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ABSTRACT Obijective: To discuss the expression levels of mitochondrial autophagy and apoptosis-related
genes in peripheral blood mononuclear cells (PBMCs) in the patients with myasthenia gravis (MG) , and to
clarify its diagnostic value for MG. Methods: The PBMCs from 50 healthy controls (control group) and
50 MG patients (MG group) were collected and extracted. Real-time fluorescence quantitative PCR (RT-
qPCR) and Western blotting methods were used to detect the expression levels of mitochondrial autophagy
factors phosphatase and tensin homolog (PTEN) -induced kinase 1 (PINK1), E3 ubiquitin-protein ligase
PARK2 (Parkin) , ubiquitin-binding protein p62 (p62) , microtubule-associated proteins light chain 3 type
II (LC31l), and apoptotic factors cytochrome C (Cyt-C), B cell lymphoma-2 (Bcl-2), Bel-2-associated X
protein (Bax), cysteine-containing aspartic acid protease 3 (caspase 3), and cysteine-containing aspartic acid
protease 9 (caspase 9) mRNA and protein. Different cut-off values were set based on the mRNA detection
results, and the corresponding sensitivity and specificity at each cut-off value were calculated. The receiver
operating characteristic (ROC) curve was drawn. Results: Compared with control group, the expression
levels of autophagy factors PINK1, Parkin, and LC3 [ mRNA and protein in the PBMCs in MG group
were significantly decreased (P<C0.01) , while the expression levels of p62 mRNA and protein were
increased (P<C0.05 or P<C0.01). The expression levels of apoptotic factors Cyt-C, Bax, caspase 3, and
caspase 9 mRNA and protein were significantly increased (P<Z0. 05 or P<C0.01), and while the expression
levels of Cyt-C mRNA and protein were increased (P<C0. 05 or P<C0.01), and the expression levels of Bcl-2
mRNA and protein were significantly decreased (P<C0.01). The ROC curve analysis results showed that
the area under the curve (AUC) for PINK1, Parkin, p62, and LC3 [[ were 0. 969 6 (95%CI: 0. 943 5—
0.9957), 0.944 0 (95%CI: 0.904 7—0.983 3), 0.855 6 (95%CI: 0.776 7—0.934 5), and 0. 908 8
(95%CI: 0.852 6—0.965 0) (P<C0.01), respectively , and the sensitivities were 92%, 92%, 78%,
and 84% , and the specificities were 88%, 82%, 92%, and 82% , respectively; whereas the AUC for
Cyt-C, Bax, Bcl-2, caspase 3, and caspase 9 was 1.000 (P<C0.01), and the sensitivity and specificity
reached 100%. Conclusion: Mitochondrial autophagy disorder and increased apoptosis are found in the
PBMC:s in the patients with MG, which has a higher guiding value for clinical diagnosis of MG.
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1.1 W &RFH U 20184 10 A —2020 4F 12
T R B 2 R B — B T B e M e R A B O AF
& MG 2 Wi b5 1 59 50 § MG B3 1F ik 38 21
(MG ), DAk B 25 K225 — Bt e = B
KBS N ORI B g A N B3 v A5 & 25 12 1 fedt R X
ML 50 A M IE R X A (X H4L) . MG 2
PRE: FEE &SI, RN R DRSS H LR
Hopr—at, ha 4508 AR MG SRR, i #5 LE
T MG P57, KBTI . ZH5M0: OFi
I B B e i g B s O A AR B, A
fl 2 ML ] 0 (repetitive nerve stimulation, RNS)
BRI G ; PLYENE A Jitter (B4} K
T 55 ps s RH A A9 R I s O BT £ Mt E 6 32 1A P A it
5 B M s @ S AR K A B I R 2 A B
Q7 HPE . MG B E I APRIE: A B 4F
W N 14~75 %, ABH — 2 W8 MG, I &
Osseman 73 BRI g 118 B 5 Im R BERE S, R
IR EMAABE , JFEZ MR EA . MG 3%
HeBRAR . DBR MG B AN, I HAt 7 B e i vk
PRI 5 QI R BB I, O3 1 & A ™ Y SR g
PEBNE , BOT R ™ A C i I0AEE s  i
R, @M EENTE AR, UKLIE3PHHN
MRS (B0 e il 30 25 07 IR 97 4
QI 2 5 H Al lm R 5T o fd XS IR 0 A bR
e OFRIE14~75%; OEMGHS, HAIE
O il KRS M A 5 O NG I Rl B AA RS . A
WF 50 28 1 g B2 o 48 P 2 DR e bk W), R P it
5+ NO.ZYYECK [2018] 075, fg HE Xt fig & A
MG B 22328 Mg R S 45

1.2 £Z#&MFBMB Ficoll-Paque PREMIUM ik
B 20 it 43 5 W A H 9 [ GE Healthcare 23 /], SDS-
PAGE BERFC il i & A h 8 = RAWF, 2f
P 4 PO AR G A BCA 28 1 i 3 0 7 3R] & 1 0 A
R B A R, ECL AL A OGHIE A 2 ¥ Bio-
Rad 24 Al , anti-B 4 it ik (0 9% 2 (B cell lymphoma
2, Bel-2) . anti- 5 2 P& BR 1Y K & &R 3 H i 9
(cysteine containing aspartic protease 9, caspase 9)
A anti-B J5 B A1 5K 1 85 H W JR4Y (phosphatase and
PTEN) % & ¥ B 1 (PTEN-
induced putative kinase protein 1, PINK1) | anti-ff &
MXEHA 15431 A (microtubule-associated protein
1 light chain 3 type Il , LC3 1) #1 anti-GAPDH Il

tensinhomolog,

H 3¢ E Abcam A Al , anti-F 2 Bt & R ) K & & R &
H B 3 (cysteine-containing aspartic protease 3,
caspase 3) . anti-Bel-2 #15C X & 1 (Bcl-2 related X
protein, Bax) . anti-Zi g & % C (cytochrome C,
Cyt-C) | anti-E3 {2 & & #% if PARK2 (E3 ubiquitin
ligase PARK2, Parkin) #1 anti-SQSTM1/¥Z % &5 &
% 11 62 (ubiquitin binding protein p62,p62) M [ 3 [
CST A7, TB Green™ Premix Ex Taq™ 1l #l
PrimeScriPt™ RT Master Mix JlJ H H 4~ TaKaRa 2%
"), TRNzol-A" W { r [# )7 5 Ak 5 3l 5 A BR 2 v
Em G R G A bR S A ) AR R
Ao mE R HEE O (RS 5424R) W H K E
Eppendorf 24 7], FEdR{X (#%5 . 800TS) W H %
[ Bio-Tek A ], HkRG (5. 1645050) . 1k
SRGCHBAER RS (B 1708265) HISLH 586 @
f PCR (real-time fluorescence quantitative PCR,
RT-qPCR) 1% (5. CFX96™) ¥y [ %[ Bio-
Rad A\, #4053 00C T (B . K5500) i A
e BRI T

1.3 StARREAZENMNBE@EHRR K
EDT A HUH5ER ML A b B B %) 1835 70 MG iR 3% 25 1]
ANE M2 5 ml, SR FH Ficoll %5 B A B 550 15 bk B2 41
M43 BS W 43 B PBMCs, & T — 80 CH AR I vk 46 v
RArs .

1.4 RT-qPCR ## @ PBMCs ¥ & 54k § e A
X AR RZAKFE KA TRIzol % B PBMCs
BVRNAL TSRS 606 BE T4 RNA Y ¢ B A
4B SRS M 5 BB PrimeScriPt™ RT Master Mix
Kit Ui W1 58 RNA 3% 5% 5% cDNA e f Ui B 3 iF
196 7 PCR, Fras HEERBI YT 5 0L #E 1.
PCRY M &k 95 CHUZEM 30s, 95 CAEMES s,
60 CiR K 30s, 40 MHEH . S hy 45 o 5 WA 1 ih
MMM ML . LLGAPDH AN S, R 2 "%
THI W A A T A S L D mRNA A 7KK

1.5 Western blotting # #& %] PBMCs ¥ & ¥4k §
AR THAXEGREKRE LA PBMCs (15
O A8 HROI A B G G 0 AR A A A A R
H, BCAMEIE R AWE . % M5 R 2 A
I 4 1150 10% SDS-PAGE #E iR fLh 7Lk, 58
%L UK R B R R B PVDFE I . 5% Wig 4= 15
FEMALSh, BEMA—$4CHRESKR, H
bR TR 1 1000 L AR B, GAPDH 4%
1: 5000 He ol fis B . Wi —difs, HR4E—Hish )b
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Tab.1 Primer sequences of target genes

Gene Forward (5'-3") Reverse (5'-3")

PINK1 GTGGACCATCTGGTTCAACAGG GCAGCCAAAATCTGCGATCACC
Parkin CCAGAGGAAAGTCACCTGCGAA CTGAGGCTTCAAATACGGCACTG
p62 AAGCCGGGTGGGAATGTTG GCTTGGCCCTTCGGATTCT
LC31I AAGGCGCTTACAGCTCAATG CTGGGAGGCATAGACCATGT
caspase 3 ATTGTGGAATTGATGCGTGA GGCAGGCCTGAATAATGAAA
caspase 9 GCTGTTCAGGCCCCATATGAT GGACTCACGGCAGAAGTTCA
Bel-2 CATGTGTGTGGAGAGCGTCA TCACTTGTGGCCCAGATAGG
Bax TTTGCTTCAGGGTTTCATCC GGAGGAAGTCCAATGTCCAG
Cyt-C GCGTGTCCTTGGACTTAGAG GGCGGCTGTGTAAGAGTATC
GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA

J& 53 AR R B 4, EIRTFE 1.5h, =
BUWEE AR, TR SR R G H SR AT
BEO, SRH Image JAKAFXT 45 047 K BE 40 A o i,
PLGAPDH BN ZE M, itH HMWEARIEKF.
HE & A RBAKF=HME A KW KEME/ NS R
2 K BE A

1.6 PMBC ¥ & 44k G f= B =48 % A B mRNA
# % X F T K % 4 (receiver
ROC)# & #9444 IHH ML T
curve, AUC), TEALZRLIA A Mk
A T FE PO MG 2 W7 i 2 805 S R N T
Ml . 29848 5 PR IE 48 5, A B 8 =R 8
JE A RE S B — 1, 28 48 B8R B0 B SR B
ik SPSS B 15 H BT A 2H 0 % L Y 24 5 45 L,
256 T8 BCER: KA T % I A B Oy A A B 48 A A
Tt AH N 8 A TR R ) BEORR B SRR

1.7 %3t %44 RAISPSS 24. 05 i1 8k k47
Geit oo 2 W GE T G2 B i G B L DA BB B
N, AR T R s 2 A E 98 X B AR I
PBMCs 1 PINK1. Parkin, p62. LC31l . Cyt-C.
Bax. Bcl-2., caspase 3 fll caspase 9 mRNA M & H #
BACF A IES A, Dhrts Fon, 2410
AREIRCBCR AP S AR AS A 5, LA P<<0.05
ERAgIt¥EE .

2 & R

2.1 28AAF A R0 — A W BRAT T R
hBE 24, L2544, FHERN (40.2+

16.0) %, MG EE P B 18H, Ltk 324,
SERAER Y (44.2416.6) %, 2 A HF 5T X 4 VR

operator
characteristic,

FH (area under

P B L FAR S 0 AR A 2 S R G R L (P>
0.05), HARIME.

2.2 24BREFZPBMCs PEBIKAEAAELE
mRNA & & K+ SXHAHLK, MGYEE
PBMCs # PINK1, Parkin il LC3 [ mRNA % ik 7K
-1 i BRI (P<<0.01), i p62 mRNA ik K
B TE (P<0.01)., W#E2,

F£2 24 W% XL PBMCs # PINKI, Parkin. p62
LC3 Il mRNA FikK¥

Tab. 2 Expression levels of PINK1, Parkin, p62, and
LC3 I mRNA of subjects in two groups (n=50,2%+5)

Group PINK1 Parkin p62 LC31I

Control 0.9694-0.274 0.98540.286 0.931:£0.328 1.037+£0.344
MG 0.425+0.166" 0.4864+0.198" 1.646+0.535" 0.537+0.198"

'P<<0.01 compared with control group.

2.3 2R HEPBMCs PATAELAR A& K
P OHEREMRANE, MG 4 EH% PBMCs
Cyt-C. Bax. Caspase 3 fll Caspase 9 mRNA ik K
SEHIEE B T (P<<0.01), Bel-2 mRNA % ik K
BB AR (P<<0.01). W3,

2.4 2R EPBMCs PEREKBEMEEG
REARF HXTHEALE, MG41E & PBMCs
PINK1. Parkin Al LC3 II/1 # 4 % ik 7K F W] & [%
ik (P<<0.01), ifii p62 & M F ik K F W 8 T+ &
(P<<0.05), WK1,

2.5 2R L PBMCs P BTAAEEG ALK
F S B, MG 4B E PBMCs Hh Cyt-C |
Bax. caspase 3 #ll caspase 9 & H 2 1k K F- B 8 T
(P<<0. 058 P<C0.01), Bel-24E 31k F 1A 2 [
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#3 28R XA PBMCs H Cyt-C .Bax,Bcl-2, caspase 3 Fll caspase 9 mRNA kK P
Tab.3 Expression levels of Cyt-C, Bax, Bcl-2, caspase 3, and caspase 9 mRNA in PBMCs of subjects in two groups

(n=50,x+s)

Group Cyt-C mRNA Bax mRNA Bel-2 mRNA Caspase 3 mRNA Caspase 9 mRNA
Control 1.000+£0.141 1.000+£0.147 1.000+£0.144 1.000£0.128 1.000+0.129
MG 1.994-+0.104" 2.0224+0.145 0.536+0.079" 1.999+0.135" 2.0254+0.120
"P<C0.01 compared with control group.
1 2 Mr 1 2 Mr
PINK 1 w M 60 000 Cyt-C [ o 12 000
Parkin “ 50 000 Bax AR 00 000
Bel-2 P S 26 000

P62 S s G2 000

L3l M S, 16 000

LC31 - 14 000
GAPDH S S 36 000
A
2.0
-§ =) Il Control
aE Lar T MG
= <
& % .
L
55
2% ol
2 B o
2 0
¥
o -
rZ 05 T *x
0.0 | | |
1 2 3 4
B

Lane 1: Control group; Lane 2: MG group; 1: PINK1; 2: Parkin;
3:p62;4:LC31 /LC3 1. "P<<0.05, “P<C0.01 vs control group.
1 2 #HBFEX L PBMCs H PINKI, Parkin, p62
LC3 I/LC3 1 EHRBAKE (A REAKEB)

Fig. 1
expressions of PINKI1, Parkin, p62 and LC3 [ /LC3 [

Electrophoregram(A) and  histogram(B)  of

proteins in PBMCs of subjects in two groups

& (P<<0.01)., WK 2,

2.6 2HEMAMNHZLPBMCs P&tk BERA A
X A B mRNA & ROC W& 45iA5 A5 BER,
Al 5 [ WA 3L ] PINKL, Parkin, p62 A1 LC3 1
B 2R SR B R 92% . 92% . 78% I 84, K%
JE A3 R 88% . 82% . 92% MI82% . H T AH I KL
PR 1) 2% B0 RN R S B 34 100% . PINK1, Parkin ,
p62 Ml LC3 Il # AUC 43 4l 7 0.969 6 (95%CI:
0.943 5~0.995 7). 0.944 0 (95%CI: 0.904 7~
0.983 3) . 0.855 6 (95%CI: 0.776 7~0.934 5)
K0.9088 (95%CI: 0.8526~0.9650) (P<<0.01),

Caspase-3 —— “ 35 000

GAPDH  'SEESSSNS— 6 000
A
5 —
= - Control
e g
4a o MG
oAy 2
E
o
3 'S
= ©
o o
2y 1
g =
ol
ze
0
1 2 3 4 5
B

Lane 1:Control group;Lane 2: MG group; 1: Cyt-C;2: Bax;3:Bcl-2;
4:Caspase 3;5:Caspase 9. "P<C0.05, “P<C0.01 vs control group.
B2 2 AR PBMCsH Cyt-C.Bax.Bcl-2,caspase 3 Fll
caspase 9 HRZHBIKE (AR ELKE(B)

Fig. 2

expressions of Cyt-C, Bax, Bcl-2, caspase 3 and caspase 9

Electrophoregram(A) and histogram(B) of

protein in PBMCs of subjects in two groups

i Cyt-C. Bax, Bcl-2, caspase 3 fll caspase 9 [
AUCH2 1.000 (P<<0.01), AUCH KT 0.8, #
LR A 1 I R T A G R R X MG 112 B B A 35
TR . WK 3,
RIS 5 B 4

MG & B AP AN B BEXERT , IT4ER, MG
SR B 5 AT S 1 o Ok A J2 40 i A= A
WS “sh Jpuh”, X UL+ O A I RE
MRS MM AR EENEER .
KM MG B #H PBMCs ZE R AK 8 J) 27 0 7 5 1% 4T
W, SRR G RO H o BB & el As .
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2 B 2 B 2 &
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G H 1

A:PINK1;B:Parkin;C:p62;D:LC3Il ;E:Cyt-C;F :Bax;G:Bcel-2;H: Caspase 3;1: Caspase 9.
B3 2HBFRIR PBMCs PRI A EANJE T-AH R EE H mRNA #) ROC # 2%

Fig. 3 ROC curves of mitochondrial autophagy and apoptosis-related gene mRNA in PBMCs of subjects in two groups

TANG %5 ™ BF5E % MG B 008 86 T 40 b 77
EAWERREG, HFHSBAEE AT A, AR
ZH AT IAF 5T Y EIESE MG B PBMCs Fl 3h ) B
TR v A7 A 2R A B 2t AR B A S il 5 43 2 2 A 45
%, MIGIKZE MG BA —E W38 L. RF5R
LA MG & PBMCs H R [ 18 148
PR IE A, S — R HRRR AR TS5 MG
RIRAESCH:, PPN IG PRI2 B MG /48 S0 E
ARk Ak LEMASTERS " B, 22—
P et 25 bR 2 A RLR I B, FENILIA Y K A 3
TR AT A IR IR ECEHEE, HIGERR &
REL 1k LA M 5 s LA, sEmm B s L g, 20l
P2 4 ML TC g S E R, 1 PTEN 5 3 3 1
(PTEN-induced putative kinase protein 1, PINK1) /
E37Z RXi%EH PARK2 (Parkin) 18 B67E iULZHAE /1L

0 B BB L R R LR A I i R g
ME A 14 3 (microtubule-associated protein
1 light chain 3, LC3) K& 1L.C3 I Frfg Ltk L.C3
[ fz #4565 HEAp62 (th SQSTMIEH4ifs, 4K
sequestosome 1) 4F & PINK1 F1 Parkin i F i85 H ,
X AEREIE H SR WD B 2 OGN
AL R WK . MG B PBMCs i £ kL
& A Wi AH ¢ 5 ] PINKL, Parkin Al LC3 11 /LC3 1
1 mRNA K35 [ R kKRR, p62 mRNA Fl &
IR K- THE . MUCHA 25 V% #F 98 &K 8. fE#E
RWEFRAR  (duchenne muscular dystrophy, DMD)
BEMB PRI EHNEFRAREA R Z F 22
BT MR B, PINKL 3 [ 4 ik /K o B 8 (%
W] PINKI IR & 5K B 3 300 B W BB 2 5 L R
H £ A K (duchenne muscular dystrophy, DMD)
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k9 . SEABRIGHT 45 ' B0 K 3. 7E-H #5 L
A, Parkin B9 1E 5 BOE AT5 S EORIA B, A
MAEFF A A ERAS , 24 Parkin 25 1 2 35 /K - REAK AT,
B IR A B A W DI RE S5 . SMITH A ™
5% & BAE L ZE 45 ) & 6 AL iE (amyotrophic lateral
sclerosis, ALS) v a] LWL Z2 21 41 Ji 2 K &= il
FBIE 2k fk 2R, I H kS5 4 J2 i Parkin
Y1 RE 50 M p62 e PRk B 3 B0 B Wi Bk B T I R 2
LR R TSR . TANG 25 ™ FFoEEss . S
FEX IRAL IS, MG B A B B AP LC3 1
HHFRIB KO BRI, p62 & H KA K BT
. R MG AR RLIR [ ME RS . WANG 4§
WFFE B . MG B35 08 15 1 T bk T 4t B A7 7E 2k
ENER N R Y R T I ORI = P =Sry S AR
X 2 .

g LR SEA R LB . £ MG, DMD #iI
ALS M NARh, LRARAEAE A Wi ) g B i
AT 5 | A2 B 4% UL 200 R 285 2k Ay R JUL A0 R 4 o A0
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