
Journal of Peptide Science
J. Peptide Sci. 5: 5–23 (1999)

REVIEW ARTICLE

Peptide and Glycopeptide Dendrimers. Part I

PAVEL VEPR& EK and JAN JEZ& EK*

Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic,
Prague, Czech Republic

Accepted 24 August 1998

Abstract: Recent progress in peptide and glycopeptide chemistry make the preparation of peptide and
glycopeptide dendrimers of acceptable purity, with designed structural and immunochemical properties
reliable. New methodologies using unprotected peptide building blocks have been developed to further
increase possibilities of their design and improve their preparation and separation. Sophisticated design of
peptide and glycopeptide dendrimers has led to their use as antigens and immunogens, for serodiagnosis
and other biochemical uses including drug delivery. Dendrimers bearing peptide with predetermined
secondary structures are useful tools in protein de novo design. This article covers synthesis and applica-
tions of multiple antigen peptides (MAPs), multiple antigen glycopeptides (MAGs), multiple antigen peptides
based on sequential oligopeptide carriers (MAP-SOCs), glycodendrimers and template-assembled synthetic
proteins (TASPs). Part I deals with the development of various structural forms of MAPs as well as their
application as antigens, immunogens, and for immunodiagnostic and biochemical purposes. Copyright
© 1999 European Peptide Society and John Wiley & Sons, Ltd.
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INTRODUCTION

Dendrimers, also known as arborols, or cascade,
cauliflower, or starburst polymers are attractive
molecules due to their unique structures and
physico-chemical properties [1–6]. Dendrimers are
highly branched macromolecules formed by suc-
cessive reactions of polyfunctional monomers
around a core, characterized by a large number of
terminal groups. The number of publications deal-
ing with dendrimeric molecules, their use as po-
tential candidates in the study of molecular
recognition, self-assembly processes, development
of new materials, etc. [7,8], emerging every year,
indicates that dendrimers are valuable molecules
in modern chemistry.

Dendrimeric macromolecules distinguish them-
selves from normal polymers in two ways. Firstly,
they are constructed from ABn (where n usually
equals 2 or 3) monomers which produce hyper-
branched structures. Secondly, they are synthe-
sized in an iterative fashion. The combination of
these two principles leads to the production of
non-linear, highly branched polymeric structures
which may differ significantly in their properties
from their linear analogs [6].

Two main synthetic routes for the synthesis of
dendrimers have appeared since the initial report
on this class of molecules by Vögtle in 1978 [9], a
divergent and a convergent strategy.

In the divergent strategy the dendrimers are built
up from the initiation core out to the periphery. In
each synthetic step the number of monomer units
added as well as the number of coupling reactions
performed doubles (AB2) or triples (AB3) compared
with the previous synthetic step. Each new layer of
monomer units attached to a growing molecule is
called ‘generation’ and their number equals the
number of repetitive synthetic steps performed
during the synthesis and can be simply determined
by counting the number of branching points when
one proceeds from the core to the periphery. The
selection of building units, i.e. initiation core and
monomer unit, is fundamental for determining
shape, size, and multiplicity of molecule and also
influences the progress of synthesis.

On the contrary, in the convergent strategy the
dendrimers are built up in an opposite fashion, i.e.
from the periphery toward the central core. A key
feature of this strategy is that the number of cou-
pling reactions needed to add each new generation
is constant throughout the synthesis making the
product easier to separate. Dendrimers prepared

by the convergent strategy are considered to be
more homogenous than those prepared by the di-
vergent strategy. This is especially true for den-
drimers of higher generations, where number of
coupling reactions is high and the incomplete cou-
pling occurs.

The synthetic availability of dendrimers in a wide
range of sizes (i.e. generations) combined with their
unique structure and structural diversity in re-
peating units ranging from pure hydrocarbons to
peptides and coordination compounds makes them
versatile building blocks for a wide range of appli-
cations. To this rapidly growing class of molecules
belong for example PANAM™ and poly (propylene
imine) dendrimers [5], water soluble polyacryl ether
dendrimers [10], dendrophanes [11], dendritic
ruthenium complexes [12], crown ether-based den-
drimers [13], peptide dendrimers [14] and glyco-
dendrimers [15], various metal dendrimers
[16–18], more complex nanometer-sized knedel-
like structures [19] etc. For further details see
[20,21].

Peptide and glycopeptide dendrimers are highly
branched structures of non-natural origin that
hold promise in various biochemical and biomedi-
cal applications, e.g. as synthetic vaccines, adju-
vants, artificial protein-like structures, in
mimicking the ion-channel structure, in the study
of inter-cellular interactions, and as drug carriers.
Their molecules consist of two parts: (1) a core or a
template bearing several branching segments that
give to the molecule an unique spatial architecture
and dendrimeric character, and (2) multiple copies
of biologically active structures, e.g. peptide anti-
gens and saccharides, attached onto the core, that
provide the molecule with designed biological prop-
erties, respectively.

The important points in the history of develop-
ment of peptide dendrimers were experiments of
Tam et al. [14], and Mutter et al. [22]. Tam firstly
utilized branched oligolysine cores, developed by
Denkewalter et al. [23], as synthetic carriers for
the preparation of fully synthetic antigens, and
termed these constructs as Multiple Antigen Pep-
tides (MAPs) [14,24]. On a model compound, con-
sisting of octavalent heptalysine branched core
bearing eight copies of 14-amino acid residues long
sequence, derived from the human T-cell antigen
receptor b-chain constant region, he showed its
ability to elicit antibodies capable of interacting not
only with synthetic antigen, but also with intact
native b-chain protein. The convenience of this ap-
proach in the vaccine development has been since
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then many times demonstrated by successful de-
sign of compounds capable of eliciting both hu-
moral and cellular immune responses. The recent
progress in carbohydrate chemistry has enabled the
preparation of MAPs with glycopeptide antigens,
generally termed as Multiple Antigen Glycopep-
tides (MAGs). These molecules seem to be prospec-
tive candidates in tumour vaccine development
[25,26].

In the design of synthetic antigens, a novel class
of carriers, called Sequential Oligopeptide Carri-
ers (SOCs), have been recently described. Molecules
of SOCs are linear analogues of tripeptide Lys-Aib-
Gly sequential motif which fold into defined helicoid
secondary structure which directs and facilitates
the arrangement of antigens into defined spatial
conformation [27].

Glycodendrimers, described by Roy [15], are an-
other approach utilized in the preparation of glyco-
sylated dendrimers. The major characteristic is the
use of thiolated saccharides which are bound to
various types of dendrimeric cores. Glycoden-
drimers are prospective in the revealing of princi-
ples of carbohydrate–protein interactions that are,
for example, involved in the intercellular regulatory
processes or can serve as potent inhibitors of viral
infection.

To overcome the well known folding problem in
the protein de novo design, Mutter et al. suggested
Template-Assembled Synthetic Proteins (TASPs)
[28]. TASP molecules are built up on templates with
b-structural motif, which induce the folding of at-
tached amphiphilic peptide blocks to a complex
protein-like arrangement. TASPs with various pack-
ing arrangements such as 4-helix bundle or 3-helix
bundle mimicking ion-channel structure have been
described. Recently, the use of TASPs as potent
antigens was demonstrated showing a new area for
their use. With the new requirements on the flexi-
bility in TASP design, novel types of templates
with selectively addressable lysine side-chains,
called Regioselectively Addressable Functionalized
Templates (RAFTs), have been recently developed
[29].

The aim of this article is to give the reader a
unifying view on different groups of peptide and
glycopeptide dendrimers and similar compounds,
i.e. MAPs, MAGs, MAP-SOCs, glycodendrimers,
and TASPs. The scope of this article did not allow
us to cover all the details in this area and we had
to reduce and choose selectively articles cited
herein.

MULTIPLE ANTIGEN PEPTIDE SYSTEM

Since the early 1970s it has been known that syn-
thetic peptides can induce production of antibodies
reacting both with synthetic peptide antigens and
their cognate sequences in native proteins [30–32].
Such specific anti-peptide antibodies are useful in
laboratory practice for confirming de novo proteins,
in exploring biosynthetic pathways, in probing
structural functions of proteins, in development of
new fully synthetic vaccines etc.

Generally, the use of synthetic peptides in the
vaccine design attracts considerable interest due to
their evident advantages over the classical systems:
(a) safety, no infectious materials are required, (b)
synthetic availability, (c) chemical purity and homo-
geneity, and (d) better chemical stability. Although
these factors make them prospective in vaccine de-
sign, currently only several peptide vaccines have
been developed [33,34]. This may be in part ex-
plained by the findings that small peptides are poor
immunogens. Furthermore, the requirement for T-
and B-cell epitopes to be present in immunogen
demands that multiple copies of different epitopes
have to be presented to the immune system in a
single covalent structure.

A conventional approach traditionally used in the
preparation of immunogens is based on the conju-
gation of protein carriers such as bovine serum
albumin (BSA), keyhole limpet hemocyanin (KLH),
tetanus toxoid (TT) and others with synthetic pep-
tides [35–40]. This approach possess several disad-
vantages. (a) Although these conjugates can
produce high titres of antibodies toward the anti-
gen, they also produce irrelevant anti-protein car-
rier antibodies that usually make up the major
portion of all antibodies risen to the conjugate; this
phenomenon has been known as the immunodomi-
nance of a carrier. (b) The process of conjugation
can affect antigenic and immunogenic properties of
peptide antigens [41–43]. (c) Exposure of an indi-
vidual to the peptide–protein conjugate can reduce
the antibody response to the synthetic peptide by
carrier-induced epitope specific suppression [44–
46]. (d) These conjugates are chemically non-de-
fined. (e) The weight of attached peptide is small in
relation to the weight of protein carrier, and (f)
peptides are conjugated to the protein carrier with-
out ensuring regular distribution in the molecule.

Co-injection of B- and T-cell epitope-containing
peptides [47–50] as well as the tandem assembly of
helper T-cell and B-cell peptide epitopes [51–53] to
bypass the use of peptide carrier conjugates for the
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Figure 1 Schematic representation of (a) di-, (b) tetra-, (c) octa- and (d) hexadecavalent MAPs.

generation of specific antiserum have been also
studied. Often low immunogenicity, in the case of
co-injection, caused by the ineffectiveness of T-cell
epitopes administered without prior covalent at-
tachment to a particular B-cell epitope [54], and, in
the case of tandem assembly, unresponsiveness
due to the alternation in the relative position of the
epitopes [55,56] or the presence of new undesirable
antigen determinants in the place of linkage [57,58]
make these approaches of limited use.

To avoid the above mentioned shortcomings, Tam
et al. developed a totally synthetic MAP system
[14,24] based on the use of a simple scaffolding of
trifunctional amino acid lysine as a low-molecular
synthetic carrier onto which multiple copies of pep-
tide antigen are bound. The molecule of MAP con-
sists of three structural features: (1) a simple amino
acid such as glycine or b-alanine that stands for an
internal standard, (2) an inner oligolysine core, and
(3) multiple copies of synthetic peptide antigen.
MAPs with two, four, eight or 16 copies of synthetic
peptide antigens can be produced by utilizing
oligolysine cores from one up to four sequential
levels of lysine residues (see Figure 1). Generally

used are tetra- and octavalent MAPs. Higher ana-
logues are difficult to prepare and do not provide
any improvement of immunological properties [59].

An effort to further elucidate the influence of core
on the immunogenicity of MAPs led to the prepara-
tion of symmetrical cores with b-Ala-Lys dipeptide
as a building unit, see Figure 2. No significant
improvement of immunological properties has been
detected, suggesting that asymmetrical cores are
sufficient themselves and maybe more favourable
for the presentation of antigens to the immune sys-
tem. Moreover, the preparation of symmetrical cores
was more complicated and additional steps includ-
ing preparation and purification of dipeptide unit
had to be added to the synthetic protocol [60].
Another modification is the preparation of cores
with inserted linear non-natural amino acids, such
as b-alanine [61] and g-amino butyric acid [25].
Ranganathan et al. [62] recently described an inter-
esting alternative to the oligolysine cores. This novel
class of branched core is based on glutamic acid,
with free carboxyl groups available for binding mul-
tiple copies of antigenic peptides. The disadvantage
of this approach lies in the danger of racemization.

Copyright © 1999 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 5: 5–23 (1999)
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Figure 2 MAP cores with assymetrical and symmetrical design, and cores with inserted amino acids.

In the immunogen preparation MAPs offer several
advantages over the peptide–protein conjugates.
Briefly, (1) MAPs are synthetically available, (2)
oligolysine cores are not immunogenic, (3) the ratio
of antigen to carrier is defined and can be controlled
by the design of the core, and (4) in MAPs, the core
is small and the bulk is formed by a high density of
regularly arranged peptide antigens; e.g. in the oc-
tavalent MAP the peptide antigen accounts for 92%
of the total molecular weight, whereas in peptide–
protein conjugates usually makes up less than
20%. Biological and physico-chemical properties of
peptide–protein conjugates compared with MAPs,
TASPs, and MAP-SOCs are given in Table 1.

Applications of MAPs

Popularity of MAPs for various biological and medic-
inal applications stems from the simplicity and un-
ambiguity of their design, synthesis, and from their
current commercial availability. Their favourable
physico-chemical and biological properties are de-
termining factors for their use in (1) antibody pro-
duction and vaccine development [14,63], (2)
immunoassays and serodiagnosis [59], (3) as in-
hibitors [64], (4) epitope mapping [65], and (5) for
various biochemical studies [66,67].

MAPs in Antibody Production and Vaccine Devel-
opment. MAPs are the subject of an increased inter-
est for their use in antibody production and as
prospective molecules for the preparation of the
synthetic vaccines. Compared with peptide–protein
conjugates, MAP constructs offer several indis-
putable advantages (see Table 1).

Briefly, strictly synthetic character ensures that
unambiguous preparations will be studied.
Branched character and predominance of the par-
ticular antigen in the molecule, that makes them
immunologically focused and also confers to elimi-
nation of the immunodominance effect of a carrier,
and the flexibility in B- and T-cell epitopes selec-
tion, are the main attributes that differentiate these
two groups.

The first studies employing monoepitopic MAPs
as antigenic structures revealed that such con-
structs were not always successful in eliciting hu-
moral response even if they were, prior to their
administration, emulsified in FCA (Freund’s com-
plete adjuvant) [68]. To enhance their immuno-
genicity, diepitopic MAPs bearing both B- and T-cell
epitopes have been designed. B-cell epitopes
provide the sequence and the shape against which
the antibody is reactive. T-cell epitopes stimulate
T-helper lymphocytes that influence the antibody
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Table 1 Physico-Chemical and Biological Properties of Peptide–Protein Conjugates, MAPs, TASPs and
MAP-SOCs

Properties Peptide–protein conjugate MAPs TASPs SOCs

Physico-chemical
Branched, defined Branched, definedBranched, definedBranched, not definedStructure

Variable, difficult to control Defined Defined DefinedComposition
Ratio of antigen to carrier Variable and low Defined and high Defined and high Defined and high

YesYes YesUnknownStability
YesYes Yes YesAntigen amplification

Biological
NoYes No NoNeed for conjugation

Questionable but possible, Yes, definedYes, definedAbility to incorporate Yes, defined
not definedtwo or more epitopes

Ability to incorporate YesQuestionable Yes Yes
built-in adjuvant
Immunogenicity of *Yes No *
the core

YesSource of Th epitopes * *No, depends on the
antigen peptide

High Low **Presence of not desired
epitopes

* Not described.

production in B-lymphocytes and induction of CTL,
and thus T-cell mediated lysis. As T-cell epitopes,
known universal or promiscuous T-helper epitopes
from the same or extraneous source [69–72] are
usually selected. MAPs with chimeric B-T or T-B
constructs [63], B- and T-cell epitopes on particular
arms [73], or dimers consisting of two monomeric
MAPs, with bound B- or T-cell epitopes, attached to
one another by a disulphide bridge [74] have been
utilized to promote specific antibody response of
antigen-specific B-cells [63,72,74,75] (see Figure 3).
These studies revealed a real improvement of im-
munological properties in diepitopic MAPs. For ex-
ample, in a study of synthetic vaccine model for
hepatitis B [74] both monoepitopic and diepitopic
MAPs, combining B-cell epitope (140–146 residue
of the S protein) and T-cell epitope (12–26 residue
of preS protein) were tested on mice and rabbits.
Diepitopic MAPs were immunogenic in both mice
and rabbits while monoepitopic MAPs with B-cell
epitope elicited antibodies in rabbits only. In an-
other study it was demonstrated that rabbits immu-
nized with HIV-1 strain IIIB envelope protein rgp160
and boosted with diepitopic MAPs induced higher
neutralizing titres and were superior in inducing
both humoral and cellular reactivity than those
boosted with rgp160 [76].

The arrangement, polarity and stochiometry of B-
and T-cell epitopes also strongly affect the immuno-
genicity of MAPs [63,77,78]. In order to study this
effect, Tam et al. prepared various monoepitopic
and diepitopic MAPs in both tetra- and octavalent
form, bearing B- (93–108 residue) and T-cell (265–
276 residue) epitopes derived from the circum-
sporozoite (CS) protein of Plasmodium berghei, the
rodent malaria parasite [63]. Diepitopic MAPs con-
taining equimolar amounts of B- and T-cell epitopes
elicited high antibody titres, while monoepitopic
MAPs and BT monomer were not immunogenic in
the A/J mice used in the experiment. Tetravalent
MAPs with B epitope at the N-terminal part of the
antigen, BT-(4), appeared to be the most efficient of
all MAPs with chimeric antigens prepared. Further-
more, antibodies risen to BT-(4) protected from 80%
against the intravenous challenge of the immunized
mice with 2000 P. berghei sporozoites. Other tetra-
and octavalent chimeric constructs offered only 50–
60% protection, whereas monoepitopic MAPs as
well as BT monomer showed no protectivity. The
degree of protection correlated with the antibody
titres obtained by the immunization [63]. Finally,
MAPs were found to overcome the MHC class re-
striction in producing humoral response [79] and as
potent immunogens capable of inducing long-last-
ing immunological memory [80].

Copyright © 1999 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 5: 5–23 (1999)
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Figure 3 Schematic representation of (a) monoepitopic, (b) chimeric, (c) diepitopic, and (d) homologous MAP dimers.

Studies comparing the quality of antisera ob-
tained by immunization with MAPs and peptide–
protein conjugates show contradictory results [81].
In some studies antibodies elicited by MAPs cross-
reacted with native protein, whereas those obtained
by peptide–protein conjugates reacted poorly [82].
Moreover, several authors described opposite expe-
riences. Their studies indicate poor cross-reactivity
of anti-MAP antibodies to cognate sequences in na-
tive proteins, whereas peptide–protein conjugates
elicited high titres of cross-reactive antibodies [83].
Whether this poor cross-reactivity is an intrinsic
attribute of a given epitope sequence or is caused by
inter-chain interactions in MAP format that influ-
ence the expression of the epitope to the immune
system or selection of unsuitable and insufficiently
immune antigens remains unclear.

The general trend is that sera obtained by immu-
nization by peptides in MAP format are of higher
titre and respond faster than those obtained by
immunization with peptide–protein conjugate [84]
(see Table 2).

Lipidated MAPs as a Novel Approach in Vaccine
Design. In the vaccine design most of the MAP
vaccine models have been directed toward the hu-
moral response generating anti-peptide antibodies.

MAPs without built-in adjuvant usually require Fre-
und’s complete adjuvant (FCA) [85,86] to elicit high
titres of antibodies when administered to animal
models. Its toxicity, pyrogenicity and ability to in-
duce anterior uveitis in rabbits and arthritis in rats
[87] make FCA unacceptable for use in human vac-
cines. The only adjuvants so far approved for hu-
mans are calcium and aluminium salts, which are
known to be poor immunogens.

To eliminate the side effects of FCA and poor
immunogenicity of alum salts, a strong effort has
been made to identify new adjuvants favourable for
the use in human vaccines. Muramyl dipeptide
(MurNAc-L-Ala-D-iso-Gln, MDP) was identified as
the minimal structure of FCA preserving its adju-
vant activity [88–90] (see also reviews [91,92]).
Similarly, the N-palmitoyl-S-[2,3-bis(palmitoyloxy)-
(2RS)-propyl]-cysteine (tripalmitoyl-S-glyceryl-cys-
teine, Pam3Cys, P3C) [93–95], which was derived
from the immunologically active N-terminus of bac-
terial lipoprotein from the outer membrane of Es-
cherichia coli and other Enterobacteriaceae was
found as a potential candidate as adjuvant for vac-
cines [96].

Much attention has been paid to the use of P3C in
the design of MAP vaccines [97]. P3C is a potent
B-cell and macrophage activator [98,99], induces

Copyright © 1999 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 5: 5–23 (1999)
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Table 2 Recent Applications of MAPs in the Vaccine Design and Antibody Preparation (for
Examples before 1995 see Review [136])

Antigen Reference

CS protein
Verheul et al. [109]P. berghei
Ahlborg [73]P. falciparum

Calvo-Calle et al. [137]
Nardin et al. [138]
Ahlborh et al. [139]

P. vivax Herrera et al. [140]
Wang et al. [141]P. yoelli

Franke et al. [142]
B19, Parvovirus Anderson et al. [143]
gp46, HTLV-1 Baba et al. [144]
Angiotensin II receptor AT2 type, mice Z& elezná et al. [145]
Spliceosome protein, human James et al. [146]
Cyclin, human Digweed et al. [147]
Phospholipase A, human Sa et al. [148]
Kainate receptor, goldfish Wo and Oswald [149]

Ahlborg et al. [150]IL-12, human; Amphiregulin, human; FALL-39, human
V3, FIVA Rigby et al. [151]

Flynn et al. [152]
Ahlborg et al. [153]Pf332, P. falciparum

Ahlborg et al. [154]
Jaso-Friedmann et al. [155]NKTag, Tetrahymena pyriformis

cRCP, chicken Mahale et al. [156]
Gilardeau et al. [157]P126, P. falciparum

Jez' ek et al. [25]Tn antigen, human cancer
Bay et al. [26]
Jez' ek et al. [127]
Velek et al. [129]
Basak et al. [158]mPC-1, murine

Hemagglutinin, influenza virus Rose et al. [159]
Yokoyama et al. [160]Prion protein (PrP), mouse
Schott et al. [161]ras V12, human carcinoma
Aoki et al. [162]VP1, JC virus
Kanda et al. [163]CDR2 VH from anti-CD4 mAb, murine

Poly(ADP-ribose) polymerase, higher eukaryots Duriez et al. [164]
Protein M, Streptococci group A Toth et al. [165]
Glucosyltransferase, Streptococcus mutans Smith et al. [166]
gpS1, infectious bronchitis virus (IBV) Jackwood et al. [167]

Singh et al. [168]gp12, HIV-1

CTL in vivo [100], and can be used as a built-in
adjuvant in MAP-P3C constructs [101]. The
lipophilic character of MAP-P3C constructs en-
ables further thousand-fold amplification of anti-
gens by the Macromolecular Assemblage Approach
by employing P3C as a lipidic membrane an-
choring moiety in a lipidic matrix of liposomes or
micelles [101].

The utility of P3C in the preparation of MAP
vaccines was demonstrated by Defoort et al. [101].
Tetravalent MAPs with four copies of 24 amino

acids long sequence derived from gp120 of HIV-1
(residue 308–331) with P3C at the C terminus
(B1M-P3C) were prepared (see Figure 4) and ad-
ministered both in free and liposomal form to rab-
bits and mice. In both animal models it showed
humoral and T-cell response as measured by anti-
body production, cytolytic activity and IL-2 pro-
duction [101,102]. The cytolytic response induced
by MAPs only after one immunization was found
to be superior to the response induced by a full
cycle of immunization of B1M in FCA.

Copyright © 1999 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 5: 5–23 (1999)
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Furthermore, the ability of MAP-P3C constructs
to elicit CTL response after a single injection, with-
out the involvement of CD4+ T-lymphocytes [103],
confirms previous findings that CD8+ cells are
sufficient to control viral infection in the absence of
CD4+ T-cells [104].

Another modification of MAPs toward targeting
and delivery is the preparation of lipidated MAPs,
lipoMAPs. The major advantages of the use of the
simple monopalmitic acid–peptide conjugates are:
(1) low costs of the fatty acid, (2) the coupling of
lipid to peptide can be performed in the peptide
synthesizer during the synthesis, and (3) standard
peptide methodology can be used for purification.

Lipidation (palmitoylation) affects biodegradabil-
ity, transportability through membranes, immuno-
genicity, etc. [105,106]. Site of acylation (palmi-
toylation) also influences the immunogenicity of
peptide antigens [107]. S-palmitoylated peptides
were found to be more immunogenic than N-palmi-
toylated ones and at least as immunogenic as KLH-
peptide conjugates.

The influence of a linker, number and chirality of
lipidated amino acids on the immunogenicity were
studied. Tetravalent, symmetric lipoMAP with 18-
amino acids long sequence (residue 312–329)
derived from the V3 loop of gp120 of HIV-1 strain
IIIB with a series of palmitoyl lysines (PL) or palmi-
toyl serines (PS) with alternating chirality of the D-
and L-amino acids attached to the C-terminus by
various linkers were prepared [108]. Hydrophilic
linker, L-Ser-L-Ser, appears to be important since
using the L-Ser-D-Ser linker which gives different
orientation to the lipid did not produce the desired
immunogenicity. Moreover, replacement of
Lys(Palm) with Ser(Palm) also significantly reduces
adjuvant effect of palmitoylation. In a series of

derivatives from one up to four Lys(Palm) linked
through the L-Ser-L-Ser linker, the lipoMAP with
D-Lys(Palm)-L-Lys(Palm), B2SM-PL2, elicited the
highest antibody responses. LipoMAPs were also
versatile in inducing humoral response. Spleen cells
of BALB/c mice immunized with B2SM-PL2 free and
in liposomes showed strong cytolytic activity. These
findings indicate that lipoMAPs may be a useful tool
for the design of synthetic vaccines for humans
[109,110].

Multiple Antigen Glycopeptides. The use of cancer
vaccines to induce an anti-cancer immune response
is an attractive idea for the treatment of cancer
patients. This idea derives from the success of vac-
cinations in controlling viral infections. Since im-
mune reaction is highly specific, vaccination is a
preferable alternative to less specific treatments
such as chemotherapy and radiation therapy.

Earlier studies on cancer utilized whole tumour
cells or tumour cells extracts of uncertain composi-
tion. However, most of the studies were unsuccess-
ful due to the poor understanding of the molecular
nature of tumour antigens. Recent advances in im-
munology and in the identification of tumour-cell
antigens have renewed the interest for the develop-
ment of cancer vaccines. T (Galb1�3GalNAca1�
O-Ser/Thr), Tn (GalNAcal�O-Ser/Thr) and
sialosyl-Tn (NeuNAca2�6GalNAca1�O-Ser/Thr)
structures have been recognized as tumour associ-
ated antigens [111,112] exclusively expressed on
carcinoma associated mucins [111,113,114]
(mucins are highly O-glycosylated, high molecular
weight glycoproteins expressed on endodermal ep-
ithelial cells, particularly those showing glandular
secretory activity). These antigens are usually ex-
pressed on normal cells in cryptic form. Incomplete
glycosylation or neoglycosylation occurs in tumour
cells and leads to the accumulation of these precur-
sors or neostructures on the cell surface. Increased
expression of Tn and sialosyl-Tn antigens has been
correlated with tumour aggressiveness and poor
prognosis in a number of epithelial tumours
[113,115]. Tn antigen is expressed in over 70% of
breast, lung, colon, and stomach carcinomas
[111,113]. Tn antigens were found also on gp160
and gp120 of human immunodeficiency virus (HIV)
and in vitro neutralization effect of anti-Tn antibod-
ies was shown [116].

Several studies have shown some protection after
immunization with these tumour antigens in exper-
imental or clinical studies. In most of these studies
tumour antigens linked to various protein carriers

Figure 4 Tetravalent MAP with built-in adjuvant (B1M-
P3C) [101].
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were used [117–119]. As mentioned above, these
conjugates are not unambiguous and produce irrel-
evant antibody responses. Still, the ideal vaccine
should be totally synthetic, should not require any
use of either carriers or extraneous adjuvants, and
should protect after single administration and for a
substantial period of time.

The synthetic preparation of tumour-associated
antigens has been well described [120–124]. The
chemistry of glycopeptides in general, and of O-gly-
copeptides especially, has been reviewed [125,126].

To circumvent the principal lack of use of protein
conjugates we decided to use a fully synthetic vac-
cine model based on the MAP concept. We prepared
MAGs [25,127] immobilized on undetachable bio-
compatible Tenta Gel S NH2 [128] resin which acts
as a synthetic hapten carrier for use in immuniza-
tion. We synthesized several tetra- and octavalent
MAGs both with and without inserted g-Abu as
spacers. Spacers were used to increase the mobility
and accessibility of N-reactive ends as well as to
study their influence on the coupling of bulky Tn
antigens during SPPS. As a glycopeptide antigen we
used N-acetylated Tn dimer with another g-Abu
spacer at the C-terminus (Ac-(Tn)2-g-Abu), to im-
prove its accessibility to the immune system and
thus immunogenicity.

[Ac-(Tn)2-g-Abu]4-(Lys-X)2-Lys-b-Ala-Tenta Gel
(X=0/g-Abu), [Ac(Tn)2-g-Abu]8-(Lys-X)4-(Lys-X)2-
Lys-b-Ala-Tenta Gel (X=0/g-Abu) as well as corre-
sponding negative standards, i.e. acetylated cores
without antigens, were synthesized by Boc chem-
istry using standard DCC/HOBt or BOP coupling
protocol [25]. Both tetravalent MAGs were readily
synthesized, but during the synthesis of both oc-
tavalent MAGs we encountered difficulties during
the coupling of Tn antigens. Repeated coupling
steps as well as the use of aprotic solvent mixtures
were necessary to achieve good coupling yields (for
details see [25,127]).

To assess the antigenicity of our models we tested
their specific recognition by mAb IgM anti-Tn
(DAKO-HB-Tn1, DAKO, DK), anti-Tn/A (BRIC 66,
IBGRL Research Products, UK) and anti-A (Birma-1,
Gamma Biologicals). Both anti-Tn mAb recognized
our models (DAKO-HB-Tn1 and BRIC 66) as deter-
mined by a rosetting test. Similar studies of Bay et
al. [26] with tetravalent MAPs bearing chimeric epi-
topes (BT)4-MAP, where the B-cell epitope repre-
sents one copy of Tn antigen and the T-cell epitope
was the 103–115 sequence of the VP1 protein of
poliovirus type 1, showed a good antibody recogni-

tion by mAb anti-Tn 83 D4 (IgM) and MLS 128 (IgG)
which is in agreement with our own results.

More importantly, this concept seems to be
promising for the vaccine model. An immunization
study with octavalent MAG with inserted g-Abu,
[Ac-(Tn)2-g-Abu]8-(Lys-g-Abu)4-(Lys-g-Abu)2-Lys-b-
Ala-Tenta Gel, immobilized on Tenta Gel support,
showed the ability of such a construct to elicit
antibody response. BALB/c female mice (4–6 weeks
old) were immunized with five doses, 300 mg each,
at 3-week intervals. Afterwards, the sera and
spleen cells were collected and the levels of anti-A
as well as anti-Tn antibodies were assessed. Mice
immunized with active compound showed a 100–
1000× increase in the titre of the agglutination
reaction, whereas mice immunized with negative
standard (without Ac-(Tn)2-g-Abu) did not show any
significant increase of antibody level at all
[127,129].

These studies show that our hypothesis is valid
and that even small carbohydrate antigens alone
can induce an antigen-specific immune response
[130]. The selection of oligolysine carriers with or
without g-Abu spacers as well as the use of Tn
dimers in the antigenic part are promising for the
development of a fully synthetic anti-cancer vac-
cine. Specific recognition of our models makes them
prospective molecules in affinity purification of Tn-
related antibodies and also for immunodiagnosis.
Currently, a detailed study with soluble analogues
is underway.

Other Applications of MAPs. The multimeric format
of MAPs makes them interesting also in other areas
besides being immunogens in vaccine design (see
Table 3). The utility of MAPs can be divided into
several groups—immunoassays and serodiagnosis,
inhibitors, epitope mapping, artificial proteins, in-
tracellular delivery—for use in a variety of other
biological applications including purification
techniques.

Linear oligopeptides are known to have poor bind-
ing capacities to various plastic surfaces due to the
lack of hydrophobic side-chains in their structures.
The binding can also affect their antigenicity by
employing particular epitopes in hydrophobic inter-
actions with plastic surfaces. MAPs were found to
possess better coating properties compared with
linear analogues [131]. Only some of the multiple
copies of a particular antigen in the molecule are
employed in binding to a plastic surface, whereas
others are exposed and thus available for effective
interactions. This is especially advantageous for
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Table 3 Applications of MAPs in Immunodiagnosis and Various Biochemical Uses

Application Reference

Immunoassays and serodiagnosis
Systemic lupus erythematosus Caponi et al. [169]
HIV-1 Vogel et al. [170]
Hepatitis A virus Firsova et al. [171]
EBV Marchini et al. [172]

Inhibitors
HIV-1 fusion and infection Yahi et al. [173,174]

Yahi et al. [175,176]
Weeks et al. [177]
Wallace et al. [178]IL-6

IL-2 Fassina et al. [179]
Fibronectin Ingham et al. [180]
HeLa cells Chillemi et al. [181]

Flinn et al. [105]Intracellular delivery
Sheldon et al. [182]

Molecular recognition Wiegandt et al. [183]
Ab recognition by retro-, inverso peptides Verdoliva et al. [184]

Purification methods
Affinity purification of antibodies Fassina et al. [133]

Fassina et al. [185]
Verdoliva et al. [186]
Butz et al. [187]

solid-phase based immunoassays such as RIA and
ELISA. The multimeric arrangement also improves
avidity and coating efficiency and thus allows the
detection of low affinity antibodies and identifica-
tion of early stages of infections [132]. A multimeric
nature is also favourable for the use of MAPs in
affinity purification protocols [133]. Another
promising application is their use in the design of
inhibitors [134,135], where MAP format enables
multiple-point contact and thus stronger binding
compared with linear analogues.
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