58.346.01.0/3.414.032.030.04.024.01.02.64.11.02.41.014.3/304.0/1.5//1.53.01.5//Lectin"M,14.5001.0190.6281.2001.0421.5141.0000.8382.1321.4891.4911.5361.3561

.3090.9120.9560.8401.1020.8550.7950.7850.4681.4400.6870.8780.6040.9470.8671.0920.7741.0290.6550.6070.6910.4870.7680.9411.3401.2271.4881.9350.6930.6991.0350.7521.1470.3210.6471.105M,

3 1.0000.6770.3250.3870.3320.0920.1230.1620.4650.0790.1910.2120.2290.1840.0640.5620.1030.3300.1250.8690.7750.7700.3960.38910.6180.7150.4260.2990.2990.2730.2540.1000.2490.0240.0080.6370.5140.1990.7250.5990.5000.4800.0560.5500.0900.8600.1280.7591.780

" Astler-Coller-modified Dukes' classification.
* T. transverse: R. rectum; A, ascending colon; S, sigmoid colon; D, descending

colon.
' Well (W), moderately (M), or poorly differentiated (P), or mucinous carci

noma (Mu) according to Grinnell (41).
d Antibody binding to electrophoretically separated tumor lysates normalized

to standard lysates.
' /, information not available.

antibody binding to M, 31,000 lectins, when numbers 1-5 were
assigned to stages B,, B2, C,, C2, and D, respectively (33).
Although there were differences in antibody binding to M,
14,500 lectins among different tumor tissue specimens, no
significant differences between categorized groups were found.
A further analysis of the data presented in Table 1 revealed a
remarkable positive correlation between the tissue content of
the M, 31,000 lactose-binding lectins and the logarithm of
serum CEA level (ng/ml) at the time of surgical resection of
tumor tissues (Fig. 3, bottom). Significant simple regression (P
= 0.024 for the F test) was seen for the M, 31,000 lectin (33).
In contrast, there was no correlation between the amount of the
M, 14,500 lectin and the serum CEA level (Fig. 3, top).

Estimation of CEA Contents of Tumor Tissues. Because serum
CEA levels and tissue contents of M, 31,000 lectin were found
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Table 2 Analysis of variance tests for M, 14,500 and 31,000 leclin levels in colorectal carcinoma tissues according to the stage of the disease

M, 14.500lectinSource

Between groups
Within groups
TotalGroup

B,
B,c,

c,D-d.f.4

4145Count17

85

8
8Sum

squares0.6565.775

6.4.11Mean0.983

1.204
0.842
1.098
0.876Mean

squares0.164

0.141SD0.300

0.405
0.391
0.558
0.240ftest1.165

P =0.3403SE0.073

0.143
0.175
0.197
0.085d.f.4

4145Count17

8
S
8
8M,

3 1.000lectinSum

squares0.685

2.012
2.697Mean0.318

0.242
0.257
0.379
0.607Mean

squares0.171

0.049SD0.243

0.153
0.235
0.222
0.221ftest3.488

P = 0.0153SE0.059

0.054
0.105
0.078
0.078

Â°Differences in M, 31,000 lectin levels between B, and D. B2 and D. Ci and D and C2 and D are significant at 95% as shown by the least significant difference

technique (33).
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Fig. 2. Scattergrams correlating stage of the disease and tissue contents of M,
14,500 (top) and A/, 31.000 (bottom) lactose-binding lectins. Abscissa, 1-6 cor
respond to stages B,. B2. C,, C2, and D. respectively: bars, mean values; ordinate,
\f, in thousands.

to correlate with each other, these two molecules might share
a common regulatory mechanism for their expression. To fur
ther test this correlation we determined CEA content by MAb
7F binding to a component having an approximate M, 180,000
in some of the same tissue lysates used to measure M, 31,000
lectin content. The results shown in Fig. 4 demonstrate that
the level of cell-associated CEA was variable among the differ
ent specimens and ranged from undetectable or low levels (e.g.,
specimens 37 and 38) to very high levels (e.g., specimens 57,
63, and 74). A comparison of these results with the analyses of
the level of the lectins in the same tissue specimens (Table 1)
indicates that there is no correlation between the level of cell-
associated CEA and M, 31,000 lectin contents. For example,
CEA level in specimen 31 was several times higher than that of

-.5 .5 1 1.5 2
log(x) of Serum CEA

.5 1 1.5 2
log(x) of Serum CEA

2.5

Fig. 3. Scattergrams correlating tissue content of A/r 14.500 (top) and 31,000
(bottom) lactose-binding lectin and serum CEA levels. Logarithm of serum CEA
contents (ng/ml) was used for this plot. Ordinate, \t, in thousands.

specimen 22, yet the level of the M, 31,000 lectin was twice
higher in specimen 22. Likewise, specimen 129 contained a
relatively high level of CEA but was almost devoid of A/r 31,000
lectin. Furthermore, there was no correlation between tissue
content of CEA and serum content of CEA (at the time of
surgery) and stage of disease.

Immunohistochemical Localization of Antibodies Specific for
M, 31,000 or 14,500 Lactose-binding Lectin in Sections of Co
lorectal Carcinoma Tissues. Intracellular and extracellular lo
calization of lactose-binding lectins was studied by immunohis-
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22 24 31 37 38 44 52 57 58 62 63

Tissue CEA

B1 D B2 B2 C2 B2 C2 B1 D B1 B2

74 76 77 99 101 102 106 108 127 129 141

Tissue CEA

C2 D D C1 B1 B1 B1 C2 C1 B1 C1

Fig. 4. Comparison of tissue content of CEA by the binding of a monoclonal
anti-CEA antibody (7F). Top abscissa, specimen numbers as shown in Table 1;
bottom abscissa, Dukes' stages.

tochemical staining using M, 31,000 lectin-specific antibodies
and M, 14,500 lectin-specific antibodies. A total of 20 primary
carcinoma tissue sections, 7 corresponding liver mÃ©tastases,
and 5 adenoma sections were examined. In some of the carci
noma cases, morphologically normal mucosa portions were
present in the sections. Portions that contained the invasive
edge of the tumors were also examined. Typical staining profiles
of serial sections with these antibodies are shown in Fig. 5. As
predicted from the results of electrophoretic blotting of M,
31,000 and 14,500 lectins, binding of M, 31,000 anti-lectin
antibodies or M, 14,000 anti-lectin antibodies varied among
different specimens. Variations were observed with regard to
the intensity of antibody binding as well as to subcellular
localization. The staining profiles were classified into three
categories: staining of cytoplasmic materials, cell surface stain
ing at the luminal side of glandular structures, and staining of
secreted materials. M, 31,000 anti-lectin antibody was found
associated with cytoplasms of carcinoma cells (9/20). However,
it was not possible at the light microscopy level to determine
whether M, 31,000 lectins were absent or present on the surface
of the cells which showed positive cytoplasmic staining. This
antibody did not react with the secretory products. Antibodies
against M, 14,500 lectin bound occasionally to cytoplasms, cell
surfaces, or secretory products of carcinoma cells (5 of 20).
Weak staining by antibodies against M, 14,500 lectin also

Fig. 5. Immunohistochemical staining of human colon carcinoma specimens
with M, 14,500 (a) and M, 31.000 (A) anti-polyclonal antibodies and MAb 7F
specific for CEA (c). The sections were taken from a surgical specimen of a 58-
year-old man with moderately differentiated adenocarcinoma of descending colon.
The disease was classified as stage D according to Dukes with modification by
Astler and Coller. Bound antibodies were visualized using biotinylated anti-rabbit
IgG and avidin-biotinyl peroxidase complex and the substrate 3-amino-l-ethyl-
carbazole. Very slight counterstaining with hematoxylin was provided. In b,
positive staining was seen mainly in the cytoplasm of tumor cells, which were
forming small glands. In c, positive staining of luminal surface and of secretory
products of small to immature glands invading into the dense connective tissue
is shown. Bars, 50 (Â¿m.

localized in the cytoplasms of normal epithelial cells as well as
other host-derived cells within carcinomas or proximal to the
carcinomas. There was a greater proportion of adenoma speci
mens (5 of 6) exhibiting reactivity with this antibody than the
proportion of reactive carcinoma tissues (5 of 20). Antibodies
against M, 31,000 lectin did not bind adenoma cells. Histo-
chemically, 9 of 20 carcinoma tissues showed reactivity with
antibodies against M, 31,000 lectin. In all these cases, the
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binding was associated with the cytoplasms of carcinoma cells,
indicating that M, 31,000 lectins produced by colorectal carci
noma cells are localized primarily in the cytoplasm of the cells.
Antibodies against CEA bound to all carcinoma tissues tested
(14 of 14) and localized in cytoplasms, cell surfaces, and secre
tory products. Thus, it is clear that M, 31,000 lectin and CEA
do not colocalize in colorectal carcinoma tissues.

Relationship between Levels of Tumor Tissue M, 31,000 Lac
tose-binding Lectin and Recurrence and Survival after Surgery.
Fig. 6 summarizes the 5-year follow-up data of a total of 17
patients who were originally diagnosed as having stage B, or
B2 disease. The incidence of recurrence and death due to recur
rent disease appeared to be lower in those with primary tumors
which had a relatively high content of M, 31,000 lactose-binding
lectins. However, there was no statistically significant difference
in the content of M, 31,000 lactose-binding lectins between
survivors and nonsurvivors within the 5-year period. These
results suggest that the level of the M, 31,000 lectin in colorectal
carcinomas of stages B, and B2 cannot predict recurrence or
survival.

DISCUSSION

The presence and localization of mammalian carbohydrate-
binding proteins (lectins) in normal and malignant cells and
tissues including intestine and colon have been studied by
affinity chromatography purification as well as by the use of
native or synthetic glycoprotein probes (16-26). These studies
have led to the identification of several different classes of
endogenous lectins in almost all tissues and cells studied.
Among these lectins, two closely related lactose-binding lectins
have been well established. One lactose-binding lectin with
approximate Mr 29,000-35,000 and another, with one-half the
size, have similar primary' structures and carbohydrate-binding

specificity, but the expression of these different lectins is ap
parently independently regulated (16). These endogenous lec
tins expressed on the surface of tumor cells are proposed to
influence the metastatic behavior of these cells by modulating
homotypic and heterotypic adhesion mechanisms (16).

The presence of endogenous lactose-binding lectins in colo
rectal carcinoma tissues has previously been demonstrated by
Gabius et al. (23, 24, 26). However, the data were qualitative
and did not relate lectin expression to the biological behavior
of the tumor, probably because of the limitation in the detection
method and the use of a small number of tumor specimens. In
our study we used specific antibodies in combination with
electrophoretic separation of lactose-binding lectins with differ-
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Fig. 6. Recurrence and survival of Dukes' stage B, and It patients after surgical

treatments. Patients who died of causes other than recurrence of colorectal
carcinoma were excluded from this analysis. Thus, 17 patients with complete
follow-up information (corresponding to specimen numbers 22, 28. 29. 31, 37.
43, 44, 51. 56, 62, 129, 171, 266, 281. 361, 390. and 405) were categorized into
two groups (upper and lower 50%) according to the levels of endogenous lactose-
binding lectins in the primary colorectal carcinoma. Solid lines, survival of the
patients: doited lines, recurrence of disease.

ent molecular weights. Also, the availability of a relatively large
number of colorectal carcinoma tissue specimens representing
a variety of clinical stages allowed us to evaluate the possible
significance of lactose-binding lectins in determining the bio
logical behavior of colorectal carcinoma.

The results have demonstrated that the content of A/r 31,000
lactose-binding lectin in primary colorectal carcinomas at an
advanced stage (Dukes' stage D) was greater than at the early
stages (Dukes' stages B, and B2). We have shown that colorectal

carcinomas at advanced stages are phenotypically different from
their counterparts at earlier stages in the expression of cellular
glycoproteins (6-9). It is possible that these phenotypes asso
ciated with advanced carcinomas influence the biological be
havior of colorectal carcinoma cells, which tend to metastasize
and recur. Metastatic tumor cells are known to express a variety
of phenotypes that collectively give these cells the advantage to
disseminate, invade, and survive at distant organ sites. The M,
31,000 lactose-binding lectin as well as unique mucin expres
sions should be one of the determinants of colorectal cancer
metastasis. It has been postulated that the biological behavior
of colon carcinoma cells from tumors at the advanced stages is
different from that at the early stages (2). Human colon carci
noma cell lines in nude mice, as well as murine colon carcinoma
cells having different metastatic ability, may represent these
different stages of colorectal carcinoma progression to the
metastatic phenotypes (35-39). It would be interesting to test
whether selected highly metastatic cells produce increased
amounts of M, 31,000 lactose-binding lectins.

The levels of lectins in metastatic tumors derived from colo
rectal carcinoma were lower in two cases and higher in one case
than the primary tumors. Although the sample number is too
small to make conclusions, the expression of an M, 31,000
lectin in mÃ©tastasesdoes not seem to be consistent with that in
the corresponding primary tumors. We have previously made
similar observations on the expression of a high molecular
weight sialoglycoprotein in human colorectal carcinomas (7).
The levels of a sialoglycoprotein with an approximate M,
900,000 were significantly higher in advanced primary tumors
than primary tumors at early stages but not always higher in
mÃ©tastasescompared with the corresponding primary tumors.

We found a positive correlation between tissue levels of the
M, 31,000 lectin and serum levels of CEA, one of the well-
established prognostic indicators of colorectal carcinoma, at
the time of surgery. Interestingly, however, there was no cor
relation between M, 31,000 lectin content and CEA content
when 22 tissue extracts were compared. The results of this
examination strongly suggest that cellular regulation of M,
31,000 lectin levels and CEA levels in colorectal carcinoma
cells are not coordinated. Immunohistochemical observations
indicated that CEA and M, 31,000 lectin do not colocalize. The
M, 31,000 lectin may play some role in a mechanism by which
CEA is released into the blood circulation. This hypothesis
remains to be tested by examining potential regulatory proc
esses. Although both of these M, 31,000 and 14,500 lectins
have higher affinity toward lactose than other mono- or disac-
charides, they are likely to bind endogenous receptors which
contain sugar chains with complex structures such as blood
group antigens with poly-(yV-acetyllactosamine) backbone. For
example, M, 29,000 human lung lectin and bovine heart lectin
are known to have high affinity with blood group substances
(40). Existence of an association of endogenous lectins with
blood group antigenic molecules in normal and malignant
colonie epithelial cells remains to be determined.
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The frequent association of M, 14,500 lectin with colorectal
adenoma is a unique observation, although the correlation
needs to be confirmed with a larger number of specimens.
Preliminary experiments using several colon carcinoma cell
lines showed that butyrate treatment of some colon carcinoma
cells induced M, 14,500 lactose-binding lectin (27). These re
sults also suggested that M, 14,500 lectin expression is a
phenotype associated with a relatively differentiated status of
colonie epithelial cells. However, weak staining by antibodies
against M, 14,500 lectin also localized in the cytoplasms of
normal epithelial cells as well as other host-derived cells within
carcinomas or proximal to the carcinomas. This wide range of
distribution may explain why the M, 14,500 lectin was detected
more extensively in the blotting experiments than in the im-
munohistochemical staining of carcinoma cells. HistolÃ³gica!
grades defined by more- or less-differentiated morphology did
not correspond to the M, 14,500 lectin or the M, 31,000 lectin.
Thus, the M, 31,000 and 14,500 lactose-binding lectins are
independently regulated and differentially localized within
pathogenic colorectal tissues.
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