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ABSTRACT

A series of fucosylated glycosphingolipids with the Lewis" (Le") deter

minant (Gal01â€”>4|Fucolâ€”Â»3|GlcNAc)have been shown to accumulate in
human adenocarcinomas. Le" glycolipids were eluted from Protein A-

silica columns over which plasma from patients with adenocarcinoma
had previously been perfused. The fact that Protein A has strong affinity
for IgG and IgG-immune complexes suggested that the Le" antigens
isolated from Protein A eluates were complexed with IgG. Lewis" antigen
eluted from Protein A columns banded in the immune complex-enriched
region (below IgG) of neutral sucrose density gradients. A modified Raji
cell assay and an anticomplement Clq enzyme-linked immunosorbent
assay were also used for measurement of Le" antigen associated with C3-
and Clq-CIC, respectively. Following affinity purification of Le'-IgG

complexes and subsequent dissociation of these immune complexes,
human antibodies were isolated which reacted with purified glycosphin
golipids containing Le". Levels of LeMgG complexes were found to be
2- to 5-fold higher in eluates of Protein A-silica columns perfused with
plasma from adenocarcinoma patients compared to eluates from columns
perfused with plasma from healthy individuals and patients with other
cancers. These assays may prove to be of diagnostic and/or prognostic
significance in adenocarcinoma.

INTRODUCTION

The occurrence of increased levels of CIC3 in the sera of

patients with various forms of cancer is now well established
(1). CIC have been described in patients with malignant mela
noma, breast carcinoma, ovarian carcinoma, gastric carcinoma,
colon carcinoma, lung carcinoma, testicular carcinoma, osteo-
sarcoma, sarcoma, hepatoma, neuroblastoma, carcinoid tu
mors, acute and chronic leukemia, and Hodgkin's disease (2-

17). CIC containing IgG, IgM, and IgA have all been found to
be elevated (14) and older patients generally appear to have
higher levels of all three types of CIC than do younger adults
(14).

The significance of these observations is uncertain, (a) The
CIC levels reported have been obtained using several different
methods, all of which are not specific for antigen. The various
assays have limitations such that results derived from one assay
do not consistently correlate with results derived from another
assay. (/>)In cases in which studies of the antigenic composition
of cancer patients' CIC have been carried out, tumor-associated

antigens, oncofetal antigens, oncogenic viral antigens, micro-
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organisms, altered self-components, and idiotype-antiidiotype
complexes have been found (4, 8, 15-19). It is reasonable to
assume that the overall composition of CIC varies qualitatively
even for patients with the same malignancy, (c) There is a
consensus that only a small percentage of the detected CIC in
cancer patients represents tumor-associated antigen complexed
with antibodies (4, 8, 15-19). Analysis of CIC in leukemic cats
persistently infected with FeLV showed that FeLV-specific CIC
existed at a level of 1-5% of the total C3 fixing CIC measured
in a Raji cell binding assay (19). In a study of cats in the process
of clearing both tumors and persistent FeLV infections, levels
of FeLV-specific CIC correlated well with fluctuating levels of
free FeLV antigen and antibody. On the other hand, results
from the Raji cell assay for total CIC did not correlate with the
response of cats in clearing either virus or tumor (19).

While increased total CIC is repeatedly an indicator of poor
prognosis for cancer in man, correlations between quantitative
levels of total CIC and tumor burden are poor (16). It is
apparent that specific assays for tumor antigens associated with
CIC will be crucial if the significance of elevated CIC in cancer
patients is to be appropriately addressed.

Eluates from Protein A-silica columns perfused with plasma
from patients with various adenocarcinomas were found to
contain a series of fucosylated glycosphingolipids with the x
determinant (Galj31-Â»4[Fucal-*3]GIcNAc) (20-22). This de
terminant, termed Lewis" or Le", has been reported in various

human adenocarcinomas including those of the stomach, colon,
and breast (20-22), and sialosylated Le" antigen has been found

in the sera of patients with advanced disease (23, 24). Data are
presented which indicate that the Le" antigen is present in the

plasma of adenocarcinoma patients and is bound to the Protein
A-silica matrix in the form of Le"-containing CIC. Assays for
Le" antigen in bound CIC were developed which distinguished

adenocarcinoma patients from patients with other malignancies
and from healthy individuals.

MATERIALS AND METHODS
Patient-derived Materials

Patient materials were collected as part of a multicenter clinical trial
testing the ability of a Protein A-silica matrix (Prosorba columns;
IMRE Corp., Seattle, WA) to remove IgG and CIC from plasma in an
extracorporeal immunoadsorption procedure (25). Columns containing
either 50 mg or 200 mg silica matrix-bound Protein A were perfused
with either 250 ml or 2000 ml patient plasma. After treatment the
matrix was removed from columns and aliquots were washed with 100
volumes of PBS, pH 7.4. Adsorbed proteins were eluted from the
matrix by washing with PBS, pH 11.5. The pH of eluates was imme
diately returned to 7.4 by addition of 0.1 N HC1. Total protein adsorbed
to columns containing 200 mg of Protein A was approximately 1 gram
while total protein adsorbed to columns containing 50 mg of Protein
A was approximately 300 mg.

Glycolipids and Monoclonal Antibodies Used
The glycolipid standards designated 11l'I ucl c4,111-'V'l-'uc_>nLu, and

III3V3Fuc2nLcg were prepared from human adenocarcinoma (21). The
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glycolipids V3FucnLc<i and VII3FucnLc8 were prepared from human

erythrocytes and human adenocarcinoma (26). The monoclonal anti
body FH3 binds to all fucosylated type 2 chain structures with the 'x'

determinant, whereas FH4 shows a preferential reactivity toward di-
and trifucosylated type 2 chains (27). Monoclonal antibody SSEA-1
that binds to all Lex structures was obtained from Dr. David Softer,

Wistar Institute, Philadelphia, PA.

Isolation of Glycolipids from Eluates of Protein A-Silica Columns

Isolation of glycolipids from the matrix eluates was carried out
according to procedures established by Hakomori and coworkers for
tissue specimens (21, 28). Lyophilized eluates were extracted in chlo-
roform:methanol:water (30:60:8, v/v/v) and filtered. The extraction
was repeated twice. The combined extracts were evaporated to dryness
in a rotary evaporator. The residue was dissolved in chloro-
form:methanol (2:1, v/v) and partitioned by using 0.2 volumes of 0.1
M NaCl. The lower layer was partitioned 3 times with chloro-
form:methanol: 0.1 M NaCl (1:10:10, v/v/v). The combined upper layer
containing gangliosides and large chain neutral glycolipids was evapo
rated to a small volume and dialyzed against water (dialysis tubing
molecular weight cutoff of 3500). The dialyzed upper fraction was
passed through a DEAE-Sephadex A-25 column (acetate form). The
upper neutral glycolipids were eluted with chloroform:methanol:water
(30:60:8, v/v/v). The upper neutral glycolipids were further purified by
acetylating that fraction using pyridine acetic anhydride and passing
the acetylated glycolipids over a Fiorisi! column. The purified neutral
glycolipids were eluted with dichloroethane:acetone (1:1, v/v) and de-
acetylated with 2% sodium methoxide.

Identification of Le" Antigens in Purified Glycolipids

The presence of Le" determinants in purified glycolipids was deter
mined by immunostaining of TLC-separated material using the mono
clonal antibody SSEA-1 (26). The procedure used was a modification
of that published by Magnani et al. (29). The purified upper neutral
glycolipid fraction was chromatographed on high performance thin-
layer chromatography plates (Baker Chemical Co., Phillipsburg, NJ)
using a solvent system of chloroform:methanol:0.2% aqueous CaCl2
(50:40:10, v/v/v). After development, TLC plates were dried out and
incubated with 5% BSA in PBS, pH 7.2, for 2 h. The plates were then
incubated overnight with the monoclonal antibody SSEA-1. After wash
ing the plates with PBS, sequential incubations with rabbit anti-mouse
IgG and I25I-Protein A were carried out. After extensive washings with

PBS, the plates were dried and developed by autoradiography.

Detection of Lt-"-related (It

Gradient Centrifugation. An eluate from a Protein A-silica column
perfused with plasma from a breast adenocarcinoma patient (1 mg
protein) was subjected to ultracentrifugation in a 35-ml neutral sucrose
density gradient (10-40% sucrose, w/v) for 18 h at 100,000 g using an
SW27 rotor. Fractions of the gradient (1.5 ml) were collected from top
to bottom and dialyzed to remove sucrose. Protein concentrations were
determined by the Lowry assay (30) using BSA as the standard. Precip-
itin assays with 50 n\ of the gradient fractions and 100 n\ of goat anti-
human IgG serum were used to identify fractions containing 7S IgG.
Aliquots of gradient fractions (200 fil) were coated onto wells of a
microtiter plate overnight. After extensive washing, the wells were
incubated with 3% BSA in 150 HIMNaCl, 50 HIMtris, and 1 HIMEDTA
for l h to block uncoated attachment sites for protein. After washing
the plates with PBS 3 times, monoclonal antibody FH3 (1 Mg)was
added and the plates were incubated for 2 h. After 3 washings, a
peroxidase-conjugated rabbit anti-mouse IgG (1:1000 dilution) was
added for 45 min. Following extensive washing, the enzyme substrate
OPD (1 mg/ml) containing 30% H2O2 (30 Ml/25 ml) in 53.5 mM citric
acid, 100 mM Na2HPO4, pH 5.0, was added to the plate. After 15 min
the color reaction was stopped by addition of 4 N H2SO4. The reaction
was quantitated by measuring absorbance on an ELISA plate reader at
490 n,\i.

Raji Cell Assay. The human cultured lymphoblast Raji cell line was
used for the detection of CIC associated with Le" antigen (31). The

viability of the cells was determined by trypan blue exclusion prior to
the assay. The assay was carried out in 4 nil conical tubes containing
approximately 1 x IO6viable cells per tube. The cells were centrifuged

at 1000 rpm for 10 min to remove the culture fluid and resuspended in
1 ml cold PBS. Cells were centrifuged again and the supernatant was
discarded. Eluates from Protein A-silica columns (approximately 1 ml)
containing 1 mg total protein were incubated with the cells for 1 h at
4Â°C.The cells were then centrifuged and washed 3 times with cold
PBS. Cell pellets were suspended in 30% fetal calf serum for 1 h at 4Â°C

to avoid nonspecific binding of monoclonal antibodies. Monoclonal
antibody FH3 (100 M', 10 jig/ml concentration) in 30% fetal calf serum
was added to the cells and incubated for 1 h at 4Â°C.After washing with

PBS the Raji cells were suspended with peroxidase-conjugated rabbit
anti-mouse IgG for 1 h at 4Â°C.The cells were extensively washed and

the enzyme substrate OPD was added for 15 min at room temperature.
The cells were collected by centrifugation and the supematants were
transferred to wells of a microtiter plate. The enzyme reactions were
stopped by 4 N 11-S(), and the absorbance of each solution was
measured at 490 nm.

Anti-Clq Assay. Polyclonal goat anti-human Clq antibody (Sigma)
was affinity purified on a column containing human Clq (Calbiochem)
bound to Sepharose (Pharmacia). The affinity-purified anti-Clq was
coated on the bottom of microtiter plate wells overnight (5 Mg/well).
The plate was thoroughly washed with PBS and coated with 3% BSA
for 1 h to block nonspecific binding. Protein A-silica column eluates
(200 pi volume, 200 Mgprotein) were added to the plate for 90 min.
The plate was then washed. Monoclonal antibodies FH3 and FH4 (1
Mg)were added to the plate and incubated for 1 h. After washing the
plate 5 times, a peroxidase-conjugated goat anti-mouse IgG (1:1000
dilution) was added for 45 min. Following extensive washings, the
enzyme substrate OPD was added. The enzyme reactions were termi
nated by 4 N l I:S( ).,and the absorbance of each solution was measured
at 490 nm.

Purification of Le"-specific CIC and Antibodies

An affinity column containing monoclonal antibody FH3 was pre
pared. Sepharose-Protein A (4.5 mg/ml) was cross-linked to FH3 using
a cross-linker dimethyl pimelimidate dihydrochloride by the method of
Schneider et al. (32). Excess nonspecific IgG was added to saturate all
Protein A binding sites prior to coupling. Protein A-silica column
eluates were passed over the column. After PBS washing, the column
was eluted with 3 M sodium thiocyanate. The eluate was subjected to
centrifugation in a 5-25% sucrose density gradient prepared in 3 M
sodium thiocyanate for 18 h at 100,000 g to isolate IgG free of antigen.
The gradient was collected from top to bottom in 1.5-ml fractions. The
fractions were dialyzed and frozen.

In order to determine the presence of Le'-specific antibodies in

gradient fractions, microtiter plates were coated with purified glyco
lipids (100 ng/50 ft\ ethanol/well). The plates were completely dried at
room temperature overnight. The plates were blocked with 3% BSA.
Aliquots (100 /il) of gradient fractions then were added to the plate and
incubated for 2 h. After extensive washing, goat anti-human IgG and
IgM (1:400 dilution) were added to the plate. Enzyme substrate OPD
was used to visualize the binding. The reaction was stopped by the
additionof4NH2SO4.

RESULTS

Detection of Le" Antigen in Eluates of Protein A-Silica Columns

Used in Treatment of Eluates from Adenocarcinoma Patients

The presence of Le" glycolipids was examined in eluates of

columns used for extracorporeal immunoadsorption of plasma
from several breast and colon adenocarcinoma patients. Normal
human plasma and plasma from melanoma patients passed
over identical columns served as controls. Neutral Le" glyco

lipids determined by TLC immunostaining were present in the
eluates of columns used for treatment of all breast and colon
adenocarcinoma patients (Fig. 1). Sialosylated difucosylated
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Fig. I. TLC immunostaining of upper neutral glycolipids from Protein A
column eluates. Glycolipids were isolated from the following: /',. colon cancer

Patient 18; P2, breast cancer Patient C. R. N.; P,, melanoma Patient J. K. N.;
O^f. glycolipids directly extracted from "O" erythrocytes; P,, breast cancer Patient
B. A. R.; P,, melanoma Patient 5; ST. standard glycolipid III'FucnLd and
III3V3FucnLcÂ«;Ni. normal human I; Nt. normal human 2; Tâ€ž,glycolipids
directed extracted from a colonie tumor (not eluate); l\. breast cancer Patient 4;
P^. colon cancer Patient 1;P,. breast cancer Patient 16; />Â»,breast cancer Patient
17; /Â»iÂ»,breast cancer Patient 22; P,,, breast cancer Patient 34. A, TLC plate
developed in solvent system of chloroform:methanol:0.2% aqueous CaCI2
(50:40:10) and B, in 60:38:9. The plates were then blocked with 5% BSA and
sequentially incubated with monoclonal antibody SSEA-1, rabbit anti-mouse IgG,
and '"I-Protein A. Autoradiography was then performed to visualize the bands.

Le" glycolipids (VI3NeuAcV3III3Fuc2nLc6) reactive with mono

clonal antibody FH6 (33) were not found in the ganglioside
fraction of extracted Protein A-silica column eluates (data not
shown). Eluates from columns perfused with normal plasma
and plasma from the melanoma patient did not contain Le"

glycolipids. One of the eluates from a column used in treatment
of a breast cancer patient contained IH3FucnLc4. All of the

eluates from columns used in treatment of breast and colon
patients contained bands corresponding to V3FucnLc6,
HI'V3Fuc2nLc6, VII3FucnLc8, and III3V3Fuc2nLc8 regions. The

exact structure of the material in these bands was not deter
mined. Since Protein A has been shown to have binding sites
for the Fc region of IgG but has no known binding sites for
glycolipids, the results suggested that these Lex glycolipids were

present as immune complexes in these patients.
Protein A-silica column eluates were also subjected to 7.5%

sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
Western blots were carried out to determine the presence of
Le"-carrying glycoprotein in immune complexes. Gels were

blotted onto nitrocellulose paper which was then incubated with
antibody FH3, followed by rabbit anti-mouse IgG and radiola
beled Protein A. No bands corresponding to a glycoprotein
were detected by this technique.

Demonstration of Le" Antigen as a CIC Component

Since a low level of nonspecific binding of glycolipids to the
columns during immunoadsorption could not be ruled out,
further experiments were done to confirm the presence of Le"

antigen in immune complexes.
Gradient Centrifugation. An eluate from a column perfused

with plasma from a breast adenocarcinoma patient was sub
jected to centrifugation in a neutral sucrose density gradient
(10-40%, w/v) for 18 h at 100,000 g. Fractions of the gradient
were analyzed for total protein and IgG as described in "Ma
terials and Methods." Aliquots of all gradient fractions were

also coated on wells of a microtiter plate and the presence of
Le" was detected using monoclonal antibody FH3 in an ELISA
assay (Fig. 2). Le" was detected only in the gradient fractions

containing components which were heavier than free IgG. The
Le* activity detected in these fractions cannot be accounted for

by high molecular weight mucins which may carry different
antigenic components similar to Le" (34, 35). These mucins
have molecular weights of 5 x IO6and densities of 1.43-150 g/

0)a**.EfCLnÃ«so4O30-2010'Q,l
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Fig. 2. Migration in a gradient of 10-40% sucrose of components of an eluate
from a Protein A-silica column perfused with plasma from a breast adenocarci
noma patient. Top, total protein in gradient fractions as measured in the Lowry
assay (30). Fractions 4-11 were shown to contain IgG by a precipitili reaction
with goat anti-human IgG. Bottom, results of ELISA for the detection of Le*

antigens in the gradient fractions. Aliquots of the dialyzed gradient fractions in
wells of a microtiter plate were sequentially bound with monoclonal antibody
FH3, peroxidase-conjugated goat anti-mouse IgG. and the enzyme substrate
OPD. The absorbance was determined at 490 inn. Background values obtained
from microtiter plate wells containing no added gradient fractions were subtracted
from other values.

ml (33), while the densities of components heavier than IgG in
this gradient ranged from 1.08-1.18 g/ml. No free Le" glyco
lipids were detected in the top fractions for these are low-
molecular-weight components and would consequently fail to

migrate into the gradient.
Kiiji Cell Assay for CIC. Raji cells are widely used as an

intermediary to detect and quantitate CIC which have fixed the
complement component C3 (31). Eluates from columns per
fused with plasma of breast and colon adenocarcinoma patients
were incubated with Raji cells, and subsequently Raji cell bound
Le" material was assessed in an ELISA assay as described in
"Materials and Methods." Eluates from columns perfused with

plasma from 11 of 12 breast or colon adenocarcinoma patients
showed 2- to 5-fold higher Le" positive activity compared to 6

eluates of columns perfused with 6 normal human plasmas (Fig.
3). The mean A49oÂ±SE was 0.283 Â±0.029 for adenocarcinoma
patients and 0.063 Â±0.01 for controls (P < 0.01, Fisher's t

test). Eleven of the 12 patients exhibited A.,.,,,which was greater
than two standard deviations from the mean A4.Mifound with
controls. Neither purified III3V'Fuc2nLc6 alone nor
III'V3Fuc2nLc6 emulsified with normal human serum attached
to Raji cells. The results suggested that Le*-CIC which fix C3

are present in the plasma of adenocarcinoma patients but are
not detectable in plasma from normal individuals.

Anti-Clq Assay for CIC. Since the complement factor Clq
binds to IgG in immune complexes, an anti-Clq antibody was
also used to capture immune complexes from column eluates
(Fig. 4). Le*-CIC complexes were then detected in a solid phase

ELISA using a mixture of the monoclonal antibodies FH3 and
FH4 (1:1). The assay showed that 9 of 11 breast, 4 of 6 colon,
and 3 of 3 lung adenocarcinoma patients had 2- to 5-fold higher
levels of Clq binding Le"-CIC activity than did 6 of 7 non-
adenocarcinoma-bearing patients and 7 of 7 healthy individuals.
The mean A49ofor adenocarcinoma patients was 0.927 Â±0.078
versus 0.394 Â±0.060 for non-adenocarcinoma-bearing cancer
patients and 0.029 Â±0.018 for healthy individuals. The mean
values all were significantly different from each other (P <
0.01). All of the adenocarcinoma patients exhibited \490 which
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Fig. 3. Quantitation of Le" antigen associated with immune complexes in
Protein A-sflica column eluates determined by a modified Raji cell assay. Eluates
were incubated with the Raji cells and sequential additions of monoclonal antibody
FH3, peroxidase-conjugated rabbit anti-mouse IgG, and the enzyme substrate
OPD followed. The absorbance was determined at 490 nm. Background values
obtained from cells incubated without column eluates were subtracted from other
values.
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Fig. 4. Quantitation of Le* antigen associated with immune complexes in
Protein A-silica column eluates determined by anti-Clq assay. Eluates were bound
to anti-Clq in microtiter plates, followed by sequential additions of monoclonal
antibodies FH3 + FH4 (equal mixture), peroxidase-conjugated goat anti-mouse
IgG, and the enzyme substrate OPD. The absorbance was determined at 490 nm.
Background values obtained from microtiter plate wells containing no added
protein were subtracted from other values.

was greater than two standard deviations from the mean A4â„¢
found with controls.

Demonstration of Lex-specific Antibodies in CIC Purified

Column Eluates

In order to concentrate Le"-containing CIC, an eluate from

a column perfused with plasma from a breast adenocarcinoma
patient was passed over an affinity column of Sepharose-Protein
A-FH3. The affinity column was thoroughly washed and then
eluted with 3 M sodium thiocyanate in order to obtain 7S IgG
free of antigen. The eluate was subjected to centrifugation in a
5-25% sucrose density gradient in 3 M sodium thiocyanate.
The gradient fractions were dialyzed against PBS and assayed
by ELISA for antibodies reactive with III3FucnLc4,
III3V3Fuc2nLc6, or the total upper neutral glycolipid fraction

from a colonie tumor (Fig. 5). Antibody activity was present in
7S-IgG-containing fractions (Fractions 4-8) when III3FucnLc4
and III3V3Fuc2nLc6 were used as substrates. However, when

1.6

1.2

o
O)

0.8

Ã³

0.4

Ã¨ ib
FRACTION NO

Fig. 5. Reactivity against Le" glycolipids of 7S IgG obtained from affinity-
purified immune complexes containing Le" antigen. The IgG fraction of plasma
from a patient with breast adenocarcinoma was obtained by elution from a Protein
A-silica column. IgG complexes associated with Le" antigen were removed from
this eluate by passage over a Sepharose-Protein A-FH3 column. The eluate from
this column was subjected to centrifugation in a 5-25% sucrose density gradient
prepared in 3 M sodium thiocyanate to isolate IgG free of antigen. The gradient
was collected from top to bottom in 1.5-ml fractions. The fractions were dialyzed
to remove sodium thiocyanate and 0.2 nil aliquots were assayed for IgG binding
to purified glycolipids in an ELISA. O, III'VpuCzttLcÂ«; A, III3FucnLc4; A,
globoside; â€¢,total upper neutral glycolipids.

total upper neutral glycolipid fraction was used as substrate,
the antibody activity was 3-fold higher in Fractions 4-8 com
pared to the activity with III3FucnLc4 or III3V3FuC2nLc6alone.

This finding indicates that the human antibody may be directed
to larger chain Le" glycolipids such as III3V3Fuc2nLc8. When

globoside was used as a control antigen at the bottom of the
microtiter plate, no significant antibody activity was seen in
any of the gradient fractions.

DISCUSSION

Many monoclonal antibodies with relative specificity for
tumor cells or tissues have been found to bind to glycolipid-
associated antigenic determinants (36-40). Glycolipids differ
ent from those expressed on certain types of normal cells have
been found to accumulate in tumor cells (36-40). This has been
attributed to incomplete synthesis of normal glycolipids in some
instances and to activation of giva >sylIrans terases with aberrant
specificity in other cases (41-46). Many of these aberrant
glycolipids are shed from the surface of tumor cells (23, 24,
47-49). In some cases, sufficient quantities of these materials
are shed into the circulation such that serum ganglioside pro
files can resemble those of tumor tissue extracts and differ from
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profiles of normal sÃ©rum(49). Despite the relative tumor spec
ificity of many of these antigens, small quantities of these
glycolipids are sometimes expressed in nontransformed progen
itor cells or other normal cells (e.g., Refs. 22 and 26). Nonethe
less, antibodies to certain neutral glycolipids and gangliosides
have been reported to be present in both normal and pathologic
human sera (50-53), suggesting that these entities are immu-

nogenic.
A good example of a group of highly tumor-specific glycolipid

antigens are certain fucosylated glycosphingolipids with the Le"

determinant (20, 21). The determinants recognized on cancer
cells by monoclonal antibodies FH3 and FH4 are essentially
oncofetal antigens: only those cancer cells derived from epithe
lial tissues that express a high level of these antigens during a
certain developmental stage show strong reactivity with the
anti-Le" monoclonal antibodies (22). Lex antigen with di- or

trifucosylated type 2 chains, as recognized by both monoclonal
antibodies, has been shown to accumulate in tubular and pap
illary adenocarcinoma of the stomach, adenocarcinoma of the
colon, and infiltrating ductal carcinoma of the breast and its
metastatic lesions (22). Sialosylated Le" antigen has also been

detected in sera of patients with advanced disease (23, 24). In
contrast, significant FH4 reactivity against human adult tissues
is restricted to parietal cells and pyloric glands of stomach
epithelia, Paneth's cells and basal granular cells of the small

intestine, and proximal convoluted tubules of the kidney (22).
In addition to structures recognized by FH4, FH3 recognizes
antigens in crypt cells in colonie epithelia, sebaceous and sweat
glands of the epidermis, Langerhans' islet of the pancreas,

adrenal medulla, esophageal epithelia, bronchial epithelia, air
way of lung buds, and vaginal epithelia (22). Sialosylated Le" is

not found in sera of normal individuals (23, 24).
We have described here the detection of circulating immune

complexes containing fucolipid antigens with mono- and di-
meric X determinants specifically in the plasma of adenocarci
noma patients. The assays were performed on eluates from a
Protein A-silica matrix (Prosorba) after normal or tumor-
bearer plasma was perfused over it. The matrix has been shown
to remove IgG and immune-complexed IgG from plasma. The
preferential binding of Protein A to aggregated or immune-
complexed IgG as compared with unbound 7S IgG (54, 55)
undoubtedly contributed to enhanced removal and concentra
tion of CIC from treated plasma. By applying eluates from
plasma-perfused matrix to Raji cells or to a solid phase con
taining anti-Clq antibodies, CIC were separated from unbound
IgG. Application of a detection system using monoclonal anti
bodies to Le* determinants distinguished CIC-containing fuco
sylated type 2 chains with Le" from CIC containing other

antigens. While it is clear from the results shown in Fig. 5 that
CIC from adenocarcinoma patients contain antibodies which
are reactive with purified Le" glycolipids, reactivity with other

determinants on aberrant glycolipids and glycoproteins which
also express Le" is not ruled out. The structure of the determi

nant^) on the type 2 chains and/or their carriers which is
recognized by the human antibodies is under investigation.

Eleven of 12 patients with adenocarcinoma had significantly
enhanced levels of Le" glycolipids associated with Raji cell

binding CIC and 12 of 12 patients had enhanced levels associ
ated with Clq-CIC (Figs. 3 and 4). Assays using monoclonal
antibodies have also been applied to detection of circulating
Sialosylated Le" structures in serum of patients (23, 24). A
passive hemagglutination test for Sialosylated Le" detected

serum antigen in 89 of 287 patients (31 %) with adenocarcinoma
of the lung, colon, or breast (23) while a solid phase radioim-

munoassay detected serum antigen in 51 of 131 patients (39%)
with the same tumors. The percentage of patients positive for
Lex antigen using either one of the CIC tests described here

was significantly higher than the percentage of patients positive
for Sialosylated Le". Thus, quantitation of Le" associated with

CIC may be of value in diagnosis of adenocarcinoma or for
monitoring the progress of patients during treatment.
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