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[ Abstract] Objective To identify the proteins differentially expressed in extraocular muscles between
restrictive strabismus patients with thyroid-associated ophthalmopathy (TAO) and concomitant esotropia patients by
proteomic analysis using tandem mass tag ( TMT).  Methods Extraocular muscles samples from 5 restrictive
strabismus patients with TAO and 5 concomitant esotropia patients were collected at Peking University People “s
Hospital from August 2019 to December 2020. All the patients received strabismus surgery. Differentially expressed
proteins ( DEPs) in extraocular muscles samples were identified by quantitative proteomic analysis and bioinformatic
analysis based on TMT. Fold change = 1.2 or<0.83 and P value<0.05 was regarded as the threshold to screen
DEPs. GO annotation, KEGG pathways enrichment analysis and protein-protein interaction ( PP1) network of DEPs
were conducted through UniProtGOA and STRING. This study protocol was approved by the Ethics Committee of
Peking University People’s Hospital (No. 2021PHB058-001). Results A total of 53 DEPs were identified,34 of
which were up-regulated and 19 were down-regulated. The biological processes DEPs mainly participated included
response to stimulation, multicellular organismal process, metabolism, developmental process, intracellular signal

transduction, and positive regulation of biological process. DEPs were involved in pathways including focal adhesion,
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tight junction, regulation of action cytoskeleton, and apoptosis. Six key proteins identified using PPI network were

myosin heavy chain 2, myosin heavy chain 7, myosin regulatory light chain, a-actinin-2, fibrinogen alpha chain and

fibrinogen beta chain.

Conclusions There are DEPs in extraocular muscles between restrictive strabismus patients

with TAO and concomitant esotropia patients. Myosin, actinin and filamin may be involved in the pathogenesis of TAO

through regulation of actin cytoskeleton and focal adhesion.
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FRR iR AH 5% BR 9% ( thyroid-associated ophthalmopathy,
TAO) g [ B G HEBRT ' o MRS LA g 0 5 HE N
P2 2L L B HOIR i 20 20 f 93 Jo oy Bt i 38 H A, 7T
IR S WLET SR IR AL O 25 BPEFIIE Y B4 4N 75, ik
M7 BOA R R R IR Bk 28 IR P& R 4 (IR G R 4 1R
VE LB 30 P W R 25 A8 2 R IR FBASAE . TAO
WA NN BN B WL, I R BR A T RN A
B TAO B B R, R R R
&R TAO B ERBOR HLA M AR BIa0 . I
W FR 4 (tandem mass tag, TMT) J& — Fh £ IR (K 41 45 3
R R Z E R R R 25 KB 2 2k & A= 2 45
B B, T S LR X 10 A4S AN R A i b 2R 5 A
FE R TMT HA 5@ & HE i 5 M R
RS T Z TR REEAMHR S,
AW FE AR 4 1 0 [) 67 38 B 10 7 B 0 M R KB T
AHEE TMT £ AR X TAO 4k % FR il P 40 IR S L Fn 3
() P AR LR AP LR AT 00 5 07 8 22 S AR IR R 1, JF X X
SeE I REHEAT AE WA B B i S 5 TAO &
A MUK SR A AR W, Ol iE— B BF5E TAO Y &
o BIL ] 2 A F 50 Tk Al

1 HR5F®

1.1 B

WedE 2019 4F 8 % 2020 4F 12 A FAb i k2= A
ROBEBE IR B2 W Ry TAO (FR il M &L 47 BHILBF 1IE AR
BEILS ], R PSR IR AP WULARAS o 9 A T 3 3 ]
WARHLIEAT R IE AR B E S 0], AR b bl 46 IR A1 L AR
AAE R R B, AW FE T R A0 K N R E B e

2t iE (i 3C5 :2021PHB058-001) .

1.2 ik
1.2.1  TMT #5ic 5 BT A6
1.2.1.1 O B HNLA b A 5 260 0 2
RN RO W S ALBE S AT A 2, T 4 CRMT
20 000xg #5.0> 30 min, B ¥ 5 A 4 £5 4R B 8 1Y
TCA-PIfi,—20 CYLPE 2 h LA [ 34 C AT 20 000xg
B9 30 min, T A3 A% 4R B 4 Y i, - 20 °C 0T

20 min;4 °C 254 F 20 000xg &.0» 30 min, }e/EEE
3G IEVRTITE o TEVUHE P I A BRI, B 5 min B)
WL R AR RS 2 s MIBR 3 s, TR 180 W4 C 5%
£ 20 000xg &5.0» 30 min, B I %, 7 2% F Bradford
0 5 AR R MR R BRI 30 g LR
WL IMAE] 10K EIEE h, T 4 CRAMAT 14 000xg £
AL 40 min, FEPEH ; N A 200 pl 5T 68 43 %% 50% P4 &, 3
1R AL %% (triethylammonium bicarbonate, TEAB) , F 4 C
KA 14 000xg B0 40 min, FEHEHE. T 1A 5 0
25 A 1 e/l MO F1E Trypsin, £ 100 ng % P
WA 3.3 pg ,37 CK¥ 24 ho BT IHAK, B
i F 25 wl 100 mmol/L TEAB % 7 Ikt .

1.2.1.2 kB TMT #ric M\ 4 CHCH FRad i), OF
P 25 i, BE RGP A 41 pl S, #
Jig 1 ming KR4 A BRI G A B IRBE R, AS TR RE S
AR RN R A7 R ARl IR A IR R iR EE 1 h A
8 wl J5idt 73 S% ¥ , F R 15 min, FEAERIR A
R T

1.2.1.3 M @ RO A 3% o> B Gk ik
phenomenex Luna SCX 250 mmx4. 60 mm 100A , 3 2l
IKHHA 95% H,0+5% 2 M5 , A HLFH N 95% L +5% H,0,
PRI pH =98, 1 1.2, 1.2 560 T OB
A1 ml KA 4 C T 15 000xg B0 10 min, g
B T UE BEAT RS RE VR B, A5 B WA B Y A KL g
1 min J5 TR USCER BRI, 45 30 s U B 1 45K 130 min
VR G IF A 10 AN IE i T Bl T

1.2.1. 4 il Al b 22 5e a8 e o v g R YR
B B8 i 1% ( Q-Exactive-Orbitrap , 32 [ Thermo Fisher /2y
) AN IR BUAR T, 4740 5 58 UG 7 2 B AE 5 S A
PR L 1y mef SO B Mascot K {4 (MASCOT
2.3.01) AT R R 5 B2 Hr o ] Swiss Human
BRI R A BRI TR R A LA < 1% AR HE X 25 1 48
FEGCR AT UE . IRBUR X R fE AR IS B 1 B AR R,
HE R R 4 R AR Ik Be A E A RS .
7& 5 8 9 5 R B 8 s o4 O [ — 3 AR 2 — LA X T 55
— 4L 225> 1. 2 45 80<0. 83 i, H P<0. 05,



- 1008 -

AR SIS IR B AR AR 2022 4F 11 HEE 40 %5 11 8] Chin J Exp Ophthalmol , November 2022, Vol. 40, No. 11

1.2.2 AW{EE#H

1.2.2.1 HEHERTE T UniProtGOA K 4 %}
22 5 FRIRE F AT B A K (gene ontology , GO ) 43 #t
TR, 3 T8 B 5 5 2% 00 B AF Proteome
Discoverer 1.4 [ J2 48 W ¥ InterPro %5 44 35 i 4 J28 % 4
JE [ 22 5 20K 8 VIR T A 1 A A O R

1.2.2.2 HHFIREEE EARMWIDEEEDTN
GO & 573 B i 4R 20 A L S HE 1 5 4 80 4R Oy
Br 3 AERsr . EER GO [ERBL 2 g A Wy dE A2 40 i
HoypMorT e, UWEEINWED TR, KM
Fisher ¥ #1650 774 22 R H . GO AR K U
P<0.05 22 A Gt 5 o A InterPro X4 4
Oy 28 S RO E I D REAS F B w AR 1 00 o S A I
TOE AR L P<0.05 25 A GE it

1.2.2.3  HEHBEAHELAE A M4 04 LA STRING
(V. 10.5) 5 A M 45 BARREE 0 2 B8 f R T A A
PR AP 1) 22 59 4R 1 B30I T g 5 AR 1Y A1 S 20
PR BRI S0. TR B ) e U B 2 R s H I
TER A& o JF CytoScape B IF (RRA S :3. 2. 1) A2 sliAH
AR M4 8

2 #R

2.1 ZEBEAME

B ) SRR B B B Oy 24 265, IR B AR R
9 140, Mk — ik BE ¥ &k 8 011, 6 (1 JREUE h 1 697,
TAO #1 5 xf B2l G 22 S R i A e 53 A4, Hrp b
WER M, FTRER 19N (R 1), HEBERE KX
W E W L,

F1 TAO ASWMBRAMMIMNERRIEZRR

Table 1 Differentially expressed proteins in extraocular muscular samples of thyroid-associated ophthalmopathy patients
HniAProAl ) 4R P i TAO éﬁ/xfrﬁﬁ HniAProAl P 2 Pl TAO ZE/XQLE?{
B Vo G HAABCE  BUEES S YLAE R
P02743 Serum amyloid P-component 0.013 4 3.41 P02790 Hemopexin 0.017 8 1.81
B3KVNO Solute carrier family 2 0.046 3 3.23 P32119 Peroxiredoxin-2 0.000 2 1.75
AOA140V]J6 Testicular tissue protein Li 70 <0.000 1 3.18 AOA3B3ISX9 Tenascin-X 0.015 5 1.71
P02671 Fibrinogen alpha chain <0.000 1 2.86 P01024 Complement C3 0.001 4 1. 66
P02042 Hemoglobin subunit delta 0.004 7 2.87 P13645 Keratin, type I cytoskeletal 10 0.000 3 1.63
Q6VFQ6 Hemoglobin beta chain 0.033 8 2.87 P35908 Keratin, type I cytoskeletal 2 0.002 4 1.51

(fragment ) epidermal
P00918 Carbonic anhydrase 2 0.000 1 2.77 Q13228 Selenium-binding protein 1 0.0450 1. 41
Q9UKS54 Hemoglobin beta subunit variant 0.000 2 2.76 P21333 Filamin-A 0.000 1 1.40
(fragment) P00738 Haptoglobin 0.041 4 1.37
AOA1S5UZ39 Hemoglobin subunit alpha <0.000 1 2.65 AOAO87WTA8 Collagen alpha-2( [ ) chain 0.041 1 0. 80
QO05DKS ADD2 protein ( fragment) 0.020 0 2.64 Q15149 Plectin 1 0.023 7 0. 65
G4V2I8 Anion exchange protein 0. 000 2 2. 60 P04075 Fructose-bisphosphate aldolase A 0.013 4 0.51
P02760 Protein AMBP 0.042 9 2.50 Q14315 Filamin-C 0.037 4 0.47
P02675 Fibrinogen beta chain <0.000 1 2.45 A6NGQ3 Obscurin 0.014 2 0.44
A0A024R90Q1 Thrombospondin 1, 0.021 4 2.43 B4DFP1 Phosphoglucomutase-1 0.045 2 0.42
isoform CRA_a P40925 Malate dehydrogenase 0.036 9 0. 40
AO0A024R462 Fibronectin 1,isoform CRA_n 0.002 6 2.26 D3DPGO Titin , isoform CRA_a <0.000 1 0.39
P02549 Spectrin alpha chain, erythrocytic 1 0. 000 9 2.25 Q9Y2K3 Myosin heavy chain 15 0.000 6 0.37
P00915 Carbonic anhydrase 1 <0.000 1 2.23 AOA087X0T3  Myosin heavy chain 7B 0. 000 2 0.34
Q4VB86 EPB41 protein 0.045 5 2.21 P35609 Alpha-actinin-2 0.001 7 0.34
P16157 Ankyrin-1 0.001 2 2.21 P52179 Myomesin-1 0.024 9 0.32
COJYY2 Apolipoprotein B (including 0.003 4 2.18 P12883 Myosin heavy chain 7 0. 000 3 0.29
Ag(X) antigen) ,isoform CRA_a AOA384NPX1 Epididymis secretory sperm 0.016 5 0.29
B4E1D8 C4b-binding protein alpha chain 0.036 2 2.17 binding protein
P04040 Catalase 0. 000 4 2. 14 P06732 Creatine kinase M-type 0.010 3 0.29
Q4ZGM8 Hemoglobin alpha-2 globin mutant 0.001 0 2.09 Q9UKX2 Myosin heavy chain 2 <0.000 1 0.27
(fragment) B4DRW6 Alpha-1,4 glucan phosphorylase 0.008 2 0.26
B2RMS9 Inter-alpha ( globulin ) inhibitor 0. 038 2 1.98 014983 Sarcoplasmic/endoplasmic 0.010 5 0.26
H4 (plasma kallikrein-sensitive reticulum calcium ATPase 1
glycoprotein) Q96A32 Myosin regulatory light chain 2,  0.022 2 0.23
P30043 Flavin reductase (NADPH) 0.008 6 1.88 skeletal muscle isoform

H : TAO ; FUR IR AH 2 HR 975
Note: TAO : thyroid-associated ophthalmology
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Figure 1 Volcano plot of differentially expressed proteins Red dots
represented up-regulated proteins, and green ones indicated down-
regulated proteins. Gray dots were proteins with no significant difference
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in expression
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Figure 2 Gene Ontology annotation for differentially expressed proteins
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X2 KEGCGEEEE®EE
Table 2 Significantly enriched KEGG pathways

i K 44 FR ZREOHTR e
SEv§:

A% % Flavin reductase ( NADPH) , Creatine kinase M- 4
type, Fructose-bisphosphate aldolase A, Malate
dehydrogenase

A 5 Catalase, Fructose-bisphosphate aldolase A, 3
Malate dehydrogenase

Jai 8 % Filamin-C, Filamin-A, Myosin regulatory light 3
chain 2

B Myosin heavy chain 2, Myosin heavy chain 15

MAPK {5 %5 i #
c¢cGMP-PKG & 5
it

{E :KEGG : 5UAR AL [H 5 25 R 41 v B 42 43

Note : KEGG : Kyoto Encyclopedia of Genes and Genomes

Filamin-C , Filamin-A
Myosin heavy chain 7, Sarcoplasmic/endoplasmic 2

reticulum calcium ATPase 1

2.2.3 HEAEAMEAAMMEERNZ BR T 1
34 A UM 85 A5 A 5 A AR N 4%, SF- 2 3 R
NS REFRE N 0.524, K HNLBK & H HE 5 2(myosin
heavy chain 2, MYH2) MYH7. L Bk &5 & )8 75 & 5%
(' myosin regulatory light chain 2, MYLPF) .« %f il 31 25
F 2(a-actinin-2, ACTN2) £} 45K R o %% (fibrinogen
a chain,FGA) il B 4% (fibrinogen B chain, FGB) 6 4~&
SEEE (K 4) .

perosiredoxin-2 malate dehydrogenase |

e 1 solute carrier family 2
. J W ‘
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Vi
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NG
\ \ A[’Iin ‘\

8
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A
74
\ Aprtim ymyloid P-co
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carbonic anhydrase 2
5o

—=

S —— 4

=

mponent

obscurin

AN

G\ creatine kinase M-type

¢ d( ) % myosin regulatory light chain 2

erﬂ myosin heavy chain 15
%/ G BAEAE T, WUBR R 114 B A0 7T 9 2%

_/myomesin-1

TSHR) I\ Jy /& Graves J§ 1) 2 A B Pr )i, 5 1E & X
HAAH H, TAO F8 25 HLIE Ji 2F 46 40 g v TSHR mRNA [
FRTE T S B KN T 1 324K (insulin like
growth factor 1 receptor, IGF-1R) J& — Fifr %5 5 % 22 % 184
B2 14, 7T L5 TSHR JE IR 9 B2 A0 3 B8 52 5 0, 3005
cAMP/PKA 3 % F1 PI3K 38 s 25 F W 5 558 s, 2
M HE ok 2T 24 200 i f 335 Ak o 3 Ak Y IR MEE oK 2T 4 4
JH 38 A 0 RG] AR R A BT, Ak S g D A i
JULRRET 4 40 L, FF 77 A= 5ok 5t 1) 40 M A 2 5 43
{HH AT TAO /9 & 9 HILHI 5 A BH 8, A< B 5€ . B TMT
B2 T AR TAO 4k & Bl o4 &0 2 2 i IR A1 AL
R [ 1 oA R AR 1 R A0 WL A7 00 R0 A B 3
MERRREA, MIRAMG TAO 1) % % ML 25 5 52
B HE Rl

REEBRA TR E RN, ERRBEAFES Y
TR PR AR IS S S SR R . KEGG i %
SMEERE R ZRRBEAFTES ST MAPK (55
i % FoxO {5538 f% .cGMP-PKG {5538 % | Jay 7K 6 B
W AN SRR R T AR -E
FUA B AR 4> 01, & L TAO ¥ 78 1 ¢ 4k 25 19,
MYH2 1 MYH7 MYLPF ACTN2 DL )& FGA Fi1 FGB,

WERE AT D R T ENEA I, &M
WL 22 1) 1853, A2 L PR W4 AR
R AR R A
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ey e N I B I o R
MYLPF 76 445 LER 5 £ 09 35 4 v

keratin |

keratin 2

U BLVRB

TEFGE 1A BB OR 155 K AR 19 9 1k
Mg, BRAEWFFE & B, LERE
ik 22 A W R DA B 9 T A B Y ) g

2% hemoglobin subunit delta flamin-C —]_j *ﬁ ﬁ HJL LI&C é'frﬁ ﬁ 9\%[ 13-14] , TAO }%‘
spectr o ervthrocvti “ Sankyrin-1 /
spectrin o chain erythrocytic 1 {. »’_{/ Y / % ’:P E(J MYH?2 . MYH7 . MYLPF %%
zirlmni(' anhy&]rase vple«ttin 1 éi'i]an]in-.% j‘éj% i%,ﬂ‘ ﬁﬁ %3 H[ﬁ 7] 5[‘ HJ-L g:F é& E"J LI&
. S~ G 4 R, BRSO
selenium-binding protein 1 U/ o
M4 BEA-EAREEARS T
Figure 4 Protein-protein interaction network Eﬂ‘fjjﬁ El 7?3 élH B@ '%l' ;115 Elg % -
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N KoLl & =, i JL e e M. ACTN 7Efa &
20 Jt 266 R 985 40 I R IR B A iz B b & i A A .
ACTN2 J A 58 2% A S BOA [m] 28 Y 5 K PE WL 10 &
WU R BRSE R BLAE TAO FRF B AR JL R, ACTN2
KRR, $E7n ACTN2 TR R [, AT AE Al I8 IR A1 1L i
WU RS M, 2 BRI &2

2T 2 B 1 2 b T AN I B 2 U 1 i e B 1
1T, 25 WL g I R G Mg A g i AT
MR IR AN I R 48 R Y L WRSTAR R A 4 K
F1 55 0 R IR 38 2R KT 5 R G, 5 i IR IR &R
T3 1 T4 RIEME . ARG K BAE TAO B3 L
SRUL L FGA F1 FGB 3Rk b, il ae 5 B & 1 H
N E Y SO

MeEHR T EASEED, B—MEENY
WLEh & [ 3B >, M AR SIS E AL A 1E
RIS 20 B AR A ML B R B S mT R v Ty T A B AR
Mo HiiSam 223 B R FLN 3R 5878 0] 5| 2 4> 2% 5
RESET L EAERDIE RN, ML E A EAES
SRR RT B 0 5 AR PR SRR A A
WFIE ) KEGG il i & 5704, R A 22 8 ) A A 22
HE C¥S 5T )5 H % #k 1 MAPK Gl . 32108
SR MIE] TAO H 5 IR AN L v 86 B 7 283k 19,
P27 240 B B OB B AE TAO R h R HEAE . 4B A
WA FE S5 A, B2 41 22 26 (1 W] 638 3k 52 v 240 6 286 B ot
BHEMS S TAO WEES KR,

BE A WF 52 IF 55, TSHR U IGF-1R (1 41 g 7 % 6
(interleukin 6,1L-6) DL & IL-10 & 5 TAO 14 %k %5 HL
H7  EAHESE H, TAO 4 St B 41 14 R A0 UL b A
MRERI LR FEAMFAEREEZS . HERH,
MR AN WLAE A v TSHR 4 5 4 4 B ¥ 40 g A1 TSHR
mRNA FIK7E TAO % L HA%E i , B 4 95 0 17 2 1 [
B FE A T 98 D 5 R B 595 Bl Pk Graves HR i 35 40 1L,
15 s Graves R £ 3 HR HE AR U5/ 45 4 20 20 42 %%
0 Fl F TL-1B \IL-6 TL-8 H1 IL-10 25 mRNA ik /K
TR ARBE SN A 2 AR I S TAO B,
it TSHR \IGF-1R \IL-6 Fl IL-10 () % (1 %5 35 K F |- %
A R ) B 2

25 1 AR R TMT 35645 V0AH 2033 o 06 0 33 %
A X TAO 2k %z BR il 1 R0 R A UL AN 3 [ 1 At 400 AR S
IILHEAT I 2 , ik sy 53 S RBEA, L LHE
F1 34 A4, FIME A 19 4 KEGG il i & 4 7 b k3 2
SEATES S T R EM R %% 40 2L
P ORWE TSR S . ROR AT LR IF AT 45 o
filf, ¥ J 26 (1 D AR AN A5 5 % S5 3 % 10 400 i 2 9 2 A0F T

Philt — 20 B TAO [ & AL, S5 A B F 8 2 TAO
AT T FEHE R

BB TR AT (4 75 R 71 A 3 o g

- E T I DS F S ER e P S L SN 2
i R HECRE  RE  5  S R 5L R RO O O
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PN ST U e SR N R IS B T
ERSES s U EN s e N P rr e

%k

[ 1] Bahn RS. Graves” ophthalmopathy[ J]. N Engl J Med,2010,362(8) :
726-738. DOI:10. 1056/NEJMra0905750.

[2] Ginsberg J. Diagnosis and management of Graves” disease[ J]. CMAJ,
2003,168(5) :575-585.

[3] Subekti I, Pramono LA. Current diagnosis and management of Graves”
disease[ J]. Acta Med Indones,2018,50(2) : 177-182.

[4] Sahli E, Giindiiz K. Thyroid-associated ophthalmopathy [ J ]. Turk J
Ophthalmol ,2017,47(2) :94-105. DOI.10. 4274/tjo. 80688.

[5] Taylor PN, Zhang L, Lee R, et al. New insights into the pathogenesis
and nonsurgical management of Graves orbitopathy [ J ]. Nat Rev
Endocrinol ,2020,16(2) : 104-116. DOI;10. 1038/s41574-019-0305-4.

[6] Wang ZM, Wang ZY, Lu Y. The 1role of cell mediated
immunopathogenesis in thyroid-associated ophthalmopathy [ J]. Int J
Ophthalmol ,2019,12(7) : 1209-1214. DOI; 10. 18240/ijo. 2019. 07.
24.

[7] Moulder R, Bhosale SD, Goodlett DR, et al. Analysis of the plasma
proteome using iTRAQ and TMT-based Isobaric labeling [ J]. Mass
Spectrom Rev,2018,37(5) :583-606. DOI:10. 1002/mas. 21550.

[8] Menconi F, Marcocci C, Marind M. Diagnosis and classification of
Graves” disease[ J]. Autoimmun Rev,2014,13(4-5) :398-402. DOI;
10. 1016/j. autrev. 2014. 01. 013.

[9] Douglas RS, Afifiyan NF, Hwang CJ, et al. Increased generation of
fibrocytes in thyroid-associated ophthalmopathy[ J]. J Clin Endocrinol
Metab,2010,95(1) :430-438. DOI.10. 1210/jc. 2009-1614.

[ 10]Smith TJ, Janssen J. Insulin-like growth factor-I receptor and thyroid-
associated ophthalmopathy[ J]. Endocr Rev,2019,40(1) :236-267.
DOI:10. 1210/er. 2018-00066.

(UL R oy B, 2 85 2 B 5 3R A K IR -1 % R R A 56 HR i

AR ME % 2T 4 20 B i i A AR T[] w52 8 BR B 2k 3, 2017,
35(9) : 805-810. DOI: 10. 3760/ cma. j. issn. 2095-0160. 2017. 09.
008.
Dai JL, He WM, Luo MQ. Promoting effects of insulin-like growth
factor-1 on proliferation of orbital fibroblasts derived from thyroid
associated ophthalmopathy[ J]. Chin J Exp Ophthalmol,2017,35(9) :
805-810. DOI:10. 3760/ cma. j. issn. 2095-0160. 2017. 09. 008.

[ 12]Pette D, Staron RS. Myosin isoforms, muscle fiber types,and transitions
[J]. Microsc Res Tech,2000,50(6) : 500-509. DOI. 10. 1002/1097-
0029(20000915)50:6<500: : AID-JEMT7>3.0. CO;2-7.

[13]Wu L,Zhang S, Li X, et al. Integrative transcriptomics and proteomic
analysis of extraocular muscles from patients with thyroid-associated
ophthalmopathy[ J/OL]. Exp Eye Res,2020,193:107962[ 2021-11-
10 ]. http://www. ncbi. nlm. nih. gov/pubmed/32057773. DOI. 10.
1016/j. exer. 2020. 107962.

[ 14]Hoh J. Myosin heavy chains in extraocular muscle fibres distribution ,
regulation and function[ J/OL]. Acta Physiol ( Oxf),2021,231(2) :
€13535[ 2021 = 11 = 10]. http://www. ncbi. nlm. nih. gov/pubmed/
32640094. DOI:10. 1111/apha. 13535.

[15]Sweeney HL, Houdusse A, Robert-Paganin J. Myosin structures [ J].
Adv Exp Med Biol, 2020, 1239 : 7 - 19. DOI. 10. 1007/978-3-030-
38062-5_2.

[ 16]Ranta-Aho J, Olive M, Vandroux M, et al. Mutation update for the
ACTN2 gene [ J/OL]. Hum Mutat, 2022 [ 2022 - 09 —= 21 ]. http://



. 1012 - AR SIS IR B AR AR 2022 4F 11 HEE 40 %5 11 8] Chin J Exp Ophthalmol , November 2022, Vol. 40, No. 11

pubmed. ncbi. nlm. nih. gov/36116040. DOI: 10. 1002/humu. 24470.

[ 17] Litvinov RI, Pieters M, de Lange-Loots Z, et al. Fibrinogen and fibrin
[J]. Subcell Biochem,2021,96:471-501. DOI; 10. 1007/978-3-030-
58971-4_15.

[ 18] Elbers L,Fliers E, Cannegieter SC. The influence of thyroid function on
the coagulation system and its clinical consequences [ J]. J Thromb
Haemost,2018,16(4) :634-645. DOT.10. 1111/jth. 13970.

[19]Ellervik C, Mora S, Ku§ A, et al. Effects of thyroid function on
hemostasis, coagulation, and fibrinolysis;: a mendelian randomization
study[ J]. Thyroid, 2021, 31 (9) : 1305 - 1315. DOI: 10. 1089/thy.
2021. 0055.

[20] Stossel TP, Condeelis J, Cooley L, et al. Filamins as integrators of cell
mechanics and signalling[ J ]. Nat Rev Mol Cell Biol, 2001,2(2) :
138-145. DOI;10. 1038/35052082.

[21]Zhou J,Kang X,An H,et al. The function and pathogenic mechanism of
filamin A[J/OL]. Gene,2021,784 : 145575[ 2021-11-25]. http://
www. nchi. nlm. nih. gov/pubmed/33737122. DOI. 10. 1016/]. gene.
2021. 145575.

[22]Nakamura F, Stossel TP, Hartwig JH. The filamins; organizers of cell
structure and function[ J]. Cell Adh Migr,2011,5(2) :160-169. DOI;
10.4161/cam.5.2. 14401.

[ 23] Lamsoul I, Dupré L, Lutz PG. Molecular tuning of filamin A activities in
the context of adhesion and migration [ J/OL]. Front Cell Dev Biol,
2020,8: 591323 [ 2021 - 11-25]. http://www. ncbi. nlm. nih. gov/
pubmed/33330471. DOI; 10. 3389/fcell. 2020. 591323.

(2413248, 7735 55 HUIR B5OR OC I 95 AR A1 L 20 23 26 B 2 7 22 3% 1Y BF 5%

[J]. sz s IR Rl 2% ik, 2007, 25 (7) : 522-525. DOI: 10. 3760/
cma. j. issn. 2095-0160. 2007. 07. 014.

Peng J, Xu XL. Expression of intercellular adhesion molecule in
extraocular muscles with thyriod associated ophthalmopathy[ J]. Chin J
Exp Ophthalmol,2007,25(7) : 522-525. DOI; 10. 3760/ cma. j. issn.
2095-0160. 2007. 07. 014.

[25]Huang D, Xu N, Song Y, et al. Inflammatory cytokine profiles in the
tears of thyroid-associated ophthalmopathy[ J]. Graefe’s Arch Clin Exp
Ophthalmol , 2012, 250 (4) : 619 - 625. DOI: 10. 1007/s00417-011-
1863-x.

[26]Shen J,Li Z,Li W,et al. Thl,Th2,and Th17 cytokine involvement in
thyroid associated ophthalmopathy [ J/OL]. Dis Markers, 2015, 2015 :
609593[ 2021 - 11 =30 ]. http://www. ncbi. nlm. nih. gov/pubmed/
26089587. DOI:10. 1155/2015/609593.

[27]Boschi A,Ch D,Spiritus M, et al. Quantification of cells expressing the
thyrotropin receptor in extraocular muscles in thyroid associated
orbitopathy[ J]. Br J Ophthalmol, 2005,89(6) : 724-729. DOI; 10.
1136/bjo. 2004. 050807.

[ 28] Wakelkamp IM, Bakker O, Baldeschi L, et al. TSH-R expression and
cytokine profile in orbital tissue of active vs. inactive Graves ~
ophthalmopathy patients[ J]. Clin Endocrinol ( Oxf),2003,58 (3) :
280-287. DOI:; 10. 1046/j. 1365-2265. 2003. 01708. x.

(WS H 3 :2022-03-13 & (8] H 1 :2022-09-23 )
(AR okg I5HF)

i iR(RETINA RYAN # W BE ([R5 6 hit) ) H iR & 1T

Y 3R (Ryan’s Retina Sixth Edition) f& 3 5t 43 Bk 19 282 $4AL M BEIF 58 & 3, B 1989
AR RRLAK , — BRI 0 38 [ 0 IR SR B AR 25 O IR IS SR 2 27, A4 2 S IR
f, BRI S 6 fi. FiFMC RETINA RYAN HE R0 J5 (J5 555 6 fi) ) il 7 4R 12 Bk O % B
Ja A R A7 = e BR R Jo] Al o e S T 9 by bt R R B MR R B SO B L O
A BT TG P EEAE AR R N IR K T 2022 4E 6 1 6 H (EFRZIR A ) IEAH
WRAAT o

J5i % (Ryan’s Retina Sixth Edition) i Andrew P. Schachat,C. P. Wilkinson  David R.
Hinton ,SriniVas R. Sadda Peter Wiedemann 45 2 37 5% & [ bR 2 24 MR 5 40 588 19 & F 0 )1
g, g PR B Oy G S B O T IR ISR 2 W 5697 IR B2 B 2, i Elsevier i)
RkL R, B RTALEE 4 B P SGE R . ATEE R A 6 PR R, JA A i 7E B
R FRIRINE SRR 2B, RS TR E Al BB - 35 - T

WA BB T 3 8A S 159 Y. BBk 4R 41 T, 0 I BRSBTS A B LI B LR st AL Ak
Al B2 B R AL AT IR AR IR s P I 55 52, 13 (8 R 00 R840 1 R 95 S B 00 0 I 67 o Bk 44 BB 1ML 45/ Bruch 9 | 58 4
9 728/ 7 B I 8 S 2 DA G DG Hs IE IRAROC LB K S S A0 M R 0 SR A 1Y R ZE LR A2 T O s T Bt 63 B TR 4
R O B8 It 25 L S 1215 T AR R 38 3 AR U0 AR T R T 1 AT T LA A0 T Rk 2 PR 3 3 0 9 1) 38 9 D DU 0 I RS 5 B2

AT AT R 24 RIS A A 2 W 3R Y7 1Y S8BT B G FBOR SR T A BR IR IS99 6 DR 2 97 0 0L T A i B i 9 iy 15 F 50
BT AR A B A 28 SRR A Sl B R T B A G AR MRS T AL 0 T IR A Sk IR B FE OCTA WL 9 5 T 240 i A% A L N AL MY
PR A0 B 45 TR A 2 P 0 % ) o S R A LR TR, R T B 24 0 i A a0 5 R R R e TR R R L 5
A 5 RS

%A 2 [ B 2 IR 23 ol v R A R s R RS, EIDRRORS 38 A 5 K v v SR BT, (8 T T R R AR B ULt A R R
B R 27 FRR TR 0 4 A, 2 IR RIS A A B 2 T A0 R 0 JE P AR 2 A 2 >0 IR VS 9 i At 01 3 AR e I IR 552 38 19 1 1B &

(RETINA RYAN HLRIBE (J5 4355 6 i) )34k 2 683 BT, M MRACH G EN R, 2 i 1 980 JT ; 4 ] 2% K45 )k A 1 R 4k 38 T 170

(7 Tl 2 R0

LT

™
RETINA
RYAN {1 o &

g
4
]
m
B

- f mamNv A






