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School of Youjiang Medical University for Nationalities, Guangxi Baise 533000, China; 2. Key Laboratory of
High Disease Prevention and Control Research in the Western Guangxi Region of Guangxi University, Affiliated
Hospital of Youjiang Medical University for Nationalities, Guangxi Baise 533000, China; 3. Department of
Neurology, Affiliated Hospital of Youjiang Medical University for Nationalities, Guangxi Baise 533000, China;
4. Modern Industrial College of Biomedicine and Great Health, Youjiang Medical University for Nationalities,
Guangxi Baise 533000, China
Abstract Objective: To explore the differentially expressed Hub genes in the cerebellum of Parkinson’ s
disease (PD) and to construct a diagnostic model, explore the pathogenesis of PD and seek the potential causes
pretarget. Methods: The data of GSE20314 and GSE28894, PD cerebellar total RNA, were obtained from the
GEO database. Limma and WGCNA were used to screen the differentially expressed genes between control
population and PD patients. Then VennDiagram was used to search for Hub genes. Logistic regression was used
to construct the diagnostic model after obtaining the hub genes, and the AUC of ROC curve was used to evaluate
its diagnostic performance using data of GSE18838 and GSE6613, two data of PD blood samples. Results: (1)
Seven Hub genes including CDKL2, DGKI, ERO1B, SBNO1, SDK2, SYNRG and VPS13C were obtained. (2)
The diagnostic model was constructed based on SBNO1+VPS13C by logistic regression analysis. ROC curve
showed that the AUC of GSE20314 +GSE2889, GSE18838 and GSE6613 were 0.9386, 0.8663 and 0.6564,
respectively. Conclusion: Hub genes such as SBNOI and VPS13C may be involved in the occurrence and
development of PD, which may be used as potential intervention targets for PD in the future. The diagnostic
model based on SBNO1+VPS13C gene has good diagnostic performance.

Keywords Parkinson’s disease; cerebellum; gene

A 4 7% (Parkinson’ s disease, PD) &&

A AHES 5 PDEEY. /N IRES WA
S IGRATHEIR AL I R 2RI b AT

A HESE PD VRZS AL A5 B FERR™ , (A 2230

R B R HJEEE PRI AW T
ARU, A B R, BB T RARY TR 22
T2 RAMSE PD WY KL, 4R 2 5
E;ﬁié\%ﬁhu%&(*’%fﬂtfﬁﬁﬂmﬁiPDHUE

W IR R B I TR DT R . H
HI PD IAIFSE FEAE PR RIR T IX . A2
FHNGA T RES S PD R BN & A B L
IR, WA A R /N - i - B o (]

FA AT 3 PD R B SRS, /N ik
Al DLBEAIR PD B3 A2 € 2 ELIRYT IR R 1Y i2
S AT A ™ AR, /NI RE S 5 PD %
JRUERR, /NIKAE PD Y & S HL i ELAT
Eﬂﬂ{ﬁ 0 HATH e 5, Iﬁlﬂq‘ﬁ%&?PD
LW A R BT RS
$ﬁﬁ%?i%huMﬁ%bMEOﬂ
P FE AR UL PD / \Hm,m\ RNA 5 A GSE20314.,
GSE28894 11 % #i% , 18 & X 1% % 4 i

EE B
1 A VER R B 2=
WFFE LB
J7PE E € 533000
2. VLR EE 2=
R R = e P AR
FE%E%&%@
VAIFSE B I
IV EfR 533000
3. VLR R E A
WS 2 B 2 A R
IV Ef 533000
4 VTR IR R 2E B
AR 24 5 KA
Ik 2= B
J7PE E 533000
E£TH
EXR AR A4
(No. 81860226)
FERANEY 7 S
] B (No. Y YHX
2021001)
g gs:
2022-11-26
BIESE
Eoe iy
13507766338@

139.com



II

limma 25 543 BT RIS IR 23R 3K N 45 43 A1 (weighted
gene co-expression network analysis, WGCNA ) , Jf-if i
VennDiagram 3-8 HX 4] (Hub) FE[H . Ffli F 2 5 7] 15
ST A EAZ WL R | I3 1k 2 A i R AR i S AT
I, 38 2 iR T AVERR1E il 28 (receiver operator
characteristic curve, ROC) 9 [t £& T i FH (area under the
curve, AUC) T 2 B g . ¥R /Miki#E PD i1k
FH Kty AT R A E 2 WAl

1 #REFE
1.1 #ERE

s 4 ok H NCBI 2 [H 36 38 28 A 2 JL 5080 22
(GEO) . GSE20314 F1 GSE28894 427 /IMii i £ 15 1)
RNA $dli4E , GPLI6 7 FE 1) GSE203 14 £L45 4 4~ X HEZ4H
NEEFD 44 PD % 1Y /IMik RNA 1 BERE AR ; GPL6104
RN GSE28894 4145 14 4K AL A REFT 154~ PD i
FR/ NI RNA ERREAS . R HTHR: 2 FEAS LAtk 2
IH—4k, WL 1, GSE18838 Fil GSE6613 4241 1fil RNA
FIRM 2N EESE , Hodh GPL5175 B GSE 18838 41,
5 LA ER AREATI 174 PD B EREA, GPLO6 TR
GSE6613 £45 22 M 1EH# AFHEACH 501~ PD A
12 F%
12,1 Z5FAOW  Limma2—RpEET T PR
R 22 53 F R T 2 7 vk, 78 M ATH: GSE20314 Al
GSE28894 | FHl “inSilicoMerging " £ # 174 If , P FH
2 MU e A T BRI OO FRATT A R %K
14 limma £ (version 3.40.6) #E47 22 %0 #r . P<<0.05 f1I
25 SEAEER 1A 1 3 R B Ry 25 5 56 X (DEGS)
DEGs 14156 Kz RN 1 122 i {8 ] Sangerbox 7E4k
3#7 T E (http://vip.sangerbox.com/home.html ) .
122 IACER ILHIR ML HT LR Z 3k &

i

xxxxxx

®Gse20314
® GsE2s894

I

i

C DataSet

025+ ® GsE20314
® GsE28894

i

T T T T
-3 0 5 10 15
Expression

1 (AC) EHLKRAT; (B.D) BHLIRE

Neural Injury And Functional Reconstruction

R RMZECRBERMBEHAEL > TR
Sangerbox (http://vip.sangerbox.com/home.html) , 5 5
SRR B MAD (median absolute deviation) ,
S B MAD 35 /)N [ Tl 50% A9 56 K. FH R 342
WGCNA [ goodSamplesGenes J5 4 2 5% B 1 1 3L A AN
FEA, 3 — - #) E scale-free co-expression network. B
JEXT A TE T 5 A 43 1R ) Pearson AH SC R [ F-F- 1
BB AR5 A PR A_mn=|C_mn|*B(C_mn=J& A m
FIFEA n Z [8] ) Pearson F I R , A mn=3& K m FlI3E
n 2[R AR OC 3R ) A 1 A SR H R0 P (B2 — 1~ ig
5 R 3 PR 2 [] e R S M AR ) 55 A0 O P ) R R =
B o BB YIRS R A — R TNE
B HE 4 (TOM) , 2 B AT DAJE F— 4>k D] ) I 4% 32 3
PR, 8 SCRIZ R 5 i oA L PR ) S84 0C 3R Z FfE
R W8 FED L, TSR B B A AR LR (1-TOM) o Ky
TR ELA AR AR Rk i iy R R Ry PR A 4R
T tom BYASARBLEE B2 B A TP S0 B2 ORI . itk
— AR R L DR R R AR, 14— AR DI 2Kk
VERBEHAMPARIE , G IF— LB, FF R M T AN
[ B a2 . RS JE B (MM) 2 R R Al S5
P ME R G 240, 3R 12 B R 5 08 8 (R AH Gk
DR M (GS) R ALK ZR A E 5 3R AL Z [ A A OC &
B ARFREE D 5 R A Z [A] A OCHK

123 X4l (Hub) A % fifi FH “VennDiagram” 2
AR DEGs Hl WGCNA Fe A5 i 5 S 68 b S R ) 52 4
PEMIZRAT5 PD H A # UIAH I 89 Hub 5[4, Hub JE A 7E
Xof REZH NN PD £85I v ) ZRA 1 AR ZE R 30 .
1.2.4 PR 25 R —Rh L B
SIHTRERL, T TR Y E B2 . AEFSRCR 24>
M J7 A5 ek (14) 322 5 [T U o i 7% F Ry 1 P67 PDAEAR,
M) 1 25 SRy O I 7R IE R REAS . 3820 [m1H 43 M e )

Wil

...............................

Egr R grd
LLees
O

DataSet

® GsE20314
0.15 ® GsE28894

Expression

1 GSE20314 ,GSE28894 44k & Fll Density [£]



LR LB D)

TV R X o 7 AR B k2 A TR R (O B B 2 R I R
DA ARASERY 3220 (] ) PSR 32 A b 5 n s ) [ A2
i, BRI R HNR . e R R A
TR I 2 D 2R R AR R 2 [ A OC R . e A2
# LAEFRHIE I 2k (ROC) FI ROC £ T I FL (AUC) 1T
TSR S TSR
1.3 it o7

fr A 4> Hr £ Sangerbox . SPSS 23.0. Graphpad
Prism 9.4.0 47, R BT IS £ ok i
BRI ; P<<0.05 22 A Geit2 08 XL

2 R
2.1 Limma £ %% K

DEGs A P<<0.05 . 22 54585 1.1 4% () B PR Ay i 16
M4, 3453 116 4~ DEGs, i FH k1l & K & (R ¢
BT 10067 M feJm 10 7R Fom , LR 2.
2.2 WGCNA %X

A2 A B A B A BORE R T A A A ik P
IR ML . MR EET R E R 16 1), R A 7 %
IKF) 0.89, B HAE M 029, Y /MMEH RN B
301}, A T B < 0.25 AUEE R Ak 13 IR
B (AT B A JE grey BEERBN R TC I Bl 45
IEATAER I SE B o SR G X MBEE S5 I PRAEAE 1F
FPARCHE ST purple B 5 PD 1Y IE AR DG fe e (1=
0.35,P=0.03) . J158 55 H A R IR A 4R 15 GS, [H]
RS H R AIE ] o5 3 R ) 6 TR M S P 345 MM,
FEF# L FRE(IMM] >0.6 }2|GS|>0.1) , purple fHe ip
ELA A 1Y) 188 A H I R gl R R SR i —

>

.| B

.
0.9 900

- g
o [B=160.89 |

e o o o
& & 3%
I
8

Mean Connectivity
8§ 5 8

Scale Free Topology Model Fitsigned R*2
o o
& =%

0.
o.
X
0.

£ 5 B R
L

......

C

Dynamic Tree Cut

I1I

Regulated
V Down-regulated
A Up-regulated

-04-03-02-0.1 00 01 02 03 04 05 06
log2(FoldChange)

B e [ AT

FAE [] sovor
IR | e
3 e
o
® control . sos1
-
B i
prris
. n . DPYS
-

D 5 S

: (A)Limma 22535087 k1L &5 (B) Limma 22 543 #1444

2 Limma 25525387 K B KRR

Ay, WE 3,
2.3 HubAH

fifi /1 VennDiagram 3 15 £ 7 4~ Hub % A , fifi
Veen B3R, ULIEL 45l FHAE 26 Bl s 45 FE L FE A AL
ik, WIS,
2.4 W R 64 A 1 AeBhE

el FH 22 266 [ 011 535 g 2 PR T S AR 3 4 [l )
M4 78 SBNOT . VPS13C X PD FJ32 W 5% Wi B¢ ik % .
TE/MIRREA KR 4E GSE20314 . GSE28894 H1, SBNO1+
VPS13C ROC M1k AUCAEH 0.9386, ULIEI 6A . 7E 1ML
FEA KBRS GSE18838 .GSE6613 Hhfk— L IG 1 iZ 41 7l

10— A 7 w‘q.y A L W
i i\ m

|
09 |

038
S
207

0.6

05

Mg Dy -“m WI‘W “ -I

TE - (A) AL B9 JCAR B 4 4 M

Gene significance for group(PD)

RIS [FAR R B D 26 R L& 48
B (B) AN [6) 50 1 {1 ) % i AH
7 B A 5 (C) 2 A B IR
&5 (D) A RIS i PRAFAE 22 (1]
B AH AL ; (B) purple A& 5 i 51 5
FEIRE LR AH G s D B et
AARRIEARSE, B ARG

K3 WGCNA 455



v

WGCNA limma

¥ : Limma /9 116 /> DEGs 5 WGCNA 1 purple #5 5t 188 />
RSN L 4
K4 Veen&l
8 AT R AP 92 Wi e, AUC {8 43 51 0 0.8663
0.6564, ILI# 6B .C.

3 itig
PD = %y H i 2B R 22 OB e A 48 e RO A S0k

TR Z2 L e b 2 Jo /> , S 35k IS BIR 2% LA B A
SR IRYT _BE DA R 2 MR R AT RS, B
5% R W] PD =8 A8 5/ Nk A B W i OC &R L PD
S I8 s DX/ i e e e v 1 PR B/ N A, TR
IEH AR XA IS A ", Kawabata 551 81
JNBR RS A S B R D RE I AN Sz A e,
INIRRMARER . /DK RESTE ST A2
IREARAEDC , 5 — 2Rz e R A AN AT 2R R
75 PD /N R RS ACEE RO AR I, R PD s
/N - Fr - 2 o 1] 3% %) B4R 5 3 2l Rk 1% F e 5t 1A
X%, [FIFEL S 5 PD AAMEBLEI™ e E A 22 E R /N
[l v 56255 PD [ AEALHI" . Rusholt 451 1) {11 2%
WF9E, #8787 PD I H BB ol . BT IA /M2
A oG o B

=

T
CCCCC

[ X ]
g3

' XY
41 ]
g 33

®r
® control

Neural Injury And Functional Reconstruction

PD &I bl i 2 U, AH G2 i I R AR A6 T 2,
FE W R RN 8 AT BEXT PD A /NI AH S R B A
FER, MOk ZUEE R/ NG AE PD i BB
ANZE VPS13 LN B 2848 i i 28k B FTpR 2808
TR IR R, VPS 13 T RETE IR 2 0] A i Jo 38 6
HEAVEH . 1R VPS13 2 —BIRIE A 13C(VPS13C)
5 PDAE B ANHVIMILFR , M VPS13A 5 HF IFE il
B A LS 20 AR IR R, il s B Ay e
BT S B % PD LA, & B VPS13C 13 31
Horpt ) B A BFITHE 8 VPSI3C 28 5+ 5 PD A 6™,
PD Fl it 5y SR 15 0 B 2 K9, VPS13C 5 AR A
HEFR . VPS13C A LAY RS LR 5 8% ) (A AH G, B
P A A5 LA T REXt VPS13C iy s AT RES
AT, TR &2 A5 LRENH G
AT AR VPS13C A IR B0 ) A XU 35 ™ Hy
AT WL VPS13C 5 PD [l B A% VIR . 78 PD 4Hi it
B efw] DL VPS13C #4028 v F 4k kL AR 19 Ah s,
VPS13C iR 5 BAR M LR AR B R A Sebidk i Be Ak
ISP 451 S5 184 11 . PINKC 1 /Parkin 44 51 8 £ R A4 Ak L K
Wi )07 £ R 44451 173 Y PARK2 #5538 T JHA ¢, VPS13C )
A 2 ¢ 23 338 Jin 2 A AR 6 B4 VG 55 P L DA B
PINK 1/Parkin {4 i 14 £ b A 5 2 45 il i 42, 537 i
WZ5PD Ry AR, AR PDEEREZH VPS13C
FEAE 2GS X ) . VPSI13C 5 9 B A% 17 iR 22 5 1
152414739 5 45 (v 3 AR R () PD B 8P A7 7t 35 Bk
R HCONFE S (B ) A — TR
Ve E R & PD B BRI ) VPS13C 5848 45 R &k
FIPD & A #EHF VPSI3C 192 A 28 A = AR,
C

D

' XY
1]
g 33

®rp
® control

"

' XY
1
3 3é

7 : (A)CDKL2; (B)
DGKI; (C) EROIB; (D)
SDK2; (E) SBNOI; (F)
SYNRG; (G)VPS13C

K5 GSE20314 il
GSE28894 /IMixiZH 41 1y
Hub £ A




M S R

A GSE20314+GSE28894 B GSE18838
100 100
80 80
§ X
£ e £ w0
s =
[7} [7]
g a0 g 40
a a
20 SBNO1+VPS13C 20 SBNO1+VPS13C
AUC=0.9386 AUC=0.8663
0 0
0 20 40 60 80 100 0 20 40 60 80 100

100% - Specificity% 100% - Specificity%

VPS13C L 5ARTARAE BEHKRS, FEFPIAT,
VPSI13C 152414739 7£ PD 5 1EH A B A 7E 3 2=
509, VPS13CFEAR R AR IR A4 35 X, F ik —25
PRFEA L I00E . 25 5T AT UL VPS13C 5 PD [1] %
YIS AR  X SIRATARF T 25 AT . TRATHIBFIT 4G
Rk — % Bl VPS13C 5 SBNO1 3 [K 3 [A] 4 2 5L T
/N ) PD 2 Wi R HLAT R A2 Wk e . AR M I
W, Has W B I A 2 T T B, X aliF S il 2
FEAR AR L i YRR A T BE A0 RS PD (1) BE U A K
LRA ARG S ST BT HRAE , AT I 2 A5 5 Xof
PD B H 2 W s A — R L dE S 3

YT PD 5 /Nl [A] A7 78 & AR VL BE &R, FRATIN R
SBNO1,VPS13C % Hub 2 A " 62 5 PD I & 2 |
Kt B ROk BT /E A PD AV AE T AR N, HL
SBNO1-+VPS13C & [F#4 & (112 Witsd B 5 A7 #4510 12
WrtEfE. (HH A AR S K i HOMEAT 75 i — 2P R
TR -

S Uk

[17 Xu S, He XW, Zhao R, et al. Cerebellar functional abnormalities in
early stage drug-naive and medicated Parkinson’ s disease[J]. J Neurol,
2019, 266: 1578-1587.

[2] Lefaivre SC, Brown MJ, Almeida QJ. Cerebellar involvement in
Parkinson’s disease resting tremor[J]. Cerebellum Ataxias, 2016, 3: 13.

[3] Lewis MM, Du G, Sen S, et al. Differential involvement of striato- and
cerebello-thalamo-cortical pathways in tremor- and akinetic/rigid-predomi-
nant Parkinson’s disease[J]. Neuroscience, 2011, 177: 230-239.

[4] harti K, Suppa A, Pietracupa S, et al. Abnormal Cerebellar
Connectivity Patterns in Patients with Parkinson’ s Disease and Freezing
of Gait[J]. Cerebellum, 2019, 18: 298-308.

[5] Franga C, de Andrade DC, Teixeira MJ, et al. Effects of cerebellar
neuromodulation in movement disorders: A systematic review[J]. Brain
Stimul, 2018, 11: 249-260.

[6] Coutant B, Frontera JL, Perrin E, et al. Cerebellar stimulation prevents
Levodopa-induced dyskinesia in mice and normalizes activity in a motor
network[J]. Nat Commun, 2022, 13: 3211.

[7]1 Ritchie ME, Phipson B, Wu D, et al. limma powers differential
expression analyses for RNA-sequencing and microarray studies[J].
Nucleic Acids Res, 2015, 43: ¢47.

[8] Johnson WE, Li C, Rabinovic A. Adjusting batch effects in microarray
expression data using empirical Bayes methods[J]. Biostatistics, 2007, 8:
118-127.

[91 Geibl FF, Henrich MT, Oertel WH. Mesencephalic and
extramesencephalic dopaminergic systems in Parkinson's disease[J]. J

C GSE6613
100 7 : (A) GSE20314 +
w0 GSE28894 /Nl ZUEA
% & (B) GSE18838 Il i FE A ;
T W (C)GSE6613 If P A
3 20 SBNO1+VPS13C K6 SBNOL+VPSICAE
. Soeasr LAY B9 ROC fhZE I
0 20 40 60 80 100 AUCTH

100% - Specificity%

Neural Transm (Vienna), 2019, 126: 377-396.

[10] O’ Shea IM, Popal HS, Olson IR, et al. Distinct alterations in
cerebellar connectivity with substantia nigra and ventral tegmental area in
Parkinson’s disease[J]. Sci Rep, 2022, 12: 3289.

[11] Kawabata K, Watanabe H, Bagarinao E, et al. Cerebello-basal ganglia
connectivity fingerprints related to motor/cognitive performance in
Parkinson’s disease[J]. Parkinsonism Relat Disord, 2020, 80: 21-27.

[12] Wu T, Hallett M. The cerebellum in Parkinson’ s disease[J]. Brain,
2013, 136: 696-709.

[13] J Blesa, Trigo-Damas I, Dileone M, et al. Compensatory mechanisms
in Parkinson's disease: Circuits adaptations and role in disease modification
[J]. Exp Neurol, 2017, 298: 148-161.

[14] Scorza CA, Guimaraes-Marques M, Girdo ERC, et al. Sudden death
in Parkinson's disease: Cerebellum in court[J]. J Neurol Sci, 2020, 414:
116854.

[15] Rusholt EHL, Salvesen L, Brudek T, et al. Pathological changes in the
cerebellum of patients with multiple system atrophy and Parkinson's
disease-a stereological study[J]. Brain Pathol, 2020, 30: 576-588.

[16] Fikry H, Saleh LA, Abdel Gawad S. Neuroprotective effects of
curcumin on the cerebellum in a rotenone-induced Parkinson’ s Disease
Model[J]. CNS Neurosci Ther, 2022, 28: 732-748.

[17] Kumar N, Leonzino M, Hancock-Cerutti W, et al. VPS13A and
VPS13C are lipid transport proteins differentially localized at ER contact
sites[J]. J Cell Biol, 2018, 217: 3625-3639.

[18] Jansen IE, Ye H, Heetveld S, et al. Discovery and functional
prioritization of Parkinson’ s disease candidate genes from large-scale
whole exome sequencing[J]. Genome Biol, 2017, 18(1): 22.

[19] F Hopfner, Mueller S-H, Szymczak S, et al. Rare Variants in Specific
Lysosomal Genes Are Associated With Parkinson's Disease[J]. Mov
Disord, 2020, 35: 1245-1248.

[20] Smolders S, Philtjens S, Crosiers D, et al. Contribution of rare
homozygous and compound heterozygous VPS13C missense mutations to
dementia with Lewy bodies and Parkinson's disease[J]. Acta Neuropathol
Commun, 2021, 9: 25.

[21] Lesage S, Drouet V, Majounie E, et al. Loss of VPS13C Function in
Autosomal-Recessive Parkinsonism Causes Mitochondrial Dysfunction
and Increases PINK1/Parkin-Dependent Mitophagy[J]. Am J Hum Genet,
2016, 98: 500-513.

[22] Bai X, Liu X, Li X, et al. Association between VPS13C rs2414739
polymorphism and Parkinson’ s disease risk: A meta-analysis[J]. Neurosci
Lett, 2021, 754135879.

[23] Wang L, Cheng L, Li NN, et al. Association of four new candidate
genetic variants with Parkinson's disease in a Han Chinese population[J].
Am J Med Genet B Neuropsychiatr Genet, 2016, 171B: 342-347.

[24] Gu X, Li C, Chen Y, et al. Mutation screening and burden analysis of
VPS13C in Chinese patients with early-onset Parkinson's disease[J].
Neurobiol Aging, 2020, 94311.

[25] Zou M, Li R, Wang JY, et al. Association analyses of variants of
SIPA1L2, MIR4697, GCHI1, VPS13C, and DDRGKI1 with Parkinson's
disease in East Asians[J]. Neurobiol Aging, 2018, 68157-68159.

[26] Safaralizadeh T, Jamshidi J, Esmaili Shandiz E, et al. SIPAIL2,
MIR4697, GCHI and VPSI3C loci and risk of Parkinson's diseases in
Iranian population: A case-control study[J]. J Neurol Sci, 2016, 369: 1-4.

(ARG« )



