ENOKERER LEHH
HARESHESERE (V)

BEFEMM (Nano loT) -

PGS A R B £ R

2024-08-13

CHEEIBX :
FREFERRUE - SFRIGERT - BRI RIS - mIBF IR - MERBEL -
ZIRE - BAE S - 2BAIR - BIENE - sRthE:


https://www.realscience.top/4

EIKERRER LB

https://www.realscience.top/4

hS

VA
Youtube ?f % ,“ﬁ: https://reurl.cc/lgWjyOp

EEEREICKER,

https://www.facebook.com/voh

<
.C

« https://apple.co/3Ruy8op
orner https://reurl.cc/xa23X4

%ﬁFﬂﬁ EE?\\E: https://reurl.cc/no93dn



https://www.realscience.top/4
https://www.facebook.com/voh.corner
https://reurl.cc/xa23X4

Z VAN

o Bt BUSIR - 2R Al

- I RABEERESKEE RN

» RARBEMIUEIMEBERE




iR 3 4% BUR BRI



Ples-FEIESHE PRIBFEME

! 49 B R £ dth B 4 1 2 45 £ B
F{E (& AR &5

N \NA A / F
. | 4 1';!».'
/Y |/ - A 1
v’ i .
4 > e 2 AN “3 ]
¥ A B | |§
] -
/ - Y
~.4‘. o s
¥l \
¥
‘3
\ \ »
y @ y |

f " "
Ak s
= P
- £ - Y 5
3 . p ¢ “
+ 4
[T NN e S |
O TR N
aeudt L X
B & e ——— # N
- . ‘ O
. { ‘L ‘ r

- BXEgAMHUsSHoHBRIRH UGS EEZEmINE
- ERA/RIGEFIESEM - HEELUSS I RERSGERES
- PEATRERERFNELZFHIRHEMIGTREZREXKER - =mhliREWNE
- BREHERS ] FEFPRARHBRETIHREPRERBAKRERERET



簡報者備註
簡報註解
https://udn.com/news/story/6809/8145652
https://tw.news.yahoo.com/%E4%BC%8A%E6%9C%97%E6%80%A5%E5%90%91%E4%BB%A5%E8%89%B2%E5%88%97%E5%A0%B1%E4%BB%87-%E7%B4%84%E6%97%A6-%E6%B2%99%E7%83%8F%E5%9C%B0%E5%90%8C%E8%81%B2-%E5%88%A5%E4%BE%86%E6%88%91%E9%A0%98%E7%A9%BA-023252722.html
https://tw.news.yahoo.com/%E6%86%82%E5%B1%80%E5%8B%A2%E5%A4%B1%E6%8E%A7-%E4%BF%84%E7%B1%B2%E4%BC%8A%E6%9C%97%E5%85%8B%E5%88%B6%E5%A0%B1%E5%BE%A9%E8%A1%8C%E5%8B%95-160000384.html
https://www.theguardian.com/world/article/2024/aug/06/putin-reportedly-calls-for-iran-to-limit-damage-in-any-retaliation-against-israel 
https://www.cna.com.tw/news/aopl/202408070008.aspx
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簡報者備註
簡報註解
https://www.hk01.com/%E5%8D%B3%E6%99%82%E5%9C%8B%E9%9A%9B/1045086/%E7%BE%8E%E8%BB%8D%E4%BC%8A%E6%8B%89%E5%85%8B%E9%98%BF%E8%96%A9%E5%BE%B7%E7%A9%BA%E8%BB%8D%E5%9F%BA%E5%9C%B0%E9%81%87%E8%A5%B2-%E8%B7%AF%E9%80%8F%E7%A4%BE-%E8%87%B3%E5%B0%915%E5%90%8D%E7%BE%8E%E8%BB%8D%E5%8F%97%E5%82%B7

https://tw.news.yahoo.com/%E8%A6%81%E9%96%8B%E6%88%B0%E4%BA%86-%E7%BE%8E%E6%83%85%E5%A0%B1%E6%9B%9D%E4%BC%8A%E6%9C%97%E5%B0%87%E5%B0%8D%E4%BB%A5%E8%89%B2%E5%88%97-%E7%99%BC%E5%8B%95%E5%A4%A7%E8%A6%8F%E6%A8%A1%E7%A9%BA%E8%A5%B2-%E7%B1%B2%E5%85%AC%E6%B0%91%E5%BF%AB%E9%9B%A2%E9%96%8B-032003126.html

1 西方各國加緊呼籲本國公民離開黎巴嫩- FT中文網
https://www.bbc.com/news/articles/c80xxeqel5po 
https://www.bbc.com/news/articles/cly99379qjgo
https://www.timesofisrael.com/iran-could-rethink-israel-attack-amid-strong-diplomatic-pressure-from-us-report/


ZNInfliEEFiE SEEKAFHEE

Z N ¥l 5z ik % 32 A\ B25E B Af

*Wiﬂﬁ?ﬂiﬁﬁ.w%%ﬁ/ﬁ
Getty / vV 4
- 7/28ZFNEHIRITH z‘ﬁt%%ﬁ:/nﬁi
SR IR e LA K BA S B e BUR
- EEIBEFFERMEELIAESESERIIIGERRYIKER - HEZBERAREMHE
- XE - By - SASMNIBIEnESEERZENRA A hERCFETFERAL



簡報者備註
簡報註解
https://www.setn.com/News.aspx?NewsID=1508600
https://www.cna.com.tw/news/aopl/202408080027.aspx
https://cn.nytimes.com/world/20240806/maduro-regime-venezuela/zh-hant/ 
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簡報者備註
簡報註解
https://www.bbc.com/news/articles/cz733dly2ero
https://www.bbc.com/news/articles/c0499xpnp1yo 
https://edition.cnn.com/2024/08/05/asia/bangladesh-prime-minister-residence-stormed-intl/index.html
https://www.bbc.com/news/articles/cg3ee303yxpo
https://www.bbc.com/news/articles/cz733dly2ero
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簡報者備註
簡報註解
https://edition.cnn.com/2024/08/06/politics/tim-walz-harris-vice-president/index.html
https://www.bbc.com/news/articles/cx288w21y48o

https://www.cbsnews.com/video/kamala-harris-donald-trump-tied-in-battleground-states-cbs-news-poll-finds/?intcid=CNM-00-10abd1h
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簡報者備註
簡報註解
https://edition.cnn.com/2024/08/05/investing/japan-nikkei-225-stock-market-rebound-intl-hnk/index.html
https://www.bbc.com/news/articles/c1d77xe2p26o
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簡報者備註
簡報註解
https://www.cna.com.tw/news/aopl/202408080411.aspx
https://www.ctwant.com/article/355136/
https://ettoday.net/news/20240808/2793606.htm
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簡報者備註
簡報註解
https://udn.com/news/story/7314/8142194 
https://www.cna.com.tw/news/ait/202408050249.aspx


B2 F A



FHIZENPZZ8FIERVFIAE oo

}oh [0 42 5R ©] 52 B 4
B2 A Bl 2% 78 RAAE {681 7

Tl = 1\
A X
= 5,
y r s, |
S el
S5 y

B 2% 58 FAAE 58 Bl A

METHE

§
/

I
b
=i
s )
>}

b
Lo
Wil

Sok S

. ERMIEABERAEEASS B RAN RS - TR

I & B 422 A i Pl 2% 8 FAAE 7w B Bk P B SR 70 F1REc Tau s B
- EEHEEGEATEEERON - IEZENRNGEEERFALRE

Aigl 5% - dLAE RS B HA RS Ex Al L P 2

ZBRME TR A


簡報者備註
簡報註解
https://www.science.org/content/article/blood-test-could-identify-early-stage-alzheimer-s-disease�https://medicine.wustl.edu/news/alzheimers-blood-test-performs-as-well-as-fda-approved-spinal-fluid-tests/
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簡報者備註
簡報註解
https://www.science.org/doi/full/10.1126/science.adq5225


神經元的條形碼：
神經系統需要精確的連接，這包括避免神經元與自身的錯誤連接。
細胞表面上的蛋白質就像條形碼一樣，幫助區分不同的神經元。
在哺乳動物中，這些條形碼是由稱為原癌基因編碼蛋白質（Pcdh）的分子組成的。
基因表達的調控：
人類基因組中有60個原癌基因分布在三個串聯簇中，這些基因的表達由基因組調節因子和一種稱為cohesin的蛋白質複合物控制。
cohesin是一個環狀蛋白質複合物，它可以將DNA擠壓成一個環，這樣可以讓基因更容易表達。
具體機制：
Pcdh基因的表達由啟動子和增強子序列決定，這些序列分布在基因簇中。
cohesin驅動的DNA環擠壓機制可以讓某些序列靠近，從而促進基因表達。
文章中提到，HS5-1和HS7這兩個增強子對Pcdh基因的表達有不同的影響。
研究發現：
研究發現，缺乏HS5-1或cohesin會導致Pcdh基因簇中大部分基因的表達減少。
HS7的存在會影響HS5-1與其他啟動子的接觸，這表明HS7在調節基因表達中起到“剎車”的作用。
未來方向：
文章提出，需要更多高時間和細胞分辨率的實驗來證實這些發現。
使用活細胞成像和單細胞技術可以幫助理解基因組折疊和基因調控之間的關係。
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簡報者備註
簡報註解
https://www.science.org/content/article/inflamed-brain-can-trigger-psychosis-search-patients-might-cured
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簡報者備註
簡報註解
https://www.science.org/doi/10.1126/science.adp1705
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簡報者備註
簡報註解
Dementia is characterized by an acquired progressive cognitive decline in memory and other cognitive domains, that are severe enough to interfere with daily living or occupational functioning (Livingston et al., 2020). Vascular dementia (VD) ranks second only to Alzheimer’s disease (AD) as a cause of dementia, representing approximately 15% of total cases of dementia (O’Brien and Thomas, 2015). Other terms for VD include vascular cognitive impairment dementia and multi-infarct dementia (Akhter et al., 2021). In 2019, an estimated 55.2 million people globally were afflicted with dementia. Projections suggest that by 2030, the number of dementia patients will increase to approximately 78 million, with the global cost associated with dementia surging to 1.7 trillion US dollars (WHO, 2021). 
Vascular dementia (VD) is a prevalent cognitive disorder among the elderly. Its pathological mechanism encompasses neuronal damage, synaptic dysfunction, vascular abnormalities, neuroinflammation, and oxidative stress, among others. In recent years, extracellular vesicles (EVs) derived from mesenchymal stem cells (MSCs) have garnered significant attention as an emerging therapeutic strategy. Current research indicates that MSC-derived extracellular vesicles (MSC-EVs) play a pivotal role in both the diagnosis and treatment of VD.
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簡報者備註
簡報註解
https://pubs.acs.org/doi/10.1021/acsami.4c05004

Adenosine monophosphate-activated protein kinase (AMPK) is among the foremost endogenous neuroprotective agents against inflammatory reactions. Its activation results in the increased phosphorylation of endothelial NO synthase, promoting nerve regeneration (García-Prieto et al., 2015). Activation of the AMPK signaling pathway also promotes microglial polarization toward the M2 phenotype. Additionally, it can modulate NF-κB activity through downstream proteins, such as sirtuin-1 and Forkhead box O3, thereby restricting the release of inflammatory agents and exerting an anti-inflammatory effect (Wang et al., 2013). This reduces the neuroinflammatory response. Evidence suggests that MSC-EVs provide neuroprotection by suppressing NF-κB and stimulating the AMPK signaling pathway to alleviate neuroinflammation (Han et al., 2021; Figure 3).
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簡報者備註
簡報註解
Neuroinflammation is an important pathogenesis of neurological diseases and causes a series of physiopathological changes, such as abnormal activation of glial cells, neuronal degeneration and death, and disruption of the blood‒brain barrier. Therefore, modulating inflammation may be an important therapeutic tool for treating neurological diseases. Mesenchymal stem cells (MSCs), as pluripotent stem cells, have great therapeutic potential for neurological diseases due to their regenerative ability, immunity, and ability to regulate inflammation. However, recent studies have shown that MSC-derived exosomes (MSC-Exos) play a major role in this process and play a key role in neuroprotection by regulating neuroglia. This review summarizes the recent progress made in regulating neuroinflammation by focusing on the mechanisms by which MSC-Exos are involved in the regulation of glial cells through signaling pathways such as the TLR, NF-κB, MAPK, STAT, and NLRP3 pathways to provide some references for subsequent research and therapy.
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簡報者備註
簡報註解
Microglia, which are derived from the embryonic yolk sac, are innate immune cells that dominate the CNS (Rodriguez-Gomez et al. 2020; Bagheri-Mohammadi 2021a). These immune cells, which dwell in the CNS, play vital roles in pathogen defense and damage repair (Subhramanyam et al. 2019). Microglia, which are indispensable for maintaining CNS homeostasis, are activated by diverse pathological stimuli. This activation gives rise to two distinct types of M1 macrophages: classical M1 macrophages and selective M2 macrophages. Proinflammatory cytokines, chemokines, and neurotoxic factors such as tumor necrosis factor-alpha (TNF-α), nitric oxide (NO), prostaglandin E2 (PGE2), interleukin-1β (IL-1β), and IL-6, which are generally secreted by M1 microglia, contribute to damage of the CNS (Zavatti et al. 2022). M2 macrophages secrete anti-inflammatory and neuroprotective factors such as IL-4, IL-10, arginase-1 (Arg-1), and chitinase 3-like 3 (Ym1), which promote nerve repair and regeneration to maintain CNS homeostasis (Zong et al. 2021). Chronically activated M1 macrophages lead to the excessive release of inflammatory mediators, intensifying neuroinflammation and exacerbating neuronal damage (Guo et al. 2022; Cowan and Petri 2018); this highlights the importance of understanding the balance between M1 and M2 microglia. Modulating microglia could thus serve as a potent intervention method to regulate neuroinflammation.
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簡報者備註
簡報註解
Astrocytes, abundant in the brain, are instrumental in numerous physiological processes. These processes include blood flow regulation, BBB preservation, synaptogenesis facilitation, CNS homeostasis maintenance, and neuronal function regulation (Giovannoni and Quintana 2020). Astrocytes, which share similarities with microglia, serve dual functions as proinflammatory and neuroprotective agents. When exposed to constant pathological stimuli, these cells secrete proinflammatory cytokines such as IL-1β and TNF-α. Consequently, this action elevates reactive oxygen species (ROS) production, and this escalation leads to neurodegeneration (Hasel and Liddelow 2021; Linnerbauer et al. 2020). The release of inflammatory factors by activated microglia can trigger proinflammatory astrocytes, resulting in secondary inflammatory responses (Liddelow et al. 2017). Astrocytes, which possess neuroprotective traits, generate anti-inflammatory cytokines such as IL-4 and IL-10, contributing to nerve regeneration (Li et al. 2022b). The role of neuroinflammation mediated by astrocytes in CNS disorders is significant and cannot be overlooked.

Despite being distinct cell types, microglia and astrocytes are interconnected in their response to CNS injury; they participate in complex mechanisms that regulate neuroinflammation, and their role in the CNS is double-edged (Rueda-Carrasco et al. 2021). It is crucial to regulate glial cells and exert a protective effect on them (Fig. 1).
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簡報者備註
簡報註解
MSC-Exos with TLRs and NF-κB
MSC-Exos with MAPK
MSC-Exos with JAK/STAT
MSC-Exos with NLRP3


In essence, the genesis and progression of neuroinflammation rely heavily on signaling pathways. These pathways are interconnected, forming a regulatory network that influences one another. MSC-Exos can potentially alleviate neuroinflammation by adjusting these signaling pathways, opening up a new avenue for treating neurological disorders (Fig. 2).

MSC-Exos exert neuroprotective effects mainly by modulating the TLR, NF-ĸB, MAPK, JAK/STAT, NLRP3, and Wnt/β-catenin pathways, thereby improving neuroinflammation
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簡報註解
https://xnfood.com.tw/paradise/
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簡報者備註
簡報註解
Mangy underlying pathophysiological processes that lead to vascular brain injury in VD, including hypoperfusion, endothelial dysfunction, blood–brain barrier breakdown, synaptic dysfunction, inflammation, oxidative stress, hypoxia, and nerve cell injury (Hosoki et al., 2023). VD is a multifaceted neurological disorder, with its progression involving various cell types and molecular processes. These mechanisms are interconnected and together drive the onset and progression of VD (O’Brien and Thomas, 2015). EVs play roles in intercellular communication and in the diagnosis and treatment of VD. Consequently, the investigation of MSC-EVs is of significant interest. MSC-EVs not only contain abundant bioactive molecules but also function as vital mediums for information transfer between cells (Joo et al., 2023). They are believed to have a central role in VD diagnosis and treatment; for instance, MSC-EVs can deliver neuroprotective factors that encourage neuronal survival and repair, thus reducing neuronal damage and VD severity (Ma et al., 2022). Additionally, they can enhance regular communication between neurons by modulating synaptic plasticity. Moreover, MSC-EVs possess anti-inflammatory and antioxidative properties, potentially mitigating neuroinflammation and oxidative damage in VD (Harrell et al., 2021). Overall, MSC-EVs have roles in VD pathophysiology and may aid in the development of targeted treatments and neuroprotective strategies. We will delve into the pathophysiological roles of MSC-EVs in VD in the subsequent sections of this study.
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簡報者備註
簡報註解
失智症 MSC-Exos and Alzheimer’s Disease
Slow progressive memory loss and cognitive impairment are the main clinical symptoms of Alzheimer’s disease (AD) (Monteiro et al. 2023). The pathological signatures of this disease typically involve excessive accumulation of extracellular Aβ and neurofibrillary tangles (NFTs) (Ratan et al. 2023; Ba et al. 2022). Glial-induced neuroinflammation has been found to significantly contribute to the acceleration of Aβ accumulation (Singh 2022; Huang et al. 2019). In contrast, MSC-Exos inhibited microglial and astrocyte activation, thereby reducing hippocampal inflammation and Aβ and tau deposits. Furthermore, it enhances synaptic function and increases brain-derived neurotrophic factor (BDNF), effectively mitigating cognitive dysfunction in AD mice (Liu et al. 2022a). In mice with amyloid precursor protein/progerin 1 (APP/PS1) mutations, MSC-Exos enhanced YM-1 and Arg-1 expression. This improvement was accompanied by superior spatial learning and memory function during water maze testing (Ding et al. 2018). MSC-Exos significantly decreased Aβ deposition in the brains of APP/PS1 mice, which is consistent with previous observations (Ding et al. 2018). MSC-Exos significantly attenuated Aβ-induced neuroinflammation by inhibiting the nuclear factor kappa B (NF-κB) signaling pathway and suppressing signal transducer and activator of transcription 3 (STAT3). This intervention also markedly improved the neurological function and locomotor ability of AD mice (Nakano et al. 2020; Cui et al. 2018). In vitro investigations demonstrated that MSC-Exos suppress the increase in proinflammatory agents such as TNF-α and NO induced by Aβ aggregation (Kaniowska et al. 2022). Furthermore, MSC-Exos protect Aβ-induced PC12 cells by reducing inflammatory factor release and attenuating PC12 cell apoptosis; this occurs through the inhibition of the nucleotide-binding oligomerization domain, leucine-rich repeat, pyrin domain-containing 3 (NLRP3), and caspase-1 (Zhai et al. 2021). Studies indicate that MSC-Exos can regulate glial cells, thereby modulating neuroinflammatory responses in AD.
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https://pubs.acs.org/doi/10.1021/acsami.4c05004
e developed an electrospun nanofibrous scaffold to provide sustained delivery of dual exosomes derived from mesenchymal stem cells and neural stem cells for traumatic brain injury treatment. The electrospun nanofibrous scaffold employed a functionalized layer of polydopamine on electrospun poly(ε-caprolactone) nanofibers, thereby enhancing the efficient incorporation of exosomes through a synergistic interplay of adhesive forces, hydrogen bonding, and electrostatic interactions. First, the mesenchymal stem cell-derived exosomes and the neural stem cell-derived exosomes were found to modulate microglial polarization toward M2 phenotype, play an important role in the modulation of inflammatory responses, and augment axonal outgrowth and neural repair in PC12 cells. Second, the nanofibrous scaffold loaded with dual stem cell-derived exosomes (Duo-Exo@NF) accelerated functional recovery in a murine traumatic brain injury model, as it mitigated the presence of reactive astrocytes and microglia while elevating the levels of growth associated protein-43 and doublecortin. Additionally, multiomics analysis provided mechanistic insights into how dual stem cell-derived exosomes exerted its therapeutic effects. These findings collectively suggest that our novel Duo-Exo@NF system could function as an effective treatment modality for traumatic brain injury using sustained local delivery of dual exosomes from stem cells.
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簡報註解
https://pubs.acs.org/doi/10.1021/acsami.4c05004
Presently, the administration of exosomes primarily relies on various routes, such as injection, oral, and topical application. However, the effective delivery of a therapeutic concentration of exosomes to target cells presents logistical and biological challenges. For instance, intravenous administration often results in rapid clearance from the bloodstream, off-target accumulation, and the potential for vascular obstruction in blood-rich organs. (28−30) To circumvent these limitations, various biomaterials (e.g., hydrogels, sponges, membranes, scaffold, tissue-derived carriers) have been used to deliver exosomes to treat various diseases. Biodegradable and highly porous nanofiber biomaterials loaded with exosomes have been employed to achieve sustained therapeutic effects. These nanofibers can be strategically placed at the target site, thereby preventing premature exosomal clearance and enabling localized and concentrated delivery. (31−35) Electrospinning technology, particularly as the “top-down” approach, offers significant promise in the biomaterial and pharmaceutical sectors for production of nanoscale fibers. 

In this study, we employed oxidative self-polymerization of dopamine to modify electrospun PCL nanofibers, aiming to enhance the loading efficiency of exosomes, as depicted in Scheme 1. PCL is a biodegradable polymer that has garnered significant research attention because of its excellent biocompatibility and nontoxic degradation properties. (42,43) The surface modification of materials using polydopamine (PDA) has been previously reported to effectively bind biomolecules containing thiol or amine. (44,45) We loaded dual exosomes derived from MSCs and NSCs on the PDA-functionalized PCL nanofibers to ensure sustained and stable therapeutic effects at the damaged area of TBI. Establishing a flexible connection between exosomes and nanofibers is a crucial prerequisite for effective topical therapies. The resultant composite scaffold could function as an effective treatment modality for TBI using sustained local delivery of dual exosomes from stem cells.

 Initially, PCL nanofibers were fabricated by electrospinning, and their morphologies were observed by SEM. An electrospinning solution containing PCL at concentrations of 5, 10, 20 and 30% was prepared to optimize electrospinning (Figure S2). It is evident that 5% and 10% were insufficient to support the formation of linear fibers, resulting in the presence of bead-on-a-string morphologies. In contrast, a concentration of 20% was found to support the formation of linear fibers during stable electrospinning (Figure S2f). The PCL solution with a concentration of 30% was too viscous, resulting in frequent blockage of spinneret (Figure S2g). Overall, a PCL solution with a concentration of 20% was deemed suitable for electrospinning when utilizing a DCM/DMAc mixture as the solvent. The PCL nanofibers were randomly oriented and formed a porous network. With the increase of PCL solution concentration, the fiber diameter increased gradually (Figure S2a–d). The surface of the PCL–PDA nanofibers became rough, while the average diameter was similar to that of the PCL nanofibers (Figures 2a,b and S2e). In addition, the elemental mapping of nitrogen signals (in blue) within PCL–PDA nanofibers provided evidence of successful PDA coating (Figure S3). Following PDA modification, the color of the PCL nanofibers changed from white to dark brown (Figure 2c). The water contact angle of the PCL–PDA nanofibers exhibited a notable reduction, attributable to the presence of hydrophilic functional groups such as catechol groups and amino groups within PDA (Figure 2d ,e). FTIR analysis showed that the PCL nanofibers displayed asymmetric and symmetric −CH2 stretching peaks at 2866 and 2946 cm–1. The characteristic peak at 1728 cm–1 indicates the carbonyl stretching of PCL. Furthermore, the spectra of PCL–PDA nanofibers also exhibited characteristic peaks of PCL. Notably, the characteristic peaks at 1627 and 1510 cm–1 were attributed to N–H stretching and scissoring vibrations in the PCL–PDA nanofiber spectra, suggesting the successful coating of PDA (Figure 2g).
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簡報註解
https://pubs.acs.org/doi/10.1021/acsami.4c05004
C57BL/6 mouse fetal brain tissue was harvested to obtain primary neural stem cells (NSCs) as previously described. (46) Briefly, cortical tissues were separated from fetal brain tissue and filtered through a 40 μm filter. Monodisperse cells were cultured using a neurocult proliferation kit containing human recombinant bFGF, human recombinant EGF, and penicillin–streptomycin to generate neurospheres, denoted as P0. The neurospheres were dissociated and resuspended into monodisperse cells to facilitate the formation of second-generation neurospheres in suspension culture, denoted as P1, and subsequent generations using a similar method. To confirm the successful cultivation of neurospheres, immunofluorescence staining was performed using nestin and sex determining region Y-box 2 (SOX 2). The medium was collected from P2 to P6 and centrifuged at 300g for 10 min, 3000g for 20 min, and 10 000g for 30 min. The supernatant was ultracentrifuged (Ultracentrifuge, Beckman Coulter, XPN-100) at 100 000g in a 70Ti rotor for 2 h. The pelleted exosomes were resuspended in PBS and stored at −80 °C until further use. Each batch of exosomes (NSC-Exo) was quantitatively tested using a BCA protein assay kit (Beyotime, China). The morphologies of NSC-Exo and MSC-Exo were observed using by transmission electron microscopy (TEM, Talos F200X, FEI, USA). Dynamic light scattering (DLS, Opptronix, China) was used to evaluate the particle size distribution and ζ potential of the NSC-Exo and MSC-Exo. Western blotting was carried out to identify the MSC-Exospecific proteins CD9, HSP70, and CD81 and the NSC-Exospecific proteins CD9, CD63, and TSG101. Calnexin was used as the negative control.
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The H&E staining images showed obvious brain defects in the TBI groups. On days 7, 14 and 28, the therapy group showed more defective tissue than the TBI group (Figures 5 and S12). GFAP, a monomeric intermediate filament protein, is a marker of astrocytes. Iba-1 is expressed in microglia. Following injury, astrocytes and microglia are activated in the peripheral areas. The neuroinflammatory response to TBI may play a pivotal role in the severity and progression of secondary injury. GFAP and Iba-1 expression showed a greater activation of astrocytes and microglia in the TBI groups than in the control groups. In the therapy groups, the levels of GFAP and Iba-1 were decreased on day 7 after injury and further reduced on days 14 and 28. This reduction is attributed to the exosomes’ suppression of inflammatory responses and their sustained release over time (Figures 6 and S13). GAP-43 is associated with axonal processes. DCX is associated with neuronal migration. On day 7 after injury, there was an increase in DCX and GAP-43 expression compared to that in the TBI group. Furthermore, on day 14 and 28 after injury, there was a significant increase in the therapy group because the proliferation of neonatal neurons was activated by the exosomes (Figures 7 and S13). These findings suggest that Duo-Exo@NF treatment has the potential to facilitate nerve regeneration and repair.
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3.6. Duo-Exo@NF Promoted Functional Recovery in TBI Mice
The TBI model was constructed by CCI injury and observed the critical defect during primary injury and secondary injury, such as cerebral hemorrhage, brain tissue defect, and functional defects (motor) (Figure S11). We conducted behavioral tests to assess the functional recovery after TBI mice treated with Duo-Exo@NF (Figure 4a). The evaluation of trauma severity encompassed motor, sensory, reflex, and balance aspects, which were quantified using mNSS. This scoring system ranges from 0 (normal function) to 18 (maximal deficit), as outlined in Table S2. Consequently, higher scores correspond to more severe injuries. The balance beam test was used to assess the motor ability of the mice. The results indicated that the therapy group experienced a significant decrease in the missed step ratio as time goes on, suggesting that Duo-Exo@NF treatment greatly enhanced the recovery of motor ability in TBI mice (Figure 4b and Video S1). Furthermore, rotarod tests were used to assess the motor balance and coordination performance of the mice. The time spent on the rod in the therapy group was greater than that in the TBI group (Figure 4c). With the passage of time, the rotation time of the rod in the therapy group increased slowly. In addition, mNSS scores in mice decreased in a time-dependent manner. 
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