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THREATEFTINSEREHFATREZ/NR
s S1iC 2 T RE R PLHI T 5

FRE AT weeET Ma¥R KikE & R F T
CRABR P BRE BB SUERBE, S 641418)

W/E BN HiPAREshEd TR HE T 7 (IRF7) 8652/ RIS 2 R0 &2 T idiCRe I bLsl . Ak kM
60 H C57BL/6J it SPF Z/NER, 2 #4230 H, 12 #4330 K, A lBENL I AEXT AL (C4H, n=15). FHiFiash4d (CE
2, n=15) FMEEEXFRA (A4, n=15), FEiZsh4 (AE4], n=15). FAAEREH TS, ERIEE Y e Eah
NEREESIEICRETT s BSOS (TEM) ULEEIHE B 28 fil B (25 #4 s 5 I BNy, (Western blot) 462l Janus 3 1
(JAK1) . W21 Janus B/ 1 (p-JAKLD) . 55 2 5 FHMIEE F1 (STATL) . BG5S 55 R HME R F 1
(p-STAT1) MZ&fil )5 #1195 (PSD9S) MR TR AT 5 Aed b kil & i 45 S 151011 (IBA1) 28
SR EEEE G REW AT (BLISA) R THi%E -0 (IFN-0) . T3 HE-B (IFN-B) . MIREIFRIEHE F-a (TNF-0) . FHAZ-1B
(IL-1B) BYFEAAT; SEmF9etE H PCR (QRT-PCR) WI5E JRF7 mRNA B35k ; DNA 1 ELAWKG I 43 HT IRF7 5 R T Ak,
KV, BER AL/NRETICACEE S WAL (P<0.000 1), M2 ME5FZ 81, PSDIS FKIkFEML, JAKI. STATI K IH#k
RALIKF-FHiR (P<0.05), IFN-o., IFN-B. TNF-a. IL-1B @& Tk (P<0.001), IRF7 mRNA KN (P<0.000 1), IRF7J5
BT CpG H AL RFEML (P<0.05), IBAIL FHPEFEAIEHE . AE 4 FiR$EHRI A A RE (P<0.05), #0128 B4R
Tb, WO ARG i ARSI LI IRF7 A8 F X P ML, T mRNA K& AFRDE, BT IFN-I
JAK1/STAT LB BE B0 , WM RAE, i 8/ NREEI0ICRE S, G B AR,

xR iz, WiEE, TIERERETYHETT, #dicie
HESES Q5, RI80.5770 DOI: 10.3724/j.pibb.2026.0286 CSTR: 32369.14.pibb.20260286

AT DS R AR TR A R SRR O IR R, 8B 28 B
k. 20204, HE 602 LA EANH L 18%, 802 L fEM LIS St Eshi g kR kR T,
AT 2.5%, HH#] 2050 44550 50T 2 39% M1 ke P 7E e U/IMIZ R4 (microglia, MG) 54k
10% "o M2 R ERHERTRENRRZ k. MR IRSE R T-a (tumor necrosis factor-a,
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TSR R . TUBRPTAREEN, i —Irmaie
AN AR R RAY, S I E AR . P T
[ T BB i 2800, IR 2 fl wT 38 1 55 i o
B, JFOEdEpIEMFEEE T (amyloid B-protein, AP)
VARt 251 (tau protein) 1 EEBEMRAIL, AT A
SN IR TR, 2R A TR 1Y s R 2=
ETE 31 I IR

THEPTHAF7 (interferon regulatory factor 7,
IRF7) YENZIRe N T, BRI THE (typel
interferon, IFN-1) Fik AR T, [FATZ
SRAE M B B R VEBe S, AT IL-6. IL-
33, TNF-o 5§ Z F & 1 48 = ) % e 0 ot 7F
(interferon-stimulated response element, ISRE) ¥
IR RAE LML F3R35, fRIFSRE RN 1, TR
2 RIEA P, IRF7 A FEEZREEM . 4
bk i 5 40 /0 BRUABSR ey, TRF7 63k T i vl 800G /N
JRE ST A, IR RR 2 4, I BELWT IRF7 38 % AT s
BRRIER N . BEEINATIEE "5 IRF7 @R /IN R
1L-6 J 2T 2 A {2 21 A Ak R 78 F-AIK, RIER
NG s S R, IRF7 A) R 4 A M
AR AL, BEORIE A RN, H/ING BT A i M M2 54 1]
M1 Y & R4 b o #2 P IRF7 3238 I8 3 TF i 1
IFN-I1E R Z R0 AR R AN 5, & KN &b i &
Zhricy, R NLZE SN E 6 L (amyotrophic
sclerosis, ~ALS) FTIE /U S T3
(frontotemporal dementia, FTD) . B[ /R 2% i Bk 9
(Alzheimer’s disease, AD) 55 £ 3R 1715 9% 1Y
PR FRRAE , Hoad B Rk 5 AR AR S E S 28 98
R FONMTIRE T B PIARSE 7 il IFN-1{5
RS o (e e Sl 12t A e =S P 1)
P28 F2 7 (brain-derived neurotrophic factor,
BDNF) . B RFEAEK P F-1 (insulin-like growth
factor-1, IGF-1) ik, ZMINHIINAERIR "
Janus G -15 555 T A1 RO - (JAK-STAT)
i T IEN-F 5 5% 092000 %, o B T
U5 5 2 Al R T OR i e M DG W R A
(senescence-associated secretory phenotype,
SASP), 5| DNA 545 S ZH SR RAE , Tk
AR KO DB K A, T LI i2238 1% T A 2504
ZxEg 1 IFN-TH AR OB IRF7 4%, IRF7 A]
i 1 T JAK-STAT G % 0K 30 {2 & F I, fie ik
TNF-a, IL-6. IL-1B %5 VEANMIR F40 0 2 fH
AR, IRF7 7E 5 2 iy & SORMUR TR
REGE P B, A WFIIESE, IRF7 Ris a5 M 4

lateral

550 42 AR s B R S Y GO AR A DG A% JE
= 5EREAET, IRF7T ®H LS5 AD, &
PERG 00 5 2 A i s 22 RGepR i R AR KT, 7
Jiki 3 22 HEFR ) A IR S MR T RE 2 AW
PR 227

BEIVEN—Fh 4 e ToA RN SN
P, TR RGP S e T
HAMEEHE . KEMITUESE, A Az 3hnT
AN IR BE SRR 22T . AL I Jo 4 e S
WAk, BEAR TNF-a, IL-6 SFfE 58 KK, ZEfigkrh
WX PR 2R GRE AR, [RIES AT 3E 7 S 52
W . BRI R A TR E T . PRI I AR Y 5
(long-term potentiation, LTP) JE %, A %ok 3%
I g8 fl () W] R P 0 B R RS Rk R 1 AR
&, MRS Al R4 R EH , ARl
(N A N (154 7 X S . S BT VA= WA B A i
Bij i 2R T e o ST AN IR A i A SR
WP LI, 1z 8h 1 il 2 52 /N U 5 IRF7 284k,
M /NRE 2R CRe S B SR, HETR T
IRF7 7E15 3y 1~ T 2038 ki 5 2 /N BRA= >0 12 | g v
) ELARAE FALE AN BB . ASHE9E R IRF7, 58
WHAEA FIz 3110 T A2/ B E b 28 9 0E A
e AR ST E AL, JF R is ShAE L a2 |
FEGENHI TN LIRS HRT i B MU AT A A5

1 HH5HE

1.1 WM EH4AE

AWFFEERE 12 A I CSTBLI6T /NN 5 £ 0%
FEXG, ZHA WX AZEL) 40~50 % 0 12 7 i
ANERER G R AR RIS, B R shilridE vk B AR
CAERE, RN AU A I R B R
AN T A L 3 B A M R B R SRE , IR A T R
R A [ ) 02 iR, S R i R
B AN S REAE 45 % 5 518 U B W
P 5536 ARG R A T8 B T U HI R A SELE
YR, A A RN, FERA TR AR T A
XL, MELIAT SOTAG I 31T 06 I 2 2 1 I 3%
Mo B, ARBESTEREAE N AT AR U 1R i St
T,

% 60 H C57BL/6J HE 1 TG ¢ & W 5 A
(specific pathogen free, SPF) Z/NEL, 2 H % 30
R, 12 30 5, 0 3 BUER A AR S 55 s A FR A
" (EPFAES . SCXK (1) 2025-0030,
#, hED, SR T REMAE 2Bl izs 8 L 4 SPF 5l



2026; 53 (9

MEFk, & FRJBATEFINSHEEEHATRZ/DREF SEIZIERNEIHR

+2451-

YIsLuh e o sl N SR 1 RS, 2 A /N
12 AE/INRABIBEDL A . FAEXTIRAL (C4l, n=
15) . H4EEsh4 (CE4, n=15) FEEXIEH
(A#, n=15), EZizshd (AEH, n=15). /Ml
TFEEAE 4 R0, 12 hise/MEEER, 5 484
TE 22~26°C, AHXF M 42 i 7 40%~60% Z ], F
AR ELE D AIROK o A5 A B 22 B S 56 3
PHeZE B ot OSdARfe3 [2025] 231%5).
1.2 BEHFHRAR

BT CRHA AL ERGZE), MG
WepgE koo, b NI 8 s . 51 KL
6 m/min, 30 min; 1 ¥ £ % 5 KX 12 m/min,
60 min; H5 6 KR 12 m/min, 60 min AY32 5
HE (F1) ZHESFBILEHR Y,

Table 1 Exercise intervention protocol for the exercise
group of mice
Day 1 2 3 4 5 6 e 56
Speed/(m-min™") 6 8 10 10 12 12 e 12
t/min 30 45 60 60 60 60  eeeee 60

1.3 HARRESLIE

TR ARG EE /R H X RTA /N UM s 1 5
1% ICE 280 GRlam 50 mg/kg) 047 REE, LR
WSk Ui . AEAH BEMLER 3 /N B2 i B T 22 R
(paraformaldehyde, PFA) [E W FExE, fHLeb)
R T RSO AR 5 A2 BEALE 3 H /N B A ik
A 2.5% I W AR, DAMIEIE S H - B
(transmission electron microscope, TEM) MW/
SURGIEEH ;. B4R 9 HU/NRU A5 0T Sh 4
UM B RAEE , S AERIRE i A-80°CUKFa &
17, HTIEEEERENE: (Western blot) . FifFH«
e % W B 4 1 (enzyme-linked immunosorbent
assay, ELISA) . 5B 2¢ 0 it I % sk-3 4 Tl
S v S [V}
transcription-polymerase chain reaction, qRT-PCR) .
F AL o AR = AH DGR
1.4 Z3IIRIZThEEME K IEARAE
141 A7 Rk NS 2T eI RE )

a. U U ok By S

R FH U JEL AT oA 2 S PEA /N BRL s ()2 2 A2
REJT. WG4 d2=I M1 dI. 72T BB, B/
FUE T Rk B b e X, IR IR (e
30s, MFEBIFET, /NRERE DA BHER
180 s, HZHIRBIMEFE; 25/ B RELE ML E I [A]

(quantitative  real-time reverse

R AL I = 1 R il N P R LR
60 s LIINTRICAZ , v/ ERAEAS B3 0T I) B P A,
FRRE | HAR RIS A, B 58 60 s 45 B4 sF ] .
AT 4 /A NS, TESE 4 dic AL/ LR B G 46
L0 L O 2 S Ry o1 = 2 R R TR VA= = Ot
555 RUEAIMNRIRYY, BembB s FaIE1E, 1/ NRAE
90 s N A HIRER, JFid 56/ Bk B w548 T i 1
A ] o

b.Y BEE S

Y AE ARG . R R AR =N
W, EAVE e A R 1200, 45— B Bl 25 10 min
(CHBSE), [EF 1 h 5P S min [ B IERM
B, SRR R R A ] 5 B
1.4.2  TEMAG NI B #h 22 02 B I 25 4

BUNRBNHZREA, T 4°CF H 2.5% N FE R
B, T 1% 3R 42 2 ho L8N R 51
JEK G, FERER I Epon8 12 #1785 S
Hl W A (T am), FORRRIER )G TOEEE T
SENE HARIX I, 7EUCIERE b, A LY ER
60~90 nm BV, BiETHM L. U &R R
FATERET U )E, TERTE. BE, #H
JEM-1400FLASH TEM #EA T RE KL,
1.4.3  GAESECKIN M T IB ATBHPE /NS 5 41 g

AT R 28 Z FOR KRR BE RS A 22K . SR
pH 6.0 #7152 45 22 IR HE A7 1 o $AAE 2 LA 2R it
Ji o i 3% H,O, % % iR & 25 min UK I
P E AL B, PBS YRS, WA IiE &M
IR B 30 min N E T LS AT
(ionized calcium-binding adapter molecule 1, IBA1)
(Proteintech, 10904-1-AP, 1:200) —¥Hi TAEW,
4°CIR BN E W7 . PBS YEIRIG , T IAH R F R
HI5EEARC — 3T (Servicebio, 1 :200), 37°CHEE
%5 30 min, FRRPBSUEWRG, DL 4,6- —RHE-2-
78 FE M5 Wk (4, 6-diamidino-2-phenylindole, DAPI)
Yl I H 10 min XFANIEAZ I T Y. PBS
YRR, PO R E R RIS R, ToOtRM
B PSS RERIR
144  FE A FEDIB A IRF7/JAK 1/STAT 138 % &
PSD95%E [k

BUSE A2, % TR R BUINA RIPA 2%
UK AN, BRIRCT 4°CHERE 30 min J5, 12 000g
B0 15 min, WEE B3 . R BCAEIIE B84 H
JEHRE . fii ] SDS-PAGE S¢S Lk S B A R, b
FERE N 20~40 pgo FLUK S5 R e 4 12 80 V H K,
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HEA B IE N 120 V4, SR B A
[ # % PVDF I, 200 mAfE, 2 h, HGME5E
Ja, 5% B4 = IREA 1 he 4395 Fo—3t
1E4°C W i % : IRF7 (Proteintech, 22392-1-
AP, 1:2000). JAKI (Proteintech, 66466-1-Ig,
1:2000) ., STAT1 (Proteintech, 66545-1-Ig, 1:
5000). P-JAKI (Affinity, AF2012, 1: 2 000) .
P-STAT1 (Affinity, AF3299, 1:2000). GAPDH
(Affinity, AF7021, 1:5000). B-actin (Affinity,
AF7018, 1:5000). 75m:iE-20 () =2 H L JEH
J 9% £k K (Tris-Buffered Saline with Tween-20,
TBST) V)5, fin A A N HRP 7 ic 9 — Bt
(anti-rabbit-Proteintech, RGARO001, 1: 3000,
anti-mouse-HUABTO, HA1006, 1: 20 000), =
HEWFE 1 he £ TBST /v, 1 ECLIL¥:%k
eI R . LA Image) FE 20 B A5 257 K
JEE, NS TIH—Rab 8, 158 H 8 A )
FHXTF IR
1.4.5 ELISAKGINTEE S 45 7K F

BUHBREA, B AT 1 9 MATA 1
SR, VK RIS A8 10% A8V 0K, SR
23 000~4 000 r/min B> 10 min )57, URE LW, T
ACLRAFREM o ™A Faz B0 & 16 BH 5 HEA T4 1
TFEEFRAFL TP 2 B 100 wl 2251 e 5 bR o M 73
MAEEA, 37°CHEH 90 min, F WAL, fin A
100 WAL AEW RAL PR TAEW , 37°C4k&L Mt &
60 min, PERWIEVE3 )G, A 100 pl BEEE 54
TAEW, 37°CH%E 30 min, FRRPEE SR, A
90 pl/AL TMBJEYIIAE R, 37°CHEE i1 15~30 min.,
R M 50 pl/AFLZ R v, S BV g Fr
AAE 450 nm Y%K T I £ LI RE(E . AR B o
it il b B AR BT AR EE
1.4.6 qRT-PCRAGZMIRF7 mRNA KK

K Trizol AR EUZH 4R RNA, 810 R A2
A R i S 203 i gDNA 25 i) & b B
RNA DU BRILF AL DNA VG YL . Bifife, % ok
A&, LIl pg A RNA A L cDNA, SEAT
I B PCR VAR ZR M 20 I, 175 cDNA AR |
SYBR Green Master Mix X4 VE5 W), i B2 17
Hg: 95°CTHIAR I 30 55 95°C7EMES s, 55°CiB A /IE
130 s, AT 40 ME¥F. UL GAPDH Jy P S 5t
B, SR 2=k 138 B ) FE R IRF7 (A 3k
i, 45 UL GAPDH AT hRiEfL . BIPFFN A F -
IRF7: forward 5-GAGCGAAGAGAGCGAAGA-

GG-3',
GC-3',
1.4.7 DNAH FALAG

B 25~50 mg ifF ShAH 4L, LA S, fiiH]
DNA 2 BRI & 3R BUE N 41 DNA. % F EZ DNA
Methylation-Gold™ Kit i/ 17 MV & i & £k 5% b Ab 34 .
¥ DNA 5 CT #4557 T 98°C 10 min, 64°C 2.5 h
MR TR AL, B 3 Zymo-Spin IC F:4lifk
[ G AL 5 (1 DNA . £1%F IRF7 3R 817 X CpG
By, BOrb R R R AR & 0 7 PCR (bisulfite
sequencing PCR, BSP) 5|#JiE1T PCRY #4. ¥ 44
LS, RS . KRR T A S ATEZR
3 T.H QUMA, LA 4 CpG i i 1y H AR IR
OISR AL
1.5 Sit=aHm

K A SPSS26.0 4t it Kk 14 #F 17 B 4 4 A,
GraphPad Prism 9.0 A4 TAE ], 45 5 LA+ hp
E2E (xks) FRon, A7 02 # 8 da 0 FH AU 2 55
2550, HARBAR M R R Ty 25508, RA
LSD AT G5, P<0.05 %78 B AT B E S
IES-98

2 & R

2.1 EBHFHHEMTENRBZEINCIZEE

BRI IR B SRR A R BN, FEIELE4 dRYRE2
BB, i 4l BR ik kit v fR 300 257 B D11 5t Jre i
i (B 1. 5CAMtt, Bahxidl (CE4l)
SR SR E B E 225 (P>0.05) . Adl/h
FUPESS 1~4 RIS B4 KT C4l (P<0.000 1),
8 JEZ h 1 7 {35 U0 TR RN R 2 (R 2 2T 1B
Ji: HSAHMLW, BT A (AE4) /NG
PRIAFESS | RRD B 34650 (P<0.05), 552 REFiE
—HR (P<0.01), Z3~4 K22 54000 B 3%
(P<0.000 1). 7E555 REYZS HEEEM S, A4/
BRI RIS B KT C 4l (P<0.000 1), Tfi AE
ZH/NRRTE R I A 2 B35 4006 (P<0.000 1),

Y R E SR s, METF C4l, CE4l/h
BRZE BT S R AR B ] S B 04 (P<0.05) . i 5
BHRRBELEEES (P>0.05), AR ERK
fils (P<0.000 1), Tz h+ 15 BRI AE 21 7 37 53
7 N~ TN 7 =~ B O I T |
(P<0.0001) (K2),

22 EBEHTFHARERTE/NREIRMEN

TEM KSR (F3) BR: C4/MRiED X

reverse 5'-GGCCCACAGTAGATCCAA-
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Fig. 1 Barnes maze test results
(a) Escape latency of mice in each group during the learning phase from day 1 to day 4;(b) escape latency of mice in each group during the probe test
on day 5. Compared with group C, ****P<(.000 1; compared with group A, #P<0.05, ##P<0.01, ###P<0.000 1. ns: no significance. n=8.

(a) kkskk (b)
1
* HHtt = *k Kk
Lo 1 I 1 g T 1
é 150 : 2000 s i
<
E o = I 1 I |
B SL? 2 °
2 o e 1500}
Q
£ 100 _i_ e £ ° oo
2 ° =l ;
£ S 1000} % o
g 2
2 z
E sor ° : .
£ S 500
= 3
=
»
0 = 0
C CE A AE C CE A AE

Fig.2 Y-maze test results
(a) Exploration time in the novel arm of mice in each group; (b) exploration distance in the novel arm of mice in each group. Compared with group C,
*P<0.05, ****P<(0.000 1; compared with group A, ####P<0.000 1; ns: no significance. n=8.

Fig. 3 Ultrastructure of hippocampal synapses in each group of mice

The red arrows indicate the morphological structures of the presynaptic membrane, postsynaptic membrane, synaptic cleft, and postsynaptic density.



2454 - EMUEEEYIEER

Prog. Biochem. Biophys. 2026; 53 (9

Sl E] VA BT, A A e R, A I AU
i3, CEZ/NR S5l Z5 5 C M T
WIS s A A/ BRI S 28 fl i -5 i e 9 AR
W, SR 52 MR BEUEY B b, 52
I AE 4/ B 1 5 58 fal i i A s, SR f 4 4
THW H ek, SEMMAIBREEAIE 1E 5, S5 B0
V£ .
2.3 i 3h F 1 78 #= IRF7/JAK1/STATI1 i& 3% &
PSD9SERAFRIE

Western blot kil (K14) 255, S5C4LL, CE
ZH /N B 5 v IRF7. JAK1, STAT1. p-JAKI,
p-STAT1 X PSD9s (I Rkt T F M= F
(P>0.05), A4l IRF7, JAK1, STATI., p-JAKI,
p-STAT1 & [ ik & W 3 (P<0.05, P<0.05,

@ C CE A AE

ku

133

PIAK] | e o D o

P-STAT] eom—- o= gy o—w 0]

IRF7

P-Actin - cum— — G— e—y

P<0.05, P<0.001, P<0.01), PSD95 %13kt
Fk > (P<0.05); 5 A4AIEL, AE 4 IRF7,
JAK1, STAT1, p-JAKI, p-STATI1 % [ % ik i i
2k > (P<0.05, P<0.05, P<0.01, P<0.01, P<
0.01), PSD95 & H ik B EHN (P<0.01),
24 EZHTFRREERRTEE/NRIHERER
B PE D AR/ NI TR A (IBA1) A
MM e (K5, 6). SCHMEL, A4
/N CAL X IBAL 28GR B, HA S
Pt E X (P<0.05), CE4H/MER YD CALIX IBAL
K IE LA B Ak, NAFSIT¥*E X
(P>0.05); S5 AHMIL, AE4 /MRS CAI X
IBAL 7¢O o JE W BEAL, BASIE X
(P<0.05)

(b) C CE A AE

ku
JAK] e an— — e 133

STAT! | e |

GAPDH s S — - 36

(©) (d) (©
04 - i 20}
ns * #
> 1 = — 11
£ 03f S e g 15p ns 5
g3 =3 g —
g4 22 23
g= o02f = 2& 101
= <M: o < o L[l\-
23 =85 =
S5 L = 4 = L
) 0.1 Che e 0.5
0 0
C CE A AE C CE A AE
® * # (® () X H
1l 1 -
1.5 . 1.5 200 T s I 1
f 1 2 1
= iy —_ © o <]
2T 3 = 2@ L5
=8 1o} 5 =2 10 =&
2< £ 2 <
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e 2= 22
E EE 05 8%
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Fig.4 Hippocampal Western blot results and quantitative analysis in each group

(a, b)Western blot bands; (c) relative expression of p-JAKI protein; (d) relative expression of p-STAT1 protein; (e) relative expression of IRF7

protein; (f) relative expression of JAK1 protein; (g) relative expression of STAT1 protein; (h) relative expression of PSD95 protein. Compared with
group C, *¥*P<0.05, **P<0.01, ***P<0.001; compared with group A, #P<0.05, ##P<0.001. ns: no significance. n=3.
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DAPI

50 um

IBA1 Merge

Fig.5 1IBA1 immunofluorescence images of the hippocampus in mice of each group

Images were acquired using a 20x objective (total magnification 200x), with a scale bar of 50 pm uniformly applied to all panels.

* #
I || 1
20 ns
£ 15F %
Q
e é
(=9
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— 10F
=]
=
2
2
=
& ST
0

C CE A AE

Fig. 6 Mean immunofluorescence intensity of IBA1 in the
hippocampus of mice in each group
Compared with group C, *P<0.05; compared with group A, #P<0.05.

ns: no significance. n=3.

ELISA 4  £% 20 /N BLiEE &5 IFN-a, IFN-B. 12
R T (TNF-o, IL-1p) HIFLk (K7), 5C
A, CE#41/NEUIFN-a, IFN-B. TNF-o )ik
¥ AL (P>0.05), CE4L/MEIL-1B 13

kB EW > (P<0.001), AZH/NEUIFN-a, IFN-B.,
TNF- o, IL-1B HY K 35 W & 3 (P<0.001,
P<0.000 1, P<0.001, P<0.000 1); 5 A4,
AE 40/ ELIFN-a, IFN-B. TNF-o. IL-1p 1Y%k

W #F F B (P<0.0001, P<0.0001, P<0.001,
P<0.000 1)

25 EBEEHFEXEEE/NRIEZIRF7 mRNARKIL
=gl

RT-PCR S EG 25 R (K8) Bon: 5 CHMILL,
CE #H /) Fl i & IRF7 mRNA £ 15 G i & 2 H
(P>0.05), A 41 IRF7 mRNA £ ik F#hn (P<
0.000 1); &l 8fAREal TG, S5 AHMIL,
AE4]IRF7 mRNA ik B EW /> (P<0.000 1),
26 EHTREZRSKEZ/NRIRF7EEDNA
FHEKE

HRAE IRF7 1) CpG i o5 H SEAL R 25 5, 1145
ISR (K9, 10). 5 C4MHL, CE41IRF7
() CpG o7 . I FeAb R0 B 48k (P>0.05), A4
IRF7 11 CpG i s AL R B ZE FEAIR (P<0.05) 5 i
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Fig.7 ELISA test results of hippocampal inflammatory factors in mice of each group

(a) Hippocampal IFN-a level; (b) hippocampal IFN-f level; (c) hippocampal IL-1f level; (d) hippocampal TNF-a level. Compared with group C,
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Mechanistic Study on IRF7-mediated Regulation of Learning and Memory
Function by Aerobic Exercise in Aged Mice"
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Abstract  Objective  To explore the mechanism by which aerobic exercise improves hippocampal
neuroinflammation and learning and memory ability in brain-aged mice via interferon regulatory factor 7 (IRF7).
Methods A total of 60 male specific pathogen-free (SPF) C57BL/6J mice were enrolled in the experiment,
including 30 young mice (2 months old) and 30 naturally aging mice (12 months old). Young mice and old mice
were respectively randomly assigned to four groups: young control group (group C, n=15), young exercise group
(group CE, n=15), and aging control group (group A, n=15), aging exercise group (group AE, n=15). Mice in the
exercise groups received an 8-week continuous treadmill aerobic exercise intervention, while control mice were
kept under routine feeding without exercise intervention. After the intervention, Barnes maze and Y-maze
behavioral tests were performed to comprehensively assess the learning and memory abilities of each group of
mice. Transmission electron microscopy was used to observe the ultrastructural morphological changes of
hippocampal synapses. Western blot assay was utilized to detect the protein expression and phosphorylation levels
of Janus kinase 1 (JAK1), signal transducer and activator of transcription 1 (STAT1), as well as the expression of
postsynaptic density protein 95 (PSD95). Immunofluorescence staining was applied to quantify the fluorescence
intensity of ionized calcium-binding adapter molecule 1 (IBA1) in hippocampal tissues. The expression levels of
inflammatory cytokines including interferon-o (IFN-a), interferon-f (IFN-f), tumor necrosis factor-o (TNF-a) and
interleukin-1p (IL-1PB) were measured by enzyme-linked immunosorbent assay (ELISA). Quantitative real-time

polymerase chain reaction (QRT-PCR) was performed to detect the mRNA expression level of /RF7, and DNA
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methylation assay was further conducted to analyze the methylation level of the /RF7 gene in mouse
hippocampus. Results At the molecular level, compared with group C, the protein expression levels of JAKI,
STAT1, p-JAK1, and p-STAT1 in group A were significantly increased (P<0.05), whereas PSD95 expression was
decreased (P<0.05). ELISA assays showed that the levels of IFN-a, IFN-B, TNF-a, and IL-1B were significantly
elevated in group A (P<0.001). RT-PCR analysis revealed that, compared with group C, the mRNA expression of
IRF7 in group A was markedly upregulated (P<0.000 1), while the CpG methylation rate of the /RF7 promoter
was significantly reduced (P<0.05). In contrast, all the above parameters in the AE group showed improvements
relative to those in group A. Immunofluorescence staining indicated positive IBA1 expression in the brain tissues
of group A mice. Exercise intervention reversed these abnormal changes. Conclusion In aged mice, aerobic
exercise induces hypermethylation of the /RF7 promoter region, suppresses IRF7 expression and activation of the
downstream IFN-I/JAK1/STAT1 signaling pathway, accompanied by alleviated neuroinflammation, improved

learning and memory, and ameliorated brain aging-related phenotypes.
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