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Abstract  

Background: Vaccines based on modified GnRH peptide 

variants can be an alternative treatment for advanced 

prostate cancer. However, the efficacy of the GnRH-based 

vaccine variants has been limited by their insufficient 

immunogenicity.  

 

Methods: The current vaccine based on the modified 

peptide GnRHm1-TT peptide has been formulated in the 
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different oil adjuvants; Montanide ISA 51 and Montanide 

ISA 51VG.  

 

Results: Experiments carried out in healthy animal models 

demonstrated to produce significant anti-GnRH antibody 

levels (p<0.01) that led to testosterone ablation (p<0.001), 

and in correspondence produced prostate atrophy 

(p<0.001). Here, it has been also studied the effect of 

different GnRHm1-TT peptide doses on its efficacy in 

different healthy animals. The immunization of 

Copenhagen rats implanted with the hormone-sensitive 

autologous Dunning R3327-H prostate tumor caused 

inhibition of prostate tumor growth in and resulted in over 

two-fold increase in survival compared to placebo (p<0.01). 

In vitro studies in the COS-7-ratGnRH model using sera 

from healthy animals immunized with the GnRHm1-

TT/Montanide ISA 51VG vaccine candidate, proved that 

the anti-GnRH antibodies generated were able to neutralize 

natural GnRH hormone and inhibit signaling through its 

receptor.  

 

Conclusions: We conclude that the GnRHm1-TT peptide 

formulated in Montanide ISA 51 VG is a suitable vaccine 

candidate that induce an effective anti GnRH immune 

response in different animal species and in correspondence 

produce a significant drop of testosterone levels, atrophy of 

prostate and tumor shrinkage in the Dunning R3327-H 

tumor model. 

 

Keywords: Prostate cancer immunotherapy; GnRH based 

vaccines; Adjuvant combination; Hormone ablation; 

Hormone sensitive prostate cancer 

 

Abbreviations: GnRH- Gonadotrophin Releasing 

Hormone; VSSP- Very Small Size Proteoliposomes; IP- 

Inositol Phosphate. CFA- Complete Freund Adjuvant; IFA- 

Incomplete Freund adjuvant 

1. Introduction  

Prostate cancer is the most commonly diagnosed malignant 

disease in men in the western hemisphere, with more than 

650 000 new cases per year [1, 2]. Most prostate 

adenocarcinomas is androgen dependent [3, 4], which 

means that androgenic suppression is an effective strategy 

for treatment. Immuno-neutralization of GnRH [5-10] and 

GnRH constructs resembling multiple or recombinant 

peptide antigens [11-13] are alternatives to hormone 

therapy to treat prostate cancer. The development of 

therapeutic vaccines against prostate cancer faces pressing 

problems, such as low antigenic immunogenicity, self-

tolerance, and heterogeneity of results among individuals 

[14, 15]. Bringas et al. 2000, [16], produced a GnRH 

peptide variant in which L-glycine at the sixth position was 

substituted for L-proline, in order to increase rigidity of the 

peptide and facilitate its recognition by the immune system. 

Besides, to increase its immunogenicity, they synthesized 

the GnRH peptide linked to a helper T epitope from the 

tetanus toxin (TT). This fusion peptide, named GnRHm1-

TT, proved very effective for castration of prepuberal pigs 

when it was emulsified in Freund´s adjuvant (FA). 

However, considering the toxicity of FA and its unique 

authorization in certain animal experiments, it was 

necessary to search for new adjuvants with sufficient 

immunogenic capacity in healthy individuals, as well as in 

cancer patients. Thus, a number of adjuvants have been 

developed and tested during the past years [17-21].  

 

Moreover, the dose of the peptide vaccine is a sensitive 

issue awaiting solution, considering that although the 

vaccine dose is not calculated by body surface area, factors 

like species, age, and genetic heterogeneity have a critical 

influence on the immune [22-25]. Here, we tested 

Montanide ISA 51 and Montanide ISA 51 VG for their 

adjuvant efficacy as compared to FA. Both produced a 

favorable anti-GnRH response with the GnRHm1-TT 
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peptide. In addition, the influence of the peptide dose on the 

immune response and the biological effect on animals of 

different species were determined in successive steps, along 

with the immune neutralizing capacity of the antibodies 

generated. Finally, the anti tumor potential of the GnRHm1-

TT peptide was determined with the Dunning R3327-H 

prostate tumor model implanted in Copenhagen rats.  

 

2. Materials and Methods  

2.1 Generation and synthesis of GnRHm1-TT synthetic 

peptide 

The GnRHm1-TT fusion peptide was generated during the 

synthesis by substitution of the L-glycine amino acid in the 

sixth position in the natural GnRH sequence 

(QHWSYGLRPG), by an L-proline (QHWSYPLRPG). The 

construct was completed with the addition of the 

QYIKANSKFIGITEL tetanus toxoid epitope, using the 

solid phase method as described by Hougten et al. [26].  

 

2.2 Immunogenicity study of the GnRHm1-TT peptide 

in rats using different oily adjuvants 

An immunogenicity study was conducted in 8-12 week-old 

male Copenhagen rats to evaluate the influence of different 

adjuvants. The animals were kept under controlled 

environmental conditions, at 202C, 65% relative 

humidity, and 14 h light/10 h dark. Access to water and 

sterile feed was ad libitum. Materials used in the 

experiment were Complete and incomplete Freund´s 

adjuvants (CFA, IFA), from SIGMA, San Luis, USA; 

Montanide ISA 51 adjuvant; and Montanide ISA 51 VG 

adjuvant (Seppic, Paris, France). For emulsion preparation, 

the GnRHm1-TT peptide was resuspended in distilled water 

at a final concentration of 750 µg in 250 µL, and a similar 

volume of the adjuvant was added on a 50/50 proportion. 

The emulsion was made at 3500 r.p.m. for 30 minutes. The 

adjuvant-vaccine emulsion was administered 

subcutaneously on four dorsal spots of each animal. 

2.3 Blood drawing and serum collection 

Blood (approximately 200 µL) was drawn through puncture 

of the retro orbital venous sinus. Then it was centrifuged at 

3200 r.p.m. for 15 minutes. The serum samples were stored 

at -20C, until use.  

 

2.4 Dosage scale-up study of the GnRHm1-TT peptide 

in healthy adult Copenhagen rats 

Healthy adult rats like the ones described in item 2.2 were 

used in the study. Each group comprised 10 animals. Three 

doses of the GnRHm1-TT peptide (125, 300 and 750 µg) 

were tested in a fortnightly immunization scheme. The 

immunogen was prepared as described for the 

immunogenicity in rats. 

 

2.5 Determination of anti-GnRH antibody titers by 

enzyme-linked immunosorbent assay (ELISA)  

An indirect ELISA developed at the CIGB Vaccine 

Laboratory was used for seroconversion and titration assays 

of anti-GnRH antibodies. The samples were considered as 

positive seroconversion when they reached 0.197 OD, at 

492 nM. Titers above 1: 50 were considered positive. 

 

2.6 Determination of testosterone levels  

The serum testosterone levels were determined using the 

TESTO CT2 commercial kit (CisBio, International, 

France). The samples to be measured were applied 

according to the insert instructions. 

 

2.7 Evaluation of target organs  

For histological evaluation of target organs, the testicles 

and prostates from each animal were surgically removed; 

then they were weighed in analytical balance (Sartorius). 

Organ weight was normalized according to the animal body 

weight. 
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2.8 Immunogenicity study in rabbits  

This study included 15 New Zealand rabbits of 

approximately 4 kg. Five animals were immunized with 

750 μg of the GnRHm1-TT peptide, and another five with 1 

mg of the peptide. A control group of five animals were 

injected with the placebo substance. This placebo contained 

all the component of the vaccine except the GnRH peptide. 

The preparation and administration of immunogens was 

made according to previous descriptions for rats. The blood 

was drawn fortnightly from the dorsal vein of the ear using 

a disposable syringe (Terumo, Switzerland). The 

seroconversion and titration assays were performed 

according to description for rats. The testosterone levels 

were determined as previously described. 

 

2.9 Immunogenicity study in monkeys  

Two Macacus irus and two Macacus rhesus monkeys were 

immunized with 2.5 mg of the GnRHm1-TT peptide, 

emulsified in Montanide ISA 51. In each case, one 

Macacus received the placebo substance. The emulsion was 

administered intramuscularly (IM) every two weeks and. 

Testosterone determined as described previously. All 

protocols for the work with laboratory animals followed the 

guidelines of the Cuban Council for Animal Care and were 

approved by the Animal Care Committee at the Center for 

Genetic Engineering and Biotechnology in Havana, Cuba.  

 

2.10 Antiserum inhibition studies on the accumulation 

of inositol phosphate (IP) 

The inhibiting capacity of IP production by the antibodies 

generated against the natural GnRH hormone was checked 

by measuring the accumulation of IP in COS-7 cells. 

Briefly, the study consisted in incubating different 

concentrations of anti-GnRH sera produced in rabbit, using 

10-9 M of natural GnRH, which were added to COS-7 cells 

previously labeled with tritium. COS-7 cells transfected to  

 

express the GnRH receptor were incubated overnight in 0.5 

mL of DMEM medium (Life Technologies, Inc.), 

antibiotics and myo-[2-3H] inositol 1μCi/well. The effective 

amount of antibodies was measured by incubation with 

growing concentrations of pure anti-GnRH antibody 

fractions purified with protein A Sepharose.  

 

2.1 1 Studies in rodents using the Dunning R3327-H 

prostate tumor model implanted in Copenhagen rats 

The study was made in male Copenhagen rats in which 

fragments of the Dunning R3327 tumor had been implanted 

previously, according to Finstad et al. 2004 (11). The 

therapeutic intervention (immunizations and castration) was 

initiated when the tumors were about 10 mm. The 

experiment included three groups (i) immunized with the 

GnRHm1-TT/ Montanide vaccine (n=9); (ii) animals 

inoculated with placebo (n=7); and (iii) surgically castrated 

animals (n=10). This experiment was carried out according 

to the Cuban and German guidelines established for 

laboratory animals.  

 

2.12 Statistical analysis 

The Kolmogorov-Smirnov test was made in order to check 

if the data were normally distributed; then the Bartlet or 

maximum F test was made to determine variance 

homogeneity. One way or bifactorial analyses of variance 

(ANOVA) were made to check equality between group 

averages. Later on, the Dunn multiple-range test was made 

for multiple comparisons. The T-Student test was 

performed to check equality between the means of the 

unmatched groups. The Kruskal Wallis or Mann-Whitney U 

tests were made when the data did not comply with 

variance homogeneity. Prism Graph Pad. 4.0/1995, for 

Windows, (StatSoft, Inc) was used for that purpose.  
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3. Results 

3.1 Immunization with the GnRHm1-TT peptide using 

different oily adjuvants in adult rats 

The first goal of this study was to determine the efficacy of 

the immunization of healthy adult animals with the 

GnRHm1-TT peptide emulsified in oily adjuvants 

(Montanide ISA 51 and Montanide ISA 51VG), compared 

to universal FA, as previously assayed in the Vaccines 

Laboratory [21-27].  

The analysis of the anti GnRH antibody titers showed that 

from day 30 of immunization, the levels of anti GnRH 

antibodies began to increase in all the experimental groups 

and on day 45, they presented titers of 1: 1500. These titers 

continued to increase until reaching double (1: 3000) 

(p<0.01) on day 60 and remained similar until the end of 

the trial. There were not significant differences among the 

adjuvants immunogenicity using the GnRHm1-TT peptide. 

On the other hand, the evaluation of the changes in 

testosterone levels showed that from day 45 of 

immunization, a noticeable drop in testosterone levels was 

observed in the three experimental groups. These values 

became significant from day 60, when they dropped to 

values between 2 and 2.5nmol / L. The highest depletion of 

testosterone levels were observed on day 75, when all the 

experimental groups showed testosterone levels in 

castration values (p<0.01) (Figure 1). 

 

 

 

 

 

Figure 1: Anti-GnRH antibodies and Testosterone levels correspondence in adult Copenhagen rats immunized with the 

GnRHm1-TT peptide emulsified in different adjuvants. For anti GnRH antibody titration, rat sera was analyzed through an 

indirect ELISA using dilutions from 1:50 to 1:10 000 and their valor are represented in the right axis. Testosterone levels were 

measured in nmol/L using a radioimmunoassay and are represented in the left axis of the graph. Each point of the curve 

represent the mean of the triplicates of a mixture of sera of 10 animals. Anti GnRH titers are represented through dashed lines 

and full symbols and Testosterone levels as continue lines and open symbols as described in the Figure legend. The anti GnRH 

antibodies and Testosterone levels that belong to the same group are denoted with the same color. 
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Once the immunization scheme was completed in rats 

immunized with the formulations of GnRHm1-TT in the 

described adjuvants, the animals were slaughtered to 

evaluate the effect produced by the immunization on the 

target organs. Resection and weighing of the prostate of the 

animals of the group immunized with the GnRHm1-TT 

peptide in AF, showed a 40% reduction in the average 

weight of the prostate compared to the non-immunized 

controls, while when the GnRHm1-TT peptide was 

administered formulated in Montanide ISA 51 and 

Montanide ISA51 VG, a more drastic reduction was 

observed, which resulted in a 50% decrease in prostate 

weight compared to placebo (p <0.01). However, no 

statistically significant difference was observed between the 

treated groups when performing the Kruskal Wallis test 

followed by Dunn's multiple comparison (Figure 2). 

 

 

Figure 2: Variation of the weight of the prostate in Copenhagen rats immunized with the GnRHm1-TT peptide emulsified in 

different oily adjuvants. The bars represents the mean of 10 animals ± SD. Different letters signify a statistically significant 

difference between the experimental groups for a difference of (p <0.01) obtained from the Kruskal Wallis test followed by a 

Dunn multiple comparison test. The experimental groups are represented on the abscissa axis and the normalized organ weight 

is shown on the ordinate axis. 

 

3.2 Evaluation of the influence of the GnRHm1-TT 

peptide dose on the immune response of healthy adult 

animals  

The purpose of the immunization experiments described 

below was to evaluate the dosage scale-up effects of 

GnRHm1-TT peptide on different species of healthy adult 

animals. For that purpose, Montanide ISA 51 VG was used 

in the rest of experiments having in mind this is produced 

using fatty acid from plant source.  

 

3.2.1 Immunization of healthy adult Copenhagen rats: 

The assay was first carried out in healthy adult rats, with 

doses of 125, 300, and 750µg of the GnRH m1-TT peptide. 

Each dose was administered fortnightly. Figure 3, shows 
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that the immunization with 750 µg dose of the GnRHm1-

TT peptide adjuvated in Montanide ISA 51 VG, produced 

anti-GnRH antibody titers reaching an average of 1: 3000 

from day 30 until the end of experiment on day 75(P<0.01). 

However, when the 125 and 300µg doses of the peptide 

were used, seroconversion was not observed in most 

animals. In concordance, measurements of serum 

testosterone levels showed that only the 750 g dose of the 

peptide caused a significant reduction of testosterone below 

castration levels (p<0.001) at the end of the study. Although 

the 300μg dose caused a significant reduction of more than 

half of the initial values of testosterone for the two cases 

(p<0.05), it did not induce castration values (Figure 3). 

Evaluation of the effect on the prostate of immunization 

with the three described peptide dose levels (125, 300 and 

750 µg) showed a poor influence of the 125 µg dose on the 

reduction of prostate weight. At the same time, it 

demonstrated the significant, albeit discrete, effect of the 

300 µg dose of the peptide on prostate size and weight 

relative to placebos (p <0.05). However, the administration 

of 750 µg of the GnRHm1-TT peptide produced a decrease 

of approximately 50% in the weight of the prostate at the 

sacrifice of the animals with respect to the placebos (p 

<0.01) (Figure 4). Determination of the difference between 

treatments was performed using an analysis of variance and 

Dunn's multiple range test. 

 

 

Figure 3: Anti-GnRH antibodies and Testosterone levels correspondence in adult Copenhagen rats immunized with different 

doses of the GnRHm1-TT peptide emulsified in Montanide ISA 51 VG adjuvant. For anti GnRH antibody titration, rat sera 

was analyzed through an indirect ELISA using dilutions from 1:50 to 1:5000 and its value is represented in the right axis. 

Testosterone levels were measured in nmol/L using a radioimmunoassay and are represented in the left axis of the graph. Each 

point of the curve denote the mean of the triplicate of a mixture of sera of 10 animals. Anti GnRH titers are represented through 

dashed lines and full symbols and Testosterone levels as continue lines and open symbols as described in the Figure legend. 

The anti GnRH antibodies and Testosterone levels that belong to the same group are denoted with the same color. 
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Figure 4: Variation of the weight of the prostate in Copenhagen rats immunized with different doses of the GnRHm1-TT 

peptide adjuvanted in Montanide ISA 51 VG. After the conclusion of the experiment, the rats were sacrificed and the prostate 

of all rats dissected and weighed in analytical balance. The resulting values were normalized against the weight of each animal. 

The bars represents the mean of 10 animals ± SD. Different letters signify a statistically significant difference between the 

experimental groups for a difference of (p <0.01) obtained from the Kruskal Wallis test followed by a Dunn multiple 

comparison test. 

 

 

3.2.2 Immunization of New Zealand rabbits and 

Macacus irus monkeys: The main purpose of rabbit and 

monkey trials was to explore the influence of a GnRHm1-

TT peptide dose increase on anti-GnRH humoral responses 

in two heavier and larger animal species with different 

HLA haplotypes. As a result of immunizing rabbits with the 

750ug and 1mg doses of the GnRHm1-TT peptide adjuvant 

in Montanide ISA 51 VG, it was found that on day 45 both 

doses produced anti-GnRH antibody titers of 1: 1600 

(p<0.05). However, thereafter, while animals immunized 

with the 750ug dose of GnRHm1-TT reached titers of 1: 

6000 (p<0.01), the 1mg dose produced a significant 

increase in these titers to 1: 12000 between days 60 and 75 

of started the experiment (p<0.001). Both peptide doses 

caused a significant reduction of testosterone up to 

castration levels on day 75, when the final evaluation of the 

experiment was made (Figure 5).  

 

The immunization experiment with monkeys showed that 

all vaccinated animals generated anti-GnRH antibody 

responses with titers that gradually increased from 1: 3000 

on day 45 of the experiment to 1: 6000 in the final 

evaluation. Analyses of testosterone levels in serum showed 

that on the 45th day following the beginning of the 

immunization scheme, there was a 50% reduction a 

reduction in testosterone levels from approximately 20 

nmol/L to 11.2 ± 0.6 nmol/L, (p<0.05). At the end of the 

experiment a significant reduction of the mean testosterone 

values was observed to reach castration levels 1.625 ± 0.22 

nmol/L (p<0.001) (Figure 6). 
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Figure 5: Anti-GnRH antibody titration and Testosterone determination in rabbits immunized with different doses of the 

GnRHm1-TT peptide formulated in Montanide ISA 51VG. The animals were immunized SC on days 0, 15, 30 and 45. For anti 

GnRH antibody titration, rat sera was analyzed through an indirect ELISA using dilutions from 1:50 to 1:15 000 and their valor 

are represented in the right axis. Testosterone levels were measured in nmol/L using a radioimmunoassay and are represented 

in the left axis of the graph. Each point of the curve represent the mean of the duplicate of a mixture of sera of 5 animals. Anti 

GnRH titers are represented through dashed lines and full symbols and Testosterone levels as continue lines and open symbols 

as described in the Figure legend. The anti GnRH antibodies and Testosterone levels that belong to the same group are denoted 

with the same color. The comparisons between the groups in each time point were made through a non-parametric test of 

Kruskal Wallis followed by a Dunn test. Significant differences are represented in the graph. 

 

 

Figure 6: Anti-GnRH humoral response and Testosterone levels detected in Macacus irus monkeys immunized with increasing 

doses of the vaccine candidate GnRHm1-TT/ Montanide ISA 51 VG. Animals were immunized four times with 2.5 mg of 

GnRHm1-TT peptide by IM route. For anti GnRH antibody titration, sera from the monkeys was analyzed through an indirect 
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ELISA using dilutions from 1:50 to 1:15 000 and their valor are represented in the right axis. Testosterone levels were 

measured in nmol/L using a radioimmunoassay and are represented in the left axis of the graph. Each point of the curve 

represent the mean of the duplicate of a mixture of sera of 4 animals. Anti GnRH titers are represented through dashed lines 

and full symbols and Testosterone levels as continue lines and open symbols as described in the Figure legend. The anti GnRH 

antibodies and Testosterone levels that belong to the same group are denoted with the same color. For anti GnRH antibody 

comparison the non-parametric Mann-Whitney U test was used while Testosterone values were compared using the Student t 

Newman-Keuls test. 

 

3.3 Determination of anti GnRH neutralizing activity of 

sera from rabbits immunized with the GnRHm1-

TT/Montanide ISA 51VG vaccine 

The rabbit sera with high anti-GnRH antibody titers from 

the animals immunized with the 1mg dose were used to 

determine if the purified anti-GnRH antibodies could 

neutralize natural GnRH hormone signaling in COS-7 

mammal cells transfected with the rat GnRH receptor. 

Concentrations of anti-GnRH antibodies between 12.5 and 

6.25μg/mL caused a significant reduction of intracellular 

inositol phosphate (IP), which decreased between 5 and 6-

fold in relation to the signal produced by the natural GnRH 

used as the positive control (P<0.001). Antibody 

concentrations between 3.1 and 0.76 μg/mL also caused a 

significant reduction in IP production, compared to the 

control, though in lower proportions (p<0.01). 

Concentrations below 0.76 μg/mL did not cause a 

significant inhibition of signaling through the rat GnRH 

receptor, expressed in the COS-7 system. However, 

contrary to what would be expected, anti-GnRH antibody 

concentrations above 12.5 μg/mL did not produce greater 

IP reduction (data not shown). The pre-immune sera served 

as experimental control and showed no effect on GnRH 

signaling. The Kruskal-Wallis and the Duncan's multiple 

comparison tests were used for statistical analysis (Figure 

7). 

 

Figure 7: Inhibition of the effect of GnRH on IP production in COS-7 cells. COS-7 cells transfected with the rat GnRH 

receptor were seeded on 24-well culture plates in the presence of GnRH and decreasing concentrations from 12.5 to 0.78 μg / 

mL of polyclonal antibodies anti GnRH or pre-immune sera obtained from rabbits immunized with 1 mg doses of the 
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GnRHm1-TT peptide in Montanide ISA 51 VG adjuvant. GnRH (10-9M) with no antibody was used as control. Different 

letters represent significant differences obtained through the Kruskal-Wallis test and Dunn's multiple comparison. AS-A: refers 

to purified anti-GnRH policlonal antibodies obtained in rabbits and AS-P refers to Immunoglobulins purified from non 

immunized rabbits. All of them were were semipurified using Protein A Sepharose. 

 

3.4 Therapeutic efficacy of GnRHm1-TT/ Montanide 

ISA 51 VG vaccine in the Dunning R3327-H prostate 

tumor model  

After exploring the feasibility of an effective immune 

response with the GnRHm1-TT/Montanide ISA 51 VG 

vaccine candidate in different healthy mammal models in 

this study, the next step was to determine its efficacy in a 

model that resembled human prostate cancer. The test to 

check the therapeutic capacity of the vaccine candidate was 

performed in adult male Copenhagen rats with 

subcutaneously implanted Dunning R3327-H hormone-

sensitive prostate tumor. As a result of immunization with 

GnRHm1-TT/Montanide ISA 51 vaccine, 8/9 rats 

developed significant levels of anti-GnRH antibodies 90 

days after beginning the immunization scheme (p<0.05). 

The evaluation of anti-GnRH antibody titers on the 90th day 

showed average values of 1: 450, whereas the 

determination of testosterone levels evidenced a remarkable 

decline of its values up to castration levels in the same 

number of rats (8/9) (p<0.01) (Table 1). The analysis of 

accumulated survival probability showed that whereas on 

the 90th day of the experiment, all animals in the placebo 

group had to be sacrificed due to increased tumor size, 

while most animals in the immunized and castrated groups 

showed slow tumor growth, with more than a two-fold 

increased survival in comparison to the placebo group 

(p<0.01) (Table 1). 

 

Number of the 

imm.animal 

Time to Anti GnRH 

seroconversion (days) 

anti GnRH titers (day 90) 

after immunization 

Testosterone 

(nmol/L) (day 90) 

Survival 

(in days)  

32- 60 1/ 200e 1,70 ± 0,04a 150b 

36- 45 1/ 400c 0,07 ± 0,02a 150b 

43 45 1/400c 0,01 ± 0,00a 265a 

46- 45 1/800b 0,07 ± 0,02a 195b 

49- 45 1/ 800b 0,00 ± 0,00a 265a 

51- 45 1/ 1600a 0,00 ± 0,00a 95c 

55- 45 1/200d 0,84 ± 0,28a 60c 

56- 60 1/100d 0,18 ± 0,01a 265a 

60- - 0/00 1,9 0 ± 0,3b 85c 

Different letters denote significant diffrences according using the following test: Mann Whitney U test for anti GnRH 

antibodies, a simple ANOVA for testosterone and the Log Rank test for survival determination. 

 

Table 1: Effects of immunization with the vaccine GnRHm1-TT regarding to anti GnRH antibody production, 

testosterone levels and survival of rats implanted with allogeneic Dunning R3327-H tumor. 
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4. Discussion 

Several vaccines based on modified GnRH peptide variants 

have been tested since the early 1990s [5, 7]. However, an 

important limitation has been their low immunogenicity 

due, at least in part, to the small size of the peptide [28] and 

its structural preservation in all mammals [29]. Adjuvants 

are essential components of vaccines that may help 

overcome this problem. The most common adjuvants for 

human vaccines are still based on aluminium [30, 31]. The 

Montanide ISA 51 and Montanide ISA 51 VG adjuvants are 

similar to IFA and have been approved for clinical trials 

with human vaccines [32- 34]. In this paper, we report a 

comparative study of the biological activity of the 

GnRHm1-TT synthetic peptide formulated in Montanide 

ISA 51 and Montanide ISA 51 VG adjuvants compared to 

FA. The latter is the reference adjuvant to induce Th1 

humoral and cell-mediated responses, but it is highly toxic 

[35-39].  

 

The fact that Montanide ISA 51 and Montanide ISA 51 VG 

equaled FA in terms of induction of anti-GnRH antibody 

titers in experimental animals was unexpected, considering 

that CFA, besides oils and emulsifying agents, has quite a 

high number of components with a known 

immunoenhancing capacity, such as fragments of 

mycobacteria, DNA, CpG, LPS and others [31, 40-42]. The 

elevated production of antibodies against natural GnRH 

induced by the GnRHm1-TT peptide both in FA and the 

two Montanide types in the animals also evidenced the 

immunogenic capacity of the peptide and its potential to 

evade the physiological tolerance mechanisms when these 

adjuvants were used.  

 

Our results with the GnRHm1-TT peptide vaccine showed 

that along with the antibody immune responses there was a 

drop in the testosterone levels and a reduction in prostate 

size detected at sacrifice in comparison to the animals of the 

placebos group (p<0.05). The comparable behavior 

observed with the Montanide ISA 51 and Montanide ISA 

51VG adjuvants proved their equivalence, and therefore, 

their usefulness to induce enhanced immunity in animal 

models and probably in men. The above described 

immunogenicity studies showed the feasibility of 

generating an effective immune response in rats with the 

750 ug dose of the GnRHm1-TT peptide in Montanide ISA 

51 VG. However, it was important to study the necessary 

minimum dose to achieve the best biological effect. The 

750µg dose of the GnRHm1-TT peptide was by far the 

most effective to achieve the highest biological response, 

based on antibody concentration, the effect on testosterone 

levels, and its atrophying capacity on prostate. 

 

Although the immunogenicity results achieved in rabbits 

and monkeys corroborated the existence of a 

correspondence between high anti-GnRH antibody titers 

and the reduction of testosterone levels, they failed to prove 

the existence of a linear correlation between them. In that 

sense, the results tend to show that when the anti-GnRH 

hormone antibodies reach critical levels to form about 

100% of immunocomplexes with the circulating GnRH, the 

testosterone levels drop strongly. Accordingly, it has been 

previously reported that the immunocastration capacity of 

the antibodies depends on the speed of their appearance and 

existence in sufficient concentrations to achieve the 

biological effect [43], rather than on their isotype or 

affinity. The Macacus irus monkeys share more than 95% 

genetic homology with humans [44], so the immunization 

study with them provided evidence to which extent a 

significant increase of the peptide dose may affect the 

immune response. These results are very relevant to take 

decisions on the peptide dose for other species including 

humans, depending on their immunogenic capacity and 

toxicological properties.  
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The Dunning R3327-H tumor model was used to evaluate 

the therapeutic effect of the GnRHm1-TT peptide 

adjuvanted in Montanide ISA 51 VG, since it shares similar 

features to the prostate cancer described in humans [45]. 

After four immunizations, seroconversion against the 

natural GnRH hormone was observed in 88% of the rats 

immunized, which demonstrated the feasibility of 

consistent humoral immune response despite the presence 

of the already-established tumor. Interestingly, although 

higher antibody titers were accompanied by a strong 

reduction in testosterone levels and inhibition of tumor 

growth, in some cases high antibody titers and testosterone 

depletion showed no important inhibition of the tumor 

growth, which thus demonstrated certain loss of hormone 

sensitivity. On the contrary, in some immunized animals 

where low anti-GnRH antibody titers were observed, there 

was a significant ablation of testosterone, which was 

associated with a marked inhibition of tumor growth (Table 

1). These results coincided with the ones achieved for 

vaccine candidate UBICTh® (11). 

 

According to the results of the GnRHm1-TT vaccine 

adjuvanted in Montanide ISA 51 in different animal 

models, a good correlation may be inferred between anti-

GnRH antibody levels, testosterone depletion, the effect on 

target organs found in healthy animals and the tumor 

inhibition observed in Copenhagen rats with the implanted 

Dunning R3327-H tumor model. To corroborate that the 

effects described corresponded directly to the hypothesis 

that the immunoneutralizing capacity of the anti-GnRH 

antibodies generated through active immunization with the 

GnRHm1-TT/Montanide ISA 51 vaccine was responsible 

for testosterone ablation, six previously purified serum 

samples from rabbits immunized with GnRHm1-

TT/Montanide ISA 51 were used in a final trial. Then they 

were exposed to the COS-7-ratGnRH mammal cell model 

at different concentrations to explore its inhibitory capacity 

to produce IP. The gradual decrease of IP concentrations 

detected in this trial, as concentrations of the anti-GnRH 

polyclonal antibody increased up to 12.5 μg/mL evidenced 

the neutralizing capacity of natural GnRH developed by the 

antibodies produced through the GnRHm1-TT/Montanide 

ISA 51 vaccine. Besides, it explained the direct relationship 

found in previous studies among anti-GnRH antibody 

production, testosterone ablation, and atrophy of the 

prostate and testicles of animals immunized with the 

Heberprovac vaccine candidate.  

 

4. Conclusions  

Immunization using the synthetic GnRHm1-TT peptide in 

an emulsion of Montanide ISA 51 adjuvant with animal or 

plant components, produced a significant prostate and 

testicle size reduction in rats (p<0.005). A dose scale-up of 

the synthetic peptide of up to 1mg demonstrated higher 

immunogenicity, and produced greater atrophy of the target 

organs than the 750µg dose. However, a 2.5 mg dose scale-

up in Macacus irus monkeys did not show higher antibody 

titers or advantage on testosterone depletion. The anti-

GnRH antibodies generated by immunization with the 

GnRHm1-TT/.Montanide ISA 51 VG vaccine candidate in 

rabbits showed the neutralizing capacity of natural GnRH 

up to a 0.78µg/mL concentration, according to the results 

achieved in the in vitro experiments. The immunocastration 

effect of the GnRHm1-TT/Montanide ISA 51 formulation 

led to growth inhibition of the Dunning R3327-H hormone-

sensitive prostate tumor model in rats, when the animals 

were treated therapeutically with the vaccine candidate. The 

effects of immunocastration corresponded to better survival 

advantage.  
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