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ABSTRACT

Pancreatic cancer mucins have several carbohydrate antigens that are
potentially useful in the detection of pancreatic cancers, but little is
known about the core polypeptides of pancreatic cancer mucins. In this
study, purified mucin from S\\ 1990 pancreatic cancer xenografts Â»as
deglycosylated by treatment with hydrogen fluoride to give pancreatic
cancer apomucin. Consistent with near-complete removal of carbohy
drate, the apomucin had 10- to 70-fold decreased binding of lectins and,
unlike the native mucin, served as an acceptor for polypeptidyl .V-
acetylgalactosaminyl transferase. Antibodies prepared against the apo
mucin did not bind to native mucin, and antibodies that bound to native
mucin did not bind to apomucin. On the basis of cross-reaction with
deglycosylated colon cancer mucin and intestinal mucin repeat peptide,
apomucins from S\Y1990 pancreatic cancer xenografts contain the intes
tinal mucin repeat peptide. On the basis of binding of breast cancer-
reactive monoclonal antibodies 139H2, DF3, and HMFG-2, apomucins
from S\\ 199(1 pancreatic cancer xenografts also have the mammary
mucin repeat peptide. Using complementary DNA probes specific for
intestinal mucin and breast mucin sequences, both types of apomucin
inKNA were detected in nude mouse xenografts of SYY1990 cells. In
ininninoli isioclirm irai staining, antibody against deglycosylated SW1990
mucin stained normal breast and pancreas but not normal colon. Some
pancreatic and mammary cancers and most colonie cancers, however,
were stained by antibodies against both intestinal apomucin and mam
mary apomucin. \Ye conclude that pancreatic cancers can produce mucins
with the intestinal repeat peptide as well as those with mammary repeat
peptide sequences.

INTRODUCTION

Several pancreatic cancer-associated antigens have been
found to be mucinous glycoproteins. These include CAI9-9
(1), DU-PAN-2 (2), and YPan-1 and SPan-1 (3), antigens
recognized by monoclonal antibodies that are carbohydrate
specific. Antibodies that are specific for the core polypeptide of
pancreatic mucin have not yet been described, although there
has recently been considerable interest in the core polypeptides
of mucins. Two human mucins have been partially sequenced
through cDNA2 cloning. Both intestinal mucin (4) and mam
mary mucin (5, 6) contain multiple tandem repeats of threo-
nine-, serine-, and proline-rich domains. It is not known
whether pancreatic mucin is of the intestinal type, is of the
mammary type, or is unique. Comparison of SW1990 pan-
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creatic cancer mucin to colon cancer mucin indicated that the
two were very similar in amino acid composition but that the
pancreatic mucin had, on the average, longer oligosaccharide
chains (7). Polyclonal antisera against the two mucins, which
mainly recognized conformation-dependent protein determi
nants, showed extensive immunological cross-reactivity, but
carbohydrate-specific monoclonal antibodies could clearly dis
tinguish them (7).

Recently, colon cancer mucin has been deglycosylated by
treatment with anhydrous HF, and polyclonal antisera have
been prepared against the apomucin (8). The purpose of the
present study was to characterize deglycosylated SW1990 pan
creatic cancer mucins and to examine its immunological cross-
reactivity with colonie apomucin and mammary apomucin.

MATERIALS AND METHODS

Deglycosylation of SW1990 Mucin. Mucin purified from nude mouse
xenografts of the SW 1990 pancreatic cancer cell line (7) was thoroughly
dried and then treated with anhydrous HF with 10% anhydrous meth-
anol in a closed system for l h at 0Â°C(to give SWA) or 3 h at room

temperature (to give SWB). Reaction mixtures were quenched in ice-
cold water, dialyzed against water at 4Â°Cfor 4 to 6 days, and then
lyophilized. Amino acid analysis, after hydrolysis for 24 h at 105Â°Cin

6 N HC1 in a N2 atmosphere, was performed as described (7). Quanti
tÃ¤tion was by external standards, without correction for hydrolytic loss
of hexosamines. Cystine, methionine, and tryptophan were not meas
ured. Completely deglycosylated purified mucin from xenografts of
LS174T colon cancer cells (HFB) was prepared in the same fashion
(8).

Antibodies. A New Zealand White rabbit received 3 s.c. injections of
SWB (78 ng protein total) in Freund's adjuvant at 3-week intervals.
Serum was collected at 2-week intervals and heated for 30 min at 56Â°C.

The preparation and specificities of polyclonal antibodies against native
SW1990 mucin (7), deglycosylated LS174T colon cancer mucin (anti-
HFB) (8), and the intestinal MRP (4) has been described. Preparation
and characterization of SPan-1 monoclonal antibody have been de
scribed (3). Monoclonal antibodies against human mammary apomucin
were the kind gifts of D. Kufe (DF3, purified immunoglobulin, used at
a 1000-fold dilution), J. Hilkens (139H2, ascites, used at a 200-fold
dilution), and J. Taylor-Papadimitriou (HMFG2, culture medium, used
at a 10-fold dilution).

ELISA and Lectin Binding. Binding of polyclonal antisera and lectins
to protein and glycoprotein antigens bound to polystyrene microtiter
plates was performed as described previously (8). In brief, the plates
with bound antigen were blocked with BSA and then incubated with
either peroxidase-labeled lectins (purchased from Sigma Chemical Co.)
or with rabbit antiserum and then peroxidase-labeled goat anti-rabbit
IgG (from Zymed Laboratories). Peroxidase activity was detected with
2,2-azino-di(3-ethylbenzthiazoline)sulfonate, and the plates were ana
lyzed on an ELISA reader at 414 nm. Blank values consisting of
antibody but no antigen were subtracted. All results represent the
median of triplicate wells.

Electrophoresis and Immunoblotting. Polyacrylamide gel electropho-
resis was performed as described previously (7), with a 4% acrylamide
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stacking gel and a 7% acrylamide separating gel. Immunoblotting was
performed as described (8).

Glycosyltransferase Assays. A homogenate of SW 1990 pancreatic
cancer cells (7.9 Mgprotein total) was incubated in 100 M'total volume
for 90 min with 10 Mgof acceptor in an incubation mixture containing
15.5 MMUDP|3H]GalNAc (52,000 cpm) (purchased from ARC, Inc.)
in 0.1 M cacodylate buffer (pH 6.8), 0.1% Triton X-100, 40 MMATP,
20 mM MgCU, and 0.1% BSA. After precipitation and washing with
1% phosphotungstic acid in 0.5 N HC1, the protein was solubili/ed and
counted in a scintillation counter (9). Incorporation in the absence of
added acceptor (about 1.0 pmol/Mg/90 min) was subtracted. Results
shown are the median of triplicate assays.

Isolation and Probing of inRNA. Total RNA was isolated from nude
mouse xenografts of SW1990 pancreatic cancer cells and of LS174T
colon cancer cells by the guanidine thiocyanate procedure and poly-
adenylated RNA was isolated by affinity chromatography on oligo-
deoxythymidylate cellulose as described previously (4). Samples of 2.5
to 5 Mgwere separated by 1.5% agarose gels in the presence of formal
dehyde, transferred to a nylon membrane by capillary action, and
hybridized to probe cDNAs as described (4). The probe for MUC-1,
PUM 24P,3 was kindly provided by Dr. Dallas Swallow. The MUC-2
(SMUC-41) sequence has been previously described (4).

Inununohistochemical Analysis. Normal colonie (n = 11) and pan
creatic tissues (n = 10) were obtained from immediate autopsies of
kidney donors without any evidence of colonie or pancreatic disease, as
described previously (10). Normal breast specimens were obtained from
distant, histologically normal margins of surgically resected neoplasms.
Cancers were obtained from surgical resection specimens and included
19 colon cancers (8 well and moderately differentiated, 6 poorly differ
entiated, and 5 colloid or mucinous cancers). 15 pancreatic cancers,
and 5 breast ductal adenocarcinomas. Specimens were fixed in formalin,
embedded in paraffin, and cut into 5-nm sections.

The effect of specimen fixation was examined in normal colon. Fresh
surgical specimens from the distal margins of 1 colon cancer and 1
sigmoid volvulus resection were frozen in liquid nitrogen. Cryostat (5-
Min)sections were fixed in either acetone, methanol, ethanol with 5%
acetic acid, or 4% formaldehyde and compared to formaldehyde-fixed
paraffin-embedded sections from the same 2 cases. The streptavidin-
peroxidase technique of immunohistochemistry was used as described
previously (10). Briefly, tissue sections were deparaffinized, rehydrated,
incubated with fresh 3% hydrogen peroxide in methanol for 10 min,
and then washed three times with PBS. Next, 5% normal goat or rabbit
serum was applied for 20 min and removed by blotting. The sections
were then incubated with the primary antisera for 90 min at room
temperature, washed three times in buffer, and incubated with the
biotinylated secondary antibody (1:75 dilution in PBS) for 20 min. The
sections were washed three times with buffer and incubated with strep-
tavidin-peroxidase conjugate (10 n%/m\, Zymed) for 30 min followed
by repeated washing. Finally, the sections were reacted with diamino-
benzidine (Sigma) in 0.03% hydrogen peroxide for 10 min, washed,
counterstained with methyl green, rinsed in tap water, and mounted. A
specimen was considered positive if immunoreactive cells were found
in at least 5% of low power fields. Negative controls consisted of
substituting PBS or nonimmune rabbit or mouse serum for the primary
antibodies, which resulted in negative staining.

RESULTS

Amino Acid Analysis of Deglycosylated Mucin. The pan
creatic cancer mucin purified from nude mouse xenografts of
the SW1990 cell line (7) was treated with anhydrous HF under
two conditions and subjected to amino acid analysis (Table 1).
Treatment with anhydrous HF to give SWA for l h at 0Â°C

removed 51 to 53% of the glucosamine, but only 9 to 13% of
the total galactosamine. From previous results (7), the average
oligosaccharide of native SW1990 mucin has 1.7 residues of

Table 1 Amino acid analysis of deglycosylated mutins

mol/100 mol aminoacidResidueAsxThrSerGlxProGlyAlaValIleLeuTyrPheHisLysArgGlcNGaINNative

mucin(SW)Â°5.4

Â±0.524.0
Â±1.516.2

Â±2.26.3
Â±0.510.3

Â±2.28.1
Â±1.38.8
Â±0.65.4
Â±0.22.5
Â±0.25.0
Â±0.41.1

Â±0.21.0
Â±0.32.9

Â±0.55.1
Â±2.62.2
Â±0.847.7
Â±9.326.4
Â±5.5HF-treated

for1
h at4Â°C(SW-A)*4.7,

4.822.7,21.114.8,

13.76.0,
5,112.8,

17.97.4,
6.99.1,8.45.3,

5.22.2,
2.54.3,
4.51.0,
1.12.0,
2.02.2,
2.02.5,
2.22.8,

2.622.9.
30.022.3,

23.8HF-treated

for
3 h atroomtemperature(SW-B)*6.0,

6.517.5,
18.914.0,
13.58.4,9.110.9,

li.810.5,
10.48.2,
9.94.5,
1.12.3.
2.94.8,
5.50.6,
0.51.7,0.72.2,

2.63.4,
3.02.9,
2.60.6,
0.70,0Deglycosylated

LS174Tcoloncancer
mucin(HF-B)C4.6

Â±1.424.6
Â±6.413.2
Â±1.37.9
Â±2.411.9

Â±3.68.3
Â±2.75.9
Â±1.04.2
Â±1.13.2
+0.15.0
Â±1.70.9
Â±0.51.9

Â±0.32.7
Â±0.83.1

Â±0.82.3
Â±1.60.2

Â±0.10.7
Â±0.3

3 B. Griffiths and D. M. Swallow, unpublished observations.

Â°From Ref. 7; mean Â±SD of 4 preparations.
* Two preparations.
r From Ref. 8; mean Â±SD of 3 preparations.

GlcNAc and 1.4 residues of GalNAc. Thus, SWA retains about
one residue each of GlcNAc and GalNAc. Treatment with HF
for 4 h at room temperature to give SWB gave essentially
complete removal of both GlcNAc and GalNAc. The amino
acid composition of the completely deglycosylated SW1990
pancreatic cancer mucin, SWB, was similar to that found pre
viously for deglycosylated LS174T colon cancer mucin (HFB).
There was, however, a lower content of threonine in the pan
creatic cancer apomucin, SWB, than in the colon cancer apo-
mucin, HFB, in agreement with results for the native mucin
(7). The overall yield of amino acid for SWA was 49 to 71%,
and the yield for SWB was 26 to 32%.

Lectin Binding of Deglycosylated Mucins. In order to monitor
the extent of removal of carbohydrate, the binding of lectins to
polystyrene-immobilized SWA and SWB was examined (Fig.
1). Binding of Vicia villosa agglutinin B4, which is specific for
Tn antigen, i.e., peptide-linked a-GalNAc (11), was increased
10-fold (relative to native mucin) by mild HF treatment but
decreased 10-fold Â¡nSWB. Similarly, the binding of Helix
pomatia agglutinin was increased 7-fold in SWA but decreased
70-fold in SWB (not shown).

Because previous results (7) have shown the presence of T-
antigen (Gal Â£f3GalNAc)in neuraminidase-treated SW1990
mucin, SWA and SWB were examined for binding of peanut
agglutinin. The binding of peanut agglutinin was increased 7-
fold in SWA and decreased 45-fold in SWB. Wheat germ
agglutinin, which binds to both GlcNAc and sialic acid, bound
to SWA to about the same extent as to native mucin (not
shown). This is likely due to removal of sialic acid and unmask
ing of terminal GlcNAc (8). Binding of wheat germ agglutinin
to SWB was decreased about 70-fold, relative to native mucin.

Taken together, the lectin binding data are consistent with
the partial deglycosylation of SWA, unmasking Tn antigen and
T-antigen, and the near complete deglycosylation of SWB.
These results are also consistent with those reported for
LS174T colon cancer mucin (8), human mammary mucin (12),
and human tracheobronchial mucin (13).

Polypeptidyl GalNAc Transferase Acceptor Activity of Degly
cosylated Mucin. Removal of the O-linked oligosaccharides
from mucins unmasks unsubstituted Thr and Ser residues which
can act as acceptors for addition of GalNAc (14). When the
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.1 1 10 100 1000
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Fig. 1. Binding of leclins to native mucin. SWA, and SWB. Native mucin(SW,
â€¢:<SWA (D), and SWB (â€¢)were adsorbed to 96-well polystyrene plates at varying
concentrations and assayed for binding of peroxidase-labeled lectins (5 ng/ml) as
described in "Materials and Methods." a, binding of V. villosa agglutinin B4

); b, binding of peanut agglutinin (PNA).

5-

acceptor, ug protein

Fig. 2. Polypeptidyl GalNAc transferase acceptor activity of native and degly-
cosylated pancreatic cancer mucins. A homogenate of SWI990 cells was assayed
for transfer of [3H]GalNAc to varying concentrations of native mucin (â€¢),SWA
(D), and SWB (â€¢).as described in "Materials and Methods."

native, partially deglycosylated, and fully deglycosylated
SW1990 mucins were tested as acceptors for GalNAc transfer
ase in SW1990 homogenates, only the fully deglycosylated
mucin, SWB, had acceptor activity (Fig. 2), increasing incor
poration 3.4-fold above the endogenous level. At a similar
protein concentration, bovine submaxillary apomucin [prepared
by periodate and acid treatment (14)] was a 1.7-fold poorer
acceptor, but HFB was a 1.9-fold better acceptor than SWB
[not shown].

Binding of Antibodies Prepared against Native SW1990 Mu
cin. Polyclonal rabbit antibody prepared against native SW1990
xenograft mucin has been previously shown to recognize pri
marily conformation-dependent protein determinants (7).
When the fully deglycosylated SW1990 mucin was tested by
ELISA, there was no binding of antibody against native mucin
(Fig. 3a). SPan-1 monoclonal antibody, which was produced
against the SW1990 cell line, has been shown to recognize sialic
acid-dependent determinants in mucins from SW1990 culture
medium and nude mouse xenografts (3). Binding of this car
bohydrate-dependent antibody was also completely abolished
by deglycosylation (Fig. 3Â¿>).There was also little or no binding
of SPan-1 to partially deglycosylated SW1990 mucin, SWA, or
to HFB (8).

Cross-Reactivity of Rabbit Antibodies Prepared against Degly
cosylated Mucins. When SWB was used as immunogen, the
rabbit anti-SWB obtained did not bind to native SW1990 mucin
and bound to HFB about 10-fold less than to SWB (Fig. 4a).
Taken together with the complete lack of binding to SWB of
antiserum against the native mucin (Fig. 3a), these results
indicate that there is almost no cross-reactivity between SWB
and native SW1990 mucin. Conversely, rabbit anti-HFB bound
to HFB about 6-fold better than to SWB (Fig. 4b).

Presence of Intestinal MRP Antigen in SWB. Previous results
have shown that intestinal mucin has tandem repeats of a 23-
amino acid threonine-rich sequence, MRP. To determine
whether the deglycosylated, pancreatic cancer mucin has MRP,
anti-SWB was tested by ELISA for binding to the BSA-conju-

0.8

I 0.6

f

I 0.4

a

10 100

1.5

â€¢o

tn

100

ng protein

Fig. 3. ELISA with antibodies against native mucins. ELISAs were performed
on 96-well plates as described in "Materials and Methods." a. binding of rabbit
antibody against native mucin (anti-SW) to varying concentrations of native
SW1990 mucin (â€¢)and SWB (â€¢);l>.binding of SPan-l monoclonal antibody to
varying concentrations of native SW1990 mucin (â€¢),SWA (D), SWB (â€¢),and
HFB(O).
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gated synthetic peptide, MRP-BSA (Fig. 5a). Anti-SWB was
found to bind to MRP-BSA, although 5-fold less than to SWB.
Antibody prepared against MRP also bound to SWB, as well
as to HFB (Fig. 5b). These results indicate that SWB contains
peptide sequences antigenically similar to the intestinal mucin
repeat peptide. The greater binding of anti-MRP to HFB than
to SWB indicates that there are more repeats of MRP in HFB,
although there could, instead, be a nonidentical cross-reacting

repeat peptide sequence in SWB.
Binding of Breast Cancer-Reactive Monoclonal Antibod

ies. Because of the reported reactivity of a number of peptide-
specific monoclonal antibodies with episialin of the Capan-1

pancreatic cancer cell lines (15), as well as a preliminary report
of staining of pancreatic cancer tissues with breast cancer-
reactive monoclonal antibody (16), deglycosylated SW1990
pancreatic cancer mucin was examined by ELISA for binding
of three related breast cancer-reactive monoclonal antibodies,

139H2 (15), DF3 (5), and HMFG2 (12). The 139H2 antibody
bound to SWB and to SWA about equally well but did not bind
to HFB or native SW1990 (Fig. 6a). DF3 antibody bound to
SWA much better than to SWB and also showed some binding
to native SW1990 mucin (Fig. 6b). HMFG2 (not shown) bound
to SWB and, to a lesser extent, to SWA but did not bind to
HFB or native SW1990 mucin.

Western Blotting of SWB. Deglycosylated SW1990 pan
creatic cancer mucin (SWB) was tested for reactivity with breast
cancer-reactive monoclonal antibodies and with polyclonal an
tibody prepared against SWB, against deglycosylated colon
cancer mucin, HFB, or against synthetic intestinal MRP (Fig.

100
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I
Â£

0.1

1 10 100

ng protein
Fig. 4. Immunological cross-reactivity of HFB and SWB. a, varying concen

trations of native mucin (â€¢),SWB (â€¢),and HFB (O) assayed for binding of rabbit
anti-SWB; ft, varying concentrations of SWB (â€¢)and HFB (O) assayed for binding
of rabbit anti-HFB.
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Fig. 5. Immunological cross-reactivity of MRP and SWB. a, varying concen
trations of SWB (â€¢)and MRP-BSA (A) assayed for binding of rabbit anti-SWB;
B, varying concentrations of SWB (â€¢),HFB (O). and MRP-BSA (A) assayed for
binding of rabbit anti-MRP.

7). Monoclonal antibody DF3 reacted well with SWB but
showed no binding to HFB or MRP. Antibodies 139H2 and
HMFG2 (not shown) gave similar results. Rabbit anti-SWB
also bound to SWB but had some cross-reactivity with HFB
and MRP. Rabbit anti-HFB bound well to HFB and had
extensive cross-reactivity with HFB, but binding to SWB was

below the limits of detection. The results of these Western
blots, while nonquantitative, were in general agreement with
the ELISA results.

Northern Blotting of RNA from Nude Mouse Xenografts. To
confirm, by a nonimmunological method, the expression of
both the mammary mucin repeat sequence and the intestinal
mucin repeat sequence, nude mouse xenografts were subjected
to Northern blot analysis (Fig. 8). SW1990 xenografts had both
MUC-1-reactive mRNA and MUC-2-reactive mRNA. In xen

ografts to LS174T colon cancer cells, used as a control, only
MUC-2-reactive mRNA was detectable.

Immunohistochemical Expression of Mucin Antigens in Nor
mal and Malignant Human Tissues. Because SWB and HFB
were derived from nude mouse xenografts of a single cell line
each, the antigen present in these two apomucins might not be
representative of pancreatic and colonie cancers or of normal
pancreas and colon. Therefore, a panel of normal and cancerous
tissue specimens from pancreas, colon, and breast was exam
ined immunohistochemically with anti-apomucin antibodies.

As indicated in Table 2, the expression of antigens recognized
by anti-SWB was similar to the breast mucin antigens as rec

ognized by DF3 and 139H2.
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Fig. 6. Binding to deglycosylated pancreatic cancer mucin of monoclonal
antibodies against breast cancer apomucin. Varying concentrations of native
mucin (â€¢),SWA (D), SWB (â€¢),and HFB (O) were assayed by ELISA as described
in "Materials and Methods." a, I39H2 antibody; b, DF3 antibody.

abcdef ghi jkl

-205K

-116K

- 66K

- 45K

DF3 SWB HFB MRP
Fig. 7. Immunoblots of apomucins after gel electrophoresis. Electrophoresis

and immunoblotting, with 10 jig protein per lane, was performed as described in
"Materials and Methods." Samples used were: Lanes a, d, g, and.;, SWB; Lanes
b, e, h, and k, HFB; Lanes c, f, i, and /, MRP-BSA. Antibodies used were: a-c,
DF3 monoclonal antibody; d-f, rabbit anti-SWB; g-i, rabbit anti-HFB;./-/, rabbit
anti-MRP. K. molecular weight in thousands.

Pancreas. In normal pancreas, anti-SWB (Fig. 9A), 139H2,
DF3, and anti-HFB stained the cytoplasm of ducts and ductules.
In addition, 139H2 and DF3 also stained centroacinar cells.
The lack of staining by anti-MRP may indicate that anti-HFB
recognizes determinants other than MRP that are present in
normal pancreas.

Pancreatic cancers were also stained by anti-SWB (Fig. 9B),

abed

> H -28S

-18S

MUC-1 MUC-2

Fig. 8. Northern blots. Polyadenylated RNA from nude mouse xenografts of
SW1990 pancreatic cancer cells (a, c) and of LS174T colon cancer cells (b, d)
was subjected to electrophoresis and probed with cDNA specific for MUC-1
mammary apomucin (a, Â¿>)and MUC-2 intestinal apomucin (c, d).

Table 2 Immunohistochemical expression of mucin antigens in normal and
malignant human tissues

No. of specimens with positive reactivity/total no. of specimens
tested (%)

Pancreas
Normal

CancerColon

Normal
CancerBreast

Normal
CancerHFB9/10

(90)
4/16(25)11/11

(100)
13/14(93)0/6

(0)
1/5 (20)MRP0/8

(0)
2/12(17)11/11

(100)
13/16(81)0/6

(0)
2/5 (40)SWB7/9

(78)
12/14(86)0

12/19(63)2/5

(40)
4/5 (80)DF39/9

(100)
14/15(93)0

17/19(89)6/6

(100)
4/4 (100)139H27/7

(100)
11/11(100)0

9/12(75)5/5

(100)
5/5 (100)

139H2 (Fig. 9C), and DF3. Anti-HFB and anti-MRP (Fig. 9D)
also stained pancreatic cancers, although less frequently.

Colon. In normal colon, anti-MRP (Fig. 9E) and anti-HFB
stained the supranuclear area of goblet cells, as reported previ
ously for anti-HFB (8). There was no staining of normal colon
by anti-SWB, 139H2, or DF3. Fixation of frozen sections of
normal colon with methanol, with acetone, with ethanol-acetic
acid, or with paraformaldehyde did not affect staining with any
of the five antibodies, as compared with routinely processed
formalin-fixed specimens.

In a series of 19 colon cancer specimens, most stained with
anti-SWB (Fig. 9G). There was also a high frequency of staining
with anti-HFB and anti-MRP (Fig. 9F), which were completely
concordant. Monoclonal antibodies 139H2 (Fig. 9H) and DF3,
which were concordant, also stained most colon cancers, in
agreement with a previous report (17). The aberrant expression
of breast cancer-type apomucin in colon cancers was not cor
related with histological differentiation, since 6 of 6 poorly
differentiated adenocarcinomas and 3 of 5 colloid carcinomas
were stained by DF3, in comparison to 8 of 8 moderately to
well-differentiated adenocarcinomas.

For 16 colon cancer cases, adjacent sections were examined
for coexpression of antigens recognized by anti-SWB, anti-
MRP, and DF3. All were stained by at least one antibody.
Seven cases (44%) were stained by all three antibodies, 4 cases
by anti-MRP and DF3, and one case by only anti-MRP. Three
cases were stained by DF3 and anti-SWB but not by anti-MRP,
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< '-, ..

i^Ã‰^lfc'U '-M*
Fig. 9. Immunoperoxidase staining of fixed tissue specimens. A, normal pancreas stained with anti-SWB. Reactivity is localized to apical membranes of ducts and

ductules (arrows). B-D. moderately well differentiated pancreatic adenocarcinoma stained with anti-SWB (B), 139H2 (C), and anti-MRP (D). E, normal colon
stained with anti-MRP. Reactivity is localized to the supranuclear area of goblet cells (arrows). F-H, serial sections of a colon adenocarcinomas. In this specimen,
anti-MRP reactivity was strongest in an area of poor differentiation (F), whereas strong reactivity with anti-SWB was present in a moderately well-differentiated area
(G). Scattered cytoplasmic 139H2 reactivity was also present (//). /, normal breast stained with anti-SWB. Reactivity is present in ductular cytoplasm. J, normal
breast stained with 139H2. Reactivity is present in duct apical membranes (arrows). K-L, invasive duct carcinoma of the breast with cytoplasmic anti-SWB reactivity
(AT)and cytoplasmic anti-MRP reactivity (L). Cytoplasmic and membrane staining with 139H2 was also present in this specimen (not shown). Bars, 50 /im.

while one case was stained by anti-MRP and anti-SWB but not
by DF3. This is consistent with the presence in anti-SWB of
antibodies against both the mammary mucin repeat peptide and
the intestinal mucin repeat peptide.

Breast. Anti-SWB bound to 2 of 5 normal breast specimens
in the ductular cytoplasm (Fig. 91), whereas anti-HFB and anti-
MRP did not bind. The higher frequency of staining of normal
breast by DF3 and 139H2 (Fig. 9/), as compared to anti-SWB,

indicates that these antibodies are more sensitive for detection
of mammary apomucin.

All breast cancers were stained by 139H2 and DF3, and most
were stained by anti-SWB (Fig. 9A"). Unlike normal breast,

there was also expression of intestinal apomucin, as detected

by anti-MRP (Fig. 9L) (2 of 5 cases) and anti-HFB (1 of 5
cases). This aberrant expression of intestinal apomucin in breast
cancers, like the aberrant expression of mammary apomucin in
colon cancers, indicates that the organ specificity of mucin type
may be lost upon malignant transformation of epithelial tissues.

DISCUSSION

Because of the difficulty of obtaining purified human pan
creatic mucins, the structure of pancreatic apomucin has not
previously been studied extensively. Using mucin purified from
nude mouse xenografts of the SW1990 pancreatic cancer cell
line (7) and the technique of deglycosylation by hydrogen fluo-
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ride solvolysis (18, 19), a deglycosylated pancreatic mucin was
prepared for antibody against intestinal apomucin (4, 8) and
mammary apomucin (5, 12, 15). On the basis of immunological
cross-reactivity, we conclude that pancreatic apomucin has an-
tigenic determinants of both the intestinal-type apomucin and
of the mammary-type apomucin. Using cDNAs as nonimmu-
nological probes, nude mouse xenografts of SW1990 cell were
found to have both MUC-1 (mammary) and MUC-2 (intestinal)
apomucin mRNAs. These Northern blots do not, however,
allow inference of the relative amounts of MUC-1 versus MUC-
2 mRNA, since the efficiency of the two probes and the yields
of RNA may differ.

The cross-reaction of pancreatic cancer apomucin with mam
mary mucin-specific antibodies is in substantial agreement with
the recent results of Lan et al. (20). However, they found MUC-
I RNA but no MUC-2 RNA in cultured pancreatic cancer cells.
Two possible explanations are: (a) that cells in culture differ in
mucin production from cells grown in xenografts; or (b) that
SW1990 cells might differ from other cell lines.

The intestinal-type and mammary-type mucin repeat peptides
in pancreatic cancer apomucin could be either on the same
molecule or on different populations of apomucin. Since the
gene for mammary mucin (MUC-1) is on chromosome 1 (21)
while the gene for intestinal mucin (MUC-2 ) is on chromosome
I1 (22), it is considered more likely that they are present in
different protein molecules. On the basis of compositions of
acidic and neutral intestinal mucin fractions, it has been sug
gested that the small intestine has two distinct apomucin pro
teins (23). Although the number of distinct apomucins is not
yet known, it could be that each organ makes a characteristic
mixture of a few mucin types. While the distribution of mucin
mRNAs in tissues has not yet been systematically studied, it is
clear that expression of the MUC-2 gene is not ubiquitous,
since RNA samples from normal placenta and from a thyroid
tumor were found to lack MUC-2 mRNA (4). Since tumors
exhibit cellular heterogeneity, different cells within the same
tumor could also make different mucin types. However, the
immunohistochernical methods used here cannot clearly answer
the question of whether a single cell can make both types of
mucin. It is also possible that pancreatic apomucins could have
pancreas-specific mucin repeat peptide sequences. The reported
specificity for pancreas of antiserum prepared against normal
pancreatic mucin, which was seen only after adsorption with
colonie mucin, suggests that there are pancreatic-specific deter
minants (whether protein or carbohydrate) as well as antigenic
determinants shared between pancreas and colon but not other
organs (24).

Although immunochemical results indicate that the pan
creatic cancer apomucin has antigenic determinants of both the
intestinal mucin repeat peptide and the mammary mucin repeat
peptide, examination of normal pancreas, breast, and colon
suggests that the pancreatic apomucin is more similar to mam
mary mucin. None of the normal colon specimens was stained
by either anti-SWB or the monoclonal antibodies against mam
mary mucin. Conversely, none of the normal pancreas or breast
specimens was stained by anti-MRP. The staining of normal
pancreas by anti-HFB, however, may suggest that some intes
tinal apomucin determinants other than the repeat peptide are
expressed in normal pancreas. Alternatively, it is possible that
the staining by anti-HFB could be due to anti-carbohydrate
antibodies, since the HFB antigen retained trace amounts of
sugar.

Although pancreatic cancer mucin has the mammary-type

apomucin polypeptide, the mucin in pancreatic cancers may be
more heavily glycosylated than in breast cancers. From the
relative binding of the peptide-specific monoclonal antibodies
to native SW1990 mucin, to SWA, and to SWB, it appears that
DF3 tolerates the most carbohydrate and HMFG2 the least.
Both 139H2 and HMFG2 have been reported to bind to mature
breast cancer mucin ( 15), but they do not bind to nati ve SW1990
xenograft mucin. The reported compositions of purified mucins
are also consistent with a higher degree of mucin glycosylation
in pancreatic cancers. Mucin purified from BT-20 breast cancer
cells has an oligosaccharide chain length of 3, consisting pri
marily of Gal3GalNAc (T-antigen) and its mono- and disialy-
lated derivatives (25). SW1990 xenograft mucin, however, has
oligosaccharides with an average chain length of about 7 (7),
and purified DU-PAN-2 mucin (2) has about 9 sugar residues
per residue of GalNAc.

In surveying colonie, pancreatic, and mammary cancer spec
imens with these antibodies, it was observed that the organ
specificity of apomucin expression was, in many cases, lost.
Colon cancers, unlike normal colon, were stained by monoclo
nal antibodies against mammary apomucin (17) and also by
anti-SWB. Similarly, some pancreatic and mammary cancer
specimens, unlike normal pancreas and breast, were stained by
anti-MRP. Thus, in detection of cancer-associated antigens,
protein-specific antibodies against underglycosylated mucins of
unrelated organs may be more specific than those against
mucins of the normal tissue from which the tumor arose. In
addition, the type of apomucin expressed by colonie cancers is
heterogeneous, indicating that a panel of different anti-apo-
mucins would be more sensitive for cancer detection than a
single antibody. Until the organ-specific expression of mucins
is better understood at a molecular level, it is important that
potential cancer-associated mucin antigens be surveyed in a
variety of normal and cancerous tissues.
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