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Abstract
Title: Astragalus membranaceus extract for patients with spinocerebellar
ataxia type 3 - A randomized double-blind clinical trial
Student: Chung-Min Chiu
Advisor: Hen-Hong Chang
Co-Advisor: Chin-San Liu
Institution: Graduate Institute of Integrated Medicine, China Medical
University, Taiwan, R.O.C.

Background:

Spinocerebellar ataxia type 3 (SCA3) is the most common form of
hereditary cerebellar ataxia. The insulin/insulin-like growth factor 1 (IGF1)
system (11S) pathway has been proposed as a potential target for disease-
modifying therapy. Astragalus membranaceus(AM), a traditional herbal
extract, may modulate the IS pathway and reduce neurodegeneration, as
indicated by plasma neurofilament light chain (NfL), a biomarker of disease
progression. Our research team plans to conduct an evidence-based clinical
study.

Methods:

A randomized, double-blind, placebo-controlled crossover trial was
conducted in 32 patients with SCA3. Participants received either AM extract
or placebo for three months, followed by a one-month washout, then crossed
over to the alternate treatment. Participants were assessed before and after
treatment and at the end of the study, with plasma NfL and 11S-related markers
measured at each visit.

Results:
A total of 23 participants completed the trial. There were no significant
differences in baseline characteristics between the two groups after



randomization. Furthermore, no carryover effect was observed following the
one-month washout period. Intention-to-treat analysis revealed a modest
within-treatment reduction in NfL levels (27.6£10.7 vs. 25.6+£9.8 pg/mL,
P=0.040) and a significant increase in insulin levels (12.5+15.2 vs. 21.1+15.5
LIU/mL, P=0.004) after AM treatment, but no significance in NfL between
AM and placebo groups (P=0.127). There was no correlation between NfL
reduction and insulin elevation. No significant changes were observed in IGF1
or IGF-binding proteins. Exploratory subgroup analysis of later-stage patients
showed greater reductions in NfL (32.6+£10.8 vs. 30.4+£9.3 pg/mL, P=0.033)
and insulin elevation (8.0+5.6 vs. 19.8£15.3 plU/mL » P=0.003).

Conclusions:

In 32 participants of SCA3, AM was associated with a borderline
reduction in plasma NfL levels and significantly increased insulin levels.
However, there was no significance in NfL between AM and placebo groups,
and no correlation was found in NfL reduction and insulin elevation. Further
studies are needed to elucidate the underlying mechanisms and long-term
effects.

Keywords: Astragalus membranaceus; Spinocerebellar ataxia type 3;
Neurofilament light chain; Insulin/insulin-like growth factor 1
system; Neurodegeneration; Clinical trial
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(glutamate ) & ;& P 3 4v 5 ¥efecnw fc > Flm R U ER B E i 4
(excitotoxicity ) fead &~ 4F % %gt‘* Wik Mo £ X e (Purkinje
cell) ¥ . i3 - 5 & % > B>t Riluzole 3 — & f2fk in % SCA = 3 >
e LA i B fr'ﬁgr A - B FK%;'T AT o TS EF
TR EHR A F e~ ¥ v R I L % o Troriluzole
( Riluzole et ,Eﬁzz,f%?#% prodrug) - B w4 i FHRk R ¢ ge sk

Friizrid e - BpMEEF a0 H LR ne 2l
50) |,

x\’\

& iz m e (mesenchymal stem cell » MSC) & B~z 3t 4 &g~ 7

B AERF L h i Pditeir s ERAELE s RES L VAL A5
o hiTE KR IR LT o SCA3 thif s i F]E4E » MSC it #& =
| IGFL & £ f8 4 K 7]+ 224 k5L k-9 70 (heat shock protein 70 )
GfL T 0 i@ R0 ataxin-3 & F-v ®D o d 3% 4E » MSC 3| haR gk ®
T % 5 PRI AR Sk A RS T s i 0 10 E BE R
P h g 20D o P B - P end 2 ETRA R S EY By
AR ERT Y b heEg ¢ O

—~



BRm o Gz fERES GG TRE RE A (FTERYE) CREREY

"

e (hef pLE) ~ Al B BNk A B FEREE o 4Pt 2
T E A A (e AST) B IR T FRE O s a4

P prr i i MSCs - A IS st Gy sl L8

E R T ERRE OTIIRE 2B LR o ik B A RS
—-Eh;'p;;,ﬁ SHE¥e IR _%ﬁDMT%f;“%’fiﬁfLﬁ}%fﬁvxﬁF?
PRI TR B
¥z & NS aH 211
3-1. 1S @ ﬁ;zé & e

S 2+ 7 ﬁﬁw‘#%&ﬂﬁ%ai*%%ﬁ” Hrbawe
R s mE L L £ £ o Insulin 2 IGFL + SR L R T  T

R Gt EEBR o MR R PR nuaa'rﬁ%\: o H Fik-
B RO e REN AT o B L8 BPEAEFH SN
B B ik rg et iy 0559 o @ ek B chinsulin 22 IGFL &t 5 8 7 40 o

EhH AT AR TR B B N A e e Y 1RO

BEAR P 2 # SCA3 B eia¥ fginsulin kT ot AT A
SCA3 & % ehik i w7 insulin jk & B9 &g i< i B 44 w09 o 4 e i s
oY 0 A Sgw Mol (blood-brain barrier) e vf % § & - 2 %
# 5 947%-1 (GLP-1) #7142 PPARy I 5 % % 40 4% i # »7 (B2 %5
A insulin 2u s @ %60 o 4 GH - IGFL #¢ » SCA3 84Q # 7% éﬂ R
ZGH R HiFs& e @ikRs > T80 ataxin-3 R & 5 7 £ i
9B enIGFL jak e 7 /] Blea@de b i I 4 ) Pei¥ i > Jaipld
T i v 5y & #c.i_ Wi ~ % LR 4 22 v w i AR B Rg (61,62) ,
ZM43&€H7ﬁ—ﬁﬁﬁPi’%?IG&AT&%£§—E:E,
FER A SCAZ s 4 + ) 1 chp e e R > £ fljd £ v
SRR R PR ESI N EFH A T X 2en? B



5 HIgos % & IGFL > 12 e 5 SCAS M futfh s 8 405 1348 5 ©

3-2. IGF % & ¥-¥

d 30 IGFL i p S B i F > Fl F & - HiLEH IGFL i &
‘g‘wﬁ (binding proteins » BPs) %t £ 2§ fon R ehpF R > Yzt H 4

Ty g o AW L3 ~ A IGFBPs s & %] 5 IGFBP1~6 > # ¢
IGFBP3 2 £ &% > » it 2 &% % enIGF1 - IGFBPL % 3] insulin mﬁ‘ el
B WEAURPTE insulin T "F > TR E A § IGFBPL i\’a"ﬁ%] IGF1 »
N4 B G o izdt IGFBPs feinsulin ~ IGF1 - AR IS > FAE
ISR Nl INF L AR

FLET > §IMaF S SRS N> R
IGFBPLk & € 87 ¥ = % ©Y - Al itapap L &b > kA
IGFBP1 i % &2 i i T & dpdic (BMI) ~ 37 i & § 2 ﬁi&iéﬁ%‘
SARBE o # SCA3 @ 2 - ¥ o 4r NFL 7 poad in A dp i &7 £ i
BERELRDEL D gtk P AL A A L 2 S
4 enfpih o B2 A f4p 0 0 SCASSH 6 [ E R LK IS B
FoAeor w R AR “f To¢b % insulin "% i< ¢k 5 IGFBPL (h R F L B 7 ag
R R AR SR TR p S TR R R S I Y
* GH-IGFL ghen /i » 773 5 2PN A £ % R ek £ 1) (a9 i dgik
(4o NfL) e Fpl BE 2440162 o mp o J2 0 i 45 IGFBPL £ gk
SARA ;=4 ~NfL I Z 24 2 BMI 2 fF e 3 8% » g p4ar @ P
SCA3 %iﬁ A EIT I iEARY 0 DM R R iR e 4 o T
TR E T ERES Rl Bt gtk E o

3-3.SCA3 1 1IS & ¥

% 2011 # Saute % é7#7 3 5 ¢ > SCA3 i * M IGFL{rit B 4 -
& #Rm IGFUIGFBP3 (7 * & it & B 3ip| & 0 free IGFL > r &gt
IGFLenz = & > Fo b iEag » 27 pd 44 FJ[% zerifree



Nt

~ \.\
N

N

T
=4
e

IGF1 % - B2 )I}’#;—:ﬁ BRIV EMR S N AT
Apd ﬁ ifree IGFL > > #7020 fod jR 42 € ‘B4F R A hE o
< & p o EAg i"?»/?@:“ﬁﬁi EFFapkn) PRI RS 0 AEA DY
Ft R R A K F)F Ay s o ¥ b o LR T SCA3 R insulin vt ik B
iR e w4 (blood sugar) WEZ2EF 0T SCA3 5 + eh
insulin &7 4 (sensitivity ) €_% &> & insulin fe4= (resistance) #_i<
09 o fgs A F]SCA3 & ®mAm 5 ¢ > #F 2 2 insulin receptor AR R
RS PR EIRMN S RERMEERXF 0 PR
R s s 2 EECD o )t 4% insulin & IGFL A ek 17 4 ”‘:ﬁi:}?ﬁﬁ’!@
/r"f?‘ pa &F' m;g&:! (67) ,

& SCA3 7 IGFBPs ¥ - ¥ 5 IGFBP1p &g\t i+ % A % » @ *®
IGFBPL it &2 % J% & & (ageatonset) f AnM ~ & 22 A F1 £ 47 & 7| CAG
repeat number it Ap B > i & IGFBP1 i & s - &£ SCA3 2 i & 2 &
RO o ¥ b IGF20 & - fE4 £ F]F A L AMEL R, ¥
AT A AR Y ArT A BR A 2 A 0 A L SCA3 Y L &

IRATEA Ryl BE- BHIEFEEE
Fr &35 ‘?i’?;“a 1S 3% 83 g4
4-

#iﬁ%aﬁé%?~*ﬂéﬂﬁ’éﬁﬁzﬁii$ﬁ%%;
T (Astragalus membranaceus (Fisch.) Bunge var. mongholicus (Bunge.)
P.K.Hsiao) = "% % ¥ (Astragalus membranaceus (Fisch.) Bge.) 42 o
AAMPMET LT Hh o REIER o s FHEE G E
2 AEE > Pz o 2 F A 7 -’Z’* ° bb’i"‘#ﬁﬁm FE e
ToRAL R CHERRE D AEAR FRY CELEMAEY 0§
k4 76 o

Chen % 4 g 4721 » 5 46% B 7 igd (v 304 -3 pol



(Ubiquitin-Proteasome ) % %t %3 #2 SCA300) » sk @ » p & (742 £ i
CERGTE A P R BL R TR L A i‘ﬂ
%i%ﬁiﬁﬁﬁ%ﬁ&%%%’ﬁ—£¢97# S pERE . 22
mﬁ,a§m;?ﬁﬁ~%ﬁ’ﬁ%‘“?’ﬁﬁ%ﬂ%‘iﬁq

Fos Ik s 3o 4 D, '*f?\%i*vﬂpwa?: M3 T 5
& o R c RARIE L 0 AR o TR suwwﬁ#%
TR S AEB AHEI AR R RSN R EFE R
ot AT S BEHE S ﬂiﬁii(l)’ﬂf;,ﬂ,i"’ﬁvgbkr‘]ﬁj;?{
BAR o X HTRAREF S SCA3 B A B AR ~ 52 A AT g
Fohadnie @ TR X AR WA LT s By o

[ %‘a‘,-‘,m#?‘ # B4 5% SCA3 4 o

L

= &

42. F F 1A enER ity
TR ARG SRR HgRRE o5 T SN
(Astragalus polysaccharides » APS) e 12 iv% & JL 4 5 A & ~ fud
s Fuimre A= & ded] BOF polyQ F B Y o APS ¥ i iE S 14 AKT &2
ﬂ#ﬂGH VSR FCER I R0 R L S A
insulin » (% o p 3% APS & 5 f 54 b 3 i iR o R
éﬁ%%ﬁﬂﬁﬁﬁﬁm°€? Fag P o RE A g AST
B4 AR E i Yo g WA g e (D AST A A
(diabetes mellitus » DM ) #7347 &t " Mo T {2 o J\ insulin jk &
T8 s H 4|2 i fﬁfm ~ AMPK/SIRT1 2 2 PI3K/AKT = 4, i#
B e PR WAL G R R LERRE Y o e
L?f@\ﬂmﬂwwfﬁ ﬁw%@ TR S B R o

(80)

2T\

4-3. 5 B ¥ RS R &
TERE FOREY FR ARG AU 402012 £ R
FREFLAF TN NLPY R OEPRE R HBESL > BT E T AT
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243 & K i 4 B (Glasgow outcome scale) sfkdh & 7 it b = 1237
(functional independence measure ) 3% =1 G o 2] H ¥ % L p4F 2 7

THOTRE Y R BRY SRBREF HEF L BPF THYY R G0
&% S ELAT S AR gﬂsb B A if‘éw’sﬁ'f‘%"gﬁé,&;’?r{i@z)o ;’ft_u_?)"é’,’
&ﬂ“ﬁﬁﬁﬁﬁT”*Lmﬂ&% T E R R AL
U ED NGRS AL £ DI RS £ S AN 2

AR ERAEY R KT o bk Ry o e
ioEATA A R 46

hirRegg > HT02 e P 3 P R £ 5% P (N & 2 (o
FE TR HT042 ch¥ 4k ) 524 s Flt 2 o % ¥ 1 IGFL v
IGFBP36®Y) o £ 38 dmi JR¥ § + » @A B ICp G2 T UPE
,ﬁ%ﬁiﬂ|Gmiimaogamiﬁﬁwﬂww$ﬁ%ﬁ’Jwﬁ*ﬁi
A dig s ) B vl - mSCA3 R F i B R 43
acetylpyridine 3 % e7 SCA3 /| B8] > A 8F Fav 2 o Jf:v’ £
IGF1 » g2] e Ta‘t«mIGFl MRNA £ 38CE) o Hoar v ik § » A7 EH
§ ¥ 1% 5 SCA3 & % 7 DMT

FISAMEwNE@NIL #H # 7 i iF5 SCA3 eh2 #4473t
5-1. 5 # ¢ ¢ NfL i€ 3 SCA3 2 4

et wpR Y ONILT F A g RAR G o Ao Y ANFL R R &
R RER ONFLORE AR B RAp M o L JENFL 25 B3 ~ mg A

TR BRI R ¢ B 2 A T R A T
LA B 4 58 A (o~ P R B eE BRI RIR AL g R
WHE S BRI RADE o F AR RIRPFNRT 2R
NFL 7 ffici® 2 5 P R A RAR B a0 1 > Bl 4 & 17 5 2 TR
BB b i 2 P ARs® e Harp i s MRy o 258
T F Rk g i o 1T ko NFL @ iE gt ® 3t SCA3 ez 69
7% SARA L EARM AL > 4 i % K F A A2 ° 4 g SCAS %
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&oggﬁ%m¢@aaiﬁNﬂﬁ%ﬁ%“ﬁii*MWmaiﬁé
g OO o FI(E L E R RIEARE L R SR T B R NFL LD
0 d £ i ek 7 4 ROD o

5-2. 4 # ¥ it th SCA3 4 $ 1 1

ERRA Y o FEYHFEF ML T 2 (accessibility) * £
RF AR GH TR E o P SARAR A AH LR FAEAE T X
P o] Ha TRk A AR AR E8¥%EOD, Humy fé4p #3771 SARA
T HE - SARA L - 2 TR anFk > L0404 > =6 A B o e
AL~ #h /lf“”\rg i#ﬂiﬁp}\iﬂﬁlP o P £ 2R *%\ﬁ;zag
i8R0

ARG E B4 FEE G 5 > AP E S = (Morphometric
MRI) & 3% & F&M}i‘m“ﬁ‘#%‘ T Glde) M s AR~ PRiE R B
TR GRR O SHNER D e F A BRI M E R o i
74 4= (functional MRI) Ri%EoT 1 SCA3 &4 #F 0 T "l & [ f2de
Boal ) 0 BN A ] TRiE B e B DR A i B .
MRI 7}5 RS ST Fﬁigﬁ‘ SR G TR FINERGE & AR F AT R
P o 20 BB R e E S R i SRR o H B 4 P iRiedn s o
#1343 SCA3 & «h/ji% polyQ ataxin-3 F-vd -k T = 3 (96,97 » 7 i “ch
2% R H e @ shpolyQ ataxin-3 B gk s B E A2 R Ap BT
B AP EAFI2EI DAL E > G RAFHAPER R -

Flet o g0 SARA & # * » } ﬁ%‘/f%\%ﬁﬁ APt A
ﬁafpgf BARIEA R RE o B - A8 i F S5 (easy and affordable )

S 15 ARk L i g R e

5-3. 44 ¥ 3 SCA3 ind 4 i -89
£ 247 4 (Handgrip strength » HGS) % ¢ * £ 338§ 4 2290 jp
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B R ARG EEAGERRSOF Y 1L o FFy Bor HGS it 5ERIAL
FRMEH AR B A ELEE A F L nE PRI R i#ﬂi
*~ 2 (UK Biobank) ﬁ:t%f;?‘w;] 41 iégr:)i%;“:f]%ép_%??« B R
"ﬁzav B0 e hbag e o dES R F R ”fdfﬁf";
Z g de B i e et R o g de 2 Q0D o 4 F REE 1 &75‘ v A TRk
R T A M B R A D L IR 1R .

Bl RS Y 0 HGS 7 it & phid it | MG X 5 B et L iy
P RER AR f R bRl 0 HGS © AR S TR T I R
AR e AR 2 (0100 o g % SCA3 78 A FIR R iR Y > ke
HESARMIE S TEP R A A A E gk 20 o FE 4ot o p o
B>t HGS & SCA3 R ¢ Tk b2 B M ke g mhzd - L3
E- HIFEH DG E -
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PR e

o8 XPERE

YRR PN ﬁgfﬁ‘?’z%ﬂ% ( Changhua Christian Hospital - CCH ) *
FROLFSCABRL K - 51 544 Rl RL - priFite
#r(DEHERPFFUAFIFRAML 2 SCABRLE 5 (2) &#&
20202 80 & o i iE i ot (1) T &fR* P ELAE 5 (2)
He FALEFs (3) REEFP 0 (4) F?E%'Fé&ﬂféi*ﬁ
oo AoBpIE PR e RBATRBE S (5) B (DM) -
Tk A A v BER e fhH] *iﬁ‘f/rs‘%ﬁ'g‘.w‘i/%ﬁ%?ﬁg
(body mass index - BMI) SR pEE S HARE R Y B 1R
CAG= P H i Eif#cd « L SCAS B Ao E 2+ A FRERTE
SHPE IR FREE > ARG ek SCASEE X F Y SR
SR PHAATR FFRERFRLE o

S8 AR

AFEG ANE AR B~ T AR g% o p 2021 # 5
31 p %2022 & 9% 26p * CCH:Ef{T o 27 7 E CCH A M2z L f ¢
28 (% % 200703 > "4x 1) - * 2 % 43t ClinicalTrials.gov
(NCT05038306) - #tpeefn i =& CCH * W% ZL A € 8 (%50
200730 > "éx 2) > MEHBRE TR TR P > T REFTEFIRY AR
% 1287 SCA3 ik & FLE (714 BT o

SCASZ i f BP PR SMALP 1 ARS B ks #
PAsd ol (XRFoFFLE P FER oK e R P F W
B A WP A ) °A\.=mwtw $ 1 (AM) o 123 5 £
i 4 3% washout 14 » ®c 5 PR* % A 12 3% 5 B 2 pls4p 5 "5 5 (B
1) s Hisa ol 4%k f thil- Rl - FFHRF L Fs
OB R R A BAYE pimmﬁﬁmﬁi
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W BER R AR BT DR AL R FE R ARE s (F
FIRERIE B2 > dotidr 3) o p s T A j:'z—"ﬁ.’rﬁ;’f?rﬁz’
PG AT R R A

A4l AM i 4 | AR 1 (kg4 |l
=12 i - [_ 12 ‘ g
P &t
B 4:Zham - Bl AM - e
5

| 2 3 4 5

Fi2aiti |

Bl LW R R K& m

Sz P aER
R e B &7 R *T 2> 2 (Sun Ten Pharmaceutical Co. >
Ltd.) #] 2 58~ % % Bk ":ﬁé‘m\ 7% (block randomization) - %
.+ -] (block size) 5 4> @ [ AFE T ¢ BuahT fro g X By
C

Bem A P R REFE o MBI EER T AR
¥ 2B h G EE DS RN ol R RS ER R
EidmEddfEy e
Sr & Ak E

AR EPFELP HABZ YR T F LR L 005 (A
W) okt (power) & 0.8 4 fAp ke £ 38K ing (s iR
ZRE - FBERIpFDPRBANOLRAZE0% > BT 33 EH MRS
BB o ¥4 R 25%T g o Bl F 4 F 44 R - 139% Wilke

16



P A gt G NfLcrm g > Fock & (effectsize) = 20% > & 2% 156 i
ﬁ?‘;ﬁ—‘gﬂr”f’g’*ljﬁg "ﬂ(90)o
SIS FFTEIREHOUG
X R R A F R R T 2B T EMY SRR
Rapll S F o % g il (starch) £ & ¥ ksif (maltodextrin)
(b s g 5 7:3) 2 > F4er 2§ E4EF % (caramel ) 12
B T 8RB rRE 2 B c Rpb PR &k 2 L X 22K
% 20 gm/ = # g & B 108 ;fq;b% o A g g Rk E P
RS REYAIAy i HE - Ogm/X & AR T P R (71 L) 5
L . QPQ‘ET\%J%;% P MG BRI E R LS 3gm/e
(sachet) » &= p A =x > 35 B Z B B% LJR* — & > £ 123F - &
E}Z@z‘_,‘f‘gﬁ Fowiclicd 2 AJREEA TR & RXFH0E 0w

Ry 5 Rk ? BLG 4 & &2 F4E4 Astragalus membranaceus
var. mongholicus (Bunge) P.K. Hsiao z_ 7% 1338 o 2% & 41 d p4 B2 4
< % 72 7 #r (Non-Profit Organization Brion Research Institute of
Taiwan) &dx (47 2 ) (2021 &3 ) &2 (P A A LR E
2) (2020 # 5 ) BT ARFET > T A EHEMLE ATFIMNE R LE
E % PR3 1EA (voucher specimen) %%. BVRSR115A140 - sl
FHokt B R L RESTEN 2y £ REE
EATEHRP & 1O ERY FXBAER (351 20020432) %
33 25 (HE418) 3 FABHEL > 1Y ¢ 5 066 2555t
0.34 25 4 Bk > T3R8 1 i ko2 (fluid-bed granulation) %
o oY EL (Y2 R) R T HFPERMES 9305 AL HDP
%ﬁﬁﬁmﬂﬂGR(KEGﬁi%?*)5$£%@°ﬂ§’€§
Bedp i S H A& 247 0 @ % % sk 4P & 47 & (high-performance liquid
chromatography) ( Pump: Waters 600 ; Autosampler: Waters 717plus -

"

.

N
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Milford » Massachusetts » USA) % z7%F k478t Pl % (evaporative light
scattering detector ) ( Sedex75 - Ollvet » France) &7 A 47 o UE T E
t 45§23 IV (Astragaloside IV) 175 $tRiE# 5 (R 2) - ¢ &
BT Fay # IV 3 #r0.04% T 5 & A EH oy
TEFIVEZS 0.15% -

1000.00 ‘ ;
800.00 ‘ F‘

600.00

mv

400.00-|

20000 | |\ \

ANERSRN.W PNV N

US|, WA || SR (WS, S L W o

| &= Astragaloside |V

oot~ 7 - — — ==
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00
Minutes

UPEE S EEAIVESS CYNEE F T ) T Pg T T2 T EY
B dp X WA AT

3 <<zé};lﬂx EY P HINL R A sHaF VLR
LR 28 SRR T R Y S
PREGRFEHER- B FTTioRk o ALHELRE S FHR AT

LRFO o ham » AF L N ELIP LN L TR R
(creatinine » Cr) ~ & & %33k @ m S (estimated glomerular filtration
rate » eGFR) ~ i fk% % (blood urea nitrogen » BUN) ~ Glutamic
Oxaloacetic Transaminase (GOT) ~ Glutamic Pyruvic Transaminase (GPT)
% > x 38/~ g3 i (complete blood count / differential blood count >

CBC/DC) - rizx i SCA3 = ikdz gl M o

F-&FPTEERE
ﬁm%@¢1%@%@o%&%wﬂﬁ%%(%ﬁm&meh
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FRFEY R LBk AR s B ) o BB B R
e 2 ABMGRE - ML Po BFTERFLT 29k
Bz MDD, T2 28 LT o A4l S8 %k B (SARA) =
R b - MR F R

MEFRDIPRIEE S S 0 JJ% NfL )k B % iv o d 3t SCA3 %iﬂ”

C e L E % S IGFL 2 H 24 39 (IGFBPs) h3 # 69, Fp
1S » AL 5 A o 6D o o d 4] IGFL (free-form IGF1) + ¢
IGF1/IGFBP3 +* & & pt » ] % IGFBP3 5 IGF1 3 & e & Fv (12 o #2
P 3 B W IGFBPL i 78 L 7 | BUAGINH 4o BF > € Frdl R fh R
(myelin axons) £ % #+% # % (oligodendrocyte) #& & » ¥ i 447
SCA3 s s i M9 o 5 ¢ » d 38 IGF1 &2 IGFBPL el 2 kR 7 i §
AIEF QL0+ WY » & Q10 &SCASJﬁa A APRY nEEd 2 - o Fpt
A5t QL0 27 BFAMTAL L B eho § 1 DNA &4 8-7g 74 -2-
4 5 5% (8-OHdG) Al % e %5 Bz 2 SCA3 /| Bl ° ¥ R enF it &4
@219 o mpt o AT 3 R §AE s SCA3 B H G NfL

IS ¢ 5 - B4 8-OHdG -

T-leaR2i kA

CBC/DC 4 Beckman Coulter DxH 900 = ;% 4 7 i% ( Beckman Coulter -
Miami > Florida » USA) #& B ° = W‘f: GOT ~ GPT ~ BUN 2 Cr 4 AU5800
TRk L & A 47 % (AU5811 ; Beckman Coulter > Brea » CA > USA) Bl %>
¢ CCH % ¥ FM (7 -

7-2. 5 % ¥ 8-OHdG #r NfL eip| =_

I ;”f]{? 8-OHAG k & i * B st & 8-OHAG # | ELISA ## £
(JalCA-#KOG-HS10E) - NfL Jk & R4 * Simoa® NF-light™ Advantage
Kit (#103186) - ¥ 14 Simoa HD-X A2 ® A7 3-v 4~ + 4Bl % (Quanterix -

MA > USA) z_& 4~ 45118 -
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7-3. & #V‘ IS 40 B 1& iRl

% %z & »* 10 mL BD Vacutainer® EDTA ¢ ¢ » *t 4°C ~ 3000 rpm
o 15 AP K> B0°C A R E I AT o WRIER S HHF
# (glucose) ~% % % (insulin) ~IGF1 -~ IGF2 ~ IGFBP1 %2 IGFBP3 >
A w0 T # el 2 2 1 Glucose Colorimetric Assay Kit (Cayman
Chemical-10009582) ~ Insulin ELISA Kit (Mercodia 10-1113-01) ~ Human
IGF1/IGF1 Immunoassay ELISA Kit (R&D Systems-DG100B) -~ Human
IGF2 Quantikine ELISA Kit (R&D Systems-DG200) -~ Human IGFBP-1
ELISA Kit (RayBiotech-ELH-IGFBP1-1) ~ Human IGFBP3 ELISA Kit
(Abcam-ab100541) - Free-form IGF1 d IGF1/IGFBP3 7t & kit iz » &
- BRZEDIFRE £ 2R E freeIGFl- ¥ ¢ > o Jf:m
glucose-to-insulin ratio ( G/l ratio ) 13+ & % glucose (mg/dl) Kf 2 insulin
(uIU/mI) > RIT L insulin AT B enim 3t E o Fu[ A AR S o o R
AP B E_ Y 2 % 9 insulin sz B ¥ * Homeostatic Model
Assessment 2017 & % Quantitative Insulin Sensitivity Check Index®®)

7-4. %4 RE
d HZ - ¢ % EF & *  Jamar Plus+ =+ j’f_’f_“ 3t (Sammons Preston
Rolyan, Bolingbrook - IL » USA) ke L Rl £ 454 - XEE R LN

FEF RS o RS RY 90 B ,g:»u#ﬁu ¥ 2 BB SR
R AR IR ARG A8 s MY e Ry g g
Bt RER S FES spEZ A FAREHRL 15 #0200 = =
BB B HY - SRS EITLRRES EE

7-5. B PR A RIE

C57BL/6 ¥ # 4] (wild type » WT) /|- & ptp National Laboratory
Animal Center (% » £/%) > » SCA3 84Q # 7% # 7] & (C57BL/6
TR LD § o prp B o g B F R0 CCH & 4 Rk dr i +

20
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4R €18 ($2/8%% 1 CCH-AE-108-021) -

SCA3 84Q /| &2 A Fq| 4113 p B E 1 DNA # & i& 17 B & fvda

F & (PCR) xx:n (primer sequences for forward: 5~ -TGG CCT TTC

ACA TGG ATG TGAA-3 ~ » reverse: 5 -CCAGTG ACTACT TTGATT

CG-37) » #1430 bp ¥ £ % ¥| 2 5 SCA3 84Q K% o - B4k 11—~ &

TR (ARG FF) 0 DR NRLHRT L 12 P R R
H

RIS 18 B Y PR o

| B ¥4 # * Digital Force Gauge ( Model DPS-5R: range of 0-5 kgf
Imada > Japan) B & /] e %FE4 o PIREFEE ] KEDEBERY I
AL TER e RPEALET 0 A RRIFRE P BesR B4 £ 0 A
4R () PR IES S ApEHES Bl R E R RD - F 8

RN I A&FIREE 2 S Rt

O
AF % i SPSSv.22.0 ((IBM Corp. > Armonk » NY)) i& {7 e 4

70 R TS FEY FRE AT RARI 2 o N F AL R

>

(missing cases) - F & A#cikh 0 (small sample size) » A iPgxE* e

Mok A~ 7 (intention-to-treat » ITT) ™ /a#Fsgisi > &2 F REF 2 R/
Fm» $ % kg% @4k~ 2 (Last Observation Carried Forward -
LOCF) # X445 > Fitfmzd ¥ A% iﬁ ek 4 e (baseline
characteristics) - 1 3®i #H £ (bias) -

2R %3¢ ot B i (carryover effects ) R & HEF] A 4
(mixed model analysis) > #ARSEH * TR K hSH o 4 gEE ~ A
SONFL KT~ 8B (% FHIEFBL) ~pfapdl (% B
) A rFR (2B EZBY ) ~in k- AT 0T
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(treatment-order interaction) s » NfL £ ® & & st3- & ¥ 4 (P=0.174) -
T AT BS54 & @ B 7] (pooled sequence) A 47 o

# IGFBP1 stk ~ &Rl ¥ » % Bc¥ PR 24k & ek 5k i@ (Optical
Density ) 2+ 4R 8 ¥ T AR KA T L o d Ak 2P B R 3 Eeh
B AT HE* L2 an&Eacr (5pg/ml) T35 F AT
(Surrogate lower limit) o #-%tigt K Eh#icE » 23 2 = B i
# 47 (Left-censored ) # ¥ izdcdpen® G = 2 - #-H 3E4 (Imputed)
4 %ia’z)iz",éf /2 (% 35pg/ml) 3. % 4 =2 IGFBPL 2 2 @ IS &
¥~ SCA3 S P& aphrrfienic 4 > AF7 7 {77 Receiver Operating
Characteristic Curve (ROC curve) 447 > 4 * & R T & 4 (area under
thecurve » AUC) ®kt i % dp el o o gt “b o L& insulin AR T i
p= ~ =¥ (Tertiles) » 5 = = > 8 & o b i~ 3% 4P % (T1: <3.65
ulU/ml 5 T2: 3.65-9.35 ylU/ml 5 T3: >9.35 pylU/ml) - 4%t insulin = 4
Fau @il B o kit Kruskal-Wallis # z 38 7 A 45 » %8 @

Dunn's ¥ {4 # _ (Post hoc test) &7 7 & b §i o

Hipg b 2 e @ FRADERyREBEN S
Mann-Whitney U # z_- #g %] %38 B ¢ * + = & 7_ ( Chi-square test) &
7 2 # % (Fisher’s exact test) ; f 1t PR et t # & Wilcoxon
WX VEHS L (multiple regression model ) - 123 & ¢ %
NfL = "% e &R 32 %13 (potential confounders) > #& i { 48 iE o o
i o bfs TP MR A 7 (correlation analysis) -+ r44F % s 4 NFL %
L2 NS AR B2 P iRe g RS B A A F K@ Pearson
correlation » & f+ & & & * Spearman rank test » & Jf & & {4 %] & ﬁrﬁ—"ﬁ Bl
i * Partial correlation « &% ¥/ 5 iy B a4 0 d 3% - A Bt

(n=2) » 7l g * effect size kg sz 8 » » M F R 2L
P<0.05 -
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Yri B%

FoF RREPHBEAITHEINS R

AT L 2 =SCA3 R &L @Y HRFAI I AERFR
P36 b £d24p Tzt SCASH R e - 3 B AR R F L
£ [median > 49.0 (IQR » 34.3-54.8) vs. 47.5 (34.8-55.0) #% ;
P=0.754) > Huls w28 %72 F (male> 62.5% vs.61.1% ;
P=0.906) - ?Am > SCA3 2enBMI B ¥ <3t i & /R 2 (21.8 (19.5-
25.4) vs. 23.6 (21.8-25.6) kg/m? ; P=0.040) - * ¢t » SCA3 s NfL -k
TR PR ek ¥ g (27.8(20.5-32.5) vs. 6.3 (4.2-7.6) pg/ml ;
P<0.001; 4% 1) -
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% 1 iR $HR 22 SCA3 £ @4 kT & 1S

Controls SCA3 p
n=36 n=32
Demographics

Sex (male » %) 22,61.1% 20, 62.5% 0.906
Age (yr) 47.5 (34.8-55.0) 49.0 (34.3-54.8) 0.754
BMI (kg/m?) 23.6 (21.8-25.6) 21.8 (19.5-25.4) 0.040*
Age at onset (yr) N/A 35.0 (29.8-45.0)

Duration (yr) N/A 10.0 (4.0-12.0)

CAG repeat number N/A 71.5 (69.3-74.0)

SARA N/A 14.5 (7.4-21.0)

NfL (pg/ml) 6.3 (4.2-7.6) 27.8 (20.5-32.5) <0.001*

Insulin/IGF1 system

IGF1 (ng/ml) 55.2 (34.0-68.1) 92.6 (67.9-108.6) <0.001*
IGF2 (ng/ml) 312.8 (271.7-361.4) 336.2 (316.2-395.0) 0.002*
IGFBPL1 (pg/ml) 3.5(3.5-41.5) 252.9 (72.8-740.4) <0.001*
IGFBP3 (ng/ml) 43.3 (37.8-47.9) 41.8 (38.1-54.6) 0.873
IGF1/IGFBP3 ratio 1.27 (0.96-1.75) 1.92 (1.35-2.49) 0.002*
Glucose (mg/dl) 95.9 (73.6-116.5) 98.9 (81.2-112.7) 0.708
Insulin (LIU/mI) 19.0 (8.8-28.1) 6.1(2.6-11.0) <0.001*
G/I ratio 6.0 (3.3-9.3) 17.1 (8.6-35.0) <0.001*

BMI > £ 48 5 & 4p#ic - SARA » £ A4 A F R

5 E %4 E T3 10 IGFBPs» #5% § % 4 &
Fvh o R F MR T 5 *P<0.05 0 A1 Bedpioi P i (w A ) A7 0 1E

il (FAR) 2 -
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1S #% & » SCA3 ,&—‘ﬁ%ﬁ n IGFBP1 ~ IGF2 %2 free-form IGF -k - =
B 2nsulin kT 72 & oy Apor 0 R EAp - SCA3 B K n ’:Ff;t‘
¢ IGFBP1 & ¥ # 4 [252.9 (72.8-740.4) vs. 3.5 (3.5-41.5) pg/ml ;
P<0.001] - SCA3 ‘e IGFL -k T | 2% [92.6 (67.9-108.6) vs. 55.2
(34.0-68.1) ng/ml ; P<0.001] » IGF2 -k T = #% [336.2 (316.2-395.0) vs.
312.8 (271.7-361.4) ng/ml ; P=0.002] = % IGFBP3 -k T = & B| & gLz 5]
¥4 B (P=0.873); &xm » L % free-form IGF1 0 IGF1/IGFBP3 * &
t SCA3 &% ¥ 8 ¥ ## [1.92 (1.35-2.49) vs. 1.27 (0.96-1.75) ;
P=0.002] > &9 51 1 IGFL e4 # 41 * & (bioavailability ) 7 #7343
(1) -

3737 SCA3X BE A ANA QIO LF g3 T4 AP 4

$H2% QL0 (n=17) # A4 giss (n=15) ehi 4 » 47 1
Ar B2 ISIPMBTE «c 25K 8 22 FLEalE L8 o (4 2)
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2. QIOR T HFE 2 SCA3£$§—§4§&5 1S 48 B 78 L &

SCA3 w/ Q10 SCA3 w/o Q10
n=17 n=15 P

Demographics

Sex (male, %) 10, 58.5 10, 66.7 0.647

Age (yr) 49.0 (41.5-55.0) 47.0 (33.0-55.0) 0.521

BMI (kg/m?) 22.7 (21.0-25.7) 21.2 (18.4-25.1) 0.141

Age at onset (yr) 43.0 (29.5-49.0) 34.0 (29.0-38.0) 0.308

Duration (yr) 8.0 (5.5-11.5) 10.0 (3.0-18.0) 0.909

CAG repeat number 71.0 (68.5-74.5) 72.0 (70.0-74.0) 0.985

SARA 14.0 (9.8-21.0) 15.5 (5.0-21.5) 0.910

NfL (pg/ml) 28.3 (24.0-34.7) 20.8 (18.0-32.8) 0.355
Insulin/IGF1 system

IGF1 (ng/ml) 85.6 (64.7-111.1) 9836 (80.0-110.0) 0.396

IGF2 (ng/ml) 365.7 (316.2-403.3)  366.7 (305.4-390.4)  0.664

IGFBP1 (pg/ml)
IGFBP3 (ng/ml)

315.3 (19.9-805.1)
41.2 (35.8-69.2)

208.9 (84.3-451.0)  0.970
436 (38.1-52.1) 0925

IGF1/IGFBPS3 ratio 1.7 (1.3-2.4) 2.1(1.4-3.2) 0.355
Glucose (mg/dl) 101.3(85.1-130.2) 90.6 (81.2-101.6) 0.146
Insulin (L1U/ml) 6.2 (3.0-11.8) 6.0 (2.1-10.5) 0.720
G/ raito 14.6 (9.7-36.6) 19.1 (8.4-32.1) 0.895
BMI > £ %8 FE3p#c- SARA» XA QTR E 4 o NfL > 4 Flmiiidudd -

IGF1+ #5% & % 4 £ 5|5 10 IGFBPs » #5% § % # £ %3 & A 35 o Gll
ratio » § ML L G B0 o AP A F MR 2L *P<0.05 - i Hcfhian ¢ i
e (2 A mgE) 7 o Pl bl (FA W) 47

F@m% 1 IGFBPL -k = 2 3 1+ #einsulin
A Sl MIERBLDAGES] o 5k > SCASeEHREL F
D #fl 17 [98.9 (81.2-112.7) vs. 95.9 (73.6-116.5) mg/dl ;
P=0.708] : # & > SCA3 & % ¢ Insulin -k < & ¥ = * [6.1 (2.6-11.0) vs.
19.0 (8.8—28.1) pIU/ml 5 P<0.001] « F]pt » (¥ 5300 0% § 45 2
(insulin deficiency ) = a7 1+ (sensitivity ) 2. & & dp ik #E% 5 &
i (Gllratio) - % SCA3 B ¥ & F 3 4 [17.1 (8.6-35.0) vs. 6.0

(3.3-9.3) : P<0.001] » it~ B f 2 S BHE 24 (2 1) -

AR B
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¥ % IGFBPL % 4 SCA3 fi* ¥ AA PR » ATRAE KL RAPM
AE 7 #-SCA3 %~ 5 8 (SARA<IL) &34 (SARA>1L)

e BB SR A AP 0 (5 RA & ik 3 IGFBPL

kT Bg ¥ % [415.5 (207.9-913.2) vs. 72.5 (13.1-108.1) pg/ml ;

P=0.003] » ® NfL -k~ $3 [29.5(25.1-38.1) vs. 18.8 (17.0-28.3)

pg/ml ; P=0.002] - izt 3 & 7 » IGFBPL #2 NfL 32i; $ »c% 4 SCA3

e BT s (£ 3) o
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% 3.SCA3 &% it SARA A B RFTH L T 24

Stage I (SARA<11) Stage 11 (SARA>11)
N=11 N=21 P
Demographics
Sex (male, %) 7,63.6% 13, 61.9% >0.999
Age (yr) 49.0 (29.0-51.0) 49.0 (41.5-59.5) 0.150
BMI (kg/m?) 25.4 (22.1-26.9) 21.2 (18.8-22.9) 0.005*
Age at onset (yr) 33.0 (28.0-45.0) 35.0 (32.5-46.5) 0.945
Duration (yr) 4.0 (0-6.0) 11.0 (9.0-15.0) <0.001*
CAG repeat number 71.0 (68.0-73.0) 72.0 (70.0-75.0) 0.402
SARA 5.0 (3.0-8.5) 20.0 (14.5-22.5) <0.001*
NfL (pg/ml) 18.8 (17.0-28.3) 29.5 (25.1-38.1) 0.002*
Insulin/IGF1 system
IGF1 (ng/ml) 73.0 (59.4-124.8) 94.2 (76.4-107.1) 0.577
IGF2 (ng/ml) 365.7 (320.1-406.9) 366.7 (310.6-395.0) 0.996
IGFBP1 (pg/ml) 72.5(13.1-108.1) 415.5 (207.9-913.2) 0.003*
IGFBP3 (ng/ml) 40.2 (36.4-72.5) 41.9 (35.8-53.8) 0.907
IGF1/IGFBP3 ratio 1.54 (1.23-3.17) 1.96 (1.36-2.48) 0.815
Glucose (mg/dl) 99.1 (81.2-104.4) 98.8 (81.2-124.1) 0.584
Insulin (u1U/mI) 6.0 (4.0-9.3) 6.9 (2.2-12.2) 0.969
G/l ratio 18.2 (10.8-21.7) 16.1 (8.5-38.4) 0.696

BMI > & 88 7 & dp8c o SARA » L AL A= £ 4 o NfL > & (5 imSidmda - IGFL > 47
524 L3 1-IGFBPs > sgs § 24 £ FlF % & %0 o Gllratio § F &% j
FLE o MR FMHEELIP005 0 Mg Hdpia e i (2 A FE) 27 o0 2
WL (F A ) FoT e

R AR 0 8 B K S m ALK [11.0 (9.0-15.0) vs. 4.0 (0-6.0)
& ; P<0.001] > * BMI # i [21.2 (18.8-22.9) vs. 25.4 (22.1-26.9) kg/m
5 P=0.005] - fgfi’}i)ﬁj f ¥ (disease burden) # & hfimAp & o &
m oo B |IS 4p B $¥c (& 45 glucose ~ insulin ~ G/l ratio ~ IGF1 -
IGF2 -~ IGFBP3 % IGF1/IGFBP3ratio) % # Fﬁf)ﬁﬁil‘?ﬁii - 2
R (325 P>005; £2) -
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$ooh o ROC o sA 735 > %~ F 2o /x> & 0 IGFBPL

B R0 dosg ehygnla 4 (AUC=0.829 ; 95% Cl: 0.646-1.000 ;

P=0.003) - & 139.1 pg/ml i* 5 & E*» 28L& (Cutoff value) - H agp
Bt 91% R A5 82% > £ME A © IS $dc (6 442 AUC
# %42 0385-0541 2 ) (W 3) -

1.0 ROC curve : Source of
- | the curve
— IGFEP1
65 = IGF1
__IGF1/
IGFBP3
2 0.6+
=
E
{
a
0.4 4
0.2
0.0 T T | T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity
Diagonal segments are produced by ties.
W 3. 4% IGFBP1 2 # #

IISAp M ffis2. ROC & RAHF > U FEA 5 I
2 a3 SCA3
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% SCA3 s34 @ » Spearman 4p B 4 4747 > IGFBP1 -k T &
SARA =4 (r=0.401; P=0.023) % NfL -k (r=0.538 ; P=0.001) %
rAphE o 2 BMI R R F f4p M (r=-0.667 ; P<0.001) - %k#& -
IGFBP1 #2 CAG € 4f =t #c2. B & A L2 B ¥ M5B (r=0.141 ;
P=0.440) (W 4) - & ¥ #F5° 5 BB RF 5 IGFBPL #icid » i #f
FORIEEIORALG B A F 4T R PG E il
2 (M IGFBPL iF 5 SCA3 i: ez i it ehd fodpih » 240 fifdk
4) o

6ooo{ ¢ . r=0.401 6000 - « 1=0.538
4000 - P=0.023 4000 - P=0.001
E 2000 y 4 [ ] :g 2000 :: L
@ 1500 4 @ 1500 4
k= - 2
& 1000 4 . . & 1000
& | &
® 500 ¢ 2 500
AP o« °
[} ° - N
098 %ae o ' ' 04
0 10 20 30 40 0
SARA
C D o
6000 - e 1=-0.667 6000 1 . r=0.141
4000 - P<0.001 4000 1 P=0.440
= 2000 A . g 20003 °
-g 1500 ) 5 1500 4
k= = .
& 1000 - & 1000 - o
m o °
o G} N
~ 500 500
™ '. d °
L ]
0 g 0 —|’—°oﬂ:&-—|—|
10 30 35 50 60 70 80 90

BMI (kg/m2) CAG repeat

B 4. 5 3 IGFBPL & fosk 4p e chie B {4 49
SCA3 % ;é—?f 7 & L 12 Spearman’s correlation +* #& IGFBP1 ¢
(A)SARA > (B)NfL » (C)BMI » 4=(D)CAG #jp b 2
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$Z 8 SCASEHRB EES W R

S 4HPR 4Rt 0 SCA3 ‘24 I 255 i 4 HGS [24.3 (19.2-38.2)
vs. 40.7 (27.1-49.3) kg ; P<0.001 ; B 5A] » ™ % i i% 7 HGS/BMI + &
[1.19 (0.95-1.55) vs. 1.38 (1.11-1.79) kg/(kg/m?) ; P<0.001] = #* ¢} » 4c]
5B #771 » 3 &4t & = [20.10 kg (18.60-25.10) vs. 26.80 kg (25.45-
30.4) » P=0.007] :B £_9 {+ & % [35.10 kg (23.30-38.33) vs. 47.20 kg
(42.35-55.25) 1 P<0.001] » SCA3 % 3% cif 4 top i & L FH ¥~

K{éo

A B
P< 0.001
80 I \ 80
-
60+ 60
> o
£ =
(7] »n 40
(V]
- - 2
204 20
0 T 0
Control
8
s

W 5. SCA3frit B H R eindg 4+ HGS v &
Biem? &P BUNEHERFEFRER > VWRA)S &> #(B)% &5 |4
2_ & 5 P: Mann-Whitney U test
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% 18 1 #£pF > SCA384Q &7 A ¥] | Blendg 4 w7 4 3] (WT) -
£ B % T ' (P=0.003 > 4w 6A 757 ) o AR E F|E {5 » SCA3 /|
Blenfg 4 B0 4 A1) gt o & AR MEE A ii-kT (P=0.007 - B
6B) -

I
w

P=0.003 P=0.007

-

—
=
]

250+

=]
1

L

F =
L

2]
(=]
L
]

1

Grip strength (g)
2 @ 9
c £ 9
.1
Relative grip strength (g/g)
[=2]

o

V\;T SCA?; 84Q m"r SCA:; 84Q

W 6.4 WT | {2 SCA384Q /] He(A)e %#FE* » 2 B)RELAH
AR

?Sf}s'-,u AL d 95% 13 iﬁ‘ép RER:H2 WT»n=4; SCA384Q -
n=7 ; P: Mann-Whitney U test
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% & SCA3 thjg 4 2 TRA 41 An M

& SCA3 %"’FT P fi s e 4 VTR K SARA RS (r=-
0.548 » P=0.001 > B 7A) ¥ 7 NfL -k (r=-0.359 > P=0.048 > 4c
B 7B) o pteb s dek 4573 o Bk a4 27 SARA £ 38 F 4 3F ehiE A
W EFRM > #4250 H A (r=-0525> P=0.002) -~ =% (r=-0.487 -
P=0.005) -~ 4% (r=-0.636 > P<0.001) -~ 7 #FM# (r=-0.522 -
P=0.003) - —{#;—,iéiﬁ (r=-0.510 > P=0.003) - #Flﬁ B3R (r=-0.355 »
P=0.050) ~ &3R4z #3517 (r=-0.505 > P=0.004) 12 % 2 ’%/ﬁ‘ﬁﬁé‘
% (r=-0.403 » P=0.025) -

A B
a r==0.548 5071 - -0.359
& P =0.001 P =0.048 #

304 ° . —_

é -EI 40" . [ ] o
K- L]
-
J e o
104 z2 *o’2 o
L ]
0 L] L] T L] 1 u L] L] L L] L]
0 10 20 30 40 50 0 10 20 30 40 50
HGS(kg) HGS(kg)
C D
b r=0.680 01
P <0.001
— 30+ . ° 304
NE * .. & [ ]
L ]

2 201 - TR x 20
= s &
2

104 104

0 T T T T 1 G T T T L]
0 10 20 30 40 50 0.0 05 1.0 1.5 20
HGS(kg)

HGS(kg) / BMI {kglmz) ratio

W 7. %+ HGS 2 (A)SARA » (B)NfL » (C)BMI » (D)HGS/BMI ¢i4p B
B §7
r: ¢ B % & » P: Spearman rank test
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4 4.SCA3# 4 ¢2 SARA ~ B+ 78 P crip M &

Variable Correlation coefficient P-value

HGS
Gait —0.525 0.002*
Stance —0.487 0.005*
Sitting —0.636 <0.001*
Speech disturbance —0.522 0.003*
Finger chase —0.510 0.003*
Finger-nose test —0.355 0.050*
Fast alternating hand movements —0.505 0.004*
Heel-shin slide —0.403 0.025*

HGS > 454 - SARA - % /2 24222 £ 4 o % Spearman rank test i& /7 4p B
M 4T o KL BE F R 25 *P<0.05

& SCA3 ¥ » #4 i F »k pr BMIsfkim (r=0.680 -
P<0.001 - ] 7C) - BMI = 45 i SCA3 5 J i B ehif ip| 5]+ (2
29, @ APy BT 2y SARAREE f 4pM (r=-0.420 > P=0.019) -

EW SR L h D BMI &2 RS B G gp U0 Apm gt B 0 i
BMI 1 ch37% £ —HGS/BMI ratio o 4 % 557 > 2%t 527 SARA A (3
% Apf (r=-0.441P=0.013 > Bl 7D) o ] b w27 E &7 5 £
$IEFY R 354 2 SARA ~ NfL 2 BMI 2 ¥ 13 4% — R enff 585 o
Pt B EALLS o piLaiE S T AR SCAS B F & G ik
CAG ¥ 47 = # (r=-0.396 » P=0.030) (B > SCA3 4%+ if i}l i 42
SRT Y 0 PR V4R D)
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la‘: 5-{" _%z ) I’ (n“
32 = SCA3 % #i"iéiﬁlm\ M Al B
A “P_tl ’ "‘ _:%z

16+ (B8) - &
e em = B g A8 o &owashout #P R 0 3 S
LHERFID PP - AR BT S B R FURR B A
@i:@wﬁ* V- FF RANEF R EA P o B2 (2B
AR Y 0 F - A FIRENEEA T o A B 2w = B
X AR EF G e AT - AT R R - A TS BRE
¥ A e A d 80 o fowashout #) B - x 5 A A3 D - 4 F]
MR - AFERES T pigiemz B Fiok? > £ 4830
RS A E e R R A EBENREE AP T D F R R IR
¥ e Fekah At 10 & o
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SHEEEHEEE
(n=4T7)

. HEBR (n=15) .
i 1. JESCA3:
: Z M RRELEIT (n=6), !
I SCAZ2 (n=1), SCAB (n=1), '
P NEEERERHMERE (n=2)
3 SCA3 R ERIAE AR D
\vi '.\ 2 (n=4), #EFRE (n=1) ;

A#H (n=16) B#H (n=16)
fRFA&EE12:8 AR FA 221 238

L B (n=4):
1 FIEACERERE

1 BIE RS S
2 FIE RS REA
CBH (e2: 3 v C B (=2 ‘-
V1 BlEER SR ‘< Washout 438 it B crossover —» 1 FIFZZERRE
N PIRESKEUAR $ l L PRREERE
A% (n=14) B4 (n=10)
FRAZRA12:1A REEE12A
CUBE (et :
11 FIERSER]
_______________________ !
SEMaRER (n=13) SR8k (n=10)
S (n=16) AT (n=16)

W 8.7 e % i A

B i:—ﬁ’ﬁ 23 i iﬁﬁ%#p; » BERBIT AN L 28% o s A i
’%*ﬁﬁiiﬁﬁi@ﬁ%¥i

4 (pooling sequence) - % % »
DA BT A  ARrEBE

£ F“f*ﬁﬂ*WTbﬁﬁf
i%"‘BZiﬁ:,&ﬁ » H P 26 X R

m«&r fw St

SRR T LA L 5 A S ,*_Jr_zl_\ :f B~ A2 A7 FERE IS o
»b_}figﬁ%ﬂ' EQ O
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e RATHEE S

Group A Group B
(mean £ SD) (mean £ SD) P
Basic features
Case number 16 16
Sex (male, %) 12 (75) 8 (50) 0.144
Age (yr) 475+ 13.2 459+ 14.1 0.739
BMI (m?/kg) 22.7+ 3.8 219+ 3.1 0.520
SCA features
Age at onset (yr) 36.9+9.8 375+ 145 0.887
Duration (yr) 10675 8456 0.344
CAG count 722+ 3.6 70.3+55 0.264
SARA 14.9 £ 10.8 14.2 £ 6.0 0.818
NfL (pg/mL) 289+ 12.6 27.6+9.1 0.748
8-OHdG (ng/mL) 3.37+0.63 3.95+ 2.00 0.955
Insulin/IGF1 System
Glucose (mg/dL) 97.7 + 20.0 101.6 + 27.9 0.792
Insulin (uIU/mL) 5.7+3.2 92+75 0.187
IGF1 (ng/mL) 97.1+33.1 85.0 + 23.0 0.239
IGFBP1 (pg/mL) 441.4 + 554.1 1043.0 + 1974.2 0.806
IGFBP3 (ng/mL) 55,5+ 27.0 450+ 21.7 0.258
IGF1/IGFBP3 ratio 1.96 + 0.86 2.18 £ 0.98 0.366

BMI’J’M?@"%"EL:}%& SCA » # %) m.’é{ﬁfi SARA » £ A4 AL £
NfL’Zd+m,,ﬂr;éé 8-OHdG - 8-#5k-2-2 § K % - IGFl > #g'% § 4
£ 7%+ 1-IGFBPs: #g%% & 2 4 £ 7|+ % & kv oG/l ratio > § § fE& %

%%“fi&i o SL3t %F%’l“*w’ii;*P<005° “ry Bp e P g (v A EE)

Feom o BB (A ) &7 0

R M@fﬁfw% DA ﬂﬁriftﬁzmﬁw@ 1 IRAF
FRL (£6) cBIAKEF RN LA ¥HEFAN F Fad
Crigx* ' (P=0.028) ~eGFR%¥ % + 2 (P=0.016) ; = & &7 ¥
w3k (WBC) .gx T (P=0.004) - "% #5332 ALPE
2
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%6, PR*F TR 12 860% 2T R

AM (n=26) Placebo (n=25)
mean + SD P mean + SD P

WBC (10%/pl)
Before 7.10+2.17 0.090 7.30£ 1.69 0.004*
After 6.36 £ 1.77 6.29 £ 1.16
RBC (10%/pl)
Before 4.78+0.49 0.197 4.72+0.38 0.441
After 4.71+£0.42 474+ 0.44
Hemoglobin
(g/dl)
Before 14.32+1.45 0.478 13.98 £ 1.67 0.090
After 1422 + 1.24 14.14 + 1.85
Platelet (10%/ul)
Before 274.1+60.8 0.722  295.8 + 121.5 0.602

After 276.4 £ 70.6 292.2 £ 98.6
GOT (U
Before 22647 0.323 21.7+56 0.366
After 21.8+5.2 225145
GPT (U
Before 23.6+ 10.8 0.337 246+17.2 0.726
After 22.3+13.6 22.9+10.2
BUN (mg/dl)
Before 144+47 0.759 142+41 0.174
After 143+ 3.1 13.3+ 3.3
Creatinine
(mg/dl)
Before  0.74+0.19 0.028* 0.72+0.17 0.445
After 0.69 £ 0.19 0.73+0.18
eGFR

(Ml/min/1.73m?)
Before 110.2+24.7 0.016* 1143+ 254 0.479
After 120.6 £ 29.5 112.2 £ 24.9
WBC » 5 s 3% © RBC » ‘=i 3 o GOT » X F® % sicfi 48 viefis o
GPT » #&™efie /5 /b fE e « BUN - & ¥ k% § © eGFR » f2
RSB RS o Sl F Mk s *P<0.05 -
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5 8§ FisA&% e NL ~ 8-OHAG £ 1S

AoEoRind R th—ak ENFL— B F Fiem s BT 0 J 2764
10.7 % % 25.6+9.8 pg/mL (P=0.040 ; B 9A > n=26) > ~ K& 7% »
M % R AN ] E AE e (25.4+12.5 vs. 25.8+14.3 pg/mL >
P=0.768) - % % ~i¥ jFH3N (multlple regression model ) » % B f R
3%+ (BMI4c CAG) 1 » F T3l NfL % ity & 1 % »0 % § A
(standard error: & ¥-2.372 » BMI -0.0049 » CAG-0.129) » e 2@ X 8
AN HEF (P=0127) - z® o4 2 FTH KL > 3 LOCF &
ZFRFETF KR R BEFONILS K (P=0.041) > @ % FHemk
i (P=0.767)
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P=0.040* P=0.768

(o]
o
1

A Control

[=1]
o
1

O before 3-month treatment

e after 3-month treatment

NfL (pg/mL)
3

N
o
1

L4

Control AM Placebo
(n=26) (n=25)

P=0.004* P=0.990

120
100

80

'y
A

A Control
O before 3-month treatment

e after 3-month treatment

Insulin (WIU/mL)
[=1]
it

404
204
0 = =
AM Placebo
(n=26) (n=25)

W 9. NfL 27 insulin 22 =B 7% § ¥ AM(A) & % & (B) /i » % {4

g & L5
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% insulin ¥ glucose ~ 3= & - & ‘= glucose -k # 3o e & » v §
T et insulin & & AT (12.5415.2 — 21.1+15.5 plU/mL >
P=0.004 ; BI19B) > @ % &2 pla kg F %t (10.749.0 vs. 13.6215.6
uIU/mL > P=0.990) o NfL "3 Ktg 2 & insulin + 22 FFa kg 4phd > e
EI D w48% (r=0.165° P=0.420) - H s 4 H %P 0 & 35 8-
OHdG -~ IGF1 ~ IGFBP1 ~ IGFBP3 2 IGF1/IGFBP3ratio > &% ¥ &2 %

FSR G ERMERE (27)
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TR FSA@Mc LA B FHFL NS

AM (n=26) Placebo (n=25)
mean = SD P mean + SD P
NfL (pg/mL)
Before 27.6 +10.7 0.040* 254 +125 0.768
After 25.6+9.8 25.8+14.3
8-OHdG (ng/mL)
Before 3.89+1.88 0.770 3.87+1.66 0.864
After 3.78 £ 1.46 4.01+1.86
Glucose (mg/dL)
Before 103.5+23.5 0.101 104.1 + 23.0 0.696
After 118.5 + 39.0 103.6 + 22.3
Insulin (uIU/mL)
Before 125+15.2 0.004* 10.7+9.0 0.990
After 21.1+155 13.6 + 15.6
IGF1 (ng/mL)
Before 95.2 + 32.6 0.647 91.7 £+ 29.6 0.412
After 97.4 + 30.3 95.3 +30.0
IGFBP1 (pg/mL)
Before 406.5+5929 0732 798.3 + 1608.9 0.459
After 350.9 + 540.7 411.3 +520.7
IGFBP3 (ng/mL)
Before 55.4 + 26.6 0.849 51.1+235 0.989
After 54.8 £ 25.7 51.7+243
IGF1/IGFBP3 ratio
Before 1.931£0.84 0.517 2.09 +£1.03 0.326
After 199+081 2.18+1.16

S+ %6 2/ 6 %+ £ F5 1 4 moNfL’z‘“ m 448 o 8-OHAG » 8-73 2 -2-
25 5% o IGFL &% 32 £ %5 1-IGFBPs - 7% § 2 4 K 515 % & v o
H2R R E MR 75 *P<0.05 o
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¥ A8 F FisR S NIL ~ 8-OHAG & IS ey 2 4 45

N RFERRELERIR R TR TR e LR - ¥
SARA g B 4 s @h 12, o gx X 0 L 1 H fRA ¥ (SARA<3 > n=2) -
¥ -3 (SARA<11:>n=9) -~ % -3 (SARA>11:n=15) (% 8) -
Rk B R A B b 0 T R ok B (effectsize) @ 22 P i ¢ NfL
' 2.1 pg/mL (16%) - % & & + = 207 pU/mL (344%) - 2 # ¥
PIEIAd R » AL - R4BF o
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% 8. % '}‘.&.E‘_}”‘Zéé-ﬁ'}é‘-ﬁ: 12 iF 3 18w iﬁ%’i#v":}%*%-? IS iy e o 7

Preclinical (n=2) Stage | (n=9) Stage 11 (n=15)
mean = SD mean = SD P mean = SD P
NfL (pg/mL)
Before 13.2+£6.7 226+48 0.458 32.6+10.8 0.033*
After 11.1+29 20.8+5.3 30.4+9.3
8-OHdG (ng/mL)
Before 3.84+0.87 397+1.77 0.028* 3.85+ 212 0.334
After 3.88+£0.25 3.49 £ 1.45 3.9311.60
Glucose (mg/dL)
Before 946+ 1.7 949+16.2 0.117 111.4 £ 26.2 0.344
After 924+1.1 107.2 + 28.4 102.9+ 19.8
Insulin (LIU/mL)
Before 6.3+6.0 215+229 0.594 8.0+5.6 0.003*
After 28.0+ 30.8 21.9+ 145 19.8 +15.3
IGF1 (ng/mL)
Before 101.7 £ 21.7 91.6+37.6 0.483 96.4 + 31.7 0.571
After 115015 99.4 + 33.8 93.8 £ 30.5
IGFBP1 (pg/mL)
Before 90.8 £ 245 353.2+ 7359 0.260 480.6 + 544.3 0.865
After 113.8+ 161.0 237.1+509.1 450.8 + 587.5
IGFBP3 (ng/mL)
Before 67.8+40.4 51.1+26.0 0.678 56.3+ 27.0 0.820
After 74.4 £ 29.0 50.0 £ 23.7 55.2 £ 26.9
IGF1/IGFBPS3 ratio
Before 1.99 + 1.64 201+094 0.199 1.87+£0.75 0.955
After 1.67 £ 0.63 2.29 £ 1.07 1.86 £ 0.63

NS> 3% & % /859 5 3 4 £ %3 1 %3 o NfL > # w3t dsdd - 8-OHAG » 8-73 4 -2-
35 EH CIGFL #9522 £ 73 1-IGFBPs > #1%% § 3 4 £ 713 % & 3o o ¢
iRk P ABES (n=2) o FP G AR U EMEKETR -
AR F MR 5 *P<0.05 -

44



ENfL 26 > 5-HREFR TinhiEaR a5 PREFR
¥ 7' (32.6+10.8 vs. 30.449.3 - P=0.033 > * 5" 7% ; B
10A) - Z @& et ki uor st (B 10B) - glucose -k # % £ H
waFE e cinsulin g > % - 3 %i AR TokislF 2 (8.0t
5.6 — 19.84+15.3 plU/mL - P=0.003 ; B 10C) - @ % g # =& g i- (B
10D) - #&Am » NfL 2 insulin % i* FF ¥ & &g ¥ 4p & > ¥ &t &2 insulin
«u—"%‘%zd 2 Fejffel 3 et 3 B o 3 LR 36 > “‘f’P%ﬁ
18-OHAG @ 2 £ > e % - W R F 7 4R ™ "% (3.9741.77 — 3.49+
1.45 > P=0.028 ; % 8) - IGF1 ~ IGFBPs 2 IGF1/IGFBP3 ' i |35 %

oo
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(o]
o
1
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P=0.033*
1
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2 40-
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0 T T T
Preclinical Stage Stage Il
3-month Placebo
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60+

NfL (pg/mL)
NN
e

N
o
1

AN
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=

Preclinical Stage | Stage Il
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O Dbefore treatment

e after treatment
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m after treatment



3-month AM
80- P=0.003*
1
= 60-
BE‘ O before treatment
= 40- e after treatment
c
F
£ 204
0 O{. T | —
Preclinical Stage Stage ll

D
3-month Placebo

60-
-y
§40- O before treatment
= m after treatment
£
S 20-
2 S

0 Em |

Precllinical Stalgel Stage Il
W 10. NfL £ insulin 2% = %% ¥ ¥ AM (A% C) & % §# (B# D)
Arw s enty A4
Tk ¥ (SARA<3) $ 2
%= (SARA>11) 3 15

X#F > F-¥ (SARA<11) 3 9 &>

AR
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$4 8 L FHLE G o0k B IIR 6

T LR R R R S Ry
AR Y (£9) c bR G k%26 0 ZRAFARYFTEAA

TR ecd > B A TR RE » X FAE? o B AL T T
s;i’fz*ﬁz&%\»ﬁvﬁ%:ﬁ‘ﬁr AWmpE* 26 > FFeiw Afpd
oo ZARLAR G XRFHER G S ARLECFE - AIRE AR o R
fooR EFBETERS e R EEE LR (P>005) (MAF o
Hx SCA3 ek A2 7 » L 45 6) )

29 JR* R T AL BADSCAI A p Wl o F BB R NG E?

AM (n=26) Placebo (n=25)

n (%) n (%) P
Patient-Reported Positive Effects
Balance improvement 3(11.5) 0 (0) 0.235
Fatigue improvement 2 (7.7) 5 (20.0) 0.248
Headache relief 2(7.7) 2(8.0) 1
Sleep improvement 1(3.8) 3 (6.0) 0.350
Vision improvement 0 (0) 1(4.0) 0.490
Smooth bowel 0 (0) 1(4.0) 0.490
Appetite enhancement 0 (0) 1(4.0) 0.490
Suspected Adverse Effects
Dry mouth 4 (15.4) 2(8.0) 0.668
Insomnia 3(11.5) 1(4.0) 0.610
Abdominal dullness 1(3.8) 0 (0) 1
Constipation 1(3.8) 0 (0) 1
Muscle rigidity 1(3.8) 1(4.0) 1
Numbness 0(0) 2 (4.0) 0.235
AM:> F ¥ - PEZVRAME X & eai B o Bk 2 5 *P<0.05 -
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£1% 3%

o 3 SCA3 R ik LREs ehin R A WA A G T ok
m}ﬁi;}"‘/r}%‘ )7\/%"}’55)%/2‘ (DMT) ﬂf' _B_jj%NfL/}E}i /?J/r/% e
f¢ gt a‘%u« - A ERRFE L R F a2 o AT

PRt F T ek s % (borderline) & ¥ e NfL *%
Mo TP REGLE F A R Fv—‘ﬁfﬁf%l‘*‘}x ARRE > 2 B R
LW&MLﬁ%@i S o H- BRE20E P RBAEDT LA
PL R R IR R TR G 7% NfL 2 5 528 (biological
signaling) v E - B A4 ch 2 & (hypothosis-generating) 4y
o BEEAKRL LI R

Testrdgr > %o (B8) BEHHF TOF BRIKHF -
FaaX LRk A2 & FINERFEFLERMLFR - 2F7
1T H < & SCA3TRA s Y # % NfL (e 532 R ik + g
BRI K DR P B SCAZ AR c ¥R TR Jf: insulin
w3 T EECY, g SCASERIE G i (* 5
%) > @ rHEFCEERDL PG T AR I EY DR R

ApEX > F FVaBEAS insulinnsla 2 @48 > @ 2L IGFL
= SR A g o A NFL & insulin ©52 3 B4R B4 > TR

Pt R WA TL - B EEAL A %ﬁﬁﬁ&ﬁﬁﬂ% BiF R L
e Hp IR o

49



% - & insulin % 3t

PR B insulin A i A HE A GuEAR Y E G BT o ] R
2z kg 0 Fdfinsulin P 2w A g TALE A F 129 o 4p 1 s DM
o Bleninsulin ™ F R PR AR & N L FIA IR T R AP R > B R
& 224 =age 5 (neuronal membrane function) @29 o gr # w3 219 (5
]ta‘_fij);a?t F » SCA3 %iﬂ’ FHCAR G BT ¥ LAPHMELE F oo
(hypoinsulinemia) ®% 139 o & :& insulin = *# ¥ & F & %5 insulin 7 &_
35 ¥ % 5 F polyQ 5 @ & 1t 132 o g i< e BMI 222 3 hrinsulin 7
R ek p dinsulin 7 Bk F09183) 0 £ E 4 t5 5 SCA3 B
X % insulin F 2 > 17— 4 A EF o g2 AR insulin b = ¥ NfL *% i<
F i L@Lﬁ’ﬂ%éw#%f’FQFMﬂm—%éﬂtfﬁﬁﬁ

)

BENSHEEM % p 5 E —;‘f 1S 4p B 57 % 'éﬁ#‘» SRR
;0 APS &% - ) DM % & % (hypoinsulinemia) #-73] ¥ ¥ %% §
B i e AL T R G X 135(16) o APS 7 i % 1% insulin fed ~ 2
glucose =% > & 1 ¥ it g i i éﬁiyﬁ o K ERR HOR B DR R
139 o AST R 7 iy B389 tRinsulin 2 42 > A+ SUHA A A H0AP 7 inse
"% % % (choroid plexus) i if % 7% > i&@ 3 5 % insulin 3 gE (135,
B0 v AT BT 0 -] %6131 (olivo-cerebellar
degeneration) &= EHAI Y o TR Aok F &) M IGFL A R E L HF
T 4 (inferiorolive) #2 55~ 5@ o dqphk + o § ‘%‘%‘ﬁ;% 2
FAMEZ 5 2DM s 5B qph Ty 08T B e d F a4 tE
insulin FEFor 3 2 insulin sz (080 o i & kg 0 % 7 & SCA3hid i

W EF 0 T AMA BB Y RIS E
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Fo8 NLMMEHe v

AETHERT Vo ENfLggRT S A H L a5 W RF -
d 3 NFLF prhRAF G > S B BT 77 a0 B4 S iE® o g2k
AR ek BOE SIS me;:, fe IGFl_,BE? IGFBPs ¥ X & ¥ % i- >
ot NfL e e e 2 B s 8 3 MRS - AT BT 0 APSW
% 5 et Klotho-Nrf2 1§ £/ > 3 8 HO-1 -~ NQO1 2 TrxR1 %
o B EME B (reactive oxygen species © ROS) H ke 515 2
(138) o AST P B T38 scdigf L g v 1T % » Ao s WHA P 7 ]
| & %z (microglial ) /&1 ~ NADPH # i fis £ 3 > 1'% i< ROS &
(R_z¥ -‘"(,3\37*?15';‘;&—% (TNF-a ~IL-18 ~1L-6) » jidma? 5 W og 22 30 15
WNe prokH FFEPH 7 HEKLHI (amyloid) #F 4 e fhdd
4 > FRGEMR AL 4 .@g_;\é(m)o

AT R Y - ﬁﬂﬁi’me’jﬁ8OHdG (5 i“R&RA4 ifﬂfﬂ) Bg T
FF T 05 ) SCABFILILF (1 (7% 5 3 i % - W e Ak
PAE(n=9) » B T FAMFR - - LFSF S oy "~ BT s
TEHAX LR F V. DNAE S o 4o 0 AST ¥ % ME SR T T
A 8-OHAG(4Y » APS ¥ t B #aTh 3 ™ i veimie » 5 R AT
B = > %% 14 8-OHAGM2 1) o szt 2z dn & 3§ ¥ ¥ it ¥ 2 SCA3 7
FOURAAPMA T > R H B R BT o

o1



%= % IGF1-~IGF2 2 3p M IGFBPs

2DMEF ¥ o F% 5 %4k (insulinemia) 2 insulin 4% “u ¥ i&_
EIFHEIGFL 2 209 . g ARy Y > F FEE A insulin,
¥ A ¢ SCA3 & % #hit IGFL & free-form IGFL + = » 2 R scd 4 gLt
& o s o it 5 SCA3 L #iF,%ﬂmIGFBPl TAFF T AREER
RACOIE F: 0 =5y Bl R F & 5% T ¥ A IGFL & IGFBP3 3
oo Hiead gvep g4 KGOS APS v 4 HepG2 imre ¢ s i
insulin re4w > 38 2 IGF1/IGFIR 4 11 » ¥ /%5 v STATS &2 AKT® o £ 3t
wﬁiﬁgﬂ’ﬂ%mmnﬁﬂtk%%’?ﬁF%%HMWnliﬁ@
FOIBV e iRt IGFL AL + 2 > R A AR F AMIGFL e fn
ﬁ%ﬁ,ﬁﬁ%?i&#ﬁﬁﬂ%ﬂ%%?ﬁﬁﬁﬁJKﬁlﬁ%ﬁ
7 0 F Fakinsulin 2 IGFL e ra 4] 0 P EF S AT %RE -

77 B = 3R SCA3 %*‘%f % F IGF2 KTt ik X ;f:“ﬁ
B oA IGF2 4 2L By ey ¥ HOER B i A A BT R
(ataxiaseverity ) & & #4p A > 2 pL IR % ¥ i & P2 T R 454 insulin
= gﬁu,‘}]g R BRR 4 - ﬁﬁ MK ;@5(145) o XA H LA TV R }?5’}’3_
A5 IGF2 43 5 & F 4 g iRzl g4 (8190 0wt ) SCA3 EF A IGF2
Bide o ¥ oA E- AR BAA RBEA R By WARAL & 9 ehil u i id
4 BEA K- HIEFE o
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$ = & IGFBPL ¥ 3 SCA3 3l 119 1t 4y e

* 7 77T SCA3 %"’zi 3f: IGFBP1 3¢ ¥ 2 3 » ¥ &2 SARA (9&k
BcE B ) ~NfL (# % hlL:f,ﬂﬂ) 52 BMI 4p B - 2% 1 IGFBP1 ¥ & p
P B Bod LR £ B35 (geneticload) - # & uﬁfv? CAG £ 4f &
FIENY - fEdp i o AP ROT insulin ~ IGF1 & IGF2 » IGFBP1 % 4 % J& o
BH ek (4 R IFLAY A PR o

SCA3 %—"z %I ¥ £ 4 (normoglycemic) it § % &

(hypoinsulinemia) ® e 7= 7 4 3 insulin £ i< » # IGFBP1 £ NfL ;‘};z
B g (Pférd) > o7 insulin 3 &7 R e pl P dRA SR o

Aﬁ = G/l ratio 22 F = % - & ptend_insulin 4~ ¥ iy £ 45 @ 24 insulin re
Fuo B Ltffﬁﬁi‘* FAFFE T AR (B o IGFBPL i B 7
fod B L IGFL, ¢ 5 HE 4 F 214D o 4 i< insulin ~ 2 & & & HPR 4
T SFREE 3 4r IGFBPL & 2248 o i 3t IGFBPL ¥ F i a Mgl AR
b % |GFBP1 kT2 3+ 5 Hxk? +% IGFL 2 8L 53 (150 » 2 m FE
SCA3 & & eiid (g sl 4] (4obigf p4h ) (51190 g ok 3 3 55
(4o 1L-6) 22atd f Ao (14 BMI) % ¢ 3% % IGFBP1 1+ 33 (1531%) o 7
S5 IGFBPL # @5 B PR 4 > { ¥ ap % B0 4] IGFL 2 8540 A

18 L (113)
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# 4 1v5 SCA3ER chiT1 &

B % ¢ SCA3 PG LR SARA £ % ~ NfL 2 BMI - ##
$F @Y 454 HGS & HGSIBMI v+ & 7 i b = 77 i#] SCA3 i
Bt R (7 SARAF 33 P ) o #5hadg4 i@ ¥ H ki E o BMI &2
P ENFL KT o Ra b FREZ B g o 454 B AN
FHEFRC (AN TR RS F TR A R
tdp ¥ o

= S A R RS R S Xt I
@ 7% (CAGL£4F F 7ldi) » HGS it 2 B R K i ok &
BEARYES SRR s E e £ A AR PO 2 SCAB R i
FARFUTREHRBE ) L AFE BRI PR TR DR
PR REEE TR FS R RE R R IAE AN -
EBET 474 A P SCA3 TRk £ A 1 E o

53 BBt 0 135Q £2 84Q A] SCA3 /] & B }ﬁ%ﬁﬂ v VIR BE
FEATEOD o T REIMEFF  HIES ODREFBND AR Y
H I > SCA3 /| Reh % Autp  (4oike Fov s#;v;am) FEL BT
Fyrg Ak oo f Hzo] 198 o sz 2r AKt/FOXO % P‘{ﬁ 5 Bl B2 2 VIf Fev
£ 48 (myosin heavy chain » MyHC ) # Jjg /> 5 B 159160, =58
SCA3 & 5 gt fLop }F%éz 3ol }fgm:fiﬁc(lf’s) °

vup 4 B SCA3 R E ¥ L. Toik L RE AR 4 B o
TN EEHR WD zv w e S EFE M B ABEEH
# & (Hyperkinesia) 3k i 4238 4r § 3 & #EP~- 3% Flif
(dysphagia) 3% ¢ % 7 @155) c FHEB LA RIE R RS S
AEgmyEk BMIgE v iFL R X A RA R E R ik
(162) o %= 1 wrik 5 J5 4 HGS & HGS/BMI vt i & p 7 SCA3 # & 4 soep

BER > LLGALF LI MR peantd by 18
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F 8 X 2papiTe
FRACKRERTF T ALV T R ORT 2

AR p RER T B AT KRR T BB R

P oF PP NMERC TS Vi F BT RIRE L BT

FOD o § Fonm R L4 WO BEFL v A AR D Fag

Rralend > FISE3 P o ¥ ecd & oy

& R SR O s o

34

RATRE &Y 0§ 7 & APSL ﬁq‘ﬁ”‘ “’»r%‘J LA A
YN IR B AL A X B NEFA - T L el 15 (163,164) o £ gm
FirmAfd FoRat 2pF AREp FPRlSOmg/kg i 4 91
TaEF; Htr JR% i 5000mglkg & 7= 5 x RE Lo i HAy
Bom o T A B AFEHENTORE 3B E - vap kg 0%
) o Ay H- FIHE AT T 2PBET AL ART A
LA RTek? FAHEF BM G Bl o F a2
rEEZFRAE o
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$- 8% AETEAALSCASRAFAT IR

Ay bk B A SCAS B ip s PR R TR IFL D T IRB R
¥eerdp P 24785 SARA A Bl el > WA RTINS E S L E K%
37 K RE R Tk sk EL R () o %Hz%%%i (open-label )
IGFlthd Tiastrm g @ » 4724 12 B0 p o] g Rds ARBRET > L
Flak L% AR mir s TR e g 4 oAy %‘%“47” mHE R &
PG EER gR (Ao TMS & IDCS) %2485 {k » g v 47
PRt SRR 0 Y S A o A SR RO e dp T A

PR ERARTED A SRR aE R EER 0 B Y

E P HG Bt 2T ELTE AT S A R T o

«\6-
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¥ A Eg )
AEFIRPRE LML > KA THRED324 0 FPF R ERAE
BR BRI R TS LT 3 NIL s sk ée‘z«w MH,L
|55 28% > 1R A L KA
ZBIHRE o EAFRY § 7T
Wy KT R R R (attrition bias) ™ o 5 " 4k & #ﬁiﬂiféﬁ » AN
% LOCF 45 » T oE T4 NIL % Memek « A kv X B 5 €48
A4 (multiple imputation) e g R AR o f%-‘},’a‘%\ﬁ? LIS L -
AR o HFuE R TREE (n=2) 25 - e (n=9) » FP RAR LI
%ri o § A fEA TR 0 R 7O NFL c0RE e K R ¥ R A
HPi@EMaH W RpeFF (40 CAGE BMI) » 37 A UE & 5%
% o Mﬂ;‘g A rEpid= B2 ¥ a0 d & SARA A Hieenig it 3 o
pek s s i NFL e fm 84 > @ 35 insulin & H # i /& g 5 0%
o AMEE e A KT EMEET § FaB AL (4e APS 2
AST) » ¥ i e F (crude extract) 9\ EHHEE B IS ¥t A
A2 TR R A GBEEE - H T 2R A REY
SCA3 7 # 131t fdderv 4t > % o ﬁ_zeﬁi#%a‘ﬁﬁ%%‘m\ v £ P e
(longitudinal ) i B SCA3 5 4 7 IGFBPL & 454 % i » » { it /s
T5# ?L?L'EWE‘TB R gk e

\g‘

T, LN.

S7



$A % 2%

ARG B B 2 hABR% 0 F R
» M w jﬂ"‘: NfL i%ér}ﬁﬁiiﬁi;‘}f R ERTR TR

Fp BHREFONLEME nsulin F 2 > 2 A XL T miphie o
H

LSRR T i E SCA3 R i i .

B EEETLG 0 PG LA R EPF L R

58

o

7>

3



54 %

1. Paulson H. Machado-Joseph disease/spinocerebellar ataxia type 3. Handb
Clin Neurol. 2012;103:437-49.

2. Lee CJ, Liu CS, Society for Neurological Rare D-T. A Review of
Spinocerebellar Ataxias in Taiwan. Acta Neurol Taiwan. 2025;34(2):55-63.
3. Schols L, Bauer P, Schmidt T, Schulte T, Riess O. Autosomal dominant
cerebellar ataxias: clinical features, genetics, and pathogenesis. Lancet Neurol.
2004;3(5):291-304.

4. McLoughlin HS, Moore LR, Paulson HL. Pathogenesis of SCA3 and
implications for other polyglutamine diseases. Neurobiol Dis.
2020;134:104635.

5. Vazquez-Mojena Y, Leon-Arcia K, Gonzalez-Zaldivar Y, Rodriguez-
Labrada R, Velazquez-Perez L. Gene Therapy for Polyglutamine
Spinocerebellar Ataxias: Advances, Challenges, and Perspectives. Mov
Disord. 2021;36(12):2731-44.

6. Cummings J. Disease modification and Neuroprotection in
neurodegenerative disorders. Transl Neurodegener. 2017;6:25.

7. Chien HF, Zonta MB, Chen J, Diaferia G, Viana CF, Teive HAG, et al.
Rehabilitation in patients with cerebellar ataxias. Arg Neuropsiquiatr.
2022;80(3):306-15.

8. Ghanekar SD, Kuo SH, Staffetti JS, Zesiewicz TA. Current and emerging
treatment modalities for spinocerebellar ataxias. Expert Rev Neurother.
2022;22(2):101-14.

9. CorreiaJS, Duarte-Silva S, Salgado AJ, Maciel P. Cell-based therapeutic
strategies for treatment of spinocerebellar ataxias: an update. Neural Regen
Res. 2023;18(6):1203-12.

10. Law BYK, Wu AG, Wang MJ, Zhu YZ. Chinese Medicine: A Hope for
Neurodegenerative Diseases? J Alzheimers Dis. 2017;60(s1):S151-S60.

11. Dudek H, Datta SR, Franke TF, Birnbaum MJ, Yao R, Cooper GM, et al.

59



Regulation of neuronal survival by the serine-threonine protein kinase Akt.
Science. 1997;275(5300):661-5.

12. Siddle K. Signalling by insulin and IGF receptors: supporting acts and
new players. J Mol Endocrinol. 2011;47(1):R1-10.

13. Craft S, Baker LD, Montine TJ, Minoshima S, Watson GS, Claxton A, et
al. Intranasal insulin therapy for Alzheimer disease and amnestic mild
cognitive impairment: a pilot clinical trial. Arch Neurol. 2012;69(1):29-38.
14. Sanz-Gallego I, Rodriguez-de-Rivera FJ, Pulido I, Torres-Aleman I, Arpa
J. IGF-1 in autosomal dominant cerebellar ataxia - open-label trial.
Cerebellum Ataxias. 2014;1:13.

15. Liu P, Zhao H, Luo Y. Anti-Aging Implications of Astragalus
Membranaceus (Huanggi): A Well-Known Chinese Tonic. Aging Dis.
2017;8(6):868-86.

16. Zheng Y, Ren W, Zhang L, Zhang Y, Liu D, Liu Y. A Review of the
Pharmacological Action of Astragalus Polysaccharide. Front Pharmacol.
2020;11:349.

17. Lee D, Lee SH, Lee YH, Song J, Kim H. Astragalus Extract Mixture
HTO042 Increases Longitudinal Bone Growth Rate by Upregulating
Circulatory IGF-1 in Rats. Evid Based Complement Alternat Med.
2017;2017:6935802.

18. Kim C, Ha H, Kim JS, Kim YT, Kwon SC, Park SW. Induction of growth
hormone by the roots of Astragalus membranaceus in pituitary cell culture.
Arch Pharm Res. 2003;26(1):34-9.

19. Zhang R, Qin X, Zhang T, Li Q, Zhang J, Zhao J. Astragalus
Polysaccharide Improves Insulin Sensitivity via AMPK Activation in 3T3-L1
Adipocytes. Molecules. 2018;23(10).

20. Chen C-Y, Chen Y-L, Chiu C-M, Chiang JY, Liu C-S, Lo L-C.
Spinocerebellar ataxia treated with combination of traditional Chinese
medicine and western medicine — a case report. J Chin Med. 2012;23(1):93-

60



102.

21. Lin Y, Cheng W, Chang J, Wu Y, Hsieh M, Liu C. Astragaloside IV
reduces mutant Ataxin-3 levels and supports mitochondrial function in
Spinocerebellar Ataxia Type 3. Sci Rep. 2024;14(1):25979.

22. LinYC, Lee YC, Hsu TY, Liao YC, Soong BW. Comparable progression
of spinocerebellar ataxias between Caucasians and Chinese. Parkinsonism
Relat Disord. 2019;62:156-62.

23. Jacobi H, du Montcel ST, Bauer P, Giunti P, Cook A, Labrum R, et al.
Long-term disease progression in spinocerebellar ataxia types 1, 2, 3, and 6: a
longitudinal cohort study. Lancet Neurol. 2015;14(11):1101-8.

24. LiQF, Dong Y, Yang L, Xie JJ, Ma Y, Du YC, et al. Neurofilament light
chain is a promising serum biomarker in spinocerebellar ataxia type 3. Mol
Neurodegener. 2019;14(1):309.

25. Haacke A, Broadley SA, Boteva R, Tzvetkov N, Hartl FU, Breuer P.
Proteolytic cleavage of polyglutamine-expanded ataxin-3 is critical for
aggregation and sequestration of non-expanded ataxin-3. Hum Mol Genet.
2006;15(4):555-68.

26. Winborn BJ, Travis SM, Todi SV, Scaglione KM, Xu P, Williams AJ, et
al. The deubiquitinating enzyme ataxin-3, a polyglutamine disease protein,
edits Lys63 linkages in mixed linkage ubiquitin chains. J Biol Chem.
2008;283(39):26436-43.

27. Durcan TM, Kontogiannea M, Thorarinsdottir T, Fallon L, Williams AJ,
Djarmati A, et al. The Machado-Joseph disease-associated mutant form of
ataxin-3 regulates parkin ubiquitination and stability. Hum Mol Genet.
2011;20(1):141-54.

28. Fan HC, Ho LI, Chi CS, Chen SJ, Peng GS, Chan TM, et al.
Polyglutamine (PolyQ) diseases: genetics to treatments. Cell Transplant.
2014;23(4-5):441-58.

29. Brusse E, Brusse-Keizer MG, Duivenvoorden HJ, van Swieten JC.

61



Fatigue in spinocerebellar ataxia: patient self-assessment of an early and
disabling symptom. Neurology. 2011;76(11):953-9.

30. Schuster KH, Zalon AJ, DiFranco DM, Putka AF, Stec NR, Jarrah S, et
al. ASOs are an effective treatment for disease-associated oligodendrocyte
signatures in premanifest and symptomatic SCA3 mice. Mol Ther.
2024;32(5):1359-72.

31. Surdyka M, Kalinowska-Poska Z, Niewiadomska-Cimicka A, Jesion E,
Fiszer A, Singer-Mikosch E, et al. CAG-targeted brain-permeable therapy
tested in biallelic humanized polyQ mouse models. Mol Ther Nucleic Acids.
2025;36(2):102496.

32. Ashizawa T, Oz G, Paulson HL. Spinocerebellar ataxias: prospects and
challenges for therapy development. Nat Rev Neurol. 2018;14(10):590-605.
33. Tabrizi SJ, Estevez-Fraga C, van Roon-Mom WMC, Flower MD, Scahill
RI, Wild EJ, et al. Potential disease-modifying therapies for Huntington's
disease: lessons learned and future opportunities. Lancet Neurol.
2022;21(7):645-58.

34. llg W, Bastian AJ, Boesch S, Burciu RG, Celnik P, Claassen J, et al.
Consensus paper: management of degenerative cerebellar disorders.
Cerebellum. 2014;13(2):248-68.

35. Synofzik M, Ilg W. Motor training in degenerative spinocerebellar
disease: ataxia-specific improvements by intensive physiotherapy and
exergames. Biomed Res Int. 2014;2014:583507.

36. Miyai I, Ito M, Hattori N, Mihara M, Hatakenaka M, Yagura H, et al.
Cerebellar ataxia rehabilitation trial in degenerative cerebellar diseases.
Neurorehabil Neural Repair. 2012;26(5):515-22.

37. llg W, Synofzik M, Brotz D, Burkard S, Giese MA, Schols L. Intensive
coordinative training improves motor performance in degenerative cerebellar
disease. Neurology. 2009;73(22):1823-30.

38. llg W, Brotz D, Burkard S, Giese MA, Schols L, Synofzik M. Long-term

62



effects of coordinative training in degenerative cerebellar disease. Mov Disord.
2010;25(13):2239-46.

39. Bando K, Kondo Y, Ariake Y, Kato T, Oba MS, Hara T, et al. Long-Term
Effects of Annual Intensive Rehabilitation in Patients with Hereditary Pure
Cerebellar Ataxia: A 7-year Follow-up Study. Cerebellum. 2025;24(5):150.
40. Grobe-Einsler M, Bork F, Faikus A, Hurlemann R, Kaut O. Effects of
cerebellar repetitive transcranial magnetic stimulation plus physiotherapy in
spinocerebellar ataxias - A randomized clinical trial. CNS Neurosci Ther.
2024,30(6):€14797.

41. Brito R, Fabricio JV, Araujo A, Sacchi M, Baltar A, Lima FA, et al.
Differential Effects of Cerebellar Transcranial Direct Current Stimulation
with Gait Training on Functional Mobility, Balance, and Ataxia Symptoms.
Cerebellum. 2024;23(6):2457-67.

42. Wang Z, Wang M, Huang Y, Ma Z, Gao W, Zhang T, et al. Trehalose
prevents the formation of aggregates of mutant ataxin-3 and reduces soluble
ataxin-3 protein levels in an SCA3 cell model. Neuroscience. 2024;555:76-82.
43. Noorasyikin MA, Azizan EA, Teh PC, Farah Waheeda T, Siti Hajar MD,
Long KC, et al. Oral trehalose maybe helpful for patients with spinocerebellar
ataxia 3 and should be better evaluated. Parkinsonism Relat Disord.
2020;70:42-4.

44. Yap KH, Azmin S, Abdul Manan H, Yahya N, Ahmad N, Tajurudin FW,
et al. Randomized double-blind placebo-controlled trial of the effects of oral
trehalose in spinocerebellar ataxia type 3: An interim analysis. Parkinsonism
Relat Disord. 2024;124:107013.

45. A Double-blind, Randomized, Placebo Controlled, Trial to Assess Safety
and Efficacy of SLS-005 (Trehalose Injection, 90.5 mg/mL for Intravenous
Infusion) for the Treatment of Adults With Spinocerebellar Ataxia [Internet].
National Library of Medicine (US). 2022. Available from:
https://clinicaltrials.gov/study/NCT05490563.

63


https://clinicaltrials.gov/study/NCT05490563

46. AyalaIN, Aziz S, Argudo JM, Yepez M, Camacho M, Ojeda D, et al. Use
of Riluzole for the Treatment of Hereditary Ataxias: A Systematic Review.
Brain Sci. 2022;12(8).

47. A Phase Ill, Long-Term, Randomized, Double-blind, Placebo-controlled
Trial of Troriluzole in Adult Participants With Spinocerebellar Ataxia
[Internet]. National Library of Medicine (US). 2018. Available from:
https://clinicaltrials.gov/study/NCT03701399.

48. Potashman MH, Popoff E, Powell LC, Beiner MW, Mackenzie A, Coric
V, et al. Measurement Properties of the Friedreich Ataxia Rating Scale in
Patients with Spinocerebellar Ataxia. Neurol Ther. 2025;14(2):527-45.

49. L'ltalien GJ, Oikonomou EK, Khera R, Potashman MH, Beiner MW,
Maclaine GDH, et al. Video-Based Kinematic Analysis of Movement Quality

in a Phase 3 Clinical Trial of Troriluzole in Adults with Spinocerebellar
Ataxia: A Post Hoc Analysis. Neurol Ther. 2024;13(4):1287-301.

50. Potashman M, Popoff E, Powell L, Mackenzie A, Beiner MW, Coric V,
et al. Psychometric Validation of the Modified Functional Scale for the
Assessment and Rating of Ataxia (f-SARA) in Patients With Spinocerebellar
Ataxia. Cerebellum. 2024;23(5):2095-108.

51. LiT, LiuY, Yul, Lao J, Zhang M, Jin J, et al. Human Umbilical Cord
Mesenchymal Stem Cells Protect Against SCA3 by Modulating the Level of
70 kD Heat Shock Protein. Cell Mol Neurobiol. 2018;38(3):641-55.

52. Oliveira Miranda C, Marcelo A, Silva TP, Barata J, Vasconcelos-Ferreira
A, Pereira D, et al. Repeated Mesenchymal Stromal Cell Treatment
Sustainably Alleviates Machado-Joseph Disease. Mol Ther. 2018;26(9):2131-
ol.

53. Tsai YA, Liu RS, Lirng JF, Yang BH, Chang CH, Wang YC, et al.
Treatment of Spinocerebellar Ataxia With Mesenchymal Stem Cells: A Phase
I/l1a Clinical Study. Cell Transplant. 2017;26(3):503-12.

54. A Clinical Research on the Safety/Efficacy of Umbilical Cord

64


https://clinicaltrials.gov/study/NCT03701399

Mesenchymal Stem Cells Therapy for Patients With Spinocerebellar Ataxia
[Internet]. National Library of Medicine (US). 2017. Available from:
https://clinicaltrials.gov/study/NCT03378414.

55. Carro E, Trejo JL, Nunez A, Torres-Aleman |. Brain repair and

neuroprotection by serum insulin-like growth factor 1. Mol Neurobiol.
2003;27(2):153-62.

56. Yu LY, Pei Y. Insulin neuroprotection and the mechanisms. Chin Med J
(Engl). 2015;128(7):976-81.

57. Rhea EM, Rask-Madsen C, Banks WA. Insulin transport across the blood-
brain barrier can occur independently of the insulin receptor. J Physiol.
2018;596(19):4753-65.

58. Pan W, Kastin AJ. Interactions of IGF-1 with the blood-brain barrier in
vivo and in situ. Neuroendocrinology. 2000;72(3):171-8.

59. Saute JA, da Silva AC, Muller AP, Hansel G, de Mello AS, Maeda F, et
al. Serum insulin-like system alterations in patients with spinocerebellar
ataxia type 3. Mov Disord. 2011;26(4):731-5.

60. de la Monte SM. Conquering Insulin Network Dysfunctions in
Alzheimer's Disease: Where Are We Today? J Alzheimers Dis.
2024;101(s1):S317-S43.

61. Wu S, Liu K, Cheng W, Su S, Lin Y, Lin T, et al. Growth hormone rescue
cerebellar degeneration in SCA3 transgenic mice. Biochem Biophys Res
Commun. 2020;529(2):467-73.

62. Lin YS, Cheng WL, Chang JC, Lin TT, Chao YC, Liu CS. IGF-1 as a
Potential Therapy for Spinocerebellar Ataxia Type 3. Biomedicines.
2022;10(2).

63. Collett-Solberg PF, Cohen P. The role of the insulin-like growth factor
binding proteins and the IGFBP proteases in modulating IGF action.
Endocrinol Metab Clin North Am. 1996;25(3):591-614.

64. Lang CH, Frost RA. Role of growth hormone, insulin-like growth factor-

65


https://clinicaltrials.gov/study/NCT03378414

I, and insulin-like growth factor binding proteins in the catabolic response to
injury and infection. Curr Opin Clin Nutr Metab Care. 2002;5(3):271-9.

65. Torres-Aleman I, Barrios V, Lledo A, Berciano J. The insulin-like growth
factor | system in cerebellar degeneration. Ann Neurol. 1996;39(3):335-42.
66. Raj K, Sarkar S. Tissue-Specific Upregulation of Drosophila Insulin
Receptor (InR) Mitigates Poly(Q)-Mediated Neurotoxicity by Restoration of
Cellular Transcription Machinery. Mol Neurobiol. 2019;56(2):1310-29.

67. Chen YS, Hong ZX, Lin SZ, Harn HJ. Identifying Therapeutic Targets
for Spinocerebellar Ataxia Type 3/Machado-Joseph Disease through
Integration of Pathological Biomarkers and Therapeutic Strategies. Int J Mol
Sci. 2020;21(9).

68. Arcos J, Grunenwald F, Sepulveda D, Jerez C, Urbina V, Huerta T, et al.
IGF2 prevents dopaminergic neuronal loss and decreases intracellular alpha-
synuclein accumulation in Parkinson's disease models. Cell Death Discov.
2023;9(1):438.

69. MY K.V BEF F R R, iﬂf%ﬁ % . 2017;60(8):34-9.

70. Chen IC, Chang CN, Chen WL, Lin TH, Chao CY, Lin CH, et al.
Targeting Ubiquitin Proteasome Pathway with Traditional Chinese Medicine
for Treatment of Spinocerebellar Ataxia Type 3. Am J Chin Med.
2019;47(1):63-95.

1. BEirig. &2 EH 5 F. P 7 %, 2018(500):12-6.

72. JinY, Chen Y, Li D, Qiu M, Zhou M, Hu Z, et al. Autonomic dysfunction
as the initial presentation in spinocerebellar ataxia type 3: A case report and
review of the literature. Front Neurol. 2022;13:967293.

73. Martinez AR, Nunes MB, Faber I, D'Abreu A, Lopes-Cendes I, Franca
MC, Jr. Fatigue and Its Associated Factors in Spinocerebellar Ataxia Type
3/Machado-Joseph Disease. Cerebellum. 2017;16(1):118-21.

74. Du Y, Wan H, Huang P, Yang J, He Y. A critical review of Astragalus
polysaccharides: From therapeutic mechanisms to pharmaceutics. Biomed

66



Pharmacother. 2022;147:112654.

75. Yue X, Hao W, Wang M, Fu Y. Astragalus polysaccharide ameliorates
insulin resistance in HepG2 cells through activating the STATS/IGF-1
pathway. Immun Inflamm Dis. 2023;11(11):e1071.

76.Li M, Zhang Y, Liu J, Zhang D. Complementary and alternative medicine:
A narrative review of nutritional approaches for cancer-related fatigue.
Medicine (Baltimore). 2024;103(11):e37480.

77. Costa IM, Lima FOV, Fernandes LCB, Norrara B, Neta FI, Alves RD, et
al. Astragaloside IV Supplementation Promotes A Neuroprotective Effect in
Experimental Models of Neurological Disorders: A Systematic Review. Curr
Neuropharmacol. 2019;17(7):648-65.

78. Yu J, Zhang Y, Sun S, Shen J, Qiu J, Yin X, et al. Inhibitory effects of
astragaloside 1V on diabetic peripheral neuropathy in rats. Can J Physiol
Pharmacol. 2006;84(6):579-87.

79. Gong P, Xiao X, Wang S, Shi F, Liu N, Chen X, et al. Hypoglycemic
effect of astragaloside IV via modulating gut microbiota and regulating
AMPK/SIRT1 and PI3K/AKT pathway. J Ethnopharmacol. 2021;281:114558.
80. LiJ-X, Xue B, Chai Q, Liu Z-X, Zhao A-P, Chen L-B. Antihypertensive
Effect of Total Flavonoid Fraction of Astragalus complanatus in Hypertensive
Rats. The Chinese Journal of Physiology. 2005;48(2):101-6.

81. Chen CC, Lee HC, Chang JH, Chen SS, Li TC, Tsai CH, et al. Chinese
Herb Astragalus membranaceus Enhances Recovery of Hemorrhagic Stroke:
Double-Blind, Placebo-Controlled, Randomized Study. Evid Based
Complement Alternat Med. 2012;2012:708452.

82. Liu CH, Tsai CH, Li TC, Yang YW, Huang WS, Lu MK, et al. Effects of
the traditional Chinese herb Astragalus membranaceus in patients with
poststroke fatigue: A double-blind, randomized, controlled preliminary study.
J Ethnopharmacol. 2016;194:954-62.

83. Chen CC, Lin HL, Guo JH, Chen X, Cho DY, Liao WL, et al. Effect of

67



astragalus membranaceus on neurological function in acute aneurysmal
subarachnoid hemorrhage patients with high inflammation: A preliminary
randomized, double-blind, placebo-controlled clinical trial. J Tradit
Complement Med. 2024;14(6):635-43.

84. Zhang QL, Qin WX, Li XJ, Zhang YB, Li M, Xu JF, et al. Astragaloside
IV is a potential natural neuroprotective agent for stroke: a review. Front
Pharmacol. 2025;16:1718700.

85. Lee D, Lee SH, Song J, Jee HJ, Cha SH, Chang GT. Effects of Astragalus
Extract Mixture HT042 on Height Growth in Children with Mild Short Stature:
A Multicenter Randomized Controlled Trial. Phytother Res. 2018;32(1):49-
57.

86. Yeh TS, Hsu MC, Liu JF. Astragalus membranaceus supplement
increased the concentration of IGF-1 for damaging muscle in human. Med Sci
Sports Exerc. 2013;45(5 Suppl):S472.

87. Wu H, Zhou H. Astragalus membranaceus promote expression of insulin-
like growth factor 1 in rat model of olivo-cerebellar degeneration. Zhongguo
Zhong yao za zhi. 2007;32(3):242-5.

88. Khalil M, Teunissen CE, Lehmann S, Otto M, Piehl F, Ziemssen T, et al.
Neurofilaments as biomarkers in neurological disorders - towards clinical
application. Nat Rev Neurol. 2024;20(5):269-87.

89. Soto-Pina AE, Pulido-Alvarado CC, Dulski J, Wszolek ZK, Magana JJ.
Specific Biomarkers in Spinocerebellar Ataxia Type 3: A Systematic Review
of Their Potential Uses in Disease Staging and Treatment Assessment. Int J
Mol Sci. 2024;25(15).

90. Wilke C, Haas E, Reetz K, Faber J, Garcia-Moreno H, Santana MM, et al.
Neurofilaments in spinocerebellar ataxia type 3: blood biomarkers at the
preataxic and ataxic stage in humans and mice. EMBO Mol Med.
2020;12(7):e11803.

91. Klockgether T, Grobe-Einsler M, Faber J. Biomarkers in Spinocerebellar

68



Ataxias. Cerebellum. 2025;24(4):104.

92. Yabe I, Matsushima M, Soma H, Basri R, Sasaki H. Usefulness of the
Scale for Assessment and Rating of Ataxia (SARA). J Neurol Sci.
2008;266(1-2):164-6.

93. Zhou J, Lei L, Liao X, Wang J, Jiang H, Tang B, et al. Related factors of
ICARS and SARA scores on spinocerebellar ataxia type 3/Machado-Joseph
disease. Zhong Nan Da Xue Xue Bao Yi Xue Ban. 2011;36(6):498-503.

94. Arruda WO, Meira AT, Ono SE, de Carvalho Neto A, Betting L, Raskin
S, et al. Volumetric MRI Changes in Spinocerebellar Ataxia (SCA3 and
SCA10) Patients. Cerebellum. 2020;19(4):536-43.

95. Yap KH, Abdul Manan H, Yahya N, Azmin S, Mohamed Mukari SA,
Mohamed Ibrahim N. Magnetic Resonance Imaging and Its Clinical
Correlation in Spinocerebellar Ataxia Type 3: A Systematic Review. Front
Neurosci. 2022;16:859651.

96. Koike Y, Jansen-West KR, Hanna Al-Shaikh R, Carlomagno Y, Song Y,
Dunmore JA, et al. Urine levels of the polyglutamine ataxin-3 protein are
elevated in patients with spinocerebellar ataxia type 3. Parkinsonism Relat
Disord. 2021;89:151-4.

97. Hubener-Schmid J, Kuhlbrodt K, Peladan J, Faber J, Santana MM,
Hengel H, et al. Polyglutamine-Expanded Ataxin-3: A Target Engagement
Marker for Spinocerebellar Ataxia Type 3 in Peripheral Blood. Mov Disord.
2021;36(11):2675-81.

98. Gonsior K, Kaucher GA, Pelz P, Schumann D, Gansel M, Kuhs S, et al.
PolyQ-expanded ataxin-3 protein levels in peripheral blood mononuclear cells
correlate with clinical parameters in SCA3: a pilot study. J Neurol.
2021;268(4):1304-15.

99. Rijk JM, Roos PR, Deckx L, van den Akker M, Buntinx F. Prognostic
value of handgrip strength in people aged 60 years and older: A systematic
review and meta-analysis. Geriatr Gerontol Int. 2016;16(1):5-20.

69



100.  Esteban-Cornejo I, Ho FK, Petermann-Rocha F, Lyall DM, Martinez-
Gomez D, Cabanas-Sanchez V, et al. Handgrip strength and all-cause
dementia incidence and mortality: findings from the UK Biobank prospective
cohort study. J Cachexia Sarcopenia Muscle. 2022;13(3):1514-25.

101.  Jones GR, Roland KP, Neubauer NA, Jakobi JM. Handgrip Strength
Related to Long-Term Electromyography: Application for Assessing
Functional Decline in Parkinson Disease. Arch Phys Med Rehabil.
2017;98(2):347-52.

102.  Neto FR, Gomes Costa RR, Dorneles JR, Goncalves CW, Veloso J,
Carregaro RL. Handgrip Strength Cutoff Points for Functional Independence
and Wheelchair Ability in Men With Spinal Cord Injury. Top Spinal Cord Inj
Rehabil. 2021;27(3):60-9.

103.  Giangiardi VF, de Freitas S, de Paiva Silva FP, Banjai RM, Alouche
SR. Functional Capacity and Motor Performance of Upper Limbs in
Individuals with Cerebellar Disorders: A Pilot Study. Behav Neurol.
2017;2017:8980103.

104.  Flis DJ, Dzik K, Kaczor JJ, Cieminski K, Halon-Golabek M,
Antosiewicz J, et al. Swim Training Modulates Mouse Skeletal Muscle
Energy Metabolism and Ameliorates Reduction in Grip Strength in a Mouse
Model of Amyotrophic Lateral Sclerosis. Int J Mol Sci. 2019;20(2).

105. Cho IK, Hunter CE, Ye S, Pongos AL, Chan AWS. Combination of
stem cell and gene therapy ameliorates symptoms in Huntington's disease
mice. NPJ Regen Med. 2019;4:7.

106. Tomczyk M, Braczko A, Mierzejewska P, Podlacha M, Krol O,
Jablonska P, et al. Rosiglitazone Ameliorates Cardiac and Skeletal Muscle
Dysfunction by Correction of Energetics in Huntington's Disease. Cells.
2022;11(17).

107.  Tomioka I, Ishibashi H, Minakawa EN, Motohashi HH, Takayama O,
Saito Y, et al. Transgenic Monkey Model of the Polyglutamine Diseases

70



Recapitulating Progressive Neurological Symptoms. eNeuro. 2017;4(2).

108.  Yu SY, Ouyang HT, Yang JY, Huang XL, Yang T, Duan JP, et al.
Subchronic toxicity studies of Radix Astragali extract in rats and dogs. J
Ethnopharmacol. 2007;110(2):352-5.

109. Murata I, Abe Y, Yaginuma Y, Yodo K, Kamakari Y, Miyazaki Y,
et al. Astragaloside-IV prevents acute kidney injury and inflammation by
normalizing muscular mitochondrial function associated with a nitric oxide
protective mechanism in crush syndrome rats. Ann Intensive Care.
2017;7(1):90.

110.  Liang XL, Yuan JY. Effect of Chinese herbal compound on liver
fibrosis in rabbits with schistosomiasis by B-ultrasound. Asian Pac J Trop
Med. 2013;6(8):658-62.

111.  Hancox RJ, Landhuis CE. Correlation between measures of insulin
resistance in fasting and non-fasting blood. Diabetol Metab Syndr.
2011;3(1):23.

112.  Frystyk J. Free insulin-like growth factors -- measurements and
relationships to growth hormone secretion and glucose homeostasis. Growth
Horm IGF Res. 2004;14(5):337-75.

113.  Ye P, Carson J, D'Ercole AJ. In vivo actions of insulin-like growth
factor-1 (IGF-I) on brain myelination: studies of IGF-1 and IGF binding
protein-1 (IGFBP-1) transgenic mice. J Neurosci. 1995;15(11):7344-56.

114.  Alehagen U, Johansson P, Aaseth J, Alexander J, Brismar K. Increase
in insulin-like growth factor 1 (IGF-1) and insulin-like growth factor binding
protein 1 after supplementation with selenium and coenzyme Q10. A
prospective randomized double-blind placebo-controlled trial among elderly
Swedish citizens. PL0oS One. 2017;12(6):e0178614.

115. Moslemnezhad A, Mahjoub S, Moghadasi M. Altered plasma marker
of oxidative DNA damage and total antioxidant capacity in patients with
Alzheimer's disease. Caspian J Intern Med. 2016;7(2):88-92.

71



116.  Chiu C, Cheng W, Lin Y, Lin T, Chang H, Chang Y, et al. A pilot
study: handgrip as a predictor in the disease progression of SCA3. Orphanet J
Rare Dis. 2023;18(1):317.

117.  Levy JC, Matthews DR, Hermans MP. Correct homeostasis model
assessment (HOMA) evaluation uses the computer program. Diabetes Care.
1998;21(12):2191-2.

118.  Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan G,
et al. Quantitative insulin sensitivity check index: a simple, accurate method
for assessing insulin sensitivity in humans. J Clin Endocrinol Metab.
2000;85(7):2402-10.

119.  Trampisch US, Franke J, Jedamzik N, Hinrichs T, Platen P. Optimal
Jamar dynamometer handle position to assess maximal isometric hand grip
strength in epidemiological studies. J Hand Surg Am. 2012;37(11):2368-73.
120.  Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, Cooper C,
et al. A review of the measurement of grip strength in clinical and
epidemiological studies: towards a standardised approach. Age Ageing.
2011;40(4):423-9.

121.  Takeshita H, Yamamoto K, Nozato S, Inagaki T, Tsuchimochi H,
Shirai M, et al. Modified forelimb grip strength test detects aging-associated
physiological decline in skeletal muscle function in male mice. Sci Rep.
2017;7:42323.

122.  Molina-Castro M, Rowitz B, Pepino MY. Glucagon-like peptide-1,
fibroblast growth factor 21, and other endocrine responses to alcohol ingestion
in women before and after metabolic surgery. Front Pharmacol.
2025;16:1575156.

123.  Diallo A, Jacobi H, Schmitz-Hubsch T, Cook A, Labrum R, Durr A,
et al. Body Mass Index Decline Is Related to Spinocerebellar Ataxia Disease
Progression. Mov Disord Clin Pract. 2017;4(5):689-97.

124. Yang JS, Chen PP, Lin MT, Qian MZ, Lin HX, Chen XP, et al.

72



Association Between Body Mass Index and Disease Severity in Chinese
Spinocerebellar Ataxia Type 3 Patients. Cerebellum. 2018;17(4):494-8.

125. Krakauer NY, Krakauer JC. Association of Body Shape Index (ABSI)
with Hand Grip Strength. Int J Environ Res Public Health. 2020;17(18).

126.  Schlussel MM, dos Anjos LA, de Vasconcellos MT, Kac G.
Reference values of handgrip dynamometry of healthy adults: a population-
based study. Clin Nutr. 2008;27(4):601-7.

127.  Maas RP, van Gaalen J, Klockgether T, van de Warrenburg BP. The
preclinical stage of spinocerebellar ataxias. Neurology. 2015;85(1):96-103.
128.  Cai W, Zhang X, Batista TM, Garcia-Martin R, Softic S, Wang G, et
al. Peripheral Insulin Regulates a Broad Network of Gene Expression in
Hypothalamus, Hippocampus, and Nucleus Accumbens. Diabetes.
2021;70(8):1857-73.

129.  Suzuki R, Lee K, Jing E, Biddinger SB, McDonald JG, Montine TJ,
et al. Diabetes and insulin in regulation of brain cholesterol metabolism. Cell
Metab. 2010;12(6):567-79.

130.  Chiu C, Cheng W, Lin T, Chang H, Chang Y, Su S, et al. IGFBP1 as
a metabolic-neurodegenerative biomarker in spinocerebellar ataxia type 3.
Exp Ther Med. 2026;31(4):105.

131.  Ghasemi R, Haeri A, Dargahi L, Mohamed Z, Ahmadiani A. Insulin
in the brain: sources, localization and functions. Mol Neurobiol.
2013;47(1):145-71.

132. Matos CA, de Macedo-Ribeiro S, Carvalho AL. Polyglutamine
diseases: the special case of ataxin-3 and Machado-Joseph disease. Prog
Neurobiol. 2011;95(1):26-48.

133.  Saute JA, Russo AD, Souza GN, Moreira AD, Muller AP, Haas C, et
al. Weight loss and increase insulin sensitivity in early stage Machado-Joseph
disease/spinocerebellar ataxia type 3 (MJD/SCA3) patients (PD2.004).
Neurology. 2013 Feb 12;80(7 Suppl):PD2.004.

73



134.  Shi Y, Ma P. Pharmacological effects of Astragalus polysaccharides
in treating neurodegenerative diseases. Frontiers in pharmacology.
2024,15:1449101.

135.  Abd Elkader HAE, Abdou HM, Khamiss OA, Essawy AE. Anti-
anxiety and antidepressant-like effects of astragaloside IV and saponins
extracted from Astragalus spinosus against the bisphenol A-induced motor
and cognitive impairments in a postnatal rat model of schizophrenia. Environ
Sci Pollut Res Int. 2021;28(26):35171-87.

136.  Dani N, Herbst RH, McCabe C, Green GS, Kaiser K, Head JP, et al.
A cellular and spatial map of the choroid plexus across brain ventricles and
ages. Cell. 2021;184(11):3056-74 e21.

137.  Tian H, Lu J, He H, Zhang L, Dong Y, Yao H, et al. The effect of
Astragalus as an adjuvant treatment in type 2 diabetes mellitus: A (preliminary)
meta-analysis. J Ethnopharmacol. 2016;191:206-15.

138. Liu K, Ding N, Han M, Shen S, Li L, Bian F, et al. Identification of
Astragalus Polysaccharide as a Neuroprotective Agent via Activating Klotho-
mediated Nrf2 Pathway. 2025;21(1):161-9.

139. Chen F, Yang D, Cheng XY, Yang H, Yang XH, Liu HT, et al.
Astragaloside 1V Ameliorates Cognitive Impairment and Neuroinflammation
in an Oligomeric Abeta Induced Alzheimer's Disease Mouse Model via
Inhibition of Microglial Activation and NADPH Oxidase Expression. Biol
Pharm Bull. 2021;44(11):1688-96.

140. Tohda C, Tamura T, Matsuyama S, Komatsu K. Promotion of axonal
maturation and prevention of memory loss in mice by extracts of Astragalus
mongholicus. Br J Pharmacol. 2006;149(5):532-41.

141.  JiC,LuoY, Zou C, Huang L, Tian R, Lu Z. Effect of astragaloside
IV on indoxyl sulfate-induced kidney injury in mice via attenuation of
oxidative stress. BMC Pharmacol Toxicol. 2018;19(1):53.

142. Chen W, Sun Q, Ju J, Chen W, Zhao X, Zhang Y, et al. Astragalus

74



polysaccharides inhibit oxidation in high glucose-challenged or SOD2-
silenced HIC2 cells. Diabetes Metab Syndr Obes. 2018;11:673-81.

143. Kim MS, Lee DY. Insulin-like growth factor (IGF)-1 and IGF binding
proteins axis in diabetes mellitus. Ann Pediatr Endocrinol Metab.
2015;20(2):69-73.

144,  Yeh TS, Lei TH, Barnes MJ, Zhang L. Astragalosides
Supplementation Enhances Intrinsic Muscle Repair Capacity Following
Eccentric Exercise-Induced Injury. Nutrients. 2022;14(20).

145.  Biadgo B, Tamir W, Ambachew S. Insulin-like Growth Factor and
its Therapeutic Potential for Diabetes Complications - Mechanisms and
Metabolic Links: A Review. Rev Diabet Stud. 2020;16(1):24-34.

146.  Garcia-Huerta P, Troncoso-Escudero P, Wu D, Thiruvalluvan A,
Cisternas-Olmedo M, Henriquez DR, et al. Insulin-like growth factor 2 (IGF2)
protects against Huntington's disease through the extracellular disposal of
protein aggregates. Acta Neuropathol. 2020;140(5):737-64.

147.  Rajaram S, Baylink DJ, Mohan S. Insulin-like growth factor-binding
proteins in serum and other biological fluids: regulation and functions. Endocr
Rev. 1997;18(6):801-31.

148.  LeePD, Conover CA, Powell DR. Regulation and function of insulin-
like growth factor-binding protein-1. Proc Soc Exp Biol Med. 1993;204(1):4-
29.

149. Bunn RC, King WD, Winkler MK, Fowlkes JL. Early developmental
changes in IGF-I, IGF-II, IGF binding protein-1, and IGF binding protein-3
concentration in the cerebrospinal fluid of children. Pediatr Res.
2005;58(1):89-93.

150.  Lewitt MS, Boyd GW. The Role of Insulin-Like Growth Factors and
Insulin-Like Growth Factor-Binding Proteins in the Nervous System.
Biochem Insights. 2019;12:1178626419842176.

151. Ramani B, Panwar B, Moore LR, Wang B, Huang R, Guan Y, et al.

75



Comparison of spinocerebellar ataxia type 3 mouse models identifies early
gain-of-function, cell-autonomous transcriptional changes in
oligodendrocytes. Hum Mol Genet. 2017;26(17):3362-74.

152.  Schuster KH, Zalon AJ, Zhang H, DiFranco DM, Stec NR, Haque Z,
et al. Impaired Oligodendrocyte Maturation Is an Early Feature in SCA3
Disease Pathogenesis. J Neurosci. 2022;42(8):1604-17.

153.  Evert BO, Vogt IR, Vieira-Saecker AM, Ozimek L, de Vos RA,
Brunt ER, et al. Gene expression profiling in ataxin-3 expressing cell lines
reveals distinct effects of normal and mutant ataxin-3. J Neuropathol Exp
Neurol. 2003;62(10):1006-18.

154.  Nolte AA, Movin M, Lundin H, Salminen H. IGFBP-1 predicts all-
cause mortality in elderly women independently of IGF-1. Growth Horm IGF
Res. 2015;25(6):281-5.

155.  Leite C, Schieferdecker MEM, Frehner C, Munhoz RP, Ashizawa T,
Teive HAG. Body composition in Spinocerebellar ataxia type 3 and 10
patients: Comparative study with control group. Nutr Neurosci.
2020;23(1):49-54.

156.  Amo-Setien FJ, Leal-Costa C, Abajas-Bustillo R, Gonzalez-Lamuno
D, Redondo-Figuero C, Group ER. Factors associated with grip strength
among adolescents: An observational study. J Hand Ther. 2020;33(1):96-102.
157. Gamage H, Robinson KJ, Luu L, Paulsen IT, Laird AS. Machado
Joseph disease severity is linked with gut microbiota alterations in transgenic
mice. Neurobiol Dis. 2023;179:106051.

158. Wu YL, Chang JC, Sun HL, Cheng WL, Yen YP, Lin YS, et al.
Coenzyme Q10 Supplementation Increases Removal of the ATXN3
Polyglutamine Repeat, Reducing Cerebellar Degeneration and Improving
Motor Dysfunction in Murine Spinocerebellar Ataxia Type 3. Nutrients.
2022;14(17).

159.  Umeki D, Ohnuki Y, Mototani Y, Shiozawa K, Suita K, Fujita T, et

76



al. Protective Effects of Clenbuterol against Dexamethasone-Induced
Masseter Muscle Atrophy and Myosin Heavy Chain Transition. PLoS One.
2015;10(6):€0128263.

160.  Samant SA, Kanwal A, Pillai VB, Bao R, Gupta MP. The histone
deacetylase SIRT6 blocks myostatin expression and development of muscle
atrophy. Sci Rep. 2017;7(1):11877.

161. LiJ, Peng Y, Tang J, Li M, Zhu M, Zhou M, et al. Autophagic
vacuolar myopathy involving the phenotype of spinocerebellar ataxia type 3.
Neuropathology. 2023;43(2):135-42.

162.  Studenski SA, Peters KW, Alley DE, Cawthon PM, McLean RR,
Harris TB, et al. The FNIH sarcopenia project: rationale, study description,
conference recommendations, and final estimates. J Gerontol A Biol Sci Med
Sci. 2014;69(5):547-58.

163.  Sheng X, Yang L, Huang B, Lin G, Wang Y, Wu X, et al. Efficacy
of Astragalus Membranaceus (Huang Qi) for Cancer-Related Fatigue: A
Systematic Review and Meta-Analysis of Randomized Controlled Studies.
Integr Cancer Ther. 2025;24:15347354241313344.

164.  Chen CC, Chen X, Li TC, Lin HL, Chu YT, Lee HC, et al. PG2 for
patients with acute spontaneous intracerebral hemorrhage: a double-blind,
randomized, placebo-controlled study. Sci Rep. 2017;7:45628.

165. Wang P, Wang Z, Zhang Z, Cao H, Kong L, Ma W, et al. A review
of the botany, phytochemistry, traditional uses, pharmacology, toxicology,
and quality control of the Astragalus memeranaceus. Front Pharmacol.
2023;14:1242318.

77



45
e L 5 AFRFR A WPB%HL R €283 (IRB No.200703)

@ EiLEERER
R EBARREAE
Clinical Trials Approval Certificate(New Protocol)
135 Nanxiao St.. Changhua City, Changhua County 500, Taiwan (R.O.C.) 500 BT das 135 3
Tel :886-4-723-8595 ext.8442 PG A - KRR
E-mail:d9065@cch.org.tw Contact Person : Tsui-Hsia Hung
HALARH BRI Changhua Christian Hospital LHE 1 (04)723-8595 ¢ 8442

E-mail: d9065@cch.org.tw

FEPXLE  EHETE LR ESER A IGF-1 28K R- AEHFE
FWEEHEA BFL S BREFA RRIEBHEY

WAL UIARABRYEEABLARHER

A 56k ¢ 200703

HAER(ESE®A): H202045108 068

BRI 0 ®T20205104068 £ 52021 4£10 405 8 .k

#EEF ¢ Version 2.0 * 2020-09-15

£RHFE XL Version 2.0 » 2020-09-15

Fi#& : 1. SARA & # ! Version 1.0 » 2020-06-04
2. BITREFBELEE R Version 1.0 » 2020-06-04
3. Epworth *§&f & % : Version 1.0 » 2020-06-04
4. P RHEYME  Version 1.0 » 2020-06-04

W A2 MEERNEE ¢ Version 2.0 » 2020-09-15

b 0 {8 FoBHiE & Version 2.0 » 2020-09-15

ARMFHFARARERARRBAR - AR CHEM2BARBEEER  FE4NF @ -

78



@ v EEnER

Protacol Title: Radix Astragali for Elevating IGF-1 of Patients with Spinocerebellar Ataxia - Pilot Study
Principal Investigator(s): ~ Chin San LIU / Co Investigator : Lin, Lien-Cheng ~ Chiu. Chung-Min
Institution: CHANGHUA CHRISTIAN HOSPITAL
CCH IRB No. ; 200703
Date of Approval: Oct 06, 2020
Duration of Approval:  from Oct 06. 2020 to Oct 03, 2021
Protocol: ~ Version 2.0, Sep 15, 2020
Informed Consent: ~ Version 2.0, Sep 15. 2020
Questionnaire: 1. SARA 4 : Version 1.0, Jun 04, 2020
2. Modified Fatigue Impact Scale : Version 1.0, Jun 04, 2020
3. Epworth = i % & : Version 1.0, Jun 04, 2020
4, PR EEA C Version 1.0, Jun 04, 2020
Data and Safety Monitoring Plan (DSMP) : Version 2.0, Sep 13, 2020
Other: 18 % 3 #54 % & Version 2.0, Sep 15, 2020

See the back of this page for the procedures for reporting unanticipated problems, or drug serious adverse
reactions. or interim. and other important notes.

VILEFHBR gﬁf_’f'g‘uvgh‘“g
B—AMind i ¢ Institutional Review Board Conimiee. A
L Bax Changhua Christian Hospital, Taiwan

A A R AT % 5F 4+ ICH-GCP
The Institutional Review Board performs its functions according to written
Operating procedures and complies with ICH-GCP and with the applicable regulations.

79



2. 451 BRI A WAL R § P2 (IRB No.200730)

@ isssun
BERF GRARSEAE
Clinical Trials Approval Certificate(Amendments)
135 Nanxiao St., Changhua City, Changhua County 500, Taiwan (R.O.C.) SO0 AL dyfdly 135 &
Tel :8864-723-8595 ext.8442 B HKAR
E-mail:d065@cch.org.tw Contact Person : Tsui-Hsia Hung
AL BE Changhua Christian Hospital W5 - (04)723-8595 ¢ 8442

E-mail: d9065@cch,org.tw

HEPXLMH: EHFRERFLEARER » L3008 - B ARBR M4
SEERA: BINL / BEEHA AL FAE BB FhRiBSY - Bu-¥
AN G BIALARHBAMBEAT LR FHER

At ¢ 200730

ZER(BRE£EBA): HAL202345£034088

HOERRRMMRIAN C AL2023F£03 5088 £ F/a2023 £09 2 06 B4+

sE¥EE Bk 2023-01-18
ERAFEE 1. B 1258 0 2023-02-24
2. SEMR % 108 » 2023-02-24
i 1. REREABEES NGHFEER2 L0 XMHR 2—2% » 2023-02-24
2. REREBARS NGS)AXSR2E0NAREEE $—iR 0 20230224
MG E A R g

ARMFAARDRERRRBER  BRRTHUERZEFRARLEFA > HEMNF S -

Protocol Title: Explore the correlation analysis of genes, biomarkers. clinical and imaging of rare
inherited neurodegenerative discases

Principal Investigator(s):  Chin San LIU / Co Investigator ¢ Yan-Ting Chen ~ Chia-Ju Lee »

MingYuh Chang ~ TungMing Chang ~ Shih-Feng Tsai

Institution: CHANGHUA CHRISTIAN HOSPITAL

CCH IRB No. : 200730

Date of Approval: Mar 08. 2023

Duration of Approval: from Mar 08, 2023 to Sep 06, 2023

Protocol: Version 9, Jan 18, 2023

Informed Consent Form: 1. Version 12, Feb 24, 2023
2. Rk Version 10, Feb 24, 2023
Other: 1. k#tREBEEAF NGS)#H %492 4 %0 X 35 & Version 1, Feb 24, 2023

2. REREBEANGS)AXE R 2 L5089 % 5 & ¥ Version 1, Feb 24, 2023
Add Co-Investigator: Shih-Feng Tsai

Sce the back of this page for the procedures for reporting unanticipated problems, or drug serious adverse
reactions. or interim. and other important notes.

Sincerely Y
VBT HER ShibLi Su, Ph.D.

Chai
B AWML R Tugsitutionial Baview Birksd ConsaMee: &
FHELER D KEN Changhua Christian Hospital, Taiwan

(signature, date)
A 6 8 e 3 £7 % 434+ ICH-GCP

The Institutional Review Board performs its functions according to written

Operating procedures and complies with ICH-GCP and with the applicable regulations,

80



Witék 3. APREndr &

HRBEC R
L FHASREEMEFLERE HETAOSLAS -
0. BREEABRARTAMGE, HUSIH 23 AL S M EH(0982506067T) -

I HATROVSeMBEFE, SLEAE-FEaPEFS-

FEZEHHA BF—a R FEEEEEA
A 5 |HFE [ | =g LR
A 5 |HFE [ | =g LUEMf:
A 5 |HFE [ | =g LR
A 5 |HFE [ | =g LR
A H 2 [ | [hssd UEf
A H |IF [He |[T=gd LEM:
A H 2 [ | [hssd UEf
A H 2 [ | [hssd UEf
A H |IF [Ee |[F=Ed LE/f:
A H 2 [ | [hssd UEf
A H 2 e | hssd TEf
A H 2 [ | [hssd UEf
A 5 |EF O | = UEf
A H |IF [Ee | LEf:

81



Witékr 4. © X ehff 72 § IGFBP1 as a metabolic-neurodegenerative

B TnnmRes

biomarker in spinocerebellar ataxia type 3

EXPERIMENT AL AND THERAPELUTIC MEDICINE 31: 105, Xi26

IGFBPI1 as a metabolic-neurodegenerative biomarker
in spinocerebellar ataxia type 3

CHUNGMIN CHIU', WENLING CHENG®, TATSUNG LIN?, HUITU CHANG", YUTUN CHANG™,
SHIHLISU™, CHIATU LEE®, HENHONG CHANG ™' and CHINSAN LIU™#

' Department of Chinese Medicine, Chanzhua Christian Hospital, Changhua 50006, Txiwan, B.0.C . *Graduate Instinte of Inteerated
Medicine, Colleze of Chinese Medicine, China Medical University, Taichung 40447, Taiwan, R O C.; *Vascular and Genornic Center,
Instirute of ATP, Chenghua Christian Hospital, Chanshua 30006, Taiwan, B.0.C - “Center of Rezenerative Medicine and Tissue Repair,
Institate of ATP, Changhua Chrisdan Hespital, Changbua 50006, Teiwan, R.0.C.; “Big Data Center, Chenghua Christian Hospital,
Changhua 50006, Taiwan, B0 C.; *Vascular Medicine and Ttisbetes Research Center, Tnstinute of ATF, Changhua Christian Elospital,
Changhua 50006, Taiwan, B.0.C.; "Division of Endocrinology and Metabolism, Department of Internal hMedicine, Dizbetes
Education Center, Changhua Christian Hospital, Changhua 50006, Taiwan, B.0.C; *Depertment of Meurology. Changhua Christian
Hospital, Changhua 50006, Taiwan, &.0.C ; "Deparmment of Chinese Medicine, China Medical University Hospital, Taichune 40447,
Taiwan, B.0.C; ""Chinese Medicine Research Center, China Medical University, Taichung 40447, Taiwan, R.O.C.

Received September 8, 2025, Accepted January 9, 2026

DOL 10388 2etm. 2026.13100

Abstract. Spinocerebellar atamia type 3 (3CA3) is a progres-
sive nenrodegenerative disorder for which reliable metabolic
biomarkers are lacking. Insulin-like prowth factor binding
protein 1 (IGFBPL), a stress-responsive protein regulated by
inzulin signaling, zerves as an indicator of neurodegenera-
dve burden. The present study aimed to measure the plasma
levels of inmulin, glocose, IGF1, IGF2, IGFBFPL, IGFBP3 and
neurofilament light chain (WfL) in patients with zenetically
confirmed SCA3 and age-matched controls. In addition, the
association berween the above moleeules and clindcal severity
were aszessed using the scale for the Azzesoment and Bating of
Ataxia score, body mass index (BWMI) and NEL levels, whereas
metabolic-neurodegenerative interactions were assessed by
stratifying patients by insulin tertles. A wial of 32 individwals
with SCA3 and 36 age- and sex-matched controls were enrolled
in the current study. The results demonstrated that patients with
SCA3 exhibited markedly elevated IGFEP1, IGF 2 and free IGF1
levels, as well as reduced insulin and higher glucose-to-insulin
ratios, thus indicating disrupted insulin signaling. IGFBPL
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was positively associated with SAFA score and NIL levels
and negatively associated with BMI. Notably, patients in the
lowmest inzulin tertle (<3.65 pIl/ml) showed significantdy
hizher IFFBF1 and WIL levels compared with the remaining
groups, thus sugeesting that the imsulin/ IGFEPL/NIL axis was
azzociated with ataxia severity. Collectively, IGFEP] could be
a promizing peripheral biomarker reflecting both metabolic
and nenrodegenerative processes in SCA3 and could facilitate
monitoring of diseaze stages.

Introduction

The insulinfinsulin-like growth factor 1 {IGFL) sipnaling
(IIS) pathway plays a notable role in regulating systemic
metabolism, growth and cellular survival; it involves insolin,
IGF1 and IGF binding proteins (IGFBPs), which collectvely
modulate glucose homeostasis and energy utilizadon (1,2).
In the central nervous system (CH5), insulin and IGF1 are
involved in neuronal maintenance, synaptic plastcity and
myelination via reguladon of metabolic and trophic sipnaling
pathways. Dysregulation of the IIS pathway is involved in
the onzet of several nenrodegenerative diseases, such as
Alzheimer's disease, Parkinzon's disease and Huntington's
dizease (3,4).

Spinocerebellar ataxia type 3 (SCA3), also Enown as
Machado-Joseph disease, iz a progressive autosomal domi-
nant neurcdegenerative disorder which is characterized by
cerebellar atamia, pyramidal signs, peripheral neuropathy and
automomic dysfunction (3). The disease is caused by a CAG
repeat expansion in the ataxin-3 (ATANT) gene, evenmally
leading to meurcdegeneration. WNenrofilament light chain
(MWL) has emerged as a reliable blood biomarker reflecting
neuromal injury and ataxia severity (8,7); bowever, addidonal
biomarkers capturing metabolic dysfunction or systemic
catabolism remain inderstadied.
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Early studies in 5CA3 and other cerebellar ataziaz
indicate potental alterations in the II5 pathway, incloding
reduced circulating insulin and IGFBP] levels, suzpesting
an association between impaired metabolic signaling and
dizease status (8,9). IGFBF], one of the siz high-affinity
IGFBPs, plays a central role in modulating IGF] bioavail-
ability and insulin zenzitivity. Froduced primarily in the liver,
IGFBF] is markedly downregulated by insulin and increazed
during fasting, metabolic stress and catabolic states. A sudy
demonstrated that in contrast to insulin, IGFBP] exhibited
slower kinetics, making it a more stable indicator of sustained
metabolic adaptation (10). Elevated IGFBF] levels have
also been azsociated with reduced body mass index (BMI),
hepatic dysfuncton and adverse outcomes across chronic
dizeases, such as diabetes, chromic liver dizease and systemic
inflammatory states (11,12).

Funthermore, animal study using growth hormone dernom-
strated transient motor improvement and neuroprotective
effects in 5CA3 model (13), while IGF] mupplementation shows
similar effects in both animal models and patients (14,15).
However, these earlier investipations were limited by small
sample zires, variable treatment durations and the lack of
direct azsociation with chjective biomarkers of neurcdezen-
eratiom, leaving the relevance of the IIS pathway, particularly
IGFBF], uncertain in the context of 5CA3 pathophysicloey.
To address this gap, the present smdy investzated whether
plazma IGFBFP] levels are associated with clindeal manifesta-
doms and neurcdegenerative burden in SCA3. Partcularly, the
associatons among IGFBFL, the Scale for the Aszseszment and
Fating of Atazia (SAFA) (16), ML, BMI (17) and insulin were
aszessed. Accordingly, a case-control smdy was performed
comparing individuals with SCA3 with age- and sex-matched
healthy controls te evaluate IGFBFL as a potential biomarker
of atazia severity.

Materials and methods

Participants. A total of 32 patents with genetically confirmed
SCA3 were recruited from the Changhua Christdan Hospital
(Changhua, Taiwan) betaeen May 2021 and February 2022,
The smdy protocol was approved by the Instimtional Feview
Board of Changhua Chrizstian Hospital (TR.B mos. 200703 and
200730 for healthy conmol), and written informed comsent was
obtained from all participants. The inchision criteria were as
follows: 1) Patents with a confirmed CAG repeat expansion in
the ATXNT pene; and ii) age 20-80 years. The exclusion criteria
inchided comorbidities that could affect ghicoze or insulin
metabolism, such as a cancer, stroke, heart failure, remal failore
or diabetes mellitus, and conditions Enowm to affect insulin
or IGF signaling, incloding marked hepatic, renal or thyroid
dysfunction, based on medical record review. Medication
histories were also screened, verifying no use of dmigs knowm
to affect IGF1 or IGFEP] levels except coenzyme Q10 (18],
which was analyzed separately. Ataxia severity was assessed
uszing SAFRA (16), a sami-quantitative scale (range, 0-40) evala-
atimg gait, stance, limb coordination and speech (19). Based on
SAFRA scores, patients were classified into the following three
dizeaza stages (20,21} Preclindcal (SAFA «3), stage I (SARA
=11} and stage II (SAFA =11). The comtrol group conzisted
of 36 age- and sex-matched healthy individuals who met the

came exclusion criteria to ensure comparable metabolic and
clinical backgrounds. These participants were recruited from
the cutpatent clinics at Changhuna Christian Hospital. Basic
demopraphic and clirdeal data, including zex, aze, BMI, age at
onzet, disease duration and CAG repeat number, were recorded
fior all participanis.

Plasma biochemistry of NfL and IS componenrs. All blood
samples were collected under standardized postprandial
conditions. Participants consumed a typical Taiwanesze-style
Tumich (600-700 keal) with balanced macronutrient composition
(carbobydrates, protein and fat). The meal was self-celected by
the partcipants and the details of the intake were self-reported
prior to the sudy measurements to confinm consistency with
the required caloric and macrovmtrient range. The participants
then followed a fized sampling schedule, with blood drawm
at ~2:00 pm_, comesponding to a consistent 2-h postprandial
interval. Tominimize acute metabolic variability, no addidonal
food, caffeine, caloric beverages, strevmons physical activity
or nuiritional supplementation were allowed berseen inch
and blood collection (22). Samples were drawm in 10 ml BD
Vacutainer® EDTA tubes (Becton, Dickinson and Company),
cenmrifuged at 1 4003 g at4'C for 15 min to obtain plasma and
stored at -80°C wntl analysiz. All biochemical analyses wers
performed using plazma to ensure methodolopical consistency
and minimize clot-related pre-analytical variability. Plazma
WL levels were quantified wsing the Simoa® MF-light™
Agdvantage Kit (cat. no. 103186) and on the Simoa HD-X
ulira-sensitive protein molecular detection insmuoment (both
Quanteriz) (23). Addidonally, the plasma levels of IGF1, IGF2,
IGFEF], IGFEF3, slucose, and insulin were guantified using
the Human IGFLTGF] Immunoassay kit (cat. no. DE100E)
and the Human IGF2 Quantkine ELISA Eit {cat. no. THG200)
(both FE.&D Svstems China Co., Ltd ), the Human IGFBP-1
ELISA Kit (eat. no. ELH-IGFBF; RayBiotech Life), the Human
IGFEP3 ELISA Eit {cat. no. AB100541; Abcam), the Glucose
Colorimetric As=ay Eit (cat. no. 10009582; Cayman Chemical
Company) and the Insulin ELISA Eit {cat. no. 10-1113-01;
Mercodia AB), respectively, according to the manufac-
tarer's instructdons. Free IGF] levels were estimated using
the IGFL/IGFBF3 rato, a commonly wsed surrogate marker
fior bicawvailable IGF1L. This rato provides an indirect estimate
and dioes not replace direct measurement of free IGF1. Flasma
ghicose-to-insulin rado (&1 ratic) was caleulated as ghicose
(mg/dl)y divided by insulin (uITUVml) and used as a practical
surrogate for insulin sensidvity in blood samples obtained 2
b postprandially, im contrast to fasting-based indices such as
the Homeostatic Model Assessment 2 (24) or the Cuantitative
Insulin Sensitivity Check Index (25).

Statisfical amalysis. The normmality of data distriboton was
azzessed wsing the Shapiro-Wilk test, and most demographic
and IIS-related variables showed non-normal distributions
and were therefore summarized as medians and interquartile
ranges (IQF:). Group differences were compared uzing the
Mann-Whimey U test, and correlations were asseszed using
Spearman’s rank comrelation. Non-parametric methods were
applied throughout the analyses due to skewed distributons
and presence of potential cutliers. Categorical variables, such
as sex, were analvzed using the 3 test or Fizshers exact test,
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Table I. Demographics and insulin'TGFL system of healthy conmols {n=34) and patdents with 5CAS3 (n=32).
Parameter Comtrol S5CA3 P-value
Demographic
Male sex 22 (61.1) 20 (62.5) 0804
Az vears 475 (34.8-5510) 490 (34.3-34.8) 0.754
BMI, kpim® 236 (21.8-25.8) 218 (19.5-254) 0040
Aze at omeet, Vears NiA 350 (2984500
Duraton, vears NiA 100 (4.0-12.00
CAG repeat mumber NiA TL5 (69.3-74.0)
SARA MNiA 145 (742100
NfL, peiml 6.3 (4.2-78) 2T A (20.5-325) <0.001*
ImsulinTFF] system
IGF1, nz/ml 552 (34.0-68.1) 926 (67.9-108.6) <0.001*
IGF2, nziml 3128 (271.7-361.4) 3362 (3162-395.0) 0002
IGFBF], pgiml 315035415 2529 (T28-TH 4 <0.001*
IGFBP3, ngiml 433 (378479 41 8 (38.1-34.9) 0873
IGFLIGFBP3 ratic 1.27 (0.96-1.75) 192 (1.35-2.4%) 0.002*
Glucose, mg/dl 259 (T36-1165) SES(81.2-112T 0.708
Imzulin, ;U7 iml 190 (8.8-281) 6.1 (2.6-11.0) <0.001*
G/ ratio 6.0 (3.3-93) 171 (863500 <0.001*

Diata are presenied a3 median (interguardle range), with the exception of sex whichisn (%), Sex was analyzed wsing the * test, whereas all other
confinuons variables were analyzed using the Mmn-Whimey U test, *P<005. SCA3, spinocerebellar atamia type 3; IGF L, insulin-like zrowth
factor 1, BMI, body mass index; SARA, scale for the assessment and rating of stamia; WL, neurcfilament light chain, IGFBP, mvsulin-like

growth factor binding protein; N/A, not applicable.

as appropriate bazed on expected cell counts. For IGFBP],
the majority of control samples displayed optical density
values at of below the lower limit of the standard curve. In the
absence of a laboratory-specific detection limit, the senzitiviny
of the azzay (5 pe/ml) was used as a surrogate lower limit,
and valies balow this threshold were imputed as sensitivity'y?
(=3.5 pz/ml), following established approaches for handling
left-cenzored biomarker data (26). Feceiver operating char-
acteristc (ROC) curve analyses were performed to evaluate
the zbility of IGFEP] and other II5 markers to discriminate
between early and advanced SCA3 stages, with area under the
curve (AUNC) valnes used to compare their diagnostic perfor-
mames_ Insulin levels were categorized into terdles to produce
three zroups with an approzimately equal number of cazes
in each group (T1, €3.65 pIUMml; T2: 5.65-9.35 pIUml; T3:
=035 pllml). Group differences betwesn inzulin tertiles were
assessed using the Kruskal-Wallis test, followed by Dunns
post hoc test. P<0U05 was considered to indicate a statistically
significant differemce. All data analyzes were performed using
I8% Statistical Fackage for the Social Sciences for Windows,
version 22.0 (IBM Corp.).

Resulfs

Participant characteristics and baseline differences. A total
of 32 genetically confirmed patiemts with SCA3 and 36 age-
and sex-matched healthy controls were enrolled in the present
smudy. There were mo significant differences in age fmedian,
420 (IQE., 34.3-54.8) wz. 475 (34.8-35.0) wears; P=0.754]
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or sex distribution (male, 82.5 vs. 61.1%; P=0204) between
groups. BMI was significantly lower in patents with 5CA3
compared with the healthy controls [21.8 (19.5-254) vs_ 23.6
(21.8-25.6) kp'm*; P=0.040]. In addition, plasma WL levels
were sgnificanty elevated in the SCAS group compared with
the comtrel group [27.8 (20.5-32.5) vz, 6.3 (4.2-7.6) pg/ml;
P=0.001; Table I].

Elevated IGFBPI, IGF2 and free IGF, and insufficient insulin
lewels in patients with S5CAZ. Patients with SCA3 exhibited
a significant increase in plasma IGFBPl compared with
controls [232.9 (72.8-7T40.4) v=. 3.5 (3.5-41 5) pp/ml; P<0.001].
Total IFF] levels were also higher in the SCA3J group [92.6
(672-108.6) v=. 552 (34.0-62 1) ngfml; P<0.001], as were
IGF2 lewels [336.2 (316.2-395.00 va. 312.8 (271.7-361 4) me/ml;
P=0.002]. No signdficant difference was observed in IGFBE3
levels (P=0_573); however, the IGF1/HGFBF3 ratio, representing
free IGF], was sizgnificantly hizher in patients with SCA3 [1.92
(1.35-2.49) vs. 1.27 (0.96-1.75); P=0.002], suggesting enhanced
IGF] bioavailability (Table I).

To assess poteritdal condounding by coenzyme Q10 supple-
mentation, all demographic and II5-related variables were
compared in patents weated (n=1T) or not (m=15) with Q10.
The resultz revealed no siznificant differences berareen the
twe groups ( Table 5I).

Given the observed elevation in IGFBP1, upstream
inzulin-related parameters were further assessed to explore
potential regulatory mechanizms. Ghicose levels were compa-
rable between the 5CA3 and conrol zroups [#8 % (81.2-112.7)
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Table II. Subgroup analveis of SAFA stage I (n=11) vs. Stage II (n=21) in patients with spinocerebellar ataxia type 3.

Parameter Stage I (SARA=1]) Staze I (SAR A1) Povalus

Demographics
Male sex 7 (63.4) 13 (61.9) =0.e09
Age, vears 420 (29.0-51.00 490 (41 5-505) 0.150
BMI, kp/m’ 354(221-26%) 212(1838-22%) 0.005*
Age at onzet, years 33002804500 350 (32.5465) 0.945
Duraton, vears 4.0 (0-6.0) 110 (9.0-15.00) <0.001*
CAG repeat numbser T10(68.0-73.00 T20(T0.0-75.0) 0.402
SARA 50(3.0-85) 200(14.5-225) <0001
NfL, pe/ml 188 (170-283) M 5(251-381) 0.002*

InzulinTGF] system
IGF1, ngfml TI0(594-124.0) 942 (76.4-107.1) 0577
IGFZ, mz/ml 365.7 (320.1-406.9) 366.7 (310.6-395.0) 0.995
IGFBF], pgiml 4835 (13.0-137.0) 4155 (207 2-213.2) 0.002*
IGFBFS, ngiml 402 (364725 418 (358-538) 0.907
IGFLIGFBP3 atio 1.5471.23-317) 1.96 (1.36-2 48) 0.815
Glucose, mg/dl 291 (81.2-104 4) 988 (81.2-124.0) 0.534
Insulin, g0 ol 4.0 [(4.0-23) 6922123 0.959
G/ matio 182 (10.8-21.T) 161 (8.5-384) 0.696

All data are presented as median (imerquartile range), with the exception of sex which is n (7). Sex was anakyzed using the Fisher's exact test
a5 appropriate, whereas all other confinuous variables wene analyzed using the Marm-Whitney 1 test; “P<0.03. SARA, scale for the assessment
and rating of ataxia; BMI. body mass index; ML, neurofilament Light chain; IGF 1, insulin-lke prowth factor 1; IGFEF, subn-like zrowth

factor binding protein; G rato, slucose/ivsulin rato.

vs. 059 (73.6-116.5) me/dl; P=0.708], whereas insulin levels
were significantly decreazed im patients with SCA3J [6.1
(2.6-11.00 ws. 19.0 (8.8-28 1) pIUfml; P<20.001]. Consequently,
the &1 ratio, a surrogate marker of insulin deficiency or
sensitiviry, was significantly increased in patients with SCAS
[171 {8.6-35.00 ws. 6.0 (3.3-0.3); P<D.001], indicating impaired
inzulin signaling (Table I}.

TGFEPI distimguizhes ataxia severity im SCAJ. Patients
with SCA3 were divided into earlyv-stage (2AFA =11) and
advanced-stags (SAFA >11) groups. Compared with early-stage
patients, those with advanced ataxia exhibited significantly
higher plasma IGFBP1 levels [415.5 (207.9-013.2) ws. 72.

(13.1-1058.1) pg/ml; P=0.003] as well az hizher NfL levels
[22.5 (251-381) v=. 18.8 (17.0-28.3) pe/ml; P=0.002]. Theze
findings indicate that both IEFBF] and WL effectvely distin-
guizh between early and advanced stages of ataxia in 3CA3.
Az expectad, patients in the advanced stage also bad longer
diseaze duraton [11.0 (S0-15.00 va_ 4.0 (0-6.0) vears; P<00001]
and lower BMI [21.2 (18.8-22.9) vs. 254 (22.1-26.9) ka/m”,
P=0.005], which was conzistent with greater disease burdemn.
Orther I1S-related parameters, inchading ghicose, insulin, the
G/1rado, IGF1, IGF2, IGFBEFS and the IGFL/TEFEES rado, did
not differ significantly between stages (all Pi=0.05) (Table IT).
Furthermore, BOC curve analysis demonstrated that IGFBPL
had the strongest dizcriminatory ability for differentating
early from advanced disease stages (AUC=00829; 05% CI,
0.646-1.000; P=0.003). With an optimal cutoff value of
1381 pa/ml, a senzitivity of 91% and specificity of 82% was
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Figure 1. ROC curve analysis of [GFBP1 and other insulin/TGF]
signaling-associzted markers for distinguishing early- and advanced -stxpe
spinocerebel lar azaxia type 3. RO, receiver operating charscteristic; 10GF,
irssulin-like growth factor; IGFEE, 1GF binding protein.

vielded, cutperforming other IT5 parameters (ATUTC range for
other parameters, 0.383-0.541) (Fig. 1; Table 5II).

TGFEPI 15 associgted with chimical severity and nenrode-
pemerative indicators. In the 5CA3 cobort, Spearman's
correlation analysiz revealed that IGFBF1 levels were
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Figure X Correlation between plasma FGFEP 2nd clinkal parzmeters. Spearman's comelaton analyses between 1GFEP] and (A) scale for the assessment
and rating of atxxia, (B} nenrofilament light chain, (T} body mass index and (D} CAG repeat length in patienss with spinocereballar ataxis type 3. IGFBP1,
imsulin-like growth factor binding protein 1; SARA, scale for the assessment and mting of ataxia; MFL, nearofilament light chain; BMI, body mass indax.

positively correlated with SARA scores (1=0401; P=01023)
and MNEL (r=0.538; P=0.001), and negatively correlated with
BMI (r=-0.667;, P<0.001). Mo significant association with
CAG repeat length was observed (1=0.141; P=0440) (Fiz. 2).
Although several higher IGFBP1 values were prezent, all
measurements were deemed physiclogically plausible and
therefore no data points were ezchoded from the analysis.

Lower insulin is asseciated with elevated IGFBPI and NfL.
To further investgate the interplay between insulin signaling
and neurcdegenerative markers, patents with SCA3 were
stratfied into tertiles based on baseline plasma insulin levels.
Log-tranzformed IGFBP] levels differed significantly among
inzulin tertiles (Eroskal-Wallis test, P<0.001). Dumn's post
hoe test revezled that patients in the lowest insulin tertle had
significantly higher IGFEP] levels than those in the middle
(P«0.001) and hizghest terdles (P=0.00%), whereas no signifi-
cant differemce was obzerved betaeen the middle and hizhest
tertiles. Similarly, NfL lewvels alzo differed among insulin
tertiles (P=0.044), with higher levels in the lowest vz, middle
tertile (P=0.042), but no mznificant difference vs. the hizhest
tertile {P=0.388; Fig. 34 and B). These findings sugpested
that insulin insufficiency could be associated wid increazed
IZFBPI expression and greater neurcazonal damagze. MNotably,
insulin concentrations were lowest in the tertile with the
hizhest IFFBP] and NfL levels, further supporting an inverse
association between ingulin signaling and nearodegensradve
indicators. However, the association batween inzulin tertiles
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and HFFBPL or NIL was not attributed to differences in ataxia
severity of genetic factors, as SAFA scomes, age at onset and
CAG repeat numbers wers comparable across insulin tertiles
(all =005, Fig. 51).

Driscnssion

Although alterations in the II5 pathway have been described in
SCAS, the clinical sipnificance of circulating IGFBP] remains
unclear. The present study showed that plazma IGFBF] levels
were significantly elevated in patients with 5CA3 and was
associated with clindcal severity (SAFA), neurodegensration
(WEL) and BMI. These associations suggested that IGFEP1
could reflect disease actvity rather than genstie load, providing
complementary information to CAG repeat length. While
elevated IGFBPI in SCA3 has been previously reported (B),
the prezent study expanded these earlier findings by Lnking
IGFEPL to neurcdegeneration biomarkers and directly
comparing itz performance with other IIS components.
Motably, BOC analvsis revealed that IGFEF] outperformed
other IS components, including insulin, total free IGF1 and
IGF2, in distingunizhing early from advanced diseaze stages,
thus hizhlighting its potential as a clinically relevant and
stage-sensidve biomarker.

Normoelycemic hypoinsulinemia was evident in the
current SCAS cohort, which was conzistent with previous
findingzs (§). Although this pattern could arise from pancreatic
[i-cell dvsfunction or altered insulin kinetics, the present results
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Figure 2 Correlation hetween plasma IGFBEP1 and clinical parameters. Spearman’s comelation analyses between 1GFEF] and (A) scale for the assessment
and rating of ataxia, (B} neanofilament light chain, () body mass index and (07} CAG repeat length in patients with spinocerebellar ataxia type 3. 1GFBP1,
insulin-like growth factor binding protein 1; SARA, scale for the assessment and rating of ataxia; NFL, nearofilament light chain; BAMI, body mass index.

positively correlated with SAFRA scores (1=0401; P=0.023)
and WL (r=0.538; P=0.001), and negatively correlated writh
BMI (r=-0.667, P<0.001). No significant association with
CAIG repeat length was observed (r1=0141; P=0.440) (Fig. 2).
Althouzh several higher IGFBP1 values were prezent, all
measurements wers deemed physiolosically plausible and
therefore no data points wrere excluded from the analysis.

Lower insulin is asseciated with elevated IGFBPI and NfL.
To further investgate the interplay between insulin siznaling
and neurodegenerative markers, patients with S5CA3 wers
stratified imeo tertiles bazed on baseline plasma insulin levels.
Log-tranzformed IFFBPL levels differed significantly among
inzulin tertiles {Em:skal-Wallis test, P<0.001). Dunn's post
hoo test revealed that patients im the lowest insulin tertile had
significantly higher IGFBFP1 levels than those in the middle
(P<0.000) and hizhest tertiles (P=0.009), whereas no signifi-
cant difference was chearved between the middle and hizhest
tertiles. Similarly, WEL level: also differed among insulin
tertiles (P=0.044), with hizher lewals in the lowest vs. middle
tertle (P=00042), but no significant difference vz, the highest
tertile (P=0388; Fig. 34 and B). These findings suzgested
that insulin insufficiency could be associated wid increazed
IGFBP] exprezzion and zreater neurcazonal damagze. MNotably,
insulin concentrations were lowest in the tertile with the
hizhest HIFFBFL and NfL levels, further supporting an inverse
association between insulin signaling and neurodsgenerative
indicators. However, the association between insulin tertiles
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and KGFBP] or NIL was not attributed o differences in ataxia
severity or gemetic factors, as SAFA scores, apge at omset and
CAG repeat numbers were comparable across insulin tertiles
(all P=0.05, Fig. 51).

Dizemssion

Although alterations in the IT5 pathway have been described in
SCAS3, the clinical significance of circulating IGFBP] remains
unclear. The present smdy showred that plazma IGFBF] levels
were mgnificantly elevated in patients with 5CA3 and was
associated with clindeal severity (SAFA), neursdegenaration
(MWfL) and BMI. These azsociations suggested that IGFBP1
could reflect disease actvity rather tham genetic load, providing
complementary information to CAG repeat lemgth. While
elevated IGFBPL in SCA3 has been previously reported (5),
the present study expanded these earlier fndings by linking
IGFBPL to meurcdegeneratiom biomarkers and directly
comparing itz performance with other IIS components.
Motably, ROC analysis revealed that IGFEP] cutperformed
other II5 components, including ingulin, totalfres IGF1 and
IGFZ, in distinguizhing early from advanced diseasze stages,
thus hizhlighting its potential as a clinically relewant and
stage-zensidve biomarker.

Normoglveemic bypoinsulinemia was evident in the
current SCA3S cobort, which was consistent with previous
findings (). Although thiz pattern could arise from pancreatic
[i-cell dvsfunction or altered insulin kingtics, the present results
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the findingz should be interpreted with caution. Future and
largar mmiti-center studies with more diverse SCA3 coborts
are needed to validate the results of this study and to further
clarify disease-bicmarker associations. Additionally, lomgi-
tudinal data are also meceszary to establish IGFBPL as a
reliable marker of disease progression over time. Mechanistc
investigations are also warranted to aszess whether IGFEP1
could exert a canzal role in neurodegeneration or if it primarily
refiects dowmsmeam disease-related metabolic dysregulaton.
Finally, therapeutic strategies aimed at modulating the IS,
through inculin senzitizers, IGF] supplementation or IGFBF1
inhibition, warrant further ireestgation in fumre trials.

Owerall, the results of the curremt smudy sugzested that
IGFBF] could be a promizing biomarker for atazia severity
and neurodegensration in 5CAJ; itz strong associations with
WL, SARA and BMI supported its potentdal clinical utility
in disease monitoring and stratification. IGFEP] could also
represent 3 mechanistic link betwreen metabolic dysfunction
and CW5 pathology in SCA3.
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Abstract

Background Spinocerebellar ataxia type 3 (5CA3) is an inherited, autosomal, and rara neurcdegenerative disease.
Serum/plasma biomarkers or functional magnetic resonance imaging used to assess progression, except for neuro-
logical examinations, is either inconvenient or expensive. Handgrip strength (HES) may be considered as a biomarker
to predict the progress of 5CA2 and align with the alteration of plasma neurofilament light chain (ML) and Scale

for the Assessment and Rating of Ataxia (SARA).

Methods Patients with SCA3 and healthy subjects wera recruited from Changhua Christian Hospital. SARA,

body miass indax (BMI), and ML were obtained for both groups. HGS was measurad using a Jamar Plus +hand
dynamometer.

Results This study recruited 31 patients and 36 controls. HGS in the SCA3 group revealed a profound decraase

[P« 00001} comparad with normal subjects. HGS also had a negative comelation with SARA (r= —0.548, P=00001), NfL
[r=—0359, P=0.048), and a positive cormelation with BMI {r=0580, P<0.001). Moreawver, HGSEBMI ratio correlated
with SARA r= — 0441, P=0.013). Controlling for gender and age, HGS still correlated with the abowve clinical items. The
initial hypothesis was also proved in SCA3 840 transgenic mice, showing grip strength weakness comparad to normal
mice.

Condlusions HG5 c2n be an alternative tool 1o assess the dinical sewverity of SCA3. Further research is needad

to investigate the underlying mechanisms.

Keywords Spinocerebellar ataxia tvpe 3, Handgrip strength, Meurofilament light chain, Scale for the assessmeant and
rating of ataxia, Body mass index
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Background

Spinocercbellar ataxia (SCA) is an autosomal inherited
disease and one of the rare neurodegenerative diseases.
SCA type 3 (SCA3), also known as Machado-Joseph dis-
ease, caused by abnormal CAG trinuclectide expansion
greater than 62 at the gene of ataxin-3, is the most fre-
quent 5CA in most countries [1]. Common symptoms
include imbalance, incoordination, musdle rigidity or
spasticity, dysarthria, diplopia. and depression [2]. Scen-
tists have been searching for disease-modifying therapies
in recent years, such as varenicline, valproic acid, or Tre-
halose, because SCA3 is challenging to treat [3]. SCAS3 is
a slowly progressive neurodegenerative disease; however,
maonitoring the change of dlinical status by neurological
scales in a short period would be challenging [4].

Physicians are on the lookout for assessment tools
that are both accessible and efficient when it comes to
neurological status assessment for ataxia. The Scale for
the Assessment and Rating of Ataxia (SARA) is a clini-
cal scale dedicated to detecting disease progression of
cerebellar symptoms [5]. Merphometric magnetic reso-
nance imaging (MRI) offers vital insights into structural
changes, such as volumetric reduction in cerebellum,
basal ganglia, brain stem, and diencephalon. These are
instrumental in confirming and enhancing our under-
standing of this disease [6]. Functional MRI has revealed
cerebellar/cortical dissociation pattern specific to SCA3
patients, as opposed to healthy controls. This finding
shed light on the evaluation of potential functional con-
nectivity within cerebral-cerebellar motor networks [7].
Meurofilament light chain (NfL) is an emerging blood
biomarker to evaluate neuroaxonal damage such as
Alzheimers disease, multiple sclerosis, postoperative
delirium, multiple system atrophy, and amyotrophic lat-
eral sclerosis [8—10). NfL also correlates with the disease
severity of SCA3 and predicts its pre-ataxic and ataxic
stapes [11, 12]. Urinal polyglutamine ataxin-3 protein is
elevated in patients with SCA3 [13]. while polyglutamine
ataxin-3 in plasma or peripheral blaod mononuclear
cells correlates with disease severity [14, 15]. However,
fMRI and the above biomarkers, except for SARA, are
either expensive or inconvenient. Developing an easy and
affordable assessment tool is highly anticipated and much
needed for clinical use.

Handgrip strength {HGS), which is measured using a
portable hand-held dynamometer, has been a practical
tool to assess the well-being of the elderly. HGS could
predict longitudinal declines in cognition, functional
status, and mortality in older community populations
[16]. The United Kingdom Biobank data reported that
higher dementia incidence and mortality were indepen-
dently associated with lower grip strength [17]. Grip
strength could also assess muscle activity, which predicts
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functional loss in patients with Parkinson’s disease, where
striatal dopamine and impaired motor unit degeneration
are recruited [18]. Proper grip strength cutoff points are
good predictors of functional independence and wheel-
chair skills for males with spinal cord injuries [19]. HGS
might relate functional capacity or motor performance
to cerebellar disorders in a small pilot study, including
three patients with degenerative cerebellar ataxia, with-
out mentioning the genetic background [20]. For ani-
mal models related to neurodegeneration diseases, HGS
can be identified as a physiclogic biomarker to forecast
the disease course [21-23]. In a transgenic marmoset
model of SCA3 diseases, age-associated decrease of HGS
were significantly more prominent in transgenic symp-
tomatic marmaosets compared to either wide-type or
asymptomatic marmosets [24]. However, the relation-
ship between HGS and the dinical status of patients with
SCA3 remains unknown.

Herein, we aim to establish the validity of HGS inspec-
tion as a predictor of the disease progress in patients and
mice with SCA3, and its application in ataxia clinic for
the disease following.

Result

Demographic data

This study enrolled 31 participants with SCA3 and 36
healthy controls. Mo significant difference was found in
age or gender between the two groups (age: P=0517,
gender: P=0.988), as shown in detail in Table 1. The BMI
of participants in the SCA3 group was lower than that
of the control group (21.5 ke/m® [19.5-255] vs. 23.6 kg/
m* [21.8-25&], P=0.043), consistent with the previous
studies |25, 26]. The SCA3 group exhibited weaker HGS
{243 ke [19.2-38.2] vs. 40.7 kg [27.1-49.3], P<0.00L,
Fig. 1A) and lower HGS/BMI ratioc compared to the
control group {119 kzgf{kg/m?) [0.95-1.55] vs. 1.38 kg/
{kg/m?) [1.11-1.79], P<0.001). A decrease in HGS was
observed in either SCA3 female (20.10 kg [18.60-25.10]
vs. 2680 kg [2545-304], P=0007) or SCA3 male
{3510 kg [23.30-38.33] wvs. 4730 kg [42.35-55.25],
P=0.001) patients compared with normal subjects in
Fig. 1B. Additionally, a notable difference was observed in
the significantly elevated plasma level of Nfl. in patients
with 5CA3 as compared to that in normal subjects
{28.01 pg/mL [20.65-32.75] vs. 6.35 pg/ml [4.22-7.63],
Po0.001, Table 1). An elevated NfL level was found to
predict the severity of SARA within the SCA3 group
(r=0.436, P=0.014; see Additional file 1), consistent with
previous reports [11, 12].

Correlation between HGS and dinical items
The high strength of HGS can predict low scor-
ing on SARA (r=-0548 P=0.001, Fig. 2A) and NfL
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Table 1 Demographic data for patients with 2CA3 and control subjects
Control SCA3 Pwalue

Case numibsar 6 kY
Waha %) 22 i61.1%) 19{61.3%) 0588
Ane {years} A7 D (310-535) 420 (400-55.0) asz17
BMl |}cg.n"n"! 136 (21 8-256) 5 (155-255) Q43
Handgrip strength ) 407(27.1-493) 243 (192-383 <000
Handgrip strength (g aR (kg 138 (101179 1.1% (195-1.55) 000"
Disazse status

The age of onsat (yaars old) WA 36 (32-45)

Duration (years) A 104{5-12}

CAG repaat count A P10 (§20-74.0)

SARA HAA 150 (85-31.00
Flasma

ML (pagmid) £.35 (A22-T63) JBON (20£5-3275) < 000

Values are median with interquartile mangs

Tha intergroup comparison for gendar was anayzed using tha chi-squars test, whila tha Mann-Whitnay U test was used for othar variables
B Body mass indax, S4AA Scale for the assessment of rating of ataa, N Neurofilament light chain, N/ Mot applicable, *Pcoos

P= 0001

Control

[r=—0.359, P=0.048, Fig. 2B) in 5CA3 patients. Addi-
tionally, greater HGS was associated with lower scores
in each subscale of SARA, incduding gait (r=—0.525,
P=0.002), stance | r=-0487, P=0.005), sittng
(r=—0.636, P<0.001), speech disturbance (r=—0.5232,
P=0.003), finger chase (r= - 0510, P=0.003), Anger-
nose test {r=—0.355, P=0.050), fast alternating hand
movements (r=—0.505, P=0.004), and heel-shin slide
(r= —0.403, P=0.025), as shown in Table 2.

In the SCA3 patient group, HGS was effectively indica-
tive of BMI {r=0.680, P=0.001, Fig. 2C). BMI has been
demionstrated as a disease progression predictor in SCA3
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[25, 26]. and our study revealed a significant negative cor-
relation with SARA (r= —0.420, P=0.019; see Additional
file 1). BMI has been correlated with HGS in most stud-
ies [27, 28] thus, the HGS/BMI ratio was calculated as a
new variable after adjusting HGS for BML The HGS/BMI
ratio still exhibited a negative correlation with SARA
scores (r=—0.441, P=0.013, Fig. 2D). Even after con-
sidering gender and age as controlling factors, HGS con-
tinued to illustrate a consistent relationship with SARA,
NIL, and BMI. Moreover, lower HGS can predict SCA3
patients with a higher CAG repeat number under adjust-
ing for age (r= — 0,396, P=0.030; see Additicnal fle 2).
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Table 2 Caorrelation bebween HGS and eight subscales of SARA

Wariable Comelation coefficlent  Pvalue
HGE

Galt —~05325 ooz
Stance — 04387 a0as
SREING — Q636 < DU
spaech disturbance ~05322 a3
Finger chasa ~ Q510 0003
Finges-nose tast —(0355 Q050
Fast altamating hand movemants  —0.505 0004
Hesahshin slide — 0403 Q05

Spoarman rank tost was usod for corralation
HG5 Handgnp strangth, S804 Scale for the assscement and rating of atamia

Grip strength in SCA3 mice

The grip strength of SCA3 840} transgenic mice was sig-
nificantly decreased at the age of 18 months than that
of WT mice (P=0.003, Fig. 3A). After correcting for
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body weight. the grip strength of SCA3 mice remained
lower when compared to that of the W'T mice(P=0.007,
Fig. 3B).

Discussion

The current assessment of disease progression in SCA3
involves neurological examinations, such as SARA, for
evaluating ataxia. NfL. [12] and BMI [26] have estab-
lished themselves as reliable predictors of SCA3, and our
research uncovered a robust relationship between HGS
and SARA, even after adjusting for gender and age. The
increased strength of HGS can predict higher BMI and
lower plasma levels of Nfl. Additionally, a higher HGS/
BMI ratio indicated lower scores in the SARA evaluation.
Moreover, our study demonstrated that patients with
SCAS exhibited significantly lower HGS compared to
healthy controls. This study represents the first instance
where HGS or the HGS/BMI ratio has independently
predicted the disease severity of SCA3, including all eight
subscores of SARA. HGS can serve as an easily accessible
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tool to estimate the disease status of SCA3 in a clini-
cal setting, even when considering the gene loading of
SCAS-CAG repeat expansion.

HGS is a widely used measure of muscular strength,
but various factors can influence its accuracy. HGS in
patients with SCA3 may relate to myopathy, neuropathy
or other comorbidity. Our study revealed a significant
inverse correlation between HGS and disease severity,
even after controlling for common factors. Various con-
ditions, including arthritis, tendinitis, and major vascular
or neurological disorders, can affect grip strength. Crther
factors, such as sex, age, handedness, and nutritional
status, also impact HGS [29]. Participants with severe
comorbidities, such as stroke. cancer, heart failure, or
kidney failure, were excluded. and the absence of arthri-
tis or tendinitis was screened to ensure the accuracy of
our study. Handedness was determined according to the
standard protocol for using a hand dynamometer [30],
while sex and age were considered during statistical
analysis.

Accordingly, recent literature revealed a report inves-
tigating grip strength in transgenic SCA3 1350} mice
without mentioning the pathogenesis that contributes
to the reduction of grip strength [31]. In the present
study, we found a similar result in SCA3 840 mice with
weak grip strength compared with WT mice during
the late disease stage. To account for the potential con-
founding effect of decreased body weight in SCA3 840)
mice at 18 months, we adjusted for body weight and
still detected weaker grip strength in 5CA3 mice com-
pared to W'T mice. (hur previous studies have also dem-
onstrated a decrease in the ratios of muscle mass and
body weight in the quadriceps, gastrocnemius, tibialis,
extensor digitorum longus, and soleus muscles com-
pared to WT mice. The cross-sectional area of muscle
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fibers was found to be reduced in SCA3 8340) mice [32].
Atrophic signaling involving Akt/Forkhead box-O and
myosin heavy chain (MyHC) expressions were impli-
cated in these findings, indicating the existence of sar-
copenia or muscle disease |33, 34|. Specifically, our
study revealed a significant decrease in phosphorylated
AKT and the muscle cell differentiation marker, MyHC,
in SCA3 8B40} mice compared to WT mice which indi-
cated the possible muscular pathogenesis involved in
the disease of SCA3 [32].

Muscle weakness is a common feature in patients with
SCA3, and recent studies indicate that myopathic ori-
gin may contribute to distal muscle weakness in these
individuals [35]. Further, evidence indicates a potential
association between SCA3 and sarcopenia. as patients
with SCA3 display lower muscle strength and lean mass
than healthy controls [3&]. Therefore, the muscle atro-
phy pathway may be related to the lower HGS observed
in patients with SCA3 who have sarcopenia. Our study
revealed that sarcopenia-related BMI and HGS could
provide waluable insights into the clinical progression
of patients with SCA3. A declining BMI signifies dete-
ricration in the condition of patients with SCA3 and
may indicate the possible occurrence of comorbidity
with sarcopenia. Another report suggests that hyperki-
nesia may lead to increased energy expenditure, while
dysphagia results in decreased nutrition intake, both
potentially contributing to a body composition resem-
bling sarcopenia [36]. The Foundation for the Mational
Institutes of Health Biomarkers Consortium Sarcopenia
Project also recommends grip strength measurements,
such as HGS and HGS/BMI ratio, as non-Dual-energy
X-ray absorptiometry approaches to identify sarcopenic
patients among the elderly [37]. Our study revealed
that HGS not only helps assess the clinical severity of
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SCA3 but is also significantly related to BML HGS can
be regarded as a valuable tool for evaluating the pro-
gression of SCA3 patients with sarcopenia.

Therefore, further investigation into the possible mech-
anism of decreased HGS, including peripheral neuropa-
thy, such as electromyography, nerve conduction studies,
or even muscle biopsy, should be considered as the next
step. In the future, we will conduct long-term longitu-
dinal observations to examine the relationship between
HGS and disease progression and expand our sample size
to include more $CA3 patients and normal subjects.

Conclusions

This 1s the first report on HGS in patients with SCA3.
HGS exhibited an inverse correlation with the neuro-
logical status, namely SARA and NfL, and demonstrated
a strong correlation with BMI, which is another predic-
tor of disease progression. The increased HGS/BMI ratio
consistently showed a relationship with SARA, providing
valuable insights into disease severity. Combined with
the grip strength information obtained from SCA3 840)
mice in the present study, HGS can serve as a practical
and accessible tool to evaluate the clinical status of SCA3.

Methods

Patient recruitment

Subjects diagnosed with SCA3 by pgenetic mutational
screening were recruited at Changhua Christtan Hos-
pital (CCH), Taiwan. The inclusion criteria for patients
were 3 SARA score of = 3 points [38]. Informed consent
was collected from May 2021 to January 2022 (CCH-IRB
approval No:200703). Participants were aged from 20 to
80 yvears. Exclusion criteria were pregnancy, comorbidity
with stroke, cancer, heart failure, or renal failure. Patients
with <3 Points on the SARA scale were excluded. Demo-
graphic data such as age, age of disease onset, disease
duration, CAG trinuclectide repeat number, and body
mass index {BMI) were recorded. Apge- and sex-matched
individuals with negative genetic screening for mutant
ataxin-3 were recruited as healthy controls from the
normal population of staff in CCH (CCH-IRB approval
No:200730).

HGS

A single physician measured the HGS with a Jamar
Plus+hand dynamometer (Sammons Preston Rolyan,
Bolingbrook, IL, USA). Participants were asked to siton a
straight back chair, keep their elbow flexed at 90 degrees,
and held the dynamometer with handle position 2, which
is the distance of 4.8 cm from the handle to the fixed part
of the dynamometer [30). Participants had to apply maxi-
mal power for 3 s by the dominant hand. Grip strength

was measured three times, with rest for 15 s between
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each effort [39]. The handgrip strength was the maximal
value of the three measurements.

SARA

A single experienced neurclogist measured SARA for
the 5CA3 group. SARA 1s a universal scale to assess the
severity of ataxia. SARA has eight subscores, including
gait, stance, sitting, speech disturbance, finger chase,
nose-finger test, fast alternating hand movements, and
heel-shin slide [40]. The total scores ranged from O to 40,
with higher points indicating worse cerebellar conditions.

Plasma NfL

Blood was collected in BD EDTA tubes and then cen-
trifuged at 2500x g for 10 min at 4 *C to obtain plasma
for each participant. Plasma samples were diluted at a
ratio of 1:4. The single-molecule (5imoa) array technol-
ogy by an ultra-high sensitivity protein molecular detee-
tion instrument (Simoa HD-X, Quanterix, MA, USA)
and the 5imoa ML Advantage kit (Quanteriz, MA,
USA) measured the plasma NIL level [41]. All NfL values
were within the linear ranges of the assays. The average
intraassay coefficient of variation was 4.94%.

Animal model and grip strength

C57BL/E wild-type (WT) mice were obtained from the
Mational Laboratory Animal Center (Taipei, Taiwan),
and SCA3 840} transgenic mice (C57BLIE background)
have been previously described [42]. The Institutional
Animal Care and Use Committee of Changhua Chris-
tian Hospital approved all animal experiments (approval
number: CCH-AE-108-021). The genotype of SCA3
840) mice was confirmed through the polymerase chain
reaction of a DMNA sample obtained from the mouse tail
{primer sequences for forward: 5°-TGGCCTTTCACA
TGGATGTGAA-3", reverse: &' -CCAGTGACTACT
TTGATTCG-3"). The 430-bp molecule refers to the
positive of SCA3 840}, Mice received standard diets and
were housed under 3 12-h light/dark cycle in a temper-
ature-controlled room. The body weights of the mice
were recorded weekly to monitor their health status.
Grip strength tests were performed only on 18-month-
old mice. A Digital Force Gauge {Model DPS-5R: range
of -5 kgf, Imada, Japan) was used to measure the mice’s
four-limb grip strength. The mouse was placed on a
metal grid, and its tail was gently pulled back in parallel,
and the apparatus automatically recorded the peak force
when the mouse released its grip. The maximal force
{grams) was represented as four-limb grip strength, while
relative grip strength was normalized to the weight of the
mouse. Each mouse underwent a grip strength test three
timies at 1-min intervals [43].
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Statistics

Continuous variables were presented as the medi-
ans and interquartile ranges (25th—75th percentile),
whereas the categorical variables were presented as
numbers and percentages because most of the continu-
ous variables did not follow 2 normal distribution. The
Mann—Whitney U test was used to assess the differ-
ence in continuous variables between the healthy and
diseased populations, while the chi-square test was
employed for categorical variables. Additionally, the
Spearman rank test was used to determine the strength
of the relationship between the two variables. The par-
tial correlation was used to adjust for age and pender.
All data were analyzed using IBM 5Statistical Package
for the Social Sciences for Windows, Version 22.0 ([BM
Corp., Armonk, NY). A Pvalue of < 0,05 was considered
statistically significant.

A bbreviati
ZCA Spinccsreballar ataxia

SCA3 SCAtyped

SARA  Scalefor the amessment and rating of ataia

MH Megnetic resonance imaging
ML Neurofiament light chain

HGEE Hardgrig strength

CCH Changhua Christian Hospital
=] Bosy mass index

WT Wiid-type

MyHC  Myosin heasy chain
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Feywards: Backgrownd and mime Spinacerebellar ataxia type 3 (SCA3) i the most common form of bersditary csrebsellar
R ataxia. The insulin/insufinlike growth factor 1 (IGF1) system (115) has been proposed as a potential tangst for
Spiwecambalior saxla typs 3 diseme-modifying therapy. Asroguius membronacens (AM) may moduolate the 5 pathway and reduce newm
EJT::I::J:‘:\LE!:T cinin fuctoe 1 sigualing degeneration, as indicated by plasma neurofilament Eght chain (KAL), a biomarker of disease progression.
Clinkesd trisl Experimental procedire: A randomized, triple-bind, placebo-controlled crossover trial was conducted in 32 pa

tients with SCAS. Participants recsived AM or placebo for thres months, followsd by a one-month washout, then
croased over to the aliermate treatment. Plasma Nl and [1S-related markers were measured. Twenty-three
participants completed the trial

Resilts and concludon: Intention-to-treat analygis revealed a modest within-treatment reduction in N kevek
(276 £ 10.7 vs. 25.6 & 9.8 pg/ml, P = (L0M0) and increased insulin (12.5 & 15.2 w8, 211 & 155 pU/ml, P =
(L0 after AM. Howewer, the adjusted regression model showed no significant betwesnstreatment difference in
NEL (F = 0.127), and changes in Nil. were not comelated with insulin. Mo significant changes were observed in
IGFL or IGF-hinding proteins. Exploratory subgroup anabyses sugpested larger biomarker chamges in later-stage
patients. Ko carryover effects or demographic differences were noted. Owverall, AM administration was sssociated
with modest within-treatment biomarker changes in Nl and insulin, although the adjosted befwesn-treatment
difference in Nl was not statistically significant. These findings should be interpreted cutionsly as pre
liminary and hypothesis-generating observations rather than confirmatory evidence of therapentic efficacy.
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1. Introdustion

Spinocereballar araviaz (3CAz) are a group of dominandy inherited
newrodegenerative dizeazes. Among them, Spinocerebellar Ataxia Type
3 (BCA3), also known az Machado-Jozeph Dizeaze, iz the most commen
subtype globally and particularly prevalent in Azia ' The genetic mu-
tation on chromosome 144321 canzing an abnormal expancion of CAG
repeats and leading to toxic polyglutamine (poly() protein aggregation
in the nervouz system, ultimately cavzing neuronal cell losz in the
brainstem, cerebellum, midbrain, spinal cord, stristum, and thalsmus *
These aggregates dizrupe protein homeoatasia, impairing cellolar clear-
ance mechanizmz and triggering apoptogiz, leading to progremive motor
deficitz: and nevrodegeneration.

Clinically, 5CA3 manifest an progressive gait imbalance, dizziness,
dynarthria, general fatigue, diplopia, dysphagia, pyramidal or extrapy-
ramidal signe.| Given the challenges and ethical dilemman associaoed
with divease-gpecific gene therapy,” current management of SCAS leans
towards disease-modifying therapies (DMT) aimed at zlowing disease
progresgion.’ Mon-pharmacological interventions ouch an intencive
rehabilitation or coordination training, an well 2z emerging techniques
like transcranial magnetic stimulation (TMS) and direct current stimu-
lation (DCES), are among the novel intervention strategize ™ Recent
advancements in clinical pharmaceutical trials in phazes I or 111 with
agenm zuch az trehalore, Troriluzole, human mesenchymal orem calls
derived from the umbilical cord or adipose tissues.” These studies have
all provided progpects for the treatment of the dizeaze.

1.1. The therapeusic tarpet niche for SCAS within the inmlin/insulin-like
growsth factor 1 sysem

In the brain, the inmlin/insulinlike growth factor 1 (1GPL) aystem
(115} supports neuronal murvival and function, playing a crucial role in
cognitive procescen and newroprotection. noulin and 1GF1 activate
signaling pathways that promote newronal growth and repair, enhancing
synaptic plasticity and facilitating memory formation. Their ans-
apoptotic and anti-inflammatory effects mitigate neuronal damage and
protect againot neurcdegensration, while ensuring energy supply to
nevrons and mainmining optimal brain function.”” Peripheral insulin
and 10F1 penetrate the blood-brain bamier via samrable ranzport oya-
temz and are further facilitated in croszing brain vascular endothelial
calls. ! Alshough central insulin levels in SCAS patients are unknown,
a smddy in 2011, indicated thar peripheral ingulin levels are lower in
SCAS patientz compared to healthy individuals.'~ Nagal ingulin spray,
glucagon-like peptide-1 analogue, or PPARY agonist, haz been attempted
in Alzheimers digease (AD) to promote inmulin signaling in the brain.'”
In the growth hormone (OH) -10P1 axiz, S5CAS 34 transgenic mice
treated with GH chowed preserved Purkinje cells and reduced ataxin-5
aggregation, while $-month 10F] treatment improved locomotor func-
tion amd minimized cerebellar degeneration, potentially by modulating
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mitochondrial function, oxidative stress, and avrophagy. “'" Howeser,
whether modulation of the 15 pathway anclates inte meaningful
therapeutic effects in human 5CA3 remain: unclear. Moreowver,
long-term stimulation of the somatotropic axiz may increase the rick of
cancer. Therefore, more moderate approaches to influencing 115 activiey
may be of interest, and extracts from commonly used herbal medicines
could be conzidered az potential candidates for DMT in 50A3.

1.2, Asropalus membranacews as a possible 115 indwcer

Chen et al. have identified several Chinese herbal medicines that
target the ulﬁquiﬁnpmt:mm:p:ﬂrwnyfm’ﬂﬂﬁ&.lh Howewver, rigorous
and randomized research designs are scarce. In Azia, Astragalus mem-
branaceus (AM, ¥ ¥ Huang 04) i widely noed for tonifying gi, glycsmic
homeosstazin, anti-farigne, and anti-aging. Ito main componenn inclnde
polysaccharides, saponing, and flavonoids. The pharmacological effecs
of Astragalun polyzaccharides (APS) include immune modulation,
anti-tumer activity, anti-apoptotic effects, and prevention of abnormal
paly) aggregasion'’ APS enhances inoulin sensitivity through AKT
activation and I0F1 pathway modulation, and it also promotes the
proliferation and inzulin secretion of pancreatic i cells.” Astragalozide
IV (AST), one of itn most important saponing, exhibits even remarkably
antioxidant, anti-inflammatory, and ngllmtpﬂ:ube:ﬁw.m AST protectn
againct diaberes mellitne (DM) by triggering a decline in blood glocoze
levels and a rize in plasma ingulin levels, ™ via regulating gut microbiota,
AMPE/EIRT] and PISK/AKT signaling pathwayz."' In our previousz
vtudy, the use of a herbal formula mainly composed of AM hao bean
shown to assiee in improving the quality of lifs of 2 5CA patient ** An
mentioned above, AM haz been reported to influence components of the
I1%; nonetheless, whether thiz manifest 3z meagurable neuroprotective

effectn in humans remaing unclear.
1.3, Neurofilament light chain ar sutcome biomarker in SCAS

Cerebrospinal neurofilament light chain {NfL) reflects neural axonal
damage, with plazma levels correlating with those in the cerebrospinal
fluid. Plazma Nfl. demonorrares seabilisy, senpitiviey, relisbiliey, and
predictive value in wacking the course of neurodegenerative diceazes
such as mmltiple sclerosiz, AD), amyotrophic lateral aclerosiz, apinal cord
imjury, and ataxia-tel angiectazia High-sensitivity aspayn further indicate
that plazma ML can capmre dizease-related changes within weeksz o 2
few monthe,”’ making it a suitable biomarker for short-term monitoring.
Theoe feamures support itz application az a dymamic outcome measure in
clinical trials, particularly when aiming to minimize participant burden,,
making thiz approach both justifiable and feanible. ™ NEL for amesing
5CA3 has emerged 2z 2 novel approach in recent yeare*? In tranzgenic
mice, alterations in plasma Wil concentration precede even thoze of
mutant ataxin-3.”” The present study will not assess traditional neuro-
logical examinations, such an ccale for assescment and rating of ataxia
(GARA), becaime changes in SARA for SCAS parients within a chort
timeframe are not anticipated. The mean annual progression in SARA
waz 1.56 pointz out of a total score of 40 (SE 0.08), and up to 202 pa-
tientz would be needed to detect a2 50% reduction in progression of the
CARA in 2 cme-year mial

Hence, we will conduct a thres-month clinical trial wging 2 ran-
domized triple-blind placebo-controlled crogsover design in patients of
SCA3 with AM or placebo adminiztration. We aim to obzerve whether
AM could contribute alterations in plazma 115 indices and comrerponding
NiL levels.

2, Material and method
2 1. Participants

Patientz with SCA3 were recruited from the outpatient clinic of
Changhua Christian Hoapital (CCH) in Taiwan and provided informed
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conzent. Inchision criteria comprised: (1) genetic diagnosis of SCAS by a
neuvrologist, {2 aged between 20 and 80 years. Bxclusion criteria
included: (1) current use of other herbal or traditional Chinese madicine,
(4] aﬂergy to herbal or traditional Chinese medicine, (3} pregnancy or
lactation, (4) concurrent major illnesses such as cancer, stroke, heart
failure, or remal failure, (51 DM. Basic demographic dam including
gender, age, body mass index (BMI), 2ge at onzer, duration of illnesz, and
CAD minucleotide repeat number were collected from participanta.

2.2 Sedy design

Thiz wan a randomized, wiple-blind, placebo-controlled cromover
study, conductad ar CCH from May 31, 2021, to Geptember 26, 2022 Ik
wan approved by the CCH Institutional Beview Board (No. 200708), and
it haz alzo been registered on ClinicalTrials gov (NCTOS033306).

SCAS3 participants were randomized into Group 4 or Jroup B ac-
cording to the recrvitment order, without knowledge of the experi-
mental drug compoaition. Bach group received either Chinese medicine
or placebo first. Oroup A received AM for twelve weeks initially, fol-
lowed by a four-week washout period, and then placebo for mwelve
weeks, Oroup B followed the reveme zequence. Participants were
allowed 2o continue their previous western medication therapy during
the smdy but were resricted from receiving other Chinese herbal
medicines. A research assistant regularly monitored medication adher-
ence and gide effectn via phone calls during the tial period. In addition,
we analyzed the characteristiczs of dropout participants to evaluate
whether attrition might bias the interpretation of trial outromes.

2.3. Randomizotion and blinding

Sun Ten Pharmaceutical Co., Ltd. designed a randomization list,
uzing block randomization with a block zize of four, which iz commonly
applied in small-zample srudies o maintain balanced allocation betwean
groupe during recruitment, and provided it to the CCH Chinese Medicine
Pharmacy for sequential medication diztribution. Allocation wan thus
concealed: investigators, study staff and participants wese blinded to
assignment, and the randomization code waz held by the mamufaciorer
until rrudy unblinding.

2.4 Sample sice

In thiz cromover study, participant numbers needed were asseszed
quantitatively to estimate: a significant difference of 0.05% waz oet,
utilizing a two-tailed test, with a power set at 0.3, and caleulating the
wariance in the zame patient’z standard deviation before and aftes. If the
sample zize waz st to advance by 50% before and after, the paired
number of cazes waz estimated to be 33 individuals to reject the noll
hypothesiz. Azzuming a dropout rate of 25%, the szample nize would then
require 44 individuals. In a study by Wilke et al. on serom ML lesels, it
waz guggested that with an effect zize of 20%, approximately 15 par-
ticipants were needad in both the study and conrel groups. ™

2.5 Preparation of AM and the placebo

AM and placebo were provided by Sun Ten Pharmacentical Co., Lad.
AM war manufactured at 2 rase of 3.0 g from every 3.3 g of crude AM.
The placebo conzizted of starch and maltodextrin (in a 7:3 ratio], with a
mmall amount of caramel chocring to match the appearance, tacte, and
color of AM powder. Bazed on a rat model study, the zafe dosag= of AM
for adults iz less than 20 g per day without significant nephrotoxicity.””
According to the dozage of AM extract wced for stroke recovery and
poat-ctroke [atigue, a daily dosage of 9 g has no zignificant gide =f-
fectz.”™"" Therefore, combining clinical experience and the above
research regulm, the dosage of AM in this study was zet ar 3 g per cacher,
twice a day. Participants were required to tzhe one zachet before
breakfazt and dinner for 12 weeks Adherence wa: monitored through
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both returned sachet counts and review of participants’ medication di-
arien. Participants were inctructed to bring back any unuzed zachets at
each follow-up vizit

26 Zafety monitoring

AM haz been documentsd az a top-grade herb medicine in the Shen
Mong's Herbal Clazgic (Shennong Bencao Jing), indicating its non-toxic,
zafe, and suitable for long-term conmumption. In animal stodies, AM has
demonzerated hepatorenal protective effecte. " In a clinical trisl for
post-stroke fatigue, one-month adminiztration of AM chowed no zide
effects on peripheral blood lewels, liver function, or renal function
Mevarthalags, we continued o monitor creatinines (Cr), sctimared
glomerular filtration rate (eGFR], blood urea nitrogen (BUN), glummic
oxaloacetic francaminace (GOTl, g]utum_ic Pyruvic ransaminase (GPT],
and complete blood count with differential count (CBC/DMC) during each
outpatient vigit to enmire the zafety in patients with 5043,

2.7, Ouicome measurcments

The participants were instructed to undergo blood sampling with
azgistance from a designated amistant. The initial cutpatient newrolog-
iral amzezoment, SARA, wan conducted by 2 connictent nevnrologioe

Plazma ML reduction was designated az the pre-cpecified primary
outcome of thiz trial Insulin system, I0F1, and associated binding pro-
teinz (IGFBPz), exhibit anomaliss in 5CA3,'" making the [I5 3 potential
therapeutic Lug!t_:g' Free-form [0F1, represented by the 10F1/10FEP3
ratio, reflects 1GP1 activity, with IGFEP3 predominantly binding to
regulate [GP] activity. An increasze in IGFBP] levels within the braine of
tranzgenic mice has been found to suppress the quantity of myelin avona
and oligo-dendrocytes,™ contributing to the possible pathogenesic of
5CAS" B-hydroxy-2-deoxyguancsine (B-OHAG), a product of DNA
oxidation, perves az an oxidative stres: marker in newrodsgenerative
diceazes such ar AD and in 5CAS mice.' ™" Qur asoegcment aim to
determine whether AM could ameliorate NfL, 115 or oxidagive stresa in
SCAS patisnts.

27.1. Glinical blood chemistry

The analyzed laboratory parameters included blood level: of CBC/
D were analyzed by Beckman Coulter DxH 900 hematology analyzer
Beckman Coulter DxH 900 (Bechman Counlter, Miami, Florida, USA). The
plazma levelz of GOT, OPT, BUN, and Cr were measured wsing an
AUSBO00 Serieo Clinical Chemistry Analysers (AU5811; Beckman
Coulter, Brea, CA, USA) by Department of Laboratory Medicine, CCH.

272 Detrmination of 8-0HdG and NfL in plasme

The plazma level of 5-0H40 wan amemed uzing the Highly Senaitive
8-0HdG Check BLISA kit (JalCA-$FFOG-H510E). Quantification of ML
levels in plasma was wring the Simeoa® NP-light™ Advaneage Hit
[F103156) and an ultra-high sencitivity protein molecular detection
inctrument (Simoa HD-X, Quantarix, ¥4, USA), a0 previoualy described
in the literature

278 Megsurement of I15 in plasma

Blood samples were dravn into 10 ml BD} Vacutainer® EDTA Tubea
and centrifuged at 3000 rpm at 4 °C for 15 min to isolate placma which
was then stored at — 80 °C until analyzia. The concentrations of glucose,
inzulin, IGF1, IGFEP1, and IGFEP3 were determined uning specific assay
kits: Clucose Colorimetric Aspay Kit (Cayman Chemical-10009582),
Insulin BELISA kit (Mercodia 10-1113-01), Human IGF1/1GF]1 Immuno-
azzay BLISA kit (R&D Systems-DQJ100B), Human IOPEP-1 ELISA it
(RayBiotech-ELH-IOPEP1-1), and Human IGPEP3 ELISA Kit (Abcam-
ab100541) respectively.
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2.5, Somiistics

We utiliced SPSE v.22.0 to analyze variable changes in the omdy,
employing both parametric and non-parametric statiztical methods,
depending on the distribution of the dam. Due to miszing cazes and a
mmall zample zize, we employed intention-to-treat analyniz (ITT) to
maintain randomization and reflect real-world conditionz. Miming
valuer were handled wzing last oboervation carried forward (LOCF)
under the [TT principle, and bageline characteriotics of completers and
non-completers were compared to assess potential bias. Carryover of
fects were asseszed using mived mode] analyziz to evaluate the quality of
the randomized crossover design. After conzidering wariables such as
age, bazeline NfL plarma levels, drug administration sequence (placebo,
drug firer), trearment type (placebo/dreg), intervention ocder (fret/
second three months), and treatment-order interaction, the diffarencs in
ML levels was not statistically significant (P = 0.174). Therefore, we
analyzed the results using a pooled sequence. We uzed independent t-
testz and Mann-Whitney U testz for between-group comparicons, and
paired t-testz or Wilcoxon tects for within-group comparicons. In addi-
tion, multiple regreszsion models were applisd to adjuse for potential
confounders of NiL reduction, providing a more robust azsezoment of
treatment effects. Correlation analyzes were conducted to explore re-
lationzhipz between changes in plasma NEL level: and changez in 113-
related explorasory biomarkers chowing treatment-amsociated effects.
Statistical zignificance wag set at P < 0,05,
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3. Resulis

21. Seudy flow and demographics

This study recruited 32 subjects with SCAS, who were randomly
asigned, with 16 patients entering Group & and 16 patients entering
Oroup B (Fig. 11. In Group A, there were no participants who dropped
out during the first three montha of AM. During the washout pericd, nro
participants azked to exit the study, one had experienced a seizure due to
dizcontinuing seizure medication zix montha before the beginning of the
trial, and the other discontinued becavse of recurrent rhinitiz and a
dezire to reduce medication usage. In the subsequent three months with
placebo, one was azked 2o exit due to a transportation izoue. In Group B,
there were four participants who dropped owt during the firot three
months of placebo: one due to a tranoportation izoue, one due to cardiac
event, and two due to numbness of limbe. During the washout period,
pwo participants asked to exit: one due to a ransportation isoue and one
due to an anxiety dizsorder attack. In the subsequent three montha with
AM, no participants dropped out Adherence wan zaticfactory, with
medication records showing thar regularly followed-up participants had
fewrer than 10 sachets unconsumed during the smudy period.

In total, 23 participantz completed the study, corresponding to an
overall dropout rate of 23%. Attrition biaz amessment revealed no zig-
nificant  differences  between onmplcrzm and mn-omnpler.ﬂ:n
(Supplementary Table 1) Our study design employed ITT analyin and
pooling zequence, encompamning all 32 patients with 26 receiving AM
and 25 receiving placebos. Bagic demographic data for Group A and
Group B are provided in Table 1. There were no gignificant differences
between the two groups in terme of demographic characteristica, S0A

Assessad for eligibility

I {P=47)

I

Randemizalion

{n=32)

s Exchuded (=15}
1A non-SCAS:
L riuiple system alroghy (reB),
SCAZ (n=1), BCAE (n=1),
i+ CAuUnknawn type (n=2}

| & SCAY unable o participate
regularly due to lransporiation |

Group A (n=16}
Recaived AM for 12 wks

)

Group B (n=16)
Received Placebo for 12 wke

T bropam ez
i 1 old saizua atack

w—  Washout for 4 wks and crossover

Drapaut {r=d):
i | ransportation issua
11 candiac event

:-7 umbs

af limbs

¥ Dropout {n=2).

nsportation issua

—p | 1R
1.1 ety disgrder attack |

1 racurrant rhinitis H l’ L
Group A (n=14} Group B {n=10)
Riecaived Placabo for 12 wks Recaived Al for 12 wks

]

" Dwpout (rmty
1 transportation ssus

Comgleted rial (n=13)
Analysad (n=16)

)

Completed iral (n=10])
Analysed {n=16)

| )

Fig. 1. Flowchart of sady recroitment. SCA, spinocerebellar ataxia. CA, cerebellar ataxia. DM, diabetes melline. AM, Astrogoius membronoceus.
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Takle 1
Demographic characteristics of participants.

Group A (mean =500 Group B (mean =500 F

Baic features

Case mumber 16 16

Sex (male, %) 12 (75) 2 (50) o144
Age [y} 47.5= 132 4592 141 0739
EMI (s rkg) 227 =38 EIR A 0520
SCA feanmres

Age an onset (ye) 365 £ 9.8 ST.5E 145 [aE::
Duaraticn {ye) 106 = 7.5 B4 £ BE 0344
CAG eoant FLI =26 T3+ EE 0264
BAEM 14.9 = 10.8 142+ GO a8
NiL {pg/mL) BT = 116 = 9] 7
B-OHAG (g mL) 3.37 = 063 ZAEE IO L3955
InsulinInsulin-lke growth fetor 1 system

Glucose (mg/dL) 97.7 + 200 1016+ 279 [ils ]
Insulin (pIUmL) BT =33 a2+ TE 18T
IGF] (mgsnel) 7.1 £ 33.1 E5.0-= 2330 0233
IGFEPL { gLy 441.4 = 554.1 1043.0 £ 1974.2 OLB0G
IGFEPE {ng/ml) BEE = 27.0 45,0 2.7 0.258
IGF1/TGFEPE mitic 1.5 = 0.8G 208 093 [aB:1e ]

BMI, bady mass index. SCA, spinocerebellar ataxia. SARA scale for the assess.
ment and rating of ataxia. NiL, nenmdlament light chain, 8-00dG, 8-hydroxy-2'-
deoxyguancsine. IGF1, inslin-liks growth factor 1. IGFBPs, inmlin-like growth
Eactar binding proteins.

feamres, and [15.

3.2. Bafrty monitoring

There were no participants who dropped out during the thres monthz
of AM in either Group A or Oroup B. Following interrentions with AM
and placebo, most monitored biochemictry parameters in plarma
thowed no significant changes (Supplementary Table 21 Although some
parameters exhibited alterations, they remained within the normal
range: Cr significanty decreased in the AM group (F = 0.023), «OFR
rignificantly increazed in the AM group (F = 0.016), and white blood
cell (WBC) zignificantly decreased in the placebo group (P = 0.004).
Regarding liver and kidney function, there were no obviour changesz
obeerved in either group.

3.3, Nfl, 8-0HdS, and IS after intervensdon

Plazma Nfl, the primary outrome of thic trial, decreazed afrser AM
adminiztration from 27.6 + 10.7 to 25.6 + 9.5 pg/ml, reprecenting an
approximately 7% reduction (P = 0L040; Fig. 24) in 26 patients with
SCAS, whereas no zignificant change was obeerved in the placebo group
(254 + 125 wo. 258 + 143 pg/ml, P = 0.768). Howewver, in the
multiple regresgion model adjusting for potential confounders, the
between-teatment difference in NEL reduction did not reach statiztical
vignificance (mean difference: —2372, P = 0.127; Supplementary
Table 51 To further address potential biaz from miming daw, LOGCP
analyziz was applied and confirmed a modest but significant reduction in
Wil after AM (P = 0.041]), with no zignificant change in the placebo
group (= 0.767).

Regarding insulin and glucoze metaboliom, glucose levels remained
unchanged in both groupas, but inzulin nearly doubled after AM treat-
ment(12.5 + 15.2 to 21.1 + 15.5 plU/mL, P = 0.004; Fiz. 28}, while no
rignificant change waz detectad in the placebo group (1007 + 9.0 wo.
13.6 + 15.6 pIU/ml, P = 0.990). Importantly, no significant correlation
wan obzerved bemween the magnimde of ML reduction and inzulin
elevation (r = 0.165, P = 0.420; Supplementary Fig. 1). Other bio-
markers, including 5-0HJG, 10F1, IGFBP1, IGFEPS, and the IGF1/
IGFEP3 ratio, did not exhibit significant changes following AM or pla-
cebo administration (Table 20

Journal of Tradirisend and Complemenry Medicing ey [ o) e

A

L2
e & Control
-il o befora 3-manth treatmant
uu # after 3-monsh treamant
e
N ot

&
‘Control

B

P=0.990

Corrnl
> before 3-morh freatment
& after 3-month reatmant

Ierzulin {pilimi)

¥y 85 8EE
7 =8,

Placabo

M
n=28)

Fig. 2. Poaled amalysis of NiL and imsulin before and after thres months AM
[A)/Placeba (B) intervention. The data for the control group were sourced from
anather study conducted by our team and comprised 36 sex- and age-matched
hezalthy sulgects. Nil, nearofilament light chain. AM, Asragules membronaces.

Table 2
Flazma biomarkers and 118 before and after 12 weeks of treatment with AM or
placel.

AM (0= 28} Placebe {p = 25)
misin = 5D F mean = S0 P

NIL (pg/mL)

Before Fex 107 Do40® 254 =115 [y 2

Afer 256+ 98 5B+ 143

BOHAG (ng/nil}

Befoee 289+ 188 077 3BT = 1.66 0864

Adter ETH+ 146 4.01 =+ 1.86

Glucose (mg/dL)

Before 103.5% 225 1o 1041 = 23.0 DLEG

Adrer 118.5% 39.0 1036 = 223

Inssalin (I, mL)

Befoee 125+ 152 0004~ 107 = 9.0 0990

Adter Z1.1+ 155 136+ 156

IGF1 (mg/ml)

Before 95.2x 316 DG4T 9.7 = 206 o412

Adrer 974z 303 953 = 0.0

IGFET {pg/ml)

Before 406.5+ BTLY 0732 7982 = 16089 OLASD

Afer 3509+ 5407 4112+ 507

IGFEPS {mg mil)

Before 554+ ZOLG 0.84% 51.1 £ 235 LD

Adrer 54.8% 5T 51.7x 243

IGF1/TGFEFS ratie

Before 1.93 = D2d aET l09+1.03 DZ26

Afer 1.99+ 021 2L1Ex 116

M5, insulin/insalindike growth Bacor 1 system. AM, Asrogelie membronacens.
N, nevrafilament Hght chain. 8-0H#G, 8-hydmxy-2-deoxyguanosine. IGFL,
insalin-like growth Bctar 1. IGFEPs, insulinelike growth factor binding proteins.
The P value was calculated for the comparison between before and after treat
ment. *F value less than (.05,

3.4 Zubgroup mnalysiz of Nfi, 8-0OHdG, and 15 after intervention

Due to variations in the severity of enrolled patientz, AM may yield
diverse effects. According to the claification derived from the SARA
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progression scale,”" individuals receiving AM with SARA scores <3
pointz were categorized into the preclinical group (n = 2, those with
poores <11 were labeled az stage | (o = 9], and thoae with scores =11
were allocated to stage Il (n = 15) (Table 3). Por the preclinical sub-
group, reqults are precented ag affect sizes due to the very small zampls
zize: plasma ML decreased by 2.1 pg/mL (16%) after AM, while ingulin
increazsed by 21.7 pIU/ml {344%). Other parameters chowed variables
changes without conzistent trends. Stage [ recults are presented with 7
waluez in the table; however, given the limited sample size, these find-
ingz chould alzo be conzidered exploratory. In thiz group, only a modest
reduction in 8-0HAG levels (3.97 + 1.77 va. 3.49 £ 1.45, P = 0.028) wan
oboerved after AM adminictration. [n contrast, stage [I patients exhibited
a significant reduction in NfL (326 + 10.8 vo. 30.4 + 9.3, ' = 0.033;
Fig. 3A). No change in NfL waz observed after the placebo acrosa the two
stages {Fig. 3B). Olucose levels remained connistent in each stage Like
NiL, ingulin showed significant variation only in stage Il patisnts (5.0 +
5.6 va. 19.8 + 15.3, ' = 0.003; Fiz. 3C) after AM but not after the pla-
cebao {Fig. 3D). Howewer, there was no direct n.igniﬁ:uut correlation
between the change in NEL and insulin after AM, possibly due to the
complex interaction beoween the inrulin system and the central nervous
system. Mo variation war noticed in IGF1, 1OFEPs, and IOF1/10FBP3
ratio among the two otagen

3.5. Patient-reported positive effecs and nopeceed adverse effees

In addition to plazma biomarkers, we recorded subjective responsea
and zuspected zide effects in patients after medication adminiztration
(Supplementary Table 4). Among patient-reported pogitive effects, thres
participants reported improved balance and o reported alleviations of
Eatigue after taking AM, while none reported improved balance and five
reported  allevistions of fatigue after taking placebo. Reganding

Table 3
Subgroup analysis of plasma biomarkers and [0S befors and after 12 weeks of
treatment in sabjects with AM.

Preclinical (B Grage [(n =T Grage O (o= 15)

=1)

mieam = 50 man £ 50 F mean = 5D F
NiL (prg/mL)
Before 132+ &7 i+ 4B 0458 6+ 108 0.033*
After 110+ 29 X8+ 53 304+ 93
B-DHAG (ng/mL)
Before 3.E4= 087 297+ 1.7 D.0zE* 385+ 212 0334
After 3E8= 025 5492 145 393+ 1.60
Glucose (mg/dL)
Before ML= 1T 240 162 o7 114+ 22 0344
Afties 2iex11 107.2+ 184 1029+ 198
Ensulin {pIU fml)
Bt B2 = G0 N5+ 129 0594 80=% EE ouooa*
Aftis 380+ 308 21.9= 145 19.8= 1E=
TGF1 {mg/niL)
Bt 10M.7= 1.7 G ITh 04EZ 6.4+ 317 0571
Aftis 11E0= L5 4= 338 928+ 305
TGFEF1 {pg/mLy
Bafoe 08+ 45 3532+ TIEG 0250 42806+ B3 DLBES
Aftis 1138+ 161.0 2371+ 5040 4508+ BETS
IGFEPE {ng/mL)
Before ETS = 404 51.1= 260 D.ETE 553+ 270 0B
Afvies T44= 20 500+ 387 55.2+ 259
IGF1/TOFEPE matie
Before 1.99 = L6d 201 = e 0w 187+ 075 0.ass
Afvies 1.67 = 0LG3 212 1.07 186+ G2

M5, insulin/insufin-like growth factor 1 system. AM, Astrogaiies membronocers,
ML, newrofilament Hght chain, 8-0HdG, 8hydroxy-2-deoxyguancsine. 1GF1,
insulin-like growih factor 1. HGFBPy, insulin-lke growth factor binding profeins.
The P valee was calculated for the comparison between before and after treat
ment. Due to the very small sample sitees in preclinical growp n = ), statistical
testing was not performed; values ane presented descriptively only. *F valoe less
theam 005,
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mmpected adverse effectz, four reported dry mouth and three reported
inzomniaz after taking AM, whils two reported dry mouth and one re-
ported insomnis after taking placebo. Neverthelesz, no significant dif-
ferences (I == 0.05) were found between the AM and placebo groups in
comparison.

4. Discussion

Currently, there in no ectabliched therapeutic modality for patienm
with 5CA3, underscoring the urgent need for efficacious symptomatic
management ar DMT. Utilizing plasma Nfl. levels to monitor changes
pre- and post-treatment prezents an opportunity to streamline both time
and coat efficiency. In thiz exploratory pilot cromover otudy, 2 bordes-
line reduction in plasma ML was obeerved within the AM group
following administration, along with the notable increase in ingulin
lewels; however, the adjueted between-treatment difference in NiL wasz
not statistically significant. Although the approximately 74 reduction in
plaoma MNfl. may reprecent a potentially relevant biological rignal, its
clinical significance remainz uncertain. Exploratory subgroup analyzes
numerically suggested larger biomarker changesz in stage [ patients,
although these findings should be interpreted cautiovaly given the
limited sample size after stratification. Thia etudy marka the first clinical
intervention utilizing Nfl. assesoment in SCAS and the fror triple-blind
randomized crossowver trial emploving traditional Chinese medicine in
cerebellar azagian. Since the inoulin rize wan not significantly correlated
with ML change and IGP-related markers remained wnchanged, the
present dara do not establish that AM reduced neurcdegeneration
through 113 zignaling, and the observed ML reduction should not be
regarded an confirmatory evidence of efficacy. Rather, the biomarksr
pattern chould be interpreted az a preliminary, hypothesiz-generating
zignal that requires confirmation in larger, adequately powered trials.
Accordingly, thiz smudy should be concidered a pilot biomarker-guided
exploratory trial rather than a definitive efficacy smady.

Central and peripheral inculin play critical roles in regulating
metabolic and neuronal processes. Blevated drculating ineulin in mice
haz besn shown to modulate hypothalamic gene transcription.”” Loweer
circulating inrulin levels in disbetic mice correlate with decreazed gen=
expregsion and synthesiz of brain cholesterol, which contributes to
myelin formation and newronal membrane function ®” Unlike othes
neurodegenerative diseases, individuals with 5CA3 often prezent with
normal glycemis but relative hypoinsulinemis. '~ The decline in pe-
ripheral inzsulin levels might lead to 2 seduction in cerebral inzulin, '
which may be further aggravated by the precence of poly) in the
brain.** Lower BMI and elevatsd insulin sensisivicy may represent
compenzatory adaptations to insufficient insulin '~* After AM intes-
wention, peripheral inzulin levels in S5CAS patisnt: increased,
approaching thoze observed in the normal population. However, az the
association between insulin elevation and NEL reduction was not sta-
tiztically zigmificant no canoal relationship can be inferred, and the
present gtudy does mot ectablich whether the observed biomarker
changes are mechanistically linked to [15 modulation. The rationale for
focuzing on [15 in 5CA3 iz supported by converging evidence linking AM
to [I5. Prior studies demonstrate that APS preserves pancreatic frcell
ultrastructore in type 1 DM models with hypoinoulinemia, thereby
mitigating islet inflammation.** APS has also been chown to reduce in-
rulin registance and improve glucose homeoatazia, potantdally lowesing
the rick of AD by addressing metabolic dysfunction at its root.™ More-
over, AST may influence central inculin regulation; in postnatal rat
maoddels of schizophrenia, AST promoted serotonin release in the choroid
plexus, which may enhance brin insulin signaling.*>*" Additional
exploratory preclinical dara suggest that in a2 rar model of
olivo-cerebellar degeneration, AM increased serum and cerebellar IGF1
expreazion and supported neuronal survival in the inferior olive.™ In
clinical practice, AM hag been widely applied in Chinese communitiez
for type 2 DM, where both animal and clinical studies indicate benefin
in improving hyperglycemis reducing inoulin registance, and enhancing
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stage (SARA <3), 9 in stage [ (SARA < 11), and 15 in stage IT (SARA = 11). N, nearofilament light chain. AM, Astragniis membronacens. SARA scale for assessment

and rating of ataxia.

inzulin i\:nziﬁvity.'." Taken together, these prior findings provide a
rationale for investigating [I5-related effects of AM in 5CA3; neverthe-
lean, the curremt clinical dataset supports only an ascociation with
circulating  insulin = change amd does not  demonstrate a2
peripheral-tocentral 115 mechaniom.

In thio stody, plaoma ML chowed a modest within-treatment fuc-
tuation after AM adminictration. Conzidering that ML reflects axonal
injury, this finding may reflect a potential biomarker signal conzistent
with putative neuroprotective activity. Given that intra-individual bio-
logical variation of plasma MEL in in the low zingle-digit percentage
range, the obeered —7% reduction may reflect a biclogical zsignal but
remains within the reported wariabilicy rzng\e.:"" Although our initial
hypothesiz emphariced modulation of the 15, no significant changes
were obeerved in [OF1 or IOFBPo. Therefore, the oboerved MEL reduction
may involve altemnative or complementary pathwayz. Previous research
hac explorad AM'z protective effects against neurodegenerative diceazes.
An initial mechaniom mwolves APS exerting neuroprotective effectn by
activating the Flotho-Nef2 antioxidant pathway, leading to elevated
expresgion of HO-1, NQO1, and TrxR1, which mitigater ROS-induced
nevronal  damage ”!  Additionally, AST demonotrates  potent
anti-inflammatory and antioxidant effectn. In an AD model, it inhibited
microglial activation and NADPH oxidace expression, and reduced ROS
and pro-inflammatory cytokines (TNPF-a, IL-1§, IL-6), thereby attemu-
ating neuroinflammation and newronal injury.” Pinally, extracts of AM
reversed amyloid-induced memory lose and promote axonal regenara-
tion and synaptic reconstruction in mice, further supporting its neuro-
protective potential

Motably, plaoma 8-0HJG leveln, 2 marker of oxidative otreos, chowed
a modest decline in stage | patients; however, this finding should be
interpreted cautiously given the limited sample size. Preclinical studies
indicate that AM and itz componentz: reduce oxidative DNA damage.
AST alleviated kidney injury by ouppressing oxidative stress amd
lowering 8-0HdO lcvn‘ln,” while APS protected cardiomyocytes from
high-glucose injury by preserving mitochondria, reducing apoptosiz,
and decreasing oxidative markem induding 8-0Hd0.™ These findings
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suppart AM'z potential to mitigate oxidative stress-related neuro-
degeneration in 5CA3. However, the detailed mechanizms undedying
AM intervention in 5CA3 neuropathology warrant further investigation.

In patients with DM, hyperingulinemia or insulin supplementation
hag been shown to stimulate hepatic 1GF1 pn:wd'mq:|:i.1:c|:|.:"'E In our otudy,
although AM increaged inoulin levels, it did not lead to elevations in total
or free [OF] in 5CAS patients, nor was there improvement in subjective
Eatigue. Similacly, IOPBP1, a potential diceaze biomarker in SCA3, waz
not significanty altered by AM, decpite being regulated by ingulin. '
Previous gtudies reported that AM or AM-containing formulaz can
enhance 131 or IOFEP3 zignaling, thereby facilitating muscle repair
and grmvﬁ:ind:ilﬂ:\:n."""= APS hag also been reported to ameliorate
ingulin recistance in Hepd2 cell: by restoring gluocose vptake and
upregulating [GF1,/10F1 receptor exprespion. This effect war amociated
with STATS and AET activation, as well an increazed 1GF1 necr:ti.on.'g
The initially alevated free 1GF1 levels in our cohort were proposad to
represent an endogenous compencatory responze to insufficent inm-
lin." The lack of additional I0F1 increase after AM treatment may be
attributable to patients’ normal bageline [OP1 levels, suggesting that
they were not deficient and that AM iz unlikely to directly boost 1G] in
which AM modulates insulin and 10F1 warrant further confirmation in
future gtudi=e.

Boutine biochemical analyzee indicated that AM wao oafe with
recpect to complete blood count az well az renal and hepatic function.
Placebo administration was associated with a minor reduction in WBC
lewels, which remained within the normal range and likely reflected
random variation. In contragt, AM led to a modest decrease in creatinine
within the normal range, potentially suggesting a renal-protective of
fect™ that mesite further imvestigation. AM demonstrated acceptable
tolerability, with only a few reports of dry mouth or incomnia, which
ocourred at similar rates in the placebo growp, rendering cansality uwm-
certain. Fatigue improvement was likewise obeerved in both groups,
indicating a possible placebo contribution. Prior clinical trials of AM or
APS injections reported only mild adwerce events such a0 eczema, febrile
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reactions, headache, and constipation, none of which excesding placebo
rates and all were transisnt amd reversible =" Praclinical tnx_i.aola-gy
studies further support a wide safety margin: ratm tolerated astragalol at
150 mg/kg/day for 91 days without toxicity, single doges of AM up to
5000 mg/kg canzed no mortality, and subchronic studies in ratz and
dogz chowed no distinct toxicity at up to 70- and 35-fold the human
equivalent dooe, respectively.”"' Previous studies suggest that AM
extract or its components, such as formononeting exert dose-d=pendent
effect= on  newroprotection and dizease modulation, including
PI3E/AFT-madiated apoptosiz in hepatocellular carcinoma and attenu-
ation of Af-induced neuronal toxicity in AD model: "** In contrast, our
pilot trial employed a single fxed doze of AM, selected for zafety and
feanibility conciderations in this small-cample clinical setting”
therefore, potential dose—responoe effects chould be evaluated in future,
larger clinical trialz. Collactively, theoe findings indicate that AM iz weell
tolerated, with a safety profils comparable to placebo.

COr findings were conzidered in the context of previous pharmace-
logical trialz in SCA3. An interim analyziz of an oral trehaloce trial
thowed no improvement in SARA scores, largely attributed to limited
recruitment anid underpowering, highlighting the challenges of detect-
ing clinical benefits within chort trials "* In an open-label IGF1 study,
stabilization of ataxis was reported over 12 months, but the abzencs of a
placebo control precluded definitive causal inference.” Az all pharma-
cological agents remain investigational, the only currentdy validated
strategiez  for  transiently slowing diceaze progression  are
non-pharmacological approaches such az phymical rehabilitation and
nevromodulation (eg., TMC and Des)” lmportantly, these studies
typically do not incorporate plasma biomarkers. In contrast, our ran-
domized triple-blind crossower pilot provides short-term evidence of
biomarker :h:ngc.:, and future prolnnged fa]lm.\r-up wrill be valuable to
determine whether these biological signals tranzlate into durable din-
ical benefit.

An apparent discrepancy between biomarker and clinical or molec-
ular readouts iz not unexpected in thiz pilot smdy. Plasma NEL was
selected an the primary outcome to capture short-term biclogical
change, whereas conventional clinical scales zuch 2z SARA generally
require longer obeervation periods and larger cohortn to detect eat-
ment affectz. Likewize, the increace in insulin without parallsl changes
in IOF1, IGFEP], or IGPBPS guggests that any biological recponae, if
present, may reflact an incomplete or non-uniform responze of the entire
115 axiz. Therefore, the curment datazets chould be interpreted ac early-
phage gignals at different levels of svidence, not az convergent proof
of a single mechanizm.

Thiz study waz limited by a 28% dropout rate, primarily related to
comorbid conditions and trancportation difficulties; however, no par-
ticipants withdrew during the three monthas of AM in both groupe.
Baseline charactaristics wers comparable betwesn complet=rz and non-
completers, cuggecting tha: attrition waz unlikely to introduce sub-
stantial biaz. Although no statistical carryover effect wae detected, re-
sidual biological effectz cannot be completely excluded due to the
chronic progressive nature of SCAS and the relatively shost washout
period in thiz crossover design. To mitigate the impact of miming data,
we applied LOCF analyniz, which confirmed the preliminary zignal of
AM-arzociated NfL redvction. Alternative imputation methods =g,
multiple imputation) could be conzidered in additional research to
further strengthen robusmesz. Subgroup analyses by disease stage were
underpowered, particularly in the preclinical group (n = 2) and stage |
(n = 9], and chould therefors be regarded az exploratory and hypothesiz-
generating. Given the pilot nature of thiz study and the relatively zmall
sample zize, the owerall statiotical powes to detect modest treatment
effects waz restricted, particularly in subgroup analyzes; thusz, non-
significant fndings: should be interpretad with caution and not az evi-
dence of aboence. Moreover, the relatively amall cample zize and mul-
tiple biomarker assescments mean that the possibility of statiztical
fuctuation or type | error cannot be fully sxcluded. In our multiple
regreczion analysiz, the reduction in ML with AM waz not significantly
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greater than with placebo. However, thiz asseciation yielded a lower P-
walue than other potential confounders such a2z CAQ repeasz or BMI,
indicating a potential signal that warrants confirmation in larger atudies.
The intervention period in thi ctudy lasted three months, which was
Likely inzufficient to detect changes in SARA ocores.” “In addition, the
detailed mechaniom by which AM influences plasma ML, including the
interplay of inoulin or other systems, remaine unclear. Purthermore,
potential rezidual bias related to sample gize and subgroup ctratification
thould be considersd when interpreting the findings. In the subsequent
studies, employing purified compounds derived from AM, such 2z APS or
AST, may provide 2 more targetad means of enhancing 115 comparad to
the crude extract vsed in thiz stedy.

5. Conelusion

In conchsion, thiz randomized, triple-blind, crocsover pilot study
ruggects that AM administration was associated with measurable chort-
term biomarker fluctuations in patients with 50A3. A within-treatment
reduction in plazma NEL and an increaze in circulating inoulin were
oboerred: however, the adjusted between-treatmen: difference in MNiL
waz not gtatistically significant, and changes in NfL did not comelate
with thoee in insulin. Given the exploratory pilot nature, limited sample
vize, and attenuasion of significance after adjucted modeling, the
obeerred NEL reduction chould be interpreted cautiowly and not as
confirmatory evidence of efficacy.

Importantly, thiz study repregents the firt clinical intervention in
SCAS3 to incorporate plaszma MfL as an outcome measure and the fimt
triple-blind randomized crossover trial evaluating AM in cesebellar
ataxiaz. These features highlight both the methodological innovation
and the translational relevance of the present work. The feazibility of
uzing plasma NEL az a biomarker supportz 2 more afficient and biolog-
ically grounded framework for early-phace therapeatic evaluation in
rare neurcdegenerative dizeazes.

Puture studies with larger cohorts, extended follow-up periods, and
adequately powered designz are needed to determine whether the
oboerred biomarker changes translate into sustained clinical benefits.
Integration of multimodal cutcome meamures-incloding quantitative
motor azsseszments, longitudinal functional scales, and neurcimaging
biomarkers-may further clarify therapeutic impact. Additional mecha-
nictic studies exploring inculin-related and alternative neuroprotective
pathwaye will be sgcential to refine therapeutic srategies. Collactively,
theze regults provide a foundation for continued biomarker-guided
irvectigation of AM in SCA3.
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