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In this study, double-labeling immunohistochem-
istry was used to gain insight into the coexpression
or interrelationship between blood group antigens
(BGA) that are diferentiation antigens in the nor-
mal colon, and BGA that are sequential moieties
in the same synthetic pathway. Paired-wise Sialy-
lated-Lel'Lev and H-2/LeY was studied. The Sialy-
lated-Le' and Ley are synthesizedfrom type I and
type 2 backbones, respectively. In the normal colon,
the Ley and Sialylated-Lea are expressed by cells at
the base and surface of the crypt, respectively, rep-
resenting undifferentiated and diferentiated enter-
ocytes. The H-2 is considered oncofetal in nature,
and is considered to be the immediateprecursor in
the synthesis of Ley. In individual cancers, Sialy-
lated-Le" and Ley were detected in different cancer
cells within the same malignant glands, separately
in different glands, and in different subcellular
compartments of the same cell. Both H-2 and Ley
were coexpressed in the same individual cells in
92% ofcancers expressing both these BGA. In 50%
ofthe cancers, the H-2 and Ley also were expressed
separately in different malignant glands within in-
dividual tumors. These findings indicate that, in
colorectal cancers, differentiation antigens (Sialy-
lated Le" and Ley) are expressed by different indi-
vidual cells within the same malignant gland
somewhat, recapitulating the normal colon crypt.
Antigens of different backbones occasionally may
be expressed in the same cells but within diferent
subcellular compartments. Precursor accumulation

is common in cancers, and antigens in the same
syntheticpathway are coexpressed in the same cell.
The expression of H-2 and Ley in different glands
(lack of coexpression) may be explained possibly
by aberrant synthesis of Ley by an alternate path-
way. (Am JPathol 1991, 138:103-110)

Many investigators have studied colorectal cancers for
their expression of blood group antigens (BGA).1-9 Some
of these studies have commented on the inter-relationship
or coexpression of BGA in individual neoplasms.'" Also
studied has been the expression and accumulation of
precursor BGA in these neoplasms. These studies have
'crudely' compared these relationships at a very gross
level, however, by looking at individual slides labeled for
a single different BGA and then comparing one slide with
another.

In this study, we attempted to gain more information
at the cytologic level regarding the coexpression, inter-
relationships, or presence of 'precursor' BGA in individual
colorectal carcinomas. To meet these ends, we employed
double-labeled immunohistochemistry with certain BGA
known to represent different levels of differentiation in the
normal colon crypt and stepwise sequences in a common
synthetic pathway. We specifically chose to study paired
wise: 1) Sialylated-Lea and Lewis y (Ley), as they are ex-
pressed in the normal distal colon by enterocytes at the
surface and base of the crypts, respectively, and therefore
are markers for mature (differentiated) and immature (un-
differentiated) colonic epithelium, respectively.31'13 2) The
H-2 and Ley, as they are structurally related, differing only
by a single fucose, with the H-2 being the purported im-
mediate precursor substance for the synthesis of Ley.14
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The H-2 is oncofetal in nature in that it is not expressed
by the normal distal colon, but is expressed by the epi-
thelium of fetal colon and colonic adenocarcinomas.358

Our findings indicate that the expression of BGA in
distal colonic adenocarcinomas show that

1) Within malignant glands, individual cells express either
markers of mature or immature enterocytes, indicating
a caricature of the normal crypt

2) Aberrant expression of differentiation BGA as com-
pared with the normal crypt is noted by individual sep-
arate glands expressing only either Sialylated-Lea
or Ley

3) Individual cells can aberrantly simultaneously express
both mature (Sialylated-Lea) and immature (Ley)
markers

4) Blood group antigens that are structurally related are
often coexpressed in the same cell and subcellular
compartment after a logical synthetic pathway; how-
ever

5) Certain patterns of expression of H-2 and Ley may
indicate that Ley may be synthesized by alternate
pathways.

Materials and Methods

Materials

Twenty-four adenocarcinomas of the sigmoid colon or

rectum were obtained from the surgical pathology files of
the Thomas Jefferson University Hospital. The study ma-

terials were from formalin-fixed paraffin-embedded ma-

terials. Blood types (A, B, 0) were obtained for each patient
from the blood bank of the Thomas Jefferson University
Hospital. Because this was a retrospective study, secretor
status was not obtainable; however investigators have
shown that one cannot retrospectively determine secretor
status by the expression of Lewisa or Lewisb on red blood
cells or endothelial cells in tissue sections.615 The anti-
bodies used (all monoclonal) were obtained as follows:
H-2 (Bio Genex, San Ramon, CA) is an antibody of the
IgM isotype. The Ley (55-2) and the Sialylated-Lea (19-9)
were obtained from the Wistar Institute (Philadelphia, PA).
These antibodies are both of the IgG isotype, and have
been well characterized and extensively studied.11","8
The 55-2 has been shown immunohistochemically to react
with colonic enterocytes at the base of the crypts10 11,13
similar to the results of Brown et al,3 and its epitope is
considered to be the tetrasaccharide Fuc a 1-2 Gal B 1-
4 GIc NAC (3-1 a Fuc), which is the determinant for Ley.16
Secondary antibodies used were biotinylated goat anti-
mouse IgM, mu-chain-specific (Vector Laboratories, Bur-
lingame, CA), alkaline phosphatane conjugated goat anti-
mouse IgG, gamma-chain-specific (Sigma Laboratories,

St. Louis, MO), and horseradish peroxidase (HRP) con-
jugated polyvalent goat anti-mouse immunoglobulin
(Sigma). Detection of biotinylated antibodies was with a
Vector mouse IgM avidin biotin complex (ABC) kit and
the Detek 1 -alk kit (Enzo Biochem, New York, NY). Color
detection of HRP was with diaminobenzidene (DAB)
(Polysciences Inc., Warrington, PA) and the color detection
for the alkaline phosphatase was with the Vector red
Chromagen kit #1 (Vector). The monoclonal antibody
(MAb) 19-9 (Sial-Lea) was biotinylated with Enzotin-bioti-
nylating reagent CAT # E7-406 as per manufacturer's
specifications (Enzo Biochem Inc., New York, NY). Normal
mouse serum (DAKO, Santa Barbara, CA), normal goat
serum (Vector) also were used.

Methods
The method of Van Der Loos et a119 was used to simul-
taneously detect Ley and Sialylated-Lea. With this method,
the Ley (MAb 55-2) was visualized sequentially as a brown
color (HRP/DAB) with an indirect immunoperoxidase
technique, while the Sialylated-Lea (19-9) was subse-
quently visualized as a red color (alkaline phosphate/Vec-
tor red) through biotin-labeled 19-9, followed by an alkaline
phosphatase strep-avidin. A red-brown color was noted
when both antigens were simultaneously present in the
same cell or cell compartment. Briefly, the technique is
as follows:

1) Four-micron-thick paraffin sections deparaffinized,
washed in phosphate buffered saline (PBS), and
blocked with 0.3% H202

2) PBS wash for 20 minutes
3) Normal goat serum applied for 20 minutes
4) Incubation with MAb 55-2 diluted 1:700 in PBS for 30

minutes, followed by a wash in PBS for 10 minutes
5) Incubation with polyvalent goat anti-mouse lg-HRP

conjugated diluted 1:10 in PBS, for 30 minutes
6) Wash in PBS for 10 minutes
7) Incubation with 0.05% DAB/H202 for 5 minutes and

wash in tap water for 5 minutes
8) Wash in PBS, 10 minutes X 2
9) Incubation with normal mouse serum diluted 1:20

(PBS) for 20 minutes
10) Incubation with biotinylated 19-9 (diluted 1:2800 in

PBS) for 30 minutes and wash in PBS for 10 minutes
11) Dilute the Detek 1 -alk (ENZO) 1:50 in a 'I X' modified

PBS ('25X' stock = 200 ml deionized water + 37.6
g K2HPO4, 6.6 g NaH2PO4. H20, 36 g NaCI, 20 mg
thimerosal. "1x " = 40 ml of '25X' stock + 960 ml
of deionized water)

12) Incubate slide with Detek 1 -alk for 30 minutes, fol-
lowed by a wash in PBS for 10 minutes

13) Wash in predetection buffer as per kit instructions for
detek 1-alk, (Enzo Biochem)
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14) Incubation for 30 minutes with a Vector red chrom-
agen kit #1 in a moist chamber in the dark

15) Wash in tap H20 5 minutes, counterstain with he-
matoxylin, dehydrate, and coverslip with Permount
(Fisher Scientific, New York, NY)
The method of Valness and Brandtzaeg-' was used

to simultaneously detect H-2 and Ley. Sequentially H-2
was detected as a brown color (HRP-DAB) using the ABC
method followed by detection of the Ley as a red color
(alkaline phosphatase-vector red) through an indirect
immunoperoxide technique. A red-brown color was ob-
tained when both H-2 and Ley were expressed simulta-
neously within the same cell or cell compartment. Briefly,
the technique is as follows:

1) As per steps 1 through 3 above
2) Incubation with prediluted H-2, 30 minutes, followed

by 10 minutes PBS wash
3) Incubation with biotinylated goat anti-mouse IgM (mu

chain specific) for 30 minutes as per dilution instruc-
tion of the Vectastain kit (Vector labs)

4) Wash in PBS for 10 minutes
5) Incubate with ABC reagent, 30 minutes per Vector

kit instructions followed by a 10-minute wash in PBS
6) Incubation with 0.05% DAB/H202 for 5 minutes fol-

lowed by a wash in tap water for 5 minutes
7) Wash in PBS 10 minutes X 2
8) Incubate with normal goat serum, 20 minutes
9) Incubate with MAb 55-2 (Ley) diluted 1:1400 for 30

minutes followed by a wash in PBS for 10 minutes
10) Incubation for 30 minutes with alkaline phosphatase

conjugated goat anti-mouse IgG (gamma chain spe-
cific) diluted 1:40 in PBS

11) Wash in PBS for 10 minutes
12) Wash sections in predetection buffer for 5 minutes

(predetection buffer as per detek 1 -alk ENZO
Biochem)

13) Incubation with vector red chromagen substrate kit
#1 (as per kit instructions) for 30 minutes in a moist
chamber in the dark.

14) Wash in tap water for 5 minutes
15) Counterstain with hematoxylin, dehydrate, and cov-

erslip with Permount

Biotinylation of 19-9

The MAb 19-9 was biotinylated using the ENZOTIN
biotinylating reagent as per manufacturer's instructions
(Enzo Biochemical Inc., New York, NY).

Controls

The following controls were performed:

1) Simultaneously substituting PBS for both individual and
primary MAbs

2) Substituting PBS for the second MAb in each pair
3) Substituting PBS for the second MAb in each pair and

deleting the DAB staining reaction for the first MAb
4) Running each MAb singly with appropriate immuno-

histochemical technique and chromagen
5) For the H-2/Ley double stain, the secondary antibodies

biotinylated goat anti-mouse IgM and alkaline phos-
phatase conjugated goat anti-mouse IgG were re-
versed (eg, H-2 followed by GAM-lgG Alk Phos and
Ley followed by GAM-lgM-Biotin)

6) For the LeY/Sialylated-Lea pair, DAB was deleted from
the procedure as per step 7 of the method of Van Der
Loos et al.19

Endogenous Alkaline Phosphatase

We initially checked for the presence of endogenous al-
kaline phosphatase in the paraffin-embedded tissues.
Sections were treated with and without 20% acetic acid,
followed by color detection reagents.21 We found no de-
tectable endogenous alkaline phosphatase with either
method.

Results

Ley and Sialylated-Lea

The Ley and Sialylated-Lea were each expressed in 17 of
24 cancers (71%). Thirteen of twenty-four (54%) cancers
expressed both Ley and Sialylated-Lea, 4 of 24 (17%) ex-
pressed only Ley, 4 of 24 (17%) expressed only Sialylated-
Lea, and 3 of 24 (13%) failed to express either Ley or
Sialylated-Lea (Table 1).

Seven of eight (88%) cancers from patients of the 0
blood type expressed Ley, while 10 of 16 (63%) of cancers
from patients of the A, B, or AB blood types expressed
Ley. Five of eight (63%) cancers from patients of the 0
blood type expressed Sialylated-Lea and 12 of 16 (75%)
of cancers from patients of the A, B, or AB blood type
expressed Sialylated-Lea (Table 1).

The Ley and Sialylated-Lea were both localized to the
regions of the glycoalyx, apical cytoplasm, total cytoplasm,
mucin vacuoles (Sialylated-Le8 only), or combinations of
these four patterns. Of the 13 cases expressing both Si-
alylated-Lea and Ley, the Sialylated-Lea and Ley were lo-
calized to different individual cells within the same malig-
nant gland (or cluster of cancer cells) in 3 of 13 cases
(23%) (Figure 1). In 3 of 13 cases (23%), Sialylated-Lea
and Ley were not expressed in the same malignant glands
or clusters, but were each expressed by different glands.
In 7 of 13 cases (54%), Sialylated-Lea and Ley were ex-
pressed by different cells in the same glands and individ-
ually in different malignant glands (Table 2). Therefore, in
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Table 1. Expression ofLE' and Sialylated-LJ3

No
LeY/Sialylated-Lea Sialylated-Lea Ley expression Total

Blood Type
A 6 (67%) 2 (22%) 0 (0%) 1 (11%) 9
B 1 (20%) 1 (20%) 2 (40%) 1 (20%) 5
0 5 (63%) 0 (0%) 2 (25%) 1 (13%) 8

AB 1 (50%) 1 (50%) 0 (0%) 0 (0%) 2

Total 13 (54%) 4 (17%) 4 (17%) 3 (13%) 24 (100%)

77% of the cancers, Sialylated-Lea and Ley were expressed
separately by individual cells in the same malignant gland.
Besides showing the above patterns, in four cases, rare

focal areas of tumor appeared to express both Sialylated-
Lea and Ley in the same individual cells. When this oc-

curred, we noticed distinct red and brown colors juxta-
posed next to each other in what appeared to be the
same cell (Figure 2). This pattern was unlike the red/brown
color mixing seen with H-2/Ley (see below). The degree
of tumor differentiation had no relationship to the type of
expression of the pair of antigens.

Ley and H-2

Fifty percent (50%) of the cancers expressed H-2 and
71 % expressed Ley. Fifty percent (12 of 24) of the cancers

simultaneously expressed both H-2 and Ley, 7 of 24 (29%)
failed to express either H-2 or Ley, and 5 of 24 (21%)
expressed only Ley. None of the cancers (0%) expressed
only H-2 (Table 3). Six of eight cancers (75%) from patients
of the 0 blood type expressed H-2, while 6 of 16 (38%)
of the cancers from patients of the A, B, and AB blood
types expressed H-2. Seven of eight (88%) of cancers

from patients of the 0 blood type expressed Ley, while
10 of 16 (63%) of cancers from A, B, and AB patients
expressed Ley (Table 3).

The Ley and H-2 were localized to the regions of the
glycocalyx, apical cytoplasm, total cytoplasm, or combi-
nations of these three patterns. Eleven of the twelve (92%)
cancers that simultaneously expressed both H-2 and Ley
showed coexpression of these tumor antigens in the same
identical tumor cells. This was clearly evidenced by the
presence of a distinct red brown color (mixing of brown
and red chromagens) when compared with the color of
each antigen stained individually (Figure 3). Five of the
twelve (42%) cases showed only identical expression of
both Ley and H-2 in individual cells throughout the entire
tumor. Six of twelve (50%) showed identical expression
of both Ley and H-2 in focal areas of the tumor, while
other areas of the tumor expressed either H-2 or Ley alone
in distinct and separate malignant glands (Figure 4). Only
1 of 12 (8%) cases failed to show coexpression of both
antigens in individual tumor cells. In this case, the expres-

sion of Ley and H-2 were present in separate glands (Ta-
ble 4).

There was no relationship to the type of staining pattern
between the pair of antigens or to the degree of differ-
entiation of the tumor.

Results of Controls

Our extensive use of controls showed that all color re-

actions were real and there was no unwanted interaction

Figure 1. (Top left) High-power view oftumor, simultaneously double label stainingfor Ley and Sialylated-Lea. Note that within an
individual malignant gland, individual separate cells express only Ley or Sialylated-Lea. The Ley is expressed as a brown color
(arrow head) while the Sialylated-Lea is expressed as a red color (arrow). 400X Ley, indirect -HRP, DAB, and Sialylated-Lea-
biotinylated alk-phosphatase strepavidan, Vector red.
Figure 2. (Top right) High-power view oftumor simultaneouslj expressing Sialylated Lea (red) and Ley (brown) within different
subcellular compartments of the same cells. The Sialylated Lea is expressed in the region ofglycocalyx, (faint red staining), while
Ley is expressed within the cytoplasm (brown). (compare with Figure 3D). 40OX Ley, indirect-HRP, DAB, and Sialylated-Lea-
biotinylated alk-phosphatase, strep avidan, Vector red.
Figure 3. (Middle) A: Low-power view ofcolonic adenocarcinoma showing expression ofH-2 and Ley. Arrows indicate area shown
in B, C, and D (DAB-Hematoxylin counterstain X40). B: High-power view ofarrowed area in A. There is expression ofH-2 in the
region of both the apical cytoplasm and the total cytoplasm, as evidenced by the cbromogen showing a brown granular color.
Compare with C and D (X400 H-2, ABC, HRP, DAB). C: High-power view of arrowed area in A. There is expression ofLey in the
region ofboth the apical cytoplasm and total cytoplasm, as evidenced by the chromogen showing afine redgranular color. Compare
with B and D. (X 400 Ley Indirect-Alkphos, Vector Red). D: High-power view ofarrowed area in A. Thisfigure is of the simultaneous
double staining ofH-2 and Ley. Note the identical localization of both H-2 and Ley, as evidenced by the red-brown color of the
chromogen mixing as compared with B and C, showing each antigen singly stained brown and red, respectively. (X 400 H-2, ABC,
HRP, DAB and Ley, Indirect-Alkphos, Vector red).
Figure 4. (Bottom right) High-power view oftumorsimultaneously double-labeled stainingforH-2 and Ley. Note that each antigen
is expressed separately among diferent malignant glands. The H-2 is expressed as a brown color, while the Ley is expressed as a
red color. Compare with Figure 3D (X400 H-2, ABC, HRP, DAB, and Ley, Indirect Alkphos, Vector red).
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Table 2. Pattern ofExpression ofLey and Sialylated-
Lea in Tumors Expressing Both Antigens

DC* SG* DC + SG* Total

LeY/Sialylated-Lea 3 (23%)t 3 (23%) 7 (54%)t 13

* DC = Ley and Sialylated-Lea expressed by different cells within the
same gland. *SG = Ley or Sialylated-Lea expressed only in separate glands.
*DC + SG = Ley and Sialylated-Lea expressed by different cells of the
same gland plus expression of either Ley or Sialylated-Lea (but not both)
in separate glands.

t In four cases we noticed Sialylated-Lea and Ley were expressed in
the same cell; however, they appeared to be localized to different subcellular
compartments, as evidenced by separate red and brown colors juxtaposed
next to each other.

between different antibodies in different sequences of an-
tigen detection (eg, biotinylated goat anti-mouse IgM of
the H-2 staining sequence reacting undesirably with the
Ley and therefore causing spurious mixing). We found
that the secondary antibodies used to detect H-2 and Ley
had to be heavy chain specific to prevent spurious mixing
of chromogens. In the study of double labeling with Ley
and Sialylated-Lea, as both were of the IgG isotype, we
found it necessary to biotinylate one of the antibodies (19-
9) to obtain complete color separation.

The normal mouse serum is essential as a blocking
reagent in the methods used to detect Ley and Sialylated-
Lea, to prevent unwanted reactions between the second-
ary goat anti-mouse 1g and the biotinylated 19-9.

Discussion

In this study, by using double-labeled immunohistochem-
istry, we were able to elucidate at the cytologic level in
distal colorectal cancers the coexpression or interrela-
tionship between differentiation BGA and BGA from a
common synthetic pathway. The Ley and Sialylated-Lea
BGA were expressed by different individual cells of the
same malignant glands, or separately by individual glands.
In no instance did we find color mixing of chromagens,
as with the H-2/Ley pair. In four cases, however, individual
tumor cells were simultaneously expressing both Sialy-
lated-Lea and Ley, but probably in different subcellular
compartments. The Ley and Sialylated-Lea are both well-

studied tumor-associated antigens3 1,1316,2223; however
these antigens can also be considered to be differentiation
antigens that are expressed by the normal colorectal ep-

ithelium. The Ley is a marker for 'immature or undifferen-
tiated' cells that sit at the base of the crypt,3'10'11'13'22 while
Sialylated-Lea is expressed by mature differentiated cells
at the crypt surface.10-13 Both of these antigens are syn-

thesized through a different pathway from type 1 (Sialy-
lated-Lea) and type 2 (Ley) blood group backbones.14 In
a previous study of colonic adenomas,10 we showed that
these benign neoplasms (adenomas) often expressed
Sialylated-Lea and Ley in the same crypt compartment as

the normal mucosa. This indicated that colorectal ade-
nomas recapitulated the normal crypt distribution of these
differentiation antigens. Studies with hyperplastic polyps
showed similar results." In our study, the expression of
Ley and Sialylated-Lea in separate cells in the same ma-

lignant gland could be construed as cancer still maintaining
(albeit abnormal) a caricature of the normal crypt. Similarly
this pattern of expression may indicate that within an in-
dividual malignant gland some cells express markers of
differentiated (Sialylated-Lea) enterocytes, while other cells
express markers of immature enterocytes (LeY). Also noted
was a pattern in which individual glands expressed either
Ley or Sialylated-Lea, but not both. Here we see separate
malignant glands showing features of either differentiated
or undifferentiated cells, but not both. This indicates a

deviation of the normal spatial relationship of these anti-
gens or 'aberrant' expression. ltzkowitz et al,24 in a study
of stage-specific embryonic antigen-1 (SSEA-1) and car-

cino embryonic antigen (CEA) using double-labeling im-
munofluorescence, noted that within malignant glands
some areas expressed SSEA-1 or CEA and others did
not. They noticed that when both antigens were coex-

pressed, they rarely did so in the same part of the gland,
similar to our data with the LeY/Sialylated-Lea. Gong et a14
studied colorectal cancers for their expression of Sialy-
lated-Lea (19-9) and SSEA-1. The SSEA-1 like Ley is a

differentiation antigen in that it is expressed at the base
of the crypt in the normal colon. Both antigens were ex-

pressed by the majority of tumor cells; however these
authors did not comment about coexpression or inter-
relationships of expression. Ernst et all in a study that

Table 3. Expression ofLey and H-2

No
Ley/H-2 H-2 Ley expression Total

Blood Type
A 2 (22%) 0 (0%) 4 (44%) 3 (33%) 9
B 3 (60%) 0 (0%) 0 (0%) 2 (40%) 5
0 6 (75%) 0 (0%) 1 (13%) 1 (13%) 8
AB 1 (50%) 0 (0%) 0 (0%) 1 (50%) 2

Total 12 (50%) 0 (0%) 5 (21%) 7 (29%) 24 (100%)
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Table 4. Pattern ofExpression ofLEY and H-2
in Tumors Expressing Both Antigens

ID* ID + St St Total

Ley/H-2 5 (42%) 6 (50%) 1 (8%) 12 (100%)

*ID = Identical distribution of Ley and H-2 in the same individual
cells; tID + S = Identical distribution of Ley and H-2 in the same
cells plus expression of either Ley or H-2 (but not both) in separate
glands; tS = Ley or H-2 expressed only in separate glands.

compared the interrelationship of expression of BGA,
found no statistical relationship between Sialylated-Lea and
Ley; however they made no comment about cytologic
relationships. Mollicone et a125 used double-labeling im-
munofluorescence to study the expression of blood group
antigens in the normal duodenum. They noted that type
1 backbone (Lea) antigens and type 2 backbone (Lex)
antigens were expressed in different subcellular locations
within the same individual cells. These findings are of in-
terest, as they compare with our findings of the coexpres-
sion of Sialylated-Lea and Ley in different subcellular com-
partments of the same cell.

At the cytologic level, 92% (11 of 12) of the tumors
that expressed both H-2 and Ley expressed both these
tumor antigens in the same cell compartment of the same
individual cells, as evidenced by color mixing (red-brown
color). This seems logical when one considers the bio-
chemical structure and synthetic pathway of these anti-
gens.3141623 The H-2 is a monofucosylated structure on

a type 2 backbone, while the Ley is a difucosylated struc-
ture on a type 2 backbone. Most investigators believe
that the Ley is synthesized directly from the H-2 molecule
by the addition of an alpha 1-3 fucose.14 The finding of
H-2 and Ley together speaks for accumulation of the pre-
cursor BGA H-2. Yuan et a15 found that 29 of 32 cancers
of the A, B, or AB blood type expressed H-2 along with
the appropriate BGA. Their figures of serial sections
stained for a single BGA showed both coexpression and
heteroexpression of H-2 and A or B BGA. ltzkowitz et al7
studied tumors for expression of Tn and T BGA. The
former is the precursor substance for the synthesis of T
BGA. In 15 of 24 cases, both Tn and T were expressed,
in 6 of 24 only Tn was expressed, and in 2 of 24 only T
was expressed. Our data shows that precursor accu-
mulation in colorectal cancers is common. Unlike other
studies, by our use of double-labeling immunohistochem-
istry we have convincingly shown that both the precursor
BGA (H-2) and the final BGA (Ley) are expressed in the
same cells and cellular compartments.

In 6 of 12 (50%) cases in which both Ley and H-2 were
expressed, in addition to the mixing pattern, we also noted
that Ley and H-2 were separately expressed by different
individual malignant glands (Figure 4). In these cases, the
finding of H-2 in separate glands from Ley may indicate
that we are detecting the H-2 antigen at a time before

terminal fucosylation or this may actually represent different
tumor clones. Another explanation might be that colorectal
cancers may synthesize Ley not by the H-2 precursor, but
by another pathway, possibly directly from Lewisx.25 In
five cases Ley was the only antigen expressed; however,
we never found H-2 expressed by itself, findings similar
to those of Brown et al.3 Those tumors that are H-2(-)/
Ley(+) are recapitulating the expression of these antigens
as seen in the normal crypt of the distal colon.

Six of eight (75%) of the tumors from patients of the
0 blood type expressed H-2 substance compared with
6 of 16 (37.5%) of the patients of A, B, and AB blood
type. An explanation for this may be genetic in nature. In
patients of the 0 type, H-2 is a final glycoprotein, while in
A, B, or AB patients, it is a precursor for A and B sub-
stance."4 Theoretically these patients of the latter blood
types may have converted H-2 to A or B substance in
those tumors negative for H-2.

Brown et a13 noted, comparing patients of the 0 blood
type with A blood type, that tumors of the former ex-
pressed Ley and H-2 over a much greater percentage of
tumor surface (cells) area than tumors of the latter group.
In our study, however, we found no such difference. Similar
to previous investigators, we noted that the patient's blood
type had no significant effect on whether a tumor was
positive or negative for Ley.622

Our findings regarding colorectal adenocarcinomas as
they relate to expression of BGA show that

1) Markers for differentiated and undifferentiated enter-
ocytes are expressed by different cells within individual
malignant glands, somewhat recapitulating the 'normal
crypt distribution'.

2) Individual glands within the same tumor may express
either mature or immature BGA, indicating aberrant
expression (as compared with the normal crypt) of
Sialylated-Lea and Ley and heterogeneity from one
gland to another.

3) Precursor accumulation of BGA occurs frequently;
however, both penultimate and terminal BGA are often
coexpressed by the same individual cells and within
the same cell compartment.

4) The expression of H-2 and Ley in separate glands within
the same tumor may indicate that Ley may be synthe-
sized through an alternate pathway and not always
directly from H-2 substance.

5) Blood group antigens of different backbones may be
simultaneously synthesized in different compartments
of the same individual cell.
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