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1.00+0.00, P<0.05), 7% CXCLI2 AJfigif it CXCR4/AQP3 fE# OGD/R SH-SY5Y 4iIJfifd F . 5 CXCLI12 41
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[Abstract] Objective To explore the effects and mechanisms of the C-X-C motif chemokine ligand 12/C-X-C
motif chemokine receptor 4 (CXCL12/CXCR4) signaling axis on apoptosis and autophagy in SH-SY5Y neuronal cells
subjected to oxygen-glucose deprivation/reperfusion (OGD/R) model in witro. Methods SH-SYSY cells were
divided into the following groups: OGD/R group and non-OGD/R group, with the OGD/R group subjected to OGD/R
modeling and the non-OGD/R group receiving no treatment. Cells were also divided into CXCL12" and CXCL12~
groups; the CXCL12" group received 0.1 mg/L exogenous recombinant CXCL12 (thCXCLI12) at reoxygenation, while
the CXCL12™ group did not. Another set of cells was divided into CXCL12+AMD3100 and CXCLI2 groups; the
CXCL12+AMD3100 group was pretreated with 2.5 mg/L. AMD3100, a CXCR4 inhibitor, for 2 hours before OGD/R
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and received both 2.5 mg/L AMD3100 and 0.1 mg/L rhCXCLI2 at reoxygenation, whereas the CXCL12 group received
rthCXCL12 only. Additionally, cells were divided into small interfering RNA CXCR4 (siCXCR4) and small interfering
RNA negative control (siNC) groups; the siCXCR4 group underwent CXCR4 knockdown before OGD/R modeling and
received 0.1 mg/L thCXCLI2 at reoxygenation, while the siNC group, transfected with a negative control, received the
same treatment. Protein expression of autophagy-related 16 (ATG16), microtubule-associated protein 1 light chain 3
(LC3), aquaporin-3 (AQP3), and CXCR4 was detected by Western blotting. Apoptosis rate and CXCR4 expression were
measured by flow cytometry. Results Compared with the non-OGD/R group, the OGD/R group showed a significantly
increased apoptosis rate and markedly decreased protein expression levels of ATG16, LC3, AQP3, and CXCR4 (all
P < 0.05). CXCR4 fluorescent expression was also significantly reduced, suggesting that OGD/R simultaneously affects
neuronal apoptosis and autophagy while inhibiting CXCR4 and AQP3 expression in SH-SY5Y cells. Compared with the
CXCL12™ group, the CXCL12" group exhibited no significant change in apoptosis rate but demonstrated significantly
increased protein expression of ATG16, LC3, and AQP3 (ATG16/GAPDH: 1.21 =0.10 vs. 1.0040.00; LC3/B-actin:
1.22+0.10 vs. 1.00£0.00; AQP3/B-actin: 1.26 £0.04 vs. 1.00£0.00; all P < 0.05). CXCR4 expression was also
significantly enhanced (fluorescence intensity: 1.19+0.05 vs. 1.00£0.00, P < 0.05), indicating that CXCL12 may
promote autophagy in OGD/R-injured SH-SYSY cells via the CXCR4/AQP3 pathway. Compared with the CXCL12
group, the CXCL12+AMD3100 group showed no significant difference in apoptosis rate but significantly lower protein
levels of ATG16 and LC3 (ATG16/GAPDH: 0.75+0.08 vs. 1.00+0.00; LC3/GAPDH: 0.86+0.07 vs. 1.00£0.00;
both P < 0.05), suggesting that CXCL12 induces autophagy in OGD/R SH-SYSY cells through CXCR4. Compared
with the siNC group, the siCXCR4 group showed no significant change in apoptosis rate but significantly reduced
protein expression of ATG16, LC3, AQP3, and CXCR4 (ATG16/GAPDH: 0.76 £0.06 vs. 1.00£0.00; LC3/GAPDH:
0.79£0.11 vs. 1.00 £0.00; AQP3/GAPDH: 0.81+0.05 vs. 1.00+0.00; CXCR4/GAPDH: 0.86 +0.04 vs. 1.00 £0.00;
all P < 0.05), indicating that CXCR4 knockdown suppresses OGD/R-induced autophagy in SH-SYSY cells likely via
AQP3. Conclusion The CXCL12/CXCR4 signaling axis can regulate OGD/R-induced autophagy in SH-SY5Y
cells through AQP3 without affecting apoptosis, indicating a role for this pathway in neuronal autophagy during cerebral
ischemia/reperfusion injury.
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1.3 AUMAEYE 6 50 nmol/L BIPERTIE/N T4 RNA
(small interfering RNA negative control ,siNC ) #1150 nmol/L
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I2 (ethylenediaminetetra-acetic acid, EDTA) A9 i fif
TR Z0 I, PBS PE% 1 IR A FITC 456,
SR e BRI B B AR AS TR A FITC Ak py g
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1.8 VMK I CXCR4 ik : FH A EDTA
) J it T Tk WAC 4 40, PBS YRR 1 IS, INA 5%
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1 : OGD/R J 83 / B4, ATG16 g WA CHE 1 16, 1.3
AR A 1 524E 3, AQP3 SH/KIEIATEH 3, CXCR4 2N C-X-C
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H 235 U] W BEAR (2 P<0.05; 3% 45 B 10), #2758
T4t CXCR4 AJ LLidE i+ AQP3 41| OGD/R SH-SY5Y
LAY 1
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%*3 CXCL12 45 CXCL12+AMD3100 £2 OGD/R

SH-SYSY ZlAf1 ATG16 #1 LC3 BIZE A FRIAELE: (x +5)

251 L& (FL) ATG16/GAPDH  LC3/GAPDH
CXCL12 41 3 1.00+0.00 1.00+0.00
CXCLI2+AMD31004H 3 0.75+0.08 ° 0.86+0.07 %

1 : CXCL12 Ak F C-X-C L FELA 12, AMD3100 g C-X-C
HATLIR T 220K 4 35703 SR VD4R, OGD/R S8 M3 / B4, ATG16
g AWEARDCEE [ 16, LC3 A AHOCE 11 1 #2655 3, GAPDH  3-#
iR H A A U 5 5 CXCLI12 4HLbEs, “P<<0.05

CXCLI2+ AHHF Sy

ks CXCL12A AMD31004 TR

68 000
ATGI16
66 000

LC31 16 000
LC31 14 000

1 : CXCLI12 b+ C-X-C FEFRLA 12, AMD3100 Jy
C-X-C H LA 73244 4 ikl s b4, OGD/R A EERIZE / AR,
ATG16 J AWEHI R 1T 16, LC3 WIEE MM 1 54 3,
GAPDH >} 3- g H-iih e 1 iy

B8 #EHEAEEEIRE (Western blotting) 1] CXCL12 070
CXCL12+AMD3100 £ OGD/R SH-SY5Y 4l ATG16.LC3 BHFEE

SINCE, siCXCR44

7
Q1 Q 107 a7 23]

0.18% . 2.3T% 0.32% o 2.73%
i T

10*

z x
m =
a5 a5
102 10%
Q3 : Q4 Q3
93.81% 3.63% 93.53% = 3.43%
10[) 1 1 101 1 1
102 10* 100 108 102 104 100 108
FITC-H FITC-H

1+ siNC R BAPEXT B8/ RNA, siCXCR4 2l C-X-C
WL F2Z 1k 4 /NT4E RNA, OGD/R N EMER#IZF / K4,
PE HBELLEN , FITC J SR EIRTEEE
9 WM siNC 4LF1 siCXCR4 4
OGD/R SH-SYSY 4ifREAT- &M

% 4 siNC 485 siCXCR4 ZH OGD/R SH-SY5Y 4R A

ATG16.LC3.AQP3 1 CXCR4 HIE A FKILLLE (x +5)

S LB ATGl6/ LC3/ AQP3/ CXCR4/
- (fL) GAPDH GAPDH GAPDH GAPDH
SiNC 4 3 1.004+0.00 1.00+0.00 1.00+0.00 1.00+0.00

siCXCR441 3 0.76+0.06" 0.79+0.11 " 0.81£0.05" 0.86+£0.04 *

1 2 sINC R B IR /N T4 RNA, siCXCR4 A C-X-C #4 1L [
T2k 4 /T RNA, OGD/R S AMRIZE / &4, ATG16 S F A
KA 16, LC3 MRS HHOCHE T 1 355 3, AQP3 SH/KilE# M 3,
CXCR4 2 C-X-C Mtk R F52 14 4, GAPDH >y 3- W 1R Tyl ot it 5
5 siNC 4 H#R, *P<0.05

H5)

i iNC4 =
= siNCEZH e

siCXCR44H.

CXCR4 35000

68 000

ATG16
66 000

GAPDH 37 000

16 000
14 000

LC31
LC31

AQP3 32000

GAPDH 37 000

1 siNC Jg B B/ RNA, siCXCR4 y C-X-C #{k A+
Z M 4 /T RNA, OGD/R SHEMERIZF / 2%, CXCR4 2 C-X-C
HH T2k 4, ATG16 R AWEAI G M 16, LC3 AR
1 5245% 3, AQP3 N/KIEIEHE 11 3, GAPDH hy 3- W& H- I i U

10 EAFAEEEBIRY (Western blotting) 1l
siNC 417 siCXCR4 41 OGD/R SH-SY5Y 4
CXCR4.ATG16.1C3. AQP3 ZEHFA

3 W it

MR 10 P A T R R BN R AR T 1 B R 2
— S A BRI I A TR A Bk R RS E
2l 20 R 21 355 il ) T 57 (recombinant tissue-type
plasminogen activator, rtPA ) A7 2 Bl i 4 ik 45 v
A 3K AE N FH 32 BR T8 B30T I 18] i S P i
0, PR 3B VI BT AR BT T B - 4A 3L
94345 A R R S, e P A R
HH I A N7 A2 I P i A e 8 e A A 1 2
FPLRIZ— 2 FEARBETO, FRAT A& B SN  ik
I/ P R AR TR S 3k 28 ST 20 i SH-SYSY 41 i 9
TR, AR T 40 [ 1, 78 OGD/R SH-SYSY 4
Jifd ] T CXCL12 &Z{k CXCR4 3Rk, &M
OGD/R #1045 ] fig 3@ iF CXCLI12/CXCR4 {5 5 52
M i 8 100 / P PR e R PR TR A L (AR
(1) 2, OGD/R W] T SH-SYSY 41 il h AQP3 &
102635, #E ] CXCL12/CXCR4 1] fig J2: i i3 AQP3
AR S ER

St BGAE CXCL12 FEMRSMIG Bl il /
BRI BT, AT 7 OGD/R SH-SYSY 4l i
A thCXCL12, % 4 i i [ R0 8 T gE 174G I, 45 51
FWH, CXCLI2f23F T OGD/R SH-SYSY 4 ihy [ W,
EJEXF P VA B S s . A F9Y4RE , CXCL12
AT LA T T Ao 22450005 o e A LAY 0, R T
SN, SACHESEAE AR B RTZ M IsT A



- 854 -

rh A1 R AR BE 2 2025 4F 9 J145 37 B4 9 Chin Crit Care Med, September 2025, Vol.37, No.9

FF CXCL12 7] IR BE g 0 SR CXCL12 X
YRR T B S i A AE R BN, TUEBR CXCL12
()28 0T AT A2 AR A R T, X B AR A0 A
Y5 EA A E R AN B9 CXCLI2 J38nT L
iSO R R e = B e v 7o 1 O
72070 SR AE Wk 95 i v A PR CXCL12
AL R AESTIE T AE AL, 9 Hoas Ao gd T4 F AT A
B AMD3100 BELIWT ™ st ah, 75 61 4 P i 45 1 5 75
H A7 C T CXCLI2 #fl A 2o T HiiE , of B
BTV FH AT LB AMD3100 35551 AR
&, IR PE 5 AMEPE CXCLI2 BPE AR, G
RS XS AR M Ty T, AELEN G TS S e T
PRI R, RS R 4 R L S [ s i
GIREET, CXCLI2 XA s 2 oo I8 12 1 52 A
Bk —RST . AT R ASMNEE: CXCLI2 J5,
fE#E T OGD/R SH-SYSY #Z: 4 g CXCLI12 Z 4k
CXCR4 Jz AQP3 ik, FWILE OGD/R SH-SY5Y
P25 40 L P, CXCL12 %21 T CXCR4 9 % 5, H
CXCL12/CXCR4 {554l Gt AQP3 R[5 5
M.

R FE CXCLI12 /2 75738 £ CXCR4 & #EAEH,
AW 5848 CXCR4 FF 5 M 4 i 57 AMD3100 X
OGD/R SH-SY5Y #f 25 4 ffd iff 17 kb 21, 25 2R B R,
AMD3100 345 T CXCL12 BYAE A WA, [RIREX
T3 W5, ] CXCL12 #5238 33 CXCR4
%S OGD/R SH-SYSY M40 fy H g, H A i
FEUERA , CXCL12/CXCR4 {554l ml LAE S H I, ] 4
CXCL12/CXCR4 7] LIl i 175 45 EL e i H Wk A
PELR M B9 4R 22 FIT 2540 L B0 CXCL12/CXCR4
15 53 1 7T LLAE JE AML B B e 0 H R 6 DL
CXCLI12/CXCR4 {5 S5l SR il o i 46 pf 280 [ s
AR I, PRI IFFE 1T CXCL12/CXCR4 X i
I R A R 226 A 5 ) S A R

ik — 1k CXCR4 7 OGD/R SH-SYSY ##i
2R AR BT i AE i, ASBIFSE T SH-SYSY
P25 41 s CXCR4 Y 335 J5 H 57 OGD/R B, K
I SH-SYS5Y 4 M %) 1 s 98 T A BT T 3 1 2 1
AQP3 By ik, 45 R R, T4 CXCR4 J5 #f 5240 i
T OGD/R SH-SYSY 4 % [ s, [Rl A% T 0% A7
Wi @5 m, T3 CXCR4 )5, ¥ — - IE B CXCL12/
CXCR4 {55 5l#f 55 vl LIME#E OGD/R SH-SYSY 4
F AW, FEAE, T4 CXCR4 J5timdl 7 AQP3
fy2e3k , KW CXCL12/CXCR4 {5 54258 1 T i

FEEE ) AQP3 KAEAE L 175 T I ke 1l / 7V S Y

MZTTHME. AU RR, RSk MMERA TS 6 h,

FEFELE A0 X AQP3 Y I B FRAR, H AL T 2

VI 5 40 ML RV 28R 4 . UE A AQP3 7

MLPERRAS e R AR T AR ARSI TEAR D . SR,

H B #F UL 56 F CXCL12/CXCR4 {5 5 %l i AQP3

X IR LN P 2T R T . AP

YIEM] T CXCLI2/CXCR4/AQP3 {558 i nl LB S

iR I / FRRETE AR 22 0RY A W, BT — 2 R BIHTIE

HSE A B4, CXCL12/CXCR4/AQP3 15 5 1 4 1)

RN S 5 It — 2P HEA T IIE .

Zi L FTIR AR SCRAIEW] T CXCLI2/CXCR4 {55
Bhel Ll AQP3 {2 #E OGD/R SH-SYSY 4 g A
Wit , ANSEHE 20 LAY 3 T2, B CXCL12/CXCR4/AQP3
T PR R AP F e R A P Ay A v
ARATFR AL THIERIR AL A
RIS JTAVEE A IIATER fi 0P
EE TR T BRERAI BTSSR | SR TY | SRR |
FSCE 3 DU ERPR RIS AT / SRR 5 ARG XS0
PRI PO B o B et AT 5 R0 < 4780 RSk R
SCRE 3 ERM SR TRk i BRERRIBE IR RIBI A 2R
152
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