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ABSTRACT: Lipid nanoparticle (LNP)-mediated nucleic acid
therapies, including mRNA protein replacement and gene editing
therapies, hold great potential in treating neurological disorders
including neurodegeneration, brain cancer, and stroke. However,
delivering LNPs across the blood−brain barrier (BBB) after
systemic administration remains underexplored. In this work, we
engineered a high-throughput screening transwell platform for the
BBB (HTS-BBB), specifically optimized for screening mRNA
LNPs. Unlike most transwell assays, which only assess transport
across an endothelial monolayer, HTS-BBB simultaneously
measures LNP transport and mRNA transfection of the endothelial
cells themselves. We then use HTS-BBB to screen a library of 14
LNPs made with structurally diverse ionizable lipids and
demonstrate it is predictive of in vivo performance by validating lead candidates for mRNA delivery to the mouse brain after
intravenous injection. Going forward, this platform could be used to screen large libraries of brain-targeted LNPs for a range of
protein replacement and gene editing applications.
KEYWORDS: lipid nanoparticle, mRNA, brain delivery, blood−brain barrier

Neurological disorders are the leading cause of disability
and second leading cause of death globally.1 Among the

leading causes of death are stroke and dementias, including
Alzheimer’s disease.1 Over the past few decades, nucleic acid
therapeutics such as messenger RNA (mRNA) for protein
replacement or gene editing therapy and small interfering RNA
(siRNA) have begun to be explored for treating neurological
disorders.2,3 Recent examples from literature include heme
oxygenase 1 self-replicating mRNA to treat stroke,4 brain-
derived neurotrophic factor mRNA and beta-secretase 1
siRNA to treat Alzheimer’s disease,5−11 synuclein alpha
siRNA to treat Parkinson’s disease,12,13 tumor necrosis
factor-related apoptosis-inducing ligand mRNA and CD47
and PD-L1 siRNA among others to treat glioblastoma,14−16

Cas9 mRNA and single guide RNA targeting PLK1 to treat
glioblastoma,17 and base editing mRNA with single guide RNA
to treat congenital brain disease.18

Ionizable lipid nanoparticles (LNPs) are an ideal delivery
vehicle for nucleic acid therapeutics.19 LNPs have achieved
recent success in the clinic, including the FDA approval of
Onpattro, an LNP formulation delivering siRNA for hereditary
transthyretin-mediated amyloidosis, and the Pfizer-BioNTech
and Moderna COVID-19 mRNA vaccines.20 LNPs are
typically composed of four lipid components: an ionizable
lipid for loading and facilitating endosomal escape of nucleic

acid cargo, a phospholipid for structural stability, cholesterol
for rigidity, and a lipid-polyethylene glycol (PEG) for reducing
aggregation.21 LNPs have several key advantages over
traditional viral vectors, including having excellent biocompat-
ibility allowing for repeat dosing, no risk for genomic
integration, and no strict transgene size limitations.18,22

Furthermore, the highly modular nature of LNPs allows
them to be optimized for organ- and cell type-specific delivery
following systemic administration.23−25

Achieving LNP delivery to the brain via systemic
administration would be highly desirable. Systemic admin-
istration routes like intravenous injection hold many benefits
over direct brain and cerebrospinal fluid injections, which are
limited by being highly invasive, technically complex, and
having limited diffusion from the injection site.2,26 However,
LNP delivery to the brain via systemic administration remains
underexplored.27 The blood−brain barrier (BBB), composed
of cellular components including endothelial cells, capillary
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basement membrane, astrocytes, and pericytes, prevents
approximately 98% of small molecule drugs and approximately
100% of large molecule drugs from entering the brain.28 LNPs
must also cross this highly selective barrier in order to reach
the brain. Recent advances in the field include those by Ma et
al., who designed LNPs with tryptamine-inspired lipids that
facilitated the delivery of the small molecule drug amphotericin
B, antisense oligonucleotides (ASOs), and gene editing Cre
protein across the BBB. However, as only 0.1% of the injected
amphotericin B was delivered to the brain, the delivery
efficiency remains low.29

One of the rate-limiting factors in designing LNPs with
higher brain delivery efficiency after systemic administration is
the lack of informative in vitro screening platforms. Brain
endothelial monolayers grown in traditional 96-well plates can
screen for transfection in a high-throughput manner, but the
lack of two compartments means that they cannot measure
transport across the BBB.30 BBB transwell models have a
semipermeable membrane separating two compartments
allowing for transport measurements but are low-throughput
as they are typically only used in 12- or 24-well formats and do
not capture transfection.30,31 An ideal in vitro screening system
would screen for both endothelial transfection and transport.
Top candidates for endothelial transfection could be used for
applications such as repairing the BBB after injury or during
disease,32,33 as demonstrated by Marcos-Contreras et al.
delivering thrombomodulin mRNA LNPs to the brain
endothelium in mice with acute brain inflammation.34 Top
candidates for transport across the BBB could be optimized to
target other brain cell types of interest, such as neurons.
Here, we develop a BBB transwell model for high-

throughput screening of mRNA LNPs (HTS-BBB), built in a
96-well plate format, for simultaneous measurement of
transfection of the brain endothelial monolayer as well as
transport across the monolayer (Figure 1). Additionally, by
being able to screen large libraries of LNPs on a single plate
rather than across multiple 12- or 24-well transwell plates, we
can achieve more consistent results, save material costs by
requiring less cells and media, and increase workflow speed by
using multichannel pipettes and potentially automated robotic
handling in the future. We first optimize HTS-BBB monolayer
growth conditions, as well as mRNA reporters for transfection
and fluorescent dye reporters for transport. We then screen a
library of 14 LNPs with unique ionizable lipid structures, and
examine correlations between transport and transfection, LNP

size, and LNP zeta potential. Finally, we demonstrate that
HTS-BBB is predictive of in vivo performance by validating
lead candidates for delivery of mRNA to the mouse brain
following intravenous injection.

■ OPTIMIZING BRAIN ENDOTHELIAL MONOLAYER
GROWTH IN HTS-BBB

In order to develop a high-throughput platform to screen
mRNA LNPs for transfection of and transport across the BBB,
we created HTS-BBB on a 96-well transwell plate. Each well
consists of a brain endothelial monolayer grown on a
semipermeable membrane separating the apical compartment,
representing the blood side, and the basolateral compartment,
representing the brain side. In order to accurately assess LNP
transport across the brain endothelial monolayer, the
monolayer must not have any gaps or overgrowth. Thus, we
began by optimizing the monolayer growth conditions (Figure
2A). Immortalized human microvascular brain endothelial
(hCMEC/D3) cells were chosen as the cell line as they (i) are
able to form contact-inhibited monolayers when grown on
collagen type 1, a key component of the BBB basement
membrane, and (ii) express tight and adherens junctions,
which help regulate the structural integrity and permeability of
the BBB.35,36

hCMEC/D3 cells were seeded at 20,000, 30,000, and 40,000
cells/cm2 on the 96-well transwell inserts, and their growth was
monitored daily via live/dead imaging (Figure S1). A complete
monolayer without overgrowth was formed at Day 6 after
initial cell seeding with an initial seeding density of 30,000
cells/cm2 (Figure 2B). In comparison, shorter growth time and
lower seeding densities resulted in an incomplete monolayer,
while longer growth time and higher seeding densities resulted
in overconfluence of cells. To confirm the presence of a
monolayer, we analyzed the orthogonal view of Z-stacked
images acquired via confocal microscopy (Figure S2).
Moreover, the optimized monolayer strongly expressed ZO-1
and VE-cadherin, proteins which contribute to tight and
adherens junction integrity (Figure 2C).36

Next, we assessed the functional integrity of the brain
endothelial monolayer by monitoring the transport of 10 and
70 kDa of FITC-dextran (FD) across the monolayer. On Day 6
after the initial seeding of cells on the transwell membrane, the
10 kDa FD displayed low transport values of around 5%, and
the 70 kDa FD displayed even lower transport at around 2%,
which we expected given its higher molecular weight (Figure

Figure 1. Schematic of blood−brain barrier (BBB) physiology and the development of the high-throughput screening BBB (HTS-BBB) platform
for identifying mRNA lipid nanoparticles (mRNA LNPs) that cross the BBB and also transfect the BBB for neurological disorder applications.
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2D). These values are consistent with other values reported in
literature for in vitro BBB models and demonstrate that the
monolayer possesses high structural integrity and selective
permeability.37,38 We also assessed the transendothelial
electrical resistance (TEER) values of monolayers grown
with our optimized cell seeding density, albeit in a 12-well
transwell due to voltohmmeter electrode-plate compatibility.
The TEER was around 20 Ω/cm2 on Day 6 after cell seeding,
consistent with other reported values (Figure S3).37,38

Going forward, prior to every LNP screening experiment
done in HTS-BBB, we confirmed monolayer confluence using
live/dead imaging as an easy, rapid, and low-resource method.
Taken together, we optimized the growth of a brain endothelial
monolayer on a 96-well transwell plate and demonstrated
recapitulation of physiological properties of the BBB.

■ OPTIMIZING MRNA LNP TRANSFECTION AND
TRANSPORT REPORTERS IN HTS-BBB

In order to use HTS-BBB for dual screening for both
transfection of and transport across the BBB, LNPs needed
to be loaded with reporters for both of these processes
simultaneously without affecting transfection efficacy. Thus, we
next optimized both the transfection and transport reporters

and their readout conditions using LNPs made with C12-200,
a gold standard ionizable lipid (Figure 3A).39 LNPs were
formulated with luciferase or mCherry mRNA and varying
molar percentages of DiR, a fluorescent lipophilic dye for
tracking transport across endothelial monolayers. All for-
mulations were approximately 100 nm in size, with slight
differences in polydispersity and similar mRNA encapsulation
efficiencies of around 90% (Figure 3B).
We initially hypothesized that mCherry mRNA might be the

preferred reporter since its readout is easily obtained by
measuring fluorescence on a plate reader, whereas for luciferase
mRNA, a luciferase assay must be performed prior to reading
luminescence. This assay involves lysing cells and adding a
substrate for the luciferase enzyme to react with and create
bioluminescence. mCherry expression could also be visualized
through fluorescence microscopy (Figure 3C). However, after
assessing the fold change in signal over untreated cells for both
mRNAs in a traditional 96-well plate, luminescence had a
much more sensitive readout (Figure 3D). Interestingly, there
was also an effect from the amount of DiR added, indicating
that higher amounts of DiR may lower LNP transfection
ability. Finally, there was a higher signal after 24 h of treatment

Figure 2. Optimization of brain endothelial monolayer growth in HTS-BBB. A) Schematic showing endothelial monolayer growth timeline and
characterization techniques. B) Live/dead imaging of a monolayer seeded at 30,000 cells/cm2, on different days of monolayer growth. Scale bar:
100 μm. C) Average Z projections of confocal microscopy images showing immunofluorescence (IF) staining for tight and adherens junction
proteins ZO-1 and VE-cadherin on Day 6 of monolayer growth. Scale bar: 20 μm. D) Transport of FITC-dextran (FD) tracers across the
monolayer after 4 h, on different days of monolayer growth. Data are shown as mean ± SD, n = 3.
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compared to 6 h, indicating that a longer treatment period
allows for greater mRNA translation.

Given these results, the same LNPs were next tested in the
HTS-BBB platform after 24 h of treatment (Figure 3E). By

Figure 3. Optimization of mRNA LNP transfection and transport reporters in HTS-BBB. A) Schematic showing optimization process for
transfection and transport readouts. B) Physicochemical characterization of C12-200 LNPs with varying reporter mRNAs and DiR molar
percentages. Size and PDI is shown as mean ± SD, n = 3. Encapsulation efficiency is shown as mean ± SD, n = 2. C) mCherry expression in brain
endothelial cells grown in a 96-well plate. Scale bar: 100 μm. D) Effect of DiR molar percentage on luciferase and mCherry expression in brain
endothelial cells over time, in a 96-well plate. Cells were treated with 60 ng mRNA/20k cells. Data are shown as mean ± SD, n = 3, and normalized
to untreated cells. Two-way ANOVA with Tukey’s multiple comparisons test was used to determine statistical significance, **p < 0.01, ****p <
0.0001. E) Effect of DiR molar percentage on luciferase and mCherry expression in brain endothelial cells, grown in HTS-BBB. Cells were treated
with 60 ng mRNA/20k cells for 24 h. Data are shown as mean ± SD, n = 3, and normalized to untreated cells. One-way ANOVA with Tukey’s
multiple comparisons test was used to determine statistical significance, *p < 0.05.
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creating a custom plate setting on the plate reader, we were
able to accommodate the dimensions of the transwell plate
which are slightly different from traditional 96-well plates.
Once again, the luminescent readout was much more sensitive
than the mCherry fluorescence readout, and the amount of
DiR affected the luminescent signal. Thus, going forward
luciferase mRNA and 1 mol % DiR were used for all LNP
formulations, since it had the largest fold change in signal over
untreated cells.
We also assessed additional strategies to quantify the

transport of mRNA LNP across endothelial monolayers.
First, we found that adding the surfactant Triton X-100 to
the media prior to taking fluorescence readings increased DiR
signal, likely by disrupting the LNPs (Figure S4). Thus, for all
future HTS-BBB experiments, Triton X-100 was added to the
media prior to taking readings. Second, we wanted to ensure
that LNPs that crossed the monolayer were still intact and,
thus, capable of transfecting other cells. To this end, dynamic
light scattering (DLS) was first used to detect intact LNPs.

While DLS was able to detect LNPs up to a 20-fold dilution in
PBS, it was unable to detect LNPs at a 20-fold dilution in
media (Figure S5A). We hypothesized that this might be due
to the presence of serum proteins in the media, which could
bind to LNPs and contribute to aggregation. To test this, LNPs
were added to basolateral media, followed sequentially by
nonprotein supplements, growth factors, and fetal bovine
serum (FBS) to form the fully supplemented media, and then
DLS readings were performed (Figure S5B). Indeed, the PDI
of LNPs was significantly different from the PBS group after
the addition of FBS, pointing toward serum interference. As an
alternative approach, additional hCMEC/D3 cells were seeded
in the basolateral compartment to see if they could be
transfected by the mRNA LNPs. Indeed, there was trans-
fection, indicating that LNPs which crossed the monolayer
were intact and potent (Figure S6).
Thus, we were able to optimize parameters for measuring

mRNA LNP transfection of and transport across an endothelial
monolayer in a transwell system. We also showed that LNPs

Figure 4. Screening of an LNP library in HTS-BBB for transfection and transport. A) Schematic showing design of library of 14 LNPs, each with a
unique ionizable lipid. “C12-200 PEG” indicates a formulation with C12-200 as the ionizable lipid and a higher molar percentage of PEG-lipid. B)
Luciferase expression in brain endothelial cells grown in a 96-well plate, treated with LNPs for 24 h at 60 ng mRNA/20k cells. Data are shown as
mean + SD, n = 3 biological replicates each with n = 3 technical replicates, normalized to the C12-200 group. C) Cell viability of brain endothelial
cells grown in a 96-well plate, treated with LNPs for 24 h at 60 ng mRNA/20k cells. Data are shown as mean + SD, n = 3 biological replicates each
with n = 3 technical replicates, normalized to the untreated group. D) Luciferase expression in the brain endothelial monolayer of HTS-BBB,
treated with LNPs for 24 h at 60 ng mRNA/20k cells. Data are shown as mean + SD, n = 3 biological replicates each with n = 4 technical replicates,
normalized to the C12-200 group. E) Transport of LNPs across the brain endothelial monolayer of HTS-BBB after 24 h, as measured by DiR
fluorescence from the LNPs. Data are shown as mean + SD, n = 3 biological replicates each with n = 4 technical replicates. One-way ANOVA with
Dunnett’s multiple comparisons test was used to determine statistical significance compared to the C12-200 group, *p < 0.05, ****p < 0.0001.
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that crossed the monolayer retained their ability to transfect
cells.

■ SCREENING A LIBRARY OF LNPS WITH UNIQUE
IONIZABLE LIPIDS IN HTS-BBB

Having finished the optimization of HTS-BBB, we next
evaluated whether this platform could detect transfection and
transport differences between LNP formulations. To this end, a
library of 14 LNPs with structurally diverse ionizable lipids was
designed, each with luciferase mRNA and 1 mol % DiR (Figure
4A, Figure S7). LNPs 1 through 7 have ionizable lipids made
with previously published piperazine-based cores and epoxide-
terminated alkyl chains.18,40−42 LNPs 8 through 10 have
ionizable lipids that were used in FDA-approved formulations:
MC3 which is used in the Onpattro LNP formulation, ALC-
0315 which is used in the Pfizer-BioNTech COVID-19
vaccine, and SM-102 which is used in the Moderna COVID-
19 vaccine.43 LNPs 11 through 13 have ionizable lipids which
were previously used in brain-targeted LNP formulations,15,29

and LNP 14 has an ionizable lipid structurally similar to LNP
13 due to the 306 lipid core and was included in the same
group for comparison.44

After characterizing the physicochemical properties of the
library and measuring their mRNA encapsulation efficiencies,
(Figure S8), LNP transfection and cytotoxicity was assessed in
hCMEC/D3 cells grown in 96-well plates (Figure 4B,C). The
library was then screened in HTS-BBB for monolayer
transfection and transport (Figure 4D,E). While the LNPs
exhibited similar transfection in hCMEC/D3 cells whether
grown in a 96-well plate or HTS-BBB, they differed in

transport across the endothelial monolayer in HTS-BBB.
These statistically significant differences in transport confirmed
that our model can robustly identify lead LNPs for transport
across the monolayer.
Furthermore, LNPs 11 and 12 which have neurotransmitter-

derived ionizable lipids had low brain endothelial transfection,
which was expected since they were designed by Ma et al. to
cross the BBB via active transport.29 LNP 13 which has
ionizable lipid 306-O16B was used to target glioblastoma cells
by Liu et al.,15 so its poor transfection of brain endothelial cells
was also expected as it allows more to transport across the BBB
rather than get trapped in the BBB.
Next, we assessed whether other LNP parameters correlated

with transport across the monolayer. Transfection of the
monolayer did not correlate with transport performance,
indicating that screening in a model where both readouts are
measured is critical (Figure S9). This implies that nanoparticle
screening studies using endothelial cell uptake as a proxy for
complete crossing of the BBB may not be entirely accurate. We
next examined whether physical characteristics of the LNPs
correlated with transport performance since there has been
extensive prior research examining the effect of nanoparticle
size on transport. Examples include studying polystyrene and
protein-based nanoparticles,37 gold nanoparticles,45 and PEG−
PLGA nanoparticles.46 Size and zeta potential of the LNPs did
not correlate with transport performance, potentially indicating
that other LNP properties such as lipid structures may play a
bigger role in transport (Figure S10). This agrees with the
conclusion made by Ma et al. that differences in LNP brain
delivery are likely a result of chemical properties rather than

Figure 5. In vivo validation of the HTS-BBB mRNA LNP library screen. A) IVIS images and quantification of luciferase mRNA LNP delivery to the
brain in adult C57BL/6 mice. Mice were injected intravenously with mRNA LNPs at a dose of 0.3 mg/kg mRNA or PBS and sacrificed after 6 h.
Representative IVIS images are shown from the mouse dissected last per treatment group. Relative radiance was calculated by subtracting PBS
luminescence from treated groups and reported as mean + SD with n = 3 biological replicates. One-way ANOVA with Šid́aḱ’s multiple comparisons
test was used to determine statistical significance. B) Distribution of luminescence across brain, heart, lungs, liver, kidneys, and spleen. Data are
shown as % of total luminescence = (organ luminscence)/(total organ luminescnce) × 100. Blue dotted line indicates 1% of total organ delivery.
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physical properties.29 How these observations hold across
nanoparticles made with different materials remains to be
further studied.
Finally, we wanted to demonstrate that HTS-BBB could

expand to include other cell types of interest. We conducted a
proof-of-concept co-culture study with a brain endothelial
monolayer grown on the transwell insert and differentiated
neurons grown in the basolateral compartment. A portion of
the LNP library was screened for three readouts: transport
across the monolayer, transfection of the monolayer, and
transfection of neurons (Figure S11). While in the
monoculture screen LNPs 1, 4, and 10 were the best
performing in endothelial transfection (Figure 4D), in the
co-culture screen LNP 10 appeared as the distinct best
performer (Figure S11B). Additionally, the selected piperazine-
based LNPs had higher neuronal transfection than the FDA-
approved LNPs and the selected brain-targeted LNP (Figure
S11C). Future work may entail further optimization of media
conditions for growth of both cell types as well as
incorporating additional cell types of the neurovascular unit.

■ IN VIVO VALIDATION OF HTS-BBB LNP LIBRARY
SCREEN

To confirm whether HTS-BBB was predictive of in vivo
performance, we selected five lead LNPs from our in vitro
screen to study biodistribution after systemic administration.
We selected LNPs 3 and 8 because they have high transport
and low monolayer transfection, and LNPs 1, 4, and 10
because they have high monolayer transfection. After
formulating these LNPs with luciferase mRNA, healthy adult
C57BL/6 mice were injected intravenously with PBS or LNPs
at a dose of 0.3 mg/kg mRNA. After 6 h, mice were injected
with luciferin to generate bioluminescent signal. Mice were
then subjected to whole-body imaging to capture in vivo
luminescent signal in the brain using an in vivo imaging system
(IVIS) (Figure S12) or euthanized for organ collection, IVIS
imaging, and quantification (Figure S13).
LNPs 4 and 10 demonstrated the greatest signal in the brain,

with LNP 4 having about 1,000-fold greater signal than the
bottom performer LNP 3 (Figure 5A). We then compared the
luminescent signal that each organ contributed to the total
organ luminescence and found that for LNP 4, the brain
contributed approximately 1% of the signal, whereas for LNP 3
the brain only contributed approximately 0.2% (Figure 5B).
LNP 4, with ionizable lipid C12-494, was previously shown to
transfect endothelial cells in the placenta after intravenous
injection, as well as induce vasodilation in the placenta after
VEGF mRNA delivery.40 It is possible that this LNP is able to
transfect endothelial cells broadly since it appears to be well-
suited toward extra-hepatic delivery, as shown in Figure 5B
where compared to other LNPs there is more signal across all
nonliver organs including the heart, lungs, kidney, and spleen.
Future work should include investigation into whether certain
chemical properties of C12-494 induce brain tropism, as well
as which specific cell types in the neurovascular unit LNP 4 is
able to transfect after systemic administration.
Even though LNP 3 had poor in vivo brain transfection,

based on its excellent in vitro transport ability, we hypothesized
that it may be transporting into the brain but not transfecting
cells. This would support our earlier observation that
transfection of and transport across endothelial cells are
distinct. To test this, we conducted another biodistribution
study with LNPs 3 and 4, formulated with 1 mol % DiR to

track transport into the brain and mCherry mRNA to assess
transfection. Healthy adult C57BL/6 mice were injected
intravenously with PBS or LNPs at a dose of 0.5 mg/kg
mRNA and sacrificed 24 h later. Both LNPs had greater DiR
signal in the brain than the PBS group, indicating that both
LNPs did indeed transport into the brain, and the difference
between the two LNPs was not statistically significant (Figure
S14A). LNP 4 had significantly greater mCherry signal than
the PBS group, whereas LNP 3 did not (Figure S14B), which
agreed with our first in vivo study using luciferase mRNA.
Taken together, these data indicate that LNP delivery to the
brain does not necessarily indicate transfection, and thus brain-
targeted LNPs should be designed to have both targeting
ability and brain transfection efficiency.
Finally, we further investigated the transfection and cellular

uptake kinetics of our lead LNPs in vitro. We treated brain
endothelial cells with LNPs containing luciferase mRNA and 1
mol % DiR, and measured luciferase transfection and DiR
signal in cells at 1, 6, 24, 48, and 72 h. Luminescent signal
peaked at 24 h across all LNP formulations (Figure S15A),
further supporting what we observed in Figure 3D. DiR
fluorescence peaked at 48 h across all formulations (Figure
S15B), perhaps indicating that post-24 h, additional LNPs
were able to enter cells, but mRNA may have begun degrading.
It is worth noting that in vitro and in vivo kinetics likely vary
due to the presence of additional physical forces and biological
phenomena present in vivo. For instance, Pardi et al. found that
after intravenous injection of luciferase mRNA LNPs, the
highest measured luminescence was at 0.2 days.47

Overall, we have demonstrated that HTS-BBB can screen
libraries of mRNA LNPs to identify formulations with either
high transfection of brain endothelial cells or high transport
across the brain endothelial monolayer and that the perform-
ance of lead candidates in vitro is recapitulated in vivo. This
reinforces the case to use HTS-BBB to guide and increase the
throughput of the development of brain-targeted LNPs for
eventual treatment of neurological disorders.
In conclusion, we have developed HTS-BBB, a high-

throughput in vitro screening platform for dual screening of
mRNA LNP transfection of and transport across the BBB and
demonstrated that it can predict in vivo delivery to the brain.
Importantly, LNPs found to have high transfection and LNPs
found to have high transport could both be used to treat
neurological disorders. LNPs with high brain endothelial
transfection may be used to deliver mRNA to aid in repairing
the BBB, for example, in inflammatory brain pathologies
including stroke and traumatic brain injury.34 LNPs with high
transport across the BBB may be further optimized to transfect
specific brain cell types of interest, such as neurons or
astrocytes. One limitation of HTS-BBB is its relative simplicity,
with only endothelial cells and proof-of-concept co-culture
with neurons. Future work may entail increasing the
complexity of the platform to suit more tailored applications,
such as by adding other cell types of interest like astrocytes,
pericytes, or microglia, or by incorporating components to
study neuroimmune communication.48

This platform would be ideal for screening large libraries of
LNPs with brain-targeted peptides, antibodies, ionizable lipids,
or varying molar ratios of lipid components to ultimately
identify formulations with promise for treating neurological
disorders. Optimized brain-targeted LNPs may also sub-
sequently be used to deliver cargo beyond mRNAs, such as
siRNAs, ASOs, DNAs, proteins, or small molecule drugs.
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Furthermore, the platform could be re-engineered for studying
LNP delivery to and across other biological barriers such as the
blood−placental barrier, to study pregnancy-related diseases,
and the blood−retinal barrier, to study retinal diseases.
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