
[CANCERRESEARCH57. 4744-4748, November1, 19971

ABSTRACT

The levels of mRNA expression of three UDP-N-acetyl-a-D-galactosa
mine:polypeptide GalNAc N-acetylgalactosamlnyltransferases (GalNAc
transferases) were quantified for human adenocarcinoma cell lines from
pancreas, colon, stomach, and breast. Two of the GalNAc-transferases,
GalNAc-Ti and GalNAc-T2,were expressed constitutively and at low
levels in most or nil cell lines examined. A third GaINAc-transferase,
GalNAc-T3, was differentially expressed. Well-differentiated adenocarci
noma ceH lines expressed high levels and moderately differentiated cell
lines expressed lower levels of GalNAc-T3. Cell lines classified as poorly
differentiated failed to express GalNAc-T3 mRNA at levels that could be
detected by Northern blot analysis. Differential expression of the
GalNAc-T3 protein was confirmed in these cell lines by Western blotting.
We propose that glycosylation in tumor cell lines may be regulated in part
by differential expression of GalNAc-transferases, and we suggest that
GaINAc-T3 gene expression may be a molecular indicator of differenti
ated adenocarcinoma.

INTRODUCTION

Mucin-type O-glycosylation is initiated by GalNAc-transferase,4
which catalyzes the formation of an O-glycosidic linkage between
Ga1NAc and serine or threonine residues. In addition to its importance
to mucins, in which 0-linked carbohydrates may constitute up to 80%
of the total mass of these glycoproteins, O-glycosylation has been
shown to be important to the folding of proteins such as human
chorionic gonadotrophin, the binding of cell adhesion molecules such
as selectins and selectin ligands, and the conformation and protease
resistance of â€œstilkregionsâ€•of membrane-bound proteins (1).

The molecular processes governing the specificity and kinetics of
mucin-type O-glycosylation reactions are poorly understood. In par
ticular, the substrate specificity of the GalNAc-transferase reaction
remains unexplained and has been the subject of much debate. A
number of studies have been unsuccessful in identifying a consensus
sequence for mammalian GalNAc O-glycosylation by evaluating ho
mology among sequences around identified glycosylation sites (2â€”4)
and by testing the peptide substrate specificity of the Ga1NAc-trans
ferase activity in crude and pure form (5â€”12).A partial explanation for
the complexity of this enzyme reaction has been established by
published reports that demonstrate the existence of at least three
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distinct polypeptide Ga1NAc-transferases and their genes in human
cells (13â€”15).

The finding that there are multiple polypeptide Ga1NAc-trans
ferases expressed in human tissues is important to understanding the

biology of mucin type O-glycosylation. Recombinant forms of the
three different GalNAc-transferases cloned and characterized to date
display distinct substrate specificities and kinetics (13â€”16).Differen
tial expression of these enzymes in different organs and cell types may
result in differential glycosylation (differences in the positions of
attachment of O-glycans) of mucins and other glycoproteins with
mucin-like domains. Thus, some of the observed differences in gly
cosylation of mucins and other glycoproteins produced by different
normal tissues, tissues with benign diseases, or tumors may be cx
plained by the differential expression and activity of these distinct

Ga1NAc-transferases.
Levels of mRNA for Ga1NAc-Tl, -T2, and -T3 have been evaluated

in some normal organs (13â€”16).GalNAc-Tl and -T2 mRNA are
expressed at low to moderate levels in all human organs examined to
date, including heart, brain, placenta, lung, liver, skeletal muscle,
kidney, and pancreas. In contrast, GalNAc-T3 shows a quite restricted
expression pattern in normal organs (high levels in pancreas and testis,
lower levels in kidney, prostate, spleen, ovary, intestine, and colon,
and none detected in several other organs). In the study reported here,
we evaluate the steady-state transcription levels of the three human
polypeptide Ga1NAc-transferases in adenocarcinoma cell lines from
pancreas, breast, and colon. Differential expression of mRNA and
protein was observed for GalNAc-T3.

MATERIALS AND METHODS

Cell Culture. Human pancreaticadenocarcinomacell lines HPAF, CF
PAC-l, CFPAC-l/PLJ-lO, Capan-2, BxPC-3, PANC-l, HGC-25, and PANC
89; SUIT-2 and derivative cell lines (S-2 series); human breast adenocarci
noma MCF-7; gastric adenocarcinomas KATO and AGS; and colon
adenocarcinoma cell lines CACO, HT29, NCI, T84, and LSI were grown in
Eagle's minimal essential medium with 5% fetal bovine serum. Media were

supplemented with a penicillin, streptomycin antibiotic mix, and L-glutamine.
HT29 and KATO cell lines were grown in either glucose-rich or galactose-nch
media. HT29 cells have been shown to express different cell surface glyco
proteins in response to these different media conditions (17).

RNAPreparation. Cellswerepreparedfor RNAextractionwhenapprox
imately 80% confluent. Total RNA was prepared from the cells as described
previously (18). Precipitated RNA pellets were stored as ethanol precipitates at
â€”80Â°C.Immediately before use, the precipitated RNA was thawed, pelleted by
high-speed centrifugation, and air-dried. Total RNA was reconstituted in
DEPC-treatedwater.If necessary,excesssaltswereremovedfromtheRNAby
passage over a desalting column (30-kDa molecular mass exclusion; Milli
pore). The column was washed with 2 ml of DEPC-treated water. Samples
were then concentrated in microcentrifuge spin columns (Millipore), concen
trations were determined spectrophotometrically at 260 nm, and quantified
RNA was used immediately for Northern blot analysis.

Northern Blot Analysis. Formaldehyde-containing agarose gels were pre
pared and run as described previously (19). Twenty @gof total RNA were
concentrated to near dryness in a rotating vacuum desiccator. Each sample was
resuspended in 20 p1 of formaldehyde gel running buffer. Samples were
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incubated at 95Â°Cfor 5 mm prior to loading onto a 1.2% denaturing agarose
gel containing 0.66 M formaldehyde. RNA samples were separated by dcc
trophoresis at 20 V (constant voltage) for 16â€”18h. UV-illuminated gels were
photographed with a fluorescent ruler. Loading and RNA quality were assessed

by the ethidium bromide staining density of the 18Sand 28S rRNA bands. The
gels were soaked briefly in DEPC-treated lOX SSC. RNA was transferred
from the gel to nitrocellulose in lOX SSC (19). Blots were then UV-pho
tocross-linked using a Stratagene UV cross-linker and baked for 1.5 h in a
vacuum oven at 80Â°C.

Polypeptide GalNAc-Transferase Clones and Probes. A cDNA clone for
human GaINAc-Tl was obtained by using a PCR-based strategy that used
primers based on the bovine sequence (13). A 521-bp fragment was PCR
amplified from DNA purified from a Agtl 1 cDNA library of the human
pancreatic adenocarcinoma cell line Panci by using a 5' primer at bp 1453â€”
1477 (AATGTGGAAACAAATCAGTGTCTAG)and a 3' primer at bp 1953-
1977 (CAGTCTATAAAGT1TFAATGGCFGA; Ref. 13). The PCR reactions
were prepared with 100 ng DNA, 0.13 ni@iprimers, 0.2 mMdeoxynucleotide
triphosphates, 1 mM MgCl2, 50 mM KC1, 0.1% Triton X-l00, 2.5 units

Promega Taq polymerase, and 10 mM Tris-HC1 at pH 8.0. The PCR was
carried out in a Perkin-Elmer thermal cycler after a 5-minute 93Â°C hot start.

The reaction consisted of 35 cycles of 2 mm at 93Â°C,2 mm at 42Â°C,and 3 mm
at 72Â°C.Reaction products were cloned using the TA cloning vector (Invitro
gen). Sequence analysis of the cDNA insert revealed a high degree of simi
larity (greater than 95%) to the bovine GaINAc-transferase (13). An EcoRI
fragment containing the PCR clone and several flanking vector nucleotides
was used for the Northern blot experiments reported here. The insert was
excised from the plasmid and used as a template for 32P radiolabeling by
random hexamer priming using either Rediprime (Amersham) or Ready to Go
(Pharmacia) priming kits. Additional human GaINAc-Tl sequence was ob
tamed by a second PCR amplification that used a 5' primer at bp 28â€”52

(TFAC1TFCA'ITfGACTFAAAGTGCC) and a 3' primer at bp 1507-1536
(TCCCATACCATGACAGTFAAAAATFCCAAC). The sequence for human

GalNAc-Tl obtained from these clones has been submitted to GenBank.
cDNA clones encoding Ga1NAc-T2and -T3 have been reported previously

(14, 15). The probe for GalNAc-T2 is a 2768 bp cDNA that was obtained by
screening a cDNA library with a PCR-derived probe, TEB-l, and cloned into
the EcoRl site of the pT3T7 vector (Pharmacia). A 934-bp HindIII-PvuII
fragment of the clone was excised and used as a template for probe construc
lion as described above. The probe for GalNAc-T3 (15) was an 800-bp partial
cDNA cloned into the EcoRI site of the pT3T7 vector. The EcoRl fragment
was excised and used as a template for probe construction as described above.

Hybridization of Probes. Northern blots were prehybridized in DEPC
treated prehybridization buffer (20) at 42Â°Cfor 6 h and then hybridized for
18 h at 42Â°Cin the same buffer containing at least 5 x 106 cpm/ml of
32P-labeled GalNAc-transferase, GAPDH, or human (3-actin cDNA probe.
Blots were washed with 0.1x SSC, 0.1% SDS (most stringent) for 1h at 42Â°C
or 55Â°C,depending on background levels. Blots were then exposed on a
phosphorimager screen (Applied Biosystems) overnight and then on Kodak
X-OMAT film with Lightening-Plusintensifyingscreens at â€”80Â°for appro
priate lengths of time. Quantification of hybridization signals was performed
using Applied Biosystems phosphorimaging software.

Production of Monoclonal Antibody to GaINAc-T3 and Western Blot
ting. A series of monoclonal antibodies to purified recombinant GalNAc-T3

(16) were prepared using established techniques (21). One antibody (UH1)
showed specific binding to Ga1NAc-T3by Western blotting but did not bind to
recombinant GalNAc-Tl or GaINAc-T2 (data not shown).

Cell lysates were prepared in 10mMTris (pH 8.0), 150mMNaCl, 1%Triton
X-lOO,and 1 miviPMSF; nuclei were removed by centrifugation at 6000 x g
for 5 mm at 4Â°C.Typical recoveries were 2.5 @.sgof protein/pi. These were
aliquoted and frozen at â€”80Â°C.

Cell lysates containing 200 @.tgof protein were separated on a 10% SDS
PAGE gel using a 3% stacking gel. Rainbow markers (Amersham) and
Multimark Standards (Novex) were used as molecular weight standards. Pro
teins were transferred to a polyvinylidene difluoride membrane (Millipore) by
means of a semidry blotter (Bio-Rad Transblot; 20 V for 1 h) or in a 10%

methanol-Tris-glycine buffered tank apparatus (Hoefer) at 70 V for 5 h at 5Â°C.
The immobilized proteins were blocked with Blotto (5%â€”l0%evaporated milk
in PBS) overnight at 5Â°C.Anti-Ga1NAc-T3 antibody (1:10 dilution of hybri
doma supernatant) was incubated with the membrane for I h at 25Â°C;rinsed
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Fig. 1. A, Northern blots of steady-state GalNAc-TI, @-actin,and GAPDH mRNA
expression. Twenty @gof total RNA were loaded per well. Nitrocellulose filters were
probed sequentially with l0@cpm of 32P-labeled Ti antisense cDNA probe. antisense

@-actincDNA probe, and finally the GAPDH cDNA probe. GAPDH and @-actinauto
radiograms were exposed for 2 h. GalNAc-TI autoradiograms were exposed for 1 week.
Thus, there is an approximately 500-fold difference in expression levels between the
abundantly expressed actin and GAPDH and GalNAc-Tl message levels. B, levels of
GalNAc-Tl mRNA (R) and @-actinmRNA (0) expression were quantified on a phos
phorimager overnight and then normalized to GAPDH mRNA levels, which were rela
tively constant among the cell lines examined. Note: GalNAc-Tl levels are amplified
1000-foldfor comparison purposes. The two Tl species seen on Northern blots could not
be efficiently separated during phosphorimager quantification and were, therefore, quan
tified together.

with five washes in Blotto; then incubated with Rabbit anti-Mouse IgG
horseradish peroxidase antibody (1:1500; Sigma Chemical Co., St. Louis, MO)
for I h at 25Â°C.Following five washes in Blotto, bound antibody was detected
using the Super Signal substrate system (Pierce). Substrate development was
for 6â€”11 mm, followed by a 0.5â€”6mm exposure to X-OMAT film (Eastman
Kodak Co.).

RESULTS

GaINAc-Ti and GaINAc-T2 Are Ubiquitously Expressed at
Low Levels In Pancreatic, Breast, and Colonic Adenocarcinomas.
Steady-state levels of GalNAc-Tl and GalNAc-T2 mRNA were ob

tamed for the cell lines listed in Fig. 1. The results of probing
Northern blots with cDNAs for GalNAc-Tl and -T2 are shown in
Figs. 1A and 14. Two GalNAc-Ti transcripts were detected, with
apparent lengths of 4.35 and 3.8 kb. Two Ga1NAc-T2 transcripts were
detected, a major product with an apparent length of 4.6 kb and a
minor product of approximately 2.5 kb. These alternate transcript
lengths have recently been shown to be due to the use of alternate
polyadenylation signals5 that are part of the genomic sequence of
GalNAc-Tl and -T2 (1, 22). Steady-state levels of (3-actin mRNA,

5 E. P. Bennett, D. 0. Weghuis, G. Merkx, A. G. van Kessel, H. Eiberg, and H.

Clausen. Genomic organization and chromosomal localization of three members of the
human UDP-N-acetylgalactosamine:polypeptide N-acetylgalactosaminyltransferasc fun
ily, submitted for publication.
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Northern blots probed with GalNAc-T3 cDNA are shown in Fig. 3A,
and the steady-state mRNA levels normalized to GAPDH levels are
depicted in Fig. 3B. A single GalNAc-T3 transcript of approximately
3.6 kb was detected. In contrast to GalNAc-Tl and -T2, there was a
wide range of variation in the levels of GalNAc-T3 transcripts de
tected in the adenocarcinoma cell lines (Fig. 3A). There was no
detectable expression of GalNAc-T3 in some cell lines, and in others,
steady-state transcript levels were as much as 20-fold more abundant
than transcripts for Ga1NAc-Tl or -T2. Data for relative expression
levels of f3-actin were compared to GAPDH as a control and demon
strate that variations of the levels of GalNAc-T3 mRNA are mdc
pendent of variations in the levels of 3-actin RNA.

One notable result presented in Fig. 3A is the finding that the
CFPAC PU- 10 cell line, a cloned derivative of the CFPAC- 1 cell line
transduced with a retroviral vector that promotes constitutive expres
sion of CF7'R mRNA (25), does not express detectable GaINAc-T3
transcripts. In contrast, the parent cell line CFPACI, which expressed

very low levels of AF508 CFTR mRNA (Ref. 26 and data not shown),
also expressed high levels of GalNAc-T3 mRNA. It is not clear at this
time whether the down-regulation of expression of GalNAc-T3
mRNA in this cell line was a secondary effect of overexpression of the
CF1'R protein or a secondary effect of the retroviral transduction and
clonal selection of the CFPAC PLJ-lO cell line.

Another notable result of the data presented in Fig. 3A is the
possible correlation between histopathological differentiation grade of
adenocarcinoma (20) and steady-state GaINAc-T3 mRNA levels.
GalNAc-T3 mRNA expression was higher in the moderate to well
differentiated pancreatic adenocarcinoma cell lines HPAF/CD1 1,
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Fig. 2. A. Northern blots of steady-state Ga1NAc-1'2, fJ-actin, and GAPDH rnRNA
expression. Twenty .sg of total RNA were loaded per well. Nitrocellulose filters were
probed sequentially with l0@cpm of 32P-labeled GalNAc-2 antisense cDNA probe,
antisense fJ-actin cDNA probe. and finally GAPDH cDNA probe. GAPDH and (3-actin
autoradiograms were exposed for 2 h. GalNAc-T2 autoradiograms were exposed for I
week. Thus, there is an approximately 500-fold difference in expression levels between
the abundantly expressed actin and GAPDH and GalNAc-T2 message levels. B. levels of
GalNAc-T2 mRNA (U) and (3-actinmRNA (0) expression were quantified on a phos
phorimager overnight and then normalized to GAPDH mRNA levels, which were rela
tively constant among the cell lines examined. Note: Ga1NAc-T2 levels are amplified
1000-fold for comparison purposes. The two GalNAc-T2 species seen on Northern blots
could not be efficiently separated during phosphorimager quantification and were, there
fore, measured together.

GAPDH mRNA, and 28S rRNAs were quantified as controls for
mRNA quality and quantity. For purposes of comparison, mRNA
levels for all GalNAc-transferase probes were quantified on a phos
phorimager and normalized relative to levels of GAPDH mRNA.
GAPDH is generally a better choice than /3-actin for comparing
message quantity for these cell lines (note that the signal for GAPDH

in Figs. 1â€”3are consistent with ethidium bromide staining of 28S
RNA, whereas the signal for @-actin is not). The results for Gal

NAc-Tl and -T2, are shown in Figs. lB and 2B, respectively. The data
show that Ti and T2 transferase mRNAs are expressed at low and
roughly equivalent levels among all cell lines tested here, except that
T2 expression was elevated in the CFPAC-l and Panc 1 cell lines.

When grown in glucose-free, galactose-containing medium, HT29
cells undergo morphological changes consistent with enterocyte-type
differentiation (23, 24). This results in alterations in mucin gene
expression (17, 20). We wished to determine whether Ga1NAc-trans
ferases were differentially expressed by the HT-29 and KATO cell
lines under nondifferentiating and differentiating growth conditions
(17). No differences in the levels of GalNAc-TI or -T2 were seen in
HT29 and KATO cell lines grown in the glucose-rich or glucose-free
(galactose-substituted) culture media.

GalNAc-T3 Is Differentially Expressed by Pancreatic Adeno
carcinoma Cell Lines. Steady-state levels of GalNAc-T3 mRNA
were markedly different from those observed for GalNAc-Tl and -12.
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Fig. 3. A, Northern blots of steady-state GaINAc-T3, (3-actin, and GAPDH mRNA
expression. Twenty @gof total RNA were loaded per well. Nitrocellulose filters were
probed sequentially with 10@cpm of 32P-labeled GalNAc-T3 antisense cDNA probe,
antisense (3-actincDNA probe. and finally GAPDH eDNA probe. GAPDH and (3-actin
autoradiograms were exposed for 2 h. GalNAc-T3 autoradiograms were exposed for 1
week. Thus, there is an approximately 500-fold difference in expression levels between
the abundantly expressed actin and GAPDH and Ga1NAc-T3message levels. B, levels of
GalNAc-T3 mRNA (U) and (3-actinmRNA (U) expression were quantified on a phos
phorimager overnight and then normalized to GAPDH mRNA levels, which were rela
tively constant among the cell lines examined. Note: GalNAc-T3 levels are amplified
1000-fold for comparison purposes.
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Fig. 4. Expression of GalNAc-T3 protein in itt
mor cell lines. GalNAc-T3 protein expression was
determined by Western blotting with monoclonal
antibody 2F6, which was raised against recombi
nant GalNAc-T3.Pancreatictumorcell lines in- 14$ kD
eluded HPAF/CDI 1, CFPACI, CFPAC/PLJIO,
CAPAN1, CAPAN2, BXPC3, and PANC1, and the
series of clonal lines derived from SUIT-2 (S2
prefix). The MCF-7 breast adenocarcinoma and the
colon carcinoma HT29 grown under different dif
ferentiation conditions were also investigated. 42 i@

@6kD

@46kD

kD@@@ -@ - -@

3Okl@

CFPAC-l, and Capan-2, whereas GalNAc-T3 mRNA levels were not
detected in pancreatic adenocarcinoma cell lines classified as poorly
differentiated, including HGC25 and Panc 1.

The hypothesized correlation between increased differentiation sta
tus of the pancreatic adenocarcinoma cell lines and increased expres
sion levels of GalNAc-T3 mRNA is further supported by results with
the pancreatic tumor cell line SUIT-2 and derived cell lines (Fig. 3).
SUIT-2 was isolated from a metastatic liver tumor of human pancre
atic adenocarcinoma origin (27). Several cloned sublines that exhibit
poor- and well-differentiated histopathological morphologies were
established from the parental line SUIT-2 (28). Steady-state Gal
NAc-T3 mRNA transcript levels correlated with increased grades of
differentiation in SUIT-2-derived cells; 52-020, a poorly differenti
ated cell line, failed to express detectable Ga1NAc-T3 transcripts,
whereas 52-007 and 52-013, a moderately differentiated and well
differentiated cell line, respectively, as well as 52-028, a papillotu
bular-like adenocarcinoma, and two cell lines selected for high met
astatic potential (S2-CP9 and S2-VP1O), expressed much higher levels
(Fig. 3).

GaINAc-T3 mRNA Expression by Breast, Gastric, and Colon
Adenocarcinoma Cell Lines. Ga1NAc-T3mRNA was expressed at
high levels by the breast adenocarcinoma cell line MCF7 and the
colon adenocarcinoma cell line HT29 and at moderate levels by the
colon tumor cell lines T84 and the gastric carcinoma cell lines AGS
and KATO (Fig. 3A). Growth of HT29 cells in galactose-containing
media, which induces an enterocyte-type of differentiation in this cell

line (17), did not affect steady-state levels of Ga1NAc-T3. Similarly,
growth of the KATO line in galactose-containing media did not result
in a significant increase in expression of GalNAc-T3 mRNA levels.

GaINAc-T3 Protein Expression by Tumor Cell Lines. A mono
clonal antibody was developed against purified recombinant Gal

NAc-T3 expressed in a baculovirus system (16). Data from a Western
blot are presented in Fig. 4 and demonstrate that this antibody, UH-l,
binds to a protein with an apparent molecular weight of approximately
Mr 66'000 as estimated by SDS-PAGE, which is within 10% of the
mass predicted for GalNAc-T3 by sequence analysis (72.5 kD). This
relative mobility in SDS-PAGE is similar to that seen with to a
recombinant soluble form of GalNAc-T3 (16). Unfortunately,

antibody UH-l is not effective in analyzing histological sections
by immunohistochemical techniques. The pattern of expression of
Ga1NAc-T3 protein in the different cell lines analyzed by Western
blotting is generally consistent with the expression pattern of Gal
NAc-T3 mRNA shown in Fig. 3. Longer exposures of these and other
Western blots to film (under conditions that rendered the more intense
bands nonlinear with regard to signal intensity on the film) showed
low levels of expression in CAPAN2, S2-007, 52-013, S2-CP9, and
S2-VP1O but no expression by PANC1, confirming the results seen in
the Northern blots (data not shown). It is also notable that there were

relative differences in the levels of expression of GalNAc-T3 by
CFPAC1 and a CFTR-corrected line derived from it (Fig. 4). These
results show that there is a differential expression of this enzyme by
different adenocarcinoma cell lines, with a tendency for the more
differentiated cell lines to express higher levels of GalNAc-T3
protein.

The Western blots shown in Fig. 4 also reveal that proteins of at
least two additional sizes (approximately Mr 60'000 and Mr 38,000)
are detected by monoclonal antibody, UN-i , in lysates from some of
the cell lines. It is presumed that these are proteolytic fragments of
GalNAc-T3 produced by these cell lines, because fragments of similar
sizes were also observed in Western blots of recombinant GalNAc-T3

produced in SF9 cells and in HeLa cells, which do not express
endogenous GaINAc-T3 protein (data not shown).

DISCUSSION

The results presented here show that transcripts for GaINAc-Tl and
-12 are constitutively expressed at low levels in pancreatic, breast,
colon, and gastric adenocarcinoma lines. The size, relative abundance,
and ubiquitous expression patterns observed for GalNAc-TI and -12
transcripts in the tumor cell lines analyzed here are consistent with
data reported by Bennett et a!. (15) for several normal organs. The
finding that GalNAc-Tl and -T2 are expressed in all cells at low
abundance supports the hypothesis that they are â€œhousekeepingâ€•
GalNAc-transferases that provide initiation of 0-linked glycosylation
processes.

The expression pattern of GalNAc-T3 is distinct from Ga1NAc-Tl
and -12. It was shown previously (15) that transcription of
GalNAc-T3 is not ubiquitous among normal organs; instead, it has
been detected in organs that contain secretory epithelia (kidney,
pancreas, testis, ovary, prostate, intestine, and colon). The expression
of GalNAc-T3 transcripts by pancreatic, breast, gastric, and colon
adenocarcinomas is consistent with its previously reported differential
pattern of expression in normal organs. The finding that GalNAc-T3
mRNA and protein is highly expressed by pancreatic adenocarcino
mas of moderately to well-differentiated morphologies (Figs. 3A and
4) suppOrts the hypothesis that expression of GalNAc-T3 is associated
with some specialized functions of differentiated secretory ductal
epithelia of the pancreas. Together, these data provide further cvi
dence that GalNAc-T3 is differentially expressed by some epithelial
cell types at the transcriptional level (1).

The differential expression of GalNAc-T3 mRNA and protein by
different normal organs and malignant cell types is significant in light
of the fact that it shows substrate specificities that are distinct from
GalNAc-Tl and -12 ( 15). This implies that cells expressing this
transferase would have the capacity to initiate O-glycosylation at
some protein substrate sites that would not be glycosylated by cell
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types not expressing this transferase. Such an alteration in the site of
glycosylation may alter the functional properties of the target glyco
protein. For example, the mucin-like glycoprotein MUCI is expressed
and heavily O-glycosylated by many of the normal secretory epithelia
that express GalNAc-T3. MUC1 is highly overexpressed and differ
entially glycosylated by many adenocarcinomas that arise from these
organ sites (including breast, pancreas, lung, and prostate). Aberrant
glycosylation of MUCI by breast adenocarcinomas results in the
exposure of epitopes detected by monoclonal antibodies on the core
protein that are not exposed on forms of this protein produced by
normal epithelial cells (29). One mechanism for differential O-glyco
sylation of the MUCI apomucin at different organ sites may be the
differential expression of enzymes that initiate O-glycosylation, re
suiting in differences in density or positions of attachment of 0-
glycosyl-linked oligosaccharides to the MUC1 core protein.

Mucin-type O-glycosylation is also known to be important to the
function of other proteins: the folding of secreted proteins such as
human chorionic gonadotrophin j3; the conformation and protease
resistance of some membrane-associated proteins; and the binding and
adhesion properties of cell adhesion molecules such as selectins and

selectin ligands ( I ). Regarding cell-cell adhesion, it is known that

binding affinity is largely mediated by the glycan moieties of these
molecules (30); however, binding selectivity is conferred by the
overall structure of the glycoprotein, where position and spacing of
the glycans on the peptide backbone (which are determined by the
specificity of the polypeptide GalNAc-transferases) provide for full

ligand activity (3 1). Thus, differential expression of polypeptide
GalNAc-transferases may affect the density or positions of attachment

of 0-linked oligosaccharides and alter the functional properties of
adhesion molecules or other cell surface and secreted glycoproteins.

In summary, we have found that adenocarcinoma cell lines show
constitutive expression of two polypeptide GalNAc-transferases

(GalNAc-Tl and -T2); however, a third polypeptide GalNAc
transferase (GalNAc-T3) that has distinct substrate specificities is
differentially expressed by several well-differentiated pancreatic to
mor cell lines. It is hypothesized that the differential expression of

GalNAc-T3 may significantly affect the biological properties of gly
coproteins produced by normal and malignant cells. Alterations in the
structure and O-glycosylation patterns of mucins and mucin-like

glycoproteins have been detected in several diseases besides cancer,
including ulcerative colitis, chronic bronchitis, inherited chronic pan
creatitis, and cystic fibrosis. Future studies should address whether
polypeptide GalNAc-transferases play a role in the pathogenesis of
these diseases.
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