
HAL Id: hal-02995714
https://hal.science/hal-02995714v1

Submitted on 9 Nov 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Improved brain expression of anti-amyloid β scFv by
complexation of mRNA including a secretion sequence

with PEG-based block catiomer
Federico Perche, Satoshi Uchida, Hiroki Akiba, Chin-Yu Lin, Masaru Ikegami,

Anjaneyulu Dirisala, Toshihiro Nakashima, Keiji Itaka, Kohei Tsumoto,
Kazunori Kataoka

To cite this version:
Federico Perche, Satoshi Uchida, Hiroki Akiba, Chin-Yu Lin, Masaru Ikegami, et al.. Improved
brain expression of anti-amyloid β scFv by complexation of mRNA including a secretion se-
quence with PEG-based block catiomer. Current Alzheimer Research, 2015, 1 (999), pp.1-1.
�10.2174/1567205013666161108110031�. �hal-02995714�

https://hal.science/hal-02995714v1
https://hal.archives-ouvertes.fr


Send Orders for Reprints to reprints@benthamscience.net 

 Curr Alzheimer Res, 2015, Volume 1 

 XXX-XXX/14 $58.00+.00 © 2014 Bentham Science Publishers 

Improved brain expression of anti-amyloid β scFv by complexation of 
mRNA including a secretion sequence with PEG-based block catiomer 

Perche Fa, Uchida Sa, Akiba Hb, Lin CYa, Ikegami M a, Disrala Ac, Nakashima Td, Itaka Ka, Tsumoto 
Kb, Kataoka K*a, b, c 

a
 Center for Disease Biology and Integrative Medicine, Graduate School of Medicine, The University of Tokyo, 7-3-1 

Hongo, Bunkyo-ku, Tokyo 113-0033, Japan; b Department of Bioengineering, Graduate School of Engineering, The 
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan; c Department of Materials Engineering, 
Graduate School of Engineering, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan; d R&D 
Division, The Chemo-Sero-Therapeutic Research Institute, KAKETSUKEN, 1314-1 Kyokushi-Kawabe, Kikuchi, 
Kumamoto 869-1298, Japan 

Abstract: Amyloid β aggregates have been proposed as central effectors in Alzheimer’s disease, with 
several passive immunization clinical trials. We used mRNA encoding oligomer-specific anti-amyloid β 
(Aβ) scFv for passive immunotherapy. These scFvs could recognize amyloid oligomers with significant 
affinity, delay the aggregation of amyloid β in vitro, and dissociate Aβ aggregates in vitro. Intra-
cerebroventricular injection of pDNA and mRNA encoding the scFv resulted in detectable scFv levels in 
the brain, with higher in vivo expression from mRNA. Notably, injection of mRNA decreased Aβ burden 
in an acute amyloidosis model. scFv production in situ from mRNA represents a novel immunotherapy 
approach, and a safer alternative compared to the administration of anti-Aβ antibodies or adenovirus 
encoding antibodies. 
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1. INTRODUCTION 

 Alzheimer’s disease (AD) is a common form of 
age-related dementia, and the fifth leading cause of death of 
the elderly.(1) AD is characterized by cognitive impairment 
due to loss of neuronal function, correlated with higher Aβ 
cerebral levels and aggregation of toxic Aβ oligomers into 
fibrils and senile plaques, accompanied with the aggregation 
of Tau protein in neurofibrillary tangles. (2, 3) 36 million 
people were diagnosed with AD in 2010 and its incidence is 
expected to increase by 300% by 2050, urging for the 
development of an effective therapy.(4) 
Several strategies have been proposed against AD among 
which inhibition of the production of amyloid beta and 
destruction of senile plaques of aggregated Aβ.(5)  
Immunotherapy either active (vaccination with Aβ oligomers 
to induce an active immune response) or passive 
(vaccination with anti-Aβ antibodies) aims at either 
activating Aβ clearance, reducing senile plaques, or slowing 
down the formation of Aβ aggregates to prevent further 
growth and toxicity. (5, 6) Both active and passive 
immunotherapy has shown sufficient successes to reach 
Phase II or III clinical trials.(2, 6) Nevertheless, in all these 
trials, the antibodies are intravenously injected requiring 

chronic dosing and high quantities; thereby increasing the 
probability of adverse effects and costs of therapy. 
Moreover, although Bapineuzumab anti-Aβ monoclonal 
antibody (mAb) was detected in the hippocampus of 
transgenic mice 7 days after a single intravenous injection 
and a 15-25 % decrease in Aβ was detected in patients, no 
cognitive benefit was obtained suggesting a threshold 
effect.(7, 8) Further support for insufficient antibody 
delivery to the brain came for Bapineuzumab and 
Solaneumab Phase III clinical trials failures with decreased 
brain Aβ and hyper phosphorylated Tau levels without 
cognitive improvement.(9-11) In addition, Bapinezumab 
caused dose-limiting vasogenic edema.(12) It should be 
noted that these dose limiting side effects could be attributed 
at least in part to the mechanism of anti-Aβ antibodies: 
binding to senile plaques is followed by endocytosis of 
immune complexes by microglia via the constant fragment 
receptor (FcγR), with brain edemas related to inflammation 
induced by engagement of FcγR.(13, 14)   
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Whereas use of single-chain variable fragment (scFv) 
lacking constant regions have been proposed to address this 
treatment-related inflammation, current approaches are 
limited to delivery of anti-Aβ scFv using adeno-associated 
virus (AAV) for high in situ expression of the antibody, 
which led to improved cognitive functions in AD mice 
models.(15, 16) 
These results appear consistent with the high levels of senile 
plaques in patients, (3, 17, 18) and suggest improved 
delivery of oligomer-specific antibodies without constant 
fragment, as a critical parameter for AD immunotherapy. 
However, use of AAV led to sustained expression of scFv in 
the brain, resulting in detrimental cerebrovascular damage 
and brain hemorrhages.(19) 
We introduce anti-Aβ scFv secretion in situ after mRNA 
injection as an alternative to chronic mAb dosing or viral 
gene therapy. Our strategy combines mRNA for acute 
expression of the protein even in quiescent cells such as 
neurons without the integration risks associated with DNA, 
and a secretion sequence for in vivo production of the scFv 
irrespective of the cell type transfected.(15, 20, 21) In this 
study we describe the brain expression of anti-Aβ scFvs 
from DNA and mRNA after intracranial injections. We 
demonstrated that complexation of mRNA encoding Aβ1-42 
fibril-specific scFv (22, 23) with the polyethyleneglycol-
poly[N9-[N-(2-aminoethyl)-2-aminoethyl]aspartamide] 
(PEG-PAsp(DET)) smart block copolymer (24, 25) resulted 
in higher scFv levels over DNA constructs both in primary 
neurons and in vivo. Addition of a secretion signal further 
increased the scFv levels and suggested therapeutic activity 
in an acute amyloidosis model. 
2. MATERIALS AND METHODS 
2.1. Materials 

Aβ1-40, Aβ1-42, anti-Aβ ELISA kits, mouse anti-
6xHis-tag antibody, anti-mouse HRP-conjugated antibody 
were purchased from Wako. Passive Lysis Buffer was 
ordered from Promega. Anti-6xHis-tag ELISA kit was from 
Genscript. pFUSE2ss-CLIg-hl2 plasmid was from Invivogen. 
Human Embryonic Kidney cells expressing the T7 
polymerase (HEK 293-T7) were a kind gift from Pr. Huang 
and Pr Midoux.(26) 
2.2 Preparation of fibrillar Aβ 

Aβ1-42 protofibrils were obtained by mixing Aβ 1-42 
in DMSO with DMEM media, as in (27). Aggregation status 
was verified by electron microscopy.  
2.3. Production of recombinant scFv 

The DNA sequences encoding the scFvs of B6 and 
B7 are described in (22). The DNA of 3D6 scFv was 
chemically synthesized by Genscript and the sequence was 
optimized for expression in E. coli. Detailed methods are 
described in the Supplementary Material. Briefly, the genes 
encoding scFv with N-terminal pel-B leader sequence and C-
terminal hexahistidine tag were introduced into BL21(DE3) 
and the proteins were expressed either in lysate (B6, B7 and 
control scFv) or in culture medium (3D6)(28). Afterwards, 
the scFvs were purified by immobilized metal-affinity 
chromatography followed by size exclusion chromatography. 
2.4. Plasmid construction and mRNA preparation 

pCMV-IL2ss-scFv 
EcoRI and NheI sites were added to the sequences of the 
scFv by PCR. Then EcoRI-scFv-NheI was inserted in fusion 
with the IL2 signal sequence (IL2-ss) in the multiple cloning 

site of pFUSE2ss-CLIg-hl2 to obtain the pCMV-IL2ss-scFv 
construct. 

pT7CMV-IL2ss-scFV-120A 
Sequences form the T7 promoter and the120 poly-adenosine 
tail were extracted from pSP73-polyA120 by PCR and 
cloned in the pCMV-IL2ss-scFv plasmid to obtain the 
pT7CMV-IL2ss-scFv-120A plasmids.(29) These plasmids 
were linearized with BsmbI and used for mRNA preparation 
with a mMessage mMachine T7 kit (Ambion), as previously 
reported.(29, 30) mRNA concentration was determined by 
absorbance at 260 nm and its integrity analyzed by capillary 
electrophoresis (Agilent Bioanalyzer). 
2.5. Affinity analysis 

Binding of the scFvs to Aβ was determined by 
surface plasmon resonance (Biacore T200). Briefly, various 
conformations of Aβ were immobilized on CM5 sensor chip 
by amide coupling, and scFv was injected at varied 
concentrations. The sensorgrams were globally fitted to 
obtain kinetic parameters. For detail, see the Supplementary 
Materials. 
2.6. Electron microscopy 

Aggregation status of the Aβ used to coat the 
ELISA plates and sensor chips was verified by electron 
microscopy. The morphology of Aβ was observed using the 
H-7000 transmission electron microscope (TEM) (Hitachi 
Ltd., Tokyo, Japan) operated at an acceleration voltage of 75 
kV, as reported previously.(31) Glow-discharged copper 
TEM grids (Nisshin EM Corp., Japan) were coated with Aβ 
and 2% uranyl acetate for staining. TEM images were 
analyzed using Image J.35  
2.7. Preparation of primary neurons 

Primary neurons were isolated from day 16 
pregnant C57BL6/J mice according to (32). Neurons were 
further purified using the Nerve-Cell Culture Sytem kit 
(Sumitomo), seeded onto collagen-coated 24-well plates and 
transfected 3-weeks after isolation. 
2.8. In vitro transfection and Western blot 

HEK 293-T7 cells were cultured in DMEM 
containing 10% fetal bovine serum (FBS). Cells were 
transfected with the constructs using Lipofectamine LTX 
following manufacturer’s protocol. Cells were also 
transfected with the PEG-PAsp(DET) copolymer. PEG-
PAsp(DET) polyplexes were formed as in our previous study 
(29). After transfection, Western blot was performed 
according to.(33) Briefly, cell culture supernatant and lysate 
were run on a SDS-PAGE gel and transferred to a PVDF 
membrane before probing with an anti-6xHis-tag antibody, 
anti-Aβ antibody, or β-actin as loading control followed by 
HRP-conjugated secondary antibody and developing with an 
ECL chemiluminescence kit (GE Healthcare).  
2.9. In vitro cytotoxicity 

Cytotoxicity was evaluated performing an MTT (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) 
assay as in.(33)  
2.10. Anti-6xHis-tag ELISA 

scFv levels were determined using a competitive 
6xHis-tag ELISA kit following manufacturer’s protocol (His 
tag ELISA detection kit, Genscript). 
2.11. Amyloid β capture ELISA 

A protocol similar to (33) was used. ELISA plates 
(Nunc Immuno Micro 96-well plates) were coated with 
soluble or aggregated Aβ 1-40 and 1-42 in TBS (Tris-
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buffered saline, pH 7.4) at 40 µg/mL for 1h at RT. Wells 
were washed with TBS-T (TBS containing 0.05% Tween 20) 
and blocked with TBST containing 1% bovine serum 
albumin (TBS-T/BSA) for 1h at RT. Wells were incubated 
with 10 µg/mL scFv in TBS-T/BSA for 2h at RT, followed 
by incubation with HRP-conjugated anti-mouse antibody for 
1h at RT. Signal was revealed using TMB (3,3′,5,5′-
tetramethylbenzidine) and absorbance was measured at 450 
nm after addition of a stop solution (0.16 M sulfuric acid). 
2.12. Thioflavine T (ThT) assay 

A ThT assay was performed to estimate the impact 
of the scFv on Aβ aggregation.(34) Briefly, Aβ aggregates 
and scFv were diluted in PBS at 1:1 and 10:1 scFv to Aβ 
molar raios. 1 µM ThT was included to monitor aggregation 
status over 16h at 30°C at an excitation of 440/5 nm and an 
emission of 480/5 nm. 
2.13. Intracranial injections 

C57BL6/J female mice (8-10 weeks) under 2.5% 
isoflurane anesthesia were intracerebroventricularly injected 
in the lateral ventricle with DNA and mRNA polyplexes 2 
mm caudal to bregma, 2 mm lateral to midline and 2.5 mm 
ventral.(29) Injection was performed with a Hamilton 
syringe with a 30G needle mounted on a SR-9M-HT 
stereotaxic apparatus (Narishige). Needle was slowly 
withdrawn before suturing. 
2.14. Acute amyloidosis model 

Aβ infusion was used as an AD model. (35) 2 µg of 
Aβ oligomers prepared as in (27) were injected 
intracerebroventricularly under anesthesia. 24h after, nucleic 
acid polyplexes encoding the corresponding scFv were 
injected at the same site. Brains were collected 24h after 
nucleic acid injection. 
2.15. Transgenic AD model 
 C57BL6/J mice harboring Amyloid precursor 
protein (App) knock-in with Swedish/Iberian/Arctic 
mutations (AppNL-G-F/NL-G-F mice, (36)) were obtained from 
Riken BioResource Center(Tsukuba, Japan). 
2.16. Quantitation of Aβ levels 

Aβ was extracted from brains according to 
manufacturer’s protocol.(37) Briefly, brains were 
homogenized in 2 mL Passive Lysis Buffer / g of brain and 
incubated for 20 min at 4 °C. Then lysates were centrifuged 
at 10,000 g for 10 min at 4 °C. Supernatants were discarded 
and pellets were resuspended in 1 mL / g of 70 % formic 
acid, transferred into ultracentrifugation tubes. Aggregates 
were cleared by ultracentrifugation for 6h at 120,000 g at 
4 °C and used for anti-Aβ ELISA.  

3. RESULTS AND DISCUSSION 

3.1. Specificity of the scFv towards Aβ fibrils 
We used 4 scFvs in our study (B6, B7, 3D6, and 

Control). B6 and B7 are recently described conformer-
specific anti-Aβ1-42 scFv identified by phage display (22, 23). 
3D6 binds both to soluble and insoluble Aβ, with its 
humanized form bapineuzumab under clinical trials (7, 10, 
38). The control scFv (further abbreviated as Con) has no 
specificity towards Aβ. We first performed in vitro 
experiments to confirm the ability of the scFv to bind to Aβ. 
To compare the affinity of these antibodies towards Aβ 
conformers, we performed surface plasmon resonance (SPR) 
experiments using chips coated with Aβ1-42 of soluble 
monomer, soluble oligomer, and fibril (Table 1: see Figs S1-

S10 and Table S1 of the Supplementary Materials for the 
sensorgrams, fitting curves and kinetic parameters).  

 
Table 1: Affinity of scFvs to various form of Aβ 
determined with surface plasmon resonance. 

KD (nM) Monomers Oligomers Fibers 
B6 104 24 52 
B7 265 60 30 
3D6 0.48 0.50 0.32 

Among 4 scFvs, Con showed no significant binding. 
B6 and B7 demonstrated more than two fold specificity 
towards oligomers and fibers over monomers, in range with 
the 3-fold and 5-fold fiber specificity earlier reported for B6 
and B7, respectively. (22) Notably, B6’s affinity towards 
Aβ1-42 fibers was as high as KD = 52 nM, a 2-fold selectivity 
over monomers (104 nM). Preferential binding was even 
more selective for B7 scFv, with an 8-fold KD decrease from 
monomer to fibers (265 nM to 30 nM), reaching a KD lower 
than the 50 nM reported for previous report of Aβ-specific 
scFvs.(39, 40) On the other hand, 3D6 bound to 
conformations of Aβ without obvious specificity despite its 
strong binding compared to B6 and B7. 
3.2. Disaggregation of preexisting Aβ fibrils 

Since prevention of Aβ deposition and reduction of 
existing senile plaques are the focus of AD passive 
immunotherapy (5), we determined the capacity. To test the 
ability of our scFv to reduce existing fibrils as a model of 
senile plaque clearance, we incubated preformed Aβ1-42 

fibers with our scFvs (Fig. 1). Whereas fibrillary 
morphology was maintained after incubation with PBS or a 
control scFv, 3D6 and B7 scFv were able to disaggregate 
pre-formed fibrils. In contrast, B6 failed to disaggregate 
fibrils probably because of its lower affinity towards Aβ 
fibrils over soluble oligomers (52 nM vs 24 nM). 
3.3. scFv secretion after transfection in cellulo 
Next, we expressed the scFvs from DNA and mRNA 
constructs containing the interleukin 2 secretion sequence 
(IL2ss, Invivogen), optimized for the production and 
secretion of antibodies in mammalian cells.(21, 41) Nucleic 
acids were complexed with the smart PEG-PAsp(DET) 
copolymer to protect them from nucleases, and increase their 
stability in physiological fluids, resulting in detectable brain 
expression (25, 29). This copolymer was finely tuned to 
achieve pH-sensitive protonation in endosomal 
compartments after endocytosis, a protonation resulting in 
efficient endosomal escape of complexed nucleic acids 
without detectable cytotoxicity and high transgene 
expression both in cell lines and brain tissue.(29, 42, 43) 
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Figure 1: Disaggregation of preexisting Aβ1-42fibers. 
Disaggregation of preformed Aβ1-42 fibrils in the presence of 
the scFvs. Data are expressed as the mean ± S.D. (n = 3). * p 
< 0.05 by Student’s t test compared to PBS. n.s. no statistical 
difference. 
 
Moreover, PEG-PAsp(DET) is particularly suited for nucleic 
acid delivery in the brain as it was designed to rapidly 
degrade into nontoxic units to minimize tissue injury.(44, 45) 
Complexation of mRNA with the polymer formed spherical 
polyplex micellar nanoparticles (Fig. 2F) of 41±10 nm with a 
neutral zeta potential of 0.9/4.8 mV due to the formation of 
hydrophilic shell of PEG surrounding the core of mRNA 
condensed with PAsp(DET) segments.  scFv were detected 
as a 30 kDa band both in the cell culture media and in the 
cell lysate of cancer cells after DNA and mRNA transfection 
without significant decrease in cell viability (Fig. 2 A-D). 
 After demonstrating expression in cancer cell lines, 
we moved to primary neurons as a more relevant 
physiological model. Indeed, transfection of neurons and 
achieving therapeutic concentrations of agents in the brain 
are central problem in gene therapy applied to the brain.(29, 
46) Use of mRNA or AAV vectors with secretion signals has 
been proposed to address this challenge.(29, 41, 46, 47) The 
advantage of the IL2ss signal addition was observed in 
primary neurons with 3.4-fold higher secretion of B7 scFV 
24h after transfection with polyplexes formed with B7 
mRNA with IL2ss over B7 mRNA devoid of secretion 
sequence, supporting the advantage of the secretion signal 
for antibody production in neurons (Fig. 2E). 
However, transfection efficiency was lower than that 
achieved with Lipofectamine LTX lipoplexes. Nevertheless, 
use of Lipofectamine LTX is limited by its high toxicity.(29) 
 
3.4. Enhanced expression of mRNA with secretion 
sequence in the brain 

mRNA encoding the scFv were injected intra-
cerebroventricularly after complexation with PEG-
PAsp(DET) to form polyplex micelles. At 4h and 24h after 
injection, we observed a notable benefit of mRNA over 
DNA for the transfection of brain cells with 3 to 11-fold 

greater scFv expression for the three antibodies at 24h (Fig. 
3). In contrast, expression from DNA was stable during the 
4h-48h period, demonstrating acute expression after mRNA 
administration. Furthermore, in accordance with our in 
cellulo data in primary neurons, higher in vivo scFv levels 
were achieved with B7 mRNA containing the IL2ss over 
non-secreted B7 mRNA (Fig.3B, Fig. 3C). 
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Figure 2: scFv expression in cellulo. 

A) scFv expression in cancer cells 48h after DNA 
transfection detected by immunoblot; B) scFv expression in 
cancer cells 24h after transfection with increasing amounts 
of B7 mRNA (2; 1; 0.5; 0.25 µg) polyplexes; C) scFv 
expression in cancer cells at 24h detected by ELISA; D) Cell 
viability after cancer cell transfection; E) scFV expression in 
primary neurons 24h after mRNA transfection; F) 
Morphology of mRNA polyplexes by TEM. Data are 
expressed as the mean ± S.D. (n = 3). Student’s t test was 
performed, ** p<0.01 compared to polyplexes-treated 
neurons, # p<0.05 compared to neurons treated with B7noss 
mRNA polyplexes. UN, untransfected cells. 
 
These transgenic mice overproduce both App and several Aβ 
peptide fragments, an overproduction which leads to AD-like 
symptoms. Use of this model was crucial to confirm 
engagement of pathological Aβ by the scFv, rather than of 
co-injected in vitro prepared Aβ fibrils (Fig. 5).  
 
In this more stringent AD model, no decrease in formic acid-
soluble Aβ was measured after injection of B7-IL2ss mRNA 
polyplexes. 

3.5. Therapeutic potential of the platform in an acute 
amyloidosis model 

After confirming scFv expression in the brain, 
especially in neurons, we evaluated the therapeutic potential 
of our platform in an acute amyloidosis model (Fig. 4). 

Whereas the injection of DNA encoding scFv did not result 
in a decrease of Aβ levels except for 3D6, injection of 
mRNA resulted in 40 % decrease in an acute amyloidosis 
model (Fig. 4). Superior decrease of Aβ levels after mRNA 
injection over DNA was correlated with the higher scFv 
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expression after mRNA administration (Fig. 3). In contrast, 
no Aβ decrease was detected with control scFv mRNA. 

 
3.6. Therapeutic relevance in a transgenic AD model 

 Finally, we used a transgenic AD model to 
confirm the relevancy of our IL2ss mRNA polyplex platform 
for Alzheimer’s disease treatment (Fig. 5). We used the 
single App knock-in model AppNL-G-F/NL-G-F harboring three 
familial mutations in the App gene.(36) 
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Figure 3: scFv expression in vivo after intracranial injection. A)  Kinetics of scFv expression in the brain 4h, 24h and 48h 
after injection of DNA and mRNA polyplexes detected by ELISA; B) In situ expression of DNA and mRNA polyplexes or free 
mRNA at 24h post-injection; C) In situ expression of B7 mRNA polyplexes with and without IL2ss by ELISA. Data are 
expressed as the mean ± S.D. (n = 5). * p < 0.05, ** p<0.01 by Student’s t test compared to PBS. 
 

DNA

3D6 B6 B7PBS
0

20

40

60

80

100

120

A
β

 b
u

rd
e
n

 (
%

) *

mRNA

3D6 B6 B7PBS
0

20

40

60

80

100

120

A
β

 b
u

rd
e
n

 (
%

)

B7
no ss

Con

A B

**
** **

#

 
Figure 4: Decrease of fibrillary Aβ levels after DNA and mRNA injection in an acute amyloidosis model. DNA (A) and 
mRNA (B) poyplexes were intracranially injected in an acute amyloidosis mouse model. Aggregated Aβ levels were 
quantitated 24h post-injection by anti-Aβ ELISA. Data are expressed as the mean ± S.D (n = 5). * p < 0.05, ** p <0.01by 
Student’s t test compared to PBS.; # p < 0.01 compared to B7 no ss mRNA treatment. 
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Figure 5: Therapeutic potential of mRNA polyplexes in a 
transgenic AD model. PBS or mRNA polyplexes were 

intracranially injected in AppNL-G-F/NL-G-F mice. Aggregated 
Aβ levels were quantitated 24h post-injection by anti-Aβ 
ELISA. Data are expressed as the mean ± S.D (n = 4).
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CONCLUSION 

  The scFvs were able to bind to Aβ aggregates with 
high affinity. In accordance with previous studies, B7 scFv 
had affinity towards Aβ fibers and was able to disaggregate 
preformed aggregates in vitro (40, 48-50) 
Intracerebroventricular injection of mRNA and DNA 
polyplexes encoding the scFvs achieved detectable 
antibodies levels in the brain. Twenty four hours after 
injection, highest levels of scFvs were measured when they 
were delivered as mRNA polyplexes rather than DNA 
polyplexes or free mRNA. This demonstrates the benefit of 
using mRNA for brain expression of therapeutic nucleic 
acids and the requirement for improved mRNA nanocarriers 
to achieve mRNA expression in brain tissue.(29) Superior 
expression in the brain could be attributed to the PEG-
PAsp(DET) copolymer which, in addition to protecting 
mRNA from early degradation, alters its intracellular 
trafficking to result in detectable expression in neurons in 
vivo.(25, 29, 43) To further augment the intracranial 
expression of administered mRNA, the IL2ss was fused to 
the scFv.(21)  Addition of IL2ss resulted in higher brain 
scFv concentration after injection of B7-IL2ss mRNA over 
B7 mRNA. 

Notably, B7-IL2ss mRNA encoding scFv delivery was able 
to decrease Aβ burden in an acute amyloidosis model. The 
finding that only the construct with a secretion sequence was 
able to decrease Aβ burden suggests that a threshold 
concentration of extracellular anti-Aβ is required to engage 
Aβ deposits and promote their disaggregation, a pattern 
similar to other anti-Aβ1-42 scFvs.(51, 52) In agreement with 
our results, Levites and coworkers reported preferential Aβ 
fibrils binding of 3H3 scFv fused to a secretion signal 
(pSecTag-3H3 scFv) over un-secreted 3H3, with anti-Aβ 
fibrils OD values of 0.354 and 1.089, respectively.(52) 

In this study, we used two AD models reflecting early pre-
symptomatic AD (acute amyloidosis) and a transgenic model 
with behavioral impairments similar to those observed at 
clinical presentation.(5, 27, 36) Although a detectable 
decrease in Aβ burden could be measured in the early AD 
model, no reduction in Aβ1-42 levels could be achieved after 
intracranial injection of the polyplexes in the AD transgenic 
mouse model. Such contrasting results should be interpreted 
in light of the stabilization of amyloid aggregates and fibers 
by other proteins such as Tau with age, a stabilization 
negligible in the acute AD model.(5, 6) Data from 
Mamikonyan et al. further support activity of our platform 
only in early stages of AD. They developed an anti-Aβ1-42 
antibody which despite being able of Aβ fibrils 
disaggregation in vitro and, expression in the brain after 
intra-hippocampal injection, failed to induce a decrease in 
amyloid burden in the 3xTg transgenic AD mouse 
model.(40) 

Our report is in agreement with the reported increased 
production of antibodies with IL2ss and with the enhanced 
therapeutic activities of AAV expressing galanin or 

neprilysin with secretion sequences.(21, 41, 47) Whereas 
intravenous administration of anti-Aβ relies on chronic 
administration to achieve therapeutic brain levels (5, 7, 9, 
36), direct infusion of whole antibodies or antibody 
fragments has also proven effective in reducing Aβ levels in 
several AD models.(42, 44-46) However, these treatments 
face the limited (0.1 %) distribution of intravenous 
immunoglobulins to the brain with accumulation chiefly at 
the periphery of brain vessels resulting in edemas, and rapid 
in vivo degradation of infused antibodies.(5, 6)                           

Our approach challenges these limitations and we 
demonstrate that introduction of mRNA encoding Aβ 
oligomer-specific scFv can result in detectable antibody 
levels in the brain with successful transfection of neurons in 
vivo resulting in decreased Aβ burden in an acute AD mouse 
model but not a model reflecting later AD stages. These 
preliminary data suggest administration of anti-Aβ scFv 
encoding mRNA as a potential passive immunotherapy 
strategy to treat primary amyloidosis.  
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