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Abstract

Dendritic cells are vital in the initiation and regulation of immune
responses against invading pathogens. Here we asked whether the
immune response against asexual blood stage malaria can be improved by
combining DNA vaccine targeting UB05-MSP3 to the dendritic cells in
situ with a recombinant QBUBO5SMSP3 hybrid phage boost.

We generated a DNA vaccine candidate encoding for fusion of
Plasmodium falciparum UBOSMSP3 antigens and single-chain antibody
specific to antigen uptake receptor DEC-205 expressed on both mouse
and human DCs (scDEC205). DNA vaccine (scDEC205-UB05MSP3)
was administrated in mice by conventional intramuscular injection.
Animals were boosted intranasally either with recombinant QBUBOS,
QBMSP3 or QBUBOSMSP3 phage. The parasite invasion inhibition assay
was done using mice antisera against 3D7 Plasmodium falciparum strain.
The reactivity of specific IgA and IgG subclasses were determined by
ELISA. The complementary prime-boost immunization with DNA and
QBUBO5MSP3 induced more pilly potent antibody response that resulted
to two time more effective parasite invasion inhibition than the monoclonal
antibodies (positive control) and antisera of others mice groups (P<0.0001).
The mice boosted with QBUBOSMSP3 phage had significantly higher
IgA and IgG antibody responses than those boosted with DNA, QBUBO0S5
or QBMSP3 (P <0.01). The significantly higher reactivities of IgG2b
and IgG3 against MSP3 and UBOS antigens separately were shown in
QPUBO05SMSP3 and QBUBOS5 boosted mice compared to the others groups
(p< 0.05). These findings showed that complementary QBUBO5SMSP3
hybrid phage boost vaccination enhances plasmid DNA immunogenicity
of asexual blood stage antigen, resulting to an effective parasite invasion
inhibition through a significant reactivity of IgG2b and IgG3 antibody
against surface antigens.

Keywords: Complementary; Prime-boost strategy; QB Phages;
Vaccination; Malaria.

Introduction

The fundamental initial step in vaccination is that the vaccine molecule
must be taken up, processed, and presented by dendritic cells (DCs) which
are vital for initiating and regulating many aspects of immune response [ 1-4].
DEC-205 is an endocytic receptor expressed at the highest level by dendritic
cells within the T-cell areas of lymphoid tissues which are necessary for
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generating immunity and tolerance [5-7]. The Generation of
anti-DEC205/CD205 monoclonal antibodies that recognize
conserved epitopes in different mammals, and its incorporation
in vaccine molecule has been reported to enhance the antigen
presentation on major histocompatibility complex (MHC)
class I and class II as well as strong protective immunity
[4, 5, 8-10]. A particular attention is being focused on the
development of DNA vaccines targeting DCs as a potential
immunogenic strategy to elicit both humoral and cellular
immune reactions even at a considerably reduced dose [4,
11, 12]. Since asexual blood-stage parasites of Plasmodium
are the main cause of malaria pathogenesis and mortality in
infected individuals, immune responses targeting blood-stage
antigens was reported with a crucial importance for malaria
control [13]. Merozoite surface Protein 3 (MSP3) and UBOS
protein are two merozoite blood stage antigens that are being
considered as potential malaria vaccine candidates [14-16].
MSP3 was selected on basis of antibody-dependent cellular
inhibition (ADCI) of parasite growth in vitro [14, 15] and
has been evaluated in several clinical studies [17-19]. UB05
was first isolated and characterized in Cameroon, and showed
a significant reaction with sera of not only semi-immune
adults, but also of children having low or non-detectable
parasitaemia. [16]. Although several malaria blood-stage
vaccine candidates are at different stages of development
demonstrating their capacity to induce immune responses,
they failed to achieve efficacy outcomes even [20, 21]. In
context of vaccine development, the use of heterogeneous
prime-boost strategies with DNA and recombinant protein is
actually a beneficial approach to induce a potential protective
immune response against infectious diseases. However,
the virus like particles-based vaccine has taken the first
place in term of subunit immunogen compared to the single
recombinant proteins. In fact, genetically linking of promising
immunogens to the surface of Qff phages allowed them to be
displayed at high density [22-24]. This high-density display,
as previously reported in our group enhanced antigenicity and
immunogenicity of the desired immunogen [24]. The present
study aimed to assess the humoral immune response of DNA
encoding scDEC-UBO5SMSP3 in a complementary prime-
boost immunization with QB phages (QBMSP3, QBUBO0S or
QBUBOSMSP3) in mice.

Materials and Method
Mice

Six to eight weeks old BALB/c mice (with 20-30 g) were
purchased from Laboratory of Animal Science Department of
“Université des montagnes” of Bangangte (Cameroon). They
were maintained under standard conditions with 12/12hrs
of the dark and light cycle. Mice were fed with standard

commercial die (50% corn flour, 20% wheat bran, 23% fish
flour and 70% bone flour) and water was provided ad libitum.
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The mice were maintained under pathogen-free animal
facility of the same laboratory throughout the study period.
Mice were acclimatized for two weeks before immunization
with the vaccine candidates. The experimental protocol was
done according to the guidelines of the Organisation for
Economic Co-operation and Development (OEDC, 2011).

Cell lines, media, and antibodies.

293A and CHOhuDEC205 cells lines were
maintained in DMEM supplemented medium (10% foetal
bovine serum (FBS), 1% penicillin-streptomycin, and
1% L-glutamine). 1,2-dioleoyl-3-(trimethylammonium)
propane (DOTAP) liposome was used for stable 293A cell
transfection. Antibodies used in the study included mouse
monoclonal antibodies X-Q38G73-N (anti-UB05 N-terminal
IgG, Abmart), X-Q38G73-C (anti-UB05 C-terminal IgG,
Abmart), X-QOKGH2-M (anti-MSP3 M-terminal IgG,
Abmart) and X-QOKGH2-C (anti-MSP3 C-terminal IgG,
Abmart), horseradish peroxidase (HRP)-conjugated anti-
mouse IgA, 1gG, IgGl, 1gG2a, IgG2b, and 1gG3 antibodies
(Southern Biotech), Biotin-conjugated Mouse anti-human
IgG (Southern Biotech), APC-conjugated streptavidin
(BD Biosciences) and Goat anti-mouse IgGl1-APC
(BD Biosciences).

Construction and characterization of DNA vaccines

The full-length region coding for fusion of Plasmodium
Jfalciparum UB05-MSP3 protein and a single-chain antibody
specific to DEC205 (scDEC205-UB05SMSP3) was designed
and inserted in the pCMV-IRES-EGFP (kanamycin) vector.
The pCMV-SFL HD83UBO5SMSP3-IRES-EGFP plasmid
was then cloned within the NEB 5-alpha competent E.
coli (Biolabs Inc. New England) in LB medium Giga
preparation (invitrogen, USA). The cloned product was
extracted using the DNA Qiagen kit as recommended by
the manufacturer. The ScCDEC205-UB05SMSP3 recombinant
protein was expressed from stably transfected 293A cells
with encoding DNA and DOTAP liposome in supplemented
DMEM medium. The recombinant protein produced in the
supernatant was collected and purified by anti-FLAGRMI
Purification technique according to SIGMA-ALDRICH
(USA) recommendations.

Biological activity assessment of scDEC205-
UBOSMSP3 protein for its binding CHO cells-
expressed human DEC-205

This experiment consisted to investigate the integrity
of synthetized SCDEC205-UBO5SMSP3 protein through
assessing its capacity to be specifically directed to DCs via
DEC-205 receptor. The Chinese hamster ovary (CHO) cell
lines expressing human DEC205 (CHO/hDEC205) were
used to performed this experiment as previously described
[4]. CHO/hDEC205 cells stored in liquid nitrogen were
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thawed, washed and transferred into 20 ml pre-warmed
supplemented DMEM medium in T-75 cm?2 tissue culture
flasks (Thermo Scientific, Denmark). The cells were cultured
for seven days at 37°C in 5% CO, incubator with daily
renewing of Complete DMEM medium for revitalization.
After seven days of culture, the cells were transferred into
15 ml falcon tube and washed with FACS buffer (2% FBS
in PBS v/v). The cells were incubated for 20 min at 4°C with
graded dilutions of scDEC205-UB05SMSP3 protein solution
(1; 1/3; 1/30; and 0) in FACS. The cells were washed with
FACS buffer and incubated (for 20 min at 4°C) with 100 pl/
well of diluted specific mouse anti-MSP3 and UBO5 IgG in
FACS buffer (1/200). The unbound human antibodies were
removed by washing the plate, and the cells were suspended
with 100 pl/well of diluted (1/1000) Goat Biotinilated-anti-
mouse IgG (Southern Biotech, USA) in FACS buffer and
incubated as previously mentioned. The cells were washed
and incubated (20 min at 4°C in dark) 100ul of diluted
(1/1000) anti-biotin APC (Miltenyi Biotec, USA). The cells
were then washed and transferred into labeled FACS tubes in
450ul of FACS buffer. The acquiring of cells was performed
using BD FACSCantoTM 1II cytometer. The acquired data
were managed using FlowJo software (version 9.8.5).

Characterization of scDEC205-UBOSMSP3 protein
by western blot analysis

The western blot analysis was carried out as we
have previously described [25]. About 92.5 pl of culture
supernatant, lysate or purified DEC205-UB0SMSP3 protein
was mixed with 2.5 ul of B-Mercaptoethanol and 5 pl SDS
(20%) then incubated for 1 hr at 37°C. Then 100 pl of 2x
Laemmli SDS buffer was added and further incubated
for 10 mins at 100°C. The samples were loaded in a 10%
polyacrylamide gel and allowed to run for 1hr intervals at 30,
50 and 70 volts. The separated proteins were then transferred
unto a nitrocellulose membrane, blocked with 1x roti block
and probed with Plasma containing high titres of MSP3 and
UBOS specific polyclonal antibodies. Specific recognition of
the immunogens was revealed with Horse radish peroxidase-
conjugated Mouse anti-human IgG (Southern Biotech,
Birmingham, USA) diluted 1:4000 in 1x roti block. Bound
conjugate was detected using I-step ultra TMB blotting
solution (Thermo scientific, USA) and the HRP reaction
stopped by washing with molecular grade pure water.

Reactivity of purified scDEC205UB05SMPS3 protein
with monoclonal antibodies targeting the N-and
C-terminal regions of UB0S and MSP3 antigens

The purified scDEC205-UB05MPS3 protein was diluted
in PBS so that 100 pl containing 50ng of protein were added/
well to high binding 96-well flat bottom (Thermo Fisher
scientific) ELISA plates and incubated overnight at 4°C. The
following day, plates were washed 3x with PBST (PBS with
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0.05% Tween-20) and blocked with 2% BSA for one hour at
37°C. The coated plates were then probed with 100ul/well of
graded concentrations (1000, 100, 10, 1 and 0.1 ng/ml diluted
in 2% BSA) of monoclonal antibodies X-Q38G73-N (anti-
UBO0S5 N-terminal), X-Q38G73-C (anti-UB05 C-terminal),
X-QOKGH2-M (anti-MSP3 M-terminal) and X-QOKGH2-C
(anti-MSP3 C-terminal), and incubated for two hours at
37°C. Unbound antibodies were removed by washing 5x (198
pl/well) with PBST. Reactivity of the monoclonal antibodies
with the scDEC205-UBO5MPS3 protein was probed with
Horse radish peroxidase-conjugated Goat anti-mouse IgG
(Southern Biotech, Birmingham, USA) diluted at 1:4000
in 2% BSA. Bound conjugate was detected using ABTS
substrate and the HRP reaction was stopped by adding 100
pl a stop solution according to the manufacturer’s protocol
(Southern Biotech, Birmingham, USA). The colorimetric
signal was measured at 405 nm using a multiscan FC
microplate reader (Thermo Fisher 6cLentLic, USA).

Engineering of recombinant phages QBMSP3,
QBUBO05 and QBUB05SMSP3

UBO0S, MSP3 and UBO05-MSP3 fusion proteins were
engineered in frame with the minor coat protein A1 of RNA-
coliphage QP as described in our previously work [25].

Mice immunization

Mice immunization was performed as previously
described with some modifications at the level of the way
and the period of immunization [4, 8]. After two weeks of
acclimatization, BALB/c mice were randomly divided into
seven groups of five animals/ group (Table 1). Five groups
of mice received an intramuscular administration of the DNA
encoding for scDEC205-UB05MSP3 protein (50 pg/mice) in
both anterior foot pads in a total volume of 100 pl of endotoxin-
free PBS (CORNING, Manassas, USA). One mice group
received 100 pl of endotoxin-free PBS as negative control.
Beside the negative control group, there was one group of
five mice called the pré-immunized mice (Group 7) that did
not receive anything. Two weeks later, four mice groups
previously vaccinated with DNA were boosted by either
intramuscular route with scDEC205-UB05SMSP3 DNA (50
pg/100ul PBS), or intranasal route with recombinant phages
QBUBO05, QBMSP3 or QBUBOSMSP3 in 35 pl PBS (2¢108
particles/mice). The control mice were treated with the same
component as previously done during the first immunization.
At any vaccine candidate administration, the cleaning of
the injection site was done by rubbing with a sterile piece
of gauze soaked in 70% ethanol. All injections were done
using a sterile syringe fitted with 25gauge needle. Two
weeks later mice blood samples were collected in labelled
anticoagulant-free tubes by retro-orbital sinus bleeding using
capillary tubes, and serum samples were extracted and used
for antibody measurement.
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Table 1: Immunization protocol of BALB/c mice with the malaria
vaccine candidates

Boost Immunization:
Week-2

Group 1 | scDEC205-UB05MSP3 DNA -
scDEC-205-UB05MSP3

Groups | First Inmunization: Week-0

Group 2 | scDEC205-UBO5SMSP3 DNA

DNA
Group 3 | scDEC205-UB05MSP3 DNA QBUBO5
Group 4 | scDEC205-UBO5MSP3 DNA QBMSP3
Group 5 | scDEC205-UBO5MSP3 DNA QBUBO5SMSP3
Group 6 PBS PBS

Group 7 - -

In vitro Parasite invasion inhibition assay

This experiment was carried out to assess the re-invasion/
growth inhibition activity of the mouse anti- UB05 and MSP3
antisera using a modified protocol [16, 26]. Briefly, human
group O" erythrocytes infected with P. falciparum 3D7 strains
were maintained in vitro at pH 7.4 in plastic petri dishes at
3% hematocrit in Malaria culture medium (MCM) in 5%
CO, and 95% N, humidified incubator at 37°C. Cultures were
synchronized three times per week by re-suspending culture
pellets in MCM with human group O+ erythrocytes. In effect,
the parasite load was determined using microscopy after thick
and thin blood smear staining with 10% diluted Giemsa. P.
falciparum-infected red blood samples were centrifuged at
1200 rpm for 10 min. The supernatant was removed and the
pellet containing the RBC was washed twice at 1200 rpm for
10 min with an equal volume of MCM. The pellet of red blood
cell was resuspended in MCM at 1% haematocrit and then
cultured for 24 h at 37°C in humidified incubator. Parasite
cultures were synchronized the day before starting the assay.
The cells were harvested at late-stage schizonts and washed
three times with MCM. Infected red blood cells suspension
with initial parasitaemia of 0.4% (with 1% hematocrit) was
then distributed in 96 wells (100ul/well) round bottom culture
plate (Corning, USA). The duplicate of mice sera, plasma
samples from malaria exposed and non-exposed human as
well as Purified Mouse anti-MSP4 IgG antibody sample
(positive control) were added in appropriate wells of infected
red blood cells suspension. The plate was incubated at 37°C
in 5% CO, humidified incubator. After 48 hrs, 5Sul of culture
medium was gently mixed into all wells and incubation
continued. After 80 hrs, parasitaecmia of each culture well
was determined on the 10% Giemsa-stained thin films with
microscope. The slides were read by two technicians and
the mean parasitaemia was used to determine the percentage
of parasite invasion inhibition. The Percentage of parasitic
inhibition was determined as follow: [ 1— (proportion of target
cells invaded in presence of immune sera/proportion of target
cells invaded in MCM)] x 100.
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Specific antibodies measuring in mice serum

The sera levels of antibodies specific to the malaria
immunogens UBO05, MSP3 and UBO05-MSP3 were
determined by indirect ELISA assay. Briefly high binding
96-well Costar assay plates (CORNING, USA) were coated
with 107 particles/well of recombinant QRUBO05, QBMSP3
or QBUBOSMSP3 and incubated at 4°C overnight. The
following day, the plates were washed 3x with PBST (198ul/
well; PBS with 0.05% v/v Tween 20), and blocked with
200ul/well of 2% bovine serum albumin (BSA) for 1 hour
at 37°C. The mice sera were diluted serially in PBS (1/100
to 1/204800 dilution) then 100 pl/well added in triplicate and
incubated for 2 hours at 37°C. The plates were washed 5x
(198 pl/well) with PBST after which the bound antibodies
were probed with the HRP-conjugated anti-mouse IgA, IgG1,
IgG2a, IgG2b or IgG3 (Southern Biotech, Birmingham,
USA) diluted 1:4000 in PBS. Bound conjugate was detected
using ABTS substrate and stop solution according to the
manufacturer’s protocol (southern biotech, Birmingham
USA). The colorimetric signal was measured at 405 nm using
a multiscan FC microplate reader (Thermo Fisher Scientific,
USA). The final values were calculated by subtracting the OD
of pré-immunized mice sample considered as blank.

Statistical analysis

Data analysis was performed with Graphpad Prism
Software version 6.1. Data were expressed as mean +
standard deviation (SD). Comparisons of means among the
animal groups were performed using ANOVA test with
turkey multiple comparisons post-test. Statistical difference
was confirmed at P <0.05.

Results

scDEC205-UB05-MSP3 DNA Construct and
expression of the recombinant protein

The DNA coding for the UB05-MSP3 fusion protein was
clone in frame with a single chain antibody gene targeting
DEC205 (scDEC205-UB05SMSP3) on dendritic cells.
The scDEC205-UBO5SMSP3 expression cassette was then
inserted upstream of the IRES sequence of EGFP reported
plasmid (figure 1A). To express scDEC205-UB05SMSP3,
293A cells were stably transfected with the encoding DNA.
The fluorescence microscopy analysis showed an effective
production of the recombinant protein by the transfected
cells (characterized by persistent expression of enhanced
green fluorescent protein (EGFP)), compared to the non-
transfected control cells (figure 1A). The supernatants
of the stable transfectant were tested for the scDEC205-
UBOSMSP3 binding to Chinese hamster ovary (CHO) cell
lines stably expressing the human DEC205 receptor upon
their surface (CHOhuDEC205). Here a selective binding
of CHOhuDEC205 was observed only with scDEC205-

Citation: Abel Lissom, Lawrence Ayong, Josué Simo, Thibau Flaurant Tchouangueu, Loveline Ngu, Jules Colince Tchadji, Sylvie Kemleu,
Georgia Ambada, Carole Stephanie Sake, Herve F. Ouambo, Rosette Megnekou, Lazard Kaptue, Alain Bopda Waffo, Chae Gyu Park,
Godwin W. Nchinda. Enhanced Humoral Response Induced against Plasmodium falciparum Asexual Blood Stage Immunogens in Mice
after Complementary DNA Primed-Recombinant Hybrid QB Phage Boost. Archives of Clinical and Biomedical Research. 8 (2024):

167-182.



fom"‘e Lissom A, et al., Arch Clin Biomed Res 2024

Journals DOI:10.26502/acbr.50170395

UBO5SMSP3, but not with PBS (figure 1B). As shown in
figure 1C, the C and N- terminal part of MSP3 and UB05
were specifically well recognized by their appropriate
antibodies on the scDEC205-UB05MSP3. However, the anti-
UBO5 N-terminus and anti-MSP3 M-terminus antibodies
showed superior reactivity with UB0O5 and MSP3 antigen
respectively, compared to anti-UB05 C-terminus and anti-
MSP3 C-terminus antibodies.

(A) scDEC205-UB05SMSP3 expression after 293A cells
stably transfected with scDEC205-UB0OSMSP3 DNA. (B)
Binding assay to CHO-hDEC205 cells, using graded volumes
(3-100 pl) of scDEC205-UBO5SMSP3 transfected stable cell
line supernatant. (C) Specific recognition of UBOSMSP3
protein transfectants supernatant by purified mouse antibodies
specific to N, M and C-terminal.

Assessment of parasite invasion inhibition with sera
from immunized mice

The invasion inhibition activity of antisera specific to
UBO05/MSP3 antigens from immunized mice was assessed
to determine the biological activity of antibodies induced in
immunized mice. Figure 2 shows that the antisera of mice
primed and boosted with only scDEC205-UB05SMSP3 DNA
significantly induced a higher parasite invasion inhibition
compared to the control group of mice (P= 0.0126), thought
it was lower than the positive control (anti-MSP4), but not
statistically significant (P= 0.0898). The antisera of mice
primed with scDEC205-UB05MSP3 DNA and boost with
either QBUBO5 or QBPMSP3 induced the percentage of
invasion inhibitions comparable to the positive control (anti-
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MSP3). A significantly higher parasite invasion inhibition
(39.1 £ 2.9%) was shown with antisera of mice vaccinated
with scDEC205-UB05SMSP3 DNA + QBUBO5SMSP3
compared to all the groups (P<0.0001).

Complementary  scDEC205-UBOSMSP3  DNA
prime and QPUBOSMSP3 boost enhanced the
immunogenicity of malaria blood stage vaccine

To assess the immunogenicity of scDEC205-UB05SMSP3
DNA, the determination of endpoint titres of IgA and IgG
antibodies specific to UBOSMSP3 protein was carried out
in mice sera vaccinated with scDEC205-UB0SMSP3 DNA
once, a DNA/DNA prime-boost, a scDEC205-UB05SMSP3
DNA and recombinant phage QBUBO05SMSP3 prime-boost, or
only received PBS. It was shown that scDEC205-UB05SMSP3
DNA celicited a higher antibody response in mice just after
the first vaccine candidate administration compared to PBS
vaccinated mice (P <0.05) (figure 3). The significantly higher
titres of specific IgA, IgGl, IgG2a and IgG2b antibodies
were shown in mice that received scDEC205-UB05SMSP3
DNA prime and QB-UBO5SMSP3 boost as compared to the
mice that were prime-boosted with scDEC205UB05SMSP3
DNA (P< 0.01). Compared to the other antibodies, the titre
of specific IgG3 isotype was revealed gradually important
in mice receiving one dose of scDEC205-UB05SMSP3
DNA (4800 + 2263), two dose of scDEC205-UB0O5SMSP3
DNA (13600 + 8314), and then in mice immunized with
scDEC205-UB05SMSP3 DNA + QBUB0OSMSP3 (2565000 +
70.71) (figure 3E).

Biding to
CHORDEC205
EGFP
1 B
pCMYV HD33.UBOSMSP3 . .
S Unstained cells
A
PBS
UnTransfected cells
3ul
e seDEC205UB0S-MSP3
EGFP stable cells line = 33ul
supernatant
100pl
c — Anti-UB05 C-Terminus = -y L | T Ty
s Anti-UB05 N-Terminus 0 10° w0’ ' 0
2.5 soDEC205-UBOEMEP3 APC-A
E 2o f— Anti-MSP3 C-Terminus DEC-205 binding with the protein
A m Anti-MSP3 M-Terminus
-
: 1.0
[=]
[=]

o
m

oo
108 10 10% 104 104
monoclonal antibody concentrations (ngipl)

Figure 1: Genetic engineering of UBOSMSP3 with the single chain of the anti-DEC205 antibody.
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507 Reactivity of specific IgA responses against MSP3/
P < 0.0001 UBOS protein in mice after complementary prime

401 boost

Overall, IgA reactivity against MSP3/UBO05 antigens was
lower in mice immunized with only scDEC205UB05MSP3
DNA compared to those receiving a complementary prime-
boost immunized with scDEC205UB0SMSP3 DNA and
recombinant phages (p<0.05) (figure 4). The anti-MSP3 IgA
level was significantly higher in QBUBOSMSP3 boosted
mice (0.232 £+ 0.006) compared to those boosted with

309

Invasion inhibition

o LEZZ2 QBMSP3 (0.114 +0.026) or QBUBOS5 (0.096 = 0.021) phages
;.“b s \h-_ﬂs o8 & . : (p<0.0001) (figure 4A). The same results were observed when
;'JQ o \37 determining the IgA reactivity against UB0S or UBOSMSP3
& v (p <0.0001) in complementary prime-boost immunized mice
Figure 2: Invasion inhibition studies with antisera of immunized (figure 4B&C).
mice.
Figure 3: Titre of IgA and IgG subclasses specific to QQUB05SMSP3 in immunized mice.
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The titres of antibodies specific to QBUB05MSP3 were determined by ELISA in mice sera (n = 5) after scDEC205UB05MSP3 DNA prime, or
scDEC205UB05MSP3 DNA prime and recombinant phage QBUBO5MSP3 boost. Results were expressed as mean of endpoint titre + standard
deviation (SD). The comparison of antibody titres was done according to the protocol of immunization. (A) Specific IgA response to UBO5SMSP3.
In (B), (C), (D) and (E) same as in (A) but the response against UBO5SMSP3 is assessed with IgG1, IgG2a, IgG2b and IgG3 respectively. *P< 0.05;
**P< 0.01;***P <0.001; ****P <0.0001.
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Figure 4: IgA isotypes profile against UB0S and MSP3 antigens in prime boosted mice.
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Reactivity of specificIgG1 and IgG3 responses against
MSP3/UBO05 protein in mice after complementary
prime boost

The assessment of IgG1 and IgG3 response against MSP3/
UBOS5 antigens showed that the sera levels anti-QBUBO05
IgG1 of mice treated with DNA/DNA prime-boost or with
scDEC205UBO5SMSP3 DNA prime and QBUBO5SMSP3
boost were significantly higher than those receiving or
scDEC205UB05SMSP3 DNA and QBMSP3/ or QBUBOS (P
<0.0001) (figure 5B). However, the scDEC205UB05SMSP3
DNA prime and QBUB0O5SMSP3 boost immunization have
elicited a significantly higher level of IgG3 subclass specific
to QBUBOS5 as compared to the other immunization protocol
in mice (P<0.001) (figure 6B). The reactivity against MSP3
antigen revealed that the sera levels of I[gG1 subclass specific
to MSP3 were significantly higher (P <0.0001) in mice
immunized with scDEC205UB05SMSP3 DNA than those
receiving the DNA prime and recombinant phages boost

(figure 5A). However, the level of IgG3 subclass was shown
significantly higher only in mice that were immunized with
scDEC205UBO5SMSP3 DNA prime + QBUBO5SMSP3 boost
(figure 6A). The sera levels of IgG1 and IgG3 specific to
UBOSMSP3 were significantly higher (P <0.05) in mice
that received scDEC205-UB05SMSP3 DNA prime and
QPUBO5SMSP3 boost compared to all the other vaccinated
mice (figure 5C& 6C).

Reactivity of specific IgG2a and IgG2b responses
against MSP3/UB0O5 protein in mice after
complementary prime boost

The reactivity of [gG2a and IgG2b antibodies with malaria
MSP3/UBO05 recombinant antigen was also assessed in mice
sera according to the vaccine treatment. Overall, the reactivity
of MSP3/UBO0S5 antigens with mice sera was predominantly
associated with IgG2a and IgG2b responses in mice boosted
with QBUBO0S5 or QBUBO5SMSP3 (complementary figure). The
reactivity of IgG2a and IgG2b with UBO5 was significantly
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Figure 5: IgG1 isotypes profile against UB0S and MSP3 antigens in prime boosted mice.
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higher in mice vaccinated with scDEC205UB05SMSP3 DNA
prime and QBUBO5 boost (1.140 £+ 0.374; 1.526 + 0.378
respectively) followed by the scDEC205UBO5SMSP3 DNA
prime-QBUBO5SMSP3 boost group (0.722 + 0.048; 1.394 +
0.214 respectively) and then scDEC205UB05MSP3 DNA
prime- QBMSP3 boost mice (0.430 = 0.141; 0.854 + 0.071
respectively) as compared to the mice vaccinated with only
that DNA (P<0.05) (figure 7B & 8B). Both for MSP3 (figure
7A & 8A) and UBO5SMSP3 (figure 7C & 8C), the levels of
IgG2a and IgG2b were significantly higher in QBUBOS or
QBUBOSMSP3 boost immunized mice after DNA prime
compared to the other vaccinated mice (P<0.01).

Balance of Th1/Th2 mediated immune response

The ratio of T helper mediated IgG subclass responses in
immunized mice were determined with respect to the MSP3,
UBO05 and UBOSMSP3 antigens, in order to assess the balance
of Th1/Th2 mediated IgG subclass responses regulation.
The Thl/Th2 index was determined by the formula:
((I1gG2a+1gG3)/2)/1gG1, assuming that the Th1/Th2 Index

< 1 corresponds to a Th2-mediated immunity and the Th1/
Th2 Index > 1 corresponds to a Thl-mediated immunity as
previously described [27]. As shown in table 2, the antibody
response against MSP3 was mediated by Thl polarization
in all immunized mice (Th1/Th2 index >1). The response
of antibodies specific to UBOS in mice that were immunized
with scDEC205UB05SMSP3 DNA or scDEC205UB05SMSP3
DNA/QBMSP3 or QPUBOSMSP3 prime-boost showed
the predominance of Th2-polarized immune response
(Th1/Th2 index<I1). In contrast, in mice immunized with
scDEC205UB05SMSP3 DNA/scDEC205UB0OSMSP3 DNA
and scDEC205UBO0SMSP3 DNA/QBUBOS prime-boost
the anti-UBO05 antibodies responses were mediated by a
balance of Th1/Th2 response and a polarization of Thl
response respectively. Concerning the antibody response
directed to UBOSMSP3 antigen, ia full skewing towards a
Th1 polarization was observed in sera of all immunized mice
(Th1/Th2 index >2). Considering the approach of DNA/
recombinant phage prime-boost that has induced the antibody
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Figure 6: IgG3 isotypes profile against UB0S and MSP3 antigens in prime boosted mice.
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production specific to antigen used as a boost, it was shown
that the antibody responses fully oriented toward a Thl
polarization.

Mean endpoint titres for each of the three isotypes in each
mice group were used to determine the Th1/Th2 index by
the formula: ((IgG2a+I1gG3)/2)/IgG1. The Index < 1 = Th2-
mediated immunity. Index > 1 = Thl-mediated immunity.

Discussions

We aimed in this study to develop the fusion UBOSMSP3
DNA vaccine candidate targeting dendritic cells and assess
its immunogenicity in mice using different immunization
strategies, including DNA prime, DNA/DNA prime-
boost, and DNA prime and recombinant hybrid Qf phage
(QBUBOS, QPMSP3 or QPUBOSMSP3) boost. Our
findings showed that recombinant scDEC205-UB05SMSP3
protein was well expressed on 293A cell line after stable
transfection with the encoding DNA. The assessment of

the ability of the vaccine candidate to specifically bind
to the Chinese hamster ovary (CHO) cell lines stably
expressing the human DEC205 receptor upon their surface
(CHOhuDEC205), suggest the capacity of this vaccine
candidate to directly target the human dendritic cell
throughout its DEC205 receptor. The HD83 encoding gene
used in this study was previously proven to specifically target
both mouse and human DEC205 receptors expressed on
dendritic cell [28]. This means that the findings obtained in
the assessment of the vaccine candidate fused with scDEC205
in animal model could inform about the vaccine activity
in human beings. All these findings demonstrated that the
immunization with the DNA vaccine candidate encoding
for fused scDEC-UBO5SMSP3 protein will well express the
appropriate recombinant protein that will specifically target
DCs in situ via its DEC205 receptor. The findings of the
studies carried out in our consortium previously demonstrated
that the immunogens were specifically delivered to DCs
when they were coupled to scDEC205, and this enhanced
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Figure 7: IgG2a isotypes profile against UB0S and MSP3 antigens in prime boosted mice.
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the immune response against the antigen and the challenge
of the disease [4, 5, 8-10]. Further, it was shown that DNA
vaccine candidate targeting DCs throughout DEC 205,
significantly enhances the immunogenicity of the vaccine
even at the largely reduced dose [4, 5, 8-10]. Yet, many
research groups have reported an enhanced immune response
by using heterologous prime-boost strategies which involved
in sequential immunization of the same antigen with two or
more different antigen delivery systems [29-31], suggesting
that this strategy could be useful to strengthen cellular and
humoral immune responses against malaria. We assessed the
immunogenicity of our vaccine candidates in BALBc mice
using DNA/DNA and DNA/recombinant phages prime-boost
strategy. It was shown that the immunization of mice with

scDEC205-UB0O5SMSP3 DNA have induced a significant
development of antibodies response (IgA and IgG subclasses)
specific UBOSMSP3 after the first and second vaccine
administrations as compared to negative control group. These
results are similar to those that Nchinda et al. found in 2008,
demonstrating that a single intramuscular injection of DNA
vaccine encoding HIV gag p41-scFv DEC205 fusion protein
resulted in significant antibody responses [4]. In fact, during
the intramuscular immunization of the mice, the transfected
muscle cells with the DNA vaccine express recombinant
proteins fused to a single chain antibody targeting DEC-
205 receptors. These recombinant proteins are taken up
by dendritic cells via DEC-205 receptor largely providing
antigen presentation to MHC class I and II, and then induce a
significant protective immune response [4, 32-35].
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Figure 8: IgG2b isotypes profile against UB05 and MSP3 antigens in prime boosted mice.
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Table 2: Th1/Th2 mediated IgG subclasses antibodies ratio for UB05, MSP3 and UBOSMSP3 antigens

1X UBO5MSP3 DNA | 2X UBO5MSP3 DNA | DNA + QBMSP3 = DNA + QBUB05 DNA + QBUB0O5MSP3
MSP3
IgG1 (Th2) 300 1066 500 300 1650
IgG2a (Th1) 600 1250 4000 8000 6400
IgG3 (Th1) 1000 1800 140445 57600 76800
Th1/Th2 2,67 1,43 144,45 109,33 25,21
UBO5
IgG1 (Th2) 600 450 2400 500 8000
IgG2a (Th1) 250 675 1200 7200 4800
IgG3 (Th1) 500 302 2400 4000 4800
Th1/Th2 0,63 1,09 0,75 11,2 0,6
UB05MSP3
IgG1 (Th2) 1000 2200 1100 1200 8000
IgG2a (Th1) 2000 1200 9600 19200 9600
IgG3 (Th1) 4800 136000 4800 19200 25650
Th1/Th2 3.4 31,18 6,55 16 2,20

Mean endpoint titres for each of the three isotypes in each mice group were used to determine the Th1/Th2 index by the formula: ((IgG2a+IgG3)/2)/
IgG1. The Index < 1 = Th2-mediated immunity. Index > 1 = Th1-mediated immunity.
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The anti-parasite activity of mice sera was assessed in-
vitro using reinvasion/growth inhibition assay. It was shown
that, the antisera of mice vaccinated with only scDEC-
205UB05SMSP3 DNA significantly induced a higher inhibition
of parasite invasion compared to the control group of mice
(P=0.0126). Interestingly, a significantly higher inhibition of
parasite invasion (39.1 + 2.9%) was shown with antibodies
of mice vaccinated with scDEC-205UB0OSMSP3 DNA +
QPBUBOSMSP3 compared to all the groups (P<0.0001). These
results correlate with the potential antibody responses observed
in mice immunized with DNA/recombinant QBUB05SMSP3
prime-boost regimen, supporting the idea that this strategy
of immunization is more suitable. Previous studies reported
that antibodies specific to P. falciparum UBO5 antigen are
involved in limiting parasite invasion of erythrocytes in
people living in endemic area [16, 36]. However, the anti-
sera of mice that received scDEC-205UB05SMSP3 DNA +
QPBUBO05MSP3 in this study showed a two-fold inhibition of
invasion (40%) compared to the invasion inhibition reported
by Titanji and collaborators (2009) (20%) at the same sample
dilution, suggesting an antibody response enhancement with
the immunization strategy used in this work. Studies reported
that antibodies against MSP3 do not significantly inhibit
parasite growth on their own; rather, they induce parasite
killing via antibody-dependent cellular inhibition (ADCI)
mechanisms [37-39]. The fact that the mice sera only induced
around 40% of parasite inhibition in this study, suggest
that these antibodies might use other mechanisms such as
antibody-dependent cellular inhibition (ADCI) that would
contribute to the parasite eradication. Further study needs to
be done to sustain this way of antibody activity from sera of
mice immunized with UBOSMSP3-based vaccine candidate.
The characterisation of humoral immune response showed
the significantly higher titres of specific IgA, IgG1, IgG2a,
IgG2b and IgG3 antibodies specific to UBOSMSP3 after a
complementary scDEC205-UB05SMSP3 DNA prime and
QPBUBOSMSP3 boost immunization compared to the mice
prime-boosted with scDEC205UBO5SMSP3 DNA alone.
These results corroborate with those of Mehrizi et al. when
they assessed the immune responses elicited by P. vivax
and P. falciparum MSP119 using prime-boost immunization
strategies. They demonstrated that the immunization with
plasmodium MSP-119 antigens at a single site generated
a substantial specific antibody response in DNA/protein
prime-boost immunization strategy as compared to the other
strategies [40]. In addition, the nasal mucosa could be an
attractive route for the administration of malaria recombinant
antigens, due to its easy accessibility, lower enzyme
distribution compared to other sites and immune cells
dense population, often considered as the nasal associated
lymphoid tissue [41-44]. We have also assessed the profile
of IgA and IgG subclasses specific to recombinant QBMSP3,
QPUBOS5 and QBUB0O5SMSP3 phages in mice with respect to
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the DNA/DNA and DNA/recombinant phage prime-boost
strategies. It was shown that the DNA/recombinant phage
prime-boost elicited the significantly higher sera levels
of IgA specific to MSP3 and UB0OSMSP3 as compared to
DNA/DNA prime-boost (P<0.01). Yet, the mice immunized
with scDEC205UBOSMSP3 DNA and QPBUBOSMSP3
showed significantly higher level of anti-MSP3 and anti-
UBO5SMSP3 IgA antibodies than the mice treated with DNA
and recombinant QBMSP3 or QBUBO0S5 phages (P <0.0001).
Contrary to these results, the IgA specific to UB05 was highly
expressed in mice immunized with scDEC205UB05SMSP3
DNA/QBUBOSMSP3 prime-boost (P<0.0001) compared to
the other mice groups within which no significant difference
was observed.

Taken together, these findings suggest that in addition
to the efficient effect of DNA/recombinant phage prime-
boost strategy, the fused QBUBO5SMSP3 immunogen is
more suitable for intranasal boost immunization compared
to recombinant phages QPMSP3 or QBUBO0S. It is also
well known that the size of the vaccine molecule is one of
the most important factors in inducing a significant immune
response. Thus, the bigger the malaria antigen, the more it
could easily be detected by immune cells, and then elicits
a high immunogenicity. Mice, like humans, produce in
general four different classes of IgGs, namely 1gG1, I1gG2a,
IgG2b and IgG3, which are associated with malaria parasite
clearance using several mechanisms [45]. The assessment
of the profile of the patterns of IgG isotype specific to the
recombinant phages in this study showed that the sera levels
of IgG1 subclass specific to MSP3 was significantly higher in
mice that were immunized only with scDEC205-UB05MSP3
DNA than those receiving the DNA/recombinant phages
prime-boost immunization. On the contrary, the sera levels of
anti-QBUBO05 IgG1 subclass were significantly higher in mice
immunized with a DNA/DNA or scDEC205-UB0O5SMSP3
DNA/QBUBOSMSP3 prime-boost than the mice receiving
the other strategies of vaccine treatment. When looking at the
level of this IgG1 subclass specific to fused QBUBO5SMSP3,
it was revealed that anti-QBUBO5SMSP3 IgG1 antibody was
highly produced in mice sera immunized with scDEC205-
UB05SMSP3 DNA/QBUBOSMSP3 prime-boost regime with
a significant statistical difference compared to the other mice
groups. It has been shown that IgG1 can confer protection
against lethal challenge infection with P. yoelii YM in mice
immunized with MSP119 [46]. This IgG subclass was
proven to be highly produced during the chronic stage of
P. chabaudi chabaudi AS infection [47]. Regarding the
profile of IgG3 subclass in vaccinated mice, it was shown
that 1gG3 subclass specific to QBMSP3, QBUBOS5 and to
QBUBO5SMSP3 was significantly higher in mice immunized
with a scDEC205-UB05MSP3 DNA/QBUBO05SMSP3 prime-
boost regime as compared to the other mice groups. Other
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research groups have shown that IgG3 subclass monoclonal
antibody (mAb) specific to 19-kilodalton carboxyl-terminal
fragment of Plasmodium yoelii MSP1 confer protective
immunity in normal naive mice and in mice deficient in Fc
receptor (FC-yRI), suggesting that antibody-dependent cell-
mediated cytotoxicity and Fc-mediated phagocytosis are not
necessary for parasite clearance by this antibody [48, 49].
The vaccine treatment using scDEC205-UB05SMSP3 DNA/
QBUBOS or scDEC205-UB0SMSP3 DNA/QBUBO5SMSP3
prime-boost protocols particularly elicited the high levels of
IgG2a and IgG2b subclasses specific to recombinant phages
(QBMSP3, QBUBO0OS5 and QBUBO0SMSP3) with significant
statistical difference compared to the other immunized mice
groups. These cytophilic IgG2a and IgG2b antibodies were
associated with protection against Plasmodium infection in
mice [40, 45, 50]. The cytophilic IgG2a isotype was reported
to predominate during the primary ascending parasitaemia
in mice infected with P. ¢ chabaudi AS [47], while 1gG2b
was reported to confer protection against lethal challenge
infection with P. yoelii YM in immunized mice [51]. These
results are in agreement with a previous study reporting
that GMZ2 vaccine formulation (a hybrid MSP3/GLURP
recombinant protein) induced higher IgG subclasses (IgG1,
IgG2a, 1gG2b & 1gG3) antibody responses than individual
MSP3 and Glutamate Rich Protein (GLURP) recombinant
proteins [38, 50, 52, 53]. Furthermore, this research group
had demonstrated that the immunogenicity of GMZ2
virosomal formulation was compared to vaccine candidate
preparations of GMZ2 in Montanide ISA 720 and Alum in
mouse, suggesting that the display of GMZ2 on the surface
of the virosomes increases the accessibility of B-cell epitopes
of the antigen. Hence, in addition to the fact that the fused
UBO05-MSP3 is suitable to increase the immunogenicity of
individual corresponding antigens, the surface phage display
of UB05-MSP3 recombinant protein could be an important
factor enhancing antibody immune response with an excellent
safety profile [54, 55]. The fact that scDEC205-UB05MSP3
DNA prime and QBUBOSMSP3 boost highly elicited the
production of all the patterns of IgG isotype suggests that the
antibody responses directed against corresponding merozoite
proteins may function either by blocking RBC invasion or by
making the merozoites susceptible to phagocytosis via Ab-
dependent cellular inhibition (ADCI) [38].

The IgG subclass expression is influenced by multiple
factors, including the prevailing cytokine environment. To
assess whether the immunization strategies elicited a specific
IgG subclass profile orinduced an increment in all subclasses, a
Th1:Th2 index was calculated for each immunization groups,
assuming that IgG2a and IgG3 subclasses are mediated by
Thl response while compared IgG1 subclass is under the
regulation of Th2 response [27, 47, 56]. It was shown that, the
response of antibodies specific to UB05 was Th2 polarized
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in sera of mice that were immunized with either scDEC205-
UBOSMSP3 DNA prime or scDEC205-UBOSMSP3 DNA/
QBMSP3 or QBUBOSMSP3 phages prime-boost regimen
(Th1/Th2 index<1). In contrast, in mice immunized with
scDEC205UB05MSP3 DNA/scDEC205UB05SMSP3 DNA
and scDEC205-UB05SMSP3 DNA/QBUBOS5 prime-boost the
anti-UBO5 antibody responses were mediated by a balance
of Th1/Th2 response and a polarization of Thl response
respectively. However, the antibody responses specific to
either MSP3 or fused UBO5SMSP3 showed a full skewing
towards a Thl polarization in sera of all immunized mice
(Th1/Th2 index >2). Taken together, these findings suggest
that Thl immune response predominantly would regulate
the antibodies response against UBO5/MSP3 antigens,
mainly when the animals are treated with complementary
scDEC205-UBOSMSP3  DNA primed-recombinant Qf
phage boost. Mehrizi and other workers (2011) also showed
that the DNA/protein prime-boost immunization strategies
generated a substantial plasmodial species-specific antibody
response and an IFN-y cytokine production [40]. In two
different studies, Su and Stevenson demonstrated the central
role of IL-12 and IFN-y produced by Thl cell during both
acute and chronic phases of blood-stage malaria in mice.
They showed that, IL-12 p40 gene knockout (KO) mice and
IFN-y-deficient mice produced significantly lower levels of
Thl-dependent IgG2a and IgG3 but a higher level of Th2-
dependent IgGl compared to the wild type mice during
primary and challenge infections [47, 56]. Other studies in
P. yoelii-infected BALB/c and P. berghei XAT-infected
CBA mice also demonstrated that Th1-associated IgG2a and
IgG3 are the major protective Ab subclasses in Ab-mediated
immunity against blood-stage malaria [57, 58]. Our study
had some limitations, one of which being that the in situ
targeting of scDEC-205UB05SMSP3 recombinant protein to
the dendritic cells has not been demonstrated in vivo after
mice vaccination. Moreover, an infection challenge assay
with Plasmodium parasite needs to be carried out in murine
model to demonstrate the protective effect of our vaccine
candidate. This study demonstrated in vitro the likely way
of the vaccine candidate uptake by dendritic cells during
immune response induction as well as the mechanism of
parasite eradication.

Conclusions

We have shown that the developed DNA vaccine candidate
encodes for the recombinant scDEC205-UB05SMSP3 protein
that can be specifically delivered to DEC205 receptors
expressed on the surface of dendritic cells; suggesting an
in situ targeting of our immunogens to dendritic cells and
their processing and presentation to adaptive immune cells.
The Combining scDEC205-UB05SMSP3 DNA prime and
QBUBO5MSP3 boost has induced the high humoral immune
responses with a significant parasite inhibition in vitro,
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compared to the other vaccination strategies. Thus, this
approach of immunization was qualified as the best vaccine
delivery strategy that enhances the immunogenicity of
Plasmodium falciparum-derived UB05 and MSP3 antigens
in vivo, and then contributes to immunity against malaria.

Acknowledgments

The authors are grateful to Professor Chae Gyu Park for
constructing the pPCMV-SFL HD83UBO5SMSP3, IRES EGFP
plasmid, and Professor Alain B Waffo for provinding the
recombinant QBMSP3 and QBUBO0S5 phages for this study. We
would like to thank Professor Kaptue Lazard for providing us
the BALB/c mice used in this study. Our gratitude also goes
to the personnel of tunites techniques of CIRCB.

Competing interests

The authors have declared that no competing interests
exist.

Funding

This project was funded by grants from CIRCB,
EDCTP (grant #TA.2010.40200.016) TWAS(#12059RG/
bio/af/ac_G) and Canada grand challenge (#0121-01); to
Godwin W Nchinda; from Korea-Africa cooperation grant
(NRF-2013K1A3A1A09076155) from the National Research
Foundation of Korea funded by the Ministry of Science, ICT
and Future Planning in the Republic of Korea to Chae Gyu
Park; and then from the Center for NanoBiotechnology
Research (CNBR) of ASU for grant # NSF-CREST
(HRD-241701) and grant # NSF-AGEP (1432991 BKR)
of National Science Foundation to Alain Bopda Waffo.
This project was also largely funded by the Cameroonian
government through CIRCB.

References

1. Wykes M, Pombo A, Jenkins C, et al. Dendritic cells
interact directly with naive B lymphocytes to transfer
antigen and initiate class switching in a primary

T-dependent response. Journal of immunology 161
(1998): 1313-13109.

2. Wang H, Griffiths MN, Burton DR, et al. Rapid antibody
responses by low-dose, single-step, dendritic cell-targeted
immunization. Proceedings of the National Academy of
Sciences of the United States of America 97 (2000): 847-
852.

3. Banchereau J, Briere F, Caux C, et al. Immunobiology of
dendritic cells. Annu Rev Immunol 18 (2000): 767-811.

4. Nchinda G, Kuroiwa J, Oks M, et al. The efficacy of
DNA vaccination is enhanced in mice by targeting the
encoded protein to dendritic cells. The Journal of clinical
investigation 118 (2008): 1427-1436.

Volume 8 ¢ Issue 2 180

5. Bonifaz L, Bonnyay D, Mahnke K, et al. Efficient
targeting of protein antigen to the dendritic cell receptor
DEC-205 in the steady state leads to antigen presentation
on major histocompatibility complex class I products
and peripheral CD8+ T cell tolerance. The Journal of
experimental medicine 196 (2002): 1627-1638.

6. Granelli-Piperno A, Pritsker A, Pack M, et al. Dendritic
cell-specific intercellular adhesion molecule 3-grabbing
nonintegrin/CD209 is abundant on macrophages in
the normal human lymph node and is not required for
dendritic cell stimulation of the mixed leukocyte reaction.
Journal of immunology 175 (2005): 4265-4273.

7. Pack M, Trumpfheller C, Thomas D, et al. DEC-205/
CD205+ dendritic cells are abundant in the white pulp of
the human spleen, including the border region between
the red and white pulp. Immunology 123 (2008): 438-446.

8. Grossmann C, Tenbusch M, Nchinda G, et al.
Enhancement of the priming efficacy of DNA vaccines

encoding dendritic cell-targeted antigens by synergistic
toll-like receptor ligands. BMC immunology 10 (2009): 43.

9. Nchinda G, Amadu D, Trumpfheller C, et al. Dendritic
cell targeted HIV gag protein vaccine provides help to a
DNA vaccine including mobilization of protective CD8+
T cells. Proceedings of the National Academy of Sciences
of the United States of America 107 (2010): 4281-4286.

10. Trumpftheller C, Longhi MP, Caskey M, et al. Dendritic
cell-targeted protein vaccines: a novel approach to induce
T-cell immunity. J Intern Med 271 (2012): 183-192.

11. Demangel C, Zhou J, Choo AB, et al. Single chain
antibody fragments for the selective targeting of antigens
to dendritic cells. Mol Immunol 42 (2005): 979-985.

12. Tenbusch M, Ignatius R, Nchinda G, et al. Immunogenicity
of DNA vaccines encoding simian immunodeficiency
virus antigen targeted to dendritic cells in rhesus
macaques. PloS one 7 (2012): €39038.

13. Genton B, Betuela I, Felger I, et al. A recombinant blood-
stage malaria vaccine reduces Plasmodium falciparum
density and exerts selective pressure on parasite
populations in a phase 1-2b trial in Papua New Guinea.
The Journal of infectious diseases 185 (2002): 820-827.

14. Druilhe P, Perignon JL. Mechanisms of defense against P.
falciparum asexual blood stages in humans. Immunology
letters 41 (1994): 115-120.

15. Bouharoun-Tayoun H, Oeuvray C, Lunel F, et al.
Mechanisms underlying the monocyte-mediated antibody-
dependent killing of Plasmodium falciparum asexual
blood stages. The Journal of experimental medicine, 182
(1995): 409-418.

Citation: Abel Lissom, Lawrence Ayong, Josué Simo, Thibau Flaurant Tchouangueu, Loveline Ngu, Jules Colince Tchadji, Sylvie Kemleu,
Georgia Ambada, Carole Stephanie Sake, Herve F. Ouambo, Rosette Megnekou, Lazard Kaptue, Alain Bopda Waffo, Chae Gyu Park,
Godwin W. Nchinda. Enhanced Humoral Response Induced against Plasmodium falciparum Asexual Blood Stage Immunogens in Mice
after Complementary DNA Primed-Recombinant Hybrid QB Phage Boost. Archives of Clinical and Biomedical Research. 8 (2024):

167-182.



Lissom A, et al., Arch Clin Biomed Res 2024
Journals DOI:10.26502/acbr.50170395

16. Titanji VP, Amambua-Ngwa A, Anong DN, et al.
Isolation and expression of UBO0S5, a Plasmodium
falciparum antigen recognised by antibodies from semi-
immune adults in a high transmission endemic area
of the Cameroonian rainforest. Clinical chemistry and
laboratory medicine 47 (2009): 1147-1158.

17. Audran R, Cachat M, Lurati F, et al. Phase I malaria
vaccine trial with a long synthetic peptide derived from
the merozoite surface protein 3 antigen. Infection and
immunity 73 (2005): 8017-8026.

18. Druilhe P, Spertini F, Soesoe D, et al. A malaria vaccine
that elicits in humans antibodies able to kill Plasmodium
falciparum. PLoS medicine 2 (2005): e344.

19.Sirima SB, Cousens S, Druilhe P. Protection against
malaria by MSP3 candidate vaccine. The New England
journal of medicine 365 (2011): 1062-1064.

20. Palacpac NM, Ntege E, Yeka A, et al. Phase 1b randomized
trial and follow-up study in Uganda of the blood-stage
malaria vaccine candidate BK-SE36. PloS one 8 (2013):
e64073.

21.Schwartz L, Brown GV, Genton B, et al. A review of
malaria vaccine clinical projects based on the WHO
rainbow table. Malaria journal 11 (2012): 11.

22.Blokhina EA, Kuprianov VV, Stepanova LA, et al. A
molecular assembly system for presentation of antigens
on the surface of HBc virus-like particles. Virology 435
(2013): 293-300.

23. Skamel C, Aller SG, Bopda Waffo A. In vitro evolution
and affinity-maturation with Coliphage gbeta display
PloS one 9 (2014): e113069.

24, Waffo AB, Ngu LN, Singleton RL, et al. Surface
Engineering of Recombinant RNA Coliphage Qp to
Display gp4l MembraneProximal External-Region
Epitopes from HIV-1.J Clin Exp Immunol 2 (2017): 1-15.

25.Waffo AB, Lissom A, Ouambo FH, et al. Surface
Engineering of the RNA Coliphage QB to Display
Plasmodium falciparum Derived Asexual Blood Stage
Antigens UB05 and Merozoite Surface Protein 3. Clinical
Microbiology 7 (2018): 1-10.

26. Persson KE, Lee CT, Marsh K, et al. Development and
optimization of high-throughput methods to measure
Plasmodium falciparum-specific ~growth inhibitory
antibodies. Journal of clinical microbiology 44 (2006):
1665-1673.

27.Visciano ML, Tagliamonte M, Tornesello ML, et al.
Effects of adjuvants on IgG subclasses elicited by virus-

like particles. Journal of translational medicine 10 (2012):
4.

Volume 8 ¢ Issue 2 181

28.Park CG, Rodriguez A, Ueta H, et al. Generation of
anti-human DEC205/CD205 monoclonal antibodies that
recognize epitopes conserved in different mammals.
Journal of immunological methods 377 (2012): 15-22.

29. Wang R, Epstein J, Charoenvit Y, et al. Induction in
humans of CD8+ and CD4+ T cell and antibody responses
by sequential immunization with malaria DNA and
recombinant protein. Journal of immunology 172 (2004):
5561-55609.

30. Amara RR, Villinger F, Altman JD, et al. Control of
a mucosal challenge and prevention of AIDS by a
multiprotein DNA/MVA vaccine. Science 292 (2001):
69-74.

31. Sullivan NJ, Sanchez A, Rollin PE, et al. Development of
a preventive vaccine for Ebola virus infection in primates.
Nature 408 (2000): 605-609.

32.Hawiger D, Inaba K, Dorsett Y, et al. Dendritic cells
induce peripheral T cell unresponsiveness under steady
state conditions in vivo. The Journal of experimental
medicine 194 (2001): 769-779.

33. Boscardin SB, Hafalla JC, Masilamani RF, et al. Antigen
targeting to dendritic cells elicits long-lived T cell help
for antibody responses. The Journal of experimental
medicine 203 (2006): 599-606.

34, Trumpftheller C, Finke JS, Lopez CB, et al. Intensified
and protective CD4+ T cell immunity in mice with anti-
dendritic cell HIV gag fusion antibody vaccine. The
Journal of experimental medicine 203 (2006): 607-617.

35.Dudziak D, Kamphorst AO, Heidkamp GF, et al
Differential antigen processing by dendritic cell subsets
in vivo. Science 315 (2007): 107-111.

36. Dinga JN, Njimoh DL, Kiawa B, et al. Differential T-cell
responses to a chimeric Plasmodium falciparum antigen;
UBO05-09, correlates with acquired immunity to malaria.
Parasite immunology 38 (2016): 303-316.

37.Imam M, Devi YS, Verma AK, et al. Comparative
Immunogenicities of full-length Plasmodium falciparum
merozoite surface protein 3 and a 24-kilodalton N-terminal
fragment. Clin Vaccine Immunol 18 (2011): 1221-1228.

38.Bang G, Prieur E, Roussilhon C, et al. Pre-clinical
assessment of novel multivalent MSP3 malaria vaccine
constructs. PloS one 6 (2011): e28165.

39.Hill DL, Eriksson EM, Li Wai Suen CS, et al. Opsonising
antibodies to P. falciparum merozoites associated with
immunity to clinical malaria. PloS one 8 (2013): €74627.

40. Mehrizi AA, Zakeri S, Rafati S, et al. Immune responses
elicited by co-immunization of Plasmodium vivax and

Citation: Abel Lissom, Lawrence Ayong, Josué Simo, Thibau Flaurant Tchouangueu, Loveline Ngu, Jules Colince Tchadji, Sylvie Kemleu,
Georgia Ambada, Carole Stephanie Sake, Herve F. Ouambo, Rosette Megnekou, Lazard Kaptue, Alain Bopda Waffo, Chae Gyu Park,
Godwin W. Nchinda. Enhanced Humoral Response Induced against Plasmodium falciparum Asexual Blood Stage Immunogens in Mice
after Complementary DNA Primed-Recombinant Hybrid QB Phage Boost. Archives of Clinical and Biomedical Research. 8 (2024):

167-182.



Lissom A, et al., Arch Clin Biomed Res 2024
Journals DOI:10.26502/acbr.50170395

P. falciparum MSP-1 using prime-boost immunization
strategies. Parasite immunology 33 (2011): 594-608.

41.Debin A, Kravtzoff R, Santiago JV, et al. Intranasal
immunization with recombinant antigens associated with
new cationic particles induces strong mucosal as well
as systemic antibody and CTL responses. Vaccine 20
(2002): 2752-2763.

42.Khatri K, Goyal AK, Gupta PN, et al. Surface modified
liposomes for nasal delivery of DNA vaccine. Vaccine 26
(2008): 2225-2233.

43. Wang X, Zhang X, Kang Y, et al. Interleukin-15 enhances
DNA vaccine elicited mucosal and systemic immunity
against foot and mouth disease virus. Vaccine 26 (2008):
5135-5144.

44.Zhou X, Zhang X, Yu X, et al. The effect of conjugation
to gold nanoparticles on the ability of low molecular

weight chitosan to transfer DNA vaccine. Biomaterials 29
(2008): 111-117.

45. Wipasa J, Elliott S, Xu H, et al. Immunity to asexual blood
stage malaria and vaccine approaches. Immunol Cell Biol
80 (2002): 401-414.

46. Hirunpetcharat C, Tian JH, Kaslow DC, et al. Complete
protective immunity induced in mice by immunization
with the 19-kilodalton carboxyl-terminal fragment of the
merozoite surface protein-1 (MSP1[19]) of Plasmodium
yoelii expressed in Saccharomyces cerevisiae: correlation
of protection with antigen-specific antibody titer, but not
with effector CD4+ T cells. Journal of immunology 159
(1997): 3400-3411.

47.Su Z, Stevenson MM. Central role of endogenous
gamma interferon in protective immunity against blood-
stage Plasmodium chabaudi AS infection. Infection and
immunity 68 (2000): 4399-4406.

48. Vukovic P, Hogarth PM, Barnes N, et al. Imnmunoglobulin
G3 antibodies specific for the 19-kilodalton carboxyl-
terminal fragment of Plasmodium yoelii merozoite
surface protein 1 transfer protection to mice deficient
in Fc-gammaRI receptors. Infection and immunity 68
(2000): 3019-3022.

49.Rotman HL, Daly TM, Clynes R, et al. Fc receptors are
not required for antibody-mediated protection against

Volume 8 ¢ Issue 2 182

lethal malaria challenge in a mouse model. Journal of
immunology 161 (1998): 1908-1912.

50. Daher LJ, Demanga CG, Prieur E, et al. Toward the rational
design of a malaria vaccine construct using the MSP3
family as an example: contribution of immunogenicity
studies in models. Infection and immunity 78 (2010):
477-485.

51. Hirunpetcharat C, Stanisic D, Liu XQ, et al. Intranasal
immunization with yeast-expressed 19 kD carboxyl-
terminal fragment of Plasmodium yoelii merozoite
surface protein-1 (yMSP119) induces protective
immunity to blood stage malaria infection in mice.
Parasite immunology 20 (1998): 413-420.

52.Roussilhon C, Oeuvray C, Muller-Graf C, et al. Long-
term clinical protection from falciparum malaria is
strongly associated with IgG3 antibodies to merozoite
surface protein 3. PLoS medicine 4 (2007): ¢320.

53. Tamborrini M, Stoffel SA, Westerfeld N, et al.
Immunogenicity of a virosomally-formulated Plasmodium
falciparum  GLURP-MSP3  chimeric protein-based
malaria vaccine candidate in comparison to adjuvanted
formulations. Malaria journal 10 (2011): 359.

54. Genton B, Pluschke G, Degen L, et al. A randomized
placebo-controlled phase Ia malaria vaccine trial of two
virosome-formulated synthetic peptides in healthy adult
volunteers. PloS one 2 (2007): e1018.

55. Thompson FM, Porter DW, Okitsu SL, et al. Evidence of
blood stage efficacy with a virosomal malaria vaccine in a
phase Ila clinical trial. PloS one 3 (2008): ¢1493.

56.Su Z, Stevenson MM. IL-12 is required for antibody-
mediated protective immunity against blood-stage
Plasmodium chabaudi AS malaria infection in mice.
Journal of immunology 168 (2002): 1348-1355.

57.White WI, Evans CB, Taylor DW. Antimalarial
antibodies of the immunoglobulin G2a isotype modulate
parasitemias in mice infected with Plasmodium yoelii.
Infection and immunity 59 (1991): 3547-3554.

58. Waki S, Uehara S, Kanbe K, et al. Interferon-gamma
and the induction of protective IgG2a antibodies in non-
lethal Plasmodium berghei infections of mice. Parasite
immunology 17 (1995): 503-508.

Citation: Abel Lissom, Lawrence Ayong, Josué Simo, Thibau Flaurant Tchouangueu, Loveline Ngu, Jules Colince Tchadji, Sylvie Kemleu,
Georgia Ambada, Carole Stephanie Sake, Herve F. Ouambo, Rosette Megnekou, Lazard Kaptue, Alain Bopda Waffo, Chae Gyu Park,
Godwin W. Nchinda. Enhanced Humoral Response Induced against Plasmodium falciparum Asexual Blood Stage Immunogens in Mice
after Complementary DNA Primed-Recombinant Hybrid QB Phage Boost. Archives of Clinical and Biomedical Research. 8 (2024):

167-182.



	Title
	Abstract
	Keywords
	Introduction 
	Materials and Method 
	Mice  
	Cell lines, media, and antibodies.  
	Construction and characterization of DNA vaccines  
	Biological activity assessment of scDEC205-UB05MSP3 protein for its binding CHO cells-expressed huma
	Characterization of scDEC205-UB05MSP3 protein by western blot analysis 
	Reactivity of purified scDEC205UB05MPS3 protein with monoclonal antibodies targeting the N-and C-ter
	Engineering of recombinant phages QβMSP3, QβUB05 and QβUB05MSP3 
	Mice immunization 
	In vitro Parasite invasion inhibition assay 
	Specific antibodies measuring in mice serum  
	Statistical analysis 

	Results
	scDEC205-UB05-MSP3 DNA Construct and expression of the recombinant protein 
	Assessment of parasite invasion inhibition with sera from immunized mice 
	Complementary scDEC205-UB05MSP3 DNA prime and QβUB05MSP3 boost enhanced the immunogenicity of malari
	Reactivity of specific IgA responses against MSP3/UB05 protein in mice after complementary prime boo
	Reactivity of specific IgG1 and IgG3 responses against MSP3/UB05 protein in mice after complementary
	Reactivity of specific IgG2a and IgG2b responses against MSP3/UB05 protein in mice after complementa
	Balance of Th1/Th2 mediated immune response  

	Discussions
	Conclusions 
	Acknowledgments 
	Competing interests 
	Funding 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Table 1
	Table 2
	References



