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[ABSTRACT] With the continuous development of experimental biology, the limitations of commonly
utilized model organisms are becoming increasingly apparent. Discrepancies between research conducted
on laboratory animals and humans significantly impede the translational application of findings derived
from animal experiments. This review introduces ascidian Ciona intestinalis as a novel model organism, an
invertebrate that is evolutionarily closest to vertebrates and is a sister group to vertebrates. The review
summarizes recent research progress on Ciona intestinalis in various fields to illustrate the significant
advantages and promising application prospects of it as a model organism. The research progress outlined
in the review mainly encompasses: (1) The whole-genome sequencing of Ciona intestinalis has been
determined and numerous related databases have been established. Various embryonic gene editing
technologies have been successfully applied, making it an animal model easy to manipulate genetically and
study the functions and interactions of target genes visually. (2) In the field of neurobiology, Ciona
intestinalis boasts a central nervous system structure similar to that of vertebrates and possesses
numerous homologous neuropeptides and hormone molecules. These features grant it an edge in
exploring the mechanisms and functional evolution of endocrine and neuroendocrine-related molecules.
Additionally, the sensitivity and habituation of its larvae to light stimulation provide an avenue for exploring
mechanisms related to behavioral plasticity. (3) In the field of immunology, Ciona intestinalis possesses a
mature innate immune system and has evolved precursor genes to the adaptive immune system, with a
relatively simple coding of immune-related genes. These features make it an exemplary model organism for
immunological studies. (4) In the field of developmental biology, many studies have focused on the
notochord development process in Ciona intestinalis and the regulatory mechanisms of gene expression
within it, indicating common evolutionary developmental strategies among chordates. Additionally,
insights into its heart development also significantly enhance our comprehension on the genetic network
of human heart development. (5) In medical research, the ability of Ciona intestinalis to regenerate its
neural complex and siphon, as well as the resilience of its heart to recover contractile function from
substantial damage, renders it a valuable animal model for the study of regeneration and heart injury. It
also has unique advantages as a research model for Alzheimer's disease and new drug development.
Furthermore, its brief five-month lifespan facilitates the observation and recording of the entire aging
process and the exploration of the effects of various factors on aging. In summary, this review aims to
demonstrate that Ciona intestinalis stands out as a model organism with unique attributes and is expected
to play a significant role in a wider range of scientific research areas.
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Figure 1 Evolutionary status of Ciona intestinalisin the phylogenetic tree
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EA, BRI (AR 50um); B, MEZR (FFR: 100 pm); C,

TEWPHA (FFER: 100 um); D, “HZEMAE (4R 100 um);

E, MEFTEAMEIS (4nR: 100 wm); F, SREDREPMEM (AR 100 wm); G, HERHAMGE (IRR: 2mm); H, ZERE (IFR: 2mm).
Note:A, Fertilized egg (scale bar: 50 um); B, Attached larva (scale bar: 100 wm); C, Juvenile during metamorphosis (scale bar: 100 wm); D, Two-

branchial sac stage larva (scale bar: 100 wm); E, Four-branchial sac stage larva (scale bar: 100 wm); F, Juvenile during branchial sac division

(scale bar: 100 wm); G, Sexually mature adult (scale bar: 2 mm); H, Aged adult (scale bar: 2 mm).
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Figure 2 Life history of Ciona intestinalis
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Note: A, Schematic diagram of larval structure depicting six tissues: the endoderm (blue), mesenchyma (purple), central nervous system
(green), notochord (orange), muscle (reddish-brown), and the outermost layer of epidermis; B, Schematic diagram of the adult's internal
structure, showing the central nervous system consisting of sensory vesicles (the brain, which includes sensory organs such as ocellus and
otolith), nerve cords, and ganglia; C, Schematic diagram of the larval central nervous system; D, Schematic diagram of the adult central ner -
vous system.
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Figure 3 Structural diagrams and central nervous system diagrams of Ciona intestinalis larva and adult
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1 HIEEHEVERAXNRIERE

Table1 Genome-related databases of Ciona intestinalis

RIRER [zl ESid] FERS
Resource names Website Type Main content
Joint genome institute https://genome.jgi.doe.gov/portal/ HiEE HE A

Ghost Database http://ghost.zool.kyoto-u.ac.jp/cgi-bin/gb2/gbrowse/kh HiRE(HE) HEEHEF cDNA
Aniseed genome browser http://www.aniseed.cnrs.fr/ iR HRA

Smith research lab http://labs.mcdb.ucsb.edu/smith/william VNN BMERRRBHINGE
UniProt https://www.uniprot.org/ HiIEE EHRA
Ensemble http://asia.ensemble.org B HEA

NCBI http://www.ncbi.nlm.nih.gov/dbEST/dbEST_summary.html HiRE BERMRZ=RIXES
NBRP http://nbrp.jp/ HiERE(BIE) cDNA
Database of Tunicate http://dbtgr.hgc.jp/ HiRE RS EER SRR
Gene Regulation NEE TR E

NCBI http://www.ncbi.nlm.nih.gov/geo/ iR BERFKIE

Tefor http://crispor.tefor.vet B CRISPOR 5|#17E 4% 1t
PrimerX http://www.bioinformatics.org/primerx/cgi-bin/DNA_1.cgi HIEE ERET5|IYELRIT
EDomics http://edomics.qnlm.ac/#/home HiEE BERANERREAS
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YRR, R 2R A A & B RR 7 81 AL & YFV/Ls
(Tyr—Phe—Val/Leu) BRZEEFILF (Leu-Phe) FKiRE, X
BEITR M B 5 B A I e e A EE . A, X
BERh 22 FRBOA N 2 AT 3 1 S A T 2 P T Y
Al RETERE R RS RE R AR TR o IXBER A SZ 4 v
KpgEHiE s

TEN BB IR 337, B AN NAER 5
B A RN R IR AR 7L T A AL

AR, W EAERFTA T AN T WA RS
M3+ hee el itk L EA bk, flan, &
BEEER (Ci-TK) mRASE ST E s SO0
HAGH R A M A I AR, T b B R A i ) A
KB G a Bik ZAERL 6 (Ciona—neurotensin—
like peptide—6, Ci-NTLP-6) "1 #H51 2 I ER 40 A
K, BADFIHIEREHE > B THmesES
BHESPITE AR 7 A 73 WA S [ B AR R 28
R EBMESIY ARG AR B AN 73 WP S [ L
R, MR YFE FEHHER RIS R B2
FEAPTTE . IBEMEIREEINERE RAEED
BRI IRTFHIGEE . SEF0RERERASR
Bl B g — 2 A — 1 (hypothalamus—pituitary—gonad
axis, HPG) i, EREE BRI EFE SRR
KEREHER ARG RN . ARFEFEIH T A SR,
e A AL A IR BE GnRH ELRE A T DN ELAG
MU o X 7] GE 2B HESNY) GnRH BE N SAHIR A 43 WA
TR S, PLRMEN T E&s (HPG &) AT
5, @, GnRH ZE MNP BT L R 1Y
my-2& Tk (gamma aminobutyric acid, GABA) 2
BEYT K GnRH BB Z 4 A MER TR . 2020 4
Hozumi 55 B J@ IS B 5T IS &S, #8778 T GABA-
GnRH HIfE BRI NG & B W 8 5 —MEH,
AIVE G AE AR ASH OB T BOR GABA B H
W — MG i, (BAEEHZ ST GnRH
JE GABA [ NIFHHEAAK, GABA JBI (AR H) GABA 52
PRIE AT GnRH 7318 o
32 aEZE

G E B MY s RS b S B
fir 0, 1A A EG G R G BEE B A
I PR A A, H B AT DA ASHR BR8N
G s (E BRI HGHE CkAL BB 18 N g R G
KERM AR, WEANEEHAZMEEEE G5
(major histocompatibility complex, MHC) P!, fi HLiG#H4
ORAD G R EE AR R B By DL B RS BRI
AT LR S iUt 7 Hh s A B PRARSE A1)
321 KIBSHEEBERERSA

T RO IR ER A 7 18 2 B A o 2 BV R R A AR )
R FREEH, P\ EZN BT . SRR
7 f 2 L L 20 A ) e e R A T B A B HE BN )
HA ]G o R R EE AR A o i B P ER B 1) 32 K
SEAENAER M i EAAIE A R I O e o vh 73 AT
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ANFIZRAL A AR . 72 bk ELRT WA AR g PR AY T2 A, FEEREHNE LT REEEA AL (Ciona robusta
UK AT RniE A B AR, e 2R H Ik variable  region—containing  chitin-binding  proteins,
SRAIIE BRI SR s B SIS E A T CrVCBPs), HF N V858585 LT R4S & 4515
TR A GESINTRRHE, AEFER  HE, 5EMESIINS V KHUEAM THEHUEZ AR
TFENM ARG Z AR R, ATLORBIHEAERE A [F, CrVCBPs AR EHE, (B AT DISRBE X 1k
[FHI T FE50 . e R R G H R L5 TR Z 251 B PR GuRe 2k 5y 7, VCBP TR
BHESREFR, R ERESRNIEMEIYN  EERSETTRRE T EEER, (HERNFETA
HEEMHSH, BOBEFEE-LEBRIMERERL M T
s G a7, T R fr 200 e L e R A M AR AR 1P 7 Tt
BISHEA ARG RE s FREDEE R, BA6MEER o (integrin o) BEEFIS NS
HFEAMERGE . Tl FEZ RS 50 MR RP (integrin B) HEE, Smediff FEaIH LA
EEHSHERER, H5EMIIERRMHY SR N (E4), BRI R G IS5 AL
BEARIWZ AN 7, FRN, EEAERRRENE  BRGECRNER ST NER 2, N AE
FIRATAL X -V S B A b, BB A E®EEIL IBHETLR, *MERZHE G S SRR EEHL
TR & EHAMAZ X (variable region—containing ERSF, REEHEILENERERAS, HEEH LT
chitin-binding proteins, VCBP) HJ[EJEY), Bl53 Wb THEE R IR R BT THIET AR B,

Q&) . % u\j VCBP
P e - mEm
OL} \/\/% . °. ° : M QL) iy I
WAV MARANN AARAAAS FJDT AT
|

. , J L J\

FhIR ERZ4RRE

MRP4FAEER

( .% ARG
( 7 TolEEEK
- s (TLR)

TR

d HEREEEMELRARS LR, URARESARSWRER, BEERESATIHEZE (TLR). 8N TREGEANTERX
(VCBP) MiMERZENHN STRMEERIER.

Note: Mucosal immunity includes the secretion of mucus by mucosal epithelial cells and the secretion of antimicrobial peptides by Paneth
cells. The innate immunity is mediated by Toll-like receptors (TLR), variable region-containing chitin-binding proteins (VCBP), and the
complement system, which facilitate the phagocytic activity of amoebocytes.

B4 WIBSHNES RRR A HEERPIE

Figure 4 Protective mechanism of the innate immune system to the digestive tract of Ciona intestinalis

IHFLA R R H S 1 TLR, &—TLR 1 N Toll/TL-1R £5 4535 45 iE 2 #5031 TLR & A,
RGNS L R AR AR R 43 1o AJSHHE 9 FiNE AL AY ARG 2 AR TLR 437, B EERA FIEEHE L
TLR 5K, @it s g & ma R EE &A1 EFIMARAE A TLR1AITLR2 B3, /NEREYRP105 B
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R2 BHEBERASAELLRRANILE
Table 2 Comparison of immune systems between Ciona intestinalis and human
I IEiEH A . o
RERFAEMN Ciona intestinalis Homo sapiens L#%,%DU
Immune system composition s 1EF DF 1EF Evc.)lutlonary
) ) difference
Molecules Function Molecules Function
GEINRSF TLR NERENE TLR NEREMNE AXETLREA
Immune recognition ESEANAIS
molecules BREEER BRUESEEED - - FFERIR
nF
[ =R ROEHE, R EER - - FFERIR
CrPxt N SMI-AIE , 4B IE-4A nF
BBINE R Z RO ) )
CrPtx-like S5KRRE CRMER 58 RERN &R
IMERZEDFC3. FEIER . RERN WMERG D FC3. BEIER RERL . ABH &R
CFB.MASP % CFB.MASP % 2}
HPEF TNF-a S5RRENRR R TNF-a IRBUFIRE , BE NF-«B (b
Cytokine IL-17 NS5 B B A E R IL-17 NERNEFNAENRIP T =R
Pt 2R LEZHESRENY
M E M R RIE X
CiTGF-B S5RENE MERE hTGF-B BT RETE (EIb
eitifia)
ARNBHEHFADESHEERF MMPIOESF KRAE . HREW. M MMP-9 RiakE HRED MBS EiR
Factors related to tissue BER . HORE B BEOBE
remodeling and wound MIF NS RERR MIF NEEERENEN ERE &5
healing = Rz
IR BT Cr8long.Cr8short 1&g A~ BA RTP SIREHAX BiR
Cis-regulatory element CrCAP RE RN GAITERY SRENEFE [
BB Ci-MAM-A. SE5RBRENE - - FFERR
Antimicrobial peptide Ci-PAP-A nF

E: TLRAToll 24K, Crext g MmBRMER; CrPix-like NBHIFERFED;

C3 WAMAC3: CFBHiAMABET: MASP HEHER

BEAEL-SEXEXLEREND2; TNFo HIEBRTEREF «; IL-17 HEMEIBENEK17; CITGF-p ABHENERRETF-B; hTGF-p AALK
HRKEF-B; MMPOAXEREEERE-9; MIFAERMARIERINHET,; RTPAZERKEELARE, GALTEGWATFINE (IFN) v #iE
HEIRIMEE4Y; Cr8long. Cr8short. CrCAP. Ci-MAM-A % Ci-PAP-A AR IS EH P AN ELRIRBRNEESDSZ.

Note: TLR, Toll-like receptor; CrPxt, Ciona peroxinectin; CrPtx-like, Pentraxin-like component of Ciona intestinalis; C3, Complement C3;
CFB, Complement factor B; MASP, Mannose-binding protein-associated serine protease; TNF- «, Tumor necrosis factor o; IL-17,
Interleukin-17; CiTGF-B, Transforming growth factor-B of Ciona intestinalis; hTGF-B, Human transforming growth factor-g; MMP-9, Matrix
metalloproteinase-9; MIF, Macrophage migration inhibitory factor; RTP, Receptor transporter protein family; GALT, Interferon (IFN) -~y -
activated translational inhibitory complex; Cr8long, Cr8short, CrCAP, Ci-MAM-A, and Ci-PAP-A are named after proteins or peptides

identified in Ciona intestinalis.

JE TR R FLEN Y TLR KI5, 6 %D LRR
HFp, #RD Tol/IL-1R Z5M 5. e P EEES] 101
5 RP105 2 RIS A 5L A %)
ANEHEMER G L ERFEBEER. 25 % 0E R
FAEM AR 3 MR o VB RUAMA R ZE AL G AMA C3
(complement 3). FB (factor B). HE&HEEE & & H -t
HLEMERZ AR EHE [mannose-binding protein
(MBP) -associated serine proteases, MASPs]. H #&%

PSSR R (mannan—binding lectin, MBL). #F4Ei%
BEEH (ficolin) . AMAE 3 Z KM « FIB§E (the alpha
and beta chain of the receptor of complement 3, CR3a I
CR3B) %, ALAAEEBEMAAN SRIERMN . A&
R4 FE MBP. ficolin F1C1q (AMARZGAMRIRH]
AT ) o TFLENH) B EIAMAZE 53175 J5 1A A ff A
EE K& E S Y (membrane attack complex,
MAC), M SZ A, X5 MAC B 3 FIZEAL
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2 (perforin) BG4 1 MAC/perforin Z5 1415k, E 9%
B F D AMA C6 (complement 6) FE[H, I #E A KMA
REABE I RAMER Y, (R 7%
RS, ([ERERRNZ, ArEr CoMRE#HAEH
RIETEST 531, 240K B I #eIH Co MERL RIFE g
FAFEM 5K WL RAMA R GRS , ATl
TR ZAR BT E BRI B AMA RS . RZEEIAMA
T HI B  SCRESMIRA A, 1R HAMA
Tt 1321 EAA SCR 5 SL R %),

LEsh, HURIRBEAREI AR . . HE RS,
IR R Z R BB 2 MR, FIHRAE Y
HI MY 7 F A (Ciona—molecule against microbes, Ci—
MAM-A) F1if5 85 {5 & B9 H1 E K A (Ciona—putative
antimicrobial peptide, Ci—PAP-A), AT K £ 5
TFTE TS EAR AL SR R B ER AR 2 B
322 ENMRERS

ER RSN T A aUE s, I RlE
BN = AR R R . R BRE B T 4 FiR
SR, AR RIRAIERE (V) 25
PSR 3E S50 o BB 11 i i = A2 S A S R 1
BRI RIEOCEIF AR EZEN, (HERES T
TEARRITE, B RE & A 5 AP MHC HE N T
/a2 ARG RE R BA B ERIEMEER, #an
TR SR A S BEEE R T A A2 k. SRR BRE
H73F. MHC I KA1 REE . 25 1g#1 TCR BEHEA
RAGIFIRAG2, AKimfi FETRERME CRAZE IR
INEIEHrHFIE) VD) ST EEZ A2 AEE) , PV
DMEEE A e fE (4 A T 40 M A 1g 5 2 AR S5 F 350 |
VLR RG2S B Boh, TEIRINNIR L E R
—Wn D5 Cc Rl EESZA (C—type lectin receptors,
CLRs) #5 Bk A9 G0 2 32 1R W% & iR & 10 & & )5
(immunoreceptor tyrosine—based inhibitory motif, ITIMs)
90 9% 52 7K I8 & R 35 05 3£ 7 (immunoreceptor
tyrosine—based inhibitory motif, ITAMs) %3741 i ¢ A4
BERZBRESHEDYH A S 5HEANE SRS,
il AR Rl = A R s R SR R B, HHR, A
HE B W) B G N ME G AR G R o B A T A A
(recombination activating genes, RAG) Zpfidh ) 28 2H Bxt
IR ZFE P Bt AT B A, 2 i S R S R A o3
THVREF IR 2 AT BB v B B R A ) 73 A 22
B, VAN EA AIE A RAG /1 S 56 (0 S 440 1
VESKE, T HEARPT C1 B CEmE, X2

JRS R A — Mot Y TR
HBPEEELEA, LR B HS 538 N S0 R SR R
73R A B AR A ME SN h A A4 18 R 1 e
TR B0, (B i B S IER51 AR DL R
S5EMES S R AR GUR B IR R N R R A B
PR SRR T — 2R
323 RERFWEHERRFAIZELRE

BHHEARGZ2HERE., 28 B, HE45
IR U B ACE S, AREETH A RO A 2k
H RIS, ERGEARBEMARS. BHERRERZO
E R AR A E R A EE ] IR RAT
TR T TRIEAREET T, DUS B =2 B 1 e ) JEE e 17 T T A
L5, XEHEEEMY) (BEAE) BmE
L EE S EERER B

T [ 9092 2 SO THACIE RO CRAP AL (65 FR &
b Sz A RO R UK, DAR AR B 52
& (pattern recognition receptor, PRR). VCBP FI4ME
ROTENHIN SR ARG EA

FIZ R GOHEACE PR TR A e R
ZRTIAE: PRR GVEMCEMEYMEEN R, HIFRAZ
EOEE AR, WA PR S, SR HAES
B %, HFRZEDRIRE, WA RAER
RE, B EA RN T LABRR e

HEA R A G S B E R LR R 25y
T VCBP-C, % H /T FTCA MY A&
WA o MRHPSEES EIEST, VCBP-C Al iR b
SER T E S AR HIERR, A 5 R E R,
X e a2 AR A AT RE . [T, WEREimE T
FOAHTLR BRIEAG iR mI50, b ml DURAIAN F A4
W), IEERAEF B GAER Y. AR TLR XA
KA A B S ROALET, B AT JoR 7 i
LT
324 REBRFNERRE RSEIRIER M

B KIEE I AR GERHR R AR IR BRI R R A E
LR FEAEVGI AR A5 HHAHE (endostyle) 715
RIERRL. HHT, HRARCKRI T Z X2 6
(lipopolysaccharide, LPS) FAE N A& AN ZF RN I 53
¥, WE T AR A SRR KA Ak 5 A
SN LS MY H  (Ciona peroxinectin, CrPxt) , HI1E
LPS MG ERIA Ll , RET R RATPEEE AT
A7, 8. 9XAYIMANAL. I bR AN =4 i MR 2
farp U2 TGS AERERILPS J5 1 h B CrPxt FIAIRAE
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HMD-2 #HCHE KR A& H  (MD-2-related Lipid-
recognition, ML) # KX E K R M8 2K & H C2
(Niemann—Pick type C, NPC2) ftJe7E A i A A A
farpERik B, AT PR B RN LPS R4 A
WA RS SRACR I, 2 70 4 MR 1 Y 21 it €8 2% P450
oY RRIB T BAMNEIT miRNA WA E/E R,
ANEBERSF R RS P miRNA 2 5241 (2R 5L A
HORE SR, JFEARBIE RAE RN, TT RAER
I 11 28 53 7 AU RE S M miRNA &2 8] A] BB 7 7EAH B0
H W BONEMFE R, LPSIES =AM mRNA
(Ci8 short) IRAERIFEAKBER 5 AL MHC A 1 257011 2%
AR A S, WA ARE RN RS
A EERRL

VB R N A T [ S e R 5 L AR G e B
IFEAEEIREOCRR TS BIan: BEXSEE RE R N AT S 6
AN 7 e R PIR IS MR IR 70 & B, TLR/BEFEST
KX+ 88 (myeloid differentiation factor 88, MyDSS) e
Ttk (5 5 mEg A s (Th2, MyD88 flllrakd) SR+
kB (nuclear factor—-kB, NF-«kB) {E5BIKAHS (Ni-
kB, IkBaffllkka) Z[AIFFELNRE LIVERAR ; FERIER
N, BRI R s HI A 7 (macrophage migration
inhibitory factor, MIF) PEAAES T REGN /T (2011~
17s MREIRFEE F-a (tumor necrosis factor-a, TNF-
). B ERKEF-B (transforming growth factor— (3,
TGF-B). HFiE/EEMM9 (matrix metalloprotein 9,
MMP9) | Tlrs. MyD88. [ 4l [l /T 2 52 A0 5% G
(interleukin receptor—associated kinase 4, Irak4). NF-
kBFIBERE R (galectins) ] BEAEIMFRIK, XRATE
FAERRLATBARIGE R, Mif 40 R A NF-«B {5 518
B Z [BFEEYINMEEER . 54 T2, MyD88.
A F «BIIH(RF o (inhibitor kappa B alpha, IkB o).
IkBHE (1B kinase, Ikk) FINF-«kB#58KH)3'~UTR
SRR, W AR y TP ER SR A
(interferon— vy —activated inhibitor of translation, GAIT)
Toff, BERNZTTIE A G R R R B B Y T
W OCHEE R, IXRI, IBEFIAK—FE, BRI
R EEHINEIS 5 T8 T REEE AT 1,
I ZEEZRERE (pentraxin-like, Pix-like) 45T EE
Cig PTX 5tk [ EAEKCKRMEH (C-reactive
protein, CRP) F{%E PTX [E]JF ] FOHLAY A4 PTXs B4
NUEE, 25 TTERILPS G2 )RR ; Prc-like 7R
MRS I AR (EEERAN) Rk, HX

SR AMEN AR NEA RGN R RS, 25
FRAE N WIIa I BAIIR B B, SEEEL P B A ANAR,
Ao IXEEUEHEZRIT Px—like ST G R B8] S B AR SEx
PR S R R R E S T 17

Ak, AZEHIREE B (LR 12 AZEH
NIS=2 2 Save U gla SUIEVN S & =t S 8
MR A AT IR Ao R B SR T F R
BL, ERABFTI S AL A H At T e th AT REfE A
1T R BRSO REAN FR IR R HOR ABEAR o
33 RBEYZE

A MR RG A E N E, DU R F A
BRIV GGG " BREERIYI B
fiE, FIMENZRERE SR AL O SR SR S5
Fr Ll —sE S B2 A EAAT, B3H
AR A B, HNEEMIMEMLEERE Y, B
BN ER R EGEDEE, HaEH, ha01
ML, oAbk B IE &R . BRI
KM E D> MER, AENBERLBFHFRINER
), REMZESOE, HRBCRIEE . —J7mH,
ARETBRPROHNEERE, FMALHEGR, &
REEMESFEHAMEERLE IRNHREL,
FEIARHRS] . E LA . 20 i A) 6 BT A AH B2 4 A
& B R INB I A R E S Bk &
DLEEAR A AR Aid e, AR, T
MREGAE R A AR ERES ., SR e
IEELRT WS B Ti—LeE sy (b)) Bl
BRI X —E R EUT SRR B, Xt
FUEVE P SRR A TR IR . AKEE )
MR ZEERE (ARG, BEHE RS FEST
EHEBEAN, EVMEREEIENLFSR.
HEEM . AERIVFZ BN INZ 22 B mAnshiksfhiEad
P OIER, A BB EE . AR E K
A B 3L AT B2 2 WiiR Y7 IX BB B 2 3 A
Jiihe BT, ERITIFFIORTE R R H AT H S R
KRB WEEFRIA NG . BAiF7E R, FEERURE
ST FR B R AL VE 1T RS (dual-specificity tyrosine
phosphorylation—regulated kinase, DYRK1) HJ3E T LA
MHEEHEROEE, FEMH DYRKI i 5 i ik
RiCEHRAEMERERIEEARAEHE S EE
HAHSZHBMRICZREH, XUEBRICESZ 5T
SEERERVEAE RN, sz
U, FRBREE S FILHIS DYRKI &I B,
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FEVHEE R A e 25 SR O SRR B, B 5es BG40 Y
LA RN, BRI R A A A BR A e s (R T
PUBN AR FA &G R EER B BHZME
PRI R 4 CRISPR/Cas £ 4t A AR T S AR AR I B Y
ZHEON, SRR ML FRANMFe A RoR
(single cell RNA-seq, scRNAseq) A] DAATF5T 45 & 41 D
BERFG SR, MR REINAE BRI MES . /5
In_ESER G EARFIH BT, AT BRI
AR ER B R A B — P EAR . FERIECRATAR
NI - 2 R SRR R K
Olivo 5 > 7E ALK HHA T IBIRE B (%R
MMAD LRSS R KB, fBn T EANE
RN EORMEO AL KR BIH], Pl sEs
HEB A B 5 2 M Y A [R] A [R] F AR

BESh, fEREHIRRE, i AR R LIRS
LA 25 A T B DTk AEM R B e R [A - Ci-
es1/2 F1 Ci-mesp FRIA AT (e (6 1 45 7= A2 O I AEL 20 L )
BTN GOR N B2 Ik sl e A 4 i 2 53 A DR Lo I AEL A o
X — SRR A A AR AR5 77 - AR 3 2R ) B A A
FRAE T 771 o Wang % 7 75 2020 45 ) 2 L 5
PRI 2TT1, B T TR — A28 O 2 A
HIPRE R BHOE, JRRAE T O ariz et a7 -5l
3.4 EHfthBEHHNEARRERE
341 WIRBHIFNBERTER

R v A ] DAVE N AR T A AR LRI AR 5
HAAR OB EIERA A 5E5FFER, mE
BRI TR THEABNRERE, #lin, KiadHi
A A DL R R R e IR G AR = A T 2 5 A R 2
REANAE. Sh, BRI iR AT DASC AL i e e A7
RIAFLEE S Fhrds, XEEhRE ] AR RIB BRI O
AR, TR R AR TEREIRER, B0 Auger
F EHEEMERGRREGEAED
(green fluorescent protein, GFP) F9%EEL KA L
FRS ML IR B A [ S A AR 5 A PR 2R RE o TR BSIT IR
AU RSMEARS R B, BT TEAIMF T R Al
AR . BEEEREAMaE Ak (A
MaRg) MILNE BAERART], HEHPOEHEAR
JEv SR ERAL P AR AR B IAE ST B 1B S
VEERITHEGORAR , AN E ]
REFR N LA ATENEHESH BT F AN Lo

HR A R A AR O S SR v T DL AR A
DR B8 OISR I EA R OPOs, HAE

BHEMNMALENL, RITER. &R aRE A M R E
bl NFERE AR, —MEEd BT
[EERE T2, SN EETR B T B R Ao
fROPOs, Mg %L, 5 —hudimd hiffde
TR A AN TR k2 SERRFE AL Y, L%
SR E O\, e 0 SRR E AR
SErn DI A g, (Himimie FrAsBe F AR Vi
PRE . BT O — o ST AR 1 BRI,
2023 4 Jeffery % ' JEL 5y BB IG IS OB 2.
e BT, BWEHWRRERFTEER: 5
BAEA R EEEEEAN S RS N EEERE
H A #AR 55 70 kDa 22 H  (heat shock 70 kDa protein,
hsp70) « Dna] R 58 & H X & (Hspd0) i & B4
[DnaJ heat shock protein family (Hsp40) member B4,
dnaJb4] BRI E It ) e O 2 b i 3% B
i, FFEIE siRNA BYRIGIE T hsp70F dnaJbd 2%
Frasdi e BT AR R i o R A B3R
&, EERRTOCE R TE A R FRIBEGE, BER
R B AT 5 B AR G0, (RFEH A . XS
BRI E N I HAbsh I B IR A — €
R o

A SE A B P p e R G AR R Ky TR
IR TR A HAEEREE, EERIYT,
B BA i AME T S B A R A R S
RES. NI, MEE &R EMTEI R RS,
AT B R PO B AR, RIS 2TH
flfE 28 ~ 35 d NIE R — D EFHEE &Y. (R
iR, REPFREPHFE (substance P-like, SP-1i). fH
PN AE R AR B ZR AR A G S B M 22 o A M A A
PRI R i s R R B AR R E AR, HEA T
SRR HERT A A 5 B RHMETE R SSHE . JELhih
JEUI GnRH, 5-F % (5-hydroxytryptamine, 5—HT) .
PR P (substance-P, SP) HFIABIEHTE Hr 59 K AN
TR RE, B EMETT 2N TEIBR A
T IBEERMAR G EAEW S A ARENE:: &
& (E1H). masit B, ahmEs (B
H) fisheemsE (BIVER), XFRISEBTHATERS
R M B AE 1M AR o R A B B2 4% A I (] A ] AR
1T, KT A BEARR S 3 14 P A 2 B 7 B

TEVHAE, AR T BAERFFRRERT 2
FEEFAEMA TR A RORBE I, [RIAHICHR 7T 45
REEEAEN TSR AR R B MR TIILE,
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342 WRIBBHEEBARLEAINA
WEEREREMERORNES, SEXSHE S A
FARCLA R RN, AT AR EL SR A2 rh ARl AR IR
T3 A R R PR AR DIR IR O , AALI AR Ry
RN, SRS A AR TR TT o Y AY
MHET: MHEETHATTAEESIY, ©5ARKEER
ZHRVEER, FHERER, T RGEMtrE
IEERIE, FEEEGaE. S ] SRR R
SO, AT A TE 20 B AH S IR H AR B 5%
AR ERIAER AR . DABEEIB S E B /R S BRI
(Alzheimer's disease, AD) FHIF 25 50 B L FH M 4
BB L AR PRIESE R BT FEEE  (amyloid
B-protein, AB). B—TEMFERTIAZEH (amyloid precursor
protein, APP) ') F141 & B H B IR AL AU TS FHOE tau 22
H B AT 4E98 45 (neurofibrillary tangles, NFTs) (6%
& AD B EZUREMEAR S . ML R (& Al AD #H
KRR BFEIVEY, A0NFTs B9 EZ RS tau 2 HF1 a5
WG . BRI E 4 B AT DL 245808 A 2K APP69S
(5%t AD AHZEHI AZE APP695 25 1A ), F=AE AB ik
FHEH AR ATLURE R BT AT FEBE T, BESRYTAR, it
A R ERZL . mxI 4Rt EAE
I7 AR B AD FERIR 1 BRI R T B MY
BRI AR AL TG R AR IS 2 O I FLEh M R ¢
FHTN, ABABSART AT BIER AR AD 75 5 R 73 T2 L)
FRAR, DUR BRI ISR AD AHOGEREY 7O, 3k
TEIERETEN AD BURRFTEAL, A A REEZYI R AR R
HARHIR SR IGYT AD BRI SYIRIEEERH [,
KPR, AROAWESE R oE@E, Xt
P A U OB SZ R B AR AH 2 O . BE S fRTRT A
NSRS A A OB B AR TS D LA L B i
HIRIAR DR . B2 AERE, BEEEBHEE O
EAEHAIhRE Y R G I TE, RIS LA
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