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ABSTRACT

Previous studies have suggested that mucin gene expression is tissue-

specific; however, the relationship between unique mucin gene products
and the biochemical properties of mucins is unknown. The purpose of this
study was to determine the biochemical and molecular characteristics of
mucin synthesized by adenocarcinoma cell lines derived from breast (ZR-
75-1), stomach (MGC-803), pancreas (Capan-2), and lung (Chago K-l).
Mucin was quantitated by [3H]glucosamine labeling and Sepharose CL-4B

chromatography. The mucinous nature of the labeled high molecular
weight glycoproteins (HMG) was verified by alkaline borohydride treat
ment, cesium chloride density gradient ultracentrifugation, and sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. Specific mucin gene

expression was determined using cDNA probes for 2 distinct intestinal
mucins (MUC-2 and MUC-3) and one breast cancer mucin (MUC-1).

Specific core mucin proteins were confirmed by immunoblots using anti
bodies that recognize MUC-1, MUC-2, and MUC-3 core peptides. These

experiments demonstrate that all cell lines contained HMG in the medium,
cytosol, and membrane fractions. The HMG was mucinous in breast,
pancreatic, and lung cell lines. In contrast, most of the HMG secreted by
the gastric cell line was proteoglycan-like, due to its susceptibility to
hyalurinidase, heparinase, and chondroitinase avidin-biotin complex. Ion-
exchange (DEAE-Sephacel) chromatography of [3H]glucosamine-labeled

HMG demonstrated that the acidic or basic nature of the mucin was
different in all cancer cell lines tested. Despite these differences, mRNA
and immunoblot analysis suggest that all cell lines predominantly express
MUC-1 apomucin, small amounts of MUC-2 apomucin, and no MUC-3.
Immunoprecipitation of MUC-1-type mucin using the 139H2 monoclonal

antibody demonstrated that different sizes of mucin peptides were present
in all cell lines, corresponding to the known length polymorphism of this
mucin. The amount and nature of carbohydrate epitopes were analyzed by
immunoblots using anti-T (peanut lectin), anti-Tn (91S8 monoclonal an

tibody), and antisialosyl Tn i,IT IOc monoclonal antibody). T and Tn an
tigens were significantly higher in breast and pancreatic cells as compared
with lung and gastric cell lines. These findings correlated with increased
activities of polypeptidyl /V-acetylgalactosaminyl transferase and ÃŸ-1,3-

galactosyltransfcra.se.
These experiments demonstrate that in contrast to colon cancer cell

lines described previously, which expressed high levels of MUC-2 and
MUC-3 mRNA (Niv, Y., Byrd, J. C., Ho, S. B., Dahiya, R., and Kim, Y. S.
Int. J. Cancer, 50: 147-152, 1992), the mucin synthesized by breast, pan
creatic, gastric, and lung cell lines is associated with high levels of MUC-1
mRNA, low levels of MUC-2 mRNA, and an absence of MUC-3 mRNA.

However, the mucin in these cells differs greatly in amount, distribution,
and biochemical and immunological properties.

INTRODUCTION

Mucins that are produced by various secretory epithelial cells are
heterogenous HMG3 with a high content of O-glycosidically linked

carbohydrate (1-3). Prior studies have shown the increased expression
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of mucin epitopes on tumor cells, which implies that mucin may play
a significant role in the biological behavior of the cancer cells (3, 4).
Two human intestinal mucin genes (MUC-2 and MUC-3) (5, 6), one
human mammary mucin (MUC-1) (1), and one tracheobronchial mu

cin (MUC4) (7) have been cloned and sequenced. The proteins en
coded by these genes are similar in that they have regions with a high
content of threonine, proline, and/or serine, which are repeated in
tandem. These mucins differ by their uique chromosomal locations
and lack of nucleotide sequence homology, which implies that these
cDNAs represent unique mucin proteins.

Prior studies (8, 9) have shown that epithelial-associated mucin
antigens can be analyzed by using various mucin-specific antibodies
such as 139H2 (MUC-1 type), anti-MRP (MUC-2 type), and anti-M3P
(MUC-3 type). Recent reports from our laboratory (10) and others (8,
11) have shown that MUC-1-type mucin, which has been well-char

acterized in breast cancer epithelial cells, is also expressed by several
other epithelial cancer cells. The complete amino acid sequence of this
mucin core protein obtained by gene cloning showed this mucin to be
a transmembrane protein with a large extracellular domain made up
mainly of 20 amino acid tandem repeats and a cytoplasmic tail of 69
amino acids (8, 9). The MUC-1 gene product showed a high degree of

length polymorphism due to the presence of different numbers of
tandem repeats (12). Recently, Milkens and Buijs ( 13) have studied the
biosynthesis of MUC-1-type mucin gene product in ZR-75-1 human
breast cancer cell line. However, such studies are lacking in non-breast
cancer epithelial cells that express MUC-1-type mucin gene product.

In the present investigations, we have examined the synthesis and
secretion of mucin in gastric (MGC-803), lung (Chago-Kl), pancre
atic (Capan-2), and breast (ZR-75-1) cancer cell lines. The results of
this study suggest that these cell lines express predominantly MUC-
1-type mucin genes, but their amount, carbohydrate epitopes, size, and

protein core are different in different cell lines, which could be due to
different regulatory mechanisms of mucin synthesis such as mRNA
levels and/or altered mucin glycosylation, which results in different
mucin products with different antigenic profiles.

MATERIALS AND METHODS

Cell Culture. Human pancreatic (Capan-2), lung (Chago-Kl), gastric
(MGC-803), and breast (ZR-75-1) adenocarcinoma cell lines were grown in

DME containing 10% bovine serum, penicillin (100 units/ml), and streptomy
cin (100 jig/ml) at 37Â°Cin a humidified atmosphere of 7% CO2.

Metabolic Labeling. All 4 human epithelial cancer cells were cultured in
25-cm2 flasks and labeled with ['H]glucosamine (10 uCi/ml: specific radio

activity, 20 Ci/mmol; ICN Biomedicals, Irvine, CA) in low glucose DME. Cell
number was determined from parallel flasks. After a 24-h labeling period,

flasks were chilled on ice, medium was removed, and the flasks were rinsed
with phsophate-buffered saline. The medium and rinses were centrifuged (1000
rpm for 10 min), and the supernatant was designated as "medium fraction."

The cell monolayer was removed using a rubber scraper, sonicated in ice in 10
mM Tris buffer (pH 8.0), and subjected to ultracentrifugation (100,000 X g, \
h); the supernatant was designated as "cytosol fraction" and pellet as "mem
brane fraction" (2). The extraction of membrane mucin was done by using 25

mm Tris. 1% Triton X-100, 0.6 M KCI, 1 mM EDTA, 1 min EGTA, 1 HIM

phenylmethylsulfonyl fluoride. 5 ug/ml pepstatin. and 5 |jg/ml antipain. There
was about 80-90% extraction of ['Hjglucosamine-labeled membrane mucin by

using this method.

1437

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/6/1437/2453912/cr0530061437.pdf by guest on 19 M

ay 2023



MUCIN GENE EXPRESSION

Gel Filtration of Labeled Glycoproteins. The medium, cytosol, and mem
brane fractions were subjected to gel filtration on Sepharose CL-4B (Pharma

cia, Uppsala, Sweden) columns ( 1 X 45 cm). Samples of 1 ml were applied to
the columns and were eluted with 10 HIMTris/HCl buffer, pH 8.O. For analysis
of detergent-solubilized membrane fractions, 0.1% Triton X-100 was included

in the eluent. Fractions of 1.2 ml were collected from the column and counted
for radioactivity in a scintillation counter. The results were corrected for
counting efficiency and cell number (2, 14).

Cesium Chloride Density Gradient Ultracentrifugation. In order to
check the mucinous nature of high molecular weight glycoproteins from me
dium of all 4 cell lines, CsCI was added to the ['Hlglucosamine-labeled void

volume fractions to a final concentration of 0.54 g/ml. The CsCI solution was
subjected to Ultracentrifugation (100,000 X g, 72 h) and the 1.0-ml fractions

were removed carefully, weighed to determine density, and counted for radio
activity.

Chemical and Enzymatic Degradation. The void volume fractions from
['H]glucosamine-labeled medium, cytosol. and membrane were pooled, dia-

lyzed against distilled water, and lyophilized. They were subjected to chroma-
tography again on Sepharose CL-4B columns after the following treatments.
Reductive cleavage of O-glycosidic linkages by ÃŸ-elimination was done in 50
m.MNaOH/l M NaBH4 at 50Â°Cfor 48 h. Bovine testicular hyaluronidase was
used at a concentration of 5 units/ml at 37Â°Cfor 16 h in 0.1 Macetate buffer

at pH 5.0. Heparinase digestion using 5 units/ml was carried out in 0.1 MTris
HCl, pH 7.2, at 37Â°Cfor 24 h. Chondroitinase ABC was used at a concentration

of 5 units/ml in Tris-acetate buffer (250 imi Tris/HCl, 176 IÃŒIMsodium acetate,
250 imi NaCl, pH 8.0) at 37Â°Cfor 15 h (15). All of the enzymes were obtained

from Sigma Chemical Co. (St. Louis, MO).
DEAE Sephace! Chromatography. The lyophilized void volumes from

|'Hlglucosamine-labeled medium, cytosol, and membrane fractions were ap

plied to a DEAE-Sephacel column (1X2 cm) as described earlier (16). The
column was eluted with a discontinuous sodium chloride gradient (0-300 mm

NaCl in 50 nun increments) in 10 raw Tris HCl buffer, pH 8.0, followed by 1%
acetic acid. Fractions of 3 ml were collected, and 1 ml of each fraction was
counted for radioactivity.

Glycosyltransferase Assay. The glycosyltranferase activities were mea
sured in our laboratory as described earlier (17-19). Briefly, the assay mixtures
for /V-acetylgalactosaminyl transferase and ÃŸ-l,3-galactosyltransferase con
tained 0.1 Mcacodylate buffer, pH 6.8, 20 mw MnCl2, 0.1% Triton X-100, 200
UMATP, and 25-100 ug cell homogenate in a total volume of 0.1 ml. The
acceptor for /V-acetylgalactosaminyltransferase was myelin basic protein ( 100
ug), and the donor was 5.4 UMUDP I'4C]-/V-acetylgalactosamine (4 X IO4

cpm). For ÃŸ-1,3-galactosyltransferase, asialo-ovine submaxillary mucin (50
ug) and 0.12 UMUDP [3H]galactose (6 x IO4 cpm) were used as an acceptor

and donor, respectively. All of these enzyme assays were proportional to the
amount of protein added and the time of incubation. The reaction mixtures
were incubated at 37Â°Cfor 90 min and then precipitated with 1% phospho-

tungestic acid in 0.5 M HCl. Net radioactivity transferred to the exogenously
added acceptors was determined after subtracting endogenous activity.

Pulse-Chase Labeling. The cells were grown in 25-cm2 tissue culture
flasks, using DME containing 10% fetal calf serum. When ['H]glucosamine
and ['Hlthreonine labeling were performed, the medium used did not contain

glucose and threonine. respectively. After a 1-h starvation period, the cells were

biosynthetically labeled for an appropriate time by adding 100 uCi of labeled
compound (['H]glucosamine, 33 Ci/mM; ['HJthreonine, 17 Ci/mM; both from

ICN, Irvine, CA). The cells were pulsed for 30 min and chased for 0 and 4 h.
Subsequently, cells were lysed at 4Â°Cfor 1 h in 1 ml of lysis buffer containing

25 mM Tris/HCl, pH 7.4, 1% Nonidet P-40, 4 mm EDTA, 100 HIMNaCl, and
protease inhibitors (0.6 ul/ml aprotinin and 0.2 m.Mphenylmethylsulfonylflu-

oride), and centrifuged at 10,000 x g for 10 min, and supernatant was used for
immunoprecipitation (13).

Immunoprecipitation. MUC-1-type mucin was immunoprecipitated by
using 139H2 antibody (20). Briefly, the cell homogenate (50-100 ug) was
incubated with 10 ul of normal mouse serum at 37Â°Cfor 30 min, and then at
4Â°Cfor 15 min. Prewashed Staphylococcus aureus (10%, 100 ul) was added to
the reaction mixture, incubated for 1 h at 4Â°C,and centrifuged at 5000 rpm for

10 min. The supernatant was used for immune complex preparation by adding
5 (al of 139H2 monoclonal antibody and kept at 4Â°Con shaking rotor, over

night. On the next day. 10 ul of secondary antibody (rabbit anti-mouse IgG)
were added and incubated at 4Â°Cfor 1 h. 5. aureus (10%, 100 \i\) was added
to the reaction mixture and incubated at 4Â°Cfor 1 h. The reaction mixture was

centrifuged and washed 3 times with 10 mM Tris-HCI buffer (pH 8.0), con
taining 1% Nonidet P-40. 1% BSA, 1 mm EDTA, 0.5 ug/ml leupeptin, 0.7

ug/ml pepstatin, 0.6 ul/ml aprotinin, 0.2 mM phenylmethylsulfonylfluoride, and
0.5 MNaCl. The pellets containing specific immunoprecipitates were dissolved
in 0.1 MTris HCl buffer (pH 6.8), along with 2% SDS, 6 M urea, 7% ÃŸ-mer-
captoethanol, 10% glycerol. and 0.15% bromophenol blue, and run on SDS-

polyacrylamide gel electrophoresis (13, 21).
SDS-Polyacrylamide Gel Electrophoresis and Autoradiography. Con

trol and specific immunoprecipitate samples were analyzed on 4% running gel
and 3% stacking gel according to the method of Laemmli (22) along with high
molecular weight markers (Bio-Rad Laboratories, Richmond. CA). After elec

trophoresis, the gels were fixed in 40% methanol containing 10% acetic acid
and 1% glycerol for 1 h at room temperature, washed with deionized water for
15 min, and impregnated in autofluor (ICN, Irvine, CA) for 1 h. The gels were
dried and exposed to Kodak X-O-Mat AR film at -70Â°C.

Protein Slot-Blots. In order to examine the expression of various mucin
antigens, protein slot-blot assays were performed. Various concentrations of

protein (cell homogenates) were applied to nitrocellulose membranes using a
Bio-Dot-SF apparatus (Bio-Rad). The nitrocellulose membranes were blocked

overnight in blocking buffer (5% bovine serum albumin/10 mM Tris/0.15 M
NaCl/0.05% NaNj, pH 7.4) and rinsed in phosphate-buffered saline for 1 h.
The membranes were incubated for 1 h with anti-MRP (MUC-2 human intes
tinal mucin repeat peptide) (5), anti-M3P (MUC-3 human small intestinal
mucin repeat peptide) (6). 139H2 (MUC-1 mammary mucin peptide) (12), or
anti-T (peanut lectin), anti-Tn (91S8), (23), and anti-sialosyl Tn (JTlOe) (24).
The membranes were incubated with '"I-Iabeled protein A (1 x 10Â°cpm/ml)

in blocking buffer for 1 h and then exposed to X-O-Mat AR2 film (Kodak) at
-70Â°C.

RNA Dot-Blots. RNA was extracted from each cell line using 6 Murea and

3 Mlithium chloride (25). RNA (2 to 20 ug) was transferred to Biotrans A nylon
membranes using 20X SSC (0.15 M NaCl/15 mM sodium citrate, pH 7.5) and
baked at 80Â°Cin a vacuum oven. Prehybridization was done at 42Â°Cfor 18-22
h in 5x Denhardt's solution, 5X SSC. 50 mMsodium phosphate (pH 6.5), 0.1%

SDS, 250 ug/ml salmon sperm DNA, and 50% deionized formamide. Labeling
of MUC-1, -2, and -3 cDNA was performed by the random hexamer primer
reaction. Hybridization was conducted as prehybridization except that 5 X IO6
cpm/ml of 12P-labeled probe and 10% dextran sulfate were added. After

hybridization (24 h). the membranes were washed with 2x SSC containing
0.1% SDS for 2 h at room temperature followed by one wash at 55Â°Cin 0.1 x

SSC/0.1% SDS for 1 h. After these washings, the membranes were exposed to
X-O-Mat AR2 film at -70Â°C.

Northern Blot. RNA was fractionated on 0.9% agarose gel electrophoresis
and transferred to Biotrans A nylon membranes. These membranes were hy
bridized with a MUC-1 cDNA probe as described above.

RESULTS

Quantitation of HMG. The synthesis and secretion of HMG were
estimated by measuring the amount of [3H]glucosamine-labeled gly-

coprotein excluded on Sepharose CL-4B present in the medium, cy

tosol, and membrane fractions. The radioactivity present in the void
volume for each cell line was compared and expressed as cpm/103

cells (Table 1).
MGC-803 cells secreted the highest amount of HMG in the me

dium, followed by Capan-2, ZR-75-1, and Chago-Kl. In the cytosolic
fraction, HMG was highest in Capan-2, followed by Chago-Kl,
MGC-803, and ZR-75-1. The amount of membrane-bound HMG was
highest in Capan-2, followed by MGC-803, Chago-Kl, and ZR-75-1

(Table 1).

Table 1 Â¡JH}Glucosamine incorporation into high molecular weight glvcoprotein of
MGC-803, Capan-2, Chago-Kl, and ZR-75-ÃŒcell lines and eluted in the void

volume of Sepharose-CL-4B column

-1Hradioactivity in glycoproteins (cpm/103 cells)

CelllineMGC-803

Capan-2
Chago-Kl
ZR-75-1Medium740

Â±72"

629 Â±43
117Â±9
447 Â±47Cytosol736

Â±64
2283 Â±89
1050 Â±96
685 Â±54Membrane308

Â±12
390 Â±20
234 Â±21
133 Â±37

' Mean Â±SE of 5 separate experiments.
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Chemical and Enzymatic Degradation of HMG. In order to
establish that [3H]glucosamine-labeled HMG was mucin, void vol

umes collected from medium were dialyzed, lyophilized, and analyzed
after ÃŸ-elimination and enzymatic digestion (Table 2). The labeled
HMG from the medium of Capan-2, ZR-75-1, and Chago-Kl was
predominantly mucinous in nature, as it was susceptible to ÃŸ-elimi
nation and about 60-100% resistant to digestion by heparinase, hy-
aluronidase, and chondroitinase ABC. The HMG secreted by MGC-

803 cell secretion of HMG was mainly susceptible to heparinase,
hyaluronidase, and chondroitinase ABC, which degrade proteogly-
cans. Therefore, we conclude that Capan-2, Chago-Kl, and ZR-75-1
cells mainly secrete mucin, whereas MGC-803 mainly secretes pro-

teoglycans (Table 2).
SDS-Polyacrylamide Gel Electrophoresis. The ['H]glucosamine

labeled void volumes were subjected to SDS-polyacrylamide gel

electrophoresis, followed by autoradiography. The product showed
diffuse high molecular weight bands that barely penetrated the run
ning gel (Fig. 1). Chago-kl, Capan-2, and ZR-75-1 HMG showed 3

bands (2 discrete bands at the top that barely penetrated the running
gel, and one high molecular weight diffuse band), whereas MGC-
803 showed mainly one discrete band that is at the top of the 3-5%
gradient gel. This suggests that MGC-803 (Fig. 1) secreted mainly
very high molecular weight glycoprotein (predominantly proteogly-

Tablc 2 Degradation of f^Hlglucosamine-laheled high molecular

weight glycoprotein

Void volume 'H (% of total)

TreatmentControl

NaoH/NaBR,
Hyaluronidase
Heparinase
Chondroitinase ABCMGC-803100Â°

60
4

22
8Capan-2too0

70
6572Chago-Kl100

0
60
6274ZR-75-1100

0
86

100100

" Average of 4 separate experiments.
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116

97

65

1234 5678
Fig. 1. SDS-polyacrylamide gel electrophoresis of medium and cytosol. |'H|Glu-

cosamine-labeled high molecular weight glycoprotein excluded from Sepharose CL-4B
columns was separated by electrophoresis and detected by autoradiography. as described
in "Materials and Methods." Armws, positions of molecular weight markers. Capan-2

medium (Â¡jine I). cytosol (Lane 5); MGC-803 medium (Lane 2). cytosol (Lane 6):
Chago-Kl medium (Lane j), cylosol (Lane 7); and ZR-75-1 medium (Lane 4), cytosol

(Lane 8}.

205

116

97

65

1234
Fig. 2. Fluorogramof MUC-1-type mucin from Capan-2 cells by 139H2. Capan-2 cells

were labeled with [3H]threonine for 30 min (Lanes 1 and 2) and 4 h (LaÃ±en3 and â€¢¿�/)and
[3H)glucosamine for 4 h (Lane 5} and immunoprecipitated with normal mouse serum

(Lanes I and J) or I39H2 (Lanes 2. 4, and 5) monoclonal antibody and run on 4%
SDS-polyacrylamide gel electrophoresis.

can in nature; Table 2) as compared to other cell lines. However, the
size of HMG present in the cytosol (Fig. 1) of all the cell lines was
the same.

DEAE-Sephacel Chromatography. The pHlglucosamine-la-
beled HMG purified by Sepharose CL-4B of Capan-2, MGC-803,
Chago-Kl, and ZR-75-1 fractions were subjected to DEAE-Sephacel
chromatography. MGC-803 medium showed 2 peaks (II and III,

eluted by 100 and 150 ITIMNaCl, respectively) as their major com
ponents. Capan-2 medium showed 3 major peaks (II, III, and V, eluted
by 100, 150, and 250 ITIMNaCl, respectively), Chago-Kl medium
showed a similar pattern as Capan-2 except that it had 2 more peaks
(I and VI, eluted by 50 and 300 HIMNaCl, respectively). ZR-75-1

showed peaks III and VI, eluted by 150 and 300 mw NaCl, respec
tively. This suggests that the acidic, basic, or neutral natures of HMG
produced by these cell lines are different.

A DEAE-Sephacel profile of MGC-803, Capan-2, Chago-Kl, and
ZR-75-1 cell cytosolic HMG showed that peak I (eluted by 100 mM
NaCl) was found to be a major component of MGC-803, Capan-2, and
Chago-Kl cytosolic HMG. However, peak II (eluted by 150 mM
NaCl) was a major component of ZR-75-1 cell cytosolic HMG,
suggesting that ZR-75-1 cytosolic HMG is more acidic in nature
compared to MGC-803, Capan-2, and Chago-K!. A DEAE-Sephacel

profile of HMG of membrane fractions showed that peaks II and III
(eluted by 50 and 100 ITIMNaCl, respectively) were the major com
ponents of MGC-803 and Capan-2 membrane HMG, whereas peak VI
(eluted by 250 mM NaCl) was the major component of Chago-Kl

cells. However, peak II (eluted by 50 ITIMNaCl) was the major peak
of ZR-75-1 cell membrane HMG, indicating the different acidic and

basic natures of these membrane HMG.
Characterization of MUC-1-type Mucin. In order to investigate

the molecular nature of MUC-1-type mucin antigen, each of the cell
lines was labeled for 30 min and 4 h with [3H]threonine, and 4 h with
[3H]glucosamine. MUC-1-type mucin antigens were immunoprecip

itated with 139H2 monoclonal antibody using labeled cell lysates.
Fluorograms revealed that Capan-2 (Fig. 2) and Chago-Kl (Fig. 3)

cells showed a single high molecular weight diffuse band, whereas
ZR-75-1 (Fig. 4) cells showed 2 high molecular weight bands. The
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Fig. 3. Fluorogram of MUC-l-type mucin from Chago-Kl by 139H2 antibody. Cha-

go-kl cells were labeled with pH]threonine for 30 min (Lanes I and 2) and 4 h (Lanes
3 and 4), and [*H)glucosamine for 4 h (Lane 5), and immunoprecipitated with normal

mouse serum (Lanes I and 3) or 139H2 (Lanes 2, 4. and 5) monoclonal antibody and run
on 4% SDS-polyacrylamide gel electrophoresis.

65

1234 5
Fig. 4. Fluorogram of MUC-l-type mucin from ZR-75-1 by 139H2 antibody. ZR-75-1

cells were labeled with |'H|threonine for 30 min (Lanes 1 and 2) and 4 h (Lanes 3 and

4); pHjglucosamine for4 h (Lane 5); and immunoprecipitated with normal mouse serum
(Lanes 1 and 3) or I39H2 (Lanes 2. 4. and 5) monoclonal antibody and run on 4%
SDS-polyacrylamide gel electrophoresis.

size of Chago-Kl-immunoprecipitable MUC-1 mucin was much
smaller than Capan-2 and ZR-75 1 mucin. MGC-803, immunopre-
cipitable MUC-1 mucin showed one sharp high molecular weight

band and several small size bands (Fig. 5). The intensity of this band
is much smaller than that of Chago-Kl, Capan-2, and ZR-75-1 cells,
suggesting that MGC-803 cells synthesize much less MUC-l-type

mucin as compared to other cell lines. The short term labeling (30
min) with ['Hjthreonine did not show any immunoprecipitable MUC-

l-type mucin in Capan-2, Chago-Kl, and MGC-803, whereas ZR-
75-1 cells showed about a Mr 110,000 size precursor, suggesting that

the process of biosynthesis of MUC-l-type mucin might be different

in all these cell lines.
Glycosyltransferase Activity. Table 3 shows the polypeptidyl N-

acetyl-galactosaminyl transferase and ÃŸl,3-galactosyltransferase ac
tivities in MGC-803, Capan-2, Chago-Kl, and ZR-75-1 cells. The
Capan-2 and ZR-75-1 cells had the highest activities of both these
enzymes, followed by MGC-803 and Chago-Kl.

Immunoblot Analysis. The nature of mucin polypeptides and oli-

gosaccharide epitopes was studied, in the cell homogenates of various
cell lines, by slot-blot analysis. When immunoblots were incubated

with monoclonal antibody against breast cancer apomucins ( 139H2 or
anti-MUC-1), there was a relatively higher expression of MUC-l-type
apomucin in ZR-75-1 cells as compared to other cell lines. Weak

immunoreactivity was demonstrated with an antibody against a syn
thetic MUC-2 mucin repeat peptide (Fig. 6). In contrast, no immu
noreactivity against a synthetic MUC-3 small intestinal mucin repeat
peptide was demonstrated. Thus, little MUC-2 apomucin and no
MUC-3 apomucin is detectable. Core peptide immunoreactivity may

reflect the degree of core glycosylation rather than the absolute
amount of mucin peptide present. However, these immunoreactivity
results correlate with the relative amounts of specific mucin mRNA,
suggesting that these cell lines predominantly express MUC-l-type

apomucins. In addition, these results are markedly different when
compared with colon cancer cell lines described previously (2), which
are characterized by prominent MUC-2 and MUC-3 mRNA and core

peptide immunoreactivity.
The nature of mucin oligosaccharide was also analyzed by immu

noblots. When the immunoblots were incubated with peanut lectin,

97

1234
Fig. 5. Fluorogram of MUC-l-type mucin from MGC-803 cells by I39H2 antibody.

MGC-803 cells were labeled with |'H]threonine for 30 min (Â¡Mnes5 and4) and 4 h (Lane
3}', and pHJglucosamine for 4 h (Lane 2); and immunoprecipitated with normal mouse

serum (Lane /) or 139H2 monoclonal antibody (Lanes 2-41 and run on 4% SDS-
polyacrylamide gel electrophoresis.

Table 3 Glycosyltransferase activities of 4 epithelial cell lines

Enzyme activity (pmol/mgprotein/h)Cell

lineMGC-803

Capan-2
Chago-Kl
ZR-75-1Polypeptidyl

/V-acetyl
GalNactransferase1271

Â±63"

2018 Â±75
972 Â±81

2270 Â±135/3-1,3-Galactosyl

transferase107

Â±II
214Â± 14

28 Â±3.6
2IOÂ± 13

" Mean Â±SE of 5 separate experiments.
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MGC-803
Capan-2
Chago-K-1
ZR-75-1

Fig. 6. Immunoblots of MUC-1,2,3 mucin. Protein slot-blot analysis using monoclonal
antibody 139H2 (MUC-1), anti-MRP (MUC-2), and anti-M3P (MUC-3) antibodies, fol
lowed by 125I-labeled protein A incubation and autoradiography.

Tn
Sialyl

Tn

MGC-803 *
Capan-2 + Â«â€¢â€¢
Chago-K-1 "
ZR-75-1 * â€”¿�
Fig. 7. Immunoblots of T, Tn, and sialyl Tn epitopes. Protein slot-blot analysis using

peanut lectin (T-antigen), monoclonal antibody 91S8 (Tn-antigen), and monoclonal anti
body JTlOe (sialyl-Tn antigen), followed by I25l-labeled protein A incubation and auto-

radiography.

specific for T antigen (GalÃŸSGalNac), and monoclonal antibody
(91S8), specific for Tn, there was significant expression of these
antigens by Capan-2 and ZR-75-1 cells, whereas MGC-803 and Cha-
go-Kl had little expression. However, there was very little expression

of Sialosyl Tn antigen, by these cell lines, as measured with mono
clonal antibody JTlOe (Fig. 7). Prominant expression of Tn and T
antigens correlates with increased activities of polypeptidyl W-acetyl-
galactosaminyltransferase and ÃŸ-l,3-galactosyltransferase, respec

tively.
m RNA Expression. In order to further investigate the type of

mucin expressed, the total RNA was examined by hybridization with
cDNAs for the 2 distinct human intestinal mucins (MUC-2 and
MUC-3) and one mammary mucin (MUC-1). MUC-1 mRNA was
highly expressed in all cell lines, most prominantly in ZR-75-1 cells
(Fig. 8). All cell lines also expressed a MUC-2 message, however, the

hybridization signal was weak and significantly less than in the colon
cancer cell line LS174T (2). There was no expression of MUC-3

mRNA by these cell lines, which has also been shown to be promi
nently expressed by various colon cancer cell lines (2). Fig. 9 shows
the expression of MUC-1 mRNA by Northern blot. There was a higher
expression of MUC-1 mRNA in ZR-75-1, Capan-2, and Chago-K 1, as
compared to MGC-803. We also observed 3 species of MUC-1 mRNA

that were found to be different in these cell lines.

DISCUSSION

Recent studies have shown that human MUC-1 gene encodes the

core protein of a mucin that is expressed by glandular epithelial and
breast carcinomas (26). The core protein is aberrantly glycosylated in
cancers, and some antibodies show specificity in their reactions with
the cancer-associated mucin epitopes. Recent reports from our labo
ratory (2, 9) and others (8) have shown that MUC-1-type mucin,

which is mainly produced by breast cancer epithelial cells, is also
expressed by several other epithelial cells. The detailed biosynthesis
of MUC-1-type mucin gene product in human breast cancer cell line
(ZR-75-1) has been reported by several investigators (13, 27). How

ever, such studies are lacking in non-breast cancer epithelial cells that
express MUC-1-type mucin gene product. In the present study, we

have examined the synthesis and secretion of mucin in both breast
cancer cells (ZR-75-1) and non-breast cancer epithelial cells [MGC-
803 (gastric), Chago-K 1 (lung), and Capan-2 (pancreatic)]. The re
sults of this study suggest that both breast cancer and non-breast
cancer epithelial cell lines highly express MUC-1-type mucin gene.

The amount of mucin in the medium, cytosol, and membrane was
different in various cell lines. We established that ['H]glucosamine-

labeled high molecular weight glycoprotein was mucin due to its
susceptibility to ÃŸ-elimination, which preferentially cleaves the O-

glycosidic linkage found in mucin (17) and by cesium chloride high
density ultracentrifugation (2, 9). We found that MGC-803 cells (gas

tric) mainly secrete proteoglycans, as the secreted HMG was highly
susceptible to chondroitinase ABC, hyaluronidase, and heparinase.
The amount of mucin produced, as determined by glucosamine label
ing, appears to reflect the level of expression for the apomucin, as
assessed by immunoblots and mRNA slot-blots. mRNA slot-blot anal
ysis of MUC-1 and MUC-2 is only semiquantitative, due to differ

ences in cDNA probe binding efficiency (28). In the present experi
ments, MUC-1 mRNA was the predominant apomucin mRNA
detected in all cell lines, with minimal MUC-2 or MUC-3 mRNA
hybridization. This finding correlated with prominent 139H2 immu-

mRNA Expression
MUC-1 MUC-2 MUC-3

MGC-803 >
Capan-2 â€”¿�*

Chago-K-1 â€”¿�Â»
ZR-75-1 â€”¿�-

Fig. 8. mRNA expression. Total RNA (15 ug) from MGC-803. Capan-2. Chago-K I.
and ZR-75-1 were hybridized with MUC-1 cDNA, MUC-2 cDNA, and MUC-3 cDNA
probes as described in "Materials and Methods."
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7.4 Kb -
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Fig. 9. Northern blot. Total RNA (15 ug) from Capan-2. Chago-K I. MGC-803, and
ZR-75-1 were hybridized with MUC-1 cDNA probe as described in "Materials and
Methods."
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noreactivity and minimal anti-MRP immunoreactivity. A recent study

from our laboratory has shown that a variety of colon cancer cell lines
predominantly express MUC-2 and/or MUC-3 mRNA (2). The
present data indicated that MUC-1 apomucin is the major apomucin

synthesized by these cell lines, however, the precise contribution of
MUC-2 apomucin to the total mucin synthesized by 3 cell lines

remains to be determined. In addition, whether these cell lines syn
thesize the recently described tracheobronchial mucin (MUC4) (7), or
the unique human gastric mucin (MUC6) (29), will require further
investigation.

Although the MUC-1 gene product is expressed in most glandular

epithelia, the glycosylation of the core protein can vary widely in
different cell lines, resulting in differences in the antigenic profile of
the final mucin product. The core protein epitope (MUC-1-type mu

cin) recognized by the antibody 139H2 is selectively exposed when
carbohydrate side chains are short (30). This epitope is highly ex
pressed by breast cancer, and it was important to ascertain whether the
expression of MUC-1-type apomucin in non-breast cancer cells was

similar to breast cancer cells. In the present study, we found that the
biochemical characteristics of MUC-1-type mucin in breast cancer
cells differ from those in non-breast cancer cells (pancreatic, lung, and
gastric) as suggested by pHlthreonine and [3H]glucosamine labeling

followed by immunoprecipitation with 139H2 monoclonal antibody.
In this regard, prior studies (31) have shown that the tandem repeat
domain in MUC-1 gene shows allelic variations in length that result in

such a high degree of polymorphism that the sequence can be con
sidered a variable number tandem repeat locus (32). This polymor
phism makes MUC-1 mucin a useful locus to study, particularly in

light of its location on chromosome Iq21, a region that is frequently
found to be altered in cancerous cells (32).

The glycosylation of MUC-1 mucin can vary with the cell lines,

resulting in the production of final mucin products with different
antigenic profiles. In the present study, the size of the mature mucin
product was found to be different in different cell lines. Prior studies
from our laboratory (3, 33) have shown that there are differences in
glycosylation of mucin between cell lines. Based on the amino acid
and carbohydrate compositions of subfractions of normal human small
intestinal mucin separated by ion-exchange chromatography (34), it

appears that the type of apomucin polypeptide may determine the type
of carbohydrate present in the final mature mucins. In the present
study, the molecular nature of MUC-1 mucin was found to be different
in different cell lines, as revealed by ion-exchange chromatography.

The acidic, basic, or neutral nature of HMG synthesized and secreted
in medium as well as that present in the cytosol and membrane
showed a different profile in breast cancer (ZR-75-1) and non-breast

cancer (gastric, lung, and pancreatic) cell lines, suggesting the poly
morphic nature of this mucin.

In order to establish the expression of various mucin antigens, the
samples were subjected to protein immunoblots using appropriate
antibodies. We found that all the cell lines showed significant expres
sion of MUC-1-type apomucin, very little for MUC-2, and none for
MUC-3 apomucin. These finding are consistent with the results of
mRNA slot-blot. The immunoblots with antibodies to MUC-1,
MCU2, and MUC-3 apomucins do not directly measure the amount of

mature mucin, since glycosylation interferes with antibody binding (6,
14, 29). Immunoblots, using T (peanut lectin), Tn (91S8), and Sialosyl
Tn (JTlOe) antibodies, showed that T and Tn antigen expression was
significantly higher in Capan-2 and ZR-75-1 cells, whereas Cha-
go-Kl and MGC-803 cells had little expression of these antigens. The
increased expression of T and Tn antigens in ZR-75-1 and Capan-2

cells could be due to altered biosynthetic pathways, since polypeptidyl
iV-actylgalactosaminyl transferase (synthesize Tn antigen) and ÃŸ-1,3-

galactosyltransfera.se (synthesize T antigen) were significantly higher
in these cell lines. In this regard, prior studies from our laboratory (2,

9. 17, 33) have shown that the increased expression of carbohydrate
epitopes could be due to increased synthesis or decreased degradation
pathways, or a combination of both. Recent reports from our labora
tory (35) and others (36) have also suggested that the qualitative and
quantitative alterations in mucin core epitopes could be due to reap
pearance, deletion, or neosynthesis of various carbohydrate moeities
in various cancer cells. Further studies along these lines will address
the relationship of these alterations to mucin gene product expression.

In summary, the results of these investigations suggest that these
breast, pancreatic, gastric, and lung adenocarcinoma cell lines express
MUC-1 and to a lesser degree MUC-2 mucin genes. This is in contrast
to the high expression of MUC-2 and MUC-3 observed in colon

cancer cell lines studied previously (2). Immunoprecipitation studies
demonstrate that significant size variation exists in MUC-1 proteins

produced in these cell lines. Furthermore, the amount of mucin in
medium, cytosol, and membrane fractions, and the relative expression
of core carbohydrate epitopes varies between these cell lines. These
results indicate that altered biosynthetic and glycosylation pathways
play major roles in determining the biochemical characteristics of
mucins made by these adenocarcinoma cell lines.
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