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Abstract: Sugars containing cationic polymers are potential carriers for in vitro and in vivo nucleic
acid delivery. Monosaccharides such as glucose and galactose have been chemically conjugated
to various materials of synergistic poly-lysine dendrimer systems for efficient and biocompatible
delivery of short interfering RNA (siRNA). The synergistic dendrimers, which contain lipid
conjugated glucose terminalized lysine dendrimers, have significantly lower adverse impact on
cells while maintaining efficient cellular entry. Moreover, the synergistic dendrimers complexed
to siRNA induced RNA interference (RNAi) in the cells and profoundly knocked down green
fluorescence protein (GFP) as well as the endogenously expressing disease related gene Plkl. The
new synergic dendrimers may be promising system for biocompatible and efficient siRNA delivery.

Keywords: sugar functionalization; synergistic dendrimer; siRNA delivery; green fluorescence
protein; Plk1

1. Introduction

Inhibiting the expression of disease related genes at the messenger RNA (mRNA) level has great
potential for clinical applications. By the precise design of single or double stranded short nucleic
acids sequences, any existing primary or mature RNA transcripts in the cells can be targeted and
subsequently hydrolyzed, which is a dramatically advanced drug design compared to the traditional
small molecule based drug screen that can only target up to 5% of the total proteins in the cell [1]. There
are two related but distinct approaches to target mRNA: the antisense oligonucleotides (ASOs) based
approach and the short interfering RNA (siRNA) based approach. While four ASOs (i.e., fomivirsen [2],
mipomersen [3], eteplirsen [4], and nusinersen [5]) have been in clinical applications for treatment
of diseases, no siRNA therapeutics have been approved by FDA so far [6], although the efficiency of
siRNA is significantly higher than any unmodified or chemically modified ASO. Thanks to the highly
efficient RNA-induced silencing complex (RISC) [7], siRNA targets and degrades specific mRNA highly
efficiently, while single stranded ASOs bind the complementary sequence site of the target mRNA
through Watson—Crick base pairing and inactivate it [8]. While chemically stabilized ASOs can be
delivered to the cells without carriers, the double stranded siRNAs usually need carriers for protection
from nuclease attack, efficient delivery to the cells, and avoiding immune responses, among other
reasons. Failed clinical trials for chemically conjugated naked siRNAs such as cholesterol-conjugated
siRNA and siRNA-GalNac [9] suggested that the lack of an efficient biocompatible delivery system is
one of the bottlenecks for the development of RNA interference (RNAi) therapeutics.
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ABSTRACT: 6-Amino-6-deoxy-curdlan is a promising nucleic
acid carrier that efficiently delivers plasmid DNA as well as
short interfering RNA (siRNA) to various cell lines. The highly
reactive C6-NH, groups of 6-amino-6-deoxy-curdlan prompt
conjugation of various side groups including tissue-targeting
ligands to enhance cell-type-specific nucleic acid delivery to
specific cell lines. Herein, to test the primary-cell-targeting

efficiency of the curdlan derivative, we chemically conjugated a macrophag g ligand, mannose, to 6-amino-6-deoxy-
curdlan. The resulting curdlan derivative (denoted CMI) readily camp]exed w‘llh SIRNA and formed nanoparticles with a
diameter of 50—80 nm. The CMI nanoparticles successfully delivered a dye-labeled siRNA to mouse peritoneal macrophages.
The delivery efficiency was blocked by mannan, a natural ligand for a macrophage surface mannose receptor (CD206), but not
by zymosan, a ligand for the dectin-l receptor, which is also present on the surface of macrophages. Moreover, CMI
nanoparticles were internalized by macrophages only at 37 °C, suggesting that the cellular uptake of CMI nanoparticles was
energy-dependent. Furthermore, CMI nanoparticle efficiently delivered siRNA against tumor necrosis factor @ (TNEa) to
lipopolysaccharide-stimulated primary mouse peritoneal macrophages. In vivo experiments demonstrated that CMI nanoparticles
successfully delivered siTNFa to mouse peritoneal macrophages, liver, and lung and induced significant knockdown of the TNFa
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RNA and protein levels. Therefore, our design of CMI may be a promising siRNA carrier for

targeting CD206-expressing primary cells such as macrophage and dendritic cells.
KEYWORDS: curdlan, short interfering RNA, macrophage, mannose receptor, TNFax

M INTRODUCTION

RNA interference (RNAi) is a promising therapeutic approach
that allows post-transcriptional down-regulation of gene
expression by designed sequences of double-stranded short
interfering RNA (siRNA)." Endogenously generated or
exogenously introduced siRNA loads to RNA-induced silencing
complex and clips target messenger RNA (mRNA) at a specific
site, resulting in the expedited turnover of a disease-causing
problematic protein.” SiRNA can be designed to target any
mRNA at very low doses with a sustainable time period, making
RN Ai technology extremely valuable for curing diseases triggered
by nondruggable gene products.” However, because of the
vulnerable nature of siRNA such as its high susceptibility to
nuclease and other environmental elements, protection of siRNA
through formulation is usually necessary prior to any type of
siRNA dehvery (except for highly chemically modified siRNA
.sequences) Naturally occurring macromolecules, with or
without chemical modifications, have been extensively inves-
tigated for potenha] applications for in vitro and in vivo siRNA
dehvery

Wild-type curdlan (f-1,3-p-glucan) has shown the ability of
protecting and delivering siRNA.* With a series of formulations
involving several types of macromolecules such as polyethyle-
nimine (PEI) and tRNA, a siRNA delivery microparticle termed
GeRP was created. When orally administered, GeRP efhciently
delivered siRNA to macrophages residing in several organs

i 4 ACS Publications — © 2018 American Chemical Society
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including liver, spleen, and lung and induced RNAi against tumor
necrosis factor a (TNFa)."" We synthesized 6-azido-6-deoxy-
curdlan for the first time using triphenylphosphine, carbon
tetrabromide, and sodium azide. A subsequent reduction of 6-
azido-6-deoxy-curdlan by NaBH,, gave 6-amino-6-deoxy-curdlan
(denoted 6AC-100), which showed excellent water solubility
after protonation with dilute acid, hence allowing accurate
structural analysis by NMR speclroscopy.“ 6AC-100, which is
one of the three curdlan derivatives with full C6-amination, was
selected for further chemical modifications and investigation of
the gene /siRNA delivery efhciency. The 6-azide group can also
directly react with alkyne through “click” chemistry.”” The
alkyne-functionalized lysine residues were conjugated to 6-azide-
curdlan to give a cationic polymer. When complexed with
plasmid DNA, the lysine-functionalized cationic polymer formed
nanoparticles, which successfully delivered a plasmid expressing
green fluorescence protein in Hep G2 cells.

The advantages of such a chemically modified nudeic acid
carrier are not only viable synthesis and access of the materials
but also potentials for applications in tissue- or cell-targeted drug
delivery. For example, partially aminated cordlan derivatives
(such as 6AC-70, 6AC-50, etc.) may partially maintain the
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ARTICLE INFO

ABSTRACT

Chemical compounds studied in this article:
povidone-iodine (PubChem CIT: 410087)
chloral hydrate (PubChem CID: 2707)
geniposide (PubChem CID: 107848)

{+)-7 5,8 R,8R}Hlyoniresinol &-0-f-D-(6"-0-
trans=sinapayl) glucopyranoside (PubChem
CID: 10395492)

3,5 di-0-caffeoylquinic acid (PubChem CID:
6474310)

kaempferol-3-C-rutinoside (PubChem CID:
24211973)

myristicin (PubChem CID: 4276)
costunolide (PubChem CID: 6436243)
isoliquiritigenin (PubChem CID: 638278)
toosendanin (PubChem CID: 115060)
4-dihydro-2-(4" - hydroxyphenylmethyl) - 6 -
(3~ 4" dihydroxy-5"- methooyphenyl)
methylene]-pyran-3, 5-dione

2,3 dihydro-2-(4" hydroxy-phenylethyl)-6-
[(3"4" dihydroxy-5"-methoxy) phenyl]-5-
pyTone

Keywords:

Ischemic stroke
Mongaolian medidne
Eerdun Wurile
RMNA-zeq

Igf2

Microglia

Ethnopharmacological relevance: Eerdun Wurile (EW) is one of the key Mongolian medicines for treatment of
neurological and cardiological disorders. EW is ranked most regularly used Mongolian medicine in clinic.
Components of EW which mainly originate from natural products are well defined and are unique to Mongolian
medicine.

Aim of the study: Although the recipe of EW contains known neurcactive chemicals originated from plants, its
mechanism of action has never been elucidated at molecular level. The objective of the present study is to
explore the mechanism of neuroregenerative activity of EW by focusing on the regulation of gene expression in
the brain of rat model of stroke.

Materials and methods: Rat middle cerebral artery occlusion (MCAO) models were treated with EW for 15 days.
Then, total RNAs from the cerebral cortex of rat MCAD models treated with either EW or control (saline) were
extracted and analyzed by transcriptome sequencing. Differentially expressed genes were analyzed for their
functions during the recovery of ischemic stroke. The expression level of significantly differentially expressed
genes such as growth factors, microglia markers and secretive enzymes in the lesion was further validated by RT-
qPCR and immunchistochemistry.

Results: Previously identified neuroactive compounds, such as geniposide (Yu et al., 2009), myristicin (Shin
et al., 1988), costunolide (Okugawa et al., 1996), toosendanin (Shi and Chen, 1999) were detected in EW for-
mulation. Bederson scale indicated that the treatment of rat MCAO models with EW showed significantly
lowered neurological deficits (p < 0.01). The regional cerebral blood circulation was also remarkably higher in
rat MCAO models treated with EW compared to the control group. A total of 186 genes were upregulated in the
lesion of rat MCAO models treated with EW compared to control group. Among them, growth factors such as Igfl
(p = 0.05), Igf2 (p < 0.01), Gm (p < 0.01) were significantly upregulated in brain after treatment of rat
MCAO models with EW. Meanwhile, greatly enhanced expression of microglia markers, as well as com-
plementary components and secretive proteases were also detected.

Conclusion: Our data collectively indicated that EW enhances expression of growth factors including Igfl and
1gf2 in neurons and microglia, and may stimulate microglia polarization in the brain. The consequences of such
activity include stimulation of neuron growth, hydrolysis and clearance of cell debris at the lesion, as well as the
angiogenesis.

Abbreviations: tPA, tissue plasminogen; MCAOQ/R, middle cerebral artery occlusion/reperfusion; EW, Eerdun Waurile; NGF, nerve growth factor; BDNF, brain-derived neurotrophic

factor; DEGs, di ial ly 1 genes; Igf2, insulin-like growth factor 2; IGFEP2, insulin-like growth factor binding protein 2; Tgf-bl, transforming growth factor beta 1; Vim,
wimentin; Grn, granulin; ApoD, apolipoprotein Dy Aifl, allograft inflammatory factor 1; Csfir, colony simulating factor 1 receptor; CX3CR1, C-X3-C motif chemokine receptor 1; C3,
I | ¥« 3; Clga, ¢ 1 ¥ C 1, q sube A chain
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