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Abstract

Introduction: The placenta is a crucial organ which allows for transfer of nutrients between the mother and fetus.
Importantly, the placenta allows for transport of antibodies to the fetal bloodstream through the FcRn receptors inducing
passive immunity. However, in HIV-positive mothers who cannot produce antibodies, passive immunity against
toxoplasmosis, other, rubella, cytomegalovirus, and herpes (T.0.R.C.H) infections in utero is not plausible. A potential
solution utilizing new nanoparticle technology was researched in hopes of delivering IgG antibodies to the developing
fetus.

Methods: We propose using a liposomal nanoparticle filled with the IgG antibody cocktail to deliver the antibodies
necessary for the fetal development. We will use pl-chondroitin sulfate A binding protein (pICSA-BP) to guide our
nanoparticle towards the FCRn receptors on the trophoblast membranes of the placenta. Once attached the nanoparticle will
degrade after its half-life and release antibodies. We will measure the transfer of antibodies through the ex vivo placental
lobule system in combination with western blot. Please note that one side of the placental lobule system would represent the
fetal side and one would represent the maternal side.

Results: It's expected that the nanoparticles will attach to trophoblastic layers through the pICSA-BP. The natural FcRn
receptors will transfer the antibodies across the placenta to the fetal bloodstream inducing passive immunity in an ex-vivo
model.

Discussion: These results may have a noticeable impact on pregnant human immunodeficiency virus (HIV) positive mothers
due their ability to enter the fetal system, which will offer passive immunity against T.O.R.C.H viral infections and prevent
developmental issues. The absence of antibodies for the fetus can, in some cases, lead to fatality.

Conclusion: We expect the study to show the utility of our nanoparticle design in combating fetal infections, especially in
HIV women. This research should be furthered via research into the impacts of medication administration at different
trimesters as this has immense potential in advancing a field often on the outskirts of medicine.

Keywords: nanoparticle; liposome; FcRn receptor; pICSA binding protein; placenta; fetus; antibody cocktail; HIV (human
immunodeficiency viruses)

Introduction

The placenta is a temporary endocrine organ that acts
as a barrier to moderate the flow of nutrients between
mother and fetus. Composed of three trophoblastic cell
layers (syncytiotrophoblast, cytotrophoblast and the
extraembryonic mesoderm), it is peppered with active
diffusion and transport proteins which transfer nutrients for
the fetus’s survival [1]. Chief among these proteins are
antibodies, which allow for the development of passive
immunity in the fetus. The fetus cannot produce any
antibodies independently, and thus must rely on the
mother’s antibodies to fight off viral infections such as

Dhami et al. | URNCST Journal (2021): Volume 5, Issue 2
DOI Link: https://doi.org/10.26685/urncst.214

toxoplasmosis, other (i.e. congenital syphilis and viruses),
rubella, cytomegalovirus, and herpes (T.0.R.C.H), which
can be fatal [2].

T.0.R.C.H viral infections can cross the placental
barrier therefore causing fetal defects or miscarriage [3].
The optimal treatment for T.O.R.C.H infections is
prevention and thus mothers are conventionally vaccinated
to stimulate the production of antibodies that cross the
placental barrier into the fetal bloodstream [3]. This transfer
of antibodies into the fetal blood acts as passive immunity
for the fetus. HIV-positive mothers, however, do not have
the ability to produce these antibodies [4]. As such, the
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fetus will not have a passive immune system while
maturing in the placenta and will be susceptible to
dangerous and potentially life-threatening situations caused
by T.0.R.C.H viral infections.

For this study, a nanoencapsulated package containing
a cocktail of antibodies targeted to the syncytiotrophoblast
could release the cargo near the natural FCRN receptors in
the placenta, which induces phagocytosis of IgG antibodies
into the fetal fluid [5]. To target the placenta, pICSA-BP
(binding peptide) is used to reach trophoblastic receptors
[6]. Once attached, the nanoparticle breaks down and
releases the cocktail of antibodies which travels through the
trophoblastic barrier into the fetal fluid. Lysosomes are
ideal for such a task due to their ability to be conjugated
with homing peptides, to their easy manufacturing through
polycarbonate membrane extrusion method and to their
ability to resist phagocytosis through polyethylene glycol
(PEG) layer application.

The aim of this study is to measure the efficacy of
liposomal nanoparticles delivering antibody cocktails
targeted to the trophoblastic cells for the prevention of
T.0.R.C.H viral infections in HIV-positive mothers. This
research will also help in the breakthrough of the usage of
nanoparticles to treat diseases. Lastly, this research may
call for future studies in treating fetal bacterial infections
through antibody-loaded nanoparticles.

Methods
Materials

DSPE-PEG-COOH will be purchased from Awvanti
Polar Lipids. 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride (EDC), N-hydroxysuccinimide
(NHS) will be obtained from Sigma-Aldrich (Missouri,
USA). Placental CSA-binding peptides (pICSA-BP, will be
purchased from ChinaPeptides Co.,Ltd. (Shanghai, China).
Unless stated otherwise, all other materials used will be
purchased from Sigma-Aldrich (Missouri, USA).

Synthesis of Liposomes

To produce the liposomal nanoparticles, we will use
the polycarbonate membrane extrusion method [8]. In this
procedure, phospholipids dissolved in chloroform are dried
into a thin film in a round-bottom flask on a rotary
evaporator. The film is further dried under a vacuum for 2
hours. Then, the dry lipid film is put into a 2 mL buffer
solution containing the 50mM T.O.R.C.H IgG antibody
cocktail. This new solution will then be subjected to 6
cycles of freezing and thawing, and then put through
extrusion 10 times through 100 nm pore size polycarbonate
membrane to form liposomes.

Conjugation of Liposome Nanoparticles with
pICSA-BP

Malaria infected erythrocytes have been found to
accumulate in the placenta due to their ability to bind to
chondroitin sulfate A (CSA) [4]. That said, we will be using
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the same premise to develop our binding protein. Derived
from VAR2CSA, a CSA binding protein expressed in
infected erythrocytes, our placental specific binding protein
(pICSA) will be able to detect CSA sites on the trophoblast
and attach to them.

To attach pICSA-BP to the liposome, we would use a
similar protocol established by Zhang et al. in this study
[5]. 15 mg of EDC and 5 mg of NHS will be added to pre
activate the carboxylic group, and the mixture is mixed for
15 min at room temperature. Then, 3 mg of pICSA-BP will
be dissolved in 500 pL of deionized water and then added
to the reaction mixture. Then, 350 pL 20x phosphate-
buffered saline is added to the reaction mixture and
maintained at pH 7.0-8.0. After mixing the reaction
overnight at room temperature, the excess peptides and
other impurities will be removed by triple filtration
(AmiconUltra-4 centrifugal filters).

Transfer of pICSA-BP PEG-DSPE to liposomes

Transfer of pICSA-BP-DSPE-PEG-COOH (pICSA-BP
attached to DSPE-PEG-COOQOH) to preformed liposomes will
be induced in a similar method to this study [6]. Aliquots of
pICSA micelles will be mixed with preformed liposomes at
varying temperature and times at various ratios of the two
substrates followed by chromatography on a Sepharose
CL-4B column eluted with HEPES buffer (pH 7.4).

Legend

PICSA-BP: !
PEG: —
19G Antibody: X

3
Phospholipid: [ ]

Figure 1. This figure shows the structure of the liposomal
nanoparticles. In the center the liposome holds IgG
antibodies which are surrounded by phospholipids. Along
with the phospholipids PEG molecules coat the surface
membrane of the structure, to which the pICSA-BP is
attached to. These extrusions of PEG and pICSA-BP are
what attach to the trophoblast layers.
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Perfusion of nanoparticles through lobule placental system
The ex-vivo dually perfused human placental lobule
system, based on prior research done with human placenta,
will be used to measure drug transfer through the placenta
due to its ability to preserve its integrity [7]. This ex-vivo
system will be maintained at 37°C and glucose
consumption, pH, and oxygen transfer will be monitored to
confirm placental function. The maternal side and fetal side
concentrations will be studied to see the transfer of
nanoparticles between the placental tissue and fetal blood.
IgG antibody concentrations can be detected on the fetal
side using western blotting. First, a sample of the blood
from the fetal side is collected from the lobule placental
system. Then, gel electrophoresis is performed to separate
the protein and antibody fragments in that mixture. In this
step, antibodies will be separated based on their charge and
on their size. The smaller and more charged the polypeptide
is, the further it will elute. After transferring the gel
electrophoresis bands onto a solid background, we will
prepare a fluorescently labelled mixture of antigens. Once
the antigen mixture is ready, we will run it through the
bands of antibodies and proteins in a similar manner to
column chromatography. After this is done, the bands will
be analyzed to detect for fluorescence. If fluorescence is
present, then we can conclude that the antigens have
successfully bound and the presence of antibodies can be
confirmed. This would indicate transfer of antibodies from
the maternal channel to the fetal channels of the placenta.

Western Blotting
Western blotting is a technique used to detect our

protein of interest from a mixture of proteins [8]. It will be
used to identify 1gG antibodies concentration on the fetal
side. This will be done to determine if successful
transmission of our cocktail of antibodies occurred through
the trophoblast layers. A sample of 1 ml will be recovered
from the fetal side and will be run through SDS-PAGE gel
electrophoresis. The results will then be analyzed and
fluorescently labeled FCRN receptors will be used to detect
the presence of 1gG antibodies.

Results

Due to the attachment of the pICSA-BP to the PEG
molecules which are located on the liposome, we predict
that successful binding between the nanoparticle and the
trophoblast layers will be observed. After this linkage, we
expect the nanoparticle to release its cargo by the
trophoblast layers on the maternal side due to the
nanoparticle degrading. We predict that around 40% of our
antibody cocktail will be transferred to the fetal side. Thus,
the cocktail antibody packed into the nanoparticle will be
released and we expect it to be absorbed into the fetal side
of the placenta through the FCRN receptors due to these
reasons [5]. The PEGylation will aid in getting the
nanoparticle to the trophoblast layers without reacting
anywhere else. Once the antibodies cross, the cocktail can
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then be provided to the fetus, allowing for the development
of the passive immune system it requires. We also predict a
very high encapsulation efficiency of >80% because our
nanoparticles will be coated with PEG layers. These layers
will offer a longer half-life for our nanoparticles to reach
the placenta. Furthermore, we anticipate a high binding
efficiency of >~85% due to the specificity of our ligand
protein, which solely binds to the FcRn receptors of the
placenta [3]. Thus, we’re expecting to find a very high
percentage of successful binding between this receptor and
its ligand.

However, since this technique is extremely novel, we
expect to encounter certain challenges. The first anticipated
challenge will be the possibility of the pICSA binding
protein not attaching the trophoblast layers. This will mean
that the cargo will not release near the placenta and thus not
allow for a higher transfer of antibodies between the mother
and child. To overcome this, is by measuring the 1gG
antibodies on both sides of the placenta. Western blotting
can help us identify the concentrations of the antibodies on
both sides of the placenta. Secondly, the liposomal
nanoparticle’s half-life is very short however with the
addition of the PEG layer, its half-life is increased. Our
goal is to keep the nanoparticle attached to the FcRN
receptors on the trophoblastic walls until it is degraded after
around 5 hours [11]. After its degradation, the lipid
membrane will disintegrate and the IgG antibody cocktail
will be released near the trophoblastic wall. The antibodies
will then be uptaken naturally through the trophoblast and
will enter the fetal bloodstream through the umbilical cord.

Discussion

Though we do not entirely understand the potential
impacts of antibodies on fetal development, there are a few
inferences we can make. Particularly, according to research
conducted by Dr. Willis and her colleagues, higher
concentrations of antibodies circulating in the nervous
system are evident in a variety of neurological disorders
[11]. In adults, antibodies are unable to damage the brain
due to the Blood Brain Barrier (BBB), which does not
completely develop until just prior to birth. As such, in
utero, the brain is more exposed to antibodies, which, if
highly concentrated, have the potential to drastically
damage its function [12,13]. This is especially clear in the
transference of antibodies from mother to fetus often used
in combating Myasthenia Gravis which, in some cases,
results in the development of abnormalities in the central
nervous system [14-16]. Outside of the nervous system,
exposure of the fetus to the maternal rituximab antibody has
shown to lower the B lymphocytes count in the fetus,
increasing the fetus’s vulnerability to infection [11,12].
This increases the fetus’s vulnerability to infection.
Although high antibody concentrations pose a threat to the
fetus, in lower concentrations the possibility of damage can
be controlled. As long as the nanoparticles carrying these
antibodies are delivered in manageable concentrations,

Page 3 of 6


https://www.urncst.com/
https://doi.org/10.26685/urncst.214

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

nanoparticle treatment can prove effective, especially with
diseases resulting in high mortality rates. Moreover, in
comparison to other methods of fetal drug delivery, which
can be extremely dangerous, nanoparticles have the
potential to revolutionize the field. The field of obstetrics
has a limited number of medications that can be utilized in
fetal drug delivery. Between 1990 and 2008, only three new
fetal medications had been licensed [15]. Additionally, a
great portion of fetal medications have concerning side-
effects. A majority of fetal medication consists of small
particles that cross the placenta via diffusion [13]. This in
turn is extremely damaging to the placenta as it leads to
serious fetotoxicity [13]. In summary, nanoparticles do not
solely rely on passive diffusion but accurate binding to
transfer across the placenta, limiting damage to the organ
[13].

Though our current nanoparticle design has many
extremely useful attributes, it also possesses one major
weakness: susceptibility to degradation. Due to the inherent
weakness of the nanoparticle membrane, it is easily
degraded by other biological molecules in the bloodstream.
This can be problematic since a majority of these
nanoparticles tend to degrade prior to ever reaching the
trophoblastic membrane, which drastically reduces the
quantity of medication delivered to the fetus. To counter
this issue, PEGylation, the process by which polyethylene
glycol polymer chains are amalgamated to a specific
molecule, can be utilized. PEGylation aids in combating
degradation as the hydrophilic tails of the polyethylene
glycol encapsulate the nanoparticle, protecting it from
aggregation, opsonization, and phagocytosis. This ability of
PEGylation was made especially clear by Dr. Klibanov, a
professor of chemistry and bioengineering at the
Massachusetts Institute of Technology, who displayed how
PEGylation increases the half-life of liposomes circulating
in our blood system [11]. As such, by reducing interaction
between the nanoparticle and other biological molecules,
PEGylation drastically reduces degradation and ensures
more efficient medication delivery.

HIV-positive mothers, due to their lack of an immune
system, have long been unable to protect their developing
fetuses. This research paper offers methods to develop an
efficient nanoparticle to target the placenta and supply the
fetus with a cocktail of antibodies, against T.O.R.C.H viral
infections, to ensure its survival. As such, the cocktail will
be able to supplement the mother’s lack of an immune
system and prevent the onset of developmental issues in the
fetus. Moreover, though our method has focused primarily
on utilizing nanoparticles to deliver medication in utero, it
is equally possible for scientists to employ our procedure in
targeted delivery of medication to other organs by changing
the specific binding proteins conjugate onto the surface of
our nanoparticles to correlate with binding receptors on the
tissue of the target organ.

Lastly, though modern medicine has made huge strides
in combating diseases prevalent in the west, HIV and other
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diseases, which disproportionately affect developing
countries, are often pushed to the outskirts of treatment. As
such, it is necessary to pursue nanoparticle research further,
S0 as to ensure HIV-positive mothers around the world, but
especially in Sub-Saharan Africa and Southeastern Asia,
are able to combat this disease effectively.

Conclusions

We have outlined a method to create a PEGylated
nanoparticle, with the pICSA binding protein, which could
be effective for delivering medication in utero. Our research
is especially useful to HIV-positive mothers, who are
immunocompromised and to the general field of
embryology. Furthering of this research would allow
physicians to be better prepared in countering otherwise
fatal fetal diseases Additionally, in sub-Saharan
communities, HIV-positive women have to endure
incredible discrimination and societal seclusion due to
HIVs inhibition of traditional gender associations
(childbearing). Though modernization, and increased
education, is aiding in combating these cultural norms,
progress has been slow. As such, though our research is not
a long-term solution, it offers a solution for HIV positive
mothers to plan a safe pregnancy in which there is reduced
danger to their child. Building on our research, we believe
that nanoparticle treatment regimens and administration
concentrations need to be optimized for each stage of
pregnancy. As briefly explored in our discussion, the blood-
brain barriers development influences the specific amount
of nanoparticles that could be delivered to the fetus. As a
result, further research would clarify how much and/or how
little medication can be safe during each trimester.
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