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ABSTRACT

The levels of carbohydrate antigens having epitopes consisting of type
1 chain (R-Â»GalÂ£l-Â»GlcNAc01-Â»3Gal01-Â»R) in the sera of patients

with various malignant and nonmalignant disorders have been investi
gated with the use of three monoclonal antibodies, N-19-9, H1-7, and
FH-9. Serum levels of 2â€”Â»3sialylated Le* antigen and 2-Â»6 sialylated
Le' antigen, defined respectively by antibodies N-19-9 and FH-7, were

found to be frequently high in patients with cancer of the digestive
system, particularly pancreatic cancer. High levels of 2-*3,2â€”Â»6disialy-
lated I ,fj antigen, defined by antibody FH-9, were less frequent in cancer

patients when compared with the other two antigens. In patients with
nonmalignant disorders, especially renal and autoimmune diseases, serum
levels of the two type 1 chain antigens defined by FH-7 and FH-9 were
more frequently high than that defined by N-19-9. Molecular weights

and other general biochemical characteristics of serum mucin carrying
the type 1 chain determinants were not significantly different in cancer
patients as compared with patients with nonmalignant disorders. How
ever, the degree of glycosylation of the antigen, as assessed by its
solubility in perchloric acid, showed significant differences; i.e., the mucin
antigen carrying 2-Â»6 sialylated Le* determinant in the sera of patients

with nonmalignant disorders had the highest carbohydrate/protein ratio,
followed by the mucin carrying the same determinant in the sera of cancer
patients. Mucin antigen carrying 2â€”Â»3sialylated Le* antigen or 2â€”Â»3,

2â€”Â»6disialylated LCI antigen in cancer patients had the lowest carbohy

drate/protein ratio among the four groups tested. Thus, the carbohydrate/
protein ratio in the type 1 chain mucin antigens in sera of normal subjects
is higher than that in sera of cancer patients ( /' < 0.05). This finding is

in contrast to previous findings on the mucin antigens carrying the type
2 chain determinant (R. Kannagi et a/., Cancer Res., 46: 2619-2626,

1986), in which the mucin antigen in cancer patients was found to have a
much higher carbohydrate/protein ratio than that carrying the same
antigenic determinants in patients with nonmalignant disorders.

INTRODUCTION

Analysis of glycoconjugates in human cancer tissues by using
a combination of monoclonal antibodies has revealed the pres
ence of a series of carbohydrate antigens having a repeating or
modified lactosamine structure as the major cancer-associated
antigens (for review, see Refs. 1-3). These antigens in the sera
of patients with cancer have been utilized in diagnosis and
therapy (4-10). In our previous study on type 2 chain antigens,
using a set of monoclonal antibodies that can distinguish the
fine structural differences among type 2 chain antigens, we
reported that serum levels of sialylated Le"-i, defined by mono

clonal antibody FH6, were frequently elevated in patients with
lung adenocarcinoma, whereas levels of Ley were frequently

Received 10/23/87; revised 3/11/88; accepted 3/29/88.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

' This investigation has been supported in part by grants from Otsuka Phar

maceutical Company and the United States National Cancer Institute Outstand
ing Investigator Grant CA42505 (to S-i. H.), as well as by grants from the
Ministry of Education, Government of Japan (to R. K.).

high in patients with hepatocellular carcinoma (7). In this study,
we have analyzed type 1 chain determinants in the sera of
patients with various types of cancer, nonmalignant diseases,
and normal subjects, using a set of monoclonal antibodies that
can distinguish the fine structural differences among the sialy
lated and fucosylated type 1 chain antigens.

MATERIALS AND METHODS

Structures of Carbohydrate Antigens and Specificity of Monoclonal
Antibodies Used in This Study. The structures of type 1 chain antigens
and the specificities of the monoclonal antibodies used in this study are
summarized in Table 1.

The essential difference between N-19-9 and FH-7 antibodies is that
the former specifically recognizes the Le* antigen that is 2â€”Â»3sialylated
at the terminal galactose (5), while the latter recognizes only the Le*
antigen that is 2â€”Â»6sialylated at the penultimate TV-acetylglucosamine
and does not show strict specificity toward the 2â€”Â»3sialylation at the
terminal galactose (11). For this reason, the antigen defined by the
antibody N-19-9 is referred to hereafter as 2â€”Â»3sialylated Le* antigen,
and that defined by FH-7 as 2â€”Â»6sialylated Le* antigen. The antigen
defined by FH-9 antibody is referred to as 2â€”Â»3,2â€”Â»6disialylated Lc4
antigen, because 2â€”Â»6sialylation at the penultimate A'-acetylglucosa-
mine, as well as 2â€”Â»3sialylation at the terminal galactose of the Lc4
antigen, is necessary for the FH-9 antibody to react with the antigen
(12). Note that the essential difference between the specificities of
N-19-9 and FH-7 is the location of only one sialic acid residue.

Preparation of Monoclonal Antibodies and Blood Samples. Two
monoclonal antibodies, FH-7 (11) and FH-9 (12), which define fucosyl
2â€”>6sialosyl and 2â€”Â»3,2â€”Â»6disialosyl type 1 chain antigens, respec
tively, were prepared as previously described. Antibody N-19-9, defining
fucosyl 2â€”Â»3sialosyl type 1 chain, was purchased from Centocor
(Malvern, PA). Patient serum samples were obtained from Kyoto
University Hospital, Kyoto, Japan. Some serum samples were donated
by Shimane University Hospital, Shimane, Japan, through the courtesy
of Drs. Jiro Endo and Yoshinobu Yoshida. Serum samples from 348
randomly selected healthy individuals (18-65 years of age) were sup
plied primarily by the Otsuka Assay Institute, Tokushima, Japan.

Determination of Antigen Levels in Sera of Patients. The serum levels
of 2â€”Â»6sialylated Le* antigen and 2â€”>3,2â€”>6disialylated Lc< antigen,
defined by the monoclonal antibodies FH-7 and FH-9, were determined
by the binding of ''"'I-labeled monoclonal antibody on polystyrene

plastic beads that had been coated with the same monoclonal antibody
and incubated with sera, according to the method described previously
(7). Briefly, serum samples (20 p\) were mixed with 200 ti\ of 40 mM
citrate buffer, pH 5.0, supplemented with 1% normal mouse serum,
and incubated for 18 h with FH-7- or FH-9-coated beads at room
temperature, with rotation. The beads were washed three times and
incubated with 200 Mlof '"l-labeled FH-7 (5 x IO4cprn/tube) or FH-
9 antibody (1 x 10* cpm/tube) for l h at room temperature. The

radioactivity adsorbed by the beads was measured after washing three
times with the same buffer. Duplicate assays were performed for each
sample. Pooled sera having high levels of the antigens were used as
standards. The assay condition was linear up to 224 units/ml for both
antibodies. The units of the reactive antigens were arbitrarily deter
mined. Cut-off values were set to the mean Â±2 SD of the normal
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Table 1 Structures of the type 1 chain carbohydrate" antigens and the specificities

of the monoclonal antibodies used in this study

i
R,â€”Gal/31-Â»3GlcNAc/31-Â»3Gal01â€”4Glc/31-Â»lCer

RÂ»

AntigenLe"2â€”

3 Sialyl Le" (Ã‡A19-9)2â€”6

Sialyl Le"

2â€”3,2â€”6Disialyl Lc,Antibody

(isotype)N-19-9

(IgGl)
FH-7
(IgG3)
FH-9
(IgG2a)Riâ€”OHNeuAca2â€”

3â€”OH,

orNeuAca2â€”
3*

NeuAco2â€”3R2â€”OH

â€”OHNeuAca2â€”

6

NeuAca2â€”Â»6R>Fucalâ€”

4
Fucalâ€”4Fucalâ€”

4

â€”OH

* Gal, galactose; GlcNAc, A'-acetylglucosamine; Glc, glucose; Cer, ceramide;

Fuc, fucose; NeuAc, acetylneuraminic acid.
* The FH-7 antibody reacts well with the antigens either sialylated or nonsi-

alylated derivatives at K, (11).

population (n = 113); i.e., 47.6 units/ml for 2â€”Â»6sialylated Le*antigen

and 16.9 units/ml for 2â€”Â»3,2â€”Â»6disiulyluted Lc< antigen. The serum
levels of 2â€”Â»3sialylated Le" antigen were determined by using radio-

immunoassay kits from Centocor (Malvern, PA). The cut-off level for
2â€”Â»3sialylated Le" antigen was set at 37 units/ml according to the

instructions included with the kits.
Chemical and Enzymatic Treatment of Serum. PCA2 treatment was

performed as described previously (7). Briefly, PCA was added to the
200-fil serum samples to a final concentration of 0.6 N. After centrifu-
gation, the supernatant was subjected to a small Sephadex G-25 column

to remove PCA, and the samples were concentrated to 200 u\, the same
volume as the starting material. The percentage of recovery was calcu
lated from the level of the antigen in the original serum and the level
in the PCA-treated, concentrated samples. Samples were gel filtrated
through Sepharose CL-6B and CL-2B columns (both 2.0 x 70 cm) in
20 HIMsodium phosphate, pH 7.4-0.134 M sodium chloride for esti

mation of the molecular weights of the antigens. In some experiments,
samples were gel filtrated by using the same columns in the presence
of 6 M guanidine chloride or l M potassium chloride. Some other
samples were chromatographed through a DEAE-cellulose column

equipped with a fast protein liquid chromatography gradient system
(Pharmacia, Uppsala, Sweden). The enzymes used for the treatment of
serum antigens were sialidase from Clostridium perfringens (Sigma
Chemical Co., St. Louis, MO), endo-/3-gaIactosidase from Escherichia
freundii (Seikagaku Kogyo, Tokyo, Japan), and Pronase E from Staph-
ylococcus aureus (Kaken-Kagaku, Japan). The enzyme treatments were
carried out at 37Â°Cfor l h at the optimum condition for each enzyme

(7). Alkaline treatment of the serum was performed in 0.2 N NaOH
containing 0.1 M NaBH4 for 20 h at room temperature (7).

Affinity Chromatography of Serum Antigen. FH-7 antibody prepared
from ascites through purification on a Sepharose CL-6B column was

immobilized on a Sepharose 4B column. Since the optimum pH of the
FH-7 antibody was between 4.5 and 5.5, the sample was applied in a

0.04 M sodium citrate buffer, pH 5.0, and washed with the same buffer.
For the elution of the adsorbed antigen, 0. l M sodium borate buffer,
pH 8.0, containing 1.0 MNaCl was applied to the column. The recovery
of the antigen ranged from 55 to 70%.

RESULTS

Serum Levels of 2-Â»3and 2-Â»6Sialylated Le* Antigen, and

2â€”Â»3,2â€”Â»6Disialylated Lc, Antigens in Patients with Malignant
and Nonmalignant Disorders. As shown in Fig. la, the levels of

2 Abbreviations used are: PCA, perchloric acid; IAV lactotetraosylceramide.

2â€”Â»6sialylated Le" antigen, defined by FH-7 antibody,3 were

high in a significant number of sera from cancer patients. The
highest incidence of abnormal levels was noted in patients with
pancreatic cancer, followed by patients with various cancers of
the digestive system. Serum levels of 2â€”Â»3sialylated Le" anti
gen, as detected by N-19-9 antibody, were also high in patients
with various malignant diseases, especially pancreatic cancer,
as shown in Fig. \b. The serum levels of 2â€”Â»3,2â€”Â»6disialylated
Lc4 antigen, defined by FH-9 antibody, were high in some
patients with various cancers, as shown in Fig. \c. The incidence
of 2â€”Â»3,2â€”Â»6disialylated Lc4 antigen was far less than that of
2â€”Â»3or 2â€”Â»6sialylated Le" antigen.

When the levels of 2â€”Â»3and 2â€”Â»6sialylated Le" antigens in

patients with malignant and nonmalignant disorders were com
pared, it was evident that levels of 2â€”Â»3sialylated Le" antigen
were higher than levels of 2â€”Â»6sialylated Le" antigen in sera of

cancer patients, whereas the reverse was true in sera of patients
with nonmalignant disorders. As shown in Table 2, the inci
dence of high levels of 2â€”Â»3sialylated Le" antigen defined by
N-19-9 was as great as 36% in sera from cancer patients, while
the incidence of high levels of 2â€”Â»6sialylated Le" antigen
defined by FH-7 antibody was only 25% when determined with
the same panel of sera taken from over 400 patients. On the
other hand, the incidence of high levels of 2â€”Â»3sialylated Le*

antigen was only 14% in patients with nonmalignant disorders,
while the incidence of high levels of 2â€”Â»6sialylated Le* antigen

was as high as 33% in these patients. It can be concluded that
the level of 2â€”Â»3sialylated Le" antigen is elevated less frequently

in patients with nonmalignant disorders than that of 2â€”6
sialylated Le" antigen. Similarly, the incidence of high levels of
2â€”Â»3,2â€”Â»6disialylated Lc4 antigen in patients with nonmalig
nant disorders exceeded that of the 2â€”Â»3sialylated Le* antigen

(Fig. le; Table 2).
Among the sera taken from patients with nonmalignant

disorders, high levels of 2-Â»6sialylated Le* antigen were ob

served frequently in sera of patients with renal and autoimmune
diseases, in which elevated levels of 2â€”Â»3sialylated Le" antigen

were rarely observed (Fig. 1, a and b; Table 2).
Serum Levels of 2-Â»6Sialylated Le* Antigen in Nonmalignant

Renal and Autoimmune Diseases. Among renal and autoimmune
diseases, abnormally high serum levels of 2â€”Â»6sialylated Le"

antigen were observed frequently in patients with chronic glo-
merulonephritis and nephrosis (mostly lipoid nephrosis), sys
temic lupus erythematosus, rheumatoid arthritis, and SjÃ¶gren's

syndrome, as shown in Fig. 2. This is interesting because no
elevated levels of any carbohydrate antigen have ever been
reported in these disorders. The serum levels of 2â€”Â»6sialylated
Le" antigen correlated well with the clinical course in some

patients with systemic lupus erythematosus (data not shown).
It is possible, however, that these diseases may be associated
with a high level of a nonspecific compound in sera (see "Dis
cussion").

Comparison of Incidence of Type 1 Chain and Type 2 Chain
Antigens in Sera of Patients with Malignant and Nonmalignant
Disorders. When the incidence of these type 1 chain antigens
was compared with that of the type 2 chain antigens, as shown
in Table 2, it was evident that the positive incidence of these
antigens in cancer patients was very similar. However, when
the incidence of type 1 chain antigens in sera of patients with

3The results described in this paper are based on the fact that "2â€”Â»3sialyl
Le" " is determined by the antibody N-19-9 and "2â€”.6sialyl Le" " is determined
by the antibody FH-7 by the same "sandwich" method. Since the affinity, subtle

specificity, and binding activity of each antibody are different, utilization of
different antibodies with different methods may produce very different results
(see "Discussion").
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Fig. 1. Levels of the three antigens carried by sialylated or sialylated-fucosylated type 1 chain polylactosamines in the sera of patients with various disorders, a,
serum levels of 2â€”Â»6sialylated Le" antigen as determined with FH-7 antibody; Â¿>,serum levels of 2â€”Â»3sialylated Le" antigen as determined with N-19-9 antibody; c,
serum levels of 2â€”Â»3,2â€”*6disialylated Lc4 antigen as determined with FH-9 antibody. The three antigens were assayed on the same panel of sera (over 500 samples)
collected from patients with various disorders, ca.. carcinoma.

Table 2 Serum levels of sialylated and/or sialylated-fucosylated polylactosaminyl antigens in patients with various disorders

2â€”6Sialyl Le'FH-7Malignant

disordersStomachColorectalLiverPancreasBiliary

tractBreastLungOvarianMalignant

(total)Nonmalignant

disordersLiver
diseaseKidney
diseaseAutoimmune

diseasePancreatitisNonmalignant

(total)Normal26/8115/7620/8928/543/1210/6216/1034/16122/4937/187/278/244/1126/8012/269(32)"(20)(23)(52)(25)(16)(16)(25)(25)(39)(26)(33)(36)(33)(4)Type1Disialyl

Lc,FH-921/7412/668/784/206/1113/595/983/1472/4201/118/299/26â€”18/667/348(21)(18)(10)(20)(55)(22)(5)(21)(17)(9)(28)(35)(27)(2)Type

22â€”3

Sialyl Le'
N-19-929/6423/6017/6639/553/119/5432/1003/16155/4263/163/264/231/1111/7611/158(45)(38)(26)(71)(27)(17)(32)(19)(36)(19)(12)(17)(9)(14)(7)Sialyl

Le'-iFH-621/9416/7324/1027/223/1212/6149/1163/13135/4931/471/270/25â€”2/997/268(22)(22)(24)(32)(25)(20)(42)(23)(27)(2)(4)(0)(2)(3)Le'AH-613/725/7032/949/222/123/6618/1112/1384/4603/420/281/24â€”4/949/281(18)(7)(34)(41)(17)(5)(16)(15)(18)(7)(0)(4)(4)(3)

" Number of positive sera/number of sera tested. Percentage of incidence is shown in parentheses.

nonmalignant disorders was compared with that of type 2 chain
antigens, as shown in Table 2, it was evident that the false
positive incidences of type 1 chain antigens (14, 33, and 21%)
are remarkably higher than those of type 2 chain antigens (2
and 4%). Note that the panel of sera from patients with malig
nant and nonmalignant disorders used in the previous study
and in the present study is essentially the same.

Overlap of Positive Incidence of Type 1 and Type 2 Chain
Antigens in Sera of Patients with Malignant Disorders. In most
of the sera of cancer patients tested, the 2â€”Â»3sialylated Le"

antigen showed the highest positive incidence among the type
1 chain antigens. Although the serum levels of 2â€”Â»3and 2â€”Â»6
sialylated Le" antigens showed a good correlation in some

cancers, combining the determination of these two antigens
and/or 2â€”Â»3,2â€”Â»6disialylated Lc< antigen in sera still increased
the detection rate of cancer. However, the incidence of false
positive cases in patients with nonmalignant disorders increased
significantly when false positive incidence of all three type 1
chain antigens was cumulated. When combined determination
of type 1 and type 2 chain antigens was performed, the rate of
detection of cancer greatly increased (as shown in Fig. 3), since
no correlation was observed between the two types. In this case,

the false positive incidence did not increase much, since the
incidence of type 2 chain in nonmalignant disorders was con
sistently low.

Characterization of Type 1 Chain Antigens in Sera of Patients
with Malignant and Nonmalignant Disorders. The 2â€”Â»3and
2â€”Â»6sialylated Le" antigens had very high molecular weights,

as ascertained by molecular sieve column chromatography. The
average molecular weights of 2â€”Â»3and 2â€”Â»6sialylated Le*
antigens (approximately 1-2 x IO6 as calculated from CL-6B
and CL-2B column chromatography) were very similar. Essen

tially the same gel nitration patterns of the serum antigens were
demonstrated in the presence of 6 M guanidine chloride or l M
potassium chloride (data not shown).

The average molecular weights of the 2â€”Â»6sialylated Le'

antigen in patients with malignant and nonmalignant disorders
were essentially the same, as indicated in Fig. 4.

On ion-exchange chromatography, 2â€”Â»3and 2â€”Â»6sialylated
Le" antigens were eluted at the same position (0.2-0.25 M

NaCl), after most of the serum protein had already been eluted,
showing that the antigens had a relatively strong negative
charge compared with other serum proteins. The behavior of
2â€”Â»6sialylated Le" antigens from sera of patients with malig
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Fig. 2. Levels of 2â€”*6sialylated Le" antigen in sera of patients with various

nonmalignant renal and autoimmune diseases. Sera having a high level of the
antigen in "other autoimmune diseases" include samples from patients with
Sjogrcn's syndrome.

nant and nonmalignant disorders on DEAE-cellulose column
chromatography was essentially the same, as shown in Fig. 5.
The elution patterns of these type 1 chain antigens on DEAE-
cellulose column chromatography were also essentially the
same as those of the serum glycoproteins carrying type 2 chain
antigens, such as sialylated Lex or Ley antigens (not shown).

The serum 2â€”*6sialylated Le" antigen was sialidase sensitive,
pronase sensitive, labile in alkaline, and decreased upon endo-
/3-galactosidase (E. freundii) treatment (as shown in Table 3),
as was the serum 2â€”Â»3sialylated Le" antigen (data not shown).

Degree of Glycosylation of Type 1 Chain Antigens in Sera of
Patients with Malignant and Nonmalignant Disorders as Deter
mined by Solubility in PCA. Recoveries of the type 1 chain

antigens in 0.6 N PCA are shown in Fig. 6. The average recovery
of 2â€”>6sialylated Le* antigen in cancer patients was 45.9 Â±

51.0% (n = 57), compared to 15.3 Â±10.7% (n = 75) in normal
individuals. The average recoveries of 2â€”Â»3sialylated Le" anti

gen in cancer patients and in normal individuals were 30.1 Â±
33.4% (n = 97) and 33.4 Â±22.9% (n = 67), respectively, and
those for 2â€”Â»3,2â€”Â»6disialylated Lc4 antigen were 19.9 Â±24.4%
(n = 38) and 3.3 Â±3.1% (n = 94). The recovery of cancer-
associated 2â€”Â»6sialylated Le" antigen was higher than the
recoveries of 2â€”>3sialylated Le" antigen and 2â€”Â»3,2â€”Â»6disialy

lated Lc4 antigen (P < 0.05 and P < 0.01, respectively).
When the recoveries of 2â€”Â»6sialylated Le" antigen in PCA

extract of sera from malignant, nonmalignant, and normal
patient populations were compared, it was revealed that recov
ery of the antigen in patients with nonmalignant disorders was
significantly higher (80.0 Â±58.5%, n = 25) (P < 0.05) than in
cancer patients (45.9 Â±51.0%, n = 57), as shown in Fig. la.
This is clearly in contrast to the data previously obtained for
recovery of serum sialylated Le*-i antigen in 0.6 N PCA extract

(7), which was significantly higher in cancer patients (71.0 Â±
33.7%, n = 24) than in patients with nonmalignant disorders
(36.3 Â±30.0%, n = 9) (Fig. Ib). The recovery of sialylated
Le"-i in the sera of normal subjects was 15.1 Â±15.0% (n = 34).

Affinity Chromatography and Analysis of Molecular Species
of Serum Type 1 Chain Antigens. Pooled sera from patients
with pancreatic cancer, pancreatitis, and nonmalignant renal
and autoimmune diseases were analyzed by FH-7-Sepharose
4B affinity chromatography. When pooled sera from patients
with pancreatic cancer were analyzed, the antigens were clearly
separated into two species. One species, which was found in the
pass-through fraction, had only 2â€”Â»3sialylated Le* antigen but
no 2â€”Â»6sialylated Le" antigen determinant, while the other

species, which was adsorbed onto the affinity column, had both
determinants on the same molecule, as shown in Fig. 8u. Pooled
sera from patients with pancreatitis and nonmalignant renal
and autoimmune diseases had only one major molecular species
of the antigen, which carries only 2â€”Â»6sialylated Le" antigen
determinant and no detectable 2â€”Â»3sialylated Le" antigen de

terminant, as shown in Fig 8. b and c. The very small peak of
2â€”Â»3sialylated Le" antigen, which eluted at the same position

Stomach Cancers

Cole-rectal Cancers

20

Number of Positive Cases

30 40 ._Â». 60 70

Fig. 3. Coincidence of presence of three
type 1 chain antigens and two type 2 chain
antigens in the sera of patients with various
cancers. Antigen profiles of sera that showed
high levels of at least one of the live antigens
are shown.

1-3 S.*yl C.

2-6 V.Â¡, Le

Oitialvl Let

HepatocellutarCancersij-o s*iv>
2-6 Suivi
DiÂ»i*lvlLei

Pancreas & ~> L""

Biliary Tract Cancers 2-3 s..iv' L."

BreastCancers

Luna Cancers

Ftolv
Lf

-3 Sialyl L*" * + - + -- +

.Â»â€¢â€¢Ivi LC4 -+-+--+

S*lyi LÂ«--, *Â» + Â»+ + Â»
LÂ«' + + + + + + +
Poly Le' * + + +
LÂ»' + +

Ã•--3 SÂ«Â»Â».Lf - + -- + --

Ã•--6 i*vl LÂ»*

UISIÂ»I/I LC4

3859

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/48/13/3856/2431520/cr0480133856.pdf by guest on 19 M

ay 2023



SERUM TYPE 1 CHAIN ANTIGENS

4.0

E
O.

2.0

<

4.0
E
a

2.0

<

14.0

E
a

> 2.0

<

20 40
Fraction No.

60

20 40
Fraction No.

eo

20 40
Fraction No.

60

2.0

1.0 Â£

9

Fig. 4. Sepharose 6B column chromatography of serum 2â€”6sia!)lateci Le*
antigen, a, pooled sera collected from patients with cancers; b, pooled sera from
patients with nonmalignant autoimmune diseases (mostly systemic lupus erythem-
atosus); c, pooled sera from patients with nonmalignant renal disorders (mostly
nephrosis). â€¢,2â€”Â»6sialylated Le'; O, protein concentration.

as 2â€”Â»6sialyl Le" antigen, may represent the presence of a

small amount of a molecular species that carries both antigenic
determinants.

DISCUSSION

Serum levels of sialylated fucosylated type 2 chain antigens
defined by monoclonal antibodies FH6 and AH6 were previ
ously described (7). In this study, the serum levels of type 1
chain antigens 2â€”Â»3sialylated Le" detected by antibody N-19-
9, 2â€”>6sialylated Lea defined by monoclonal antibody FH-7,
and 2â€”Â»3,2â€”Â»6disialylated Lc4 antigen defined by FH-9 have
been compared. All the results are based on the same sandwich
method which was previously used (7). The detectability of
serum antigens by monoclonal antibodies depends greatly on
the specificity, affinity, and avidity of the antibodies used, as
well as on the method of detection used. Therefore, the value

2OO

100

<

10 20
Fraction No.

0.0

t1.0

10 20
Fraction No.

Fig. 5. DEAE-cellulose (DES2) column chromatography of serum 2â€”6si
alylated Le" antigen, a, pooled sera collected from patients with cancers; h, pooled

sera from patients with nonmalignant autoimmune diseases (mostly systemic
lupus erythematosus); c, pooled sera from patients with nonmalignant renal
disorders (mostly nephrosis). Antigenically active fractions in Sepharose 6B
column chromatography were pooled, concentrated, and analyzed. The column
was equilibrated with SO HIM Tris-HCl buffer, pH 7.4, and eluted with an
increasing linear gradient of NaCl. â€¢,2-Â»6sialylated Le"; , protein con

centration; , NaCl concentration.

of serum antigen levels is entirely "relative" rather than "abso
lute."

Serum levels of type 1 chain antigens such as 2â€”Â»3sialylated
Le" antigen detected by N-19-9 or CSLEA-1 antibody and
2â€”Â»3sialylated Lc4 antigen detected by C50 antibody, have been
shown to be elevated in patients with cancers of the digestive
system, especially pancreatic cancer (4, 6, 10, 13, 14). The
serum levels of 2-*6 sialylated Le" antigen and 2â€”>3,2â€”Â»6

disialylated Lc4 antigen, described in this paper, show a very
similar elevation in cancer. These results are based on the
simultaneous assay of these antigens using essentially the same
set of sera. This is expected, because these type 1 chain antigens
are closely related structurally, and are synthesized through the
concerted action of a similar set of glycosyltransferases. Similar
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Table 3 Effects of chemical and enzymatic treatments on the serum 2â€”*6sialylated Le" antigen
'Materials and Methods" for the details of chemical and enzymatic treatments of the serum antigen.

Serum 2â€”6sialylated Le* level(units/ml)Patient5,650

2,526
10,092
11,2415,650

3,431
10,092
11,079
11,241DiagnosisPancreatic

cancer
Stomach cancer
Nephrosis
SLEPancreatic

cancer
Colon cancer
Nephrosis
Nephrosis
SLENo

treatment112

156
186

220No

treatment112

230
186
156
220Neuraminidase2

01

60.05

N108

198
196
132203a-Fucosidase102137

NT-

NTAlkaline

treatment0.1

N56

77
154
34
86Endo-0-

galactosidase PronaseE42

13
78 31

102 NT
98NT0.2

N21

19
112
1233

1NT, not tested; SLE, systemic lupus erythematosis.
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Fig. 6. Comparison of PCA extractabilities of serum 2â€”Â»6sialylated Le",
2â€”3.2â€”6disialylated I c4. and 2â€”Â»3sialylated Le* antigens in patients with
cancers. Antigen recovered in the 0.6 N PCA extract as a percentage of the amount
of antigen in the original serum was calculated and plotted. Bars marked ".V"

show mean Â±SD of the PCA recovery of each antigen in the sera of normal
individuals. N.S., not significant.
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Fig. 7. Comparison of PCA extractabilities of serum 2â€”>6sialylated Le" (a)
and sialylated Lex-i (b) antigens in thÃ©sera of patients with cancers and with
nonmalignant diseases. Bars marked "A"1 show mean Â±SD of the PCA recovery

of each antigen in the sera of normal individuals. N.S., not significant.

to a low level of 2â€”Â»3sialyl Le" antigen found in sera of patients
with blood group Le(a-b-) status, a low level of 2â€”Â»6sialyl Le"
antigen has been found in Le(a-b-) individuals (data will be
presented elsewhere). Thus, the incidence of high levels of both
2â€”Â»3and 2â€”Â»6sialyl Le" antigen in sera is affected by Lewis

and secretor status of the individual.
The major difference between the incidence of 2â€”>3and

2â€”Â»6sialylated Le" antigens is that the latter is more frequently

LO a

0.5

b-q
o

0Â¿

10 15 35 40

Fraction No.
45 50 55 60

5 10 15 35 40 45 50 55

Fraction No.

Fig. 8. Affinity chromatographies of serum type 1 chain antigens on ami
2â€”Â»6sialylated Le*antibody (FH-7)-immobilized Sepharose 4B column, a, pooled
sera patients with pancreatic cancer; b, pooled sera from patients with pancreatitis;
e, pooled sera from patients with nonmalignant renal and autoimmune diseases.
The arrows indicate where the elution buffer was changed (see "Materials and
Methods"). â€¢,2â€”Â»6sialylated Le"; O, 2â€”>3sialylated Le"; , protein concen

tration. NeuAc, acetylneuraminic acid.

found in patients with nonmalignant disorders, such as pan
creatitis, renal, and autoimmune diseases. Among the tested
type 1 chain antigens, the incidence of 2â€”Â»6sialylated Le"

antigen in patients with nonmalignant disorders was highest,
followed by 2â€”Â»3,2â€”Â»6disialylated Lc4 antigen and 2â€”Â»3sialy
lated Le" antigen. This indicates that 2â€”Â»6sialylated Le" antigen
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is significantly less specific to cancer than is 2â€”Â»3sialylated Le"

antigen.
Recently, we found that normal pancreatic tissue contains a

greater amount of 2â€”Â»6sialylated Le" antigen than 2â€”Â»3sialy
lated Lea antigen, whereas the reverse is true in pancreatic

cancer cells. This could explain why the incidence of serum
2â€”Â»6sialylated Le" antigen is lower in patients with pancreatic

cancer and higher in patients with pancreatitis than the inci
dence of serum 2â€”Â»3sialylated Le" antigen. The tissue origin
of 2â€”Â»6sialylated Le" antigen in patients with renal and autoim

mune disease remains to be elucidated.
In general, the incidence of type 1 chain antigens in patients

with nonmalignant disorders is higher than the incidence of
type 2 chain antigens, as determined by assay of the same sera.

Serum glycoproteins carrying these type 1 chain determinants
show mucin-like biochemical properties. This finding is con
sistent with the previous report (15). The behavior of 2â€”Â»6
sialylated Lea antigen in sera of patients with nonmalignant

disorders, as analyzed by gel filtration and ion exchange column
chromatography, was essentially the same as the behavior of
the same antigen in sera of cancer patients. The most striking
difference was found in the solubility of the mucin carrying type
1 chain and that carrying type 2 chain determinants. The
extractability in 0.6 N PCA of the serum mucins carrying type
1 chain determinants was in the following order: 2â€”Â»6sialylated
Le* antigen in patients with nonmalignant disorders > 2â€”Â»6
sialylated Lea antigen in cancer patients > 2â€”Â»3,2â€”Â»6disialy-
lated Lc4 antigen in cancer patients > 2â€”Â»3sialylated Le"

antigen in cancer patients. Solubility of serum glycoproteins in
0.6 M perchloric acid has been found to be roughly correlated
with the carbohydrate content (16). It is suggested, therefore,
that type 1 chain serum mucin in patients with nonmalignant
disorders is more glycosylated than in cancer patients. This is
in contrast to our previous findings with serum type 2 chain
antigens, which showed a higher degree of glycosylation in
cancer-associated mucin than that associated with nonmalig

nant disorders (7).
The reason for this discrepancy between the findings on type

1 and type 2 chains remains unknown. It can be noted that
most of the type 1 chain determinants are closely related to
Lewis blood group; even the Lc4 antigen is supposed to be an
Lec substance. In contrast, the fucosylated type 2 chain deter

minants described in this paper are not directly related to blood
group substances, whereas the carbohydrate structures of the
type 2 chain determinants studied in the previous report (7)
and in this study are all related to a well-known developmental
antigen, SSEA-1 (17-19).

In general, blood group substances, i.e., carbohydrate human
alloantigens, are present in normal mature cells. Malignant
cells display incomplete synthesis of these alloantigens as well
as aberrant modification of the alloantigens (1). On the other
hand, embryonic antigens are usually present only in immature
cells, and frequently appear during the course of malignant
transformation (1).

Probably, type 1 chain determinants are present on well-
developed, highly glycosylated mucin in normal tissue and are
released into the bloodstream in patients with nonmalignant
disorders. This could explain why the mucin carrying type 1
chain determinants in patients with nonmalignant disorders has
a higher carbohydrate/protein ratio. In cancer cells, modified
blood group substances such as the 2â€”Â»3sialylated Le" antigen

determinant are carried by serum mucin, which could be rela
tively less glycosylated because of the incomplete synthesis
associated with malignant transformation. This could explain

why serum mucin carrying the type 1 chain determinant in
cancer patients has a lower carbohydrate/protein ratio. Mucin
carrying the type 2 chain determinant could be an embryonic
type of mucin with a high carbohydrate/protein ratio, which
reappears associated with the malignant transformation (20).
This hypothesis also explains why the incidence of type 2 chain
determinants is much lower than that of type 1 chain determi
nants in patients with nonmalignant disorders.

The results of affinity chromatography clearly indicate that
the serum mucin carrying type I chain determinants can be
classified into several molecular species according to the distri
bution of antigenic determinants at the surface of the molecule.
We suggest that, among these molecular species, the mucin
carrying homogeneous 2â€”Â»3sialylated Le" antigen has the high

est cancer specificity, and the mucin carrying homogeneous
2â€”Â»6sialylated Le" antigen is specific for nonmalignant disor

ders. The mixed type of mucin carrying both antigens is present
in sera of patients with either malignant or nonmalignant
disorders.

Collectively, these findings indicate that subtle differences in
the linkage of sialic acid residues greatly affect the cancer
specificity of carbohydrate antigens, and that serum mucin-like
glycoproteins carrying type 1 chain determinants are very het
erogeneous and can be classified into several characteristic
molecular species, each of which has a different physiological
significance.
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