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JuÂ£;
Fig. 6. Mucinous carcinoma, colloid type, stained with VVA (A) and Mab

B72.3 (B). VVA strongly stains mucin in both intracellular (arrow) and extracel
lular (arrowhead) locations. B72.3 preferentially stains extracellular mucin with
only weak staining of intracellular mucin. (Original magnification, x SO)

Table 2 Simultaneous expression ofTn, sialosyl-Tn and T antigens in colon
cancer tissues

Â°In five of the 29 cancers, sections were unavailable for staining with one of

the antibodies, so these cases are omitted from this simultaneous comparison.

specimens expressed T antigen weakly in cell cytoplasm and
secretions.

The five fetal specimens that expressed CU-1-defined Tn also
expressed sialosyl-Tn and two of them expressed T. However,
since VVA stained all of the fetal colonie specimens, there were
four cases where only VVA-defined Tn occurred without sia
losyl-Tn or T.

DISCUSSION

A common feature of colon cancer is the production of mucin.
However, it is not known if mucin expression simply reflects
the lineage of the cells that give rise to the cancer, or whether
it may play a role in the biological behavior of the cancer cell.
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Fig. 7. Fetal colonie mucosa stained with CU-1 (A), VVA (B), and TKH2
(C). All three reagents react strongly with goblet cells, although VVA binding is
more prevalent. (Original magnification, x 50)

In support of the latter concept, patients with mucinous carci
nomas of the colon (a histolÃ³gica! subset in which most of the
tumor volume consists of mucin) have been found to have a
particularly poor outcome in some reports (22, 23). However,
since other series have not confirmed this poor prognosis (24,
25), it raises the possibility as to whether qualitative rather than
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quantitative mucin alterations might be important in the biology
of colon cancer.

To gain insight into qualitative mucin alterations that might
occur in colon cancer, we have examined the expression of
carbohydrate antigens associated with the earliest steps of mu
cin glycosylation. By simultaneously comparing the expression
of three antigens (Tn, sialosyl-Tn, T) in normal and malignant
colonie tissues, several observations emerged. Normal colono-
cytes did not express sialosyl-Tn or T and only rarely expressed
Tn antigen. The occasional expression of Tn suggests that in
some cases this structure may be in the process of being further
glycosylated. In contrast to normal mucosa, three-quarters of
the colon cancers expressed Tn and T antigens, and practically
all of them expressed sialosyl-Tn. Therefore the appearance of
these core-region antigens provides further evidence for incom
plete glycosylation in colon cancer cells. The considerable
expression of Tn antigen represents another example of pre
cursor accumulation in colon cancer much like the expression
of blood group H substance represents accumulation of precur
sor for the A and B substances (26), and T antigen represents
accumulation of precursor for the MN blood group antigens
(27). While Tn expression in some colon cancer cells might
suggest that glycosylation is blocked just after the addition of
the initial GalNAc residue, the fact that there is frequent
coexpression of the sialosyl-Tn and T along with Tn (Table 2)
indicates that the biosynthetic machinery necessary for sialyla-
tion and further glycosylation of Tn exists in these tissues.

While the absence of exposed T, sialosyl-Tn, and Tn antigens
in normal mucosa can be interpreted to mean that these struc
tures are not synthesized, there is some evidence that indeed
these determinants are present in normal colonocytes. For
example, peanut lectin binding sites (T antigen) can be observed
in normal colonie mucosa after neuraminidase treatment (5, 7).
In addition, oligosaccharides of normal colonie mucin often
have sialic acid conjugated to the linkage GalNAc (11, 12).
However, although sialosyl-Tn was found as such, the
Siaa2,6GalNAc structure was most frequently found as an
internal structure of longer oligosaccharides based on a Core 3
structure. This would therefore suggest that the linkage GalNAc
of normal colonie mucin preferentially receives a GlcNAc resi
due first (forming the Core 3 structure), because adding a sialic
acid first would prevent further oligosaccharide elongation (Ref
erence 1; Fig. 1).

Based on the present observations and available literature,
we would propose the following: in normal colonocytes, the
/31,3 GlcNAc-transferase (Fig. 1, Pathway 3) is highly active,
converting the Tn substance down the Core 3 glycosylation
pathway. This is performed efficiently since very little Tn
antigen remains exposed in normal cells. In contrast, colon
cancer cells have highly active ÃŸl,3Gal transferase (Pathway
2) and Â«2,6sialyltransferase (Pathway 1) enzymes and/or in
sufficient /31,3 GlcNAc transferase activity. This would allow
the galactosyltransferase and sialyltransferase enzymes to com
pete favorably with the GlcNAc transferase for the Tn precur
sor, but perhaps the efficiency of these reactions is suboptimal
since considerable Tn antigen remains exposed in cancer cells.
In rectal carcinoma, other investigators have identified a
GalNAc-GalNAc linkage (28) which has been referred to as
Core 5 (3) and implies the activity of an a 1,3GalN Ac transferase
that might be different from the blood group A GalNAc trans
ferase. Clearly, therefore, more work is needed to further clarify
glycosylation pathways in colon cancer, and to substantiate the
above hypothesis.

The observation that T and Tn antigens are carcinoma-

associated was made by Springer and coworkers over a decade
ago (29). Much of that work involved the use of human anti-T
and anti-Tn antisera by immunochemical and some immuno-
histochemical methods primarily in nongastrointestinal malig
nancies. The present immunohistochemical study, using murine
Mabs and a lectin, extends these observations to colon cancer
tissues, confirming that T, Tn, and sialosyl-Tn are carcinoma-
associated antigens in this organ. The cancer-associated nature
of T antigen in the colon has been known for several years
based on studies using peanut agglutinin, as well as polyclonal
and monoclonal antibodies (5-10). A recent immunohisto
chemical report used Mabs raised against synthetic T antigen
in its a or ÃŸconfiguration on frozen sections (30). Those results
suggested that the carrier molecule of the Gal/Si,3GalNAc
disaccharide of colon cancers might by glycolipid (ÃŸconfigu
ration) rather than glycoprotein (a configuration). While we
cannot completely exclude the possibility that we too are de
tecting T antigen on glycolipid instead of glycoprotein, the fact
that we still observe T antigen after dewaxing our paraffin-
embedded tissues, coupled with the knowledge that the expres
sion of many carbohydrate antigens is shared by both glycopro-
teins and glycolipids (31), supports our above hypothesis con
cerning core-region antigen expression in colonie mucin gly
coprotein.

Only recently has Tn expression been reported in colon.
Hirohashi et al. developed two Mabs that recognize Tn but
cross-react with blood group A antigen, and these reagents
stained most colon cancers but not normal colonie mucosa (15).
The CU-1 antibody used in the present study has previously
been shown not to cross-react with the A antigen, and in that
study, 88% of colon cancers but also 33% of normal mucosa
stained positive (14). Longenecker et al. (30) developed murine
Mabs to synthetic Tn antigen and found that by using immu-
noperoxidase staining of frozen sections, all of seven colon
cancers expressed Tn whereas normal tissues (including colon)
did not. In terms of sialosyl-Tn expression in the colon, Kuro
saka and coworkers first described this structure on glycopro-
teins of a human rectal adenocarcinoma (28) and later devel
oped a Mab specific for this carbohydrate structure using LS
180 colon cancer cells (32). Recently, Kjeldsen et al. (17) and
Gold and Mattes (20) observed that Mab B72.3 recognizes
sialosyl-Tn. Therefore, based on previous immunohistochemi
cal reports using the B72.3 antibody, sialosyl-Tn is absent in
normal colonie mucosa but quite prevalent in colon cancer (33,
34). Our study confirms this finding not only using B72.3 but
also a new Mab TKH2 developed against ovine submaxillary
mucin known to express sialosyl-Tn. Moreover, the strength of
the present study is the simultaneous comparison of Tn, sialo
syl-Tn, and T in the same tissues, allowing at least tentative
conclusions to be drawn concerning the biosynthesis of mucin-
associated antigen expression in the colon.

As far as the histological type of colon cancer is concerned,
T antigen expression was more frequent in the well- and mod
erately differentiated tumors than in the poorly differentiated
adenocarcinomas or mucinous carcinomas. However, with Tn
antigen, the inverse relationship was found. This supports ear
lier observations by Springer that anaplastic carcinomas often
have a greater Tn/T ratio than well-differentiated adenocarci
nomas (29). In mucinous carcinomas, the strong staining inten
sity and high proportion of cells expressing Tn and sialosyl-Tn
were striking. Thor et al. have also described B72.3 staining of
mucinous colon carcinomas (33). Thus, these antigens appear
to be good markers of colon cancer mucin elaborated both by
signet ring cell carcinomas (a rare histological subset character-
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ized by intracellular mucin accumulation) and colloid carcino
mas (characterized by large extracellular lakes of mucin). Since
patients with mucinous carcinomas (particularly signet ring cell
type) and poorly differentiated adenocarcinomas often have a
poor prognosis, the Tn and sialosyl-Tn antigens may be useful
markers for these subsets of patients.

The phenomenon of enhanced expression of all three antigens
in TM is one that is shared by many other tumor-associated
antigens that are not usually expressed in "normal" colonie

mucosa. In this study, when antigens were expressed in TM,
they were usually found in the supranuclear cytoplasm, but
several cases showed strong goblet cell staining with VVA and
TKH2, suggesting perhaps a premalignant mucin alteration in
these cells. Filipe and coworkers have noted enhanced sialo-

inucin expression in goblet cells of TM using histochemical
techniques, so perhaps sialosyl-Tn contributes to sialomucin
expression. The observation of sialosyl-Tn expression defined
by Mab TKH2 in mucosa! capillaries of TM is intriguing. This
might represent blood-borne sialosyl-Tn antigen since mucosal
capillaries furthest from the cancer and those in truly normal
colonie mucosa did not express the antigen.

Fetal colonie mucosa was examined with an aim toward
determining if Tn and sialosyl-Tn are oncodevelopmental an
tigens. Indeed, both of these antigens were expressed by second-
trimester fetuses and usually in goblet cells. This suggests that
fetal colonocytes, like cancer cells, possess the enzymatic ma
chinery to synthesize structures of Pathways 1 and 2. Other
studies of core-region oligosaccharides found on human meco-
nium glycoproteins have identified these antigens and several
others, indicating a diverse repertoire of mucin oligosaccharide
synthesis in the fetus (35). Although all of the fetal specimens
bound VVA, only half bound CU-1, TKH2, and B72.3. This
may reflect subtle differences in epitope structure recognized
by the different reagents.

We purposely chose three different anti-Tn and two anti-
sialosyl-Tn reagents for this study to examine their relative
reactivities. The two sialosyl-Tn reagents were quite similar in
their staining pattern and intensity in all types of colonie tissues.
However, there were some differences between the Tn reagents
such that, in general, Mab 1.01 stained fewer cells and with
weaker intensity than Mab CU-1 or VVA. The latter two
reagents exhibited rather comparable staining patterns, al
though three cancers were CU-1-positive/VVA-negative, and
five fetal specimens were VVA-positive/CU-1-negative. The
most likely explanation for the disparate staining is that lectins
and antibodies (raised with different immunogens) frequently
have somewhat different epitope specificities depending upon
antigenic conformation and other factors such as affinity and
antibody isotype. We have also noted differences between pea
nut lectin, a polyclonal antibody and a Mab for recognizing T
antigen in colonie tissues (10). The considerable binding of Mab
CU-1 to colon cancers is interesting in that the immunogen for
this Mab was the secreted mucin from a lung carcinoma cell
line, indicating that mucin-producing tumors of different organs
share common epitopes.
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