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Abstract

Objective: By applying bioinformatics methods, to investigate differential genes (DEGs) between
frozen shoulder and shoulder instability. Method: The raw gene expression data was downloaded
from the Gene Expression Omnibus (GEO) database. Go and KEGG analysis were applied for diffe-
rentially expressed genes in frozen shoulder, and a protein-protein interaction (PPI) network was
constructed using STRING and Cytoscape software. Result: A total of 545 DEGs were obtained, of
which 420 genes were up-regulated and 125 genes were down-regulated in frozen shoulder. GO
showed that the biological function and molecular function of DEGs were mainly involved in in-
flammatory response, cell response to TNF and IL-1, extracellular matrix decomposition and re-
modeling, activation of cytokines and chemokines, and cell adhesion. KEGG pathway involved
PI3K/Akt pathway, protein digestion and absorption, ECM-receptor interaction, cytokine-cytokine
receptor interaction, focal adhesion. Three hub genes were recognized by PPI analysis, including
IL6, COL1A1, COL1A2. Conclusion: Bioinformatics analysis of gene expression profiles in the frozen
shoulder patients revealed that inflammatory response and fibrosis mechanisms play an impor-
tant role in the pathogenesis of frozen shoulder and revealed potential key regulatory genes and
related signaling pathways.
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1. 5]

45 JH (frozen shoulder, FS), J&—Fl LLJE 5% 2= B ATHE 236 30 B 2 3 T B R A O N REIE 59 [ 1]
[2]. 2 H AT AL, RESE BRI ML B A B, (E38 F A LR 08 2 JORE DT 44k 3 AR i 45 SR [3].
FS 3 JE T T P 3 25 ) AT SR A i = AR A R SR B0 IR R (COL) 1 4N i M KL i (ECMY), AT S 3G 1 3
MIAFEAL, NI BR A S TG 2 e [4] [5]. 1Mi2Ei4)m & EE(MMP) B B4R ECM, 1 s4F4E41 i
FEAE AR AR R I ERI[6]. HAT FS A MRAERIRIT A%, W ILAETF AR T IR AMIGIT . AR
RS ZiiayT EEDIPRE IR A2, AT 35 Bh 2B 58Ik B B8 4 1) R SRR SUR . (HIR 283897 7 A BE M
FRAS b v B3 TR ST BEAFHERE I O, HRy 7 A, AT NEA R e W . FARIBITLAE K
AR E, XFPFARTT RN GRS A 4ERNIE ) T B AR, (H 2 JOR 5 4R 55 IR 2% 2 28 2 1) £
H[7].

R, IRARER FS RIB I THUE A5 58, X1 TF-4kBr FS WAE, i FS &3 e Thak
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RRHHIG YT IR A BB IR E o AT FUEL T FS B IR AR, PRI AR L] AT GER)
RIS AR RAR i B

2. BRISH%E
2.1. BERSKRIR

P 157 K 2 75 B3 PE(GEO) (http://www.ncbi.nlm.nih.gov/geo), 343HPE H $E GSE140731, 54
B ZIET GPLI6 14 1) Affymetrix Human Genome U133A Array filF 3545 () N\ 43k R #4 e A4 W15 B,
5 26 11 FS AT 22 51 J8 5 A Fa(SI) B 3 1 15 JELH 1) 85 S 22 5000 .

22. Bk

1) f#H R &S B DESeq2 Xt JF G H s AT e it 240 M, 2 25444 FDR (false-discovery
rate) P-value < 0.05, LFC (log, fold change) ¥ # i fE < —1.5 FI>+1.5, IR HRAMSRMEREERNL
il

2) FEFIARR(GO) T2 — A EWE B W G M 715 1207 V238 8 4 FH SR F15 18 25 DR B 5 (R = 7
PR IE S e . BRI B R B(KEGG) & — N T4 &, 18 I K4 7R 22 7 R 7E 1 4
FH . {i ] DAVID £ 2843 #7844 (https://david.nciferf.gov/) % ik H ) 2 57 R IA FE R HE T GO 1 KEGG Jl %
B4 T . S sangerbox B R EHE 70 41 4 (http://sangerbox.com/) 2 il KEGG i 4 Al GO & 4 73 1.

3) il STRING %4f /% (STRING, http://string-db.org) % % 57 5 K| 4 i f 2 133847 2 1A ELAERI 2% (PP1)
SHT(ERE >0.7), HH445 58 3 Cytoscape (3.7.2) ffE ik PPI .

23. GtFERE

Z IR RIA IR P BN 22 A B AT I, T R bRy B EE TR E R 5 > 15 H P
<0.05.

3. R

1) XFEE FS A1 SI BFEHHIE RTRAL, 4T 545 =R RAFE, Hrb Bif 420 A, i 125 4
R4 FDR B, KT 100 22 R R 2 &I (1] 1), wT 0L FS ARy B .

2) Wz FRIEHEAT GO BHEM T, KIZEREEHWAEY FIhae o1 Oihe £ 28 EAEMMEBTT. %
FIE SN AHREXT TNF A2 IL-1 (SR, AR AN EE BT o il SR, AR Fisth . Bt RFiEft.

O Z=RJHER E B A F FE (A 2) 3 ZAFE MRS B (cell adhesion). 2 fd #1357 2 2H (extracellular
matrix organization). #JiE J M (inflammatory response). B #% R 4t & & (skeletal system development). 4 fifg
Xt B J8g SR AL R F Y S ¥ (cellular response to tumor necrosis factor). 4413 )5 43 fi# (extracellular matrix
disassembly). fis J5 5 £T 4 £H 24 (collagen fibril organization). 40X} [ 40/ -1 14 e M (cellular response to
interleukin-1) &2 % & N -1k, (endochondral ossification)f 2% .

@ EZRERZH5MWSTI6e(E 3)EZE N E 7454 (calcium ion binding) . 4 )& M IKEE IS 10
(metalloend-opeptidase activity). FT 2454 (heparin binding). 48K 135 {k.(cytokine activity). 4 il #3iL J5i
2 K640 il (extracellular matrix structural constituent). 4 J& ik i1k (metallopeptidase activity). 2 - #ZF
1% 52 # K] 73 1 (rasguanyl-nucleotide exchange factor activity). #4731k (chemokine activity). 404t
5551 45 & (extracellular matrix binding) Az ifil /M T A2 42 K K 45 & (platelet-derived growth factor binding).

3) ZEFARIEFLAN PP ALE 212 AT 5. 79 s BEAE A BLAE T s A4, 9 B KR
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SRS IEOGR KT R AR > 25 MR OGRS R AR, JEfIE T 3 S SCBESEN (14 4): 1L6.
COL1AL. COL1A2.
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Figure 1. Heat maps of differentially expressed genes
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G0:0001958~endochondral ossification
GO:0071347~cellular response to interleukin-1
G0:0030199~collagen fibril organization
G0:0022617~extracellular matrix disassembl
G0:0071356~cellular response to tumor necrosis factor
G0:0001501~skeletal system development
G0:0006954~inflammatory respor
G0:0030198~extracellular matrix organization
G0:0007155~cell adhesion

Figure 2. The differentially expressed genes in the articular capsule of the two groups were mainly
involved in the biological process

2. MABEXDRPERREEFETESSNENFTIE

Term

B3 GO:0048407~platelet-derived growth factor binding

E5 GO:0050840~extracellular matix binding

E5 G0:0008009~chemokine activity

E5 GO:0005088~Ras guanyl-nucleotide exchange factor activity
d

5 GO:0008237~metallopeptidase activity
GO:0005201~extracellular matrix structural constituent
GO:0005125~cytokine ackivity
G0:0008201~heparin binding

GO:0004222~metalloendopeptidase activity
G0:0005508~calcium ion binding

Figure 3. The major molecular functions of genes differentially expressed in the articular capsule
between the two groups of patients
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Figure 4. Protein interaction network diagram of differentially expressed genes

E 4. ERFEERNELBIEMLEE

4) Xf 7 RN T KEGG Mg M, SRRV EAIEEE £/ PISK/AKt 4515 5 il % (PI3K/Akt
pathway) . 25 A Jii ¥4 1k 5 W Y (protein digestion and absorption) . 4 it #k % 5t 5 5% 44 ) 4 B 1F H
(ECM-receptor interaction). i fa b5l 15 4 ifd [K ¥ 52 44 (B #H E 1 FH (cytokine-cytokine receptor interaction).
Y11 0 F) BB ARKIE (focal adhesion) 23 # 1 (14 5).

5) X' R AE PISK/AKt {5 Tl i b (R RIHECK L B 73 #r (1) 6), W L AAERR 7-(IL-6. 1L-2). JRIFEHEH
(COL)Z M, 1fi VEGFD. FGF9 & PCK1 Fifi,

4. g

HATER 22 550 T FS AR HLHI I s A G —, AR LASOE SO HLHI A A 4R L o &, HAE A w4
KRNI 73 WAL [8] o PR 9 A WA 1) AR AL S B AR, FS (I RIS AH ST 78 1 R I8+ 2
18 UEAEk, FEPRES R B V2 B T 5008 IR R R R oy L, IR N A AT FS SRS OGT BE
(DRI P a3 BT S R B -8 a7 1A

AT X GSE140731 3k KL Fy yia it AT 70 #r, R4S FS AN SIEE S T FE 4143 il 545 N2k
LR, o B 420 A, R 125 A~ W ZEREFBHT GO BT, KILZEREE M AY T RE
Oy T IhRE I B AR SO OB AT TNF A& IL-1 [N 4R/ (ECM) /3 il 5 EE A, Al IR 1 A2
LR TiE . HEE b, VRESE ST R U RRIE 2 AT A . URRET 4 iR Ane M SOE AL, £
FRAC KA. t 4P, b 4HARAN B RN AR[0] [10]. Horbf SE 40 M S BT IR 2 AT 4E 40, XA B TE VR
SEIE R RS R, SR R T EEAER[11] [12] [13]. 534k, S PR T H A HE IL-1. IL-6. IL-8.
TNF-o0 55, 1X 56 GERE PR 75 2E S S 3 AR AR S5 43 A Qs b B A R[] 1 280 DX P AR B LR )
RIESBRN S5 T BN MAE A RALGUEE[14]. FEH, XL IRE N T B L E R AR
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Figure 5. KEGG pathway analysis of differentially expressed genes in the articular capsule of the two groups of patients.
5 MEBEXRTETERRIEEREN KEGG BB 7

GEJR A ST RE[13] KR e R LA [12) b maRIA, R, SORE IR NALATE VR 45 8 R0 R e ke 39 2 22
WIEIER . 54k, FELP4ERERE, ApRANE B (ECM) & B B\ 2 IR R K [11]. ECM [/ fif 5 T
F4) B 5 o 4 ) 2 1 I (MIMPs) A e 4 234 B 1 4 161 790 (TIMPs) #2 I [10] .- MMIPs (165 BRI 44 2 B
TIMPs. 4HfE A 7 AR K Rl [15]. #- 8 FiiE, MMPs I TIMPs [ 53 RIA T 8 S 8K S5 H
52 Jir 2 A R L [5] [16] [17]

IS PPI, F 1T B > 25 /F J9 ik OB IRl R b, L7 ade th 34N G HE B[] : 1L6.COL1AL.COL1A2,
TEVREEE g ¥y B IL-6. JE5 48 B I (MMPS) 7E 4 45 8 1 A ALkl E 2 B 5 [18] [19]. I’
JEEE I (COL) LA S AL 1Y) 30%, & ECM [ R BEEE M s [20]. A WIF SR G5 IR B3 G T 32 2Ubs
AHAT RPN, SXTRATEE, 1 85 10 B JFOR R A R, I AR SR sk bE M, S A0 g Ah
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Figure 6. Differential genes enriched in PI3K/Akt signaling pathway
6. BRE PBK/AK FSBEPHERER

Jo T R R TR [13] . 1% 5 AR 7 i COL1AL. COL1A2. COL3AL 7Ek 448 et vh b i 1 45 A
— 3, I PPl AMHT, RILIRE R A AR HURIE VR S5 8 oL, ¥ R IEEZEEH, X528 GO
T FAE A

BT KEGG @ & £, KINZEFRIERFEES Y PISKIAKL {5 51EEE . ECM 532k RAH EAEH .
248 6 D] 15 A0 B TR - S AR TR AH LA A S 4 ) £ ORAE « BR E BTE A S RS (E S g . o ECM 4t
LR F7E R 45 8 it AR Hh A E AL B SC R S BH o 15 PISKY/AKE A5 5 38 % -5 VR 45 8 003 1H DR IR 7L 1
RIARGE . PI3K-Akt {55 @) ZAEH T AMESANHLG T, 5Ltk S £F -0 A 1) T 4 2 g
B B DIAE O [21] [22]. PISK (WEEREEILEE 3 )& — s 545 S8, 11 P1 (4,5) P2 BERLIE K PI
(3,4,5) P3, 5 Akt Z5 5T E &k, H4165 PDKL 454 ik Akt (5 ERE A G K PH 45 M Bk,
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MBS B ) HIF-1a. mTOR 25K 75k 2 5 AT 4e 4 i3858 . 401k[23]. 7F KEGG il & 0 it
W, 4t 25 NEK S5 PIBK/AKt 5 5@, H COL1A1. COL2A1. COL1A2. COL3A1. COL5A1.
COLS5A2. L6 SE4F4EAk J 40 [ NAH SIE RIS i, SROATERSE B AW AR, 1208 B v] RRTE4F 410 &%
RAER PG FE RIFE T . S AW 7 PP AR, RILURSE 8 K <8 3L R 7E PISK/AKL (55
PR ek, I AT 5T 1 45 B8 Y8 7R PIBKIAKUS 538 R 1E VR 45 8 R i R o o 4% =5 AR FH IR T g
NG SRR TR B R 75 1)

5. &g

N2 A5 S oA FS B ST 3 rh Sk R R IKE R B, SONE S AL S £ AR W LIRIAE R 45 )R 1R 2R
RBHREEEM. FN, AR T FS KM E M SRR R K5 50 .
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