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SUMMARY

A contraceptive vaccine directed against human chorionic gonadotropin (hCG) has previously

undergone clinical testing that demonstrated the feasibility of the approach in preventing pregnancy

in women. Some immunized volunteers however, did not respond with an adequate anti-hCG antibody

response despite employing highly immunogenic bacterial toxoids as carriers. Since there is some

evidence that T cell responses to a complex protein typically focus on a few immunodominant epitopes,

we investigated the responsiveness to hCG in mice of different haplotypes using the protein carrier

diphtheria toxoid (DT). Our data showed a differential carrier effect of DT. With the aim of making a

more potent immunogen employing promiscuous pathogen-derived Th peptides as carriers,

peptide:antigen stoichiometric ratios were optimized. When tested individually using alum as the

adjuvant, three such peptide conjugates improved the anti-hCG response, though not consistently to

levels higher than the DT conjugate. Immunization with a combination of these synthetic epitopes

generated anti-hCG responses higher than those achieved with DT or with the individual peptides.

Antibodies were of high affinity and capable of neutralizing the bioactivity of hCG, but were devoid of

anti-peptide reactivity. These results support our view that differential hyporesponsiveness in a diverse

population may arise from inadequate carrier effect and that it can be overcome by use of pathogen-

derived broadly reactive non-B Th epitopes employing only alum, a permissible adjuvant.
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INTRODUCTION

Linkage to a protein carrier has been used as a strategy to

overcome immunological tolerance against human chorionic

gonadotropin (hCG), a hormone that is produced by the peri-

implantation embryo and plays a critical role in the establishment

and maintenance of early pregnancy. The b -subunit of hCG

(bhCG) conjugated chemically to diphtheria toxoid (DT) or

tetanus toxoid (TT), induced anti-hCG antibody responses not

only in animals but also in humans [1,2]. Carriers recruit Th cells

that provide help to antibody-producing hCG-specific B cells.

Initial human clinical studies with a bhCG-based contraceptive

vaccine demonstrated the lack of notable side-effects [3], the

generation of bioneutralizing antibodies [2,4] and the feasibility of

the approach in preventing pregnancy in fertile women [5].

Protective levels of antibodies were however, not attained in some

individuals. One reason for the diminished response may be

related to carrier-mediated epitopic suppression [6±12], in which

prior immunity against a carrier protein can inhibit the antibody

response to a ligand attached to it. The phenomenon is however,

not well established in humans [10].

It has been shown that the T cell response to a complex protein

antigen usually focuses on a few, and frequently a single,

immunodominant epitopes [13,14]. We therefore hypothesized

that differential ability to respond to the carrier may be

responsible for lower responses to hCG in some individuals of a

diverse population. Given that carrier linkage is not only a critical

strategy for contraceptive vaccines but is also essential for

evoking antibody responses to subunit peptide vaccines, it

becomes imperative to devise an alternative approach that can

ensure generation of an adequate anti-ligand antibody response in

most if not all recipients. In the present study, we investigated the

feasibility of using promiscuous Th epitopes as carriers. pCST3

corresponds to residues 378±398 of the circumsporozoite protein

of Plasmodium falciparum with cysteine residues 384 and 389

substituted by alanine residues [15] and an additional cysteine at

the N-terminal, pMTB corresponds to residues 350±369 of the 38-

kD protein of Mycobacterium tuberculosis [16] with an additional

cysteine at the N-terminal, and pRSV represents residues 45±60
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of the 1A protein of the respiratory syncytial virus [17]. These

peptides were synthesized and individually linked to the

heterospecies dimer (HSD, bhCG associated with a -ovine LH,

bhCG-aoLH). Employing a permissible adjuvant, the conjugates

were investigated individually as well as in combination for their

immunogenic potential in inbred mice of various haplotypes.

MATERIALS AND METHODS

Design of immunogens

Amino acid sequences of the peptides used in the study are:

pCST3 (CDIEKKIAKMEKASSVFNVVNS), pRSV

(CEYNVFHNKTFELPRA) and pMTB (CDQVHFOPLP-

PAVVKLSDALI). The peptides were synthesized by a stepwise

solid-phase procedure using the 430A peptide synthesizer

(Applied Biosystems, Foster City, CA). Synthesis was carried

out on a 0´5-mmol scale using phenylacetamidomethyl resin. The

peptides were deprotected and cleaved from the resin using

trifluoroacetic acid (TFA)-trifluoromethanesulphonic acid-thioa-

nisole-ethanedithiol [18] and then purified by gel filtration on

Sephadex G-25 in 10% acetic acid followed by reverse-phase high

performance liquid chromatography (HPLC) on a C-18 column

(Waters, Milford, MA). Aqueous TFA (0´1%; Solvent A) and

0´1% TFA in 80% aqueous acetonitrile (Solvent B) were used to

form a linear gradient of 0±100% Solvent B in 35 min at a flow

rate of 1´5 ml/min and A226 was monitored. Purity of the peptides,

assessed by analytical reverse-phase HPLC and amino acid

analysis, was . 95%.

bhCG was associated with aoLH to create HSD following the

procedure described earlier [19]. HSD was coupled to individual

peptides using N-succinimidyl-3-(2-pyridyl dithio) propionate

(SPDP; Pierce, Rockford, IL) [20]. Briefly, HSD (7 mg dissolved

in 100 mm PBS pH 7´4) was treated at 258C for 1 h with 10, 20 or

30 m excess of SPDP. Unreacted SPDP was removed by gel

filtration on a Sephadex G-25 column. The numbers of lysine

residues activated per HSD molecule were 3, 5 and 10,

respectively. Activated HSD and pCST3 were mixed in a ratio

of three peptide molecules for every 2-pyridyl-disulphide group

and incubated for 2 h at 258C and overnight at 48C. By measuring

the release of pyridine-2-thione at 343 nm, the number of pCST3

molecules conjugated to each HSD molecule was computed to be

2´5, 4 and 10, respectively. Conjugates with pRSV and pMTB

(molar ratio ,3:1) were similarly prepared. DT-HSD was

prepared as described previously [21].

Immunization

Female 8±10-week-old BALB/c (H-2d), CBA (H-2k), C57Bl/6

(H-2b), FVB (H-2q) and SJL/Pas (H-2s) mice were used for the

study. Groups of 8±10 mice each were immunized with antigens

adsorbed on alum, Al(OH)3 (Superfos, Federikssund, Denmark).

A total of three injections, at 4-week intervals, was given

intramuscularly at two contralateral sites in a total volume of

100 m l. The mice were bled from the retro-orbital plexus. Sera

were diluted appropriately and stored at 2708C until assayed.

Characterization of antibody response

Anti-hCG antibody titres expressed as hCG binding capacity were

determined by a direct binding radioimmunoassay (RIA). hCG

was iodinated (sp. act. 40±60 mCi/mg) by the Iodogen method

[22]. The assay protocol consisted of 100 m l of diluted antiserum,

100 m l of 125I-hCG (approx. 15 000 dpm), 100 m l of 20% horse

serum and 200 m l of assay buffer (50 mm PBS with 0´1% bovine

serum albumin (BSA), pH 7´2). After incubation at 48C for 20 h,

the antibody-bound fraction was precipitated by adding 500 m l

polyethylene glycol (PEG) 8000 (12´5% final concentration) and

centrifugation at 1500 g for 20 min. The pellet was counted in a

multi-g-counter (LKB 1260; Turku, Finland). After correcting for

non-specific binding, hCG binding capacity was calculated at a

point(s) where proportionality was obtained between antiserum

dilutions and labelled hCG binding. The hCG neutralization

capacity of antibodies was measured by a receptor binding

inhibition assay as described [5]. Association constant (Ka) of the

antibody±hCG interaction was determined by cold displacement

analysis described earlier [2].

Anti-DT or anti-peptide antibody titres were determined by

standard ELISA systems. A 96-well plate was coated with DT or

individual peptides (1 mg/well) in PBS pH 7´4 and non-specific

sites saturated with 1% of low fat milk powder. After incubation

with various serum dilutions, goat anti-mouse±horseradish

peroxidase (HRP) conjugate was added as the revealing antibody.

Orthophenylene diamine was employed as substrate. Antibody

titres are expressed as antibody units, the product of A490 and

antiserum dilution, and were calculated at points where decrease

in absorbance was proportional to antiserum dilution.

Lymphocyte transformation assay

Mice were immunized in the hind footpads with peptide (100 mg)

or DT (10 mg) in saline, emulsified in Freund's complete adjuvant

(FCA). Ten days later, the draining popliteal and inguinal lymph

nodes were removed. Single-cell suspensions were prepared. Cells

(3 � 105/well) were cultured in 96-well plates in Dulbecco's

modified Eagle's medium (DMEM; Gibco Labs, Grand Island,

NY) supplemented with 10% fetal calf serum (FCS; Boehringer,

Mannheim, Germany), 10 mm HEPES, 50 mm mercaptoethanol,

2 mm l-glutamine, 100 U/ml sodium benzyl penicillin, 100 mg/

ml streptomycin sulphate and 3´7 g/l sodium bicarbonate.

Increasing concentrations of the immunizing antigens were added

in a total volume of 200 m l. All assays were performed in

triplicate. For determining background proliferation, cells were

cultured in medium only. After incubation at 378C in a 5% CO2

atmosphere for 4 days, cells were pulsed with 0´5 mCi/50 m l of
3H-thymidine (Amersham, Aylesbury, UK) per well for 18 h.

Cells were harvested on glassfibre filter mats (Pharmacia,

Uppsala, Sweden). Incorporation of radioactive thymidine as an

index of cell proliferation was estimated on a liquid scintillation

counter (1205 Betaplate; LKB).

Statistical analysis

Statistical analysis of data was carried out on log transformed

values of antibody titres. The significance level was calculated by

Student's unpaired t-test, and considered significant if P , 0´05.

RESULTS

Carrier effect of DT in mice of different genetic backgrounds

To assess the general effectiveness of the carrier DT, mice of five

different H-2 haplotypes (b, d, k, s, and q) were immunized with

DT±HSD conjugate or HSD alone. Groups of 8±10 mice each

received three injections of alum-adsorbed antigen at 4-week

intervals. The animals were bled periodically and hCG binding

capacity was measured in individual sera. Figure 1 shows the peak

anti-hCG antibody titres, attained at 9 weeks after immunization.
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All groups immunized with the DT conjugate generated antibody

responses consistently higher (P , 0´01) than those immunized

with the unconjugated HSD. Comparison of the geometric means

show that anti-hCG titres induced by the DT conjugate in CBA,

C57Bl/6 and SJL mice were however, lower than the responses

generated in BALB/c or FVB mice. Thus it is apparent that while

DT induced enhancement of anti-hCG titres in all the strains

tested, T cell help provided is strain-specific.

Immunogenicity of pCST3 conjugates: effects of stoichiometry

The effect of conjugation of pCST3 on the immunogenicity

of HSD was evaluated in mice of five different strains. Groups of

mice were injected with HSD alone or pCST3±HSD conjugates of

different stoichiometry (2´5, 4 or 10 peptides per HSD molecule).

One group in each strain received HSD linked to DT (DT±HSD).

The mice were bled at regular intervals and anti-hCG antibody

titres were determined in individual sera. Results summarized in

Fig. 2 indicate that conjugation of HSD to pCST3 significantly

enhanced anti-hCG antibody responses in all the five mouse

strains. For instance, all BALB/c mice receiving HSD±peptide

conjugates responded with formation of anti-hCG antibodies, in

contrast to only seven out of 10 mice immunized with HSD. Peak

antibody titres induced by each of the pCST3 were significantly

higher (P , 0´01) compared with mean responses in HSD-

immunized mice. The potentiation in the immune response

achieved by 2´5, 4 or 10 copies of pCST3 was not significantly

different (geometric mean hCG binding capacity 2619, 1646,

1966 ng/ml for respective pCST3 conjugates versus 152 ng/ml for

HSD) and was comparable to that achieved with DT (1922 ng/

ml). Although the overall levels of antibody responses were lower,

mean anti-hCG titres in SJL/Pas (304, 273, 497 ng/ml), CBA

(449, 331, 434 ng/ml) and C57Bl/6 mice (337, 529, 592 ng/ml)

were significantly higher (P , 0´01) when compared with

responses in groups immunized with HSD alone (67, 35 and

52 ng/ml, respectively). In FVB mice, the conjugate pCST3±HSD

(2´5:1 molar ratio) substantially elevated (P , 0´01) the mean

antibody titres (1108 ng/ml) over those attainable with unconju-

gated HSD (47 ng/ml), the improvement being of the same order

as achieved with DT conjugation (1050 ng/ml). Increasing peptide

loading (4 or 10) appeared to enhance the response further (1544

and 1694 ng/ml, respectively); the differences were however, not

statistically significant. Since an epitopic density of 2´5, 4 and 10

peptides per HSD molecule gave essentially similar antibody

responses, a stoichiometry of about three Th epitopes per HSD

molecule was used for further studies.

Immunogenicity of conjugates with pMTB and pRSV

In the next set of experiments, pRSV and pMTB were investigated

for their ability to provide T cell help to HSD. Each peptide was

individually linked to HSD and immunogenic potential of the

conjugated antigens tested. Controls included mice immunized

with HSD alone or with DT±HSD. Analysis of anti-hCG

responses shown in Fig. 3 indicated that conjugation with pMTB

and pRSV significantly improved the immunogenicity of HSD in

four of the five mouse strains tested (BALB/c, 281 ng/ml versus

1789 and 1843 ng/ml (P , 0´01), respectively; FVB, 89 versus

570 and 1715 (P , 0´01); CBA, 158 versus 327 and 418

(P , 0´05); SJL, 14 versus 200 and 300 (P , 0´01). While the

two peptide conjugates were as immunogenic as the DT conjugate

in BALB/c mice (1888 ng/ml), in FVB and CBA strains only

pRSV±HSD generated antibody titres comparable to those

generated by DT±HSD (1718 and 699 ng/ml, respectively). In

C57Bl/6 mice only pMTB was found to be active, with mean

antibody titres being 625 ng/ml (versus 23 ng/ml for HSD;

P , 0´01), comparable to those generated by DT±HSD (666 ng/

ml).

Efficacy of a combination of peptides conjugates

We next tested whether a combination of the three peptide

conjugates would lead to an additive effect in enhancing the

antibody responses and help overcome the genetic hyporespon-

siveness of the protein carrier. An equimolar physical mixture of

peptide conjugates adsorbed on alum was administered to groups

of mice as a composite preparation. Results shown in Fig. 4 reveal

that each of the five different mouse strains responded with an

elevated anti-hCG antibody response, clearly establishing the

advantage of the mixture over individual peptide conjugates.

While antibody titres generated by the peptide mixture were

significantly higher (P , 0´05) than those elicited by the DT-

conjugated antigen in BALB/c (2316 versus 1472 ng/ml), FVB

(3791 versus 1849 ng/ml), CBA (1734 versus 1025 ng/ml) and

C57Bl/6 mice (985 versus 505 ng/ml), the response in SJL mice

was similar to that observed in the group immunized with DT±

HSD (1198 versus 1151 ng/ml). When the data were analysed

collectively, the antibody response of all five strains (akin to

studying the immune response in heterogeneous population) with

peptide mixture-based formulation (geometric mean 1800 ng/ml)

was found to be statistically higher (P , 0´01) than the responses

of all DT-immunized groups (1105 ng/ml). Antibodies were found

competent to inhibit the bioactivity of hCG in vitro. Our previous

studies have established a good correlation between the contra-

ceptive efficacy of the vaccine and the in vitro neutralization

capacity of the antibodies [5]. Although the bioneutralization
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Fig. 1. Immunogenic response to diphtheria toxoid (DT)±heterospecies

dimer (HSD) in mice of different haplotypes. Groups of 8±10 mice were

immunized with alum adsorbed DT±HSD (cross-hatched) or HSD alone

(A) by giving three injections at 4-week intervals. Peak antibody titres

(week 9) in individual sera are shown as points and the bar represents

geometric mean of the group.
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capacity per ml serum was consistently higher for all peptide

groups when compared with the capacity of corresponding DT

groups (Fig. 5), the difference for SJL mice was however, not

significant. Antibodies generated by the cocktail HSD±peptide

conjugates in all strains had high affinity for hCG; association

constants (Ka), computed by Scatchard analysis, were of the order

of 1010 M21.

Anti-DT and anti-peptide antibody responses

Preimmune sera did not exhibit titres to any of the three peptides

or to DT. As expected, animals immunized with the DT±HSD

conjugate responded by generating an anti-DT antibody response

with titres ranging from 27 to 437 antibody units (the product of

A490 and antiserum dilution). Significantly, antibodies were not

detectable (, 1 U) to any of the three peptides in animals

immunized with the peptide cocktail.

In vitro lymphocyte proliferation

Lymphocyte transformation assays were performed with the

synthetic peptides to assess their potential to induce T cell

proliferation in vitro. Mice were immunized with individual

peptides or with DT and recall responses were assayed against

respective antigens. The data show strain- and dose-dependent

lymphocyte proliferative responses (Fig. 6). In SJL/Pas (H-2s)

mice, all three peptides tested induced appreciable proliferation of

lymph node cells, with pRSV inducing the highest proliferative

response. FVB (H-2q) and CBA (H-2k) mice responded better to

the pRSV than to the other peptides; in BALB/c (H-2d) mice,

pCST3 and pRSV induced a greater degree of proliferation

compared with pMTB. C57Bl/6 (H-2b) mice responded well to

pMTB and pRSV, but proliferation to pCST3 was low at all doses

tested.

DISCUSSION

In the present study, we demonstrate that hyporesponsiveness to

the conjugate hCG vaccine is related to selective deficiency of

adequate carrier effect by protein antigens in a genetically diverse

population. This hyporesponsiveness can be overcome by using an

appropriate combination of pathogen-derived promiscuous non-B
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Th epitopes. Mice immunized with a protein carrier exhibit strain-

specific variation in anti-hCG response. Since these animals had

no prior immunity against the carrier DT, the lower response

observed in three strains cannot be attributed to carrier-induced

epitopic suppression, a phenomenon observed in a variety of

hapten-carrier systems [6±12]. Epitopic suppression has been

attributed to the presence of anti-carrier antibodies [10], to

induction and activation of suppressor T cells [7,8±10] or to

antigenic competition between carrier-specific and ligand-specific

B cells [9]. Since bhCG is poorly immunogenic by itself, it can be

concluded that even a large carrier such as DT provides

differential carrier effect (T cell help). A lower responsiveness

to the carrier might lead to inadequate generation of T cell help,

which in turn would lead to a lower anti-hCG antibody response in

some recipients. This could pose problems when an outbred

population is to be vaccinated. A diminished response in some

women [5] might be attributed to HLA haplotype distribution.

We evaluated the potential of three promiscuous Th peptides

with a view to using them as substitute carriers for a large carrier

protein. CST3 (p378±398 of the CS protein of P. falciparum) has

been reported to be recognized by a large number of mouse and

human MHC class II molecules and to induce an antibody

response to the conjugated B cell epitope (NANP)3 in mice of

different strains, using FCA as the adjuvant [15]. Our studies

demonstrate the potential of pCST3 to provide T cell help for in

vivo antibody production against a covalently linked antigen

(HSD) without the use of FCA. HSD being `foreign', mice do

respond by producing anti-hCG antibodies, albeit of low order,

when it is injected after adsorption on alum. If however, the

molecule is linked to pCST3, anti-hCG response increases

several-fold. The strain-specific response pattern is similar to

anti-NANP responses obtained when CST3 was linked with the B

cell epitope (NANP)3 [15], indicating that the nature of the

conjugated B cell antigen is probably not an important factor in

determining the haplotype-dependent hierarchy of antibody

responses. Our data show that pMTB and pRSV also consistently
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Bypass of hyporesponsiveness to a conjugate vaccine 105

q 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 122:101±108



improved the immune response when conjugated to HSD,

suggesting that adequate processing and presentation of Th

peptides occur even when the peptide is linked to HSD, a 38-

kD protein. In our studies, there appears to be no advantage in

increasing stoichiometry beyond 2´5 peptides per HSD molecule.

The importance of optimizing stoichiometry has been described in

other systems. Tam et al. [23] reported that multiple antigen

peptides (MAPs) with four or eight tandemly linked B and T cell

epitopes of P. berghei CS protein were highly immunogenic, while

those containing B and T cell epitopes in a ratio of 8:1 or 1:8 were

not as immunogenic. Similarly, heat-stable enterotoxin of

Escherichia coli has been shown to be more immunogenic when

linked to four copies of a Th cell epitope from ovalbumin (p323±

329) than when attached to a single or two copies of the peptide; a

construct with a single peptide required a 20-fold higher dose for a

response similar to that with four copies of the Th epitope [24].

We found no correlation between lymphoproliferative responses

induced by the peptides in vitro and anti-hCG antibodies

generated by respective HSD±peptide conjugates. Similar lack

of correlation has been observed for a malarial antigen [25]. This

is not entirely unexpected, given the different routes of

immunization and the adjuvants used.

Although the three epitopes we employed are promiscuous,

i.e. they are recognized in the context of a variety of MHC/HLA

alleles, they were not found equally reactive with different alleles.

A given peptide may not be able to bind to all MHC alleles in the

same orientation or with the same sequence [15,17], resulting in

variable affinity to MHC and presentation to T cells. Interaction

between MHC±peptide±TCR may significantly influence the

induction of humoral responses. We reasoned that the use of a

combination of Th peptides instead of a large carrier might help

overcome this limitation of genetic restriction for production of

anti-hCG antibodies. Our data show that co-injecting an equimolar

mixture of three peptide conjugates led to a significant enhance-

ment of the immune responses in five different strains of mice.

Antibodies were bioneutralizing in nature, indicating that peptide

linkage did not affect crucial B cell epitopes.

While earlier studies demonstrating improved immunogenicity

h
C

G
 b

in
d

in
g

 c
ap

ac
it

y 
(µ

g
/m

l)
HSD conjugated
with:

–

pCST3+pRSV+pMTB

DT

BALB/c

4

2

1

0
5 9

SJL

4

2

1

0
5 9

CBA

4

2

1

0
5 9

C57Bl/6

4

2

1

0
5 9

FVB

4

2

1

0
5 9

Fig. 4. Enhanced immunogenicity of a cocktail mixture of peptide conjugates. Mice were immunized with a physical mixture of the

pCST3±heterospecies dimer (HSD), pMTB±HSD and pRSV±HSD conjugates adsorbed on alum. Three injections each containing an

equimolar mixture of conjugates (5 mg each) were given intramuscularly at an interval of 4 weeks. Groups of mice were also immunized

with HSD alone or diphtheria toxoid (DT)±HSD. Antibody titres at 5 and 9 weeks are shown in individual sera as points with bar as

geometric mean of the group. Mean peak titres with peptide mixture is significantly higher (P , 0´05) than corresponding DT±HSD groups

of all strains except SJL.

106 A. Mandokhot et al.

q 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 122:101±108



with Th epitope conjugation employed FCA [11,15,26±33], we

employed only alum, an adjuvant approved for human use. It is

possible that immunization with the cocktail leads to the

recruitment of a larger repertoire of T cells. It has been shown

that the simultaneous presence of immunodominant T cell

epitopes does not result in competition when the peptides are

injected together [34]. Such co-dominance is anticipated among

peptides that bind with relatively high affinity to the presenting

molecules and thus have a chance to occupy a significant number

of binding sites for T cell activation. An additive synergism,

where the presence of a peptide enhances the response to another,

is reported [34].

The peptides investigated here contain information for helper

function and do not induce antibodies against themselves.

Responses elicited by the peptide conjugates should not be

susceptible to carrier-specific B and Ts cell-mediated suppression.

In fact, for peptide conjugate vaccines, prior natural exposure to

the infectious agents from which the peptides are derived may

prove to be beneficial rather than detrimental. TT-primed mice,

when immunized with the B cell epitope (NANP)4 linked to a Th

peptide from TT, generated an antibody response to (NANP)4.

The response was greater than when they received the B cell

epitope linked to TT [11].

In conclusion, our data show that hyporesponsiveness to a

conjugate vaccine may result from deficient carrier effect and can

be bypassed by using a combination of promiscuous Th cell

peptides as a substitute for protein carriers. Absence of B and Ts
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epitopes in these sequences would eliminate the possibility of

carrier-induced epitopic suppression in recipients having prior

immunity against carrier. These findings have implications for the

development of contraceptive vaccines in particular and subunit

vaccines in general, which aim at inducing protective levels of

antibody titres in a majority of individuals of a diverse population.
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