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chromosome, SRY) &% 35K F 2(SR Y -box transcription factor 2, SOX2) BH{4E  5-75L it S R MENEAZ F (5-bromo-2-deoxy uridine, BrdU) BH
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Role and mechanism of Nao Tan Qing in proliferation of neural stem cells in AD mice
WANG Jingze"?, LI Qianqian’, GONG Xuanwei®?, YANG Yi**, HOU Lin', WANG Shukun®, YUAN Zengqiang"*
'School of Basic Medicine, Qingdao University, Qingdao 266071; *Academy of Military Medical Sciences, Beijing
100850; “School of Basic Medicine, Hebei Medical University, Shijiazhuang 050017; *School of Basic Medicine,
Shanxi University of Chinese Medicine, Jinzhong 030619, China

[Abstract] Objective: To investigate the effects and molecular mechanisms of Nao Tan Qing (NTQ) on neural stem cell (NSC)
proliferation in Alzheimer’ s disease (AD) mice. Methods: Transgenic mice with five familial Alzheimer’ s disease (5XFAD) were
randomly assigned to two groups, the AD group treated with ddH.O and AD + NTQ group administered with NTQ by gavage.
Immunofluorescence staining, real-time quantitative PCR (RT-qPCR) , and Western blot were used to evaluate NSC proliferation in
hippocampus. In vitro, embryonic NSCs of C57/BL6J mice were isolated and cultured with PBS or NTQ. Cell proliferation was detected
by CCK-8 method and cell apoptosis was analyzed by TUNEL. Immunofluorescence staining was used to detect the number of sex-
determing region of Y chromosome (SOX2) -hox transcription factor 2 (SOX2) positive, 5 -bromo -2 -deoxy uridine (BrdU) positive,
and doublecortin(DCX) positive cells. The mRNA and protein levels of SOX2 and DCX were measured by RT-qPCR and Western blot.
The expressions of cyclin D1, p27/Kipl and GATA2 were detected by RT-qPCR and Western blot. The expression level of SOX2 was
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detected by RT-qPCR and Western blot after the in vitro treatment of NSC using cyclin D1-cyclin-dependent kinase (CDK) inhibitor.

Results: In the AD+NTQ group, the number of SOX2" cells in hippocampus significantly increased, with a marked elevation in SOX2

mRNA and protein levels compared with the AD group. In vitro, the diameter of neurospheres treated with NTQ was significantly larger,
along with the increased number of BrdU", SOX2", and DCX" cells. Moreover, SOX2 and DCX mRNA levels, as well as SOX2 protein

level, were notably elevated. Mechanistically, the expression of GATA2 and its downstream molecule p27/Kipl were decreased in the

hippocampus of AD+NTQ mice, and the inhibitory effect on cyclin D1 was weakened in NSC proliferation. Addition of cyclin D1-CDK

inhibitor attenuated the increase in SOX2 and DCX expression triggered by NTQ. Conclusion: NTQ maintains NSC proliferation and

alleviates cognitive deficits in AD mice by modulating the GATA2-p27/Kip1-cyclin D1 signaling pathway.

[Key words] Alzheimer’s disease; Nao Tan Qing; neural stem cell; cell proliferation

Rl IR 7% M R 75 (Alzheimer” s disease, AD) /& & 4
NBE BRI A 2B AT RO . it 2Bk
AD #2355 000 5", 3G Al 1 AR BE ST R 28 5F
LA . AD 3 215 38 3R I i A K & B-UE K B
(amyloid B, AR) & YL, tau & A it EHER L, F
AP OIS XA R A8, 38 B 0 D)
e f 2 2]l BEag = Rt IR N TTJE AD 5 B AL
AT A 250 R 6T AD VRYT BOCH .

P T2 (neural stem cell, NSC) /&2 — KA H
BTN 5 4 AL R AL Al R . NSC ML %
B AR 22 S0 AT A RO AD S B 2 T £ 2k,
1B 2 45 1) R 2%, CAAIE I E AD 697 th By
PR I WFIE 7R, AD /N BRI Y AR BB 5E
NSC 40 & 71, FEAMM AT, B . AD &
H K VIR [\, Noteh FE T 25 & 2E 2 1 (bone
morphogenetic protein, BMP) {5 5 i % i 2 NSC 4t T
FEDIRES, BT AR 2 To AN A2, i 5 XA R AR k2>
RN D) RERERG T . AD /NER RS HE NSC mT 2 15
I 5y AR 2278 77 R (neurotrophic factor, NTF) ] 7K
o B AR AN [ B , Y2 AD BERE™; 38 W] )
ABUTRA 1 & (1) 4 S5 A 1B B 3 (glycogen synthase
kinase 38, GSK - 3B) i 14 i 9 , 38 3k ¥ 15 Wnu/ -
catenin {5 5 IH H , {2 #F AD /N AP KD Xk
715, AD HNSC 38 B 32 438 117 24E 1 NSC 49 5 7] B 240
AD ARITH BEFFERT -

AT, 5 UL AD R T 2504 HE RS e Al 410 1) 77
N-H 2E-D- K [T 4 Z B2 (N-methyl-D-aspartic acid,
NMDA) ZARFEHLAI A FLE M AE R A2 5%. 2
R 55 308 3 400 o) LT AL P il ) R TR e e 22 A
W, N D RES e NIE T T R "R S
NMDA SZAKRZE G, SR L4547, K 22 40 i B A TR
1 /E " Aducanumab J& —F B e FE BT 4, A RGP
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I N ABZKF, k22 AD Ji A2 . (HIX Be 24y nf 22
FRSEIR AN BE B IE R0 BE &, 7 R A R
B, RN TT e AD HI 250 78 B R B 2

AR, & T 25 B 7097 AD BIAE I H 2t 3
%o PEARIE, e G R 77 IS AL R T 4040 2 A 5%
¥ 2 (nuclear factor erythroid - 2 related factor 2,
Nef2) /47t % Ak [ B JG 4 Cantioxidant response ele-
ment, ARE) {5 ‘5 1 B , {2 2F IfiL 21 Z I 280 B - 1 Cheme
oxygenase- 1, HO- 1) Fll NAD (P) H: i 4tk 38 J5 g 1
[NAD (P) H: quinone oxidoreductase 1, NQO1] ] &
i, 0] AD /N B S XA 22 e AE T IR I
i DJ-1/Nef2 {5 5 380 % , 9B 4 26 0 25 2R B SR 45
3, B AD /N RO EN T BE R BN s b i I B o
245 0% /I 5 S [X PKA/ERK/p - CREB (¢cAMP - re-
sponse element binding protein) {5 5 1@ %, 3% AD 2%
SIICAZBRAG s A T 5 390 APP/PST AR AL /) i i
WL B A K Rl T (vascular endothelial growth
factor, VEGF) i Vi 1 #4 22 75 7% A -7 (brain-derived
neurotrophic factor, BDNF) F1A 4 5% £F 4 41 ff A= K
[Al - (basic fibroblast growth factor, bFGF) 7K, {i¢ 12t
NSC 3958 , i A R A S5, SEIL 22 FE A 4
B A i AR B AD /) R BDNF, {2 i3 NSC #558 ,
Wt g oo HUE, (L N EE R R RN XK
WA, s 257 1E AD IR YT T B AR R 5.

o 2455 7 ORI 7% 35 (Nao Tan Qing, NTQ) /2 H
MR P P E R VRR T2 A BT
K H B S P ELZG ALY, H R E D RONIBE R R, 1B K
TR, A ETEM . BIBAET IO AR B, NTQ a4 i
PRZE SO, TR AR ACHT, 38 AD ISR DI RERRES
{H NTQ /2 75 5 10 s P9 NSC 17 ch0 385 A 0 D g B 15 F:
AN o

PRI, ASHF 72 A6 FH T2 SRR PR BT 2R O g BRI A 7
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/N B (transgenic mice with five familial Alzheimer’ s
disase, SXFAD /N RO I NSC A 7244 2 , 1| 3
P T EY SR T B i A AEAR SR T
NTQ 7E AD /)N & NSC 345 i VR, FF01 Al 273
T IXANTQ¥GIT AD SRR, Nh 248
TIAEARZRARAT VRIS i T A N B8 e

1 #RFTE

1.1
L1150 BAL 2%

NTQ RN H AL 5T P BE 245 K2 AR BT 1 BE B s Neu-
robasal Medium (Cat: 21103049) . DMEM/F - 12 basic
(Cat: C11330500BT) Accutase(Cat: A1110501)(Gibco
A, D ; B27(Cat: 17504-044, Invitrogen /A 7, 36
[ ; Papain (Cat: A003124) \DNase I (Cat: B300065)
(| Sangon 24 7)) 5 518 it 8 IR W85 E #% 1 (5-bromo-
2-deoxy uridine, BrdU) (Cat: HY-15910, MedChemEx-
press A A, FED 5 £ 4 W (Cat: M813353, Macklin 2
], 32 D 5 4 g A A AR 44 B 1 B Ceyelin-depen-
dent kinase, CDK) 1 1| 1] 71 41 & F) 477 (palbociclib,
PB) (Cat: S1116, Selleck 2 ], F[F); —Hi: Y G ik
1] H 5E X (sex-determing region of Y chromosome,
SRY) & #% 5% Kl ¥ 2 (SRY -box transcription factor 2,
S0X2) (Cat: ah97959) . BrdU(Cat: ab6326) (Abcam 2~
A], £ D, GATA 454 5 11 2(GATA binding protein
2, GATA2) (Cat: BA0884-2, Boster A 7] , 5 [F) , X £
Jii 2 (doublecortin, DCX) (Cat: SC-8066, Santa Cruz
2 A, E D, eyelin D1 (Cat: 55506, Cell Signaling
Technology A 7], 3£ [F) , p27/Kip1 (Cat: 256H984X,
GAB A 7], ), B-actin (Cat: ACO26, ABclonal 72
w5 D 5 T re i 4 TR 55 1 5 cDNA & il F &
(Cat: AU341, J6 5T TransGen 2 7)), 40 I T3 77 &
(Cat: C1090, Ei38 7= KA F]D , CCK-8 177 & (Cat:
CA 1210, 463 Solarbio A 7)) »

SE 5 € B PCRAX (245 QuantStudio3, Ther-
mo Scientific A @, F[H) ; 2 D RERFFR X (B 5 Infi-
nite M200, TECAN 24 7], %t 1) s B2 F i ik # 4t (L
5 PowerPac, Bio-Rad 22 Al , £ [ED s KU L (AL 5
CM1950, Leica 22 &1, 7 ) ; 8] B #OL 8 MH (R 5
Eclipse Ti-U, Nikon A &, HAD,

112 K534

#15.5 d C57/BLOJ /N B 2 A B AL 5t DA 2R
MHEARBIRAF . SXFAD /N, HEPE, 12 R4 7% F
Fim (24 DCEN 5 v, 12 h AR T4, KA

WEYWRTH BRI PSR T A T F RS
Fult 2 )& BEANSE 22 A 2 M E (B B g 5
TACUC-DWZX-2022-561) .
12 Fik
1.2.1 NTQAHXH=E

NTQ HHHFG B 15 ¢ 3% 8 ¢ W iE 6 g 1E 1 H
10 g  KFE10 g T8 g 1 E i 8 gn K HH 6 g4l
G 3271 g, AL R BR 25K % AR L) IR B A ) e
T T R o TC T RORL A A 24 B s R R =R
FIE B (/2 EE (9. N HAZE (g Bik/kg
REDFZIIR N H AR 7 v 5 (g 2E 25170 kg AR E
JOX9 IXHI B &,
1.22 S%¥ahinsa

# 12 K 2.5 A # 5XFAD /N R BEHL > AW 4L: AD
4 AD+NTQ 4, f:2 6 R o K NTQ ki T ddH.0
W %I 2.5 o/ke 1) H 45 25 TR AD+NTQ 4/,
AD ZH /N R AT TR AR () ddHLO PR, 427N B A 2 3k
ITHEB 425, 25BN 0.1 mL/10 g, 2L 90 d.
1.2.3 fEA e H &

AD ZHAD+NTQ /)N R 28 PBS /U I #E i /e 31
Wi 2021, H 2% % 58 9 % (paraformaldehyde, PFA)
SE JE MR ZE 10%20%  30% FERERE 2 i 7K , 48 F K
VR FALE 4% 40 wm K =R
1.2.4 NSCAHRI B 3EHRMAR

%4 C57/BL6J RIS ALAE J5 , B E15.5 IR G /)N B
25 i 2HL 215 4 2L 2R DD J NN Papin ¥, 75 37 C
IKIBER AL 5~10 min, 2% 5 A INE = DNase 1
(1) DMEM/F-12 ¥, [ 52 AT J5 48 20 B i i i 3R A5
Y B BT 2R 40 M B FRARE s 2 5K 5,
N Accutase ¥ ¥ 37 CCIH AL 5 min J5 B0 WA TTTE,
HEAIRAEER. FHTZED- R RO
(PIARARAR H 5 FNTQ 832 4 NI (1 wmol/L) AL 2
125 ZERALEE

W41 Fr B2 PRLTE Fr FH PBS BE14% 3 YR (B 5 min)
J& » 4 4% PFA [H %€ 10 min, ¥ 35 W (& 1% BSA.
0.3% Triton X-100 ] PBS) ¥ il i /- /40 i I€ A |,
FIE 1 h JE IR ) —PUE R, 4 CIE T
Wo RH, PBS P 3 IRJG, TN R FRid P
W, B IR E 1 h, PBS PR 3 K5, I DAPT A
18,10 min, MNPT R G R E R, B EOLILER
FE BB . — PUA R L 45 : DCX (1:500) .
SOX2(1:2000).BrdUC1:1 000
1.2.6 RNAREA= R B3 & % 2 PCR &M

I i 2H £ S 40 A 5 0 TRIzol ¥4 98 J5 VK - 24
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fi#t 10~15 min, I 100 pL =5 ke, E iR ) e vk b
#E S min, 12 000 r/min 4 °C 20> 15 min. WEUKAH
ER AR 1.5 mL B, IINEARA(Z1200 wl) 7 7H
%, =R 215 B T-20 CYTHE 20 min, 12 000 r/min
4 CEL 15 min J5 37 B . I 500 pl 709% £ FE G
BRUTHE » 12 000 r/min 4 CE 0> 5 min, 37 _1iF 5 £l
05 3~4 min, I 20 pl JC RNase 7K % il , I € K
F£ J5 I i 55 G B e DNA, R 52 B 5% 78 & PCR Ut
WIS BEAT R, 51 H K 1

£1 RT-qPCR 3|55

Table 1 RT-qPCR primers

Gene Sequence(5'—3")
SOX2-F GCGGAGTGGAAACTTTTGTCC
SOX2-R CGGGAAGCGTGTACTTATCCTT
DCX-F CATTTTGACGAACGAGACAAAGC
DCX-R TGGAAGTCCATTCATCCGTGA
GATA2-F CACCCCGCCGTATTGAATG
GATA2-R CCTGCGAGTCGAGATGGTTG
p27/Kipl-F TCAAACGTGAGAGTGTCTAACG
p27/Kip1-R CCGGGCCGAAGAGATTTCTG
cyclin A1-F TGATGCTTGTCAAATGCTCAGC
cyelin A1-R AGGTCCTCCTGTACTGCTCAT
cyclin B2-F GCCAAGAGCCATGTGACTATC
cyclin B2-R CAGAGCTGGTACTTTGGTGTTC
cyclin D1-F CGGAGACGCATCACCTCTG
cyclin D1-R AGGGAGTGGAGGAGTCATTCG
cyclin E1-F AAGCCCTCTGACCATTGTGTCC
cyclin EI-R CTAAGCAGCCAACATCCAGGAC
B-actin-F GGCTGTATTCCCCTCCATCG
B-actin-R CCAGTTGGTAACAATGCCATGT

1.2.7 &8 Rk

2 25 A0 M A i R OID N A5 Cocktail [ 227 R,
UK E2RL#E10~15 min JFH# 2 1.5 mLEPE . fi
FH BCA 720 58 & KR B 5, N Loading buffer, &
T-99 C4 )@ Fh AR YE 10 min H R E A FE M. AT
FEL UK R L L, % NC RN J i 25 95 VR (5% ) Hh &t
P11 h, TBST B f5 — i & i 7%, X H TBST ¥k
3WJE PR EEME 1 h, £ TBST ¥eik 5 Ik
T AT R E . — BRI RE L] SOX2(1:2 000D
GATA2 (1:500) « p27/Kipl (1:500) « cyclin DI
(1:1000).B-actin(1:2000) .
12.8 mfnE

R N e o[ R el A s O O (8
(TdT }§ 5 pL+5¢ EARIC I 45 wL/AEANFE ORI T
[ 5€ J5 (4B NE Fr, 37 CHEYGIE H 1 h, Il DAPLIE

TG £ 5 A IO S 2R A B BB 1 R (546 nm) I
giits
1.2.9 & 7 4

F M CCK-8 1M & 1t B 45, F PBS KA R B2
) NTQ 4b#E NSC, H 5 I\ CCK-8 ¥ i, 37 “CilE e
% E 2 h G, {8 FHEGAR AU 450 nm A RO FEAE
13 “%itgs*

FI ] GraphPad Prism 8 32 17 $ 4 43 #r , $ 4k
PHE AR HE 2 (2 + )RR, P BB ¢ 4 38 (R
ROt AT gk, Z HRAEH R E T Z 5T, P <
0.05 N ZEFE G F 5 o

2 # R

2.1 NTQ#4+ AD ) & P NSC &

2.5 H ¢ 5xFAD /MR HI NTQ 27 4 4> H J& , B
N R L A 2R AT S % % e G B . Western blot Al
RT-qPCR A CEI1A) . &5 EoR, 5 AD ZHAHLL,
AD+NTQ 4H /N B3 K fo (1) ¥ 5 05 4K |l X b R J2
SOX2 BH 14 41 A %5 &= 2 2 39 i CE 1B C) 5 [F) B
SOX2 ) mRNA Fl 2 H7K-F B 23 i (& 1D~F) .

2.2 NTQE 3 NSC 493878

HUE15.5 /N #4M o B3R NSCUEI 2A), 437l
H PBS.0.062 5 pg/ml.0.625 0 pg/mL.6.250 0 pg/mL
}62.500 0 pg/mL NTQ ALFHLHT. CCK-8HKMI4h 517
715,0.062 5.0.625 0 pg/mL NTQ X 43 F1 I, 1
6.250 0 pg/mLA162.500 0 pg/mL ACFRZL B /RN #5E
(FE2B). 4HMIH TS R A2 IR, 0.625 0 pe/mL NTQ
A FEAN IR A0 A5 (B 2C. D)« (R, J5 4%
0.625 0 pg/mL NTQ 4 ¥ NSC.

{88 FH PBSNTQ B3 4 NI 4k 344 41 43 85 85 5% 1)
FREER, B4 RT-qPCR Western blot £l & 45
BB, 5 PBS AL, NTQ 4L £ BR (1) B AR 0H 2.1
K, Horb, BAR>T0 pm A EBREH B2, B AR
<50 wm FHZE BRI H 5 > (B 3A~C) 5 SOX2'
BrdU ™ F1 DCX "4 Jf %5 2 2 3% i (& 3D~G) ; SOX2.
DCX ] mRNA 7K ¥ &3 i (B 3H) 5 SOX2 2 17K
SPHE 0 CRE 31~)) 53X 26 2 305 BH 1 2454 5% <6 WIS R
— 8, DL EGEREM, NTQ Al {232 NSC 19 5 Al fih 22
KA
2.3 NTQ{Zi# NSC 3458 &9 4T #L 4

2 B A G ZE ] eyelin Al.cyclin A2, cyclin
B2 UL} cyclin D1 4T RT-qPCR G, 25 R &R, 5
AD ZLAHEE , AD+NTQ 44+ cyclin D1 mRNA 7K 3 2%
HmCE 4A) . Bl 5, X eyelin D1 _E3# 73T GATA2
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2.5 months 5XFAD

| 4.0 months |
2.5 months 6.5 months
C 3, LU D4, LU E AD AD+NTQ s, *
[} . [ .; ) u

. L3 SOX2 i ' - o, 2 161

=2 z ks
5 & 121 B-actin S SR PR 42 kDa = 14

) o « ]
= » 1.1 2 1.2

1] = Z =
1.0 % 1.0
0- 0.9- 0.8~

AD AD+NTQ AD AD+NTQ AD AD+NT(Q

A: Experimental timeline in vivo. B: Inmunofluorescence labeling of SOX2 in the hippocampus of AD and AD+NTQ mice (scale bar=50 pm). C:
Quantitative analysis of the percentage of SOX2* cells in the hippocampus of mice (n=6). D: Quantitative RT-qPCR detected the SOX2 mRNA levels in
the hippocampus of mice (n=3). E: Western blot analysis of the SOX2 protein levels in the hippocampus of mice (n=3). F: Quantification of SOX2
protein expression in mice. P < 0.05, "P <0.01 and ""P < 0.001(n=3).

1 NTQ##: AD/NR A NSCEE
Figure 1 NTQ maintained the number of NSC in AD mice

A - PBS c TUNEL Merge
\ NTQ
E15.5 Brain Suspension culture |:.:
B kokosk D
2.0 steskesk 1.6
s ok
% 1.5 1 12 3
= ~ =
T 1.0 = s
= . = 081 e
. 2 i
T 1R 0 6 ot RO = 0.4+ g
3 - "W £
= < 40 pm
05— 0- ——
o} Q PBS  NTQ

Q A O
& p N ®

NTQ(pg/mL)
A:Schematic of experiments in vitro. B: CCK-8 assay showing cell viability (n=4). C: Apoptosis assays of NSC treated with PBS and 0.625 0 pg/ mL
NTQ(scale bar=20 pm). D: Quantification of the percentage of apoptosis cells(n=15). P < 0.001.
2 NTQALIEXTZMAETE S 8IS
Figure 2 The impact of NTQ treatment on cell viability
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2. £ - £ 100 1 —
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=
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PBS  NTQ

D BrdU
w2
/|m
[=%
g-
Z.
=
=
=
E F ok G
1.0+ 1.0+ L-;b 107 —
[ J
0.9+ 0.8 o 0.9+
Ll e *
= & S 3
- - - -
Z 08 =06 =038 .
S = . =
% 0.7 = 0.4 507 P d
7 = a
0.6 0.2+ 064 | e
0.5~ ; ; 01—~ ; ; 0.5 ; ;
PBS NTQ MEM PBS NTQ MEM PBS NTQ MEM
=50, e I PBS  NTQ  MEM Iy
2 — — ¢ PBS SOX2 . ' . ok
- S -42 kD: —
5 SNTO -2 D .
8 MEM ) z ook
z (] B-actin e g —— —— 1) k])a =
E E - L ]
~ 1.0 g 2
Z 2
= 2ol
é 0.5 % 1
-
= 0 . . 0 ; . .
SOX2 DCX PBS NTQ MEM

A: Representative images of neurospheres of the PBS and NTQ groups (scale bar=100 wm). B: Quantification of the neurosphere diameter of the
PBS and NTQ groups(n=20). C: Proportion of different sized neurosphere of the PBS and NTQ groups. D: Immunofluorescence labeling of SOX2*(red),
BrdU* (green)and DCX* (purple)cells of the PBS, NTQ and MEM groups. E~G: Quantification of the percentage of SOX2'(E), BrdU*(F) and DCX*(G)
cells(n=8). H: RT-qPCR was used to detect the SOX2 and DCX mRNA levels (n=5). I, J: Western blot analysis of the SOX2 protein level (n=4), P <
0.01 and ""P < 0.001. MEM: Memantine.
3 NTQRi# NSCRIMETE
Figure 3 NTQ promoted NSC proliferation in vitro
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A p27/Kipl HEAT 7RI, 25 R 7w, 5 AD /N R AH
tt, AD+NTQ 419 GATA2 1 p27/Kipl mRNA 7K-F-
[ (B 4B.C). Western blot i 75, NTQ &b 2 J5 cyclin
D1 & [ R IETHE, M GATA2 il p27/Kipl & [ F ik
TFEE 4D E) . H 5, M eyclin D1-CDK & 454
(1 #3057 PB (1 wmol/L) 4b 3 NTQ 20 f¥) NSC, NTQ+
PB 41 T 4 2k K] SOX2 M 3 ik 7K 1 &t 3 A (&
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