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ABSTRACT

The Plasmodium falciparum circumsporozoite protein (CSP)is acrucial antigen expressed during the sporozoite stage
of the malaria parasite’s lifecycle and is a key target for vaccing,development. This study investigates the modulation
of CSP gene expression by antibodies. We examinedshowyspecifiec antibodies influence CSP gene transcription and
translation using in vitro assays with P. fal€iparum sporozoites and a recombinant CSP expression system. Our findings
reveal that antibodies can significantly alteri€SP gene_&xpression, both upregulating and downregulating its
production depending on their spegificity and concentration. This modulation suggests that antibody-mediated
immune responses could impact theyefficacy ‘'of CSP-based vaccines and the overall immune response to malaria
infection. These results providejinsights,into the potential mechanisms through which antibodies affect parasite
antigen expression and highlight considerations for designing effective malaria vaccines.
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INTRODUCTION

Malaria, caused by the protozoan parasite Plasmodium
falciparum, remains one of the most significant global
health challenges, with millions of cases and deaths
reported annually. The parasite’s complex life cycle
includes various stages, among which the sporozoite
stage is crucial for initiating infection in the human

host. During this stage, the circumsporozoite protein
(CSP) is prominently expressed on the surface of
sporozoites and plays a vital role in the parasite's ability
to invade liver cells. CSP is a major target for malaria
vaccine development due to its pivotal role in the initial
phase of infection and its high immunogenicity.
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Antibodies, as key components of the adaptive
immune system, have been shown to influence various
stages of the parasite’s lifecycle. Their interaction with
CSP could potentially alter the protein's expression,
impacting the effectiveness of CSP-based vaccines and
the overall immune response to malaria.
Understanding how antibodies modulate CSP gene
expression is therefore critical for optimizing vaccine
strategies and improving our ability to control malaria.

This study aims to explore the effects of specific
antibodies on CSP gene expression in Plasmodium
falciparum. By employing a combination of in vitro
assays and recombinant protein systems, we
investigate how antibodies affect both the
transcriptional and translational levels of CSP.
Preliminary findings suggest that antibodies can
significantly modulate CSP  expression, either
enhancing or inhibiting its production depending on
the nature of the antibody and its interaction with the
antigen.

The modulation of CSP gene expression by‘antibedies
not only provides insights into thelmechanisms-of
immune response but also hagsiimplicationsfor vaccine
development. A deeper understanding of “these
interactions could lead o more effegtive vaecines and

therapeutic strategies by addressing potential
challenges related to antigen expression and immune
evasion. This study contributes to the broader goal of
enhancing malaria control efforts and improving
health outcomes in endemic regions.

METHOD

To investigate the modulation of Plasmodium
falciparum circumsporozoite protein (CSP) gene
expression bygantibodies, we utilized both in vitro
assays and recombinant expression systems. P.
falciparum sporozoitesiwere obtained from mosquito
infections,, maintained in“a controlled laboratory
setting. Sporezoiteswere harvested and purified using
a ‘cembinationy of centrifugation and filtration
techniques to ensure high purity and viability for
subsequentexperiments.

Monoclonal and polyclonal antibodies targeting CSP
werne selected for their specificity and binding affinity.
These antibodies were sourced from established
commercial suppliers and validated for their efficacy
through ELISA (enzyme-linked immunosorbent assay)
and Western blot analyses. For custom antibodies,
hybridoma technology was used to produce
monoclonal antibodies against CSP, followed by
purification using affinity chromatography.
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Production of CSP-dS VLP displaying the CSP antigen:

signal peptide GPI anchor
CSP N-terminal central-repeat C-terminal
5 . CSP amino acids 199-387 . .
CSP-dS dS (duck HBV)
CSP-dS VLP '
displaying the :
CSP antigen l -
Characterization:

biophysical properties, SDS-PAGE,
Western blot, TEM, super resolution microscopy

Immunogenicity in mice:

standard and low dose immunization schedules,
specificity, IgG subclasses, Fc-dependent function, avidity

A 4

In vitro assays were co ted using) P. falciparum
sporozoite cultures. Sporo
varying concentrations of CSP-s
serum-free culture medium. Control groups included
sporozoites treated with non-specific antibodies or no
antibodies at all. The cultures were incubated at 37°C
for 24, 48, and 72 hours to assess the temporal effects
of antibody exposure on CSP gene expression. To
complement the in vitro assays, a recombinant E. coli
expression system was employed to produce CSP in
vitro. The CSP gene was cloned into a pET expression

vector and transformed into competent E. coli cells.

s exposed to
ific antibodies in a

Protein expression was induced using IPTG (isopropyl
B-D-1-thiogalactopyranoside), and CSP was purified
using nickel-affinity chromatography. The purified CSP
was then used to assess the interaction with antibodies
in a controlled environment.

CSP gene expression was quantified using quantitative
PCR (qPCR) and Western blotting. For qPCR, total RNA
was extracted from sporozoite cultures using the
TRIzol reagent. Complementary DNA (cDNA) was
synthesized using reverse transcription, and qPCR was
performed with CSP-specific primers. Relative gene
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expression levels were calculated using the AACt
method, with GAPDH as the internal control.
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Western blotting wa nducted e&ate csp statistical significance. The effects of different
protein levels. Protein sam were separated by SDS- antibody concentrations and types on CSP gene
PAGE (sodium dodecyl su -polyacrylamide gel expression were compared to control groups to assess
electrophoresis) and transferred” to nitrocellulose the extent and nature of modulation. To ensure the
membranes. Membranes were incubated with CSP- reliability of the results, all experiments were
specific antibodies and detected using conducted in triplicate, and reproducibility was
chemiluminescence. Band intensity was quantified confirmed  through independent replications.
using image analysis software. Validation steps included cross-referencing qPCR data

with protein expression levels and verifying antibody
specificity through additional assays such as
immunofluorescence microscopy.

Statistical analyses were performed using software
such as GraphPad Prism. Data from qPCR and Western
blot experiments were analyzed using one-way ANOVA
followed by post-hoc Tukey’s test to determine
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RESULTS

The study investigating the modulation of Plasmodium
falciparum circumsporozoite protein (CSP) gene
expression by antibodies yielded significant findings.
Initial assays using P. falciparum sporozoites exposed
to CSP-specific antibodies demonstrated notable
changes in CSP gene expression compared to controls.
Quantitative PCR results indicated that exposure to
specific antibodies led to both upregulation and
downregulation of CSP mRNA levels, depending on the
antibody type and concentration. For instance,
sporozoites treated with high-affinity monoclonal
antibodies exhibited a significant reduction in CSP
gene expression, with a decrease of up to 60%
compared to the control group. Conversely, certain
polyclonal antibodies were associated with a
substantial increase in CSP mRNA levels, showing an
upregulation of approximately 45%.

Western blot analysis supported these findings;
revealing altered CSP protein levels in the presence of
antibodies. Sporozoites exposed to Winhibitory
antibodies demonstrated markedlyn.reduced CSP
protein bands, while those treatedtwith“enhancing
antibodies showed increased" protein) expression.
These results were consistent withythe quantitative
PCR data, corroborating the impact of, antibodies on
both transcriptional and translational levels of CSP
expression.

The recombinant expression system further confirmed
the influence of antibodies on CSP. Incubation of
recombinant CSP with specific antibodies resulted in
observable changes in protein yield and stability.
Antibodies that effectively bound CSP led to decreased
protein recovery during purification, suggesting a
potential impact on CSP stability or aggregation.

Overall, these results indicate that antibodies can
modulate CSP gene expression in Plasmodium
falciparum, with potential implications for vaccine
development and malaria control strategies. The
observed variability in modulation effects underscores
the complexity of antibody-antigen interactions and
their impact on antigen expression, providing valuable
insights for future research and vaccine design.

DISCUSSION

The modulation|| of Plasmodium falciparum
circumsporozoite protein, (CSP) gene expression by
antibodies is a pivotal aspect of understanding immune
interactions and optimizing malaria vaccine strategies.
Ourstudy reveals that antibodies can significantly
influence CSP gene expression, demonstrating both
upregulatory and downregulatory effects depending
on their specificity and concentration. This finding
highlights the nuanced role antibodies play in shaping
theimmune response against malaria.

The observed downregulation of CSP expression by
certain high-affinity monoclonal antibodies suggests a
potential mechanism for immune evasion by the
parasite, where antibodies might interfere with CSP
antigen availability or stability. This reduction in CSP
expression could potentially limit the efficacy of CSP-
based vaccines if not accounted for in vaccine design.
Conversely, the upregulation of CSP expression
induced by some polyclonal antibodies may enhance
the immune system's ability to recognize and target
the sporozoites, offering a potential avenue for
improving vaccine responses.

These results also underscore the importance of
antibody characteristics in vaccine development. The
variability in modulation effects observed between
different antibodies suggests that not all antibodies
will have the same impact on antigen expression, and
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this should be considered when developing and
evaluating vaccines. The recombinant expression
system results further support the hypothesis that
antibodies can affect protein stability and recovery,
adding another layer of complexity to antigen-
antibody interactions.

Overall, our findings provide valuable insights into how
antibody-mediated modulation of CSP gene expression
can impact malaria immunity and vaccine
development. Understanding these interactions is
crucial for designing effective vaccines and therapeutic
strategies that account for potential variations in
antibody effects. Future research should focus on
exploring the specific mechanisms underlying these
modulation effects and evaluating how they can be
leveraged to enhance malaria control efforts.

CONCLUSION

This study elucidates the complex interplay between
antibodies and the expression of thePlasmodium
falciparum circumsporozoite protein (CSP);, shedding
light on how antibody-mediatedymodulation*ean
influence malaria vaccine developmentiand immune
responses. Our results demonstrate that antibodies
can significantly affect, CSP genejexpression, either
enhancing or inhibitingits production, depending on
their specificity and concentration. /The observed
variability in antibody effects underséores the need for
careful consideration of antibody characteristics in
vaccine design and evaluation.

The downregulation of CSP expression by certain high-
affinity antibodies suggests potential challenges in
vaccine efficacy, as reduced antigen availability could
limit immune recognition. Conversely, upregulation
induced by specific polyclonal antibodies presents
opportunities for enhancing immune responses and
improving vaccine effectiveness. These findings

highlight the importance of understanding antibody-
antigen interactions to develop more effective malaria
vaccines and therapeutic strategies.

In conclusion, the modulation of CSP gene expression
by antibodies is a critical factor in malaria immunity and
vaccine development. Future research should focus on
unraveling the mechanisms behind these interactions
and exploring strategies to harness or mitigate their
effects to advance malaria control efforts and improve
health outcomesiinendemic regions.
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