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ABSTRACT

Five different neoglycoconjugates containing 3'-sialyllactose or related structures linked covalently to Human Serum
Albumin (HSA) were prepared as immunogens in order to elicit an immune response crossreacting with GMs. ELISA,
HPTLC-ELISA and inhibition experiments were used to test the sera of immunised animals against GMs and to a
series of 3'-sialyllactose derivatives coupled to casein or polyacrylamide. In general, the neoglycoconjugates in-
duced a moderate to strong immune response against the oligosaccharide, however the sera of immunised ani-
mals did not recognise the ganglioside GMs.
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RESUMEN

Neoglicoconjugados de la 3" -sialillactosa no son capaces de provocar una respuesta inmune contra el
gangliésido N-acetilGM; en ratones y pollos. Con el objetivo de preparar inmunégenos capaces de provocar
una respuesta inmune contra el gangliésido GMs, se prepararon cinco neoglicoconjugados que contenian el
trisacdarido 3 sialillactosa o trisacaridos de estructura similar enlazados covalentemente a la albumina sérica
humana (HSA). Para verificar lo anterior, los sueros de los animales inmunizados con los neoglicoconjugados
fueron analizados contra GMs y una serie de derivados de 3 “sialillactosa acoplados a caseina o poliacrilamida,
utilizando diferentes técnicas inmunolégicas: ELISA, HPTLC-ELISA y experimentos de inhibicién. De manera general,
los neoglicoconjugados provocaron una respuesta inmune de moderada a fuerte contra el oligosacarido
3 sialillactosa, sin embargo el suero de los animales inmunizados no fue capaz de reconocer el gangliésido GMs.

Palabras claves: gangliésido GMs, 3" -sialillactosa, neoglicoconjugados, anticuerpos, ELISA

Introduction

Gangliosides are natural components of the plasma
membranes. The ganglioside hydrophilic oligosaccha-
ride chain is oriented towards the extracellular envi-
ronment and has long been assumed to beinvolved in
cell-cell recognition and cell-cell adhesion aswell asin
the interaction with hormones, lectins, viruses, inter-
feron, bacterial toxins and the modulation of certain
growth factors[1, 6]. Its abnormal over expression in
some malignant tissues as compared to the normal
ones has been considered by severa groups of research-
ers as the basis for active specific immunotherapy
approaches to destroy these tumors [7, 10].

GM ; isby far the most abundant gangliosidein the
majority of human tumor tissues and therefore can be
considered as an attractive option for active specific
immunotherapy of tumors.

Gangliosides -as most carbohydrates- are T-inde-
pendent antigens and poor immunogens. Hence, the
need to devel op strategiesfor the coval ent coupling of
gangliosides to carrier proteins having T-helper cell
epitopes able to promote an efficient, T-dependent,
1gG isotype, booste immunological response. One of
these approaches could be the covalent binding of 3'-
sialyllactose (the oligosaccharide component of GM 5
ganglioside) to immunogenic proteins.
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Ganglioside antibodies can be produced in several
ways e.g. injection of its micelles and methylated
bovine serum albumin [11] or by injection of gan-
gliosidesincorporated to hydrophobic proteins[12].
However, there is no evidence in the literature on
the feasibility of obtaining antiganglioside antibod-
ies by using neoglycoconjugates containing the oli-
gosaccharide moiety of gangliosides asimmunogens.
This approach could provide an easy and relatively
unexpensive way to obtain antibodies against the
less abundant gangliosides based on the fact that the
synthesis of oligosaccharides is less complex and
cheaper than the compl ete ganglioside synthesis. This
argument is also valid for the production of large
amounts of immunogens used as anticancer vaccines
in active specificimmunotherapy approaches against
tumor-containing gangliosides.

Several attempts to couple 3'-sialyllactose to pro-
teins using different spacer arms have been made
[13, 15], and the neoglycoconjugates have bean used
in immunization experiments. In al cases, strong hu-
mora immune responses were obtained against oli-
gosaccharide moiety but the reactivity of the sera
against the native ganglioside was not measured
[13, 14] or wasweakly positivein only one case[15].
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This paper describesthe preparation of fivediffer-
ent neoglycoconjugates based on the coupling of natu-
ral or synthetic 3'-sialyllactose derivativesto Human
Serum Albumin (HSA) and their use as immunogens
in mice and chickens for trying to obtain specific
antiGM ; immunological response.

Material and methods

Chemicals

Silicagel-precoated thin layer chromatographic
plates were obtained from Merck (Darmstadt, Ger-
many). Biogel P-2 gel (fine, 45-90 nM) was pur-
chased from Bio-Rad (Richmond, CA, USA).
Sephadex G-50 and G-25 were supplied by
Pharmacia (Uppsala, Sweden). All other reagents
were of analytical grade and were supplied by Sigma
(St. Louis, USA).

Analytical methods

Sialic acid was measured with the HCI-resorcinol
assay [16, 17] using pure NeuAc asthe standard. Bio-
Rad protein assay was used for determining protein
content with human serum albumin (HSA) asthe ref-
erence. Total amino groups were assayed with
2, 4, 6,-trinitrobenzenesul phonic acid (TNBS) [18]
reagent. HPTL C was performed on Silicagel -precoated
thin layer chromatographic plates (Merck, Darmstadt,
Germany). Thefollowing solvent systemswere used:
ethanol-25% ammoniasolution 80:20 (by volume, sol-
vent 1) and pyridine-ethyl acetate-acetic acid-water
6:3:1:2.5 (by volume, solvent 2). The spots were vi-
sualized with ninhydrin, orcinol and basic potassium
permanganate reagents.

Size-exclusion chromatography was performed by
connecting the columnsto a system composed of a P1
peristaltic pump (Pharmacia-LK B, Sweden), aKnauer
differential refractomer (type 198.00, Germany) or a
Pharmacia-LKB Uvicord SD fitted with a 206 nm fil-
ter, aPharmacia-LK B Helifrac fraction collector and a
REC 102 Pharmacia-LKB recorder.

Oligosaccharides

3-sialyllactose 1 and disialyllactose were obtained
from fresh harvested cow colostrum [19]. GM; gan-
glioside was obtained from dog erythrocytes using a
modification of Folch’s method [20] which consisted
of the substitution of the partition step by amild base
treatment followed by a solvent extraction with n-
hexane. The 3-siayllactose derivative with azido-type
spacer arm was obtained following a modification of
the published procedures [21].

Coupling of 3'-sialyllactose derivatives to Hu-
man Serum Albumin (HSA)

The glycoconjugates 2,3,6,8 and 11 containing
3-sialyllactose and HSA designed to be used as im-
munogens were prepared from 3'-sialyllactose or its
derivatives using coupling procedures that will be
described for each compound. The coupling degree of
the conjugates was determined by the quantification
of protein (BioRad test) and sialic acid (HCl-resorci-
nol reagent) and is expressed as moles of oligosaccha-
ride per mole of protein.

Synthesis of glycoconjugate 2. Reductive
amination of 3'-sialyllactose 1 to HSA

The procedure used was that of Gray [22]. Briefly,
compound 1 (16.5 mg) was dissolved in borate buffer
pH 8.7 and added to a1 mL (10 mg/mL) solution of
the protein. Sodium cyanoborohydride (15 mg) and
several drops of toluene were then added and the so-
lution was allowed to react for 24 hoursat 4 °C. After
neutralization with 0.1M AcOH, the solution was de-
salted on a Sephadex G-50 column and the fractions
containing the glycoconjugate 2 positive for both, the
protein (absorption at 280 nm) and the oligosaccha-
ride (resorcinol test) were pooled and freeze-dried.

Synthesis of glycoconjugate 3. Carbodiimide
mediated amidation of the carboxyl group of
sialic acid

Several glycoconjugates were obtained by direct
amidation of the carboxy! group of sialic acid varying
the siayloligosaccharide/HSA molar ratio and reac-
tion temperature. In atypical reaction, 22 mg of com-
pound 1 weredissolvedin 1 mL of 0.2 M NaCl solution
(pH 4.75) and 1-ethyl-3-(3-dimethyl-aminopropyl)-
carbodiimide hydrochloride (EDC) was added until a
0.2 M concentration was reached. The pH was
brought to 4.75 by adding 0.1 M HCI, then 10 mg of
HSA wereadded. The solution wasstirred for 24 hours
at room temperature. Salts and the excess reagents
were removed by Sephadex G-50 gl filtration giving
the glycoconjugate with structure 3.

Synthesis of glycoconjugate 6. Carbodiimide
mediated amidation with a spacer arm

A partially modified procedure of Stoll et al was used
[23]. Briefly, inareaction vid sealed with ateflon-lined
cap, 3’ -siayllactose 1 (13 mg, 14 nmol) was dissolved
in 4.8 mL of MeOH. The ACA (18.4 mg, 140 nmol)
was dissolved in 0.2 mL of distilled water and both
solutionswere mixed when stirring at 50 °C for 2 hours.
NaBH3CN (7 mg) in MeOH (500 L) was then added
and the mixture was again heated at 50 °C. Samples
(5 L) were withdrawn at intervals (8 h) and tested on
HPTLC plates. Plates were developed with solvent 2
and developed with orcinol, ninhydrin and basic
KMnO, reagents. The compl ete reaction was obtained
after 40 h. The reaction mixture was dried under argon
and an excess of NaBHsCN was decomposed with ace-
tic acid. Desdlting the modified oligosaccharide was
doneonaBioge P-2 column (1.5x 100 cm) using water
as the eluent and the fractions containing the modified
oligosaccharide 4, pooled and freeze-dried.
Lactonization of compound 4 was performed ac-
cording to the procedure of Yu et a [24]. Briefly,
20 mg of 4 exhaustively dried under heating and vacuum,
were dissolved in glacial AcOH (10 mL) and the reac-
tion was allowed to proceed for 4 days at room tem-
perature. The extent of lactonization was followed by
HPTLC in solvent 2. When more than 90% of the
|actonization was achieved, the mixture was freeze-
dried and used directly for coupling to HSA and casein.
Inatypical reaction, HSA (10 mg) was dissolved in
0.2 M NaCl (pH 4.75) and 18.3 mg of lactone 5 (3 fold
molar excess for free aminolysyl group in HSA) were
added. Then, 1-ethyl-3-(3-dimethyl-aminopropyl)-
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carbodiimide hydrochloride (EDC) was added until a
0.2 M concentrationwas reached. The pH wasbrought
to4.75 by adding 0.1M HCI and the mixturewasstirred
for 24 hours at room temperature or 55 °C. The solu-
tion was desalted in Sephadex G-50 and the fractions
containing conjugate 6, were pooled and freeze-dried.
The coupling degree was determined as described be-
fore for other conjugates.

Synthesis of glycoconjugate 8. Conjugation
through the disulfide bond with the heterobi-
functional linker N-succinimidyl 3-(2 pyridyldi-
thio) propionate (SPDP)

3’ -siayllactose 1 wasreductively aminated according
to the procedure of Wiegandt and Ziegler [25]. The
sialyllactose glycosylamine derivative was then
coupled to the SPDP reagent as described by Carlsson
et al [26] using 3 fold molar excess of the SPDP re-
agent (40 mmin EtOH) in 0.1 m NaPO,, 0.1 m NaCl,
pH 7.5, for 4 hours. Compound 7 was purified in a
Biogel P2 column and freeze-dried.

The protein was also coupled to SPDP under the
same conditionsasdescribed aboveand thenew disul phur
bridgeswerereduced with 25 mM dithiothreitol (DTT).
The reduced protein was combined immediately with 7
(3 fold molar excess) and allowed to react at room tem-
perature for 24 hours. The neoglycoconjugate 8 was
purified through a Sephadex G-25 column.

Synthesis of glycoconjugate 11. Coupling of
synthetic 3 -sialyllactose derivative 10 to HSA
A solution of N-hydroxysuccinimidy! dithiopropionate
(3.62 mg, 9 mmoal) in DMF (0.1 mL) was added to a
solution of HSA (20 mg, 0.3 nmol) in PBS (pH 8 with
EDTA 5mM, 4 mL). After 2 h, dithiotreitol (15.4 mg,
2.5 mM) was added under an N, atmosphere and the
mixture was stirred at 4 °C for 1 h. The resulting solu-
tion was dyafiltered at pH 7.4 using N, as a pressure
source (polysulfone membrane, 10 000 Dacutoff). The
protein content was quantified as above and SH con-
tent was estimated by Ellman’s method [27]. Usually
18-23 moles of -SH per mole of HSA were obtained.
The oligosaccharide derivative 10 was obtained from
9 [21] according to our previously described proce-
dure [28]. Compound 10 (3.1 mg, 3.5 nmol) in PBS
(pH 7.4, 0.5 mL) was added under an N, atmosphere,
to asolution of HSA-(SH)1s (14.5mg) in PBS(pH 7.4
with EDTA 5mM, 3.5 mL). The solution was stirred
at 4 °C for 24 h and dyafiltered over a polysulfone
membrane (10 000 Da cutoff) against PBS
(pH 7.4).The glycoconjugate 11 was analysed as
above. Overall yields over 50% based on the oligosac-
charide 10 are usually obtained by this procedure.

Synthesis of reagents for the study of the im-
mune response

Casein (sodium salt, 200 mg) and EDC (500 mg) were
dissolved in 0.2 M NaCl, pH 4.75 solution and
ethylendiamine (EDA, 0.2 mL) was then added while
stirring and the pH was adjusted to 4.75 by adding
6 M HCI, 200 mg of casein were dissolved in 2 mL of
0.2 M NaCl (pH 4.75 solution) and added to the pre-
vious solution. The solution was gently stirred over-
night at room temperature, quenched by the addition
of 0.5 M NaAcO and purified using a Sephadex G-25

column. Total amino groupswere assayed with 2,4,6,-
trinitrobenzenesul phonic acid (TNBS).

Lactose, 3'-sidyllactose, disiayllactose and glucose
(3foldmolar excessper mol of amino groupinthecasein-
EDA protein) were then coupled to casein-EDA by a
reductive amination reaction with NaBHz;CN. Briefly,
10 mg of casein-EDA conjugate (20 nmol aminegroups)
were dissolved in 2 mL of borate buffer solution (pH
8.7) and 38 mg of 3'-salyllactose (60 nmol) and few
drops of toluene were added. The solution was heated
with magnetic stirring at 55 °C and 10 mg of NaBH;CN
were added. After 2 hours, 10 mg of NaBH;CN were
added again and the solution was allowed to react over-
night. Casein-EDA-3 -siadlyllactose 14, casein-EDA-
disialyllactose 15, casein-EDA-lactitol 12 and
casein-EDA-sorbitol 13 were purified by a Sephadex
G-25 column using water as the eluent. Two mL frac-
tions were collected and each fraction was assayed in a
HPTL C experiment using solvent 1 aseluent. The spots
were visualised with nynhydrin and basic KMnO, re-
agents. Thefractions containing the glycoconjugate were
pooled and freeze-dried. The coupling degree was deter-
mined indirectly by calculating the difference of total
amine groups before and after conjugation (the average
of three independent determinations was used) and ex-
pressed as nmoles of hapten per mg of casein.

The p-nitrophenyl polyacrylate glycopolymers of
3’ -sialyllactose 17, lactose 16 and N-acetylneuraminic
acid 18 were synthesised following a published pro-
cedure [29] starting from p-nitropheny! polyacrylate
and the corresponding oligosaccharide derivativeswith
aspacer containing an amino function at the terminal
position [21].

ELISA experiments

Antibodies were measured by enzyme-linked immun-
osorbent assay (ELISA), in 96-well high-binding immu-
noplates (Costar, Cambridge, USA). Wellswere coated
with haptens-casein glycoconjugates 12-15 (0.16 nmol
hapten/well) or with polyacrylate 16-18 at Sng/mL in
50 mM carbonate-bicarbonate coating buffer pH 9.6
and incubated overnight at 4 °C. The plateswere blocked
with 1% gelatin (for chicken sera) or 3% skimmed milk
(for mice sera) intris-HCI buffer (50 mM, pH 7.8) for 2
hours at room temperature. Appropriate dilutions of
serum samples were added to the plates and incubated
at 37 °C for two hours. After incubation, plates were
extensively washed with phosphate buffer (pH 7.3) con-
taining 0.05% Tween-20. The second antibody consist-
ing of alkaine phosphatase conjugated antichicken IgG
(Sigma, St Louis, USA) diluted 1/2000 or biotin conju-
gated goat antimouse 1gG+IgM (Jackson, West Grove,
Pa., USA) diluted 1/5000 was added to the plates and
incubated for onehour at 37 °C. After incubation, plates
werewashed again, and for miceassays, incubation with
akaline phosphatase conjugated streptavidin (1/1000)
at 37 °C for 90 min was performed. The plates were
then washed and visualisation of spotswasachieved by
adding p-nitrophenylphosphate substrate (1 mg/mL)
dissolvedin 1 M diethanolamine buffer, pH 9.8, plus 1
mM MgCl.. Absorbance was read at 405 nm using an
automatic microplate reader.

Reactivity of serasamplesto GM ; ganglioside was
measured by EL I SA experimentsas previously reported
[30]. GM 3 (0.16 nmol/well) in 50 pl of methanol was
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dried in 96-well Polysorp immunoplates (Nunc,
Roskilde, Denmark) for one hour at 37 °C. The subse-
guent steps were performed as described above.

Inhibition assays

The specificity of serum binding was evaluated in
ELISA experiments. ELISA plates (Costar) were
coated with GM 3, 14 (0,16 nmol) or 17 as described
above. Serum samples (200 nl.) at different dilutions
were incubated with the inhibitor hapten (200 i,
concentrations 10® M-4x10°M) overnight at 4 °C.
The subsequent steps of the ELISA procedure were
performed as described above.

High performance thin-layer chromatography
and enzyme immunostaining HPTLC-ELISA

HPTLC-ELISA experiments were conducted on glass
and alumina backed plates obtained from Merck
(Darmstad, Germany). GM 3 ganglioside (2 pg) was
developed in HPTL C plates using chloroform/metha-
nol/agqueous 0.2% CaCl, (50:40:10). Chemical stain-
ing was achieved by using the orcinol reagent. Immu-
nostaining on HPTL C plates was performed according
to the method of Magnani [31]. Briefly, after spot-
ting the gangliosides, HPTL C plates were dipped into
a solution of 0.5% (w/v) polyisobutylmethacrylate
in hexane/chloroform (1:3) for 1 min. After drying,
the plates were soaked in 3% skimmed milk in TBS.
The plates were then covered with a solution of the
mice and chickens sera (1/80 dilution) and incubated
overnight at 4 °C. After washing several times with
PBS, the plates were incubated with alkaline phos-
phatase conjugated goat antimouse 1gG+IgM in 3%
skimmed milk in TBS for 3 hours at room tempera-
ture and after washing with PBS, 5-bromo-4-chloro-
3-indolyl phosphate (BCIP, Sigma) was added and
the plates were incubated at 37 °C in an oven.

Immunization

BALB/C, 7-8 week-old female mice (10 animals per
group) and 10-12 week-old outbred chickens, line B4
(3 animals per group) were immunised intramuscu-
larly. Each dose contained 10 g of hapten in a final
volume of 50 nlL of saline solution. Adjuvant
Montanide I SA 51 (50 nL per dose) was mixed vigor-
ously with the immunogen solution immediately be-
fore theimmunisation. Animalswere boosted on days
14, 28 and 42, bled on the same days with a final
bleeding on day 56. Serawere stored at —20 °C.

Statistical Analysis

Microsoft Excel and Microsoft Statistica were used
for the analysis of variances and multiple ranges of
Duncan’s test of the variables with significance as-
sessed at the P<0.05 level.

Results and Discussion

Ganglioside GM 3 (Scheme 1) seems to be a good tar-
get for an active specific immunotherapy approach
based on the evidence raised experimentally that severd
anti-GM s vaccine candidates are immunogenic and
induce a specific, potent antitumor response against
experimental tumor-bearing mice in which GM 5 gan-
gliosideisexpressed [32, 34, 12]. However, the use of
glycolipids such as gangliosides as targets for active

H
COOH oH <©OH
HO o o oN— HO
HO. = P
NHA 0 o H,
H
HO o o
[e]
Scheme 1

immunotherapy may have certain drawbacks. It is
known that gangliosides (mainly GM ;) may exert
immunosuppresive effects when shed from tumor cells
[35, 38] or can down-regulate the response of T-cells
to IL-2 in human melanomas [39].

In our search for a vaccine candidate for active spe-
cificimmunotherapy of GM sexpressing tumors, we ex-
plore the ability of several conjugates formed by the
covalent coupling of the GM ; oligosaccharide to theim-
munogenic protein HSA, in promoting an antibody im-
munological responseto GM 3. Severd coupling methods
in which the structure of the whole oligosaccharide was
dightly modified and others in which it was preserved
were used trying to understand theinfluence of the anti-
gen structure in the capability to elicit specific immune
responses. A second type of glycoconjugates 12-18 de-
signed to be used for the evauation of the immune re-
sponse contained either casein or polyacrylamide.

Scheme 1

Synthesis of HSA-glycoconjugates. The syn-
thesis of HSA-glycoconjugates is outlined in
Scheme 2.

Glycoconjugates 2 and 3 were obtained by a direct
coupling of 3'-siayllactose 1 to HSA using the two
available active functional groups; theterminal glucose
free hemiacetal and the sidic acid carboxilic function.
In glycoconjugates 6, 8 and 11, a spacer arm was
first introduced. This type of approach is usually
more complex and specifically in 11 it allows us to
preserve the termina oligosaccharide structure intact
rendering it more available for biological recognition.

Direct coupling of the trisaccharide 1 to HSA

Direct reductive amination of compound 1 to HSA
afforded glycoconjugates 2 containing 5, 14 and 25
mol es of hapten per mole of protein depending on the
reaction time and temperature (Table 1). A higher
coupling degree was obtained conducting the reaction
at 55 °C for 24 hours as suggested by Laferriere and
Roy [19] and using a 3-fold molar excess of hapten/
amine group in the protein.

In this method, the aminated glucitol residuesin the
glycoconjugate function as a hydrophilic spacer arm,
diminishing the rigidity of the hapten on the protein
surface. However, the pyranosidic structure in the glu-
cose moiety was destroyed asaresult of the procedure.

Thetrisaccharidewasalso directly coupled to HSA
by the carbodiimide amidation of sialic acid carboxyl
groups. Considering a low reactivity of this carboxyl
group, afour-fold molar excess of sidyloligosaccharides
per mole of HSA aminolysyl groups was used in the
reaction at several temperatures.

As observed (Table 1), even in the most extreme
conditions alow coupling degree was obtained for 3"-
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Table 1 Characteristics of the HSA-neoglycoconjugates designed as immunogens in the present study.

3'Sialyllactose ~ HSA Conjugation  neoglycoconjugate

Molar Reaction  Temparature (°C) Mole CHO/

derivative (mg)  (mg) procedure ratio* time (h) Mole protein
1,(16.5) (10) Reductive 2 3:1 8 4 4-6
amination
1,(16.5) (10) Reductive 2 3:1 24 4 13-15
amination
1,(16.5) (10) Reductive 2 3:1 24 55 23-25
amination
1,(22) (10) Amidation 3 4:1 24 4 1-3
1,(22) (10) Amidation 3 4:1 24 22 4
1,(22) (10) Amidation 3 4:1 24 55 9-10
4,(22) (10) Amidation 6 3:1 24 22 25
7, (20) (10) Disulfide bond 8 3:1 24 22 13-15
formation
10, (3) (18)  Thioether bond n 1:1 24 4 10
formation

* Oligosaccharide/active functional group in the protein

sialyllactose (9-10 aminolysyl groups out of 58 in
HSA were coupled) and in the milder conditions only
1-2 moles of haptens were incorporated to HSA.
These results indicate, as expected, that the carboxyl
group of sialic acid displaysalow reactivity probably
due to steric hindrance.

Coupling of 3" -sialyllactose to HSA through
a spacer molecule

As the small size of the oligosaccharides used for
immunisation may constitute adrawback for inducing
a potent immunological response due to steric hin-
drance provoked by the proximity effects of the
soluble carrier, a spacer arm was linked to the oli-
gosaccharides prior to the conjugation reaction.

Glycoconjugates 6 were prepared by reductive
amination of 1 with aminocaproic acid providing a
spacer with an optimal length of 8 atoms [40] and a
second more active carboxyl functionintheir terminus.

Initially, it could be thought that the reactivity of the
new carboxyl group might be interfered by reactivity of
the carboxyl group of sidic acid even when it was dem-
onstrated that under certain conditions its reactivity is
very low (seeTable 1). Toovercomethispossibledraw-
back, the carboxyl group of sidic acid was protected
prior theconjugationto theprotein. Itisknown that 3'-
siadyllactose is prone to lactonization [19, 24] in an
acidic medium. The inner ester is formed between the
hydroxy! group of acarboxyl function of siaic acid and
the hydroxyl group located at the carbon 2 position in
the gal actose ring athough a second possibleinner ester
can aso be formed with the carbon 4 hydroxyl group
[41]. In fact, when aminocaproic acid was coupled to
3'-gayllactose under reductamination conditions, afast
migrating compound in HPTL C experimentswasformed
which reacted with the orcinol reagent and wasnot stained
with the ninhydrin reagent (not shown). Thisnew com-
pound was purified in BioGel P-2 with water as the
eluent and freeze-dried. When this compound was treated
with glacial AcOH, afast migrating compound was ob-
served in HPTLC plates which reverted to the starting
material on standing in water solutions at room tem-
perature. Alkalinetreatment of thiscompound also pro-
duced a compound with similar RF to 4, that proved
that the lactone was formed.

Thelactone 5 wasthen coupled to HSA using EDC
under different conditions in order to obtain

glycoconjugates with several coupling degrees of the
haptens (see Table 1). Thereaction wasconducted at ~ 40. LemieuxRU, Bundle DR, Baker D. The

a pH under 5 allowing to conserve the structure of {’;‘,’,’,’:ﬂfj,‘;‘;"b,f,fghge:&;’[‘;'ﬁ;’;“ﬁ"’,{i‘,j

the lactone intact for more than 24 hours. Theresti-  Chem. Soc. 1975; 97: 4076-83.
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tution of the original structure of the saccharide 4
was attained after desalting in Sephadex G-50 using
water as the eluent.

Glycoconjugate 8 containing SPDP as the
spacer arm were also synthesised using a
method already described [26]

In al these methods with the exception of the direct
amidation of the carboxyl group of sidic acid of 3'-
salyllactose, the glucose residue was reductively opened
with the subsequent loss of the original structure and
of part of the information contained in the saccharide.
Thisstructural modification can be considered apoten-
tial neoantigen [42, 43] that is able to modify the im-
munological properties of the neoglycoconjugates.

Neoglycoconjugate 11 was prepared from the syn-
thetic trisaccharide 9[21] with an amino-type spacer
arm containing the intact structure of the trisaccha-
ride 1 a-NeuAc-(2-3)-b-D-Gal-(1-4)-b-D-Glc. The
reaction of a trisaccharide derivative 9 with N-hy-
droxysuccinimidyl maleimidopropionate in DMF
gave the active trisaccharide derivative 10 [28]. For
the synthesis of the neoglycoconjugate 11, HSA was
thiolated by the reaction with N-hydroxysuccinimidyl
dithiopropionate followed by areduction with dithio-
threitol. The coupling reaction between 10 and HSA-
(SH).s proceeded smoothly giving glycoconjugate 11
containing 10 trisaccharide unitsin a54% yield based
on 10. As can be seen from formula 11, this neogly-
coconjugate maintains the intact pyranosidic struc-
ture of the glucose moiety.

Scheme 2

Synthesis of reagents for the ELISA evalua-
tion of the serum

In order to evaluate theimmune response induced by
neoglycoconjugates 2, 3, 6, 8 and 11 against the parent
trisaccharide 1 and also against the di- and monosac-
charide fragments, a series of derivatives were ob-
tained. Additional amino groupswerefirst introduced
into casein by coupling with ethylendiamine. Then,
lactose, 3"-sialyllactose, disialyllactose and glucose
were coupled to casein by reductive amination. The
structure of the neoglycoconjugates 12, 13, 14 and 15
obtained are represented in Scheme 3.

A second set of derivativeswere obtained from lac-
tose, 3'-siadyllactose and sialic acid with a spacer-arm
with a terminal amino group and p-nitrophenyl
polyacrylate. The glycopolymers 16, 17 and 18 used
for coating EL I SA plates contained the structuresrep-
resented in Scheme 3.

Scheme 3

Immune response

Two distinct animal specieswereimmunised with the
glycoconjugates trying to surpass a possible species-
dependant immunological unresponsiveness and also
to detect whether there are any differencesin the speci-
ficity and crossreactivity to GM .

In the first experiment, chickens were immunised
with the glycoconjugates 2, 3, 6 and 8. The immune
response was eval uated against the casein conjugate
14. In all cases, a moderate to strong immune re-
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sponse was elicited against the trisaccharide moiety
of conjugate 14.

The results obtained for al the glycoconjugates
were also similar concerning the crossreactivity with
other oligosaccharide-casein conjugates aswell asfor
GM 3. The seraof animalsimmunised with conjugate
2 were chosen in order to illustrate the general pat-
tern of reactivity.

As shown in Figure 1, the antibodies failed to
recognise GM; at al. After the second dose, a mod-
erate antibody response was induced that became
stronger after the third and specially the fourth
immunisation. The antibodies recognised to the same
extent all four casein conjugates12, 13, 14 and 15 but
a specific recognition of sialyl-lactose casein conju-
gate 14 became more important after the last
immunisation. There was practically, no recognition
of sorbitol derivative 13 wich seemsto show that no
neoepitope was formed during the coupling reaction.

The inhibition of serum binding of chickens
immunised with neoglyconjugate 2 by the oligosaccha
ride-casein conjugates 12, 13, 14 and 15 and GM 3 is
shown in Figure 2. Asexpected, thebest inhibitor isthe
homol ogous compound 14 with an 1C50 value of 1.84 x
10® M, whilelactitol-EDA-cassin 12 and disialyll actose-
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EDA-casein 15 showed 1C50 values of 196 x 107 M — (14)
and 8.36 x 10° M, that is 11 and 454 times higher re- = g]g}
spectively. Casein-conjugate 13 and GM ; werenot able (13)
toinhibit the binding at the concentrationstested. These > (GM)

findings confirmed the results obtained previoudly.

In order to support the results obtained in chickens,
all 4 neoglycoconjugates were aso used for the im-
muni zation of mice. A similar immune response was
elidted against the sialyllactose-casein 14. Theabsence
of antibody response of the sera against GM ; ganglio-
sidewasagain confirmed using ELISA, HPTLC-ELISA
and specific inhibition experiments (Figure 5).

The degree of substitution in glycoconjugatesis an
important parameter that has astrong influencein the
oligosaccharide presentation and the specificity of the
response. Moreover, the optimal degree of substitu-
tion of the protein carrier ensures the preservation of
its T-hel per epitopes. In the case of conjugate?2, prod-
ucts with different degrees of substitution (Table 1)
were assayed in immunisation experiments and the
results are shown in Figures 3 and 4. time (days)

As can be seen in Figure 3, the response against
glycoconj ugate 2with 5 0I|goaa:char|de£ per mole of Figure 1. Time course experiment of the specific antibody response induced in chickens immunized with

OD 405 nm

protein is weaker while there were no significant ~ <oniveete 2
differences in the response against glycoconjugates
with 14 or 25 moles of oligosaccharides/mole protein.
With alow degree of substitution, protein epitopesin 100 - .
the conjugate were probably preponderant. 90 1

The serum of animals immunized with glycocon- 80 |
jugate2withaD.S.25 of proteinwasfurther studied. ;| -y
AsobservedinFigure4, withadilution1:80astrong & . | --— d g)
reaction was observed with casein conjugates 12-15  § | (13)
similar to those obtained with chickens. Noreaction 5,/ | = (GM)
was observed with ethylendiamine-modified casein. & |
However, with a more diluted serum (1:500) a spe- 20 |
cific binding of sialyl-lactose conjugate 14 was ob- 10
served (Figure 5).

Theinhibition of the binding of anti-3"-sialyllactose o 1 15 2 5 10 15 20 40 80 160 400 1600 3200

serum by casein-conjugates 12-15 and GM ; ganglio-
sidewasalso studied and isshownin Figure5. At the Concentration of inhibitor (10M)

hapten concentrations tested, only 14 (1Cso 7.42 X

10°® M) and 15in alesser extent (1Cso 1.94 X 10°M ) Figure 2. Inhibition by saccharides-casein glycoconjugates and GMs of 3" -sialyllactose binding to chicken
were able to inhibit the binding of mice anti-3"-  anti-3"sialiyllactose serum

sialyllactose serum to 14. GM ; gangliosidefailed again
to inhibit the binding, which proved that the antibod-
ies that were raised during the immunization of mice
with glycoconjugate 2 and reacting with 14 recognize
a surface epitope that was not expressed or was not
accessiblein GM 3 .

The absence of serareactivity of chickensand mice 2
immunized with glycoconjugates 2, 3, 6 and 8 tested
against native GM s ganglioside could be explained by
the lost of the ring structure of glucose after the con-
jugation to a protein.

In order to verify this possibility, a new glycocon- 0.5
jugate 11 containing the intact structure of the oli-
gosaccharide part of GM ; and therefore with a greater
resemblance to it, was included in this experiment.

Following two immunizations of mice with 11, . N
the immunogen elicited moderate levels of 1gG anti- T T T T T T T ~ T
bodies, dete?:ted with conjugate 17, which ir?crea%d 200 400 80 1600 3200 6400 12800 23600
after the third immunization, as shown in Figure 6. Reciprocal dilution of serun
The antibodies recognized only compound 17, and
neither sialic acid conj UQate 18, nor |aCt08€-COI’I] u- Figure 3. Influence of degree of subtitution of 3°-SL in 3"-SL-HSA conjugates on mice serum reactivity
gate 16, showing a strict specificity for the trisac-  aginst 3"SL-casein conjugate

—&— (5)
—=— (25)
2.5+ (14)

OD 405 nm
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Figure 4. Antibody reactivity of mice sera. Influence of the degree of substitution of haptens and sera dilution. = gg))

- (13)
charide were recognized. Surprisingly, the serum also = (GM)

failed to recognize GM 3,

An inhibition ELISA was performed to confirm
the previous results. The binding between anti-11
glycoconjugate serum and 17 was completely inhibited
by synthetic trisaccharide 9, showing an 1Cso value
of 10%M. The serumwas only partially inhibited by
sialic acid at high concentrations. Furthermore, lac-
tose and GM 3 showed no inhibition. This finding
suggests that the epitope recognized by the serum
may include the whole trisaccharide.

Inhibition assaysaswell asdirect ELISA sclearly
indicatethat thereactivity of the serum wasrestricted
to a whole trisaccharide molecule. Apparently the
epitope recognized by this serum was larger than the
epitope recognized by the serum obtained from the
immunization with the previous glycoconjugates.
Nevertheless, in any case there was no recognition
of GM ;ganglioside.

In another experiment (data not shown), a mon-
key serum raised against natural GM3; ganglioside
[12] was shown to react only with the parent gan-
glioside and not with any of the oligosaccharide-
casein conjugates 12-15 or any of the polyacrylamide
conjugates 16-18 confirming the data obtained for
chickensand mice. This could be dueto the fact that
oligosaccharide is not exposed in GM; ganglioside
in the same way as in neoglyconjugates. This result
could also suggest an important role of lipid moiety
in the immunogenicity of GMs.
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