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ABSTRACT

A mouse IgM monoclonal antibody FW6 was established after immu
nization of mice with mucins from human amniotic fluid and was char
acterized with regard to its binding epitope. According to a series of
biochemical criteria the epitope is located on O-linked neutral carbohy

drates of A/,.700,000 and Mr 570,000 mucins in human amniotic fluid. The
epitope is presumed to contain oJ/4-linked fucose and terminal /!.< 4-

linked galactose that are labile to the fucosidase I from almond emulsion
or to the galactosidase from bovine testes, respectively. Immunoreactive
fractions of glycan alditols from human amniotic fluid mucins were par
tially characterized by fast atom bombardment-mass spectrometry and
methylation analysis to be composed of monofucosylated polylactosamine-
type deca- or nonasaccharides. According to antibody competition studies,
inhibition assays with defined carbohydrates and binding assays on neo-

glycolipids monoclonal antibody FW6 are presumed to recognize a novel
epitope that is distinct from known carbohydrate markers of the I,<â€¢"I r'

family associated with colonie carcinomas. The selective reactivity of this
monoclonal antibody to the majority of human colonie carcinomas and its
nonreactivity to normal colonie mucosa may render this antibody as a
valuable tool in cancer diagnosis or cancer treatment.

INTRODUCTION

Since introduction of the hyhridoma technique for the generation
of monoclonal antibodies, evidence that carbohydrates related to
blood group alloantigens are expressed in association with human
cancer is accumulating (1, 2). Two types of aberrant glycosylation
have been observed to occur on glycoproteins and glycolipids in an
organ- and cancer-characteristic manner (1, 2): (a) irregular alloanti-

gen expression such as the A, B, H blood group synthesis on carci
noma cells of the distal colon, which is regularly restricted to early
embryonic epithelia of this organ and ceases approximately 8 weeks
after fertilization when organ maturation has finished morphologi
cally (3); and (b) retrograde expression of fetal carbohydrate anti
gens during malignant transformation, which belong to the class of
blood group derived neoantigens (sialyl-Lex) or to blood group pre

cursors resulting from incomplete synthesis (Tn, T, sialyl-Tn). In

particular, colon adenocarcinoma cells have been reported to accu
mulate a series of glycosphingolipids expressing linearly extended
Le" sequences (4, 5). Extended Le" is a regular constituent of fetal

colon but absent from normally differentiated epithelia of this organ
in adults.

Although many carbohydrate epitopes, particularly those of the
lacto-series, are expressed both on glycolipids and on glycoproteins,

the relevant antigens for sÃ©rodiagnosticanalysis have been demon

strated to be carried by mucins. Most of the MAbs2 defining the Le"

antigen family have been raised against glycosphingolipids as target
antigens. However, chemical analyses of cross-reactive mucin carbo

hydrates have revealed that the relevant antigens are structural units of
more complex and branched oligosaccharides (6, 7).

We have generated a series of monoclonal antibodies by immuni
zation of mice with human amniotic mucins which are believed to be
of fetal origin. Structural analyses of these mucins with regard to their
carbohydrates had revealed a preponderance of sialylated oligosac
charides identical with the carcinoma-associated neoantigens sialyl-
Lea and sialyl-Le" (6, 7). Among the carbohydrate-specific hybridoma

antibodies, MAb FW6 turned out to bind highly selectively to cells
and cellular secretions of colon carcinomas. In a previous report (8)
76% of colonie adenocarcinomas were shown to express this MAb-

defined epitope, while histologically normal mucosae adjacent to the
tumors or in normal proximal colon were nonreactive. In addition
MAb FW6 stained large cell carcinomas of the lung, gastric carcino
mas, and ovary adenocarcinomas (8).

It was the aim of the present contribution to characterize the epitope
structure defined by this antibody and to relate its reactivity to other
carcinoma-associated markers.

MATERIALS AND METHODS

Monoclonal Antibodies

The generation and preliminary characterization of MAb FW6 have been
described previously (8). Hybridoma antibodies used in this study for com
parative purpose were purchased from BioCarb, Lund, Sweden (Y001,
Le" 01, Leh 01), and Becton Dickinson, San Jose, CA: LeuMl (9) or, kindly
provided by Dr. Bara, 12^Le (10), 19-OLE;3 CSLEX1 (11), Dr. Terasaki.

UCLA School of Medicine, University of California, Los Angeles, Ã‡A;FH6
(12), Dr. Hakomori, Biomembrane Institute, Seattle, WA; 115G3 (13), Dr.
Milkens, Kaanker Institut, Amsterdam, The Netherlands; A46-B/B10 (14),
A51-B/A6, A70-A/A9,-1 Dr. Karsten, Max DelbrÃ¼ckZentrum fÃ¼rMolekulare
Medizin, Berlin-Buch. Germany; and AM-3 (15), AM-4,3 Dr. Hanski, Uni

versitÃ¤tsklinikum Steglitz, Berlin. Germany.

Glycoproteins and Mucins

Mucus glycoproteins from human body fluids (gastric juice, ovarian cyst
fluid, skim milk, seminal plasma) were isolated according to previously pub
lished procedures (16-18) by extraction with 90% phenol and chromatography

on Sephacryl S300.

Carbohydrates

Isolation and purification and structural characterization of mucin-derived

oligosaccharides have been described for the glycans from human seminal
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plasma (18) and amniolic Huid (ft. 7, Id). Reducing oligosaccharidcs from
human milk were purchased from BioCarb or kindly provided by Dr. Egge
(Institute of Physiological Chemistry. Bonn, G Tmany). Lacto-jV-fucopentaose
V and 1113 fucosyl paralacto-/V-hexaose were obtained from Oxford Glyco-

Systems (Ahingdon. England).

Glycosphingolipids

Glycosphingolipids from a human sigma colon carcinoma (38 g) were
isolated according to Hakomori ci al. (4) with several modifications. Glyco

sphingolipids in the crude extract were acetylated and separated from other
lipids on florisil (100 ml) using a stepwise clution with /i-hexane/dichloro-
ethane. 1/4 (300 ml); dichloroethane (300 ml); and dichloro-ethane/acetone,
1/1 (300 ml). After de-O-acetylution with 0.2 MKOH in methunol (30 min) and

desalting on Dowex 50Wx8 (hydrogen form) neutral glycosphingolipids were
separated from gangliosides on DEAE-Sephadex A25 (30 ml) using

chlorofrom/methanol/water 30/h()/8 (150 ml) or chloroform/methanol/0.8 M
ammonium acetate 30/60/8 (150 ml) for elution.

Preparation of Amnintic Mucin

Amniotic fluid from several donors was collected on birth by specially
instructed nurse in the Clinic of Gynecology and Obstetrics, Cologne. The
frozen samples (1-2 liters) were thawed and immediately centrifuged at 25,000
,i>.The clear, cell free supernatant was extracted with an equal volume of 90%
(v/v) phenol at 65Â°Cfor 15 min to enrich the sialoglycoproteins in the aqueous

phase. After extensive dialysis against water the fraction of sialoglycoproteins
was freeze-dried and applied onto a column of Sephacryl S400 (2.5 x 100 cm)

equilibrated and run in 4 Mguanidinium chloride, 1 HIMEDTA, 1 mu sodium
phosphate (pH 7.0). Mucins eluting with the void volume were dialyzed and
freezc-dried. Pronase-stahle, high-molecular-mass glycopeptides from human

amniotic fluid were prepared according to a previously published method (16).

Isolation and Purification of Mucin Carbohydrates

O-linked oligosaccharides were cleaved from amniotic mucins by reductive
ÃŸ-elimination, fractionated by aniÃ³n exchange chromatography on DEAE-

Sephudex A25, and purified by HPLC on aminopropyl silicate (16).

Immunochemical Analyses

Quantitative analyses of antibody binding to immmobilized antigens were
performed as solid-phase enzyme immunoassay on 96-well flat-bottom immu-

lon microtitration plates (Nunc. Wiesbaden. Germany). The antigens (mucins,
Pronase-stable glycopeptides. or neoglycolipids) were coated onto the plastic
surface of the wells by drying 50-jxl aliquots containing 1-100 fig/ml. 0.1 M

carbonate buffer (pH 9.6) (glycoproteins) or 40% (v/v) aqueous mclhanol
(neoglycolipids) in an oven at 37Â°Covernight. Ascites fluid diluted appropri

ately in 0.5% bovine serum alhumin/phosphate-buffered saline or 5 ng purified

antibody/ml were incubated with the immolilized antigen in the absence or
presence of serial 2-fold dilutions of alditols/sugars (up to 2 mm) for 18 h at
4Â°C. Bound antibody was quantitated by a double sandwich assay using

alkaline phosphatase-anti-alkaline phosphatase complex (15).

Preparation of Neoglycolipids

Neoglycolipids of mucin-derived alditols were prepared according to the
procedure of Stoll et al. (19) by mild selective oxidation of the galactosami-
nitol residues and coupling of the fragments by reductive amination to dipul-

mitoylglycerophosphoethanolamine. Reducing oligosaccharides were coupled
to the lipid carrier after soluhilization in dimethvlsulloxide by reductive ami-

nation as in Ref. 19.

Chemical and Biochemical Treatments

Antigens (amniotic mucins or Pronase-stable glycopeptides) were treated
(heat, periodate oxidation, mild acid hydrolysis, a-sialidase or endo-ÃŸ-galac-

tosidase digestion) for a chemical or enzymatical modification of their carbo
hydrates as described previously (15).

OLÃŒ-or Â«3/4-linked fucosyl residues were cleaved enzymatically by treat

ment with the respective exoglycosidases from bovine kidneys (0.1 unit) in 0.1
M acetate buffer, pH 5.8. or from almond emulsion (20 \i units) in 50 HIM

acetate buffer. pH 5.0. for 24 h at 37Â°C.The enzymatic reaction mixtures were
heat treated for 2 min at 9()Â°Cand diluted with carbonate buffer. pH 9.6, to a

final concentration of 0.1 mg/ml.

Structural Analyses

Composition and mcthylation analyses and FAB-mass spectrometry have

been described in previous reports (1ft, 20).

Western Blot Analysis

Electrophoresis of HAF-mucin ( 100 /j.g preincubated in 1% sodium dodccyl
sulfate, 5% 2-mercaptoethanol for 10 min at 90Â°C)was performed on poly-

acrylamide gels (3â€”12%')in the presence of sodium dodecyl sulfate (0.1%) at

45 mA. Gels were fixed and stained with periodic acid schiff reagent or
electroblotted onto nitrocellulose. Binding of MAb FW6 was visualized by
gold-labeled goat anti-mouse immunoglobulins followed by treatment with

silver enhancer according to the manufacturers instructions (Janssen, RÃ¼s
selsheim. Germany).

Immunohistochemical Procedures

Tissues. Surgical specimens from colonie carcinomas and normal colonie
mucosa were retrieved from the files of the Institute of Pathology. Tissue
samples were fixed in 6% neutral buffered formalin, processed in a routine
manner, and embedded in paraffin. FÃŒVC-/J.ITIthick sections were prepared for

the present histochemical studies. Fetal gastrointestinal tracts were obtained

from 15 fetuses after abortion occuring between 14 to 32 weeks of gestation.
Gastric and colonie niucosae were immersed in a box filled with 96% ethanol.
After 2 h of fixation, the mucosae were coiled into "Swiss rolls" and fixed in

95% ethanol for 24 h and then processed routinely to embedding in paraffin.
ABO blood groups and Lewis status were determined by immunoperoxidase
on gastric mucosae using specific MAbs.

Immunostaining Procedure. Histochemical staining with MAb FW6 has
been performed as desrcibed previously (8).

Antibody Competition Analyses

Competition assays with monoclonal antibodies of defined carbohydrate
specificities or with unlabeled FW6 (0.5-50 ng/ml) were performed on am
niotic mucin-derived glycopeptides (25 /ig/ml) by coincubation with biotinyl-

ated FWft antibody (5 /xg/ml) for 2 h at ambient temperature. The plate was
developed with streptavidin-alkaline phosphatase conjugate (Boehringer,
Mannheim. Germany) for 30 min followed by />-nitrophenylphosphate (1 mg/

ml). MgCli (0.5 imi) in diethanolamine buffer. pH 9.8.

RESULTS

Biochemical Characterization of the Immunogen and of the
FW6-defined Epitope. Mucins from HAF were used as immunogen
for the generation of mouse monoclonal antibodies with carbohydrate
specificities (8) which were selected by screening on Pronase-stable,
high-molecular-mass glycopeptides from human amniotic fluid. A

characterization of the immunogen in HAF by Western blot analysis
revealed that MAb FW6 immunoreactivity is associated with two
prominent mucin species (or subunits) exhibiting apparent molecular
masses of 700 or 570 kilodaltons (data not shown), which had been
partially characterized in a previous contribution (16).

A biochemical epitope analysis revealed that binding of MAb FW6
is directed to a carbohydrate O-glycosidically linked to the HAF-

mucin core peptide (Table 1). The epitope was resistant to extensive
Pronase digestion, heat treatment, and modification of peptide amino
groups by trinitrophenylation (Table 1). On the other hand, oxidation
of vicinal secondary alcohols by mild periodate readily destroyed the
epitope (Table 1). Evidence from enzymatic hydrolysis revealed that
the active carbohydrate is resistant to endo-ÃŸ-galactosidase from Bac-

teroicles fragilis (Table 1).
The epitope structure was also retained after removal of sialic acid

by digestion with Vibrio cholerae sialidase indicating that the acidic
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sugar is not essential for antibody binding. A contribution of fucosyl
residues, however, to the active carbohydrate structure could be veri
fied by hydrolytical cleavage of the sugar in dilute trichloroacetic acid
(Table 1) resulting in a decrease of the Fue/Gal ratio on the glyco-

peptide by 80% and a nearly quantitative destruction of the epitope.
Fucose-linked a2 to terminal galactose (H-antigens) is presumably not

involved in the MAb FW6 binding, since hydrolysis of the antigen
catalyzed by a-fucosidase from bovine kidney had no effect on the

binding activity (Table 1). On the contrary, a strong reduction of
antibody binding was observed after enzymatic treatment of the an
tigen with the a3/4-specific fucosidase from almond emulsion (Fig.
l<i). The involvement of ÃŸ3/4-linked galactosyl residue(s) in the
MAb-defincd epitope is indicated by the significant decrease of FW6-
binding activity measured after treatment of the antigen with ÃŸ-ga-

lactosidase from bovine testes (Fig. \h).
The binding mode of the active carbohydrate to the peptide core

was established by its ready elimination catalyzed by dilute alkali
hydroxyde. The active conformation of the carbohydrate was retained
on reductively cleaved alditols as indicated by their strong inhibitory
power (Fig. 2).

Table 1 lÃ¬Ã™H'Ã¬icrnicali 1analysis of /-'H'6 antihtuly

Treatment"
Activity retained after

treatment (%)
Heat (I(H)Â°C;1 h)

2,4.0-Trinilrobenzcncsulfonic acid
(0.75 mu; 22Â°C;30 min)

Periodate ( 1 mm. 25Â°C;l h)*1
Trichloroacetic acid (0.1 M; 1(X)Â°C;2 h)
Pronasc P from Streptonn'ces grÃseas

(l mg/10 ml with 8 DMC/mg. 37Â°C;72 h)

Endo-ÃŸ-galactosidase from B. fragilis
(20 munits; 37Â°C;24 h)

afucosidase from bovine kidney (0.1 unit; 37Â°C;24 h)
usialidasc from V. clmlerae (O.I unit; 37Â°C;1 h)

98

III
6

IHM

93

HIS
110

" The duplicate analyses were performed on pronase-stable amniotic glycopeptides and

binding activities measured for FW(> in an en/yme immunoassay were expressed in
percentages relative to that registered for pronase-stable amniotic glycopeptides at 0.1

mg/ml. The binding efficiency of the treated antigens to the plastic surface was confirmed
by using control antibodies of known specificities and with unaffected reactivities to the
treated antigens.

/l Periodate treatment was performed after immobili/ation of the antigen to the mi-

crotitration wells.
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Fig. 1. Binding of MAb FW6 to exoglycosidasc-trealed mucin glycopeptides. HAF-
mucin glycopeptides were treated with eÂ»3/4-fucosidase I from almond emulsion (a) or
wilh (33/4-galactosidase from bovine testes (h) and analyzed for the binding aclivily of
MAh FWn by enzyme immunoassay as described in "Materials and Methods." Concen

trations of antigen applied to the microtitration wells are given on a log scale: A and â€¢¿�
untreated controls; A and D, enzyme-treated antigens.
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Fig. 2. Inhibition analyses of FW6-binding by oligosaccharidc alditols. A, high per
formance liquid chromatography of monosialvlatcd alditols (fraction FW-MS) derived
from human amniotic mucins. One mg of oligosaccharide alditols was applied onto a
column of primary amine bonded silica (0.4n X 25 cm). Carbohydrates were eluted at a
flow rate of 1 ml/min with acetonitrile/15 HIMKH;P()4. pH 4.7. using a gradient from 7/3
up to 1/4 (v/v). Eluting carbohydrates were registered spcctrophotometrieally at 1Â°2nm.
Peak numbers 1-X refer lo fractions MSI to MSX. H. inhibition of FW6-binding lo
Pronase-stable mucin glycopeptides by oligosaccharide alditols in HPL.C subfractions.
Enzyme immunoassays were performed on polystyrene microtiler plates which had been
precoated with 2 /ig glycopeptidcs/ml. FW6 antibody in cell culture supernatants was
preincubated with serial 2-fold dilutions of alditols (up to 2 niM) and added to the antigen
containing wells. After overnight incubation at 4Â°Cbound antibody was quantitatcd by

rabbit anti-mouse immunoglohulin/alkaline phosphatase-anti-alkaline phosphatasc in a
double sandwich assay. For reason of clearness presentation of data has been restricted to
inhibition curves obtained for alditols in fractions MS-5 (A). MS-6 (A). MS-7 (â€¢).and
MS-8 (O).

Structural Analyses of Oligosaccharide Alditols Immunoreac-
tive to MAb FW6. Oligosaccharide alditols from amniotic mucins or
Pronase-stable mucin peptides were fractionated into neutral, mono
sialylated (FW-MS), and disialylated carbohydrates and purified by

high performance liquid chromatography (16). The fractions were
assayed for the presence of MAb FW6-binding components by inhi

bition analyses in enzyme immunoassays (Fig. 2). Inhibitory activity
was found in the fraction of neutral (N-ll) (data not shown) and
monosialylated alditols (MS-8) (Fig. 2) but also after sialidase treat
ment of alditols in fraction FW-MS and subfractionation of the prod
ucts by HPLC (MSa-6) (Fig. 3).

Alditols contained in fractions MS-8 or MSa-6 were subjected to

structural analyses comprising composition and methylation analyses
436Â«)
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Fig. 3. Binding of FW6 antibody to neoglycolipids prepared from alditol derivatives of
amniotic mucin oligosaccharides. a, high performance liquid chromatography of neutral
aldilols derived from the fraction of monosialylated oligosaccharides (FW-MS) by V.

cholerae sialidase treatment. High performance liquid chromatography was performed as
described in Fig. 2. except for the mobile phase which was replaced by acetonitrile/water.
Peak numbers 1-7 correspond to the HPLC fractions MSa-1 to MSa-7. f>,binding activity
of FW6 antibody on alditol derived neoglycolipids immobilized on microtiter plates.
Neoglycolipios were solubilizcd in methanol or methanol/water, 2/3 (10 ng/ml), and dried
down in %-well polystyrene microtiter plates. FW6 binding activity was measured by
enzyme immunoassay using the alkaline phosphatase-anti-alkaline phosphatase complex
as described in "Materials and Methods."

combined with FAB-mass spectrometry (Fig. 4; Table 2). The mass
spectrum obtained for the methylated alditols in fraction MS-8 re

vealed in the high mass range signals at mlz 2394 (M+H) and m/z
2416 (M + Na) (Fig. 4ÃŸ).On the basis of mass increment calculations
these pseudo molecular ions should represent monosialylated deca-

saccharides with the composition NeuAc (1), dHex (1), Hex (4),
HexNAc (3), and HexNAc-ol (1).

A sequence analysis based on primary fragment ions in FAB-MS of

the methylated alditols revealed signals indicative of a considerable
molecular heterogeneity of the sample (Fig. 4, A and C). Isomerie
decasaccharides with branched or linear backbones and alternative
sialic acid substitutions are presumably present in this fraction (Fig.
4c). In Fig. 4C only a selection of possible structures with preferential
chain extension at 6-GalNAc is presented and leaving alternative

positions of fucosylation unconsidered.

Sequence ions for the sialylated (or nonsialylated) branches were
registered at m/z 825 (464), 999 (638), and 1448 representing the
glycan fragments NeuAc (Hex HexNAc)*, NeuAc (dHex Hex
HexNAc)+, or NeuAc dHex Mex2 HexNAc2+, respectively. No frag

ment based on a trimeric lactosamine backbone (dHex Hex3

NÂ«uAc -Ã•

NÂ«uAc -I

2Ã•(- Ãª25

-G*ll-3ClcNAc

-GÂ«ll-4ClcNAc ' "cÂ«lMAc-Ol
3 -Gal ~

Fuel
753 -999

|Â«Ã®- 638|

tat-wf; |HÂ»7|; tÂ«36|;
JIB-SIS: uta: 1197:

-Gmll-SClcKAe-^Gal-ClcKAciCal-ClctlAc ^

1-432 - 63Â«|; Â¡lOiTf

793 - 999 â€¢¿� Uta

-Gall-4ClcNAc-Gal-ClcNAc

-GÂ«ll-3GlcNACTGÂ«l

2ÃŽB- 8Ã•5 !

Fig. 4. Positive ion FAB-mass spectra of permethylated alditols in fractions MS-8 (A.
B) and MSa-6 (C) and possible fragmentation schemes (D). All mass numbers are shown

by nominal masses. For experimental details see Ref. 20.
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Table 2 Mflhylaliim analysis of oligosaccharidc aldiHils

Partially methylated alditol MS 8"

Fucitol
2,3,4-tri-O-mcthyl

(ialactilol
2,3,4.<)-lelra-Omelhyl
2.4.6-lri-O-melhyl
2,4-di-O-melhyl

2-W-melhylacetamido
2-Deoxygalactitol

1.4.5.6-tctra-O-mcthyl
1,4,5-tri-O-mcthyl

2-A/-methylacelamido
2-Dcoxyglucitol

3,6-di-O-mcthyl
4,ft-di-O-mclhyl
6-mono-O-melhyl

0.3

0.6
1.4
0.5

1.5
0.3
1.0

" Quantitative data are based un peak area integration of the gaschromatographic

profile registered by total ion detection in GC-MS.
0 Quantitative data could not be obtained due to scarcity of the material. The individual

derivatives were identified by single ion monitoring at m!; 158. 175. 181),205, 233. 246.

305. 318. and 346.

HexNAc,)* was detected at m/z 1536 or at mlz 1897 representing the

corresponding sialylated branch.
The assumption that fraction MS-8 should contain alditols with

branched backbone sequences is based on the data from methylation
analysis indicating the presence of 3.6-di-O-substituted galactose in
MS-8 alditols (Table 2). However, the formation of primary fragments

at mlz 1448 or (1087) with the calculated composition NeuAc (dHex
Hex2 HexNAcj)+ suggests that glycans should be also present in this

fraction which exhibit a linear extension of their backbone chains.
According to the semiquantitative data presented in Table 2 the de-

casaccharides contain unsubstituted fucose, unsubstituted galactose,
3-mono-O- and 3,6-di-O-substituted galactose, 3,4-di-O-substituted
yV-acetylglucosamine, 3-mono- and 4-mono-O-substituted Â¿V-acetyl-
glucosamine, and 3,6-di-O-substituted Â¿V-acetylgalactosamine. The
absence of 2-mono-O-substituted galactose rules out the possible oc
currence of blood group H active Fuc(l-2)Gal sequences. On
the same line the existence of a trisaccharide sequence Fuc(l-2)Gal-
(l^t)GlcNAc is largely excluded by the lack of a secondary ion at

m/z 606 (Fig. 4, A and C). This daughter ion regularly appears with
at least 50% of the intensity registered for the corresponding pri
mary fragment at mlz 638 in FAB-MS, if this sequence is present

exclusively (18).
HPLC fraction MSa-6 which was isolated after treatment of

FW-MS alditols with V. chokrac sialidase was identified to contain
FW6 immunoreactive alditols by solid-phase enzyme immunoassay

of the corresponding neoglycolipids (Fig. 3). The structural aspects
of the nonasaccharide alditols contained in this fraction as revealed
by FAB-MS were similar to those established for MS-8 alditols and
indicated that the major components in MSa-6 should represent
the desialylated derivatives of MS-8 alditols (Fig. 4B). Also this

fraction was heterogeneous containing an admixture of unbranched
isomers, since the fragment ion at mlz 1087 could be registered. The
series of signals at mlz 859, 1308, and 1482 does not correspond to
known primary fragments but should be derived from the methylated
carbohydrate:

OT/Z1482- 1308- 859.

In conclusion, it should be stated that the structural identification of
MAb FW6-binding oligosaccharides is incomplete. Although it has
been firmly established that the antibody-defined epitope is located on
monofucosyl polylactosaminoglycans in fractions MS-8 and MSa-6,

these fractions should contain a mixture of glycans with linearly

extended or branched backbones and with fucosylation at the penul-
MSa-ft'' limate or internal GlcNAc residues.

Binding Assays on (Neo)Glycolipids and Glycoproteins. To dc-
+ fine the structural features of the MAb FW6-dcfincd epitope binding
+ studies on immobilized (neo)glycolipids and glycoproteins were per-

(+) formed using MAb LeuMl as a reference antibody. A scries of short-
chain, blood group antigens as found on oligosaccharides from human
milk or mucins in human seminal plasma (18) were tested for MAb
FW6 binding to the respective neoglycolipids (Table 3). Among them,
the terminal tri- or tetrasaccharide antigens HI. H2. Lca. Le", and Ley

can be excluded to carry the MAb FW6-defined epitope. The refer

ence antibody MAb LeuMl was reactive to LNFP III and to the
(+) tetrasaccharide fragment from a mucin-derived pentasaccharide

GalÃŸl-4(Fucl-3)GlcNAcÃŸl-3GalÃŸl-3GalNAc-ol (18), both carry
ing the Le"-active trisaccharide sequence (Table 3). The neoglyco-

lipid derivative of III3 fucosyl paralacto-jV-hexaose exhibiting inter
nal 3-fucosylation of a mixed-type polylactosamine sequence was

not binding active to either of the antibodies (Table 3). Further evi
dence for the distinctness of the MAb LeuMl- or FW6-defined epi-

topcs became evident by their differential binding activities on neu
tral glycosphingolipids from human colon carcinomas (Fig. 5),
reportedly expressing short-chain and extended Le" antigens (4). Lex

antigens on glycolipids in this fraction were recognized by MAb
LeuM 1 but not by FW6 antibody. Moreover, their reactivity to mu
cins from bloodgroup-defined individuals was distinguished by pref
erential binding of MAb FW6 to secretor-derived material, while
MAb LeuMl exhibited higher activities on nonsecretor-derived mu
cins (data not shown). A secretor gene-dependent expression of the
MAb FW6-defined epitope, however, could largely be ruled out by
demonstrating that the antibody binds to Pronase-stable glyco-
peptides from saliva of blood group Le;l individuals. Finally, the

binding pattern of MAb LeuMl is distinguished from that of MAb
FW6 by its reactivity to the human secretory component carrying the
Le"-trisaccharide on a series of biantennary, polylactosamine-type N-

glycans.
Binding Inhibition Assays. Inhibition assays of antibody binding

to HAF-mucin glycopeptides were performed by coincubation with
fractions of mucin-derived alditols, MS-8 (Fig. 2) or MSa-6 (Table 4)
and a series of milk oligosaccharides carrying 3-fucosyl-jV-acetyllac-

tosamine in various linkage positions and different chemical environ
ments (Table 4). While the monofucosyl polylactosaminoglycan aldi
tols in fractions MS-8 and MSa-6 exhibited a considerable inhibitory

potential with IDS()values of 10 /U.M,no comparable activity could be
measured for the milk oligosaccharides 3-fucosyllactose, lacto-N-fu-
copentaose III, lacto-N-fucopentaose V. monofucosyllacto-yV-hexaose,
or difucosyllacto-iV-hexaose (Table 4). Accordingly, the MAb FW6-
defined epitope is neither located on short-chain Lex antigen linked to
3Gal nor on Lcx antigens linked 3 or 6 to branched Gal or on internal
Le" antigen within a hybrid type 1-type 2 backbone chain. Finally, its
identity with Le" antigen linked to a branched core 2 as found on a

seminal plasma mucin-derived hexasaccharide (SPL-A7) has been

ruled out (Table 4). According to these inhibition analyses there is also
no structural relationship to the related blood group H2 antigen on a
series of milk oligosaccharides (data not shown).

Antibody Competition Assays. Competition analyses with vari-

(A) ous hybridoma antibodies reactive to carbohydatc epitopes were per
formed to elucidate whether MAb FW6 belongs to the family of well
defined antibodies with Lex, sialyl Le", Ley, or H2 specificities

(Table 5). MAb FW6 binding was neither inhibited competitively by
the anti-Ley-related MAb 12-4Le (10) nor by several anti-H type
2-related MAbs 19OLE, A46-B/B10, or A51-B/A6. Also a cross-
reactivity of MAb FW6 with Lea (MAbs Lca01, AM-4) or Leh-spccific
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Table 3 Structures of gfycan moieties on neoglycolipids ami their reactivities with FW6 or LeuMI antibodies in solid-phase enzyme immunoassay

Neoglycolipids"
Designation of

oligosaccharides''

Immunoreactivity of MAh

FWfi LeuMI
Fuca(l-2)GalÃŸ(l-3)OX

Fuca(l-2)GalÃŸ(l^t)GlcNAcÃŸ(l-3)GalÃŸ(l-3)OX

GalÃŸ(l-t)GlcNAcÃŸ(l-3)GalÃŸ<l-3)OX
3
I

Fucal

SPL-N

SPL-N4

SPL-N5

Fuca(l-2)GalÃŸ(1^4)GlcNAcÃŸ(l-3)GalÃŸ(l-3)OX
3
I

Fucal

SPL-N8

GalÃŸ(l-l)GlcNAcÃŸ(l-o)OY

3
I

Fucal

GalÃŸ(l-i)GlcNAcÃŸ(l-3)GalÃŸ(l-4)Glc

3
I

Fucal

Asialo
SPL-A7

LNFP III
(IH'Fuc-nLcOsej)

GalÃŸ(l-3)GlcNAc0(l-3)GalÃŸ(l-i)Glc
4

I
FucÂ«1

LNFP II
(III4Fuc-LcOs4)

GalÃŸ(I-3)GlcNAcÃŸ(l-3)GalÃŸ(l-4)Glc
2
l

Fucal

GalÃŸ(l-3)GlcNAcÃŸ(l-3)Ga

Fucal

GalÃŸ(l-3)GlcNAcÃŸ(l-3)GalÃŸ<l^t)GlcNAcÃŸ(l-3)GalÃŸ(l^t)Glc
3
l

Fuca l

l.NFP l
(IV2Fuc-LcOSe4)

I-NFP V
(I^Fuc-LcOscj)

(Ul'Fuc-LcOse,,)

" Oxidative cleavage of C4-C5 of Ihe galaclosaminitol containing carbohydrates and reductive amination of the aldehydes to di-palmitoylglycerophosphoelhanolamine resulted in

3-OX or 6-OY neoglycolipids corresponding to the 3- or ft-linked branches of the core GalNAc-ol. Reducing oligosaccharides were coupled directly by reductive aminalion to
di-palmitoylglycerophosphoethanolamine.

h SPL-N and SPL-A, neutral or acidic oligosaccharides alditols, respectively, derived from mucin-type glycoprotcins of human seminal plasma which have been structurally

characterized (IS).

antibodies (Lch()l) could be excluded. The biotinylated tracer, how

ever, was quantitatively displaced by unlabeled MAb FW6.
Histochemical Studies. The distribution of FW6-positive cells in

normal human tissues is restricted to mucus secreting glandular epi-

thelia of the salivary glands, pancreas, stomach (pylorus glands),
duodenum (Brunner's gland), kidney (urothelium). and bronchus.

Staining of Paneth cells in the ileum, absorptive cells in the cecum and
of some goblet cells in the right colon has previously been shown to
be dependent on the secretor status of the donor (8). Ileum, right
colon, and left colon from nonsecretors were virtually negative on
staining with MAb FW6.

Binding of MAb FW6 to fetal and carcinoma tissue was compared
to MAbs LeuMI (monomeric Le") and FH6 (sialyl dimeric Le").

These histochemical studies revealed that the epitopes defined by
MAbs FW6 and LeuMI are strongly expressed in fetal mucosa of
the proximal colon (Fig. 6, A and B), while that of MAb FH6 could
only be observed in individual cells. A strict secretor status depen
dency was demonstrated for MAb FW6 binding to the absorptive
cells and goblet cells in proximal colon tissue of Lewis blood group
defined fetuses (Table 6). Normal adult colonie mucosa and transi

tional mucosa of carcinomas lacked FW6 immunoreactivity (Fig.
5C). By contrast, some cases of normal and transitional mucosa
showed a weak to moderate LeuMI reactivity of basal cells of the
crypts. As demonstrated previously for this antibody no FH6 staining
of normal colonie mucosa and only a very occasional of transitional
mucosa was observed.

About 70-80% of the examined specimens of colonie carcinoma

exhibited a positive reactivity of MAb FW6 (8). The antibody re
acted with the apical membrane of neoplastic glands and with their
secretions (Fig. 6D). LeuMI showed, by contrast, a reactivity in
90% of the carcinomas. A comparison of MAbs FW6 and LeuMI re
vealed an inverse staining pattern between the individual tumors and
even within the same tumors. In general, LeuMI predominantly re
acted cytoplasmatically (Fig. 6Â£). On comparison of MAbs FW6
and FH6 a comparable sensitivity and a similar staining pattern be
came evident on colonie carcinomas (Fig. 6, F and G); however, on
a small panel of samples exclusive staining by one of the two MAbs
was observed.

Tissue sections of normal human kidney revealed further striking
differences of the staining patterns obtained with the MAbs LeuMI
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Fig. 5. Binding of monoclonal antibodies FWn and anli-l^uMI lo neutral glyco-
sphingolipids from human colon carcinoma. Glycosphingolipids in mcthanol were im
mobilized to polystyrene wells after 2-fold serial dilution starting from 50 fig hexose/ml
by drying for 2 h at 37Â°C.MAbs FW6 (O) and anli-LeuM I (â€¢)were used at 5 /ig/ml and
incubated overnight at 4Â°C.For further details see "Materials and Methods."

and FW6. While the former was strongly positive on epithelia of the
proximal and distal tubuli and collecting ducts in accord with their
known expression of Le"-antigen, the latter showed high binding

activities only on the apical membranes and mucus secretions of the
urothelia.

DISCUSSION

The binding epitope for monoclonal antibody FW6, previously
generated to HAF-mucins, has been characterized to be located on
monofucosylated nona- and decasaccharides of the polylactosamine

type. The novelty of the epitope became evident from sugar inhibition
and antibody competition studies revealing that the structure recog
nized by MAb FW6 is distinct from known carbohydrate antigens of
the H2/LeVLey family. The involvement of a3/4-linked fucose and
terminal ÃŸ-galactose,however, has been demonstrated by enzymatic
destruction of the MAb FW6-defined epitope.

The blood group Le;'-trisaccharide can be excluded on the basis of
several lines of evidence: (a) Lea-specific antibodies do not compete

with MAb FW6 for binding sites on amniotic mucin; (b) the occur
rence of trisacchride on binding active alditols in fractions MS-8 or
MSa-6 is not indicated by secondary fragment ions in FAB-mass
spectrometry (m/z 402); Leb- and Ley-tetrasaccharide sequences are

excluded by the findings that (c) binding active oligosaccharides from
HAF-mucins are monofucosylated glycans and (i/) no indication for

the presence of these terminal tetrasaccharides is revealed by the
primary fragments in FAB-mass spectrometry of fraction MS-8 or
MSa-6. Similarly, a relationship of the MAb-defined structure to
known Le"-antigens is questioned by the nonreactivity of a series of

milk oligosaccharides expressing 3-fucose linked to subterminal or
internal GlcNAc residues within linear or branched lactosamine-type

backbones. The epitope recognized by MAb FW6 is also distinct from
that of MAb ACFH18, which is reactive to the 1-3 fucosyl residue at
VII GlcNAc and internal portions of an endo-ÃŸ-galactosidase suscep
tible polylactosamine sequence on VII'Fuc-nLc,,, (21). Although

MAb FW6 may also recognize an internal fucosyl residue and may
resemble in this respect MAb ACFH18, its epitope is resistant to
cleavage by the endo-ÃŸ-galactosidase from B. fragilis. Susceptibility
of the active oligosaccharide to the exo-ÃŸ-galactosidase from bovine

testes, however, indicates that an external portion of the fucosylated
polylactosaminoglycan is involved in the epitope of MAb FW6. The

summarized chemical and immunochemical data do not allow any
definite structural assigments with regard to the exact position of
fucose within the binding epitope for MAb FW6.

It has been noted that FW6-epitope expression is not correlated with

the secretor/nonsecretor status in some gastrointestinal tissues like
pyloric glands and their secretions or Brunner's glands of the duode

num. On the other hand, for Le"/Ley expression in human saliva a

correlation with the Se/se status has previously been established (22).
Salivary activity of FW6 binding, in contrast, is measured in specimen
from secretors and nonsecretors. This finding strikingly conflicts with
a hypothetical relationship of the FW6 epitope to Ley or extended Lcy

antigens which may be suggested on the basis of histochemical data.
In some restricted areas of gastrointestinal tissue (Paneth cells) and in
the fetal colon the expression of this antigen seems to be dependent on
the secretor gene coded ot-2 fucosyltransferase (8). Identity of FW6-

Table 4 Inhibition of FWf) binding lo xl\'coÂ¡)i'f>liili'*hv oli^ofiaccharidca

Amount (mm)causing
50% inhibition of

Oligosaccharide FWh-hinding

Fuca(l-2)GalÃŸ(l^l)Glc >20.0
GalÃŸ(l-4)Glc

GlcNAcÃŸ<l-3)

Fuca(l-2)GalÃŸ(l-3)

GalÃŸ(l-t)
\

Glc

Fuca(l-3)

Fuen) l-2)GalÃŸ(1-4)
s

/
Fuca(l-3)

3.0

\
Glc

GalÃŸ(l-l) GalÃŸ(l-4)Glc
\ /

GlcNAcÃŸ(l-3)

Fuca(l-3)

GalÃŸ(l-i)
\

GlcNAcÃŸ(l-ft)
X \

Fuca(l-3) GalÃŸ(l-Â»)Glc

GalÃŸ(l-3)GlcNAcÃŸ(l-3)

GalÃŸ(l-4)

>0.68

\
GlcNAÃŸ(l-h)

Fuca(l-3)
Galftl^t)

\
GalÃŸ(l-4)Glc XÃŒ.66

GlcNAcÃŸ(l-3)

Fuca(l-3)

GalÃŸ(l-l)
\

GlcNAcÃŸ(l-6)
/ \

Fuco(l-3) GalNAc-ol
/

GalÃŸ(l-3)

GalÃŸ(l-i)
/

GlcNAcÃŸ(l-3) Glc
/

GalÃŸ(l-3) Fuca(l-3)

Fraction MSa-6

>0.93

\

ll.lll
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Fig. 6. Comparative histochemical staining patterns of MAbs FW6 and anti-LeuMl and FH6. A, fetal colonie mucosa (24th week of gestation). Strong reactivity of FW6 was observed
with the cpithelia of the luminal border and goblet cells, concentrated in the supra-nuclear region, while the columnar cells exhibited a weak FW6 staining ( X 330). B, LeuM 1 reactivity
in Ihe fetal colonie mucosa (same case as in A ). Staining of the luminal horder epithelia and the supra-nuclear region of goblet cells is weaker than by FWfi, while most vacuoles of
goblet cells and columnar cells lack [,euM 1 antigen expression ( X 3(K1).C, normal adult mucosa lacking the FW6 defined epitope ( X 2(KI).D. colonie carcinomas showing strong FW6
reactivity along the luminal surface of the neoplastic glands and within the secretions (X t(X)). E, same carcinoma exhibiting cytoplasmatic LeuMl reactivity in some tumor cells
(X IIXI). F, further colonie carcinoma showing the typical FW6 staining pattern (X 1(X)).G, same carcinoma exhibiting a similar staining by FH6 (X 1(K)).

epitope and Le- or extended Ley antigens, on the other hand, can be

ruled out on the basis of other histochemical and cytochemical data.
In particular, acinar cells of normal human pancreas and a high pro
portion of human breast carcinomas, which have been reported to

express Ley (23), do not exhibit FW6 activity (8). Moreover, human

blood group 0 erythrocytes are regularly agglutinated by antibodies
with a H type 2 or Ley specificity, while FW6 does not exhibit

agglutinatory activity (data not shown).
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Table 5 Competition analyses of hiolinylalcd FWfi-antibody and carbohydrate-specific
montH-ltmal

Competing
antibodyFW6UuMlAM-3CSLEX1Le'OlAM-4U5Q312-4LELchO!19-OLEA46-B/BIOA5I-B/A6A70-A/A9Inhibition

of MAb FW6 binding
exceeding 50% in the presence of

Specificity competing anybodies (50fig/ml)Le*sialyl

Le"sialyl
Le"LcaLc"Lea-Le"LeÂ»Le"Â»2112WUfH1/H2+_----__-----

" Monoclonal antibodies of potential competitive activity were diluted 2-fold serially

starting from 50 /ig/ml and coincuhated for 2 h at ambient temperature with biotinylated
MAh FWft on immobilized glycopeptides from HAF-mucins (25 fig/ml). Detection was
performed with streptavidine-phosphatase conjugate (30 min) and 4-nitrophenyl-
phosphalc. The sources and references defining the MAb-defincd epitopes are given in
"Materials and Methods."

Table f> MAh FWo and H type 2 immunoreactivity on the proximal colon according
with the age unti Lewis status of fetuses

Lewis
statusLe"*"-Â»Le'""1**'Lela-b-)No.5450444057184947532763046321566463065340632055766303am6273Age(weeks)1618203232141C1718212224301420ABOOABA00D?AAA00AABFW6-__--â€¢fâ€¢f+â€¢fÂ±-+â€¢f_-H

type 2
(19-OLE)-----++++++â€¢M-+++++++â€¢f++++++_-

The ectopie expression of FW6 antigen in the distal human colon
resembles the pattern of binding activitiy observed for other mono
clonal antibodies with Le"-related antigen specificities, FH4 (5) and

FH6 (24). As demonstrated in an immunohistochemical study (25) the
latter antibodies defining polyfucosylated, long-chain Le" antigens or

their sialylated derivatives fail to react to normal colonie mucosa of
adults and bind only weakly or virtually not to fetal mucosa, particu
larly in the distal colon. On the other hand, monofucosylated short-
chain Le" antigen as defined by anti-SSEA-1 or AH8-183 (and also by

anti-LeuMl) (9) has been demonstrated on colon cancers and most

normal colonie mucosae including specimen from nonneoplastic
(benign) diseases.

The restricted reactivity of MAb FW6 to a mucin antigen on colon
carcinoma cells and the lack of reactivity to normal distal colonie
mucosa may promise this antibody as a valuable diagnostic tool for
the detection of cancer-associated mucin antigen.
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