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PR TR (P<<0.05), ST R4 by, SRR F 0T 5 41419 PISK, p-AKT, aggrecan
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Regulatory effect of lutein on PI3K/AKT signaling pathway and
chondrocyte autophagy in mandibular joint cartilage tissue of
rabbits and its mechanism

AN Wei'*, MAIMAITITUXUN- Tuerdi"*, YAO Zhitao'**
(1. Department of Orthognathic Surgery for Oral and Maxillofacial Trauma, Affiliated Stomatology
Hospital, First Affiliated Hospital, Xinjiang Medical University, Urumgqi 830000, China;2. Institute of
Stomatology, Xinjiang Uyghur Autonomous Region, Urumqi 830000, China)

ABSTRACT Objective: To discuss the regulatory effect of lutein on the phosphatidylinositol-3-kinase
(PI3K)/protein kinase B (AKT) signaling pathway and chondrocyte autophagy in mandibular joint
cartilage tissue of rabbits with traumatic temporomandibular joint ankylosis (TMJA) , and to clarify its
mechanism. Methods: Thirty-two male New Zealand white rabbits were divided into sham operation group,
model group, lutein group, and 3-MA (PI3K/AKT signaling pathway inhibitor) + lutein group, and there
were 8 rabbits in each group. The rabbit model of TMJA was established in model group, lutein group, and
3-M A+ lutein group, while the rabbits in sham operation group only underwent tissue exposure without
surgery. The rabbits in lutein group were administered 10 mg-kg ' lutein, and those in 3-MA +lutein
group were administered 15 mg-kg ' 3-MA and 10 mg-kg ! lutein. All the drugs were injected via the
marginal ear vein starting 24 h after surgery, once a week for 3 consecutive months. After completion, the
cartilage tissue on the surgical side was collected. HE staining was used to evaluate the patho morphology
of the mandibular joint cartilage tissue of the rabbits in various groups; Western blotting method was used to
detect the expression levels of PI3K, AKT, phosphorylated AKT (p-AKT), Beclin-1, autophagy-related
protein 5 (ATG5) , microtubule-associated protein 1 light chain 3- I (LC3- 1 ), microtubule-associated
protein 1 light chain 3- [[ (LLC3- 1 ), autophagy receptor protein (P62) , matrix metalloproteinase 13
(MMP-13), a disintegrin and metalloproteinase with thrombospondin motifs-5 (ADAMTS-5) , aggrecan,
and type I collagen (Col Il ) proteins in temporomandibular joint cartilage tissue of the rabbits in various
groups; transmission electron microscopy was used to detect the numbers of autophagosomes in
temporomandibular joint cartilage tissue of the rabbits in various groups. Results: Compared with sham
operation group, the pathological score of mandibular joint cartilage tissue of the rabbits in model group was
increased (P<C0.05). The Western blotting results showed that compared with sham operation group, the
expression levels of PI3K, p-AKT, aggrecan, and Col Il proteins in mandibular joint cartilage tissue of the
rabbits in model group were decreased (P<C0.05) , while the expression levels of Beclin-1, ATG5, P62,
MMP-13, ADAMTS-5 proteins and ratio of LC3-11 /LC3- I were increased (P<<0.05). Compared with
model group, the expression levels of PI3K, p-AKT, aggrecan, and Col [l proteins in mandibular joint
cartilage tissue of the rabbits in lutein group were increased (P<C0.05) , while the expression levels of
Beclin-1, ATG5, P62 protein and ratio of LC3- 11 /1.C3- 1 were decreased (P<C0.05). Compared with
lutein group, the expression levels of PI3K, p-AKT, Beclin-1, ATG5, and ratio of LC3-1] /1.C3-1, and
P62 proteins in mandibular joint cartilage tissue of the rabbits in 3-MA+ lutein group were decreased (P<C
0.05) , while the expression levels of MMP-13 and ADAMTS-5 proteins were increased (P<Z0.05) ,
and the expression levels of aggrecan and Col [l proteins were decreased (P<C0.05). The transmission
electron microscope observation results showed that compared with sham operation group, the number of
autophagosomes in temporomandibular joint cartilage tissue of the rabbits in model group was increased

(P<<0.05) ; compared with model group, the number of autophagosomes in temporomandibular joint
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cartilage tissue of the rabbits in lutein group was decreased (P<C0.05) ; compared with lutein group, the

number of autophagosomes in temporomandibular joint cartilage tissue of the rabbits in 3-M A -+ lutein group

was decreased (P<C0.05). Conclusion: Lutein improves the mandibular joint cartilage tissue damage in

the TMJA rabbits by regulating the PI3K/AKT signaling pathway and chondrocyte autophagy.
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MMP-13(1:400) . ADAMTS-5(1:1000) . aggrecan
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A': Sham operation group; B:Model group.
B AR TR A A S BT S B H AU
FAZH(HE, < 100)
Fig. 1
cartilage tissue of rabbits in sham operation group and

model group (HE, X100)

Pathomorphology of temporomandibular joint

1 2 3 4 Mr
PI3K D w— e v | 10000
AKT - Gmp ews e 56000
P-AKT S w— w56 000

36 000

GAPDH M ——

Lane 1: Sham  operation  group; Lane 2: Model group;

Lane 3:Lutein group;Lane 4:3-MA+lutein group.

B2 4% T HKXT KA AL PISK. AKT Al
p-AKT Z H 28 3% H Ik Bl

Fig. 2 Electrophoregram of expressions of PI3K,
AKT, and p-AKT proteins in temporomandibular joint

cartilage tissue of rabbits in various groups

1 BARF TR REBHL P PIBKAKT F p-AKT
BHRIEKF
Tab. 1 Expression levels of PI3K, AKT, and p-AKT

proteins in temporomandibular joint cartilage tissue of rabbits

in various groups (n=8, x+5)
Group PI3K AKT p-AKT
Sham operation 1.00+£0.13 1.00£0.09  1.004+0.07
Model 0.2940.05" 1.0040.15  0.1140.04"
Lutein 0.5640.06"  1.00#0.08  0.2940.03"
3-MA +lutein 0.2640.04"*  1.0540.07  0.170.08""*
F 233.154 1.582 205.018
P <0.01 0.743 <0.01

'P<C0.05 compared with sham operation group; “P<C0.05

compared with model group; *P<C0.05 compared with lutein group.

23 BRURBTHAXTRFEARTAEAXEG
FEKRF HEFARALK, BERARE TS
AL Beelin-1 A T G5B A FRKAKFE R LC3-11 /
LC3-T WM FHi (P<<0.05); SHEAIZH i,

B R 3-MA -+ 8 2 4 T A OGR4 41
t Beclin-1 F1 ATGS5 8 & GA K F- L LC3-11 /LC3-1
FLEFEAL (P<<0.05); S R4, 3-MA+
M R AR A OC T R 2 4P Beclin-1 AN
ATGS & 1 #£ K KF K& LC3-T /LC3- T HAH B A
(P<<0.05). WLIE 3F13K 2,

1 2 3 4 Mr

Beclin-l e (D ——— _— 0000

ATGS5 - - - N o 32000

LC3-1
LC3-1l

16 000
14 000

Lane 1: Sham

operation  group; Lane 2: Model

group;
Lane 3:Lutein group; Lane 4:3-MA +lutein group.

B3 HHARFIHXTHEFHUAF ABMREAR
K ALK B

Fig. 3 Electrophoregram of expressions of autophagy-
related proteins in temporomandibular joint cartilage

tissue of rabbits in various groups

£2 FARFTHXTRBAL T ABMEXEARLIKFE
Tab. 2

temporomandibular joint cartilage tissue of rabbits in various

Expression levels of autophagy-related proteins in

groups (n=8, xs)

Group Beclin-1 ATGS el /ALCS_I
ratio

Sham operation  1.004-0.13 1.0040.04 1.0040.09

Model 9.3840.19°  14.09+£1.35 4.8240.71

Lutein 5.58+0.53""  6.21+0.74""  3.2240.43%

3-MA-+lutein ~ 3.21+0.27"°%  1.024+0.57""  1.134+0.14""

F 251.885 156.712 204.533

P <0.01 <0.01 <0.01

'P<0.05 compared with sham operation group; “ P<C0.05 compared
with model group; "P<C0.05 compared with lutein group.

24 BUARMTHAXYTRTARFTRET MM A X
FHREAKRF HEFARAWE, BAH%RE N
B 56 1 B0E 21 40 MMP-13 fil ADAMTS-5 & 11 5%
KK TR (P<<0.05), aggrecan Al Col Il % 1%
KK AR (P<<0.05); SHAIA hdr, P&
41 H 3-MA -+ I 85 2 4 G 30T A0 0GB 41 4

MMP-13 fl ADAMTS-5 # 4 ik K P AL (P<<
0.05), aggrecan F1 Col Il # [ #ILKFEFE (P<



%M, G

I 2 o SR A0 56 T A 2 R PISK/ AKT 15 538 I A 00| A1 1 s g R 4 - 981
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WY OB 4 U h MMP-13 Fl ADAMTS-5 8 H %
KAKSETHR (P<<0.05), aggrecan fl Col Il & %
KACEREAR (P<<0.05). WLIF4FIFE 3,
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ADAMTS-5 .—.“ 100 000
A S —— 220 (00
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group; Lane 2: Model  group;

MMP-13

Aggrecan

GAPDH

Lane 1: Sham  operation

Lane 3: Lutein group; Lane 4 : 3-MA - lutein group.

B4 BAKFTHRVKBARTREBDGHRE
[SE.SN::R7 4|

Fig. 4 Electrophoregram of expressions of cartilage
injury-related proteins in temporomandibular joint

cartilage tissue of rabbits in various groups

25 BRUARBTHRETHRFTARFTEHEDNKREK
S5EFARA R, BRI G T R 4 R
HOE MR B &2 (P<<0.05) ;5 R4 [ A
2R AR 3-MA -+ I R A BT W e 4l
girp [/ MAEOE > (P<<0.05); St FE4l L
B, 3-MA+M#RHRB T REHAL0h A
W MAE B > (P<<0.05), WK SHE 4,
309 i@

BRI WA DG P Y R R e R b i i
ZVER . AF9E T R TEE O RGP T,
H WETRE S 5 R I B A DG . 4 A S K
CEER IR - 3 SN N 1 e S
M#Z B T Beclin-1, ATG5, LC3-11/LC3-1
P A P62 33k, Sl ik BE 0% 11 i S g, DA ol %
R AR . A W/ T B A M R
(AL R, OB AR TR B R T TS Bk
S EARE AT R, AREELZL R N AR R 0 1 4
N W e B IR B, i i 2R Y T TR s b
T A WE/NMA R B, F I 2 AT e T A g
AMETIE I, TR AN N PR AR A, DT R 4K

£3 BHLH T HRTRKEHRPREBOIHKE R REKF

Tab.3 Expression levels of cartilage injury-related proteins in temporomandibular joint cartilage tissue of rabbits in various groups

(n=8, x=+s)

Group MMP-13 ADAMTS-5 aggrecan Col II

Sham operation 1.0040.15 1.002=0.02 1.000.11 1.0020.12

Model 7.2840.617 5.1740.417 0.264-0.04" 0.1740.02°

Lutein 3.3040.72°" 2.374+0.17" 0.5840.10" 0.6440.08"

3-MA +lutein 5.31+0.25" 4.3940.484" 0.3940.02"+" 0.41+0.054"

F 368.054 189.225 175.336 204.451

P <0.01 <0.01 <0.01 <0.01

"P<C0.05 compared with sham operation group; “P<C0.05 compared with model group; *P<C0.05 compared with lutein group.

C D

A ': Sham operation group; B: Model group; C: Lutein group; D :3-M A lutein group. Red arrow indicated autophagosomes.

B5 BT MBS AR T A HF AR A u/MES (<10 000)

Fig. 5 Numbers of autophagosomes in temporomandibular joint cartilage tissue of rabbits in various groups observed

under transmission electron microscope (>< 10 000)
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R4 BURFTHRVKEHA D A BMEE
Tab. 4 Numbers of autophagosomes in temporomandibular

joint cartilage tissue of rabbits in various groups (=8, z=+s)

Group Number of autophagosomes
Sham operation 0.60£0.23

Model 3.204+0.15"

Lutein 1.8040.05"

3-MA +lutein 1.2040.08""

F 485.392

P <20.01

‘P<C0.05 compared with sham operation group; “~P<C0.05
compared with model group; "P<C0.05 compared with lutein group.

B o AL AE O SR IR YT T A B2 A
B, DNl R A WA B T 40 f9 AR A7 A, o
B MR RE S AN AT TS ML AU . R
LA E WA AR ARG, MR T REA
AR T A R B A, R R A L R A T R
Uikt . AMFFEr, BB G S AR A 8P A
Wk A G B8 Y 58 3R IR 5 AR B 405 AH G B P iy AR
L TF B A7 AE, MMP-13 fil ADAMTS-5 % ([ %5 K
SETE R, i aggrecan Al Col I & 1 2 ik K T FEA%
FEORIE TMIA & B R b, 80E 40 i A v 5=
HOA]RE G 5 R Y18 52 RN B R B AR R AR
W, AT S U L

B B BUAA AL R R R REME BRI
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