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ABSTRACT

The CA 19-9 antigen is a monosialosyl Le* blood group antigen which

has been shown to be a useful tumor-associated antigen for the diagnosis

of gastrointestinal cancers. Recently, a sialylated derivative of this anti
gen, disialosyl Le*, was isolated from a colon cancer liver metastasis and

a monoclonal antibody (FH7) recognizing this novel determinant was
developed. The present study simultaneously compared the expression of
Le", monosialosyl Le*, and disialosyl Le* antigens in a variety of non-

malignant, premalignant, and malignant tissues of the colorectum and
pancreas with an aim toward elucidating whether disialosyl Le* is ex

pressed as a tumor-associated antigen. In normal colonie mucosa, disialo
syl Le* expression closely resembled Le* expression in overall frequency,

segmentai distribution, and cellular localization whereas monosialosyl
Le" (CA 19-9) was essentially absent. Along the crypt axis, Le* was more
often expressed in goblet cells of the upper crypt whereas disialosyl Le*

was found in goblet cells along the entire crypt. Fetal colonie mucosa
expressed all three antigens, as did most colorectal cancers regardless of
location within the colon or degree of differentiation. The majority of
hyperplastic polyps and practically all adenomatous polyps also ex
pressed these three antigens, and in adenomas, antigen expression was
independent of polyp size, villous morphology, or degree of dysplasia. In
the normal pancreas, the three antigens were expressed on ductal, duc-

tular and centroacinar cells of all specimens. The majority of pancreatic
cancers expressed all three antigens. Thus, in the normal colon, the
absence of monosialosyl Le* (CA 19-9) in the presence of disialosyl Le*

suggests that an Â«2,6 sialyltransferase is active, which results in the
masking of CA 19-9 antigen expression. These results further support

the concept that specific sialyltransferases play a role in regulating the
expression of tumor-associated antigens.

INTRODUCTION

Cell surface sialic acids, present on either glycolipids or
glycoproteins, have been the focus of considerable investigation
because of the diverse biological processes that these molecules
appear to influence. To wit, sialic acids may play a role in
transport processes, receptor functions, neurotransmitter activ
ity, hemostasis, cell adhesion, and cancer cell metastasis (1). In
the tumors and sera of many cancer patients, including those
with gastrointestinal carcinomas, sialic acids are important
determinants of antigenicity. In some cases, the presence of
sialic acid actually masks the expression of a TAA3 in the colon

(2, 3). However, in other instances, sialic acid is responsible for
tumor-associated antigenicity. A prime example of the latter
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situation is the gastrointestinal cancer-associated antigen which
is a sialyl Lea blood group antigen that is recognized by Mab
19-9 (4). In tissues this antigen is expressed as a ganglioside
(5), but in serum (6) and pancreatic juice (7) it is found on
mucin-type glycoproteins.

In the colon and pancreas, the native Lea blood group antigen

is not considered a TAA because of its marked expression in
normal as well as cancer tissues (8,9). However, in these tissues,
monosialosyl Le" (CA 19-9) does act as a TAA. In the colon

the majority of cancer specimens express CA 19-9 whereas
normal musoca rarely expresses the antigen (10) except occa
sionally in the mucosa immediately adjacent to cancer (11, 12).
In the pancreas, CA 19-9 is expressed by normal and malignant
pancreatic tissues (11,12), but as a serological assay this antigen
has considerable sensitivity and specificity for detecting pan
creatic cancer (13, 14).

Recently, biochemical studies of purified glycolipids from a
colon cancer liver metastasis have identified the presence of a
novel fucoganglioside (15). The immunodeterminant of this
ganglioside is a disialylated Le* antigen, and as such, it is also
a sialylated derivative of the CA 19-9 antigen. A Mab (FH7)
has been developed which recognizes this disialosyl Le" antigen

and levels of this antigen are increased in sera from patients
with colonie and pancreatic cancer.4

Only a few studies have investigated by immunohistochemis-
try the expression of CA 19-9 in colorectal and pancreatic
tissues. Furthermore, in these tissues, only one study has si
multaneously compared CA 19-9 expression with that of Le"

and did so only in normal colonie mucosa (10). The purpose of
the present investigation was to extend our knowledge of CA
19-9 expression in various colonie and pancreatic tissues, and
to simultaneously compare the expression of Le", monosialosyl
Le" (CA 19-9), and disialosyl Le" in these tissues to determine

whether the disialosyl antigen might behave as a TAA.

MATERIALS AND METHODS

Tissue Specimens

Colonie Tissues. Specimens obtained from either the cecum, ascend
ing colon, or transverse colon are referred to as "proximal," and those

from the descending colon, sigmoid colon, or rectum are referred to as
"distal" colonie tissues. Fetal colonie mucosa was obtained from 10
second-trimester abortuses as approved by the Human Experimentation
Committee, University of California, San Francisco. Of these cases, six
provided both proximal and distal, two provided only proximal and
two provided only distal tissue. Normal adult colonie mucosa was
obtained from 18 kidney donor cadavers immediately following death
from accidental injury according to the protocol of the Department of
Pathology, University of Maryland. In this way, mucosa from each
colonie segment of an individual could be examined. Twenty-four

4 R. Kannagi, A. Kitahara, S. Itai, K. Zenita, K. Shigeta, T. Tachikawa, A.

Noda, H. Hirano, M. Abe, S. Shin, Y. Fukushi, S. Hakomori, and H. Imura.
Quantitative and qualitative characterization of human cancer-associated serum
glycoprotein antigens expressing epitopes consisting of sialyl- or sialyl- fucnsyl
type 1 chain. Cancer Res. Â¥5:3856-3863, 1988.
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hyperplastic polyps (rive proximal, 19 distal) and 52 adenomatous
polyps (11 proximal, 41 distal) were obtained by endoscopie polypec-
tomy. Primary colorectal carcinoma tissues were obtained from 40
surgical resection specimens (17 proximal, 23 distal). There were 16
well-differentiated, 16 moderately differentiated, five poorly differen
tiated, and three colloid-type carcinomas. Among the carcinoma resec
tion specimens, well-oriented mucosa immediately adjacent to the
cancer was available in 28 cases (14 proximal, 14 distal) and this region
is referred to as TM. This zone is histologically abnormal characterized
by crypt distortion (elongation, branching) but no cellular atypia.

Pancreatic Tissues. Histologically normal pancreatic tissue was ob
tained from the resection margins of 12 surgically removed pancreatic
endocrine or exocrine cancers, and five early autopsies of patients
without pancreatic disease. Nineteen cases of primary pancreatic car
cinoma were obtained from surgically resected specimens. There were
eight well-differentiated, five moderately differentiated, and six poorly
differentiated adenocarcinomas including one pleomorphic carcinoma.

All specimens were fixed in formalin, paraffin embedded, and 5-^m
serial sections were analyzed.

Monoclonal Antibodies

Table 1 lists the Mabs and their respective antigenic determinants.
Affinity purified Mab against Le" blood group antigen was a generous

gift of Dr. R. Murray Ratcliffe, Chembiomed Ltd. (Edmonton, Alberta,
Canada). The specificity of this Mab has been described previously (9).
The 19-9 Mab is a mouse IgGl which recognizes sialylated Le* antigen

(5) and this affinity purified Mab was provided by Centocor (Malvern,
PA). The FH7 Mab is a mouse IgG3 which recognizes a disialosyl Le'

determinant (15). After immunizing mice with purified glycolipid de
rived from a human colon cancer metastasis, the hybridoma secreting
FH7 Mab was selected by positive reaction with disialosyl Le* and
negative reactions with disialylgalactosylgloboside, disialosyllactoneo-
tetraosylceramide, and disialosyllactotetraosylceramide (15). In the
present study, FH7 ascites fluid was used for immunohistochemical
staining.

As reported previously (15), the anti-Le* Mab recognizes the Le*
epitope and FH7 recognizes disialosyl Le" structure, but both of these
Mabs exhibit some cross-reactivity with monosialosyl Le" II
(III4FucIII6NeuAcLc4) (Table 1). Therefore, in the present immunohis
tochemical study we tested for any cross-reactivity of these two Mabs
for monosialosyl Le* II by performing blocking experiments and se
quential double-labeling studies as described below.

Immunohistochemical Staining

All specimens were stained using the ABC method of immunoper-
oxidase histochemistry as described previously (16). Working concen
trations for each Mab were: anti-Le* (5 jig/ml); CA 19-9 (40 Mg/ml);

and FH7 (8 Mg/ml) in 5% normal rabbit serum. Negative controls
consisted of substituting the appropriate normal mouse IgG or IgM for
each monoclonal antibody or substituting phosphate buffered saline for
the primary and secondary antibodies. These maneuvers invariably
produced negative results. A case was considered positive if antigen
expression was noted in at least 5'Y of the specimen.

To determine whether anti-Le" and FH7 might recognize the same
cross-reacting epitope (monosialosyl Le" II), several specimens of nor

mal and cancerous colonie and pancreatic tissues were stained using a
blocking method as well as a sequential double-labeling approach (Table
2). The blocking method as outlined in Table 2 is designed to ask
whether pretreatment with anti-Le" will prevent FH7 from binding to

the tissue. In addition, Steps 3 and 4 were reversed, and a secondary
antibody specific for the Mheavy chain of anti-Le" (Step 5) was used to
determine if FH7 pretreatment prevented anti-Le* binding. As a nega
tive control, normal mouse IgM was substituted for anti-Le" in Step 3

and this did not prevent FH7 binding. Likewise, normal mouse IgG
did not block anti-Le" reactivity.

In sequential double-labeling studies (Table 2), staining with the first
primary antibody (anti-Le') is revealed by using peroxidase to catalvze

the aminoethylcarbazole substrate resulting in a red color, and this is
followed by staining for the second primary antibody (FH7) using
alkaline phosphatase to produce a blue color with the substrate fast
blue. The following negative controls were used: (a) replacing anti-Le*

with normal mouse IgM (Step 3) revealed only FH7 reactivity (blue
color); (b) replacing FH7 with normal mouse IgG (Step 8) revealed
only Le* expression (red color); (c) omitting Steps 8, 9, and 10 either

individually or in combination produced no detectable blue staining.

RESULTS

Colonie Tissues

Table 3 lists the overall frequency and cellular distribution of
antigen expression in the various colonie tissues examined.

Normal Colonie Mucosa. The regional distribution of the
three antigens is shown in Fig. 1. As noted previously (9), the
Le* antigen is expressed in both proximal and distal colonie

segments in the vast majority of specimens. In contrast, the CA
19-9 antigen is essentially absent from all regions of the colon,
with only a few cases exhibiting antigen expression weakly in
less than 20% of colonie crypts in the proximal colon. In these
few cases, cells at the base of colonie crypts expressed CA 19-
9 on apical membranes and supranuclear cytoplasm, but not in
goblet cell vacuoles. The regional distribution of disialosyl Le"
in normal mucosa closely resembled that of Le" (Fig. 1). At the

cellular level (Fig. 2; Table 3) both antigens were predominantly

Table 1 Le'-related blood group antigens'

Antigen Antigenic structure

fll,3 "l
Gal -4. GlcNAc - R

Ã®Â«1,4
Fue

Monoclonal antibody reactivity

Anti-Le'

(IgM)
19-9

(IgGl)
FH7

(IgG3)
Le'Gai ^3 GlcNAc-RÃ®

Â«1,4Monosialosyl

Le' I (CA19-9)Disialosyl

Le'FucSA

Â°^i Gai ^ GlcNAc -RÃ®ni

1 Ai t iaÃ¬AFucSA

- -+++Â«2,6SA

"-=Â»"Gal "-Ãœ"GlcNAc -RMonosialosyl

Le* II1SAÂ«1,4Fuc++ - ++

'Adapted from Ref. 15.
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â€¢Adapted from Ref. 15
Table 2 Immunoperoxidase methods used for blocking and sequential double-labeling experiments

All steps are followed by washing three times in phosphate buffered saline except where otherwise indicated.

StepBlocking1

3% H2O2 in methanol
1 10% normal rabbit serum"
3 Anti-Le' (IgM); 1:200

4 FH7(IgG,);1:8005

Biotinylated rabbit anti-Time

(min)1020

30
3060Step1

2
345Sequential

doublelabeling3%

IM); in methanol
10% normal rabbit scruni"
Anti-Le' (1:200)
Biotinylated-rabbit anti-mouse

IgG+A+M(l:50)
Streptavidin-peroxidase conjugateTime

(min)10

20
30
1010

mouse IgG; y chain spe
cific (1:50)

6 Streptavidin-peroxidase con-10jugate
(10Mg/ml)7

Aminoethylcarbazole (AEC) 567891011Aminoethylcarbazole

(redcolor)*Eluent

solution: 1 N HC1 inTrisbufferFH7

(1:800)Biotinylated
rabbit-anti-mouseIgG+A+M(l:50)Streptavidin-alkaline

phosphataseconjugate
(10Mg/ml)Fast

Blue (1 mg/ml innaphthol-ASBI
buffer) (blue color)*5103010105

" Shake off excess.
* Wash with tap water.

Table 3 Expression of Le*-related antigens in colorectal tissues

Antigen location in positivecasesNormal

mucosaLe'19-9FH7Fetal

mucosaLe'19-9FH7HyperplasticpolypsLe'19-9FH7AdenomatouspolypsLe'19-9FH7TransitionalmucosaLe'19-9FH7Colorectal

cancerLe'19-9FH7Positive

cases
total(%)17/18(94)4/18(22)17/18(94)9/10(90)10/10(100)9/10(90)19/24(79)14/20

(70)16/19(84)42/52(81)34/34(100)32/35(91)26/27

(96)13/28(46)27/28

(96)34/40

(86)36/40
(90)34/40

(86)Apical

membraneir41691081814IS38313221916303120Cytoplasm234727177334282919510192226Goblet
cell

vacuole15014906686137212072432*32*26*

" Number of cases expressing the antigen in that cellular location.
* Luminal contents of cancer glands.

expressed on cell membranes and in goblet cell vacuoles but
FH7 staining was more intense than anti-Le" staining. Double-

labeling histochemistry revealed a difference in staining be
tween FH7 and anti-Le" at the colonie crypt level: FH7 stained
the majority of goblet cells throughout the crypt whereas anti-
Le' stained fewer crypts, and primarily the goblet cells in the

upper crypt zone. In blocking experiments, pretreatment with
anti-Le" did not alter the staining pattern of FH7, nor did FH7
pretreatment change anti-Le" reactivity. Therefore, these two
Mabs appear to recognize their own epitopes and not a cross-
reacting structure such as monosialosyl Le" II.

Fetal Colonie Mucosa. In fetal colon, all three antigens were

B 60-

I

â€¢Lea

0 19-9

D FH7

AC TC OC
Fig. l. Segmental distribution of I e" related antigens in normal colonie mu

cosa. Ordinale, percentage of specimens that expressed the antigen in at least 5%
of the colonie crypts; abscissa, colonie segments: C, cecum; AC, ascending colon;'/'('. transverse colon; DC, descending colon; S, sigmoid colon; K. rectum. Numbers

beneath bars, number of specimens examined. In the few specimens that expressed
19-9, the staining intensity was weak and occurred in fewer than 20% of the
crypts.

present in practically every specimen regardless of the site
within the colon (Table 3). This suggests that for the Le' and
FH7 antigens, the antigenic distribution in the (second-trimes
ter) fetus is maintained into adulthood whereas the CA 19-9
antigen disappears with development. In fetal colon, the cellular
distribution of all three antigens was similar to the normal adult
colon except that fetal colonocytes expressed Le" and disialosyl
Le" more often in the cytoplasm (Table 3). Interestingly, despite
considerable CA 19-9 expression in the fetal colon, goblet cell
vacuoles (as in the adult) were negative.

Colon Cancer. More than 85% of colorectal cancer specimens
expressed each of the Le'-related antigens (Table 3). Antigen

expression was not dependent upon the site of the cancer or the
histological degree of differentiation. The majority of these
cancers expressed all three antigens simultaneously (Fig. 3),
and only one case failed to express all three antigens (Table 4).
Four cancers expressed Le1 and CA 19-9 but not FH7, and

three others expressed only FH7. Each antigen was mainly
expressed on cell membranes and in cancer gland luminal
contents, with less frequent cytoplasmic expression (Table 3).
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B

Fig. 2. Normal colonie mucosa stained
with anti-Le" (A), 19-9 (B), and FH7 (C). Le' f

and FH7 are expressed in goblet cell vacuoles
and apical membranes of cells throughout the
crypt. CA 19-9 expression is absent (X 400).

\ \

Blocking experiments revealed that anti-Le* and FH7 each
bound to their respective epitopes. Double-labeling studies re
vealed considerable intratumor heterogeneity such that some
cancer glands expressed both Le" and disialosyl Le" whereas

other areas expressed one or the other antigen.
As in normal colonie mucosa, the mucosa immediately ad

jacent to cancer (TM) expressed Le" and disialosyl Le* in the
majority of cases (Table 5). However, in TM, Le" was expressed

in both the upper and lower crypt and in many more goblet cell
vacuoles than normal mucosa. CA 19-9, which was practically
absent from normal mucosa, was expressed by almost one-half
(13/28) of TM specimens. Moreover, in half of these positive
cases, CA 19-9 was located in goblet cell vacuoles, a finding
not seen in normal or fetal colonie mucosa (Table 3).

Colorectal Polyps. Some specimens of HP and AP were not
available for staining with Mab 19-9 or FH7 however this did
not affect the overall results. The majority of HP expressed Le*
and disialosyl Le* with staining localized to apical cell mem

branes but also some goblet cell vacuoles (Table 3). Interest
ingly, unlike normal mucosa, Mab 19-9 stained more than two-

thirds of HP and was often expressed in goblet cell vacuoles

(Fig. 4). Thus, although HP are believed to have no malignant
potential (17, 18), it is intriguing that so many HP expressed
CA 19-9.

In AP, the frequency of LeÂ°,CA 19-9, and disialosyl Le*

expression was even higher than in HP (Table 3). Compared to
normal mucosa, cytoplasmic staining with all three Mabs was
more prevalent, and in the case of 19-9, goblet cell vacuoles

were sometimes positively stained (Table 3, Fig. 5). Unlike HP,
AP are considered to be premalignant, and malignant potential
has been correlated with larger polyp size, increased villous
morphology, and more severe grade of cellular dysplasia (19).
Mab 19-9 stained all AP regardless of size, histolÃ³gica! type or

grade of dysplasia. In addition, FH7 stained all of the polyps
over 1 cm in diameter, all tubulovillous or villous adenomas,
and all but one adenoma with moderate or severe dysplasia.
Within individual adenomas, regions of villous histology ex
pressed CA 19-9 and FH7 about as much as tubular areas, and
the same was true when comparing severely dysplastic areas to
mildly dysplastic areas. LeÂ°,however, was not expressed in 10
of 52 AP, and most of the Le*-negative polyps were small,

tubular adenomas with only mild dysplasia.
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Fig. 3. Moderately well-differentiated co
lon cancer stained with anti-Le' (A), 19-9 (A),

and FH7 (C). Cell apical membranes and ma
lignant gland luminal contents express all
three antigens (x 250).

...

Table 4 Simultaneous expression of LeÂ°-relatedantigens in colorectal and

pancreatic cancer tissues

Le"lColorectal
cancer

19-9 FH7 (n =40)+

+ 30
1 (WD)Â°

+ - 4 (2WD; 2MD)
+ + 1 (MD)
- + 3 (WD)
- + 0
+ - 1 (PD)Pancreatic

cancer
(n =18)12

2 (PD; PD)
0
2 (WD; MD)
0
1(PD)
1 (WD)

* Degree of differentiation of the specimens; WD, well differentiated; MD,

moderately differentiated; PD, poorly differentiated.

Table 5 Comparison of LeÂ°-relatedantigen expression in colon cancers and

transitional mucosa

Coloncancer+

+Transitional

mucosa+

+Le"24

1
0219-913

1
140FH723

1
13

Pancreatic Tissues

Normal Pancreas. All of the specimens of normal pancreatic
tissue expressed Le", CA 19-9, and disialosyl LeÂ°(Table 6).

Each antigen was found on ductal and ductular cells, and in the
centroacinar cells of the acini (Fig. 6). Double-labeling experi
ments revealed that FH7 bound to more centroacinar and
terminal ductule cells than anti-Le". Pancreatic acinar cells and

islet cells did not express these antigens.
Pancreatic Cancer. The frequency of antigen expression by

pancreatic cancers was similar to that of colorectal cancers
(Table 6). Also, most cases of pancreatic cancer expressed all
three antigens simultaneously (Fig. 7), although there were two
poorly differentiated cancers that did not express any of these
antigens (Table 4). All three antigens were expressed on cancer
cell membranes and in cell cytoplasm, with fewer specimens
demonstrating antigen secretion into cancer gland lumens (par
ticularly FH7).

DISCUSSION

Several tumor-associated antigens which are detectable in
serum and tissues are sialylated blood group-related antigens
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Fig. 4. Hyperplastic colonie polyp demonstrating 19-9 expression on apical
cell membranes as well as some goblet cell vacuoles (arrows) (x 400).

and therefore attention has been focused on the possible role of
sialic acid in conferring tumor-associated antigenicity. Experi
ence so far with the CA 19-9 antigen has demonstrated that
this sialylated Le" determinant is a useful gastrointestinal tumor
marker (20). In the pancreas, the CA 19-9 antigen is expressed
by cancer cells as well as normal (ductal) cells (11, 12, 21,
present study), whereas in the colon this antigen is expressed
mainly by cancer cells and only rarely by normal colonocytes
(10-12, 22). The present study was undertaken to investigate
the expression of a novel disialosyl Le" antigen and compare it

to the closely related CA 19-9 (monosialosyl Le" I) and Le"

antigens.
Our findings in normal colonie mucosa confirm previous

observations that Le" is expressed throughout the colon (8, 9),
whereas monosialosyl Le" (CA 19-9) is absent or only minimally
expressed (10-12, 22). In contrast to the minimal expression
of monosialosyl Le", disialosyl Le" expression was ubiquitous

in normal colonie epithelium, a pattern which closely resembles
the expression of Le" (Table 3, Fig. 1). This suggests therefore

that normal colonocytes possess functioning o2,3 and a2,6
sialyltransferase enzymes, and that the absence of CA 19-9
expression results from a masking of the monosialosyl antigen
by the presence of another sialic acid residue. By analogy, the
T-antigen is another blood group-related TAA which is masked

by sialic acid in the normal colon (23).
Although the considerable expression of disialosyl Le* in the

normal colon indicates that both an Â«2,3sialyltransferase and
an Â«2,6sialyltransferase are operating, the biosynthetic path
way for this antigen is not yet known. Based on the biosynthetic
scheme of CA 19-9 which has been elucidated in colon cancer

cells (24), Fig. 8 depicts possible biosynthetic pathways. Rather
than the Le" antigen simply undergoing Â«2,3sialylation, it

appears that the type 1 precursor (Gal/3l,3GlcNAc) first under
goes Â«2,3sialylation which is then followed by a 1,4 fucosylation
by the Lewis gene-specified fucosyltransferase. If disialosyl Le"

is also synthesized via an Â«2,3sialosyl type 1 precursor, then
two pathways are possible. Either the precursor could undergo
o 1,4 fucosylation to form CA 19-9 which would then undergo
Â«2,6sialylation, or the precursor could first be sialylated re
sulting in a disialosyl type 1 precursor that would then be
fucosylated.5

The present study cannot resolve this biochemical question,
but we propose that in normal colonocytes, the Â«2,6sialyltrans
ferase is highly active so that any CA 19-9 that is formed gets
rapidly converted to disialosyl Le" or any Â«2,3sialosyl type 1

precursor gets rapidly converted to disialosyl type 1 chain and
shunted away from CA 19-9 antigen formation. Presumably,

5An alternative pathway might proceed via an ..2.6 sialosyl type I precursor
which might then be fucosylated to form a2,6 monosialosyl Le'. However, in

extracts of normal and malignant pancreatic tissue, we could not detect this
structure but could still detect disialosyl Le* (S. Hakomori, unpublished obser

vations).

Fig. 5. . I. adenomatous colonie polyp
stained with 19-9. In this area of villous mor
phology, cell apical membranes and some mu-
cin droplets are positive (x 400). B, adenoma
tous polyp stained with FH7. In this area of
tubular morphology, antigen is expressed pri
marily in the supranuclear region of cell cyto
plasm and on cell apical membranes. Goblet
cells are faintly stained (x 400).
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Table 6 Expression of Le"-related antigens in pancreatic tissues

Le" 19-9 FH7

Normal pancreas
Total cases positive
Ducts
Ductules; centroacinar cells
Aiinar cells

Pancreatic cancer
Total cases positive
Membrane
Cytoplasm
Gland luminal contents

17/17(100%) 16/16(100%) 17/17(100%)
17 15 16
17 15 14
000

14/19(74%) 16/19(84%) 15/18(83%)
11 13 13
13 11 13
7 10 2

then, colon cancer cells have lower <*2,6 sialyltransferase (or
higher a2,3 sialyltransferase) activity, thereby allowing more of
the CA 19-9 antigen to be expressed. This hypothesis is sup
ported by serological studies demonstrating that FH7 reactivity
is found more frequently than 19-9 reactivity in serum from
patients with nonmalignant disorders, and that mucin-type
glycoproteins in these benign sera may be more heavily glyco-
sylated with a2,6 sialyl Le" determinants." In contrast, cancer
patient sera more often contains 19-9 (<*2,3sialyl) determinants.

The differential expression between monosialosyl and disi-
alosyl Le" in the normal colon might also be related to differ

ences in the carrier glycoprotein or glycolipid for these antigens.
For example, glycolipids containing NeuAcÂ«2,6Gal structures
have been shown to contain ceramide with short-chain fatty
acids in contrast to glycolipids containing NeuAc<*2,3Gal in
which the ceramide has longer fatty acids (25). These differences
in ceramide composition might influence glycosyltransferase
activity or alter the orientation of carbohydrate antigens in
membranes thereby affecting antigen-antibody interaction.

In both colonie and pancreatic tissues the expression of Le"
and disialosyl Le" antigens was quite similar in terms of regional

and cellular distribution. However, blocking experiments con
firmed that the anti-Le" and FH7 antibodies recognize separate

antigenic sites on cells, and the double-labeling technique
clearly elucidated a few differences in the expression of Le" and
disialosyl Le". In normal colonie mucosa, FH7 stained goblet
cells throughout the colonie crypt. Le" expression, which also

occurred in goblet cells, was greatest in the upper crypt zone
except in TM where Le"-positive goblet cells were quite preva
lent throughout the crypt. In normal pancreas, both Le" and

disialosyl Le" were expressed by centroacinar, ductular, and

ductal cells, but FH7 bound to more of the centroacinar and
terminal ductular cells than anti-Le". In pancreatic and colonie

cancers, both antigens were quite prevalent but there was con
siderable intratumor heterogeneity.

We have previously examined by immunohistochemistry the
expression of Le" in many of the same tissues used in this study

(9, 21). Our observations, in conjunction with those of other
investigators, indicate the following pattern of Le" expression

in colonie and pancreatic tissues. In both fetal and adult normal
colon, Le" is expressed in proximal as well as distal segments
(8,9,26). Most colorectal cancers express Le" (8,9) particularly

in patients who are nonsecretors (8, 27) and the epitope may
be present on glycoproteins as well as glycolipids (27-29). Most
AP and HP of the colon express Le" although frequently,

instead of the normal staining of goblet cell vacuoles, staining
is localized to cell cytoplasm and apical membranes (30, present
study). In the normal pancreas (and in chronic pancreatitis),
Le" is expressed on apical membranes of ducts, ductules, and
centroacinar cells, and most pancreatic cancers express Le" (8,

21,31,32).
A few studies have examined the expression of CA 19-9 in

gastrointestinal tissues. In the colon, CA 19-9 is expressed by
fetal mucosa and colorectal cancers but only rarely by normal
adult mucosa (10). Expression is enhanced in colonie mucosa
that is immediately adjacent to carcinoma (11, 12, 22, 33).
Premalignant colonie tissues such as adenomatous polyps (22,
34) and ulcerative colitis with dysplasia (33) also express this
antigen. In pancreatic tissues, the 19-9 antigen is expressed in
most carcinomas but also in many normal specimens, although
apparently only in ductal, not acinar, cells (11, 12, 31).

The findings of the present study confirm and extend these
observations of CA 19-9 expression in several respects. First,
we were intrigued to find that this TAA was expressed in over
two-thirds of HP, lesions which exhibit cellular hyperplasia but

are believed to have no malignant potential (17, 18). This
seemingly paradoxical expression of a TAA by HP has also
been observed with other antigens (35, 36). Second, this study
confirms the oncodevelopmental nature of CA 19-9 by noting
its expression in fetal colon. Although most studies have noted
CA 19-9 expression in fetal colon (11,12, 37), one study failed
to demonstrate the antigen in this tissue by immunoperoxidase

Fig. 6. . I. normal pancreas stained with
FH7. Antigen is present on ductal cell apical
membranes (arrow) and luminal secretions.
Centroacinar cells also express the antigen on
apical membranes. Staining with anti-Le" and
19-9 was similar to FH7 (X 250). B, higher
magnification of acinar region demonstrating
centroacinar expression of 19-9 (x 1000).

B

'
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Fig. 7. Well-differentiated pancreatic car
cinoma exhibiting simultaneous expression of
Le' (A), 19-9 (B), and FH7 (C). In each case,

antigen is expressed diffusely in the cytoplasm,
on apical membranes and in gland luminal
contents (x 400).

SYNTHESISOF SIALYLATEDLEAAKTlSEMS:POSTULATEDPATHWAYS

LeÂ»

Konosialosyl
Lea (CA 19-9)

Disialosyl

Gal.'1.3GlcNAc

iÂ«M
Fuc

ff(ll)

Sto2,3Gal81,3GldUc
toi,4
Fuc

(Ill)

SA
Â»o2.6

Sto2,36alBl,3GlcNAc

Fuc

(I)

(I)

o

(I)

GalBl,3GlcNAc

.(II)

SAa2,3GalBl,3GlcNAc

,(III)

t t.2.6
SAa2,3GalBl,3GlcNAc

Type 1
Precursor

Monosialosyl
Type 1

Disialosyl
Type 1

Fig. 8. Proposed scheme for the biosynthesis of disialosyl Le* based in part

on data from Hansson and Zopf (Ref. 24). Enzyme I, a 1,4 fucosyltransferase
(Lewis gene-specified); enzyme II, a2,3 sialyltransferase; enzyme III, Â«2,6sialyl-
transferase. Interrupted arrow, blocked pathway. See "Discussion."

histochemistry and by a chromatogram-binding assay (38).
Third, we have focused on goblet cell expression of CA 19-9 in
various colonie tissues as an indicator of qualitative mucin
alterations. Others have reported that some goblet cells in the
upper crypts of normal mucosa (10) and in the crypts adjacent
to carcinoma exhibit CA 19-9 expression (12), whereas goblet
cells in specimens of chronic ulcerative colitis do not (33). In
the present study, CA 19-9 expression occurred in goblet cells
of HP, AP, and TM but not in fetal or normal adult colon.
Likewise, in previous studies of Le" antigens, we noted that

goblet cells of HP, AP, and TM expressed certain sialylated
Le" antigens but not their asialo derivatives (16, 36). This raises

the possibility that sialylated antigens may be markers of spe
cific mucin alterations that accompany hyperplasia or prema-

lignancy.
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