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ABSTRACT

Miii-iiisderived from colonie cancers differ immunologically and chem

ically from those in normal colonie epithelium. It has been demonstrated
that the lectin from the peanut will bind to mucins present in colonie
cancers and other neoplastic lesions but not to those from the normal
colon. It was hypothesized, therefore, that in transformed colonie epithe
lium the glycosylation of mucins occurs differently than in normal epi
thelium. To rule out the possibility that the differences in oligosaccharide
structure were due to postsecretory degradation, studies were designed
to evaluate cancer-associated colonie mucins produced under more con
trolled conditions.

We studied nine different cancer cell lines first in monolayer culture
and then as xenografts in athymic or nude mice. Eight of the nine cell
lines in monolayer culture synthesized glycoconjugates that were labeled
by fluorescein-conjugated lectins. After injection into nude mice, eight of
the nine cell lines produced tumors typical of human colonie cancer, and
six of nine secreted mucin. The mucins produced by the xenografts were
labeled at fluorescence microscopy by peanut lectin and other lectins,
characteristic of what had been seen in other primary human colonie
cancers.

One cell line, LS174T, produced large amounts of mucin in the
xenograft model. Mucin was purified from these tumors and characterized
biochemically. It was demonstrated that mucin purified from the xeno
grafts bound peanut lectin.

Therefore, we have concluded that cancer-associated mucins are pres
ent in cultured colorÃ©ela!tumor cells. The cancer-associated mucins are
also found in nude mouse xenografts, indicating that they are not the
result of postsecretory degradation by colonie flora or by tumor cell
necrosis. The cell culture and xenograft can therefore be useful for
studying the biosynthesis of cancer-associated mucins.

INTRODUCTION

Work from several laboratories has consistently indicated
that mucins from human colonie cancers differ immunologi
cally and chemically from those in normal colonie epithelium
(2, 3). Our laboratory has reported that mucins in colonie
cancers have unique carbohydrate structures that may be de
tected using FITC'-conjugated lectins and fluorescence micros

copy on fixed sections of human colonie tissues. Specifically,
FITC-PNA bound to mucins present in colonie adenocarcino-
mas but did not bind to goblet cell mucin in histological sections
of normal human colon (4). This suggested that a unique species
of mucin was produced by malignant tissues.

However, alternative explanations were available which could
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account for these observations. In sections of normal colonie
mucosa, the fluorescent lectin labeling was assessed in intracel-
lular goblet cell mucin. Therefore, it was a reasonable assump
tion that such mucin had not undergone degradation by glycos-
idases from the colonie flora (5) or lysosomal enzymes. Mucin
present in histological sections of cancer is primarily extracel
lular and potentially subject to postsecretory degradation by
lysosomal glycosidases released from necrotic tumor cells or
bacteria in the colonie lumen. Secondly, the malignant colonie
"gland" is potentially the recipient of substances which may
have been transported from the host's serum, and fluorescent

labeling of extracellular material would therefore have reflected
the presence of contaminating glycoconjugates.

The following studies were undertaken to test the hypothesis
that colonie cancer cells synthesize a unique form of mucin to
which FITC-PNA will bind. We studied FITC-lectin binding to
colon cancer cell lines grown in monolayer culture. Secondly,
we injected cultured cells into athymic mice to produce mucin-
secreting xenografts for FITC-lectin labeling studies of histo
logical sections. Finally, we extracted a mucin-rich fraction
from one mucin-secreting xenograft for biochemical character
ization and assessed the binding of PNA to the solubili/ed
tumor extract.

MATERIALS AND METHODS

Cell Culture

Nine colonie cancer cell lines were grown in sterile monolayer
culture: LS174T (Dr. B. D. Kahan); SKCO-I, HT-29 (Dr. J. Fogh);
LoVo (American Type Culture Collection); SW-1116, SW-480, SW-
620 (Col. Albert Leibovitz); HRT-18, HCT-48 (Dr. R. M. Schultz).
The cells were grown in Dulbecco's modified Eagle's medium with 4.5

g glucose/liter, supplemented with penicillin and streptomycin and
grown in 5% CO2. The medium contained 5% fetal calf serum for all
cell lines, except SKCO-1 which required 10% serum. The cells were
grown in plastic culture flasks and split approximately once per week
using trypsin-EDTA. Each cell line was grown in monolayers on glass
microscopic slides for lectin labeling studies. Cultured cells were then
grown, harvested with trypsin-EDTA, and injected into nude mice for
the production of xenografts.

Generation of Xenografts from Cultured Cells

Each cell line was harvested as described above and washed twice
with culture medium. The cells were resuspended in Dulbecco's medium
and 5 x IO6cells of each cell line were injected s.c., in 0.5 ml medium,

into BALB/c athymic mice. Four sites per animal received injections,
one anterior and one posterior on each flank. When the tumors grew
to 1 cm in diameter (2-4 weeks), the animals were sacrificed and the
tumors were removed for histological and biochemical studies.

Lectin-labeling Studies of Cultured Cells and Xenografts

Cultured cells were seeded onto glass slides and grown to confluency,
the medium was removed, and the cells were fixed with either 70%
ethanol, 95% ethanol, chilled acetone, or 3% formaldehyde. After 5
min of fixation, the cells were washed three times with PBS, pH 7, and
50 Â¿ilof FITC-lectin were applied at a concentration of 100 Â¿igprotein/
ml. The xenografts were immediately placed in 3% formaldehyde after
excision, fixed for 16 h, and embedded in paraffin. Five-^m histological
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sections were cut from the paraffin blocks and affixed to glass slides.
The tissue sections were rehydrated as described previously (4) and
labeled with 50 Mlof FITC-lectin at 100 ug of protein/ml. The FITC-
lectins (Vector Laboratories, Burlingame, CA) used are listed in Table
1. The specificity of labeling was confirmed using the appropriate
hapten sugar to inhibit binding as previously described (4).

Analytical Methods

Compositional Analysis. One xenograft, which derived from LS174T
cells, was selected for additional studies because of its prominent
secretion of mucin in the xenografts. Fresh tumor was minced, homog
enized for 2 min with a Polytron homogenizer, and sonicated for 20 s
in PBS. The homogenate was centrifuged at 100,000 x g for 1 h. The
supernatant was fractionated by column chromatography through
Sepharose 4B (column, 2.5 x 60 cm), and the eluted fractions were
monitored for neutral hexose (6) and protein ( V-'u). The eluted peaks
[Peaks I, 2, and 3 (Fig. 10)] were pooled, dialyzed against distilled
water for 24 h, and lyophilized.

Three peaks were obtained which were assayed for carbohydrate
composition by gas-liquid chromatography after acid-methanol hydrol
ysis, rc-A'-aectylation of amino sugars, and preparation of trimethylsilyl

ethers (7). Amino acid composition was determined after acid hydrol
ysis in 6 M HCI for 22 h, utilizing a Beckman 119CL amino acid
analyzer (8).

I oriin Binding Analysis. Small analytical columns (0.4 x 20 cm)
containing Sepharose 4B were used for additional lectin-binding stud
ies. The columns were equilibrated with 0.1 M Tris-HCI, pH 8. FITC-
PNA, 500 ng in 50 ni Tris buffer, pH 8, was passed through the
Sepharose 4B column and eluted with Tris buffer at 7.5 ml/h, 0.5-ml
fractions were collected, 1 ml of buffer was added, and the mixture was
assayed for FITC-lectin using a Perkin-Elmer model 204 fluorescence
spectrophotometer, with excitation at 495 nm and reading emission at
530 nm. The LS174T xenograft was minced, homogenized, briefly
sonicated, centrifuged, dialyzed, and lyophilized as described above.
Aliquots of lyophilized tumor extract were redissolved in Tris buffer,
incubated for 30 min with 500 ng of FITC-PNA in 50 u\ Tris buffer,
and applied to the Sepharose 4B column. The column was eluted at 7.5
ml/h. and 0.5-ml fractions were collected and assayed for fluorescence
as described above.

The analytical column was then equilibrated with Tris buffer, pH 8,
containing 0.2 M lactose. Again, 1 mg of LS174T extract in 50 Â¿ilTris
buffer was incubated with 500 ng of FITC-PNA for 30 min in the
presence of 0.2 M lactose, which specifically inhibits binding of PNA
to its receptors (9). This sample was applied to the column which had
been equilibrated with 0.2 M lactose and eluted at 7.5 ml/h, and 0.5-ml
fractions were assayed for fluorescent lectin as described above.

RESULTS

Lectin-binding Studies on Cells in Monolayer Culture

Table 2 indicates the morphological features of the cell lines
in monolayer culture and the corresponding tumors (xeno
grafts) generated in the nude mice. As indicated in Table 3,
FITC-lectins labeled the colorectal cancer cells in monolayer
culture. The lectins labeled not only cell surface membrane

Table I Lectins used in fluorescence microscopy

Lectin source Carbohydrate group(s) recognized

Bauhinia purpurea
Concanavalin A
Dolichos biflorus
Arachia hypogaea (peanut)

Ricinus communis 1
Soybean
Ulex europeus 1
Wheat germ

Gal,Â°GalNAc (minor)

Mannose
GalNAc, blood group A
Gal01,3GalNAc;Thomsen-Friedenreich

antigen
Gal
GalNAc
Fue; blood group O|H]
Sialic acid; GlcNAc

Table 2 Morphology of cultured cells andxenograftsCell

lineSW-480SW-620SW-1116SKCO-ILS174THT-29HRT-18HCT-48LoVoMorphologyin monolayercultureSpindly

cells, variable insize;some
syncytialclustersTwo

cell types: largeovalcells
and small roundcellsPleomorphic;

singlecellswith
largenucleiPolygonal

sheetsGrew

in discrete clumpsorcolonies;
syncytial;gland-like

structuresformedGrew
in clumps withsmallcellsSheets

of large pale cellswithvery
largenucleusSpindly

cells, grew inclumpsSpindly

cells with filamen
tous processes;multipleprominent

nucleoli;grewin
sheets withgland-likestructuresMorphology

inxenograftFew

glands, scantmucusPoorly

differentiated.sheets
ofcellsFew

glandsformedNo

growth in nudemiceon
multipleattemptsLarge
glands withcopiousmucus

producedMultiple

smallglandsproduced
mucusModerate

numberofglands,
producedmucusPredominantly

sheetsofanaplastic
cellsNumerous

glands,butwith
littlePAS-stainingmaterial

secretedintothe
glands

components but also intracellular or intercellular inclusions as
indicated in Figs. 1 and 2. In certain instances (most notably
LS174T, but also SW-1116 and SKCO-1), the inclusions were
large and intensely labeled by the lectins that bind to cancer-

associated mucin in human tumors: PNA, Ricinus communis
agglutinin 1, and Bauhinia purpurea agglutinin (4). Two cell
lines, SW-480 and SW-620, did not bind PNA in monolayer
culture. In other instances (HT-29, HRT-18, HCT-48), the
labeling was distinctly focal with clusters of intensely labeled
cells surrounded by areas in which no labeling was observed.
No difference in labeling was observed using the different
fixatives.

Lectin-binding Studies on Nude Mouse Xenografts

Cells in monolayer culture grew in flat sheets or as independ
ent colonies, however when these cells were injected into nude
mice, tumors formed that histologically resembled the tumors
of origin, and formed glands which secreted mucin. As denoted
in Table 4, the lectin binding data in the xenograft tissues
correlated with the results observed in monolayer culture.

LS174T produced a tumor which secreted prominent
amounts of mucoid material that stained red using PAS (Fig.
3) and was labeled by all of the lectins, most notably PNA (Fig.
4). SKCO-1 did not form tumors in nude mice, even after 2 x
IO7 cells were injected and the animals were observed for 3

months. LoVo produced an unusual xenograft which formed
prominent glands but secreted very scant amounts of glycopro-
tein into the glands, as judged by staining with PAS and lectin
binding (Table 4). SW-480 and SW-620 produced tumors com
posed of sheets of poorly differentiated cells without glycopro-
tein-secreting glands. SW-1116 and HCT-48 produced scant
mucin in the xenografts compared to LS174HT, HT-29, and
HRT-18.

Biochemical Analyses

"Gal, galactose; GalNAc. W-acetylgalactosamine; Fuc. fucose; GlcNAc,

acetylglucosamine.
N-

Fractionation and Compositional Analysis. A chromatogram
of the supernatant derived from the xenograft of LS174T is
depicted in Fig. 5. Three hexose-containing peaks were identi
fied and pooled. The carbohydrate contents of the three frac
tions were indicated in Table 5. Fraction 1 contained the five
carbohydrate residues found in mucin (10). Fraction 1 was
enriched in carbohydrate (32.6% of the sample) compared with
fractions 2 (4.2%) and 3 (0.3%). Fraction 2 was enriched in
mannose-containing (serum-type) glycoproteins. Fraction 3

5725

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2425112/cr0460115724.pdf by guest on 19 M

ay 2023



CANCER-ASSOCIATED MUCIN

Table 3 FITC-lectin labeling ofcolorectal cancer cells in monolayer culture

CelllineSW-480SW-620SW-1I16SKCO-1LS174THT-29HRT-18HCT-48LoVoBPAÂ°M-2+*M-1

+M-3+M-2+M-4+

1CI-4+M-2+M-1+-3+M-2+M-2+-3+

ICI-4+Con

AM-4+M-4+M-4+M-4+M-4+M-3+M-3+M-4+M-4+

C-4+DBAM-2+M-1+-2+M-3+M-1+-2+M-1

+
ICI-1+-2+00M-1

+
ICI-4+0PNA00M-1+-2+

ICI-4+M-2+

ICI-4+M-1

+
ICI-4+M-0-1

+
C-2+-3+M-0-4+

C-0-4+M-0-4+

C-0-4+M-4+

ICI-4+RCAM-4+

C-4+M-4+

C-4+M-4+

C-4+M-4+

C-4+M-4+

ICI-4+M-4+

C-4-HM-2+-4+

C-2+-4+M-4+

C-4+M-4+

ICI-4+SBAM-0

ICI-4+0M-1+-2+M-1

+M-4+

ICI-4+M-0-2+0M-1

+
1CI-4+M-2+-3+

ICI-4+UEAM-1+-2+M-1

+0M-2+M-0-2+

ICI-0-2+0M-1

+M-1

+M-2+-3+

ICI-4+WGAM-4+M-4+M-4+M-4+M-4+

ICI-4+M-4+M-4+M-4+M-4+

ICI-4+
* BPA, B. purpurea agglutinin; Con A, concanavalin A; DBA, D. bifloras agglutinin; RCA, R. communis agglutinin; SBA, soybean agglutinin; UEA, U. europeas

agglutinin: WGA, wheat germ agglutinin; M, cell surface membrane labeling; ICI, labeling of intra- or intercellular inclusions; C, diffuse cytoplasmic labeling.
Fluorescence scoring: 0, none; 1+, weak; 2+-3+, intermediate; 4+, intense labeling. A range of 0 or 1-I-to 4+ indicates heterogeneous labeling on the slide.

Fig. 1. Low power fluorescent photomicrograph of the growth characteristics
of LSI74T in monolayer culture. This field demonstrates six colonies each of
which is made up of a cluster of cells. Using the lectin FITC-PNA, one sees the
abundant presence of either intracytoplasmic inclusions or glycoconjugates se
creted between adjacent cells into crude gland-like structures that are labeled by
the fluorescent lectin and appear white in this figure. X 50.

contained very little carbohydrate, inasmuch as the analysis was
performed after dialysis.

Table 6 indicates the amino acid content of fraction 1. Thre-
onine, serine, and proline constituted 37.9%, on a molar basis,
of the amino acids present. Threonine plus serine constituted
27.3 mol/100 mol of amino acid, and the galactosamine content
(also measured during amino acid analysis) was 20.9 mol/100
mol amino acid.

Binding of FITC-PNA to Mucins Produced by LS174T. The
elution profile of FITC-PNA in Tris buffer is depicted in Fig.
6, in which a single, included peak was eluted (Peak A). When
FITC-PNA was incubated with excess LS174T extract and
applied to the column, a single high molecular weight peak was
eluted in the void volume (F0, Peak B). By increasing the
amount of FITC-PNA added to the LS174T extract, a maxi
mum size in Peak B was achieved (reflecting lectin bound to

Fig. 2. Higher magnification of a single colony of LS174T stained with FITC-
PNA demonstrates avid labeling of intra- or intercellular glycoconjugates and a
lesser degree of diffuse cytoplasmic labeling, x 125.

mucin), and an increasing size in Peak A was observed (i.e.,
unbound lectin). When the column was equilibrated with 200
HIMlactose and the mucin and lectin was incubated in a buffer
containing 200 HIMlactose, all of the fluorescence appeared in
a single low molecular weight peak (Peak A).

DISCUSSION

Fluoresence microscopy has been developed into a powerful
technique for the identification and localization of specific
antigenic structures in specimens of fixed tissues. An important
limitation of histochemical or immunohistochemical tech
niques is the uncertainty which accompanies both the interpre
tation of morphological data and the artifacts of tissue fixation.
We had previously reported that a specific carbohydrate struc
ture, that recognized by PNA, was expressed in mucins from
most colonie cancers but not normal colonie tissues (4). Since
the goblet cell mucin in normal epithelium was intracellular
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Table 4 Labeling of secreted and membrane glycoproteins in xenografts by FITC-leclins

Scores represent labeling of secreted glycoconjugates (mucus), except where secreted and cell surface membrane labeling are indicated separately. Scoring of
fluorescence: 0, no labeling; 1+, weak labeling detected: 2-3+, intermediate degrees of labeling; 4+, intense labeling of secreted glycoconjugates. A range of 0 or 1+
to 4+ indicates heterogeneous labeling throughout the section.

CelllineSW-480SW-620SW-1116LS174THT-29HRT-18HCT-48LoVoBPA"Mem

2+
SecO0

.0-3+

(most0)MemO

Sec4+Mem

0Sec
4+0-4+

(most0)Mem

0-2+
SecO0-4+

(most 0)Con

A000Mem

4+
Sec2-3+0-3+Mem

3+
SecO0-3+0DBA00Mem

0-2+
Sec 0-2+
(most0)0-4+

(most0)0000PNA0-3+

(scant
amounts)Mem

2-3+
SecO4+4+

(large
amounts)0-2+0-4+4+,

but scant
amounts0-4+

(most
0)RCA0-4+

(scant
amounts)Mem

4+
Sec 0-1+0-4+

(scant
amounts)4+ND0-4+2-4+Mem

4+
Sec 0-4+

(most 0)SBA

UEA0

00

00-1+

04+

0-4+ (most0)4+

00-4+

(most 0) 0-4+ (most0)0-1+

Mem 0-4+
SecO0

Mem 0-4+
(most 0)

SecOWGA0Mem

4+
SecOMem

4+
Sec 0-4+

(most0)4+4+Mem

4+
Sec0-4+0-4+Mem

4+
SecO

" BPA, B. purpurea agglutinin; Con A. concanavalin A; DBA. D. bifloras agglutinin; RCA, R. commuais agglutinine SBA, soybean agglutinin; UEA, V. europeas
agglutinine WGA. wheat germ agglutinin: Mem. membrane; Sec, secreted; ND, not done.

Fig. 3. Photomicrograph of a xenograft raised from LS174T cells injected
into a nude mouse. The glands in this figure contain amorphous material stained
with PAS. PAS, x 125.

Fig. 4. Section of xenograft generated from LSI74T cells in a nude mouse.
Note that the material in the glands is avidly stained with the lectin. FITC-PNA,
x 125.

and mucins in cancer were extracellular, we were concerned
that the data obtained on cancer-associated mucins may have
been artifacts of postsecretory degradation. This concern was
heightened by the observation that certain glycosidases can
"unmask" the structure in mucin which is bound by PNA (11,

12). Furthermore, in addition to glycoproteins synthesized and
secreted by tumor cells themselves, the malignant glands may
have been the recipients of contaminating substances from the
host's blood. Thus it became necessary to examine tumor cells

isolated from the circulation and flora of the human host to
determine if the different form of mucin secreted by colonie
cancers was an intrinsic characteristic of malignant tissues.

Our results clarify four points regarding the use of FITC-
lectins to examine colonie mucin structure. First, PAS-positive
inclusions that were labeled by the lectins that bind to mucin-
type oligosaccharide chains were seen in cultured colorectal
tumor cells. PNA, which had previously been noted to bind to

mucins in human colorectal cancers, labeled the inclusions in
several of the cell lines. This indicated that mucin-type glyco
conjugates are synthesized in individual tumor cells in the
absence of bacterial or serum contamination and that these
glycoconjugates bind PNA independent of modifications occur
ring after secretion.

The cells were then grown in nude mice to further examine
mucins secreted by the xenografts and to produce preparative
quantities of these glycoconjugates for biochemical analysis.
The generation of these tumors clarified a second point. Ad-
enocarcinomas which were histologically similar to native hu
man tumors secreted large amounts of amorphous, PAS-posi
tive material. The labeling of mucin in the xenografts by FITC-
lectins was similar to that seen in the cells in monolayer culture
and comparable to that seen in native human cancers (4, 13).
Of particular interest, the cell line LS174T, which had large
glycoconjugate-filled inclusions in culture, produced the great-
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Table 5 Carbohydrate contents of the three peaks obtained in Fig. 5
The percentage of each fraction made up by carbohydrate was 32.6% (fraction 1), 4.2% (fraction 2), and 0.3% (fraction 3). Percentage of total carbohydrate made

up by each sugar residue is indicated in parentheses. No ribose, deoxyribose, or uronic acids were found in any fraction.

Carbohydrate residue (nmol sugar/mg sample)

Fraction12

3Total1393(100)
196(100)

15 (100)FucÂ°91(8)
12(6)
TraceGal194(15)

27(14)
TraceGalNAc411

(31)
19(10)
TraceGlcNAc214(16)

40 (20)
TraceNeuNAc462

(30)
34(17)
TraceGlu16(1)

20(10)
11(73)Man5(1)

44(2)
4(27)

Â°Fuc, fucose; Gal, galactose; GalNAc, W-acetylgalactosamine; GlcNAc, /V-acetylglucosamine; NeuNAc, jV-acetylneuraminic acid; Glu, glucose; Man, mannose.

mucin rich peak

Table 6 Amino acid content oj fraction 1from Fig. 5

Fig. 5. Elution profile of a saline extract of a xenograft raised from LS174T
cells showing the relative proportions of protein (A220)and carbohydrate (phen-
olsulfuric acid) in the three major peaks produced by fractionation through
Sepharose 4B. The void volume (Va) peak was rich in carbohydrate and subse
quently was found to be a mucin-rich fraction.

est amounts of mucin in the xenografts. Cell lines which did
not produce mucin-secreting xenografts (SW-480 and SW-620)
did not express PNA-binding glycoconjugates in monolayer
culture either. The xenografts, like the monolayer cultures, were
sterile, which eliminated the possibility that PNA binding to
cancer-associated mucin was due to activity of bacterial glycos-
idases. The fact that the lectin binding profiles in the xenografts
resembled the labeling of glycoconjugates in the cultured cells
supports our interpretation that the cancer-associated carbo
hydrate structures reflect an intrinsic charateristic of the malig
nant cells rather than modifications of the mucins by glycosyl-

transferases or glycosidases in the mouse serum. The binding
of B. purpurea agglutinin, D. bifloras agglutinin, R. communis
agglutinin-1, soybean agglutinin, U. europeus agglutinin-1, and
wheat germ agglutinin to the inclusions in cultured LS174T
cells (and similar findings in the xenografts) also parallels
findings with these lectins in a group of human colonie cancers
(4, 13) and indicates the expression of a broad range of mucin-
type oligosaccharide structures in malignant tissue. The binding
of these lectins suggests that terminal galactosyl, W-acetylgalac-
tosaminyl, fucosyl, and /V-acetylglucosaminyl or sialic acid res
idues are expressed on independent oligosaccharide chains (or
branches of chains), a wider range of heterogeneity than is
observed in glycoconjugates of the normal human colon (4, 13).

It is of interest to note that in Table 2, the labeling of

Amino acidresidueAsportateThreonineSerineGlutamineProlineGlycineAlanineHalf-cystineValineMethionineIsoleucineLeucineTyrosinePhenylalanineHistidineLysineArgininemol/100mol6.919.08.39.710.68.66.30.15.60.43.96.51.92.61.94.23.4

E.O

2 4 6 8 10 12 14 16 18 20 22 24
VÂ° Fraction V>

Fig. 6. Elution profiles of FITC-PNA in Sepharose 4B. In this chromatogram.
the relative fluorescence (E.D., or emission density) is recorded on the ordinate
as a function of fraction number on the abscissa. When FITC-PNA was applied
to the column, it eluted as a single low molecular weight peak (A). When FITC-
PNA was incubated with an extract of the LS174T xenograft and then subjected
to chromatography, the fluorescence eluted as a single high molecular weight
peak (B) where the mucin eluted. When the FITC-PNA was incubated with the
extract from the LS174T xenograft in the presence of 200 m\i lactose, the FITC-
lectin again eluted in Peak A whereas that bound to mucin eluted in Peak B, as
the binding was specifically inhibitable by the appropriate hapten sugar (composite
figure).

cytoplasmic glycoconjugates was observed in 11 instances and
of intra- or intercellular glycoconjugates in another 18 in
stances. In all 29 instances, the lectin labeling patterns closely
resembled that of the cell surface membrane in that cell line,
suggesting a conservation of carbohydrate-synthesizing activity
between glycoconjugates destined for the cell membrane and
those destined for secretion or other functions. The labeling of
the "inclusions" appeared to have been possibly intracellular in

many instances, but these may have been intercellular inclu
sions, secreted and sequestered between cells in abortive at
tempts to form glands within clusters of the cultured cells.

The isolation of mucin from the experimental tumors pro
vided the third point. The high molecular weight fraction (F0)
of a saline extract of the xenografts was principally composed
of mucin. The absence of detectable glucose, glucuronic acid,
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maiinose, deoxyribose, and ribose indicated that there was no
contamination with glycolipids, glycosaminoglycans, serum-

type glycoproteins, and nucleic acids, respectively (14). Any
contamination of this fraction would have been limited to
proteins (which do not bind lectins) or other mucin-type gly
coproteins.

The final point is that PNA bound to mucin rather than to
lower molecular weight glycoproteins present in the mucus. The
migration of PNA with the mucin fraction and its inhibition by
lactose indicated that mucin produced by this tumor possesses
oligosaccharide units with exposed, nonreducing carbohydrate
receptors for PNA.

Thus, the observations made at fluorescence microscopy were
substantiated by analytical methods. It appears that human
colonie adenocarcinoma cells in monolayer culture contain
cancer-associated mucin in intracellular granules. Upon growth
in nude mice, the original tumor morphology is recapitulated,
and mucin is secreted into the malignant glands. The binding
of PNA to mucins found in colonie cancers is a constitutive
characteristic of the malignant cell and is not dependent upon
postsecretory degradation by bacterial glycosidases. The use of
the xenograft appears to be a useful method for preparing
cancer-associated mucins for additional analytical characteri
zation.
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