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Bl BikiszhEeG. IREkizzh i DL R & EEE A
AEELO) T X S 25 VT /NI L B S T e PR 12
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HR 2K 7% Bl (gaze-evoked nystagmus). B HR K 7= Bl
(downbeat nystagmus)FlFI5 18 £ 52 i (impaired
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SCA). RAEMEI:G 41 (episodic ataxia, EA). Frie-
drich3t 3% 2% 1 (Friedrich ataxia, FA). B4IME Y 5k
eG4 & 1E (ataxia  telangiectasia, AT). JfithX%s
& 1iE(fragile X syndrome, FXS)PA K XGES 'S L 17 A
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P, 7 NZFEA(SCAL-40FIEAL-8), S5 KAl
PR BA i B R SR AT TOFARIAT 53 5 A4
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FRAZ 5| L I Bk A /S 5 SR FXSAIX-
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SRUTER (5" 0 A B X CGG =R K243 fir 3
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ARG | ) X e (AR TR AL /NI E S 2R, X
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B I A BB (ataxic cerebral palsy)f) &4z, HIHILH
KB AT E RS ) LR B WA W] A B 1
Kz RN R, M S
TR P 8 5 A i 1) i IR SR AR AT g 5 H i Rk e s I AH
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i 2 T A 2 el e T kA
AN R AR N B G0 IR A HERTTCAT 21 4 (1) SR D FZ 3
G, RN R SR B A R - 18 B B AR AR R R
NWRZ A RIETEZRZ B, o 2 0 S ROE T B TR S
ATy RE S LE /N L5 R R R SCERE . S A
FRE IR 1% (magnetic resonance imaging, MRI)IIfi PR
BT I, SCA, ATFIFXSEE 2 Bl AY (¥ /Nl H4 5% 2k 1
S0 ) A 1 A A B A N ).
A, KB IR 5T 2 BH, /N F 8 240 A 22 o i A
(R RAL [ FL B B B & e D Re s 80 e W W]
RANILTE . Becker® N1VR ILLE B MR H A 121N
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Figure 1 Correlations between cerebellar neuronal circuits and their cells and different types of cerebellar ataxias. This schematic representation
shows the architecture of the core cerebellar microcircuit. Purkinje cells, the principle and efferent neurons in the cerebellar cortex, are activated by
climbing fibers originating from the inferior olive and parallel fibers of granule cells, and form the neuronal loop of sensorimotor integration in the
cerebellar cortex. Purkinje cells in turn project to the cerebellar nuclei, which is the final integration node and transmit information out of the
cerebellum. Clinical and experimental studies have found that some specific types of cerebellar ataxia (red font) are due to the damage of internal
cerebellar neuronal circuits and different cells. Abbreviations: 5-HT, 5-hydroxytryptamine; AT, ataxia-telangiectasia; DRN, dorsal raphe nucleus;
EICA, ethanol-induced cerebellar ataxia; FA, Friedrich ataxia; FXS, fragile X syndrome; HA, histamine; LC, locus coeruleus; NA, noradrenaline;
SCA, spinocerebellar ataxia; TMN, tuberomammillary nucleus

M35 RS T Mwi/N B b, BHES IR NREIER DhRE, TSR IE SRS AL SR, R

524K BV @ 1E 3 (cation-permeable transient receptor po-
tential channel 3, TRPC3)E: A ) m KA HZSEGHE
MR E R DhReRRG AR, B 51 K Mwk
BN P A S5 8. Sausbier AP0 K L 545
W0 4 B 3@ 1% (large-conductance Ca’-activated K
channel, BK channel)#ft 584 /N BRI BI 58 B0, 5 fih
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P TR A K R3S B R B8 ) B3 e,
TEPHTARAT E A A HUP YL B IS Zh R I BT
B, FeBLHIEPRICTEREERDY, R KK A o T
AR £ S8 E L5 Y. KonezakZs AP
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SV NIE, /NI /NI R 41 M (microglia) i B G i 51
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F AT LR B LT 18 Bl BEASIE IR H AR /I N i 5
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B T /N IR 128 48 SR A 20 T A A A B A OO0,
PR, AHACT RN B J2 R e i 45 JH At 0 X b £
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JRYLRENS 5 FECD8+ THIMRBI TR, NIl E
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2R I ) 9 fih 2 SR RS BB AS Y. J3: 565 4 B i 22 B (lipo-
polysaccharide, LPS), 835 5 AH < 43 F- 15 2 (pathogen
associated molecular pattern, PAMPs)¥#i /Mg J5i 21 fit)
R M tollFE 32 4 4(toll-like receptor, TLR4) A T iif HINF-
KBS SR, TR/ B 5T 4 AR 2 RO, R
TNF-a# YA FURLATP, 5200/ 15 55 40 I 6 8 2% A 1t
MgfbfLid, 3BTRS R, R
A 0 1 A L) T R A — 7 T g g it 3
G3WA Y 9 A ST AR FH T A A R SR ) 2 R A A
IR SR T A3 IS, TS — i, 1 R A
ZIN G /N 52 T 200 30 R L A W VRl T 4 %o 5 fe
Je AT 4T st FE A 810, R 5 2 A1 22 A K L 2k i
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DAMPs, PAMPs
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BN XA 28 JEE Ty AT/ 3L S /N80 Je Jo 440 f T
HDAMPsERPAMPs . i1 /NI 5T 240 [ 48 x5 2
2 AR RN AR B A I, 5 B0 B 4 U ) ) R PR A
T3 T, /N B 5A  FR A B R AR R T A Al
PR A7 A2 SN S 5T 4 L BIR B A e 48 O RT3 — P4 5%
G SR . T /I 2 J5 200 L PO AW A D 263 40 /)
LT R IR AR, ON, /Ml % H; 10, TR #%; BBB, i
5 57 B, GC, BURLARML; PC, T 15 BF 40 ; DAMPs, 5754156
53 T PAMPs, 7 JEUAH G4 T A

Figure 2 Roles of cerebellar microglia in the pathogenesis of
cerebellar ataxias. Cerebellar microglia represent a uniquely hypervi-
gilant immune phenotype which may cause cerebellar vulnerability in
neuroinflammation and cerebellar ataxias. Cerebellar microglias are
activated by DAMPs or PAMPs. Increased engulfment of dendrites and
soma of Purkinje cells are caused by activated microglia, which could
exacerbate Purkinje cells dysfunction. Alternatively, activation of
microglia leads to the production of proinflammatory cytokines and
chemokines. Microglia-driven neuroinflammation further recruits im-
mune cells. Microglial polarization aggravates Purkinje cell degenera-
tion in cerebellar ataxias. Abbreviations: CN, cerebellar nuclei; 10,
inferior olive; BBB, blood-brain barrier; GC, granule cell; PC, Purkinje
cell; DAMPs, damage associated molecular patterns; PAMPs, pathogen-
associated molecular patterns
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Neural mechanism and therapeutic strategy of cerebellar ataxia
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The cerebellum is the largest subcortical motor structure, mainly responsible for motor coordination and control. Cerebellar damage
and dysfunction caused by hereditary or endogenous/exogenous factors will lead to cerebellar ataxia. Patients with cerebellar ataxia
suffer from balance and gait dysfunction, limb movement deficits, oculomotor abnormalities, as well as dysarthria, which seriously
affect their quality of life and constitute a heavy social and economic burden. However, the diverse pathogenesis poses great
challenges in the prevention and treatment of cerebellar ataxia. Here we review the current knowledge of the etiology, symptoms, and
clinical classification of cerebellar ataxia. The latest research progress on the neural mechanism of cerebellar ataxia has been
summarized, in particular, from the view of the structure and dysfunction of neurons, neural circuits, and glial cells in the cerebellum.
Furthermore, based on the current clinical treatment of cerebellar ataxia, we also propose and discuss the advantages and
disadvantages of new strategies of targeting the neurotransmitter system of cerebellar circuitries, microglia-mediated
neuroinflammation, virulence genes of hereditary cerebellar ataxia, as well as brain stimulation intervention during the treatment
of cerebellar ataxia. This review may provide a useful reference for the development of more effective therapies for cerebellar ataxia
in the future.
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