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To determine if the amount of chondroitin sulfate proteoglycan (CSPG) in human
colorectal tumor tissue correlates with the tumor’s aggressiveness we immuno-
chemically determined the CSPG levels in colorectal carcinomas at different
stages. A total of 50 specimens—4 polyps, 15 stage B tumors, 9 stage C tumors,
12 stage D tumors, 7 liver metastases, and 3 lymph node metastases—were
examined. Tumor tissues were extracted with 4 M guanidine hydrochloride con-
taining protease inhibitors. The extracts were serially diluted and blotted onto
nitrocellulose membranes. Reactivity of a chondroitin sulfate-specific mouse
monoclonal antibody (CS-56) was determined by biotinylated goat antimouse Ig
and avidin-biotin-peroxidase complex. After comparing tissues from tumors at
different stages (classified by the presence or absence of metastasis), we could not
find a positive or negative correlation between the amount of CSPG in primary
colorectal carcinoma tissues and the tumor’s metastatic potential. However, the
metastatic foci in the liver or lymph node contained higher amounts of CSPG than
the primary tumors did. Immunohistochemical staining of colon carcinoma tissue
with CS-56 revealed that CSPG is predominantly localized in fibrotic portions in
the tumor tissues. Two-year follow-up studies indicated that a high level of CSPG
In primary tumors was not predictive of recurrence.
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The prognosis for cancer is often directly related to the presence or absence of
metastases. This is particularly true of colorectal cancer, in which the five-year
survival rate is greater than 60% for patients with localized disease (Dukes’ stage B)
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and smaller than 5% for those with disseminated metastases (Dukes’ stage D) [1,2].
Dukes’ classification system is a good indicator of survival [3,4]; however, stage of
disease is not sufficient for prediction of recurrence or development of metastasis in
individual patients, especially in those without apparent metastases at the time of
surgical removal of primary colorectal tumors. The search for a specific marker for
those tumor cells most likely to metastasize may lead to the development of a new
prognostic indicator.

Recent work with experimental animals has shown that highly metastatic tumor
cells have a variety of specific biochemical properties different from those of normal
cells, e.g., cell surface glycoproteins [4-6], cell adhesiveness [7,8], specific enzymes
for the degradation of basement membranes, and extracellular constituents [8-10].
However, little is known about biochemical properties associated specifically with
human colorectal carcinoma cells having higher metastatic potentials. We were inter-
ested in examining if biochemical changes known to occur on cell surface and
extracellular molecules during malignant transformation also influence the metastatic
potential of colorectal cancer. We have already shown that the expression of high
molecular weight fucosylated glycoproteins in the distal colon and rectum [11] and
sulfated glycoproteins [12] tends to decrease upon progression of carcinomas. On the
other hand, we have found that collagenolytic activity of human colorectal carcinoma
is not related to the stage of disease {13].

Proteoglycans are major constituents of the connective tissue stroma of most
organs and are involved in tissue organization and other biological processes, such as
cell proliferation and migration [14-16]. Altered levels of proteoglycan production
and release and changes in the structure of glycosaminoglycan chains have been
reported in a variety of transformed cells and tumor tissues [17,18]. Increased
production of chondroitin sulfate proteoglycan (CSPG) has been reported in trans-
formed fibroblasts [19] and hepatocytes [20] as well as in more tumorigenic melanoma
and mammary carcinoma [21,22]. Iozzo et al. recently demonstrated an increased
amount of CSPG in human colon carcinoma tissues compared with normal colonic
epithelium [23]. Tozzo has also shown that colon carcinoma cells produce factors that
stimulate the production of CSPG by colonic fibroblast cells in culture [24]. Such a
tumor cell-host interaction comparable with desmoplastic response may influence the
metastatic propensity of tumors [25]. However, correlation of proteoglycan alterations
in colorectal carcinoma tissues with the tumor’s metastatic potential has not been
shown.

We have demonstrated by metabolic 3°S labeling and biochemical analysis of
sulfated glycoconjugates that the production of sulfomucin by colorectal carcinoma
decreases during the tumor’s progression and metastasis [12]. The amount of sulfated
proteoglycans slightly increases at the same time. Since this proteoglycan consists
mainly of CSPG, we focused on CSPG as a potential marker of human colorectal
carcinoma metastasis. We measured the amount of CSPG in the extracts of colorectal
tumors at different stages by using an anti-chondroitin-sulfate monoclonal antibody
(CS-56) [26]. After examining the amount of CSPG in colorectal primary carcinomas
that did or did not metastasize and comparing the amount of CSPG in primary
carcinoma with that in metastasis, we could not find a correlation between the content
of CSPG in the bulk of primary colorectal carcinoma and its aggressiveness or
metastatic potential.

116:TPM



CSPG in Human Colorectal Cancer Metastasis JCB:407

MATERIALS AND METHODS
Selection of Patients and Staging

Patients with histologically proven polyps and adenocarcinoma of the colon and
rectum were selected for this study. Those who had undergone previous radiotherapy
or chemotherapy or who had had colon carcinoma previously were excluded. Staging
was based on the Dukes’ classification system [3].

Specimen Processing

Tumor specimens of approximately 0.5-1.0 g were obtained from the intralum-
inal edge of colorectal tumors. Specimens of liver and lymph node metastases from
colorectal carcinoma were obtained when available. The surface portion of the
metastasis was removed to eliminate the possible influence of fibrotic tissues on the
analytical data. Necrotic portions of the tumors also were excluded. Tumor tissues
were immediately frozen in liquid nitrogen and stored at —70°C until use. Thirty
milligrams of the tissue was minced and mixed with 300 ul of proteoglycan extracting
buffer (PG buffer) containing 4 M guanidine-HCl, 4% Zwittergent 3-12 (Calbiochem
Behring, La Jolla, CA), 0.1 M sodium acetate buffer (pH 6.0), and protease inhibitors
[10 mM ethylenediaminetetraacetate, 10 mM benzamidine (Sigma Chemical Co., St.
Louis, MO), 25 mM e-aminocaproic acid (Sigma), 5 mM phenylmethylsulfonyl-
fluoride (Sigma), 10 pug/ml N-tosyl-L-phenylalanine chloromethyl ketone, 10 pug/ml
Na-P-tosyl-L-lysine chloromethyl ketone (Sigma), 20 mU/ml aprotinin (Sigma), and
2 mM N-ethylmaleimide (Sigma)]. After ultrasonication on ice for 10 sec (Ultrasonic
Cell Disrupter, Heat System Ultrasonics, Inc., Farmingdale, NY), the mixture was
incubated on ice for 18 hr with occasional gentle mixing. Supernatant was collected
by centrifugation at 13,000g for 10 min. Protein concentration was determined by the
method of Lowry et al. [27].

Preparation of 3°S-sulfated Proteoglycans

A 33S-sulfated proteoglycan fraction was prepared from colon carcinoma tissue
as described below and used to assess whether dot-blot analysis could be employed
for the measurement of proteoglycans. One hundred milligrams of fresh tumor
obtained from a 73-yr-old man with stage C sigmoid colon adenocarcinoma was
rinsed with Dulbecco’s phosphate-buffered saline (DPBS) containing 50 units/ml of
penicillin, 50 ug streptomycin, and 1.25 pg/ml of amphotericin B; minced with
scalpel blade into small pieces; and incubated in 1 ml of a one-to-one mixture of
Dulbecco’s modified Eagle’s medium and Ham’s F12 medium containing 10% fetal
bovine serum, 50 units/ml of penicillin, 50 pg/ml streptomycin, 1.25 ug/ml of
amphotericin B, and 50 uCi/ml of [3>S]Na,SO, under humidified conditions in 5%
CO, at 37°C for 48 hr. The tissue was removed by centrifugation, and *>S-sulfated
materials were extracted with 1 ml of PG buffer as described above. The extract was
applied to a Sephadex PD-10 column (Pharmacia Fine Chemicals, Piscataway, NJ)
equilibrated with 50 mM sodium acetate buffer (pH 6.0) containing 50 mM NaCl, 8
M urea, 1 mM phenylmethylsulfonylfluoride, and 0.02 U/ml of aprotinin and eluted
with the same buffer. Each 0.1-ml fraction was collected, and radioactivity was
measured after small aliquots of each fraction were mixed with Liquiscint (National
Diagnostics, Somerville, NJ). Radioactive materials eluted at the void volume frac-
tions were pooled and diluted with nine parts per volume of 8 M urea containing
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buffer A [50 mM sodium acetate buffer (pH 6.0), 50 mM NaCl, and 0.2% CHAPS]
and then applied to a DEAE-Sephacel column (1.2 X 3 cm) equilibrated with the
same buffer. The column was washed with about 20 ml of buffer A, and the 33S-
sulfated molecules were eluted first with 10 ml buffer B of [0.1 M acetate buffer (pH
6.0), 0.2 M NaCl in 8 M urea, and 0.2% CHAPS] and second with buffer C [15 ml
of 0.23 M acetate buffer (pH 6.0), 0.5 M NaCl in 8 M urea, and 0.2% CHAPS].
Radioactivity in each 1-ml effluent fraction was measured. The fractions eluted with
buffers B (peak I) and C (peak II) were respectively pooled, dialyzed against distilled
water, and lyophilized. Peak I was mostly sulfated mucin, and peak II was proteogly-
cans including chondroitin sulfate and heparan sulfate as major components [12].

Recovery of Proteoglycans After Transfer Onto Nitrocellulose Membrane
Under Various Conditions

Proteoglycans labeled with 3>S from 100-mg tumor tissue samples were dis-
solved in 0.5 ml of distilled water and used for testing recovery of these molecules
after blotting onto nitrocellulose membranes. Five-microliter aliquots of 35S-labeled
proteoglycans were mixed with 95 ul of 6 M urea, 1% CHAPS, and 4 M guanidine-
HCI containing 0.1 M sodium acetate (pH 6.0), 2% sodium dodecyl sulfate (SDS),
or 90% ethanol and blotted onto a nitrocellulose membrane on Hybri Dot (Bethesda
Research Laboratories, Inc., Gaithersburg, MD) under moderate negative pressure
generated by water aspirator. After being rinsed in DPBS each dot was separated and
incubated in 0.5 ml of NCS (Amersham Corp., Arlington Heights, IL) at 37°C for
18 hr. The samples were then mixed with 10 ml of Liquiscint (National Diagnostics)
and their radioactivity was measured by a 1214 RACKBETA liquid scintillation
counter (LKB Instruments, Gaithersburg, MD).

In order to test the effect of the protein concentration of the samples on the
recovery of proteoglycans on nitrocellulose membranes, an extract prepared from
tumor tissue derived from a 60-yr-old woman with Duke’s stage D sigmoid colon
adenocarcinoma was diluted with 4 M guanidine-HCl containing 0.1 M sodium
acetate (pH 6.0) into different concentrations (7.4-0.12 mg protein/ml). A fixed
amount of radiolabeled proteoglycans (2,000 cpm) was added to each diluted extract
(100 1), which was then transferred onto a nitrocellulose membrane and processed
as described above.

Chondroitinase ABC Treatment of Tumor Tissue

To confirm the specificity of the antibody in our experimental system, an extract
from a chrondroitinase avidin-biotin-peroxidase complex (ABC)-treated tissue was
prepared. Thirty milligrams of fresh liver metastasis tissue obtained from a 58-yr-old
woman with colon carcinoma was rinsed with DPBS, minced, and incubated at 37°C
for 18 hr with 2 U/mi of chondroitinase ABC (ICN Radiochemicals, Irvine, CA) in 1
ml of 50 mM Tris-HCI (pH 8.0) containing 60 mM sodium acetate, 50 mM NaCl,
0.01% bovine serum albumin (BSA), 0.02% sodium azide, and 2 mM phenylmethyl-
sulfonylfluoride. Control samples were incubated without chondroitinase ABC. After
incubation, tumor tissues were removed by centrifugation at 13,000g for 10 min and
extracted with 300 ul of PG buffer as described above. The extracts were diluted,
transferred to a nitrocellulose membrane, and allowed to react with anti-chondroitin-
sulfate monoclonal antibody as described below.
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Semiquantitative Determination of CSPG in Tissue Extracts by Monoclonal
Antibody CS-56

The anti-chondroitin-sulfate IgM monoclonal antibody CS-56 was kindly sup-
plied by Dr. Benjamin Geiger (Department of Chemical Immunology, The Weizmann
Institute of Science, Rehovot, Israel). The nature of this antibody has been described
by Avnur and Geiger in detail elsewhere [26]. The tumor extracts were serially
diluted twice with 4 M guanidine-HCl containing 0.1 M sodium acetate (pH 6.0) and
blotted onto nitrocellulose membranes. The membranes were rinsed in phosphate-
buffered saline (PBS), incubated in PBS containing 2% normal goat serum at 25°C
for 18 hr, and allowed to react with 200 pg/ml of CS-56 at 25°C for 1 hr. The
membranes were washed in PBS for 1 hr, allowed to react with biotinylated antimouse
IgM (Vector Laboratories, Burlingame, CA), diluted in PBS containing 1% BSA,
washed in PBS for 1 hr, and allowed to react first with ABC-peroxidase reagent
(Vector Labs) and then with 4-chloro-1-naphthol as peroxidase substrates. The maxi-
mum dilution of the antibody to give visible reactivity (i.e., Fig. 1, row a, dot 6) was
recorded as titration score.

Immunohistochemical Localization of CSPG

Immunohistochemical localization of CSPG was studied with a primary adeno-
carcinoma of left colon and liver metastasis from a 52-yr-old man. Four-micron
sections were made from a formalin-fixed and paraffin-embedded permanent patho-
logical specimen. The sections were treated with 0.2% hydrogen peroxide to destroy
endogeneous peroxidase, rehydrated, presoaked with 5% BSA (RIA grade) in PBS
overnight at 4°C, and reacted with CS-56 (200 pg/ml diluted in 1% BSA) for 1 hr.
The sections were then processed under the same conditions as dot-blot assay de-
scribed above, except that 3,3’-diaminobenzidine were used for a peroxidase substrate.

RESULTS
Optimal Conditions for Dot-Blot Analysis of Proteoglycans

We have recently shown that colon tumor tissue synthesizes two different classes
of sulfated macromolecules (slightly acidic peak I and highly acidic peak II) in vitro,
which were separated by DEAE-Sephacel ion-exchange chromatography [12]. The
less acidic peak I was sulfated mucin, and highly acidic peak II was proteoglycans
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Fig. 1. Effect of the absence (a) or presence (b) of chondroitinase ABC treatment on the reactivity of
CS-56 to tissue extract. Thirty milligrams of fresh tumor tissue obtained from colon carcinoma metastasis
was incubated with or without chondroitinase ABC and extracted with 10 volumes of PG buffer, blotted
onto a nitrocellulose membrane, and allowed to react with CS-56 as described in Materials and Methods.
The starting concentration of the extracts in the twofold dilution was 0.25 mg protein/ml.
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containing chondroitin sulfate and heparan sulfate [12]; [*°S]-sulfate-labeled proteo-
glycans (2,000 cpm/ml) were used to compare their binding to nitrocellulose mem-
brane under the different conditions described below. Radiolabeled proteoglycans
were dissolved or uniformly suspended in 6 M urea, 1% CHAPS, 4 M guanidine-
HCl, and 2% SDS or 90% ethanol, and 100 ul of each sample was blotted onto
nitroceliulose membranes. The 4 M guanidine-HCl containing 0.1 M sodium acetate
(pH 6.0) allowed maximum binding of proteoglycans to nitrocellulose membranes
(60% of input radioactivity). Other allowed less than 20% binding efficiency, so 4 M
guanidine-HCl was used thereafter for the dot-blot analysis of proteoglycans. To
examine the effect of protein concentration on the efficiency of dot-blot analysis of
proteoglycans, we diluted the extract to different concentrations (7.4-0.12 mg protein/
ml) with 4 M guanidine-HCI. Radiolabeled proteoglycans were added to the various
dilutions of the tumor extracts and blotted. The bound radioactivities were 5, 26, 44,
and 47% of total at concentrations of 7.4, 0.93, 0.46, and 0.12 mg protein/ml,
respectively. The maximum binding of radiolabeled proteoglycans was observed at a
protein concentration of 0.12 mg/ml. The binding efficiency was extremely low at
protein concentrations more than 1 mg/ml. As protein concentration decreased, the
binding efficiency of proteoglycans appeared to increase, reaching a plateau at protein
concentrations ranging between 0.12 and 0.42 mg/ml. Therefore, the dot-blot anal-
yses of proteoglycans described below were done with protein concentrations of less
than 0.25 mg/ml.

Specificity of CS-56

The monoclonal antibody CS-56 used in the present study was directed to
chondroitin sulfate [26]. Its specificity was confirmed by the results shown in Figure
1. The CS-56 reacted to colon tumor extract blotted onto a nitrocellulose membrane
(Fig. 1, row a), but the reactivity was completely eliminated when the tumor tissue
had been treated with chondroitinase ABC, which degrades chondroitin 4- and 6-
sulfates, prior to extraction (Fig. 1, row b).

Semiquantitative Determination of CSPG in Colorectal Carcinoma Tissues
at Different Stages

Extracts were prepared from four polyps, 36 primary colorectal carcinoma
tissues, and ten metastases at a ratio of 100 mg wet tissue/10 ml buffer. The protein
concentration of these extracts ranged between 12.0 and 20.4 mg/ml and thus we
diluted them with the same buffer to 0.25 mg/ml. The extracts were serially diluted
twofold and blotted onto nitrocellulose membranes. The samples were allowed to
react with CS-56 and were immunochemically stained and the titration score was
recorded (Fig. 2). The reactivity of primary cancer tissue extracts to this antibody
varied from one specimen to another and seemed slightly higher in stage C and D
tumors than in stage B disease. However, there was no statistically significant
correlation between antibody reactivity and the stage of colorectal carcinomas. The
reactivity of metastases to this antibody was compared with that of the corresponding
primary carcinoma tissues (Fig. 3); the metastases appeared to contain slightly greater
amounts of CSPG than the primary carcinomas from which they were derived (P <
.027).
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Fig. 2. Amount of CSPG in the extracts of tumors at different stages as determined by CS-56. Tumor
extracts were prepared, blotted onto nitrocellulose membranes, allowed to react with CS-56, and scored
as described in Materials and Methods. The starting concentration of the extracts in the twofold dilution
was 0.25 mg protein/mi. Staging was based on the Dukes’ classification system [3]. In case the first well
showed no reactivity, the titration score of the extract was defined as 0. Bars show the mean volumes of

the scores.

Titration Score
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Fig. 3. Differences between CSPG content in primary tumor and in metastasis. The CSPG content in
extracts from metastases was compared to those from the corresponding primary tumors. Experimental
conditions were the same as those described in the legend for Figure 2. O, primary tumor; @, liver
metastasis; and A, lymph node (LN) metastasis. The corresponding primary tumor and metastasis were
tied with a solid line (liver metastasis) or a dotted line (lymph node metastasis) (P < .027 by Wilcoxon

signed-rank test).
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Fig. 4. Immunohistochemical localization of CSPG. Adenocarcinoma of left colon and liver metastasis
from a 52-yr-old man was used. a: Superficial portion of primary carcinoma stained with CS-56 followed
by biotinylated goat antimouse IgG and avidin-biotinyl peroxidase complex; 3,3’-diaminobenzidine was
used as a substrate. Positive staining is seen associated with fibrotic tissues in carcinoma and adjacent
colonic mucosa. b: Another serial section stained under the same condition as a except that CS-56 was
omitted. ¢: Deep portion of the same tumor stained with CS-56. This antibody binds predominantly to
desmoplastic portions in carcinoma tissue. CSPG is apparently produced by host-derived cells in the
fibrotic tissues. d: Hepatic metastasis from the same patient. CS-56 bound to fibrotic tissues, which
appeared more extensively than in the primary tumor. e: Border of liver metastatic tumor and adjacent
liver tissue (top left). f: The same field in another serial section processed without CS-56. Bars indicate
100 pm.
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Immunohistochemical Localization of CSPG in Colorectal Carcinoma
Tissues Using CS-56

Immunohistochemical localization of CS-56 was studied with tissue sections of
primary adenocarcinoma of left colon and hepatic metastasis. CSPG localized in
lamina propria in colonic mucosa adjacent to carcinoma tissues (top right, Fig. 4a).
In carcinoma tissues adjacent to normal mucosa desmoplastic response was not
extensive, and weak CS-56 reactivity was seen (bottom left, Fig. 4a). On the other
hand, at the deep portion of the same tumor, extensive desmoplasia was observed,
and CS-56 bound to these fibrotic tissues (Fig. 4c). Extensive desmoplasia was also
seen associated with hepatic metastasis from the same patient (Fig. 4d,e). These
results clearly indicated that CSPG is predominantly localized in fibrotic tissues in
colorectal carcinomas and that there was a intratumoral heterogeneity in CSPG
contents.

Patient Follow-Up

Recurrence of colorectal cancer within 2 yr after the initial surgery was followed
up for those patients classified as stage B or C. The status was available for 19
patients. Figure 5 shows the amount of CSPG in primary tumors using CS-56. Three
patients died of recurrence with liver metastasis. The CSPG contents of the primary
tumors of these patients having recurrence were not significantly different from those
who were disease-free for 2 yr.

DISCUSSION

Proteoglycans are considered to be dynamic components that influence funda-
mental biological processes including cellular proliferation, recognition, and differ-
entiation. Changes in proteoglycan production by tumor cells have been suggested to
be related to tumorigenicity, disease progression, and metastasis [18,28,29]. In-
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Fig. 5. Two-year follow up of those patients diagnosed as stage B or C at the time of surgery of the
primary tumors. The titration scores with CS-56 were plotted according to the clinical status of the

patients.
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creased amounts of CSPG have been reported in carcinomas of the lung [30,31], liver
[32,33], prostate [34], and colon [23,35,36]. Chondroitin sulfate is also known to
stimulate the growth of mammary carcinoma cells in vitro [37], of Ehrlich ascites
tumor cells in vivo [38], and of chondroitinase to inhibit the growth of Ehrlich ascites
tumor cells [39]. This evidence indicates significant involvement of CSPG in malig-
nant transformation and progression. However, little is known regarding the impor-
tance of CSPG production in determining the metastatic potential of human tumors in
vivo or its potential use as a prognostic marker.

We have been interested in elucidating the determinants of colorectal cancer
metastases. We have previously shown that there is no correlation between size of the
primary colorectal carcinoma and the stage of disease as classified by the presence of
metastasis [40]. Therefore, primary colorectal carcinomas at different stages should
contain tumor cells that express cellular or extracellular phenotypes related to differ-
ent metastatic potentials. Production of CSPG might be one of these phenotypes.

We recently analyzed metabolically labeled [*°S]-sulfated macromolecules of
human colorectal carcinoma and showed that metastases produce slightly higher
amounts of [*>-S]-labeled proteoglycans than the primary tumors do when CSPG
accounted for approximately 50% of the radioactivity in the primary carcinomas [12].
In this study the amount of CSPG detected by CS-56 in tumor tissue extracts did not
differ with the stages of the tumor. Although the amount of CSPG tended to be
slightly higher in stage C and D tumors than in stage B tumors, the differences were
not statistically significant. On the other hand, we observed higher amounts of
chondroitin sulfate detected by CS-56 in metastases than in primary carcinoma tissues.
It is not known whether these differences were due to the selective colonization of
colorectal carcinoma cells having higher capacity to stimulate CSPG production by
the host tissue or to the stimulation of CSPG production by the different host tissue
microenvironment. Also, it remains possible that the portion of primary tumors
responsible for producing metastases was a small fraction, and the analysis of
randomly taken tumor tissues from the superficial edges did not reflect the phenotypes
related to the formation of metastases. In such an event, even if there had been a
higher content of CSPG in the portion of tumors responsible for the metastasis
formation, that content would have been diluted by the noncontributing population.
Therefore, we have studied histochemical localization of CS-56 using peroxidase
methods (Fig. 4). In carcinoma tissues, CS-56-positive sites were seen associated
with extracellular fibrotic portions which was more extensively developed in the
invasive edge of the primary tumors and metastasis (Fig. 4). As an additional method,
we also used high iron diamine (HID) staining [41] in combination with chondroitin-
ase ABC treatment to localize CSPG in histological sections of formalin-fixed tumor
tissues, which gave a similar result. The results clearly show that there was an
intratumoral heterogeneity in CSPG contents. Whether they reflect heterogeneous
tumor cell populations, and whether one of these subpopulations is responsible for
the formation of metastasis, remain to be answered.

Our study is based on semiquantitative dot-blot assay of CSPG in guanidine-
HCI extracts. Preliminary attempts to use other methods in immunochemical mea-
surement of CSPG using CS-56 were not successful. For example, binding assay with
enzyme-linked second antibody or radiolabeled second antibody could not be applied
because we could not quantitatively immobilize CSPG extracted from tumor tissues
on plastic plates. Guanidine-HCI extraction which was suitable for quantitative solu-
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bilization of CSPG from tissues followed by dot-blot analysis in the same solution
gave highly reproducible and quantitative recovery of 3°S-labeled materials from
colorectal carcinoma tissues.

In conclusion, we compared the amount of CSPG measured using CS-56
extracts from primary colorectal carcinoma tissue at different Dukes’ stages. The
amount of CSPG in the primary carcinoma did not correlate with presence or absence
of metastasis. On the other hand, the amount in metastases was significantly higher
than the amount in primary tumor tissues. Although CSPG appeared to be an
extracellular component of host origin as shown in Figure 4 and as previously
described [18,24], this molecule may play a functionally important role in determin-
ing metastasis. As an example, histological observation indicated that vascular inva-
sion as well as liver colonization of colon carcinoma were accomplished not by a
single cell but as aggregates possibly including host-derived stromal constituents [42].

ACKNOWLEDGMENTS

This work has been supported by United States Public Health Service grant
RO1-CA39319. We thank Dr. Garth L. Nicolson for suggestions and encouragement
on this work; Dr. Benjamin Geiger for his generous gift of the monoclonal antibody
CS-56; Eleanor Felonia, Susan Lyman, and Debora A. Carlson for their help in
preparation of this manuscript; and Tania Busch for her help in the preparation of
illustrations.

REFERENCES
1. Olson RM, Perencevich NP, Malcolm AW, Chaffey JT, Wilson RE: Cancer 45:2969, 1980.
2. Eisenberg B, DeCosse JI, Hartford F, Michalek J: Cancer 49:1131, 1982.
3. Dukes CE: J Pathol Bacteriol 35:323, 1932.
4. Nicolson GL: Biochim Biphys Acta 695:113, 1982.
5. Irimura T, Nicolson GL: Cancer Res 94:791, 1984.
6. Nicolson GL: Exp Cell Res 150:3, 1986.
7. Irimura T, Gonzalez R, Nicolson GL: Cancer Res 41:3411, 1981.
8. Irimura T, Nakajima M, Nicolson GL: Gann Monogr 29:35, 1983.
9. Liotta LA, Thorgeirsson UP, Garbisa S: Cancer Metastasis Rev 1:277, 1982.
10. Nakajima M, Irimura T, Di Ferrante N, Nicolson GL: J Biol Chem 259:2283, 1984.
11. Irimura T, Ota DM, Cleary KR: Cancer Res 47:881, 1987.
12. Yamori T, Kimura H, Stewart K, Ota DM, Cleary KR, Irimura T: Cancer Res 47:2741, 1987.
13. Irimura T, Yamori T, Bennett SC, Ota DM, Cleary KR: Int J Cancer 40:24, 1987.
14. Hay ED: In Brinkley B, Porter K (eds): “International Cell Biology.” New York: Rockefeller

University Press, 1977, pp 50-57.
15. Toole BP, Jackson G, Gross J: Proc Natl Acad Sci USA 69:1384, 1978.
16. Comper WD, Laurent TC: Physiol Rev 58:255, 1978.
17. Turley E: Cancer Metastasis Rev 3:325, 1984.
18. Iozzo RV: Lab Invest 53:373, 1985.
19. Chiarugi VP, Dietrich CP: J Cell Physiol 99:201, 1979.
20. Ninomiya Y, Hata R, Nagai Y: Biochim Biophys Acta 629:349, 1980.
21. Heany-Kieras J, Kieras FJ: INCI 65:1345, 1980.
22. Angello JC, Danielson KG, Anderson H: Cancer Res 42:2207, 1982.
23. lozzo RV, Bolender RP, Wight TN: Lab Invest 47:124, 1982.
24. Tozzo RV: J Biol Chem 260:7464, 1985.
25. Barsky SH, Gopalakrishna R: Cancer Res 47:1663, 1987.
26. Avnur Z, Geiger B: Cell 38:811, 1984.

TPM:125



416:JCB Yamori et al.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41.
42.

Lowry OHL, Rowebrough NJ, Farr AL, Randall RJ: J Biol Chem 193:265, 1959.

Pauli BU, Schwartz DE, Thomas EJ-M, Kuettner KE: Cancer Metastasis Rev 2:129, 1983.
Takeuchi J, Sobue M, Sato E, Shamoto M, Miura K, Nakagaki S: Cancer Res 36:2133, 1976.
Hatae Y, Atsuta T, Makita A: Gann 68:59, 1977.

Horai T, Nakamura N, Tateishi R, Hattori S: Cancer 48:2016, 1981.

Kojima J, Nakamura N, Kanatani M, Ohmori K: Cancer Res 35:542, 1975.

Kojima J, Nakamura N, Kanatani M, Ohmori K: Cancer Res 42:2857, 1982.

De Klerk DP, Lee DV: J Urol 131:1008, 1984.

TIozzo RV, Wight TN: J Biol Chem 257:1135, 1982.

Isemura M, Munakata H, Ototani N, Goto K, Yoshizawa Z: Gann 73:721, 1982.

Ozzello L, Lasfargues EY, Murray MR: Cancer Res 20:600, 1960.

Takeuchi J: Nature 207:537, 1965.

Takeuchi J: Br J Cancer 26:115, 1972.

Miller W, Ota DM, Giacco G, Guinee V, Irimura T, Nicolson GL, Cleary K: Clin Exp Metastasis
3:189, 1985.

Spicer SS: J Histochem Cytochem 13:211, 1965.

Irimura T, Ota DM, Cleary KR, Nicolson GL: In Mastromarino A (ed): “Biology and Treatment of
Colorectal Cancer Metastasis.”” Boston: Martinus Nijhoff Publishing, 1986, pp 57-72.

126:TPM





