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Abstract

BACKGROUND: There are increasing reports about autophagy, but the relationship between the level of autophagy in neurons and the neuroprotection
mechanism is not clear.

OBJECTIVE: To investigate whether rapamycin, an mammalian target of rapacmycin (mTOR) autophagy pathway inhibitor, could activate autophagy by
mediating the P70s6k and mTOR protein levels to protect spinal cord neurons in experimental autoimmune encephalomyelitis mice.

METHODS: Fifty-four healthy female C57BL/6 mice were divided into three groups: control group, model group and treatment group, with 18 mice in

each group. Mice in the model group and treatment group were injected with complete Freund’s adjuvant containing MOG35-55 and pertussis diluent for
establishing models of experimental autoimmune encephalomyelitis. At the same time, the mice in the treatment group were given rapamycin (1 mg/kg

per day), and those in the model and control groups were given the same amount of normal saline. The mice in the model and treatment were sacrificed at
the peak of the onset, and the non-morbid mice, including those in the control group, were sacrificed after 4 weeks of feeding. The spinal cord tissue from
each animal was taken to isolate the intumescentia lumbalis of the spinal cord. Nissl| staining was used for pathological observation of the spinal cord tissue.
Immunofluorescence double staining was used to observe the expression and co-localization of autophagy markers LC3 and NeuN in spinal cord tissue. Western
blot was used to detect mTOR, P70S6K proteins and their phosphorylation levels in spinal cord tissue.

RESULTS AND CONCLUSION: No mice in the control group had an attack, but those in the other groups developed experimental autoimmune encephalomyelitis
to different extents. Compared with the model group, the treatment group had prolonged incubation time (P < 0.01), shortened progressive stage (P < 0.01), and
decreased neurologic dysfunction score (P < 0.05). Compared with the control group, the model group had the significantly less number of Nissl bodies (P < 0.05),
while the number of Nissl bodies in the treatment group was significantly higher than that in the model group, but still lower than that in the control group (P < 0.05).
In the model group, LC3 was scattered in the spinal cord neurons and had no obvious dot-like aggregation, whereas in the treatment group, LC3 showed obvious
dot-like aggregation, and its distribution was basically consistent with that of NeuN. The phosphorylation levels of mTOR and P70S6K proteins were highest in the
model group, followed by the treatment group and control group in turn. To conclude, rapamycin might through inhibiting the phosphorylation levels of mTOR and

P70S6K proteins activate the activity of autophagy to protect the spinal cord neurons in experimental autoimmune encephalomyelitis mice.
Key words: rapamycin; experimental autoimmune encephalomyelitis; spinal cord; neuron; Nissl body; autophagy; protein; mouse; experiment
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Table 1 | Comparison of neurological dysfunction scores at the incubation
stage, progressive period and peak period between model and treatment
groups

415 n WP (d) HERE (d) Th B BRI 5

Ji ik 18 12.68+1.94 7.34¢1.77 3.13+1.17
FINE R 18 14.81+1.85° 4.28+1.56° 2.1240.93°

Fik: SRMALE, °P<0.05, °P<0.01

#x2 | SHIBRERIFCHEBHETHELE (x+s)

Table 2 | Comparison of the number of spinal cord neurons labeled with
Nissl staining

415 n Je FhRic i E s 2 o B (A / 90 )
IEH A 6 58.63£3.22

i Rick: ] 6 39.2243.13°

EERA 6 45.63+3.64%°

FIE 44.01

P <0.01

Rk HIEWALLEE, °P<0.01; SEAAHE, P<0.05
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HIEw A, SAHMEMNRE R DRE)E Kr L
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25 FHEKRABIFENRENMEFEELE IS T A
AR EM LC3 Z G 5 NeuN 945 F A 2 250 LE 3.
TE G35 R N RBRE DG A N B AR B 4L 2 i R A
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P L B G 32 T R 2 /) BRI v W B A7 o A S P i
Fa, T TR A A 2R R DA E e R oo B/IMEIN R A,
TG B B S M 25 /N RO RERR S 0 BRI R AR
2.6 B4/ R ABATLZ P mTOR. P70S6K & @ & L AR AL
KF WLFR 3 FIE 4. 7E H BRI MR B mTOR {5 510 % K 1%
EHEEFRERBEMER. SEFAE, BAH /N KRR i
1) mTOR & (R b /K T & 38, A8 R4/ RiZ4Ehs
PR T IR HA M, SHERHE, HINE R4 mTOR
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Table 3 | Comparison of the relative gray value of phosphorylated mTOR
and P70S6K proteins levels among different groups at the peak period

205 n  P-mTOR H MM KM P-P70S6K £ (A AHN K E(E
IEHA 6 0.115+0.025 0.241+0.077

AL 6  0.454+0.043° 0.465+0.044°

HMERA 6  0.290£0.048" 0.362+0.053*

F1E 91.158 18.115

P1{H <0.01 <0.01

FiE: HIEWALHE, P<0.05, °P<0.01; SHAILILE, P<0.05
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] W B S S0 . mTOR AR AR 1 WGk 12 7 4k Py 3 3o o)
B 5T P 45 0 N #4214 R R E R TR O
7

B MAEE R AN mTOR [1)RF F M 401 770, 38 I 3 ki
WORTAE 2 M RGBT IR IR T h R E H BN WA
TR VE R B FEM SRR BT IR UK BT L o 1 U A
2 RAGUBAT BRI A, HIAE R T IG5 S AR
LRGP TCI AN, Yk A SR B TS BUR R
BRI AR A, M E D RO R R g . B
1977 F 54 MARTEL & BT WA 55 3 AT LK S5 1% 5 £ fe g%
P 0GB % /0N SRR 1 E FE AT B A Y, FER S Ie E
B G 9% 11 i 5 18 28 /1N R BN ALY ot RIS B T IESE, X T
A A T A 87 22 18 ORI 28 70 AT SC35 I RRE IR IR0k 2% 1 1%
L AR E . B3 AN R 22 BB Tk 1 A A e 22 T R
FUH ORI, E I 2% I 5 A 1 VT R 4 B P K B R AR
b 07 s AR O R H R 2RI DNA &5, I T o) 46 45 41 il
AR HER ® . AR RS X EEES H
Wi 95 2% DR 45 177 T R SRR AE L N 10 S B R s I B AR
B PR RYORATYEBOR FER Som g . ins
F 0[5 FK506 25 & R 1 AH 45 4 1 JE i Rap-FKBP12 5 547,

I 5 1ZZ WG G AL (FRB) 45 130 mTOR 45 5 411 il
(7] IS 7T LA F£ £ 4] mTOR {7 P70S6 i (K1 4L, AT
T E MR R AE P, AN mTOR SEL 8 i 6 B 14 1 A=
Wt R, et B MR VA B OR P 1, 05X B P B AT 2R )
TR, D SRR AR (T R ) o 222 55 240 ML o e 22 T 1T
Too IR TIXFERAP LRI HLE], 0 8 8 R L E
B Go EVEIRA HE 28/ SR AR R 22 R G RE AR 4 T AR SS fR
P HEATHR I SR T

2 S0 A LR A A 2K 2H W) DA A R 0t e Y (P <
0.01). HEK A MR (P < 0.01), T HL BE UG 22 2 e
BEAGIE2) (P < 0.05), JE RARIC I A BE w2 T i BCR Tt
5 (P < 0.05), IXARHE N TR A Z 0 LI Tk B 5 S e VE kA
il 2/ B RE 22 T A GR IR T A & A G K mTOR
5 BB mTOR ST () P70S6 H 1 il i) i I AL 7K1
ZE TR SEMAE, FiHERAR mTOR R
PIKP T P70S6K iR AL AT WY A2 R B, RIS 7 iR A R 4L/
R A iy Vg SO I A B e 2 7 R A B S 6 U A Y 8 W e
PrLc3 R K RURBEEI SR, LC3 5 NeuN JLEM LG R
&, HIRT DU TR AR F 0 SR 1 B e B R I R 28
o e VBN RO BEAR 22 T R HE R R, XA RE S e
mTOR & 538 % F mTOR % P70S6 & [ Yl (14 Wl 1R AL - i
ELZEP S

TEETTMA: SRkt Adtre. SE% ; T sehdtra. ko,
W2 RIIE A SEE, TORDIKE A, B, BRSO HE.
Tk,

REIHE: BXFEZXT “FMNTARBUTLALRA (2018L2X-
NYD-ZK17)” #5%8h. PIAVER B9, 2% 34FRA %eh LI, E Azt A
KB ENLE R Gt oA A SLIRE .

FIEHZE: L Faa3%HRF Y, EREARFLFHRE IR TR
HEA B YR,

HAMEIBEER: S £2 0 EARTHY L LR 2E,
FuEF 4 201912-8. EHIRHEMHT HIFLEFHEWNED (LTt
32 5330 094E 45 3HR) Fe AR E Rk,

SEE: ZMRETERRESZHALHEER S (FAHEZH S
REFE F R R 5 L L GIEFIRY .

NEEE: LFHRAO2EE bR 2 5 Lakien & %473 K E
%.

XEINE: XLFLDRATINF EREIT, FATPBOANG LFH
SHALBTE G

MG EER: XFAHF SRR HHEMKF LML
FEREM,

TERNR: LF AT & 5 R BRRALE T AR A
WL,

FHGRENAERR: X & — B AKIRILE, B (Jeitdk T HT 0
“EL -AEW AR - AR 5 XA F 407 5K, ASEI| ANFLT,
ARHMAAET L B AT RN ZhE. BHERY K, R AKE
AP . TH N, HE, 3770, k. BREEZLHK, FH
ZEI RG], ARSI AZIER L CIETAERE,

4 =#E Tk References

[1]  HUANG WJ, CHEN WW, ZHANG X. Multiple sclerosis: Pathology,
diagnosis and treatments. Exp Ther Med. 2017;13(6):3163-3166.

[2] MAHAD DH, TRAPP BD, LASSMANN H. Pathological mechanisms in
progressive multiple sclerosis. Lancet Neurol. 2015;14(2):183-193.

Chinese Journal of Tissue Engineering Research | Vol 25 | No.5 | February 2021 | 699



Research Article

Al odin ,:5 7
)] v

Bl B ARIE®EH, KK
B AETUAE, SEIGTE B B S MR
B9 v MR R, R )
TR CoNEmERA, SLRttE S
G 28 P 0 5 8 A v W SN R I, A
LU REREARE R, 2 DR R
fii. IR TN E

E1 | HENRITAEHRT

Figure 1 | Behavioral changes of
mice in each group

Bl Bl A IE R4,
L\ BOMHIRAL C N
e mRl, SR
A RS SN
N WAt B g GILHAIEEST, Ttk

Sl | SRR S
N

: B I,

2 | RA/NRERSIEAREIEHETTRREE (x400)
Figure 2 | Nissl staining of mouse spinal cord neurons at the peak period
(x400)

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

B, HHE . IRE 2 RUEESTR AR S HERE ). ERERER
224, 2017,42(6): 669-671.

ROVARIS M, GAMBINI A, GALLO A, et al. Axonal injury in early multiple
sclerosis is irreversible and independent of the short-term disease
evolution. Neurology. 2005;65(10):1626-1630.

KELLER CW, LUNEMANN JD. Autophagy and Autophagy-Related
Proteins in CNS Autoimmunity. Front Immunol. 2017;8:165.

KOMATSU M, WAGURI S, CHIBAT, et al. Loss of autophagy in the
central nervous system causes neurodegeneration in mice. Nature.
2006;441(7095):880-884.

GANDHI S, ABRAMOQV AY. Mechanism of oxidative stress in
neurodegeneration. Oxid Med Cell Longev. 2012;2012:428010.
CACCAMO A, MAJUMDER S, RICHARDSON A, et al. Molecular
interplay between mammalian target of rapamycin (mTOR), amyloid-
beta, and Tau: effects on cognitive impairments. J Biol Chem. 2010;
285(17):13107-13120.

DELLO RUSSO C, LISI L, FEINSTEIN DL, et al. mTOR kinase, a key player
in the regulation of glial functions: relevance for the therapy of multiple
sclerosis. Glia. 2013;61(3):301-311.

CHIANG GG, ABRAHAM RT. Phosphorylation of mammalian target of
rapamycin (mTOR) at Ser-2448 is mediated by p70S6 kinase. J Biol
Chem. 2005;280(27):25485-25490.

PARK'S, CHAPUIS N, TAMBURINI J, et al. Role of the PI3K/AKT and
mTOR signaling pathways in acute myeloid leukemia. Haematologica.
2010;95(5):819-828.

YU SY, LIU L, LI P, et al. Rapamycin inhibits the mTOR/p70S6K pathway
and attenuates cardiac fibrosis in adriamycin-induced dilated
cardiomyopathy. Thorac Cardiovasc Surg. 2013;61(3):223-228.
SBRANA FV, CORTINI M, AVNET S, et al. The Role of Autophagy in the
Maintenance of Stemness and Differentiation of Mesenchymal Stem
Cells. Stem Cell Rev Rep. 2016;12(6):621-633.

FRENZEL L, HERMINE O. Mast cells and inflammation. Joint Bone Spine.
2013;80(2):141-145.

FENG X, HOU H, ZOU Y, et al. Defective autophagy is associated with
neuronal injury in a mouse model of multiple sclerosis. Bosn J Basic
Med Sci. 2017;17(2):95-103.

700 | PEHERKTIZHASR | 5525% | 858 | 2021528

H

=t

)]

&
Eind

HnERA

LC3

NeuN DAPI Merge

Bl P2/ BB bR B4 LC3 1 4 A SR AR AL iU 5 R P NeuN 1) 431
BA—F. SEAMANE, FHERMFHEMETCERE, EF8mET
HLC3 BEHZ, RO SRR

E 3 | #HEASHENERENREBEWEZ TS LC3 5 NeuN RiIERHE
LB (RFABHIR, x200)

Figure 3 | Expression and co-localization of LC3 and NeuN in mouse spinal

cord neurons under immunofluorescence microscope (x200)
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