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ABSTRACT

Regular physical activity in early life is linked to lifelong cognitive health, whereas
the effects of early-life physical inactivity on future cognitive function remain
unknown. In this study, we examined the hypothesis that physical inactivity during
childhood affects DNA methylation in the hippocampus, which is retained over time
and leads to cognitive decline in adulthood. Four-week-old male Wistar rats were
divided into two groups: a control group (CON) and a physical inactivity group
(IN). Rats in the IN group were housed in narrow cages with approximately half
of the usual floor space to restrict their movement for 8 weeks until 12 weeks of age.

After this period, all the rats were housed in standard-sized cages until 20 weeks of
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age. The object location task (OLT) was used to assess cognitive function at 19 weeks
old. The dorsal hippocampus was collected immediately after the activity restriction
intervention (12 weeks old) and 8 weeks after the intervention ended (20 weeks old)
for analysis of genome-wide DNA methylation levels (RRBS), RNA-seq, and protein
expression levels. The IN group's physical activity decreased to about one-quarter that
of the CON group between 4-12 weeks of age. In contrast, there were no significant
differences in body weight or food intake throughout the experimental period. The IN
group showed poor OLT performance and an increased expression of myelination-
related genes and proteins in the hippocampus. However, the expression of these
genes was not associated with the changes in DNA methylation induced by early-life
physical inactivity. Instead, they are linked to DNA hypomethylation observed only
in adulthood. These findings demonstrate that physical inactivity during the young
period leads to cognitive decline in adulthood. This may be due to the dysregulation of
myelination-related gene expression associated with DNA hypomethylation, a delayed

consequence of physical inactivity in childhood.
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ZT: zeitgeber time

1. 2 FBHFERERTAE

ZeRFC IR RE & W 2 ATENEBR & LT, WRAL
k5% (object location task: OLT) & Flv:7z.
(E@2) % KWfseTid, BanTIAF v 7 ER—
VCTE—=T274 =)V F (E&90cm X 1F 90 cm
XS 45em) FEMEL (B2A). ERICIEER
I, A7V =227 b (E&12.8cm xE1.6cm X & &
22emDEVL I T 0y ) & 74— Rk
WCHEEL, BB V7 AKmIZLRET T v
FAE1HL720 54/, 5 H MG TV itbrE
BEANOBEERLA Ko7 (K2B). €Dk, W
BMboBIC VA 7Y 27 b ERBEO WL T
©ray s THEEN T FRONEY TV 2y
b (FE&65cm X ME65cm X5 & 16 cm) % 21#
E L, 74—V KoM EIZZERENEE
L7zET, 99 b & 74—V FRTSORARIZ
TESE7 (ML= 731T). Z024K[%
2, REDA 7Y 27 Mo B4, ik
W27y b7 4 =)V FRIZ5 M BERIATE S &
72 (7 A NatAT). OLTIZ 18 e 14 12 & Behz b
fbzbta L, 198EIERFICT 2 b EAT 2 £
L7

FH v h ZAR— Y EEE Vol. 46

BETEHOMTIIE T A FI2X D EigkL
7o FATIRE O I Byl 2 0 Y Ea— 5 —
FTHAL, 477227 bOKEDS 2 cem L
PHZRA L 72 (REMR) 20> Ea—% —
EoA Ly T r v FTHEELEY . (A LE
L7eA 7T 27 FORFEFRH 2 fiHOT 7Y =
7 N OFEBEER O TR U726 O % Wik ok
B2 (Discrimination index: DI) & L CTH HI L 72
O 7, HATRIROIET 2, FL—=
7 B AT R TDIAS30% Al £ 7213 70% L oo T
b, HHWIE L —= v BT, TR MRfTOW
TN THRIEREEMA3HM L T > TWwizT v
MR L2 S BRI L7z

1. 3 FRAEREL

S DIHEYHI A A& (128H) I L O
Bl BR AR 8 M  (20:#s) 12, T v M & 120
M OEHIR T T5% 1V 7V T L&) k%
T TEEIL S, SR & M 2 SRELL 72,
R 2SR & PEAERICE L, AR TAME
HE L7z M) v DA - 72 EZRER A 12
PRILL, @AY Ca Ly BE (3,000 rpm, 1043F)



gy
ATV, MEZEIRL 72, WEholkd 2ok
OGHTET-80C THRIEL 72, % B, #HIXEH
WO FIZZEHERA Y, BRI RS % F
HIEDPBEN TSI L2, KiffsEnAAL
AT I T R A Fpu O I S5 L 7z,

1. 4 MFEANFIAXRTFTOVEE

MmigEh o avFa x5 sk,
Corticosterone EIA Kit (YK240, & WA JE B 28 T,
Fii, HA) ZHWCER L7

1. 5 RNA-seq

AR (20 AHE) ©F v b S EUILL 72
5 il #F o @ Total RNA % RNeasy Plus Mini Kit
(QIAGEN) |2 X D HiHi L7z, ZdDf%, Bioanalyzer
(Agilent Technologies) % JTI\>C RNA O 5HE % fifg
BL, 7477 —1ElB I ORERELIT-
72 1T, NextSeq500/550 High Output Kit v2.5 (75
Cycles) (Tllumina) % fI\v>"C, NextSeq500 ¥ A 7
2 (Nlumina) TOKRMA S =7 > AT 247
oo =TTy ETOORT Y R —
FCTiro7:. ¥ =74 v Ak, FASTQ7 7 1 )V
% T 7 AR — b L, CLC Genomics Workbench
2103V 7 7 =7 (QIAGEN) TREMZE%1T-
7z I 7C Transcripts per million (TPM) 7% (45 L #f
HHLBIZH W2, EBEFOTPMIZOWT, 3
JED 7z thiE & A CRERIILE L, 5 R R %
FEEL 72 L CTp < 001 O#(nT- 2 AT HER T
(DEGs) & L CHliii L7z, & 52 Metascape % ffi
VT DEGs D#REI > ) v F X » MENT 21T >
728

1. 6 ZLINVERBENR

BAES N WEY TS, TuTF T — Y
ERNEEGEALRIPANY 77— (FHIFA4 T A
A, HA) TTHREIFA ALY »/87 2l
L7z, oy v B 20ug/ul 1%

% X9, 4X BoltTM LDS Sample Buffer (Thermo
Fisher Scientific) & 10X Sampling Reducing Agent
(Thermo Fisher Scientific) & AW CHIE L7, Z
D, ZTOF YTV ETOC TLO5 ML,
GHET-80C CRE L7z, BB LH > T g
TZINVT I FRTF VKL =Y Hiz) FEREDH >
7 (10-15pg) A L7z B CEAIKEI 1TV,
LI NTAEEHVCPVDE A Y 7L Y IZEE L
7z, #mEf%1E, BveryBlot 70 v ¥ 2 7Ny 7 7 —
(Bio-Rad) T20rM =70y ¥ 7% {7o 72
. Tris-Buffered Saline with Tween®20 (TBS-T)
THRL 72 1RYUEZ ML, 4C T—ML &
72 w72k iE, MBP (1:1000, Medical &
Biological Laboratories,PD004), MAG (1:2000,
Proteintech, 14386-1-AP), Amyloid A (1:1000,
Proteintech, 25524-1-AP), BDNF (1:1000, Abcam,
ab108319), NeuN (1:1000, Proteintech, 26975-1-
AP), GFAP (1:1000, Proteintech, 16825-1-AP),
Synaptophysin (1:1000, Proteintech, 17785-1-AP),
GAPDH (1:1000, Cell Signaling Technorlogies,
97166) Tdh o7z, BUGHE, 2KIUEZIRIML T
WRp [ 2200 C SIS & AL ZEEEE & v o
S, B s HEmIN L., &5 N0 H
FHLAVEH—F 4 v rary ba—Le LTHR
Hi L7 GAPDH O 5B L~V o= & L CH
L. CONHDOPIETIERALL /2.

1. 7 DNA X FILLERHR

HEY 28%) & REH (208H) T v
b2 BT B ERE L 72 R A ok 5
(2, Reduced representation bisulfite sequencing
(RRBS) # I\ T4/ 577 4 F7%DNA X F )
LR OFM 21T o 72, WEHEEMRO T/ A
DNA % QIAmp DNA Mini Kit (Qiagen) % JH \»
THHH L7z, Zymo-Seq RRBS Library Kit (Zymo
Research) % HFI\»T, CpG ") v F 7 i & A L,
47 5) —%#IE L7z, FDH, NovaSeq6000

FH N AR—VEE Vol. 46



VATATCDY = Y AR ol V=Y
YT THRONTT = PORRNy =T ThbH
methylKit % H\WTV — FA o~ b &IE#HALL,
Oy A7 4y 7 Waatt CRMLEz -7, €
DGR, HEH DA F VAL D 7325 % L E7pD
AL pEAT0.01 K O T A A B 2 T VALFEI
ELTHiB L.

1. 8 #ataMh

RNA-seq & RRBS DIFLo> 7 — & 13391l = FE it
RATR L, KRELEHEEOHRIL, Bk
Feal & R & L7z ZICECE S BT CRRRT L 7z
r—UWEEE, mEEIVFaATu  iRE, &
LMK Y N BEBL NV O I, 3

83
DR WREEIT> 72, OLT DFAEZELIZ DOV T
&, WSO B 5 tHEE T o 72 H BKIEZ Ll
5% Kl & L7z

2. MRHER

1 B ) BR A ) b D i B 0 & AR5 Bl 1 CON
fEE L CTINFEZR 400 1REE Tl L7z
7% (RIBA), IHEHI BRI B 1 0> & (R Bl | 2 B
DEIZBO LNz o7 (K3B). JFEHH (W]
1) o LGB E I IUEIH 2 L CHRoE
FRD SNtz TP IIAES X
CEBEO VTS HEHOAEZ I S %
7o 72 (F3C, D). &5IIHEIHIR AE R (12
i), B LA T 8B R (20:8H5) ROV

3 WEHIRT (A) B L OTEBEHIRAEERR (B) (2351F 108 (K1) o L Aihs) e
BLUEHENMBOFE (C) LEME (D) O, TIHARERZE

*p < 0.05. n.s. not significant

FH v h ZAR— Y EEE Vol. 46



Y.
FTNLIMAEIINF I AT T VREIZOWTHEHRO
AEEIBEI NP7

GBI BR A AT 7 8 4 0 19 B s %1 (25T
fili L 72 OLT @ #k B H 122w Tld, CON#ETIE,
ML == 7EATRE L IR LT 7 A MRATIREIC B
WCHERBAPHEIN/-—FT, INBETIE
HFEEIBES N2 o7 (H4).

B4 okl 2R s A
T fEARIER . *p < 0.05.

WIS, OLT 2 EHi L7725 v b5 SHRIL 72
B % 0F R IZRNA-seq # 1T o 72, Z D45,

CON ¥ & I L CIN#E T OO #En T 5B A°
FEICHAL, 20 EOMET RIS EEICHD
LCTWaB I ehREN/. WREEMTZ V) v F X ¥
NEAT 24T o 7285 H, T3 =) b (myelination)
1 DL A FHSEE IR LT I e
B E N,

RNA-seq D#ER% S LIZHBERICB TSI
VB S 2828 (MBP, MAG) D% L~
FEEML-E A, 55 5 CONEE L IEL L
CTINHCTHEZEMME R L (K5). ¥/27
WA = —BIRRAEDFIEICHE T 5 2 &8
MOENTWAETIOAL FEDOY 87 G5B
AN FEBRICINBEECHEREICH AL T —
BT, RBHERRICEG T A2 eSO N TS
BDNF %, K= —1 > (NeuN), 7 74k
MRREERE (GFAP), ¥ F 7 AN Y » 87 4
(Synaptophysin) @ % > /827 B L ~N)LiZ vy
NHHHOEELZIRD N LD o7z

KWZE T, I ) YMEICED 2 BImTHERL
BRL, &7 HERLZNIFGL TN
L, EEHIRA AEGOEEDY (12:86) &
I AFET 8 M PR O BAE R (20 k) (2358 L
TH LT 72 DNAK A F VAL & 4R 12 B

®5 20BIOWEET > TIVBT 58 287 THBL L
TR *p < 0.05

FH N AR—VEE Vol. 46



85

K6 EEMOEBHIEIC X 2DNA A FIVALOAL T I28E) | CHkd 2 #(E T O

RRBS, reduced representation bisulfite sequencing. TPM, transcripts per million.
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