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Abstract

The recombinant eukaryotic expression vector pCMV4-rmCGβ, inserted full-length cDNA of the β-subunit of rhesus monkey
chorionic gonadotropin (rmCGβ), as DNA immuno-contraceptive against CGβ glycoprotein, has previously demonstrated the
biological expression of rmCGβ in vitro and in vivo. The plasmid DNA of pCMV4-rmCGβ was inoculated into BALB/c mice
at different doses and routes as DNA immuno-contraceptive to understand its antifertility effect. The results of immune re-
sponses indicated that the intradermal inoculation is the optimal pCMV4-rmCGβ DNA delivery method for BALB/c mice,
and the dose of 10 µg should be enough to elicit immune response. With different doses from 10–50 µg, marked reductions in
the fertility of the female mice after two intramuscular inoculations of pCMV4-rmCGβ DNA were seen, while the similar level
of humoral immune responses were induced. With the dose of 20 µg of pCMV4-rmCGβ DNA, the mice showed reduction in
fertility from intraperitoneal, and intradermal to intramuscular inoculating method. The antifertility effect of antiserum from
immunized mice confirmed that the antibodies elicited by pCMV4-rmCGβ DNA could prevent pregnancy in female mice. At
the same time, the full-length cDNA of β-subunit of mouse chorionic gonadotropin (muCGβ) was cloned from placenta and
sequenced for the first time (GenBank Accession No. AF333067). Sequence analysis showed that muCGβ shares 99.6% ho-
mology with rmCGβ and 90.6% with hCGβ respectively. The results indicated that the infertility of BALB/c mice induced by
pCMV4-rmCGβ contraceptive should be further studied as a CGβ DNA contraceptive. (Mol Cell Biochem 231: 89–96, 2002)
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Introduction

Human chorionic gonadotropin β-subunit (hCGβ) vaccines
have demonstrated the feasibility of effectively eliciting an-
tibodies in women and inhibiting fertility in both human and
non-human primates [1–3]. Evidence is available to indicate
that interference of hCG function by antibodies can disrupt
pregnancy prior to implantation, and antibodies specific for
hCG would not affect the function of other hormones in
non-pregnant women [4]. Because of the physiological
and temporal specificity, the hCGβ as antigen to develop
immuno-contraceptives have been explored for more than 20
years, and some prototype vaccines have reached the stage

of clinical trials. Three main types of hCGβ vaccines have
been subjected to clinical trials [5], including hCG β-subunit
conjugated to tetanus toxoid (βhCG-TT) [6], hCGβ subunit-
ovine luteinizing hormone (LH) α-subunit heterodimer
conjugated to tetanus toxoid (HSD-TT-DT) [7], and hCGβ-
subunit C-terminal 37 residue synthetic peptide conjugated
to diphtheria toxiod (CTP-DT) [8]. The high effects in pre-
venting pregnancy (one pregnancy in 1224 cycles of expo-
sure to pregnancy) were observed in HSD-TT-DT vaccine
phase II trial [7]. The antifertility effect of HSD-hCG vac-
cine is reversible and low titers of antibodies below the
protective threshold have no apparent side effects on the
progression of pregnancy and on the early development of
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pregnancy [9]. However, none of these vaccines can establish
effective immunity with a single inoculation, and none of these
vaccines are suitable in their current form for manufacture and
distribution for widespread application in family planning. Cur-
rent vaccines require 2–4 immunizations to establish effective
antibody level [5]. Learning from these previous studies, cur-
rent vaccines might be lacking the antigen components to
simulate crucial cellular immunity. To achieve a successful
immuno-contraceptive, other methods are needed.

DNA inoculation technology has recently been demon-
strated as a potent means to generate both humoral and cellu-
lar immune responses in various animals and human [10–11].
To study the feasibility of a human DNA immuno-contracep-
tive by using the hCGβ-subunit gene, we chose the rhesus
monkey chorionic gonadotropin β-subunit (rmCGβ) to un-
derstand the immune response, antifertility effect of CGβ

DNA immuno-contraceptive, because rmCGβ is biologically
close to hCGβ, and the antifertility results may be better im-
plicated for hCGβ vaccine used for human trials in the fu-
ture [12]. In previous work, we cloned the rmCGβ cDNA
sequence and found that rmCGβ (GenBank Accession No.
AY011015) and hCGβ (GenBank Accession No. G180436)
share 90.6% homology at cDNA level, and 79.5% homology
at amino acid level [13]. A powerful bio-functional eukaryo-
tic expression vector PCMV4-rmCGβ was also constructed.
In this paper, we report the results of immune responses and
antifertility of BALB/c mice after inoculating PCMV4-rmCGβ

DNA with varied injection doses and varied methods.

Materials and methods

Construction of rmCGβ-subunit eukaryotic expression
vector

The mammalian expression vector pCMV4 was chosen
to drive the expression of the rmCGβ-subunit cDNA. The
full-length rmCGβ-subunit cDNA was cloned from rhe-
sus monkey placenta and inserted into PCR®2.1 clone
vector (Introgen), and then was cut from PCR®2.1-rmCGβ

vector by Hind III and Xba I (Promega). The rmCGβ cDNA
was subcloned into the same sites of eukaryotic expression
vector pCMV4. The recombinant pCMV4-rmCGβ was trans-
formed into E. coli DH5a strain. The pCMV4-rmCGβ plas-
mid DNA was purified with Qiagen tip-10,000 Giga column
kit (Qiagen) prior to inoculation. The more detail methodol-
ogy was described, and the expression of rmCGβ in vitro cells
and in vivo tissues was confirmed at previous work [13].

Clone of the β-subunit of muCG (muCGβ)

Touch-down reverse transcription polymerase chain reaction
(TDRT-PCR) was adopted to clone the cDNA of muCGβ. The

method was same as the clone of rmCGβ [13]. In brief, total
RNA was isolated from the placenta BALB/c mouse. The RT-
PCR reaction was made up of 10 µL of AMV/Tfl 5 × reac-
tion buffer, 2 mM of dNTPs mix, 2 mM of MgSO

4
, 1 mM

each of upstream and downstream primers (the upstream
primer was 5′-CACGGGCCCGGGGACGCACCAAGG-
ATG-3′; the downstream primer was 5′-GCGGATTCAGAA-
GCCTTTATTG-3′), 0.1 U/µL of AMV reverse transcriptase,
2 µg of total RNA and nuclease-free water to a final volume
of 50 µL, overlaid with 50 µL of mineral oil (all RT-PCR
reagents were from Access RT-PCR kit) (Promega). The RT
reaction was allowed to proceed at 48°C for 45 min and fol-
lowed by incubation at 95°C for 5 min prior to the PCR
amplification reaction. At the first denaturation step, 0.1 U/
µl of Tf1 DNA polymerase was added into the 50 µL reac-
tion volume. The 2-cycle TD-PCR amplified program was
initiated with cycle times of 1 min at 94°C, 1 min at 65°C
(from 65°C to 55°C decreasing 1°C every 2 cycles), and 40
sec at 68°C, then followed by another 20-cycle amplification
for 1 min at 94°C, 1 min at 60°C, and 40 sec at 68°C.

The reaction product was purified by using 1 × TAE
low-melt agarose gel (Promega), and then was ligated into
PCR®2.1 cloning vector (Invitrogen) with T4 DNA ligase
(Promega). Fluorescent DNA sequencing reactions with M13
reverse primer and T7 promoter primer were performed to
sequence the muCGβ cDNA, and the results showed that
muCGβ cDNA shares 99.6% homology with rmCGβ (the de-
tails of data shown in the ‘Results’ section).

Mice inoculations

All BALB/c mice studies were conducted in accordance with
the Chinese Academy of Sciences institutional guidelines for
the care of animals. The 6–8 week-old healthy female BALB/
c mice were divided into 6 groups at random, and each group
was comprised of 8 mice. The BALB/c mice of Groups 1, 2
and 3 were intramuscularly (i.m.) inoculated 10, 20 and
50 µg of pCMV4-rmCGβ plasmid DNA, respectively. The
BALB/c mice of Group 4 were intraperitoneally (i.p.) in-
oculated with 20 µg of pCMV4-rmCGβ plasmid DNA. The
BALB/c mice of Group 5 were intradermally (i.d.) inoculated
with 20 µg of pCMV4-rmCGβ plasmid DNA. The BALB/c
mice of Group 6 were i.m. inoculated with 20 µg of pCMV4
mock plasmid DNA as control. The quadriceps muscles of
each mouse were multi-spot injected with 50 µL of 0.5% (w/
v) bupivacaine-HCI (Sigma) [10] 24 h before DNA inocula-
tion. The boost immunization with same amount and in-
jection regions for each group was performed at 4 weeks
post-immunization (p.i.). The sera of mice were collected
from the postorbital vein at 4, 6, 8, 10 and 12 weeks p.i., and
stored at –20°C prior to detecting the CGβ-specific antibody
titers of mice.
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Antibody detection by ELISA

The hCGβ-subunit protein co-reaction with antibodies in-
duced by pCMV4-rmCGβ DNA was confirmed at previous
work [14], hCGβ-subunit was chosen as coated antigen.
Ninety-six wells microtiter plates were coated with 50 µL of
2 µg/mL native hCGβ protein per well in bicarbonate buffer
(pH 9.6) (Sigma) and incubated at 4°C overnight. Follow-
ing blocking each well with 100 µL of 3% BSA-PBST at 37°C
for 1 h, 50 µL of sera samples (prepared in blocking buffer
as 2-fold dilution) were added. After incubation at 37°C for
2 h, 50 µL of secondary anti-mouse IgG conjugated with
horseradish peroxidase (Promega) at dilution of 1:2000 was
incubated at 37°C for 2 h. Ten mg of OPD (Sigma) was dis-
solved in 10 mL of 0.025 M phosphate-citrate buffer (Sigma)
and added to each well for the color development. Plate re-
action stopped by addition of 2 mol/L of H

2
SO

4
 was read with

a plate reader (Bio-Rad) at 490 nm. Titers were defined as
the final dilution giving an optical density of at least 0.1 units
above the optical density of the 1:50 dilution of the pre-im-
mune serum. The pre-immune sera normally had an optical
density of < 0.1 units.

Fertility assays

Fertility trials were commenced at 12 weeks p.i. by pairing
each immunized female mouse with one normal male for 2
weeks. Vaginal plugs were monitored to confirm mating.
Number, weight and length of offspring born were recorded.

Ovarian histology

Ovaries were collected from killed mice, fixed in 4% PFA for
2 days. Sections (7–10 µm) were prepared and then stained
with hematoxylin and eosin. The development of follicles
was observed under a microscope.

Antifertility assay with antisera of immunized mice in vivo

Three microliter of 0.22 µm-filtered antisera at peak antibody
titer (1:6,400) of immunized mice were aseptically injected
into the left uterine horn of normal pregnant mice on 3.5 days
after confirmed mating by vaginal plugs. The same amount
of 0.22 µm-filtered mice preimmunized sera was injected into
the right uterine horn as control. On the 15th day of preg-
nancy, the number of implantations in each side of the uterus
was recorded.

Statistical analysis

The data of antibody titers were log-transformed using a ten
logarithm to alleviate statistical problems and were pre-
sented as the means ± S.E.M. The differences between each
treatment level and control were evaluated by Student’s t-
test.

Results

Nucleotide and predicted amino acid sequence of the
muCGβ

The full-length cDNA of muCGβ including the leader pep-
tide was 499 nucleotide long (GenBank Accession No.
AF333067); coding for 165 amino acids (Tables 1A and 1B).
The cDNA sequences analysis shows the muCGβ shares the
highest identity (99.6%) to rhesus monkey CGβ and the sec-
ond highest homology (90.6%) to humans. At the amino acid
level, 100% sequence homology to the rhesus monkey and
79.5% sequence homology to the human where the most
diversified region occurred on the C-terminal portion of the
β-subunits (Tables 1B and 1C). The difference between
muCGβ and rmCGβ cDNA was at base +489 (muCGβ was
T, rmCGβ was C) and base +492 (muCGβ was A, rmCGβ

was G), but did not change the amino acids sequence. It in-
dicates that the BALB/c mouse as an animal model to assess
the PCMV4-rmCGβ immuno-contraceptive might gain some
valuable results.

Humoral immune responses induced by different doses of
inoculation of pCMV4-rmCGβ DNA

The humoral immune responses were induced by different
doses of inoculation with pCMV4-rmCGβ DNA. Sera anti-
bodies to hCGβ are shown in Fig. 1. Compared to control
group, the female mice of each group elicited high titers of
humoral immune responses. The antibody titers increased by
6 weeks p.i., and maintained the immune responses at 12
weeks. The titer reached high to 1:6,400, and these intense
immune responses lasted at least 12 weeks. Moreover, the hu-
moral immune responses of female mice inoculated with
different doses of pCMV4-rmCGβ DNA from 10–50 µg were
induced with parallel increase of titer, and there was no great
difference in antibody titers. This suggests that 10 µg of
pCMV4-rmCGβ DNA should be enough to elicit immune re-
sponses in BALB/c mice.
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Table 1. (A) Continued

Table 1. (B) Alignment of β-subunit putative protein of hCG, rmCG and
muCG

Table 1. (A) Sequence alignment of β-subunit cDNA of hCG, rmCG and
muCG
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Humoral immune responses induced by different methods
of inoculation of pCMV4-rmCGβ DNA

Three different methods, i.m., i.p. and i.d. application were
studied to detect the optimal method for rmCGβ DNA-based
immuno-contraceptive. Different humoral immune responses
were elicited with different inoculating methods in female mice
(Fig. 2). The highest titer of immune response and second high-
est titer of immune response were induced with i.m. method
and i.d. method, respectively. While the antibody titers of im-
mune response with i.p. method were less than 1:500. The
results indicated that the i.m. inoculation is the optimal
pCMV4-rmCGβ DNA delivery method for BALB/c mice.

Antifertility induced by different doses and different
methods of inoculation of pCMV4-rmCGβ DNA

The immunized mice in each group were individually paired
at 12 weeks. p.i. to determine the fertility compared to con-
trols (Table 2). The results of fertility trail demonstrated that
50 µg of pCMV4-rmCGβ DNA using i.m. inoculation method

could reduce significantly the fertility in female mice com-
pare to controls (p < 0.01), and a marked reduction of fertil-
ity from low dose to high dose (from 10–50 µg) was found.
The number of litters born also showed a slight reduction
from the doses from 10–50 µg. At the dose of 20 µg, the mice
showed reduction in fertility from i.m., i.d. to i.p. inocula-
tion, but there was no significant difference (p > 0.05).

Table 1. (B) Continued

Table 1. (C) Homology of β-subunit cDNA and putative protein of hCG,
rmCG and muCG

Fig. 1. Humoral immune responses induced by different doses of inocula-
tion of pCMV4-rmCGβ DNA using ELISA. Sera samples of each group
from 2–12 weeks were detected, and the antibody titers were pooled and
expressed as log10 titers. The female BALB/c mice of each group were in-
oculated with 10, 20 or 50 µg of pCMV4-rmCGβ plasmid DNA with intra-
muscular injection, respectively. Twenty µg of pCMV4 mock plasmid DNA
was set as control. At 4 weeks all mice had the boost immunization.

Fig. 2. Humoral immune responses of female mice induced by different
methods of inoculation of pCMV4-rmCGβ DNA using ELISA. Sera sam-
ples of each group from 2–12 weeks were detected, and the data of the
antibody titers were pooled and expressed as log10 titers. The female BALB/
c mice of each group were inoculated 20 µg of pCMV4-rmCGβ plasmid
DNA with intramuscular (i.m.), intraperitoneal (i.p.) and intradermal (i.d.)
injection, respectively. Twenty µg of pCMV4 mock plasmid DNA with i.m.
inoculation was set as control. At 4 weeks all mice had the boost immuni-
zation.
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Ovaries were collected from fertile and infertile immunized
female mice from the treatment group and control group, and
were detected. Ovaries from the treatment group and control
group all had a normal range of small, medium, and large
preovulatory follicles. It indicated that the rmCGβ expressed
by pCMV4-rmCGβ did not interfere with the development
of follicles and normal ovulatory cycles could be maintained.

To be sure the antifertility induced by pCMV4-rmCGβ

in female mouse, 3 µL of antiserum at peak antibody titer
(1:6,400) of mice were injected into one side of uterine horns
of normal pregnant mice on 3.5 days after confirmed mating
by vaginal plugs. The results showed that the number of im-
plantations in the side of uterus received antiserum (1.1 ± 0.4)
had significant decrease compared to the control side of the
uterus receiving normal sera (4.5 ± 0.8) (n = 16, **p < 0.01
compared to control) (Fig. 3). It confirmed that the antibody
elicited by pCMV4-rmCGβ DNA prevented pregnancy in
mice.

Discussion

During more than 20 years, several immuno-contraceptives
based on hCGβ protein originally isolated from tissues or pro-
duced by recombinant DNA techniques or by chemical syn-
thesis have reached the stage of clinical trials. The weak
immunogenicity, moderate immune response, and costly
procedure make current vaccines do not suit in family plan-
ning [5–7]. Talwar et al. even constructed live engineered vi-
rus recombined hCGβ to assess the antifertility efficacy in
female rats [7, 15, 16]. The plasmid DNA vaccine as a kind
of safe and highly effective vaccine has been proven in many
human pre-clinical and clinical trials [17–19]. The CGβ as
contraceptive antigen inserted into eukaryotic expression
plasmid vector has not been examined before. In our study,

the recombined expression plasmid DNA inserted interest-
ing reproductive antigen rmCGβ was inoculated into somatic
cells to detect the feasibility of pCMV4-rmCGβ DNA as po-
tential contraceptive.

The present study provides evidence for prevention of
pregnancy in BALB/c mice by CGβ antibodies. The pCMV4-
rmCGβ DNA could generate sufficient immune responses to
interfere the function of CGβ to disrupt pregnancy prior to
implantation. The highest titer of humoral immune responses
elicited by pCMV4-rmCGβ DNA reached 1:6,400, and lasted
at least for 12 weeks. The infertility of mouse induced by an-
tibodies elicited by pCMV4-rmCGβ DNA was confirmed by

Table 2. Antifertility of female mice induced by different doses and different methods of inoculation of pCMV4-rmCGb DNA shown.

Treatment groups Fertility
Birthrate N = 8 No. of litters Litter weight (g) Litter length (cm)

10 µg PCMV4-rmCGb 75% 8.75 ± 0.96 1.33 ± 0.15 2.81 ± 0.20
(intramuscular) n = 5 n = 42 n = 42
20 µg PCMV4-rmCGb 62.5% 7.6 ± 1.8 1.35 ± 0.18 2.90 ± 0.21
(intramuscular) n = 5 n = 38 n = 38
50 µg PCMV4-rmCGb 37.5%** 5.67 ± 1.52* 1.50 ± 0.16 2.99 ± 0.26
(intramuscular) n = 3 n = 21 n = 21
20 µg PCMV4-rmCGb 87.5% 7.0 ± 2.24* 1.40 ± 0.16 2.98 ± 0.2
(intraperitoneal) n = 7 n = 49 n = 49
20 µg PCMV4-rmCGb 62.5% 8.0 ± 3.02 1.37 ± 0.14 2.92 ± 0.19
(intradermic) n = 5 n = 40 n = 40
20 µg PCMV4 as control 100% 9.0 ± 1.73 1.24 ± 0.12 2.85 ± 0.19
(intramuscular) n = 8 n = 61 n = 61

Fertility trials were commenced at 12 weeks p.i. by pairing each female with one normal male for 2 weeks. Number, weight and length of kittens born were
recorded *p < 0.05; **p < 0.01 compare to control).

Fig. 3. Antifertility assay with antisera of pCMV4-rmCGβ plasmid DNA
immunized mice in vivo. Three µL of 0.22 µm-filtered antisera at peak an-
tibody titer (1:6,400) of immunized mice were aseptically injected into the
left uterine horn (L. horn) of normal pregnant mice on 3.5 days after con-
firmed mating by vaginal plugs. The same amount of 0.22 µm-filtered nor-
mal mouse sera were injected into the right uterine horn (R. horn) as control.
On the 15th day of pregnancy, the number of implantation in each side of
the uterus was recorded (n = 16, **p < 0.01 compare to control).
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the antifertility assay of antiserum of immunized mice in vivo.
Moreover, our study provides evidence that the immune re-
sponses were elicited by pCMV4-rmCGβ DNA with varied
doses (from 10–50 µg) and varied inoculation methods (i.m.,
i.p., and i.d. inoculation). The results indicated that the in-
tensive humoral immune response could be induced by
pCMV4-rmCGβ in mice with the amount of 10 µg of plas-
mid DNA. The pCMV4-rmCGβ plasmid DNA with i.d. in-
oculation, especially with i.m. inoculation does elicit effective
immune responses to interfere the pregnancy in mice. The
results of immune responses induced by varied doses indi-
cates that the pCMV4-rmCGβ plasmid DNA with i.m. and
i.d. inoculation could be easier absorbed by host cells or more
efficiently presented by APC cells than with i.p. inoculation,
although the transfection efficiency of target tissues is unnec-
essarily correlate with efficiency of immunization [20]. With
i.m. inoculation method, the infertility efficacy of pCMV4-
rmCGβ contraceptive in female mice was correlated with the
amount of pCMV4-rmCGβ plasmid DNA, while the similar
magnitude of immune responses were elicited with different
inoculation dose from 10–50 µg. It suggests that the antifer-
tility effects of pCMV4-rmCGβ contraceptive not only de-
pend on the magnitude of the immunity but also some other
important factors, such as the route of plasmid delivery, the
method of plasmid delivery, as well as the type of immunity
[21, 22]. The type of cytokines secreted with different inocu-
lations would appear to preferentially induce antibody re-
sponses of the IgG1, IgG2a, IgE, and IgA isotypes, and these
factors, especially the capacity to generate mucosal responses
near the site of fertility may ultimately be essential for a fully
effective fertility control vaccine [23, 24]. In our study, the
immunity of mice induced by pCMV4-rmCGβ DNA biases
towards IgG1 isotype, and the selective expression of Th2
cytokines (the detail data not shown). It suggests that Th1
immunity would be enhanced in further study with pCMV4-
rmCGβ contraceptive.

There are published reports, from Thanavala et al., Talwar
et al. and Stevens et al. respectively [5, 7,  25], of both in vitro
and in vivo studies demonstrating the neutralization of the bio-
logical action of hCG by β-hCG antibodies. However, the
mechanism of action of antibodies raised to the β-CG vaccine
in blocking fertility remains unclear [26–28]. The antibodies
induced by pCMV4-rmCGβ DNA did prevent implantation in
female mice without disrupting folliculogenesis, and this also
has been validated by phase I and phase II trials on the hCG
vaccine performed by Talwar and associates [7]. Beta subunit
of hCG could generate antibodies cross-reactive with the
pituitary LH. It has been confirmed that this partial cross-
reactivity does not impair ovarian function, and menstrual
cycle. Most animals continued to show normal ovulatory
cycles indicating that the circulating antibodies did not in-
terfere with the ovulation-inducing action of endogenous LH.
In our study, although the low cross-reactive antibodies with

LH were elicited by the mice immunized with pCMV4-
rmCGβ DNA (less than 1:600), the anti-LH antibodies were
less than 10% compared to the anti-CGβ antibodies at the
same time (the detail data not shown), and did not disrupt the
folliculogenesis. Compare to 80% of women produced anti-
bodies and high antifertility induced by current protein or
recombinant peptide hCGβ vaccine, 62.5% of female mice
induced infertility by pCMV4-rmCGβ DNA may be partially
caused by the post-translation modification of rmCGβ in
mouse. Another possible reason may be correlated with the
specific bio-function of muCGβ in mouse. Further optimi-
zation of pCMV4-rmCGβ may be required to enhance the ef-
ficacy of immune response, such as the use of cytokines as
adjuvent [29]. The pCMV4-rmCGβ DNA as female contra-
ceptive should be interesting and deserving further study.
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