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Circadian rhythm disturbances and neurodevelopmental disorders
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Center for Medical Genetics, School of Life Sciences, Central South University, Changsha 410078, China

Abstract: Neurodevelopmental disorders (NDDs), including autism spectrum disorder (ASD), attention deficit hyperactivity disorder
(ADHD), and intellectual developmental disorder (IDD), are highly prevalent and lack effective treatments, posing significant health
challenges. These disorders are frequently comorbid with disruptions in sleep rhythms, and sleep-related indicators are often used to
assess disease severity and treatment efficacy. Recent evidence has highlighted the crucial roles of circadian rhythm disturbances and
circadian clock gene mutations in the pathogenesis of NDDs. This review focuses on the mechanisms by which circadian rhythm dis-
ruptions and circadian clock gene mutations contribute to cognitive, behavioral, and emotional disorders associated with NDDs, par-
ticularly through the dysregulation of dopamine system. Additionally, we discussed the potential of targeting the circadian system as

novel therapeutic strategies for the treatment of NDDs.
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Fig. 1. Molecular mechanisms underlying circadian rhythm regu-
lation. Circadian rhythm regulation relies on transcription and
translation feedback loops (TTFLs). The BMAL1: CLOCK het-
erodimer binds to E-box elements to initiate transcription of Per,
Cry, Rora, and Rev-erbo. PER and CRY proteins accumulate in
the cytoplasm, form a complex with casein kinase 1€/ (CKle/
8), and then translocate into the nucleus to suppress BMALI:
CLOCK-mediated transcription. RORa and REV-ERBa com-
petitively bind to ROR response elements (ROREs) in the
Bmall promoter. RORa activates Bmall transcription; while
REV-ERBa represses it. This dual regulation sustains circadian

oscillations.
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Fig. 2. Regulation of the dopamine system by circadian clock
genes. Dopamine is synthesized presynaptically by tyrosine hy-
droxylase (TH), then binds to postsynaptic receptors such as
D1 (DRDI1) and D2 (DRD2) to mediate downstream effects.
Monoamine oxidase (MAO) degrades and inactivates dopa-
mine. The circadian clock molecules CLOCK and REV-ERBa
modulate TH expression. BMAL1, NPAS2, PER1, and PER2
primarily regulate MAO transcription in presynaptic neurons.
CRY'1 influences DRD1 signaling postsynaptically. DOPAC, 3,
4-dihydroxyphenylacetic acid; DAT, dopamine transporter.
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SR Ctnnd2. Cntnap2- klf7 FER RN N
IR 2 55 2 B JE AR5 2 1> ASD Bl B AL 1) A 5t
R SO AR BE 3R AN AN T DA 3 o A A ik
Fa. FEEZIRAT NEE ASD i CHREIR, T B AT Ak
047 BN A AR Y 1 B AR - P R AU 2018 4K, K
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PHALAET FH 2 BB B 227697 ASD & JL B AT /D AF
() 2R B e O B TR B, AR R R RR S A A GE
ASD 35 1 B AR T B A R TR L, [FB R
ASD HH KR BEE AR, B a0 2 AR AT s B A
TEERUOS T,

Rl X 3 1 7T (Agomelatine) A& — Fh iR 22 22840097,
s R N U &) B | PR BV < ol | R = K
A, EERTRIT ROGACE" . 35 R RN,
Ri] 3 6 Fi7 7T RE 054 25 L IR B A 1 A3 U 8 &8 R K P
IO MERR PG [FINF, BT SE RV T ik Re g T A 40
HERE A B ERRE AN EIEKE, K
PUAMACAER, R SR “HR 2" 1G9 A K
Dhae! e peah, SO RN, EEk 6 AT X
FHVTIBIT RES XG5 75 /D 4 ADHD 2 3 [ HEAR 7T &
DA K 5 R B A SRR

R BRI, SOIT IR AR R AR ) BT
RGN JTIEAEIRYT NDDs HH B T R 47 14 B JiF 55t
WP BRI IG RS, R s 2 T
JENLHIEFE, H NIF R NDDs FIA ¥6 97 T B e fih &
VS EL N

7 REERE

KEMIGARIRE R, EIR Y% 6L & NDDs
(H IR AL, AR NERZE NDDs AL B Z )N 55
REERFHEBRATHERGL S NDDs LR, FEL
WR: (1) ANBBE =R 0R I, Ak 3 A
RAF 5 NDDs FIR A ZEYIM R (2) AWeh B v 2
HiE 2 O Gk, Rl G5, iR
INAEP R R AR TP EL 2 L R4t S EUNDDs;
(3) ST IE AR B R G B R T ER RN T IE
#& NDDs FIT (EHTI7 15

HAFERME, eI RA FHNDDs %
AL TS HBR RN, HAEBERT
HIRENTREE P RIEEEAEH . #45L, Bmall %
AF ] REFZI mTOR {5 5@ EF sl R i I, FECASD
FEAT S, Ak, BMALIL 9 A] DL 5 22 B AR
W, L RAR ] B I R 2 B R BE 5] S NDDs
AU, HREENE, Z2ANEWEEERE T ET AR
WA, 252 ERMEGHR. RIFEUE 5
S Wik, ZEKAGRELBERITEZRILTH
NDDs f)—/NEZHX AL 2).

giG ENAMIT TR, AT AR AT AZE LA
NI TR, IRRE BRI EGLS NDDs

MR FR . (1) WFFUALRIR A 28 ML R B BT
Z AL FEINDDs FHIFE M o AERKKIWFITH, AT L
I TR A 2R LR S B X A ) Bl B TR R TK ) 52
Wi, JERFUA Y Bk K 32 5 NDDs & 8 2 8] ) 5%
Fo () M E BT R AL A 22 K H I BUR
M. Bl Cao 58 AR/ B AR AR S 1 R 2 AR R 2R
21 R#F& T SD, FHEUNAMBL T — 5K NDDs A
KA, FEARRMBEFE R, W45 & AT 22 0
FORB S, T BB HRRGL MK E 1)
TR, PR TR 225 . (3) R FT SCN
FEER T ZE L3 BUNDDs 1 /E F X M 22 3 %
Pliil. SCNEMIAMERTHAEM S, B2
TG AEERCTT R HE X H, WTREEERK
TP KRN EEEN . PR
SCN FAE FH R He A e PR R AL, K5 D9 NDDs I #217]
TR E RS .
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