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Table 1 Brain organoids derived from pluripotent stem cells
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TER. KBTI FRIE R, A I F I FLsE )
(ZNZEZS R
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Figure 1 Techniques and applications of brain organoid research. A: Brain organoid co-culture and fusion. Top: Spinal cord motor neurons were co-
cultured with human myoblast-derived skeletal muscle to establish functional neuro-muscular joints[so]; ALI-CO" was co-cultured with mouse spinal
cord sections to guide muscle contraction; hCS, hSpS and hSkM were assembled to construct cortical motor assemblym], the arrows indicate the
chronological order of emerging technologies. Bottom left: Cell migration and projection reconstructed by fusion of brain organoids in vitro*7,
Bottom right: the tissue center secretes SHH to produce the dorso-ventral pattern of forebrain tissue in a distance-dependent manner™”. B:
Vascularization of brain organoids. Left: Transplantin% brain organoids into rodents to achieve angiogenesis[sgl. Upper right: Induction of ETV2
expression to construct vascularized brain organoids 1. Bottom right: hPSCs and HUVECs were co-cultured to produce vascularized brain
organoids[“]. C: Application of gene editing technology in brain organoids. D: Brain organoid transplantation
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255 LR G SRR W] HE— D S X R A8 B AR
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HH).

H I B A IR I TR 455 B s O A R
[Rl-F A% R B (transcription  activator-like effector nucle-
ase, TALEN). %¢#E#% 2§ (Zinc-finger nuclease, ZFN)
NI T R AR 1] 9 4 0] 2 25 & (clustered  regulatory
interspaced short palindromic repeat, CRISPR)[]%%E
FAR. Hrf, CRISPR/Cas9 5 4t K H: 5y FIVE Rl =y s vk,
IAERAE 2 IR SN ], B SN B BORK)
Shr. DR S AT CEAL B R AR B BT AE 40 M, iR
faTampal M eiE S 2 e T . BRI RUIR A R
e B IR,

Hl, CRISPR/Cas9 &R GTEMiZes T 5 25N
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A, HETAHM. M4 B4 (neuroblasts) LA S #1428
JCH TN, HMg o B R, HE T CRISPR/
Cas9%E K 4 B AR MECP2 AL 5 N N IR AR 4
i, AT RettZE A fiE(Rett syndrome, RTT) R4 g 45
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HAHA I E,  SRAR AN M 7 ) I 2 T B R R
WE WEREE R T XIS R AR AR R
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Current progress in brain organoid technology

PANG Wei, LIU YanTong & XIANG YangFei

School of Life Science and Technology, ShanghaiTech University, Shanghai 201210, China

Brain organoids are in vitro three-dimensional neural cultures with similar cellular diversities, spatial organizations, and physiological
functions of the human brain. Since its establishment, brain organoid technology has provided valuable tools for investigating the
human brain development and functionality, disease etiology, drug discovery, and many other biological and medical questions. The
progress of region-specific brain organoids has furthered the frontiers of brain organoid technology. In this article, we briefly review
the development of brain organoid technology, including region-specific brain organoids. In particular, we focus on the technologies
and applications of brain organoids in modeling human brain development. We also discuss the progress and challenges of various
pivotal technologies in brain organoid studies, including vascularization, gene editing, single-cell sequencing, and other engineering
approaches.

brain organoids, neural migration, axon projection, co-culture, vascularization, gene editing, single-cell RNA
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