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Immunogenicity of Plasmodium falciparum chimeric protein PfCP-2. 9
in various strains of mice

XUE Xiang-Yang,ZHANG Qing-Feng,XING Jin-Hua,PAN Wei-Qing " (Department of Etiological Biology,College of Basic
Medical Sciences,Second Military Medical University ,Shanghai 200433,China)

[ABSTRACT] Objective: To investigate the immunogenicity and characteristics of immune response of the chimeric antigen
P{CP-2. 9 in various strains of mice. Methods : Five strains of mice were immunized with the chimeric antigen formulated with
ISA720 adjuvant subcutaneously 3 times at three-week intervals. After immunization,kinetics of antibody responses ,isotype of
IgG antibody,and antibody responses to the individual components of the chimeric antigen were detected by ELISA. Interac-
tions of the antibodies with native antigens located on surface of merozoite of Plasmodium falciparum were analyzed by indi-
rect immunofluorescent assay (IFA). Results:Significant immune responses were induced in all strains of mice (detected with
ELISA titer >>10°) after the third immunization. Moreover, the specific antibodies recognized individual proteins of the
chimeric antigen,MSP1-19 and AMA-1 (I ),as well as native antigens of the cultured Plasmodium falciparum. The prevail-
ing isotypes of IgG associated with the immunization were IgG1 and 1gG2a. However ,there were clear differences in antibody

levels and isotypes of IgG among 5 strains of mice. Conclusion; The chimeric antigen PICP-2. 9 is highly immunogenic in all

strains of mice detected and the anti-PfCP-2. 9 antibodies recognize native proteins of the malaria parasite.
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Malaria remains one of the most serious infec-
tious diseases of mankind. During the past several
decades, the challenge of anti-malarial treatments
is increasing owing to the emergence and spreading
of drug-resistant strains of the parasite and insecti-
cide-resistant vector of the mosquito. Thus devel-
opment of an effective vaccine is an urgent to con-
trol malaria. Two antigens of blood-stage, mero-
zoite surface protein 1 (MSP-1) and apical mem-
brane antigen-1 (AMA-1) of Plasmodium falci-
parum ,are leading malaria vaccine candidates 2,
The 19 000 carboxyl-terminal fragment of MSP1
(MSP1-19) and the C-terminal domain of AMA-1
[AMA-1 ()] are the predominant protective im-
muno-functional domains of the 2 antigens,respec-
tively™'®. A chimeric protein (named P{CP-2. 9)
comprising MSP1-19 and AMA-1( 1) of P. falci-
parum was constructed via a hinge sequence and
expressed in Pichia pastoris in secreted form at ex-
tremely high level as described before™. In this
study, we investigated the immunogenicity and
characterization of immune responses of the

chimeric antigen in the various strains of mice.
1 MATERIALS AND METHODS

1.1 Materials,reagents and animals The recom-
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binant proteins of P{CP-2. 9,MSP1-19 and AMA-1
(I ) were produced in our lab. The hinge peptide
of 28 amino acid residues was synthesized by
Shanghai Shenyou Biological Technology Co. Ltd. .
Montanide ISA720 was purchased from SEPPIC,
France. The horseradish peroxidase (HRP)-conju-
gated goat anti-mouse 1gG,IgG1,1gG2a,lgG2b and
IgG3 and fluorescein isothiocyanate (FITC)-conju-
gated goat anti-mouse IgG were purchased from
Jingmei Biotech Company. 3,3',5, 5 -tetramethyl-
benzidine (TMB) was purchased from Shanghai
Chemical Reagent Co..BALB/ca,C57BL/6J,C3H/
He,DBA/2] and Kunming (KM) mice were pur-
chased from Shanghai Laboratory Animal Center of
Chinese Academy Sciences. FCC1/HN and 3D7 iso-
lates of P. falciparum were cultured in our lab.

1. 2 Vaccine formulation The diluted antigen
solution was formulated with ISA720 adjuvant at a
ratio of 3 ¢ 7 using homogenizer at speed of 2 500
r/min for 5 min. The quality of the emulsion was

controlled by droplet test.
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1.3 Animal immunization Various strains of fe-
male mice including BALB/ca, C57BL/8], C3H/
He,DBA/2] and KM,aged 6-8 weeks,were immu-
nized and grouped by 5 mice. Each animal was sub-
cutaneously injected with 0. 2 ml of the vaccine
emulsion containing 50 pg of P{CP-2. 9 antigen.
Three vaccinations were given at 3-week intervals.
Ten to 14 d after each immunization,approximately
100 pl of blood were taken for analysis of immune
responses. All the blood samples were placed at
room temperature for 5-10 h and then kept at 4°C
overnight. Sera were isolated from the blood sam-
ples by centrifugation at 1 500X g for 20 min and
stored at —20 C.

1. 4 Analysis of antibody responses of immune
sera by ELISA
100 pl of antigen solution (1 pg/ml) diluted in 50

96-well plates were coated with

mmol/L carbonate-bicarbonate buffer (pH 9. 6)
and incubated at 37 C for 1 h. The sera were dilut-
ed before use and 100 pl of serially diluted immune
sera were added to each well. The second antibody
was 100 pl of the HRP-conjugated goat anti-mouse
IgG. The saturated plates were incubated at 37C
for 1 h. After the color reaction of TMB,50 pul of 2
mol/L H,SO, per well were added to stop the reac-
tion, and the absorbance of optical density was
measured at 450 nm (Dys) by using an ELISA mi-
croplate reader. The inverse of the highest serum
dilution with D,;, value greater than the cutoff val-
ue (twice D,s;, value of control sera) was deter-
mined as the titer of the sample.

The method used for

1gG isotype analysis was similar to that described

1.5 IgG isotype analysis

in 1. 4 except those anti-IgG isotype antibodies of
1gG (IgG1,1gG2a,IgG2b and IgG3) were used as
second antibodies.

1. 6 Indirect immunofluorescent assay (IFA)
Thin blood smears containing the mature schizont
of P. falciparum were prepared. Serially diluted
sera using 0. 01 mol/L PBS (pH 7. 4) were added
to spot on the slide and incubated at 37'C for 1 h in
a moist atmosphere. After washing,the second an-
tibody of FITC-conjugated goat anti-mouse IgG
were added and incubated for 1 h under the same

conditions. After washing, the slides were exam-

ined on a fluorescence microscope.
1.7 Statistical analysis After log transformation
of antibody titers, the comparisons of different
groups were measured by ¢ test and ANOVA by

using SPSS 10. 0.
2 RESULTS

2.1 Specific antibody levels in various strains of
mice  As shown in Fig 1,immune responses to
P{CP-2. 9 were induced in all 5 strains of mice,and
the antibody titers were notably enhanced after
each boosting of immunization with the antibody
titer more than 10°. After the third immunization,
the specific antibody levels from BALB/ca,C57BL/
6J,C3H/He and KM strain of mice were further in-
creased but not from DBA/2] strain in which the
peak level was obtained after the second immuniza-
tion. Comparison of the antibody titers among 5
different strains of mice after primary immuniza- |
tion, there was no significant difference (F=
0.895,P = 0. 485). However, after the second im-
munization, remarkable difference of the antibody
titers was observed. The levels of specific antibody
in BALB/ca mice were statistically higher than
those in KM, DBA/2] and C57BL/6] mice (P=
0. 009, 0. 026 and <C0. 001),but no significant dif-
ference compared with those in C3H/He mice.
Likewise, the levels of the antibody in C57BL/6]
strain of mice were significantly lower than those
in BALB/ca and C3H/He strain of mice (P<C
0. 05),but no significant difference compared with
those in KM and DBA /2] strain. Similarly,the an-
tibody titers after the third immunization were dis-
tinguished among various groups (F=10. 063, P<C
0. 001). The antibody levels from KM and BALB/
ca strain of mice were notably higher than those
sfrom C57BL/6] and C3H/He mice, and DBA/2]
strain of mice.

2. 2 IgG isotype analysis in various strains of
mice  As shown in Fig 2,the 4 subclasses of IgG
against PICP-2. 9 were induced in all immunized
mice and both IgG1 and IgG2a isotypes were pre-
vailing subclasses. The high-lower sequence of 4
IgG subclasses was 1gG1,1gG2a,IgG2b and I1gG3.
Similar to total IgG, the levels of both IgG1 and
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Fig 1 IgG antibody responses
of PfCP-2.9 in mice

IgG2a isotypes in KM and BALB/ca strain were
significantly higher than those in the rest 3 strains
(P<C0.05).In all 5 strains of mice,KM strain gen-
erated the highest IgG2b responses (P <C 0. 05)
while the lowest level of IgG2b was observed in
DBA/2] strain(P<C0. 05) yand there was no differ-
IgG2b among BALB/ca,
C57BL/6] and C3H/He strains. IgG3 isotype was
KM>BALB/ca >C3H/He >C57BL/6] >DBA/

ence of response

2]. The IgG3 titers induced in KM mice were no-

tably higher than those in DBA/2J,C57BL/6] and
C3H/He mice (P<C0. 05),but there was no differ-

ence compared with those in BALB/ca mice.
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Fig 2 Comparison of IgG isotype titers

in different strains of mice

2.3 Interaction of specific antibodies with native
antigens on surface of parasite As shown in Fig
3, antibodies to PICP-2. 9 recognized the native
antigens of both FCC1/HN and 3D7 strains of P.
falciparum. There were no significant differences
of antibody levels to the native antigens of both
strains detected by IFA (¢ = 0. 253, P = 0. 802).
However, significant differences of the antibodies
were observed in various strains of mice against 2
strains of P. falciparum(F=3. 682 and 6. 520,P=
0. 021 and 0. 002). The IFA titers of BALB/ca
mice were notably higher than those of DBA/2]
and KM mice (P<C0. 05).
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Fig 3 Comparison of IFA antibody
titers in different strains of mice
* P<C0. 05 vs DBA/2] and KM mice

2. 4 Interaction of individual components of
PfCP-2. 9 with antibodies from various strains of
mice As shown in Tab 1,high levels of antibodies
against the individual components, MSP1-19 and
AMA-1(I ), were detected in all the 5 strains of
mice whereas no antibodies against the hinge was
induced. The antibody titer to AMA-1 (1l ) was
higher than that to MSP1-19 (¢ = 6. 501, P=
0. 003). However,the antibody titers to the individ-
ual components were much lower than those to the

entire protein.

Tab 1 Antibody levels in mice immune sera against PfCP-2. 9 and its components

Antibody titers

Strain

Anti-hinge Anti-MSP1-19 Anti-AMA-1-(I) Anti-P{CP2. 9
KM <100 13.76X10* 37.36x10* 131.4X10%
DBA/2] <100 1.54X 104 2.91x10* 15.5X10*
C3H/He <100 8. 74X 10* 18. 71X 104 59.3X10*
BALB/ca <100 17.31X10* 28. 74X 104 106.3X10*
C57BL/6] <100 5.67X104 8.73x10* 30.3X 104
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3 DISCUSSION

PfCP-2. 9 chimeric protein is composed of
MSP1-19 and AMA-1 () of P. falciparum via a
hinge sequence. The main purpose of adding the
hinge sequence was to reduce interaction of the 2
cysteine-rich antigens and maintain their disul-
phide-bond conformations. As shown in this study,
immune sera induced by PfCP-2. 9 recognized not
only its 2 major components, but also native anti-
 gens of the parasite, indicating that the chimeric
antigen P{CP-2. 9 resembles the native conforma-
tion.

Numerous studies have demonstrated that hu-
moral immunity plays a crucial role in the protec-
tion against blood‘sfage malaria parasite”). Specific
antibodies to MSP1-19 or AMA-1 can mediate the
protective immunity, but it is necessary to induce
high level of the antibodies for the protective im-

munity*#

. As shown in this study, the chimeric
protein PfCP-2. 9 induced extremely high level of
specific antibodies in mice,more than 10° after the
third immunization. The high level of the antibod-
ies was essential to inhibit growth of the parasite in
vitro and associated with the protective immunity.
The protective efficacy of humoral immunity in
blood-stage malaria was not only correlated to the
level of IgG, but also associated with isotypes of
IgG. Many studies on serology conducted in malari-
a endemic regions have demonstrated that cy-
tophilic IgG1 and IgG3 were major isotypes that
associated with the protective immunity in hu-

Lol

man However, experimental data {from mice

models indicated that cytophilic IgG2a was major

[l As shown in

isotype for protective immunity
this study, the prevailing isotypes of IgG induced
by PfCP-2. § in different strains of mice were IgG1
and IgG2a,implying that PICP-2. 9 antigen can in-
duce protective immunity. Genetic background de-
termined by HLA system is highly diversified in
human and greatly affects the immune response to
vaccination. The SP{66, once of malaria vaccines
tested in human widely, had a variable efficacy

rates from various trails. The variable results may

be due to the diversity of MHC molecule in differ-

ent populations!'"'?), Similar to human HLA sys-
tem, H-2 antigen system determines the genetic
background of mice. Our data showed that high

level of specific antibodies was induced by

PfCP-2. 9 vaccine candidate in all 5 strains of mice
including the out-bred strain (KM),implying that
the vaccine is highly immunogenic in large popula-

tions when used in human.
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Clinical treatment of high-pressure injection injuries of hand
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