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1. ABSTRACT

The concept of peptide vaccines is based on
identification and chemical synthesis of B-cell and T-cell
epitopes which are immunodominant and can induce
specific immune responses. B-cell epitope of a target
molecule can be coupled to a promiscuous T-cell epitope to
make it immunogenic. Our increased understanding of
antigen recognition at molecular level has resulted in the
development of rationally designed peptide vaccines. The
relative ease of construction and production, chemical
stability, and lack of oncogenic or infectious potential has
made the peptides attractive vaccine candidates. However,
several obstacles limit the widespread usefulness of peptide
vaccines. These include their low immunogenicity, need for
a better adjuvant and carrier, and reliable and simple assays
to measure T-cell response. Nonetheless, current efforts are
defying these limitations and many promising discoveries
are making their way to improve this approach. The peptide
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vaccines against various cancers have undergone phase I
and phase II clinical trials with successful immunological
clinical outcome. The peptide vaccination is being
examined both for palliative and prophylactic
immunotherapy. The current status of many peptide
vaccines which are being developed against cancer,
infectious diseases, and conception is discussed in this
review.

2. INTRODUCTION

Vaccines are one of the most effective and
successful prophylactic and palliative modalities for
infectious and non-infectious diseases. With the advent of
vaccines, there has been a worldwide decrease in several
infectious diseases (1). The vaccination programs have
been successful in worldwide eradication of smallpox, and



Peptide vaccines

have decreased the incidence of several diseases. The
poliomyelitis has gone down by almost 100%, diphtheria,
measles and rubella by 99% and whooping cough has
decreased by 97% (1). For several diseases either the
vaccines have not been developed, or the existing vaccines
are not efficacious for complete eradication. Several novel
and innovative strategies are being explored to construct
new vaccines, and to improve the efficacy of existing
vaccines. The development of synthetic peptide vaccines is
one of these exciting strategies. Lately, the synthetic
peptide vaccines have drawn considerable attraction
because of the significant advances in peptide synthesis,
proteomics, 2 dimensional gel-electrophoresis coupled with
matrix assisted laser desorption ionization-time of flight-
mass spectrometry (2D gel-MALDI-TOF-MS), and liquid
chromatography-mass spectrometry (LC-MS), and peptide
phage display technology. The peptide epitopes can now
easily be delineated, sequenced, and large quantities of
pure, potent and highly specific peptides can be synthesized
to produce a vaccine that can raise an immune response to
attenuate the effect of a disease. Various synthetic
adjuvants and carriers can be incorporated into peptide
vaccine formulations to enhance the immunogenicity. The
solubility and stability of the peptides can be enhanced by
incorporation of carbohydrates, and multiple peptide
epitopes can be assembled into a single vaccine formulation
by chemical ligation techniques (2). Vaccines are not only
important for infectious diseases, but are also being
constructed for non-infectious diseases/conditions, such as
cancer and conception. The aim of the present article is to
review the status of synthetic peptide vaccines that have
been tried for various cancer conditions, infectious
diseases, and contraceptive purposes. The objective is to
learn the lessons from the synthetic peptide vaccine
technologies that have been successfully tried against
various cancer/infections/conditions in humans, and
incorporate them for the development of synthetic peptide
contraceptive vaccines.

Recently, several cancers and their related deaths
are substantially increasing. In fact, over 10 million people
are diagnosed with cancer, and more than 6 million people
die due to cancer related deaths every year worldwide (3).
Even with the refined surgical techniques/combination of
chemotherapeutic agents/less invasive radiation procedures
the mortality of cancer patients continues. These therapies
damage healthy cells and cause serious side effects such as
nausea, vomiting, alopecia, and increase susceptibility to
additional tumors (4). For these reasons, it is imperative to
develop alternative approaches for the treatment and
management of cancer patients (5). One such approach
currently being investigated is the administration of peptide
based vaccines, in a form of immunotherapy aimed at
activating the patients’ immune system to recognize and
defeat the malignant “foreign” tumors (6). Tumor cells
present peptides that are unique and aberrant on cell surface
with respect to the major histocompatibility complex
(MHC). These unique tumor associated antigens make it
possible to raise specific immune responses that can target
tumors, but spare the normal tissues (7-12). The peptide
based vaccines have a number of advantages over other
forms of anti-tumor immunotherapy because peptides are
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chemically well-defined and relatively stable molecules.
They are easy and comparatively less expensive to
manufacture, and there are no infectious agents and
contaminating substances involved in manufacturing. Thus,
they are devoid of oncogenic potential. Different molecules
and T-cell epitopes can be linked with synthetic peptides to
enhance their immunogenicity. Currently, there are several
peptide  vaccines in clinical trials for cancer
immunotherapy. These are discussed below.

3. DISCUSSION

3.1. Peptide Vaccines for Various Cancers

Various vaccines based upon several peptides
have been tried for cancer immunotherapy. The notable
peptide vaccines that have undergone phase I/II/III clinical
trials are discussed below.

3.1.1. Heregulin (HER)-2/neu peptide

HER-2/neu is a 185 kD transmembrane protein of
the epidermal growth factor receptor family (13). HER-
2/neu is weakly expressed on the epithelial surface of
normal tissue, but is over-expressed on the surface of tumor
cells of breast, ovary and lung. In breast carcinoma, HER-
2/neu is over-expressed in ~30% of patients and hence it is
an interesting target for immunotherapy. ‘“Herceptin”, a
monoclonal antibody to HER-2/neu, has been licensed for
the treatment of breast cancer (14-16).

Recently, a study was conducted to determine
whether HER-2/neu cytotoxic T-lymphocytes (CTL)
immunity could be elicited in the absence of CD4" T-cell
help (17). A total of six human-leukocyte antigen (HLA-
A2) patients with HER-2/neu over-expressed tumors and
stage III or IV breast or ovarian cancer were recruited.
They received a monthly intradermal injection for six
months of HER-2/neu peptide p369-377 mixed with
granulocyte-macrophage-colony stimulating factor (GM-
CSF) as an adjuvant. The p369-377 is an immunodominant,
HLA class I binding peptide that is part of the extra-cellular
domain of HER-2/neu protein. After immunization, CTL
response was detected which subsided after five months.
Along with the previous study (18), these findings indicate
that CD4" T-cell help is required for long lasting immunity.

HER-2/neu peptide has undergone two clinical
trials in which the safety, toxicity and efficacy were
examined. Patients were immunized with one of two helper
T-cell vaccines that were targeted against the extra-cellular
or intra-cellular domains, respectively. The patients
included in this study have been treated for stage III or IV
breast, lung or ovarian cancers in which HER-2/neu was
over-expressed. Six of the eight patients developed HER-
2/neu protein specific CD4" T-cell responses. No toxicity
was noted against tissues that express basal levels of HER-
2/neu such as skin, gastrointestinal tract and epithelium of
lung.

Another approach that has been tried for
vaccination against HER-2/neu is peptide pulsing of
autologous dendritic cells (DCs). A phase I clinical trial
was conducted on gastric cancer patients using autologous



Peptide vaccines

DCs pulsed with the HER-2/neu immunodominant peptide,
p369-377 (19). A total of nine HLA A2 patients having
HER-2/neu over-expressing tumors were given four
intradermal injections at two-week intervals. Peripheral
blood mononuclear cells (PBMCs) were collected before
and four weeks after the last injection and were evaluated
for IFN -y release. After vaccination, six of the nine
patients demonstrated peptide-specific CTL activity. The
delay-type hypersensitivity (DTH) responses were apparent
in three patients. In addition to having peptide specific T-
cell responses, two patients also demonstrated clinical
response in cancer improvement.

3.1.2. Mucin-1 (MUC-1) peptide

MUC-1 is a mucin family glycoprotein which is
composed of a polypeptide core containing multiple
tandem repeats of a 20 amino acid sequence known as
variable number of tandem repeats (VNTR). Mucins are
highly glycosylated by O-linked carbohydrate side chains
(20) produced by cells of epithelial origin. In cancer, there
is abnormal MUC-1 glycosylation that has fewer
carbohydrate side chains. This causes an increase of MUC-
1 peptide epitopes to the immune system (21). These
epitopes can induce both an antibody and cytotoxic T-
lymphocyte response.

Recently, a 106 a.a. peptide comprising five
VNTR motifs-conjugated to keyhole limpet hemocyanin
(KLH) was injected with QS-21 adjuvant to nine patients
having II, III or VI stage breast cancer (22). After
vaccination, seven patients developed strong IgG and IgM
antibodies directed against MUC-1 peptide. There was no
evidence of T-cell activation, and in two patients the
disease reoccurred (22).

To enhance a MUC-1-specific CTL response,
MUC-1 peptide was conjugated to mannan. Mannan acts as
a delivery system to target MUC-1 peptides to the major
histocompatibility (MHC)-I pathway, enhancing their
presentation to CTLs (23). In this study, the effect of
cyclophosphamide and intraperitoneal (i.p.) route of
administration was assessed. Forty-one patients with
metastatic or locally advance breast or colon cancer
received increasing doses (1-300 pg) of MUC-1 fusion
protein at weekly intervals for three weeks, and the
cyclophosphamide was administered twice week on one
and four, respectively. In five patients, the disease
stabilized. Approximately 60% of patients demonstrated a
high titer of IgG antibody after vaccination. The effects
exasperated in patients receiving the vaccine via i.p. route.
Only 28 % of patients demonstrated MUC-1 specific T-cell
reactivity, with or without the addition of
cyclophosphamide (23). The vaccination via i.p. route
enhanced the antibody response. The administration of
cyclophosphamide had no effect on increasing MUC-1-
specific T-cell immunity.

3.1.3. Carcinoembryonic antigen (CEA)

CEA is a glycoprotein not normally expressed in
adult tissues but over-expressed in most colorectal, gastric,
breast, pancreatic and non-small cell lung cancers.
Increased expression of CEA on tumor cells mediate the
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attachment of tumor cells to normal cells and promotes
the metastasis (24). Several immunotherapies against
CEA have been developed such as, monoclonal antibody
therapy, DNA-based vaccination with or without
different viral delivery vehicles, and peptide vaccination
(25). Three phase I clinical trials were conducted
involving CEA peptides with or with calcitonins,
delivered with autologous DCs (26, 27). The
immunological evaluation showed no increase in
cellular immune reactivity after peptide vaccination
(26). Vaccination with peptide on detox PC adjuvant
enhanced T-cell, but not the clinical responses (26-28).
The epitope enhancement increased the efficacy of a
CEA peptide vaccine (29), and immunization with DCs
pulsed with a HLA-A-24- presented CEA peptide
caused a clinical improvement (30).

3.1.4. Prostate-specific membrane antigen (PSMA)

PSMA is an integral membrane protein that is
over-expressed in some prostate carcinoma (31). Its levels
are elevated in the serum of patients with advanced prostate
cancer (32). A vaccine comprised of dendritic cells pulsed
with two PSMA peptides showed promising results in
phase II trials (33). Recombinant PSMA has been
produced in baculovirus (34).

3.1.5. Human papilloma virus (HPV)

Many tumors have antigens that are coded by
viral genome. There are many virally-induced tumors such
as B-cell lymphomas related to Epstein-Barr virus (EBV),
adult T-cell leukemia associated with human T-
lymphocyte-1 (HTL-1), and the cervical carcinoma
associated with HPV. More than 90% of human cervical
cancer is believed to be caused by HPV (35), and HPV
DNA has also been detected in other tumors such as penile
and pharyngeal carcinoma (36). HPV carries two
oncogenes, E6 and E7 (37). E6 contributes to
malignancy by binding and facilitating the degradation
of the tumor suppressed protein, P53 (38). E7
contributes to malignancy by binding and inactivating
another tumor suppressor protein, Rb (39). Immune
response to HPV antigens is generally weak with the
exception of E7 protein (40). A dominant epitope of E7
is an effective vaccine candidate against tumors
expressing E7 (41).

HPV epitopes binding to HLA molecules have
been mapped and used in several peptide vaccines. In initial
clinical trials with HPV-16, E7 peptide vaccines were not
very successful in inducing CTL or clinical responses (42-
44). However, a recent vaccine using two peptides from E7
(12-20 a.a. and 86-93 a.a., respectively) showed increased
CTL activity along with some viral clearance in 62% of
patients (45).

Although the peptide vaccines have shown some
promising results, the Food and Drug Administration
(FDA) on June 8, 2006 approved the first vaccine for
cervical cancer designated as Gardasil, manufactured by
Merck & Co., Inc. This is a bivalent L1 virus-like vaccine,
primarily against HPV types 16 and 18, that has shown
sustained protective immunity for several years (46).
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3.1.6. Ras oncoprotein

Ras is an oncogene (p21G) product which is
located on chromosome 11. It is found in normal cells
where it is a part of several signal transduction pathways. If
a cell-surface receptor is not stimulated by ligand binding,
Ras is not activated, and the pathway that causes cell
growth is not initiated. In ~30% of human cancers
including colorectal and pancreatic carcinomas (47), Ras is
mutated and permanently switched on, signaling the cells to
continue growing regardless of cell surface receptor
activation. The most point mutations are in codons 12 and
61. Mutations in Ras result in the production of an altered
p21G protein that is continuously active and may cause cell
transformation and tumorigenesis.

Several clinical trials have been carried out to
immunize against mutant Ras 13 a.a. peptide with adjuvant
(48) or 10 a.a/17 a.a. peptide pulsed on to antigen
presenting cells, PBMC or enriched DCs (49). Although no
significant clinical responses were seen in these studies, a
correlation between specific cytokine response and survival
was observed (49). In another study, after intradermal
immunization of pancreatic cancer patients with Ras
peptide along with GM-CSF as adjuvant, the median
survival was longer in those achieving an immune response
(50).

3.1.7. Melanoma antigens

Tumors developed by spontaneous remission are
the major focus of cancer vaccines and immunotherapy (51,
52). Melanoma has the longest history among all cancers
that have been targeted by immunotherapy. Three groups of
tumor-associated antigens (TAA) have been examined
clinically for vaccine development against melanoma. The
melanocyte differentiation antigens (Melan A/ MART-1,
GP100, and Tyrosinase) are expressed in melanocytes and
melanoma tumors, but are not expressed in tumors of other
origins (53-55). There are many reviews on clinical trials
using peptide vaccines against melanoma antigens (56-58).

3.2. Peptide Vaccines for Infectious Diseases

Several peptide vaccines have been tried for
various infectious diseases. However, they are still in
experimental stage in animal models. No peptide vaccine
has reached phase I clinical trial in humans, at the present
time. The details and stage of development of vaccines
against infectious diseases can be found at the WHO
website
"http://www.who.int/vaccine_research/documents/en/".

3.3. Peptide Vaccines for Contraception

The following peptide vaccines based upon reproductive
hormones and gamete antigens have been investigated for
immunoregulation of fertility (contraception/birth control).

3.3.1. Gonadotropin releasing hormone (GnRH) peptide

GnRH is a decapeptide secreted by the
hypothalamus and activates the secretion of follicle
stimulating hormone (FSH) and luteinizing hormone (LH)
from the anterior pituitary. FSH and LH regulate
gametogenesis and the production of sex hormones
(androgens and estrogens). GnRH being a decapeptide requires
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T-cell epitopes by conjugation with a T-cell carrier to make it
immunogenic. Various T-cell carriers have been tried. GnRH
conjugate vaccine causes a block in fertility of both male and
female animals of several species (59-63). GnRH vaccines
affect gonadal function, sexual behavior, feedlot performance,
and carcass mass. In males, it has been used as a substitute for
castration. Several GnRH vaccines using different adjuvants
and carriers have undergone clinical trials in different countries
sponsored by various pharmaceutical companies for atrophy of
the prostate and for several cancers in humans (64-66).

3.3.2. Human chorionic gonadotropin (hCG) peptide

hCG is pregnancy associated hormone, with two
subunits (o and ). The o subunit is shared with three other
pituitary hormones (LH, FSH, and thyroid-stimulating
hormone [TSH]), and B subunit is specific. For vaccine
development, two approaches were investigated, use the
whole B subunit of hCG (B-hCG) as an immunogen or 37
a.a. carboxyterminal peptide (CTP) of B-hCG. The 37 a.a.
CTP sequence is specific to B-hCG without any homology
with B-LH. The phase I clinical trials, conducted in women,
using both the whole B-hCG vaccine (67) and the CTP
vaccine (68) did not show any adverse effects. Both these
vaccines produced low titers with the CTP vaccine being
the weaker of the two. The whole B-hCG vaccine has also
undergone phase I clinical trials in three major hospitals in
India. Fertile and sexually active women (20-35 years)
were enrolled. The women with antibody titers > 50 ng/mL
(hCG Dbioneutralisation capacity) were protected from
pregnancy (69). The antibody response declined with time
and fertility was regained when titers fell below 35 ng/mL.
CTP based vaccine has not undergone phase II clinical
trials because of its poor immunogenicity.

3.3.3. Oocyte zona pellucida (ZP)

ZP is an extracellular matrix that surrounds a
mammalian oocyte and pre-implantation embryo (70, 71).
Sperm must recognize, attach, acrosome react and pass
through the ZP in order to fertilize an egg. ZP represents
interesting targets for contraception. It consists of four
developmentally regulated, evolutionarily conserved and
somewhat gamete-specific glycoproteins, namely ZP1,
ZP2, ZP3 and ZP4, which have essential role in
fertilization. Of the four glycoproteins, ZP3 is the primary
molecule involved in sperm recognition, binding, and
induction of acrosome reaction in several species. Mice that
are homozygous for an insertional mutation in ZP3 gene
lack ZP in the oocyte, and are infertile (72).

Antibodies to ZP3 or its peptide fragments block
fertilization (73, 74). Active immunization of female
animals of various species, including primates, with ZP3 or
its peptide fragments induces infertility (75-79). However,
immunization with the whole ZP3 molecule generally
causes irreversible oophoritis with loss of primordial
follicles and decrease of estrogens, leading to premature
ovarian failure (POF). The recent research in several
laboratories is focused on delineating B-cell epitopes of
various ZP proteins that are devoid of T-cell reactivity, and
thus can be used in vaccine formulations that do not cause
ovarian pathology. Several B-cells epitopes of ZP3 have
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Table 1. Immunobiological parameters of zona pellucida peptides

Peptide epitope Carrier used’ Species tested Fertility effect Reference
Mouse ZP2(121-140a.a.) - Mouse Reduced fertility without oophoritis 80
Mouse ZP3 (335-342 a.a.) - Mouse Reduced fertility without oophoritis 84
Mouse ZP3 (328-342 a.a.) KLH Wild mouse Reduced fertility 88
Human ZP3 (328-341 a.a.) CSp Mouse Reduced in vitro human sperm-oocyte binding 89
Human ZPA (50-67 a.a.) DT Rabbit Reduced in vitro human sperm-oocyte binding 81
Feline ZPB (130-149, 175-193 a.a.) BSA Cat Reduced in vitro human sperm-oocyte binding 83
Porcine ZP1(79-130 a.a.) -- White-tailed deer Reduced fertility 87
Marmoset ZP3 (301-320 a.a.) TT Marmoset monkey Reduced fertility without oophoritis 85

Bonnet monkey

ZPC (324-347 a.a.)

ZP3 (334-343 a.a.)

ZP1 (58-79,136-153, 212-228, 251-273 a.a.)

DT;
CSP

Bonnet monkey

Reduced fertility without oophoritis

"KLH: Keyhole limpet hemocyanin, CSP: circumsporozoite protein, BSA: Bovine serum albumin, DT: Diphtheria toxoid, TT:

Tetanus toxoid

been delineated. Immunization of several species of
animals, including sub-human primates with various
synthetic ZP B-cell epitopes conjugated to promiscuous T-
cell carriers, caused long term reversible infertility without
induction of ovarian pathology (80-89) (Table 1). However,
the data are equivocal and unconvincing. In some studies,
even without the T-cell reactivity in the ovaries, defect in
folliculogenesis has been observed. Unless this serious
adverse effect of premature ovarian failure is resolved, ZP
vaccine is not an acceptable proposition for humans.
However, the semi-purified vaccine, prepared from porcine
oocyte ZP, designated as pZP, is being successfully used
for controlling feral populations of dogs, horses, deer and
elephants (90-92).

3.3.4. Sperm peptides

Several sperm peptides have been delineated and
are being explored for vaccine development (Table 2).
Notable among are discussed below.

3.3.4.1. Fertilization antigen (FA)-1 peptide

The FA-1 antigen is a sperm-specific surface
molecule that is evolutionarily conserved on sperm of
various mammalian species including humans. It is
localized on the post-acrosomal, mid-piece, and tail regions
of the sperm cell (93). Antibodies to FA-1 antigen inhibit
human sperm-zona interaction, and also block human
sperm capacitation/acrosome reaction by inhibiting tyrosine
phosphorylation (94). The cDNAs encoding for mouse and
human FA-1 have been cloned and sequenced (95, 96).
Vaccination of female mice with recombinant FA-1 antigen
causes a long-term reversible contraception by raising
sperm-specific immune response (97). FA-1 is also
involved in human immunoinfertility in both men and
women.

3.3.4.2. YLP, peptide

YLP;,, YLPVGGLRRIGG, is a dodecamer
peptide sequence present on human and murine sperm,
which is involved in binding to oocyte ZP3 (98). The
synthetic YLP; significantly inhibits human sperm-human
ZP binding, and is involved in human immunoinfertility
(99). A vaccine was prepared by conjugating YLP, peptide
with recombinant cholera toxin B subunit (rCTB) (100) that
provided the T-cell epitopes. Vaccination of female mice
with the YLP,-rCTB conjugate by various routes
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(intranasal/intramuscular) induced a contraceptive state
resulting in a significant reduction in litter size (overall up
to 71%). Antibody reactivity was monitored biweekly and
by days 305-322 completely disappeared from serum and
vaginal washings of the vaccinated animals. Upon mating
the antibody-free animals delivered a normal litter size,
indicating regain of fertility (Table 2).

3.3.4.3. Rabbit sperm autoantigen (RSA)/Sp17 peptide

P10G peptide was derived from a sequence of
RSA. RSA is comprised of a low molecular weight (~14-17
kD) group of four sperm proteins that function as lectin-
like zona binding proteins (101). These are present on the
surface of spermatozoa and its antibodies inhibit
fertilization. Antibodies that bind to RSA also bind to
mouse sperm. The female mice immunized with P10G
conjugated with KLH showed a reduction in fertility (102)
(Table 2).

A9D is a chimeric peptide derived from the
protein Spl17. Sp17 is a 17-kD protein, and a member of the
RSA group (103). It is encoded by two mRNAs of 0.9 and
1.1 kb, respectively. Immunization with A9D peptide
collinearly synthesized with a promiscuous T-cell epitope
of RNAse caused a reduction in fertility of female mice
(104) (Table 2).

3.3.4.4. Sp56 peptide

Sp56 peptide (438-454 a.a.) is derived from the
recombinant mouse Sp56 protein. The Sp56 cDNA and its
reduced amino acid sequence suggest that it is a member of
a superfamily of protein receptors. It is specifically
expressed in testis and on sperm (105). Immunization of
female mice with recombinant mouse Sp56, and its peptide
conjugated with KLH caused a reduction in fertility (106,
107) (Table 2).

3.3.4.5. YWK-II peptide

YAL-198, YAL-201, YAL-212 are peptides that
were derived from the extracellular domain of YWK-II, a
spermatozoa protein. The cDNA encoding YWK-II is 1.8
kB and was isolated from rat testis expression library using
a monoclonal antibody that causes sperm agglutination
(108). This protein is localized on sperm head and
synthesized during spermatogenesis. Immunization of
female rats with various peptides causes a reduction in
fertility (109) (Table 2).
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Table 2. Immunobiological parameters of sperm peptides

Peptide | a.a. (n)' | Sequence | Carrier’ | Strain Fertility reduction | Reference

A. Mouse

mFA-1, 18 TEADVNPKPIPSQMPTSP —- - -- 95,97

mFA-1,17.136 20 QSIQQSIERLWCRLWPLPFP - - - 95,97

YLP,, 12 YLPVGGLRRIGG rCTB CD-1 Up to 70% 100

P10G 10 PGGGTLPPSG KLH BALB/c >80% 102

A9D 9 AEWGAKVED RNAse CD-1/BALB/c >50% 104

SP56 16 YLFGHEENSTEHAMKG KLH BALB/c Up to 80% 106,107

B. Rat

YAL-198 16 SEEIPPFHPFHPFPSL BSA Sprague Dawley 59% 109

YAL-201 24 IPPFHPFHPFPSLSENEDTQPELY BSA Sprague Dawley 33% 109

YAL-212 32 SSISENPVDVRVSSEESEEIPPFHPFHPFPSL BSA Sprague Dawley 16% 109
SMP-229 25 SFEKAMRFLTLPSEDCLMEFGGSS MAP Sprague Dawley 25% 111

SMP-230 28 MRISVSEGGSSGLFFSRAFSGVLNVEEV MAP Sprague Dawley 83% 111

C. Primates

LDH-C4-bC5-19 15 EQLIKKLIEDDKNSQ TT Baboon 62% 113

LDH-C,-bC5-19 | 15 EQLIKKLIEDDKNSQ TT Cynomologous 0% 114

monkey

Ta.a. (n): Number of amino acids, “rCTB: recombinant cholera toxin binding subunit, KLH: keyhole limpet hemocyanin,
RNAse: ribonuclease, BSA: bovine serum albumin, MAP: multiple antigen peptide, TT: tetanus toxoid

3.3.4.6. rSMP-B peptide

SMP-229 and SMP-230 are peptides that belong
to the extracellular domain of the sperm protein, rfSMP-B.
The ¢cDNA encoding this protein was obtained from rat
testis expression library. It is a 2.0 kB cDNA with a reading
frame of 438 bp, and coding for a peptide of 146 a.a. (110).
Antibodies to rSMP-B inhibit fertilization in vitro. rSMP-B
is localized on midpiece and tail of sperm. Even though
both female and male rats were immunized with these
peptides, only female rats experienced a reduction in
fertility (111) (Table 2).

3.3.4.7. LDH-C, peptide

LDH-C,4 is a testis-specific isozyme of LDH
(112). ¢cDNA encoding LDH-C, has been cloned and
sequenced. Immunization of female mice with the whole
cognate antigen caused a reduction in fertility. LDH-Cy-
bC5-19 peptide of this molecule conjugated with a
promiscuous synthetic epitope of tetanus toxoid (TT)
reduced fertility of female baboons (113). However, a study
by another group reported no effect on fertility of female
monkeys (Cynomolgus macaque) after immunization with
the same peptide vaccine (114) (Table 2). The reason for
this discrepancy is unclear.

3.3.4.8. Multi-sperm peptides combination vaccine

No single sperm antigen/peptide has caused a
complete block in fertility in the mouse model. To test the
hypothesis whether vaccination with more than one peptide
could cause a better contraceptive effect, six sperm
peptides were selected, namely mFA-1,19, mFA-117.136,
YLP;,, P10G, A9D, and SP56 (Table 2). These have been
shown to cause > 50% to > 80% reduction in fertility when
injected individually. It was envisaged that vaccination
with all the six peptides together will enhance the
contraceptive efficacy by an additive effect resulting in a
complete block in fertility. Six vaccines were prepared by
conjugating the six synthetic peptides with the recombinant
binding subunit of cholera toxin. Female mice were
immunized intramuscularly with all the six peptide
vaccines (115). Each animal received a total of five
injections at 2- to 3- week interval of all of the six vaccines
with each vaccine injected at a separate site. After
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vaccination with the six peptides, there was an overall
45% reduction compared to controls. Several mice
produced antibodies against these peptides in the serum
and the genital tract, but the titers were low and many
animals did not respond to several peptides. No animal
produced antibodies to all the six peptides. When the
antibody titers against all the six peptides disappeared
after >10 months from circulation and genital tract, all
the animals regained fertility. Even with such low titers
there was a significant reduction in fertility after
immunization with multi-peptide vaccines. These
findings are encouraging and suggest further studies
with multi-epitope vaccines.

4. CONCLUSIONS

The review on peptide vaccines against cancer,
infectious diseases, and conception indicate that the
vaccination with synthetic peptides is an interesting and
viable proposition both for prophylactic and palliative
immunotherapy. Several of the peptide vaccines especially
against various cancers have undergone phase I and II
clinical trials and have shown promising results in
immunological as well as clinical responses. No peptide
vaccine against any infectious disease or conception has
undergone phase I clinical trial in humans. The peptide
vaccines are relatively less expensive, easy to manufacture
and manipulate, are of defined structure, and being
synthetic in nature do not have a problem of batch to batch
variation. The major disadvantage of the peptide vaccines
is their weak immunogenicity. Several strategies such as
epitope enhancement, use of various T-cell epitopes,
adjuvants, incorporation of co-stimulatory molecules, ex-
vivo-loading into antigen presenting cells are being
explored to enhance the immunogenicity and efficacy of
the peptide vaccines (116, 117).
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