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HWE FERMFZTYE (hypothalamic neural stem cells, htNSCs) &—Z8FE7ET F Bl BA ¥E5 68 )1 T RE b T % 2 T
T J S BT A R 2800 MR B B IR B T IS TR AR 22 T2 . AT e i N A 22 A B2 i R eNSCs 2 5175,
FA R - T Fefisi R (blood-hypothalamus barrier, BHB) JFEHE/INMFAEML . BB AT Bl 52 B 0] 9w, S8
WK . TR . KA TE hNSCs IR XTRE AR . PRI E /i E 2T i AT REa FH W R A, FoR
AR hNSCs W] LIRS A B B L RERERS . 34k, hiNSCs fERER AR L AR SEALIA S 5 15 [ TR}
WFTAER B2 GTE . AN htNSCs (1943 84 LUK htNSCs 52 X LRI RERYSE IR . hiNSCs 5AHKCHRAICHR . fEJE hiNSCs
FAEM ML AT T R A, — 28 {2 I hNSCs FAE K 035 hiNSCs & R GALLF- il LU i A Py s AR i 2 1 A8, IR
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T el R 2060 A 2 OCE B AR B AR BRI o g A EEW A B X,
AfE#E . KE . W, B0, BRCTERINUAR RO ASCEOR TG T LA R R S A S
AL R ERA A T 408 (hypothalamic neural — FIEYTHI S .
stem cells, htNSCs) f&—ZBAfE7ET T B i) n] DX . . .
A R e e 1 TERHZTHBURTER#MELE
LLBS A BRI B P e R 2 T A L 3t BORER
H, ﬁajt/(élﬂﬂﬁ (tanycytes) YENT B i v 3= 2 a0 1.1 #WEZETFHEER % DRI
i?ﬂ* i (neural stem cells, NSCs) ZE0ML. #Li AT, MR RS i

SRSV REIRMGR R PR (gonadotropin ey o gl b ORE FEANM . 55 KT
releasing hormone, GnRH) 1 8 PN 43 Fit) G gt L L 28 T () A B NSCs. H R

LT AU Y B 0 T L NSC o N i N
e o g T sh B NSCs 247 Tl
SRR S . e o com ‘%% 5% X (subventricular zone, SVZ) . ¥ & [X
htNSCs 1% % 1] 68 5 20T Fo i 69 98 1 TR e A8 (sub | fthe dentat SGZ) L
AT AR RS de i 7, Ry o nuan zone of fhe dentate gyrus.
UHRAGKH o TR, 7RISR, SGZ X I NSCs
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A= A JRIR i 2 MU TE IS4, 1 SVZ X
(1) NSCs 1£ Wk th 25 0 ) ™ A IR v ) #2850 i
DG AR D 5 i T A i 1 A NG 15 25 B
H, SVZIXHRRE ™Ay 24 5 T 2 (y-aminobutyric
acid, GABA) fgREIBhZEIT ', e NI, fF
TET SVZ IX 1Y NSCs T 2 Je: [ SUR AL I 7= AR vh
() P28 TC ) T4 17, OCTF R Bl X NSCs A Ff
KRS W, BRI, HE 2Rk
TS i X S A AE AT S AR AR N, K
R rax B IR IG T A A A A B/ ERUR Bl B,
WAL B TR KA 1 T Bl B R 28 & A R A
M TFE =MK% (third ventricle, 3rd V) [ffir, &5
P28 AR T 200 B AL 3rd VR EE R SMINBE 43
AR A, LA 3rd VAIVEE AR T e ik 52 5 H G
PREETUHTIRAN o 1o R Bl — MU 4
L, AT R T AR B P MR R
MZITIIRERZ A, T Bl 24, W3rd V.,
W K 4% (dorsomedial hypothalamic nucleus,
DMH) . & fil & K /i #% (ventromedial
hypothalamus nucleus, VMH) %5, S8 T B lx7E
KAk r SRR 2%, HES5 TiFZ2HEEE
PR AT, AR REIR - BRI
BIEE KIR BESW . M R
1.2 TEMEMELZEREHEZTHBNEZI
RAE 2005 4F, FRE A, BAFERRT K
i rh A AE AR AL, 25 T Bk AT 4R AR A 1
¥ (basic fibroblast growth factor, bFGF) 1] Ll {i¢
S AR MR A R A 220 34 . i R fa ik
Y6 (green fluorescent protein, GFP) i B i
RIL, A tHA T DOERS B F el sE i, It
PEo e 5 A Mgt o 2T 20104, WF5E
WoR, WAEKRBREZZRS RZHEAKKE T
(insulin-like growth factors-1, IGF-1) 3l ,
T F ik 3rd VR RS DX 4 R 4 R
i 20, 3L S 1 (nestin) -CreERT2 244 28 A8+
AT AT Bl 20 i s AR B T RIS, R
AN WAEBY B, T i ER A R it 2 o0 e
B —SETEX — B BOE 8 ookt I (R A HERS
RERERE & AIE L L& 5 )P 4% (arcuate nucleus,
ArcN), FErZA B GnRH ., X 625 FAESE T AR
Y Fi 3rd V] LAY S B X SO A TR Y AL
EAITHESR A NSCs FItH AR R 10, I H B A 15
SHAC T ICRRE ST o Bt Sox2 FRiC A TIE &R
IBER, RIK SN L RE I LT . BIER

A LA D S B AR P TR A R - R AR
IR ¥ iz % H (glutamate-aspartate transporter,
GLAST) -CreERT2 5544 A7 ) < 311 2208 R 45 71
TSR /N BU il A oo R 0 = R R Y 40
J, BN AZS P A SO BT B A L AR
TE I BT A LA S /b R 22T > 78 Fe i Xk,
PR 1 2T A AR RS 0 S8 2 G T ik WL
FLR| X7 T & (doublecortin, DCX) [ FE ik 129,
DCX A J AR AR 2T bR Y, TERAE N
A sy X, RIMEifE20 % . 724 79 20T,
P3ar BRI DCX MBI FETE 2 MAZER ™ LAE )R
KM B )20 B R HAT AL e dii, b —
AP RE R Ik DCX, 38 0 S R A i BE S
(reverse transcription polymerase chain reaction, RT-
PCR) 55iE T Hnestin, DCX K SRY-Box % 53 [A]
F 2 (SRY-box transcription factor 2, Sox2) 3
ik 27, MNIMHERA T nestin, DCX M Sox2 AJ LIE K
NSCs IIARICH . ZJa A WF9E e AR BT el b &
BT — i A] LU [R) 335 nestin . Sox2 A I 5E
PREIKi-67 25 Sl RSl 2RI E v, B
AE/NELAY T R htNSCs BEAS A 1l Fe 3k NSCs AE Wb
W) Sox2. nestin, iR B4 A H 1 (brain lipid-
binding protein, Blbp) YIRS ER 2, DL HIE
W], NSCs AMUAFAE T AR A RS WY
DK, WAFAE T AR AR T i X sk, Jf HAE
A LR T AR —E RS SH AN L BE T o

2 TEM#HETFHEEN S

BUAESIY) T Bk NAEAERT LA B R 2 os i
Z Y o Fh 25, o A5 NSCs DA A #2850 1/ 14K 41
Jf 2, HAT AR BAALAE 3rd V BERY R A . R
Fr Jii S JoT A AR 2R AR i, DA S mT ARG AH i R IE
LIRSS 5 M KA AR N H2! (organum
vasculosum of the lamina terminalis, OVLT) HYJJjiX
SR R AN > 3 R TR 2 T A i
AT DRSS A . DIRE L S Az BRA 53l 4 Ff
AP 03O [R) I B 2 R A A A BRI A
PE, LA hiNSCs WAETED Tl 22 Tk, FE NS Sk
WY A AR P
2.1 BRRRAMKREINGE. LESH

Tanycytes iz 5. i ILTE 1954 4F (1) SCRR A&
KIVEF A TS “tanus”, BEJE C4UKEYT B fd
KU — R D U AR 2 i B 4t fe, Pl DA ST
T Fr ik ARV 1) A2 SR R g R o X
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WA SRR, HEA S LAV HP0E I AE
G RE R R E AR UYL At
FESMAAE 3ed VEESEE], 3rd VINEE 2R 2K 5y
IR 2221 5 2 A RS LRI AF R A0 %) AR A A 1 e o
FEANMIZE BT, A Pl A Al BT 20 . Akmayev
2 ORI P B N 3rd VO A I I B AN R
AL . TR, KR AN 4
AL, al, a2, Bl. B2, HERA A H#ZAE
KAYIFrR e an gk 1 s, B R T A
LR A A AR o AR A A AT A5 R 6 5 AR [F]
FIPERZE DI, KAl 2k, 5
PR TCIE B MR I3, T v ) SR A A0 e 1T
TE MR “wi e, e floks K 5 40 6 4 il
SPIFBYSEIR)Z . T T BT P X Y o fdH 41 i
FE S8R B g B AR T R B A I A TR L &
P&, L0k TR A 0 A SR . A
JC il 58 R B () R B i R IR (medium basal
hypothalamus, MBH) (/{40 AT LA 24
AR AR, DA i 5 W R 5 3
BRI RN o ol AR TR Fr i A
AR MR =R, SRR HER, AZ
ez A B a2 4RI T AreN B A9 %
EHZE, R MR AZ] AreN Hr BYo B i
KRN T 3ed V I =1 BB 19— 1 T O BE = A8 L
2, FEEREIUE, MTFFMZE IE AR A FM X )
FEAHE 3rd VAL, AT ZEIE S AreN X8 B 2 it
KA T S B s ISR i R A b 173, Z85E
KR AT AT 33, AT AT A ) K A i A
AR ki s X & & NSCs FFH 40 MR 1) 2 Fhdr
WAy, Horb &8 R E MR b B2 AR 4 A

M FEIAKE T 5, @ Hes1 A1 HesS, A kb HAB {1 K
S B 7 Y T LA PR R, (R A B B2 S R
PEUEPAAE T EEié5E X (hypothalamic proliferative
zone, HPZ) R 3rd V IEHE K EHIFE, HPZ X AY
HOFEARAE AR T 56 4 A AR A i, (HURAE AR R
R
22 TEM#ETHREYTHES

AW EYA G TR, MR ER
(vimentin) Fllnestin, nestin f1GLAST ., nestin Flfi
T £F 4 g v & 1 (glial fibrillary acidic protein,
GFAP), & T AFE AR A e 5+
SPE, EILDIRRR BT N R . A H A
YT KA NSCs il e A T 25 57 RS TEmG 4 2
SRS Fe i S5 % B0 Sox2 4l i, (HEFE AR
FEM S B g A & B, e N2 Sox2 41 LA R
T3rd ViiFt. Mk, TemihZEshyrhdses KA
KN EMTRINSCH | ARSI Y
2.3 T ER#E TR R 2O A

FEAE T 3ed VB3 45 I I AR A 2L B
AL PUSREE T S 00 = B R A B ARARL, G
ZEHPIRGNM P ) GFAP AR ] DAAEAR 345, FF7F
RANEFRRIINSCs H IR Hr, BRI AT W2
AEFR BRI ERYE, L 3rd VIO RS BN A T+
PO LG TIFA, faltilad & R s ic ik B
T BB I B A NSCs 451k 1o 1% R B BT
R, AR/ R E A IR L R R AN B NSCs 4
PR, BRI RS AME T, W)
W) % 45 JIE 440 it 3% 15 NSCs bRic 9 U1 Sox2 . nestin
vimentin L & CD133, {H/Zi6k= SVZ X NSCs i
ic, 41 GLAST Fl GFAP (3L P, F Feifi i

Table 1 The classification and general characteristics of tanycytes

®1 BERERRAME S ER —REYFIRCY

M HF AL E R E R IL)
al BT EE NS PO S 4 T PO B B REA R R R B2 S AT . Nestin 7. Sox2 0. vimentin ), Slc17a8 M7,
FERZE, REZHLE, WAZEZH MR TCTE L e B i Prss56 (41, P85 P91, Lhx2 M2, Rax [
a2 P FArNHERISERZ, RESMET  EEST R EERZ 5. Nestin ™ . Sox2 1) vimentin %]
PRAPAN AreN#Z [ 128 TT I J B e i Prss56 [ #10 Lhx2 121, Rax [, pgs5 B3

Bl AT 3rd Vi 2} B3 E B = R (I BE & R
7, FOREIUE, A5 I R
HMU DXCIRSE A 22 3ed VAE, A% 5% ] AreN X
I, AT R E A

B2 AL T 3rd Vi S| BRE AR I O o B R )

1/3, FORANA AT 7 3 oNINES

B IS I, 5 P
FLBfER, S FGRHIGHZ
TR £

I E A T, 2T TTRKDRIA

vimentin %, Col25a1 M7,

Sle17a8 7 | Lhx2 M |

Nestin B, Sox2 B3,
Prss56 11 . P85 B |
Rax [

Nestin %7, Sox2 P*), vimentin ). Col25al [0,

Slc17a8 07, pgs %1 Lhx2 2), Rax MM

ArcN: 5JE# (arcuate nucleus); 3rd V: % =Ji§ia (third ventricle); GnRH: {EPEIRIZE B2 (gonadotropin releasing hormone ) .
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W L4528 OVLT 55 MBH #5057 2501, 78 JLJE Bl i
SEFAHAP R I T Sox2 4ifil, ik nestin, GFAP.
GLAST. Sox2, JF#i &BAERMNIEEE . LAl, 7E
AN FRE R B BRI 2 RE 1, (HOVLT X5k
A KA G

3 TEM#HETHERE

E AT DL U 20 A 8] A A 4 D
ZH 28 [B) PR I 2R B IIAA R 7, 1 5 2 1) htNSCs 38 1
£ 4E 4w 15 RNA (long non-coding RNA, IncRNA)
DL ANIMA 4 3 b e s i LR AR Y 52 700 1k
A, F EIRERA A KB AR A S A
KA P rh R M ELH vimentin BT FRIC IS5 F P4 THE
Mg B mlgE (high fat diet, HFD) $4
2 RAES hNSCs (N EM B R, ERER N
LR 11 58 ) S PR 2 5 A NS Cs 8 8 5 4 3] 14540
FEBR AR AR AR pa] A A MO T o i i e AR gt
MR, gk AEwY . B2, RAEE
hiNSCs £ ie 5 R A= & . Ny
AR AR . ) 1) 2 S 2 LA B s )
ZRIEA BAREFIFER R, B 3L T — A
RS T Y EI — I R B
31 EEMEMNTETEREETHEE

HAE20 20 st & 30, AR MM K BRLAY f 4 2
Jla] BT A5 AR R R, AR LA R R, &
AR R BR 3rd VI BEFIRCHS A% (1 41 B 2 ] A9 156
AWAAE, HBLREAIEN R, HA L
AR AR 4 TR R B AcrN X sk A
YA e B R SR T PR R AL, R
W4 B A2 R I 15 2 1 DARPP-32 0% S R & T
70% . GFAP ()5 i 38 1 300%, 1 £ MBH
TS AT 114 A 40 6 D) 08 A A DG AR 8T A e A ]
WeIE B AL A, ZAF SR AR R S pih 22
RAY R TR 36 0 1 114 P 28 3 &4 R /)
e KA 28 e SO A4 R I ) 2 3 R A S B K
WAk, BEE ARSI, T2 0 NSCs #f A 1EIR
A, TMINSCs By SE0s > =, ZAR/INRA AIE I
£ i ) 5 e TR R sl 2D o R e 2 A R R
AFF MBI R, AR i 40 M MRS
P A R I 25 5
32 EGEMREESTRERWETHMREE

INESEES R B, hiNSCs 1] fiE S SRR
& 7% IncRNA SEFE KR T 200 ML H R VAR
it RNA, FEFF2/NECT Bl heNSCs g & BK

TEAFLE T E I 25 T 20 JRH OC 4 B F 4 5% RNA
(hypothalamic neural stem cell-related long non-
coding RNA, Hnscr), T7EF4FE/N A R E /D,
KR IncRNA 7] D45 YB-1 8 H &5 & AR HFHARE
B 1E Uz 2 A 2R A0 A S B AR, R
pl6INK4A )23k 7', 7F htNSCs TR Bmil 7] LA
SEUNSOAF A2 PE L WUATE ) . PRI A a]
1042 8 3 FEAIG, 1M 7E Sox2 BT 9 heNSCs il 5
Bmil WIZEBL N 54 B REE A2/ B htNSCs b
FeF AR/ N MBH A2 H AT DLSE K 5 I 4E 2%
SRR R AR B IR . BB htNSCs 1l A IR
PR AR 5 3R, A TE AR 42 1 hNSCs —
SEFERESERS TN A, T A DGR 2 R
RN RERERHTE 12l , PR IS AE R
(4 = Z R S U T htNSCs A miRNA ZM A ) 43
Wh, AN GnRH Y5300 o 3 ) B 40 i i o
BRI LI, hNSCs fii2E A FM A miRNA
AN ArMA T LA | Rt s 2 npLi] , RILH AEER I 1Y
B SRRRAE 1 ] S BOR LN GnRH mRNA K
F-REAR L AE /N B0 € B rb AR N BRI
miRNA Y B 28 KR 2D o 38 28 K JE Y 47 Ik 2
NF-«B i - 0] B Se R A i AR e T Ee i g 18 1
P, AP0 1 B G NF-«B 3 B i R B T
ATIYIERC B AL, DLSGAN L T AR R ) e AL
1717 7] o NF-xB i 2 B 1% GnRH J3- 08 ) 67 442
YEM . [FIRE, 325 GnRH ) mRNA 7K 34 Jai Al
RHK . AN T GnRH 78 AR /N B 3rd V {3 50
G T RGP0 28 R AR I RSNy, T HLAME GnRH
(R S RIS 1 A s 3R I, AR iR
T AT R REAE L 4 B L 5 R s R A Rk
AR O XU b AR — P IR R, /N B SCFE
(8 D235 e S AT FE Rl 28 . PHasid sl A
P50 T 52 0 /N BRI I RE AN T R TG 3l
P PR (caloric restriction, CR) A LIPS £
BARVA R A, T i A m IR a7
TR/ BT R AR, B/ Na o4 5
YRR o T RE AL G AR AU CR AN o R B
TR A IIRCR, R T XU IR A K
AIBLTE 5 T FefsiAe e 7,
33 MANERETERHETHERE

P 22 8] % 2 AL AT BB AAAE 22 5 0 WFoE R
B, TEsh Py I SE A T RS A T ] 22
S BV, VR ZARIR AR DGR R RE SR LR T S
SeARa e XA AR AT RE S R Ffik A T
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HMRAIOC, WGSBS EEE W, TEOR SRR
KERSFAF A1 B, GnRH 28 fil R 3w 2R W ¢ 29k
i 4e MR v 2L, BH I GnRH 363 A ] ik
AR, Y GnRH GRS, EoERuml4E, 2EE
GnRH Sl A, (fH5 TR TR g2 i, Ak
R, Lot B e R i TR R
ANTEV T = A AN ) 20 SR g ), — TR e
MR AR LA BB i B, VR A2
LR 254 vimentin A9 5% S EPEFESE )L . B IBAN
JCAF IS4 ki 2 BEHE AR AT —HE, T
ERHA TR L T AEATRERS, RBLE A, il
KAMEITE AN LM R b R 1 I 2 A ZH 2
TRAL, HE BB B3, vimentin 532 W PERY
B mBTE R —E b R A, A SAE R AR
4, BLaH FWILIATHY vimentin G 50 PR 5
(TR 23 T vy o A 200 R 7 P /S B P DR R
31 GnRHME B A4 {2 (luteinizing hormone,
LH) MRt f b s AE ], PRk R
Y1 TP ) HE T 2R A2 AR ERo A DG 3 IR Esrl 028 T M
PR R RIRAAE B RE ST, 90 T LH Bk bk
AR R AR, S2 R 1A LH Ao MEPE/INVER
Hh i A i ERo Y R 2 38 0 TN BB 22 R Y
(neuropeptide Y, Npy) #%5¢DL S/NERgARE, Jf
BELIE 7 BECR A S A B SEDT BRI B WA £ ik

e IR R B S A S

DL K B SRR RN A D R S AR R S BT XK
P PEFE SEAS (X inactive specific transcript, Xist)
BT kbR B LIRS, Rt X
RGOS 53, MIFESTEMR gt i,
Xist BRARTEE 22 Kk X Sl 52 i, (A{UfEL
PR Fe il 20 2 8 S, HEE /N Rz
BfE e LI, ALt B iR IA S
TARRLCE
34 BERE. MEREETERWHETHRE
RnE

K HFD 73 htNSCs e, X —id &
FH 20 L R T4 1 A Noteh 5 S 7 LG S0 BB
Al LIS 5 %, 10 htNSCs [ 2 18 5 18 AR 5 7,
FEHFD 1, 25 BRI EAR OC e ietk , an e &
RHBOAEIESAE , 3K LEREAR A 2557 ) e H A G
PREERAE 4 FERE B, /NI BT A M 58 A
(1438 i 5 B0 MBH [X 42 1) htNSCs B i/ >, %
Zat R i A IE I S SAE AR 2 e 2 itk — 20
KR, M Se P AR AT DL 5 3 heNSCs 19 />

wSEH . R TE R R, HAER RS a4k
BAR N T 2K INNNFEEFENIL 2 (small

humanin-like peptide 2, SHLP2) 7Ky /b ), %
/NG3F Z2 BT LA AreN (AT B 8 R 28 i i 280
(pro-opiomelanocortin neurons, POMC), [ii7ERIR

4

TR Py 53
B

& B2{-K 41 g
oA R
= o2 AT

FERE AT PR 2 57

Fig. 1 Aging of hypothalamic neural stem cells and its associated pathophysiological changes
El TER#HETHREEREEXNREEEFNT
OVLT: ZAHuMiE2H4! (organum vasculosum of the lamina terminalis); DMN: #5{ll#% (dorsomedial nucleus); VMN: JEfll# (ventromedial
nucleus); ArcN: SJEA% (arcuate nucleus of the hypothalamus); ME: 1EF[#iE (median eminence); 3rd V: 2f =Jiia (third ventricle).
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o5 AR 5B 2 v UL 21 SHLP2 A 1ML 75 K # F
R <, B SHLP2 7ENLIASE 3 . Ak TR LA
BEIRIBT YR TR, I, ZR6 LA LS,
=W hiNSCs 7] 8255 fig 2 A Qi i I8 LA S ATLAAR 1)
W, SIEMFEUN N DL AT b
ZHE HAHBR R o 5k 20 R 2 MG 72
(nuclear factor-erythroid 2-related factor 2, Nrf2) 1f
Ry — T 55 DR 3 2 TP B NS Cs MOBPE il 28 kA=
rR A SR, Nref2 BT LU R[] T4 S R )
AR SRR DT R X AL D A A,
T R P 4 T AR S AT RE D R, IR
AT AR R T B S5 DR N2 AT A4 A
22 RAE 1L B hINSCs ARG S, AR
SRR R

4 T ERHETRIEEEE

HETAIFSE & B, I 45 4 40 M P2 0 O
PR, 2B DA AT S0 1 A P A 200 L ) 34 5 R
F, AFERAMI 55U L RS R AR DA S
%5 T IncRNA I b= B39, B2 R T 5% M
htNSCs FRAE IR FEHLE

MR 25 X0 B9 A i) S e 40 it 26 B M AS )

RBEFE R, FEARFED) o P AE I RE, HA
GFAP FH: Y o2 M A i EAA T A3k e T o o
i A0 i A A 348 TR B AR AT 4 40 i AR K R
(fibroblast growth factor, FGF) {55 k4Efr, M7E
RPN FGF 7K -1 8 S BUR PN 1 o {20 14 i 4
5 AR S BT Fr kR 28T A i 3R B X6 g
B EFEAE KT (insulin-like growth factor, IGF)
TR FE SN o FERGAE KB, bk 3T IGF-1
AT DA E 3rd V H RS A3 2 A5 T 1 AR TR M o A4
1 GFAP i A g, 76/ BUrh A A i — 30
%o IeAh, KERP IGE-1 # ki S0 o] LS 24
RS B A 2 e RO > A heNSCs i AH
Y R IGF A2 4K 5, WSS P2t oo A8 J
o ffH ALY B FRTHTRE S 3SR . IGF-1 A] LA
PN NSCs B35 F1 404k, IGF-1 KPR RS
NI MG, KA IGE-1 BB N TRER S
AP A O 1 BN 28 R AR 0D i S R 22— 7, 2L
WHE (safflower seed oil, SSO) X455 35 19
NSCs W35 A b BA At EH . FEAE/NR
it SSO L 1 /INEUMAS Y NSCs B33 . 5 (8 FH
TR AT AR LG, /INERCT i 7325 1) NSCs i
ANl PR TE S Ll

HE

TF2A. SSO 4
FGF. IGF 4
NFT alb/xws bk

Fig.2 Regulatory mechanism of hypothalamic neural stem cell regeneration
E2 TERM#HETHEEENIEREYLH
TF2A: K FE3-BE TREY (theaflavin 3-gallate) ; SSO: ZIAEFFiH (safflower seed oil); FGF: WEFZ4E4NIEAE K HF (fibroblast growth
factor) ; IGF: JE& R#EAEKKHF (insulin-like growth factor) ; Hnscr: T Fefisiff 2+ 40 AR e K BEAEAITRNA  (hypothalamic neural stem
cell-related long non-coding RNA); NFI: #ZHFIZKE (nuclear factor I family) .
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it A A Rax T H/ N BREEBAE BCAE /S BROGHH
g1 M F S M R B T R R (nuclear factor 1
family, NFI) H:r i NEFT a/b/x 5T LS 8K
YR IG S, JF EASHE T BT B S X )
o3, ERZGE I T B R X e T RS B TR
Fr il 52 53 AreN XI55 1 &8 0 i 2 oo bRic
L AR ISR T, H 3k S R SR NFT alblx i<
AT A= RO 2R T LA S A K sh VLA, A S
2T Z AU L AR BRAFAE B

7E /)N B hENSCs H 3 3K 1Y — Ff IncRNA——
Hnscr, 7EAEEE/)N BRI R IR M7E AR/ L 2
FI/D o KR IncRNA W] LIFRE YB-1, i a2
p16INK4A IR I it — Ll s 3 AR . A
YA PN 2 FR3K YB-1 2 4K T Hnser #£3% htNSCs
20 MLSE TR A FRAR , AR IE R YB-15d Rk o3
R0 T Hnscr #E38 /)y BT =ik 1 htNSCs £ 8 2>
PAgE Ol . A5 R 3-I & F R & (theaflavin 3-
gallate, TF2A) #] LLAEJy Hnser R4, fdi ]
TF2A R ¥R heNSCs #1177 YB-1 2 i fase vk, {2
PHA Sz R A SRR, TEAN D 455 TF2A
A FRYE /> T hNSCs FFEE 7
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Promote the regeneration of htNSCs to improve aging
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Abstract Hypothalamic neural stem cells (htNSCs) are a type of glial-like neural stem cell located in the
hypothalamus, possessing unique biological characteristics. They not only have the capacity to proliferate and
differentiate but can also migrate into the parenchymal regions of the hypothalamus, further developing into
neurons and successfully integrating into neural circuits. HINSCs play multiple key physiological roles in the
adult hypothalamus, including contributing to the formation of the blood-hypothalamic barrier (BHB), which is
crucial for maintaining the stability of the hypothalamic environment. Through the BHB, htNSCs facilitate the
effective diffusion of small molecules between the blood, cerebrospinal fluid, and hypothalamic parenchyma,
thereby ensuring the proper transmission of nutrients and signaling molecules. In addition, htNSCs can sense
fluctuations in blood glucose levels and regulate the release of neuropeptides accordingly, thus influencing the
body’s energy metabolism and endocrine balance. However, as the body ages, the function of htNSCs gradually
declines. Studies have shown that the aging of htNSCs has significant adverse effects on energy metabolism, sex
hormone secretion, and overall hypothalamic function. During the aging process, the proliferative and

differentiative capacities of htNSCs diminish, leading to reduced neuronal replenishment and subsequently
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impairing the hypothalamus’s ability to regulate energy balance. Furthermore, aging htNSCs may secrete
inflammatory factors that disrupt the endocrine functions of the hypothalamus, thereby affecting sex hormone
secretion. This impact extends beyond the hypothalamus itself and may exert widespread effects on the entire
endocrine system through pathways such as the hypothalamic-pituitary-gonadal axis. Fortunately, research has
found that transplanting young htNSCs can effectively alleviate neurological and skeletal muscle dysfunction
associated with aging. This transplantation therapy replenishes active htNSCs, restoring normal hypothalamic
function and thereby improving the body’s energy metabolism and neuromuscular function. These findings offer
new perspectives and potential therapeutic strategies for anti-aging interventions. In recent years, the role of
htNSCs in regulating energy metabolism and promoting aging has attracted significant attention from researchers.
Studies have shown that the aging of htNSCs is closely linked to the development of various diseases. For
instance, in obesity and metabolic syndrome, htNSC dysfunction may lead to disturbances in energy metabolism.
Moreover, the aging of htNSCs has also been associated with the onset of neurodegenerative diseases. Therefore,
in-depth research into the mechanisms underlying htNSC aging is crucial for understanding the pathogenesis of
these conditions. This article briefly reviews the classification of htNSCs, the impacts of their aging on bodily
functions, their relationship with related diseases, and the regulatory mechanisms that promote htNSC
regeneration. Some strategies aimed at promoting htNSC regeneration and counteracting their aging appear to
influence the overall aging phenotype of organisms. For example, studies have shown that modulating specific
signaling pathways or gene expression can promote htNSC regeneration, thereby delaying the aging process.
Additionally, certain natural products or pharmacological agents may also influence htNSC aging. Further
research on htNSC aging will enhance our understanding of the hypothalamus’s role in systemic aging and
elucidate the reasons behind gender differences in aging patterns. Moreover, these studies may offer novel
approaches and therapeutic targets for improving energy metabolism disorders and treating diseases associated
with gonadal hormone abnormalities. In summary, htNSCs play a vital role in the physiological functions of the
hypothalamus and the aging process. Further investigation into the mechanisms and regulatory pathways of
htNSC aging will aid in the development of new anti-aging therapies and provide innovative strategies for the

treatment of related diseases.
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