Nanoparticles: The new promise for region-specific targeting of microglia

Researchers working on microglia are constantly looking for new targeting tools, more precise in time, and space. In this article, Guo et al. present the results of their latest study in which they develop nanoparticles capable of targeting microglia with high spatial specificity and delivering siRNAs to alter the transcriptome profile of the cells. Although certain obstacles remain, this study is very promising in the race for new tools to manipulate microglial activity locally in the brain.

Main text

The field of microglia research is desperately lacking tools to target the activity of these cells in a region-specific manner. The Cx3cr1-Cre ERT -LoxP system is the most commonly used at present to generate an inducible microglial gene deletion in the brain. [START_REF] Zhao | Targeting microglia using Cx3cr1-Cre lines: revisiting the specificity[END_REF] On the other hand, the manipulation of region-specific microglial genes in the brain is also not feasible by viral approaches, as most viral vectors that have proven effective in assisting gene manipulation in neurons and astrocytes have substantial difficulties in transducing microglial cells, probably due to the natural immune protective behavior of microglia. [START_REF] Maes | Targeting microglia with lentivirus and AAV: recent advances and remaining challenges[END_REF] Researchers are looking for new methods to overcome this obstacle.

A recent study by Guo et al. (Dr. Chun-Xia Yi's lab) established a novel method, using lipid-polymer-hybridized nanoparticles (LPNPs) to deliver siRNA in targeted brain regions to modify microglial gene expression in rodents. This method is based on the fact that microglial cells are the professional phagocytes in the brain, which makes them the most powerful cells to endocytose the nanoparticles. Because of this, the LPNPs are prioritized to be taken up by microglia but not by other non-phagocytic cells in the brain. More importantly, the materials constructing the nanoparticles in this study are all "microglial friendly." Except for the Rhodamine B or the gold-Alexa555 that are packed inside the LPNPs for tracing purposes in this study, the LPNP is formed with phospholipids, cholesterol, Poly-L-Lysine, and mPEG-PLGA, materials which are all biocompatible and biodegradable. After being digested in lysosomes, the broken-down nanomaterials can be largely recycled within microglia and serve as substrates for fueling or for cell components. Eventually no "nano-debris" is left in microglia.

To prove in vivo that these nanoparticles are specific to microglia, the authors used degradable fluorescent dye Rhodamine B and non-degradable gold-Alexa555 to fate-map the LPNPs upon injection into the rat hypothalamus.

Both labeling methods showed microglia are the dominant cell type in the brain that take up the LPNPs. Their next question is whether the LPNPs-carried siRNA can survive from "eat-me and digest-me"-a physiological process of microglia upon phagocytizing "foreign substrates"-and being released from lysosomes into cytosolic area for silencing the targeted gene expression. The authors proved that significant amounts of the CD11b or TLR4 siRNA carried by LPNPs can survive from phagolysosome processes in vivo, as indicated by a clear down-regulation of CD11b protein expression, or less microglial response to the endotoxin lipopolysaccharide (LPS) due to knocking down the LPS receptor TLR4, both in the hypothalamus. This method provides an ideal genetic switch allowing the reversible and Agnes Nadjar 
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i The corrections made in this section will be reviewed and approved by a journal production editor. This study raises several questions. A complete phagocytosis involves three main steps: "find me, eat me, digest me."

The exact intracellular pathways that control these steps are still unclear. For taking up nanoparticles, currently known potential signals include TMEM2, CD14 receptor, Tyro3-Axl-Mer (TAM) receptors, and two pathways identified by recent studies, i.e. the leptin receptor 3 and lipoprotein lipase. [START_REF] Gao | Lipoprotein lipase maintains microglial innate immunity in obesity[END_REF] Further studies on these pathways by, for example, using uptake inhibitors to block the phagocytosis or other form of endocytosis might help to elucidate the precise mechanism for microglia taking up certain nanoparticles.

Regarding how exactly nanoparticles or nanoparticle-carrying molecules escape from lysosomes, one hypothesis is the "molecular cone-shape" theory: the cationic lipid in the DSPC interacts with the anionic phospholipids in the phagolysosome, forming the "cone shape" to disrupt the bilayer structure of the membranes, thus releasing the siRNA into the cytosol. [START_REF] Semple | Rational design of cationic lipids for siRNA delivery[END_REF] Another possible mechanism is the "proton sponge effect" theory: the amido group in the LPNP nanoparticles can absorb large amounts of proton, causing consistent chloride ion efflux into the lysosome, and finally making the lysosome swell and burst. 6 , 7 Several steps must still be taken before this tool can be used systematically or even considered for use in clinical research. First, a solution must be found to deliver the LPNPs into the brain following peripheral administration.

Moreover, it is possible that this tool favors the targeting of phagocytic microglial cells, at the expense of cells that are less phagocytic or not at all. This may be an advantage or a problem depending on the subpopulation targeted. It is also necessary to further increase the cellular specificity of action of the LPNPs, as scarce labeling has been observed in non-microglial cells. Finally, a strategy must be defined in order to target them to a specific brain region, after having verified that this tool works in the same way in regions other than the hypothalamus. But despite all this, the new tool developed by the Yi lab represents a very important and promising step in the development of a microglial cell targeting strategy with a very high spatial resolution.
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  -specific control of targeted gene activity in microglial cells in vivo. In addition, with the hydrophilic and hydrophobic layers formed by the hydrophilic mPEG and hydrophobic PLGA, these LPNPs can be developed further to co-pack compounds (either water soluble or water resistant) for pharmacological interventions.
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Furthermore, the microglial response to the lipopolysaccharide (LPS) endotoxin is reduced due to the neutralization of the LPS TLR4 receptor in this structure.