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Abstract

Active immunization against self-peptides have gained widespread acceptance inspite of their low immunogenicity. Recent applications
involving multiple copies of self-peptides in linear alignment and conjugation with carrier proteins appear to increase the immune response
against self-peptides. As with most vaccines, however, immunogens require supplementation with adjuvants to elicit an optimum immune
response. In the present study, we prepared a double-chain miniprotein with each chain containing three linear repeats of the self-peptic
gonadotropin-releasing hormone (GnRH3), the hinge region of human IgG1 (hinge), and a T-helper epitope from the measles virus proteir
(MVP). The GnRH3-hinge-MVP miniprotein was conjugated to purified recombinant heat shock protein 65 (Hsp8obfcterium
bovisand used to immunize rats primed with subcutaneous injections of Bacillus Calmette-Guerin (BCG) in the absence of adjuvants. The
GnRH3-hinge-MVP-Hsp65 stimulated the production of specific anti-GnRH antibodies in the absence of adjuvants and the antibody titer was
comparable to that produced in rats immunized with the dimeric miniprotein in the presence of Freund’s adjuvant. Moreover, immunization
with the adjuvant-free GnRH3-hinge-MVP-Hsp65 induced degeneration of the reproductive organs in both male and female rats unlike
those immunized in the absence of Hsp65 or in control animals inoculated with the vehicle only. Histological examination of the affected
organs showed atrophy of the seminiferous tubules with dimished spermatogenesis in the testes of male rats. In female rats, the uteri we
much smaller in size and the ovaries exhibited reduced follicular development. These findings demonstrated that GhnRH3-hinge-MVP-Hsp6!
mounted a strong immune response in the absence of conventional adjuvants, and could prove useful in control of fertility and the treatmer
of conditions/diseases where GnRH ablation is required.
© 2005 Elsevier Ltd. All rights reserved.
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- . _ 1. Introduction
Abbreviations: GnRH, gonadotropin releasing hormone; Hsp65,

heat shock protein 65kDa; hinge, hinge region of human IgG1; MVP, . . .
measles virus protein (LSEIKGVIVRLEGVAK); BCG, Bacillus Calmette- Gonadotropin-releasing hormone (GnRH) is a decapep-
Guerin (attenuateycobacterium tuberculosigr. bovig; VEGF, vascular tide hypothalamic hormone that plays a central role in the
endothelial growth factor; HRP-horseradish peroxidase; IPTG, Isopropyl- regulation of mammalian reproduction. GnRH, also known
B-D-l-th|oga|actopyranc_JS|de; PAGE, polyacrylamide gel electrophoresis; as Iuteinizing hormone releasing hormone (LHRH), selec-
ELISA, Enzyme-linked immunosorbent assay tivelv stimulates th | f luteinizi h LH
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matogenesi$l-3]. This function has attracted widespread 2. Materials and methods
attention to the enormous potential of GnRH inhibitors as
anti-fertility agents[4,5]. The high level of expression of 2.1. Preparation of double-chain GnRH3-hinge-MVP
GnRH and its receptors or sex steroids and their recep-miniprotein
tors in a number of malignant human tumors, including
cancers of the breast, ovary, endometrium, and prostate A DNA fragment coding for the C-terminal fragment of
[6-8], has also contributed to the large number of stud- L. asparaginasg¢ansB-C) and an acid-labile aspartyl-prolyl
ies targeting GnRH for anti-cancer therg®y-11]. Among linker was generated by PCR amplification usig coli
the various approaches investigated in controlling GnRH chromosome DNA as template. Amplification was performed
activity, active immunization using peptide-based vaccines using the forward primer (SCCCCATGGATACGCCATT-
has gained widespread acceptafit2-14] The induction CGATGTCTA-3) located at 663 to 683 of asparaginase, and
of immune response against self-peptide, such as GnRH,the reverse primer at downstream of the termination sig-
however, has not proven reliable for a variety of rea- nal (5-GCC AATCGGATCCGCGTACTGGTTGAAGAT-
sons. Self-peptides exhibit low immunogenicity, the chem- CTTGG-3) [29]. PCR reactions were carried out in 1,00
ical conjugation using self-peptides have low efficiency, and volumes using 100 ng of DNA template an@. primers in
peptide antigen preparations are highly heterogerfibdks the standard reaction buffer (ANTP’s 0.2 mM; 50 mM KClI;
These problems have been partially obviated by adminis- 10 mM Tris—HCI, pH 9.0; 0.1% Triton X-100). Typically, the
tering immunogens containing multiple copies of the self- reaction was taken through 30 cycles of 30s denaturation
peptides in linear alignmerftL3] or conjugation of pep-  at 94°C, 2min annealing at 55C and a 2min extension
tide vaccines with defined T-helper epitog&8,15] Linear at 72°C. The resulting DNA fragment was digested with
repeats of GnRH fused to the receptor-binding domain of restriction endonucleasbigd andHindlll, and subsequently
pseudomonas exotoxin A generated GnRH-specific high- inserted downstream of the $I0 or T7 promotor of the
titer antibodies and promoted degeneration of ovaries in expression vector pET28a (Novagen, Germany) resulting in
female rabbits[13]. In our laboratory, we have success- the pED plasmid.
fully tested a synthetic peptide consisting of three GnRH  The partial coding sequence of the GnRH-hinge-MVP was
repeats (GnRH3) and the hinge region of human IgG1 amplified by PCR using the oligonucleotide$GGTCTG-
(hinge). The double-chain miniprotein obtained by oxidizing CGTCCGGGTGGTACCTGCCCGCCGTGCCCTGCTCC-
GnRH3-hinge-MVP successfully induced anti-GnRH anti- GCTG-3 and 3-ATGCACGATAAC ACCTTTGATTT-
body responses in rats in the presence of Freund’s adjuvantCAGACAGCGGAGCAGGGCACGG-3 and cloned into
[16]. pCR2.1 vector (Novagen, Germany). The resulting plas-
Synthetic or recombinant vaccines against a wide variety mid was used as DNA template for amplification of the
of diseases are not sufficiently immunogenic when admin- full coding sequence of GnRH-hinge-MVP using the
istered in the absence of carrier proteins and/or adjuvantsfollowing oligonucleotides: 5GGGGGATCCGACTCA-
[17—20] However, adjuvants appropriate for human use, such GCACTGGTCT TACGGTCTGCGTCCGGGTGGT-and
as aluminium hydroxide, have limited use with respect to the 5-GGCCAAGCTTATTTAGCAACACCCTCCAGACGA-
type of antigen employed and the stability of the final vaccine TGCAC GATAACACCTTT-3. The resulting PCR fragment
preparatiori21]. Freund’s complete adjuvant, while usefulin  with BanH| site (located at the 'Send penultimate to the
animal immunization, is not acceptable for clinical use due to coding sequence of GnRH-hinge-MVP) ahtindlll site
contamination with non-metabolizable oil and mycobacteria (located just after the’2nd to the termination codon TAA),
and its toxicity[22]. was digested wittBanmHI and Hindlll, and inserted into
Heat shock proteins (Hsp) are a family of approximately pED linearized withBanHl and Hindlll. The resulting
25 highly conserved proteins that increase in expression inplasmid pED-GnRH expressing GnRH-hinge-MVP was
response to various forms of strg&8]. Hsp65, a member  used to transforrk. coliBL21.
of the Hsp superfamily, exhibits high binding efficiency to The recombinant plasmid pED-antiGNnRH3 expressing
large protein substrates, thereby, increasing their stability. GhRH3-hinge-MVP was constructed from pED-GnRH by
Because of this characteristic, Hsp65 has been used as &xtending N-terminal part of GnRH-hinge-MVP with two
carrier protein and facilitated immune responses to conju- GNnRH peptides in series using add-PCR. Add-PCR ampli-
gated vaccines in animdls7,24—-27] Recently, conjugation  fication was performed using pED-GnRH as DNA template
of mycobacterial Hsp70 to GnRH-analogue has successfullyand the 5first step primer (SCCGGGTGAACACTGGT-
induced a anti-GnRH antibody response, and effected theCTTACGGCCTGCGCCCGGGTGAACACTGGAGCTAC-
reproductive system of male mif28]. Inspite ofthese advan- GGTCTGC GT-3) and a 3common primer (5§GGCCAA-
tages, Hsp65 has not been tested as a carrier protein for antiGCTTATTTAGCAACACCCTCCAGACGATGCACGATA
GnRH peptide vaccines. Therefore, in this study, we inves- ACACCTTT-3). After the reaction was taken through
tigated the immunogenicity of Hsp65-conjugated double- 10 cycles, the second step PCR was initiated with 5
chain GnRH3-hinge-MVP antigen in the absence of Freund’s second step primer (8BGGGATCCGGAACATTGG-
adjuvant. AGCTACGGTCTGCGTCCGGGTGAACACTGGTCT ‘B
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