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(fZE] Hiy BT O @M MEEEMDSIF K E A RES IE(EOS+TIS) 4l R Al K ia yr i R 3k
BAABRAS, BEATEESRAMT, AWE B0, ik mil & §HEHH 4 HUB RHF . ik #or
EOS+TIS MIRY7 shPtiml, #H4T HE K Masson Y UERBli4 SUL S M AP oAb RS, XT3 4l (0 IRdL . BiRug |
RITAD) ML ZUN T . FIFH R #0441 DESeq2 #E472 54041, iz A DAVID B4 1 17 25 5 5L 19 GO/KEGG &
0T, TR ORI, BUAHGEE, il PCR MR ENE L0 AT IRAE . S50 (1) HE Jefaghif. #
RIS T REFEN L REMEE AR, JRITAPATH W3 ; Masson Yo (5 I fili 2F Ak AL AR P A
&, AT (2)DESeq2 SM R, IEHASHRAE 170 4~ LA 262 A~ TR, MR 514574
A 323 4~ LA 467 A FIEEER ; (3)GO DREER /R 22 RN 8 F B AL R . AN . RN .
RIS . A58 F4EE . N FIEHSEIIEE . KEGG /R 2 F 5N 38 5 S 7E w2 I MRl i — Z AR IR
It B 7 — 20 DR 7 A2 AR R A A 5 (4) 0k Y 3L R 2R I THBS1; (5) PCR 1 Western Blot 3£ 56 86 3iF
THBS1 fEMERIH 8, J8Y7 5 LM (P<0.05), {4 Western Blot S2EAS TGF- B 75 3 4 b g ik ik, AHY
HTWE, 1BI7)E ETHP<0.05), & THBS1 5 TGF-B 25T B R MEERM N &I & TR RESES)
TR R i & B AR AR
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Molecular Analysis on the Molecular Mechanism of Lung
Development in the Piglet Model of Early Onset Scoliosis
Complicated with Thoracic Insufficiency Syndrome
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[ Abstract] Obijective To identify key HUB genes involved in lung development through transcriptomic
sequencing and bioinformatics analysis using tissue samples collected from an established piglet model of early—onset
scoliosis with thoracic insufficiency syndrome ( EOS+TIS) and its treatment model. Methods EOS+TIS and

treatment animal models were established, followed by histological analysis using HE and Masson staining to
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observe lung tissue morphology and fibrosis severity. Lung tissue samples from three groups ( control, model,
treatment) were sequenced. Differential analysis was performed using the DESeq2 package in R, and differential
gene GO/KEGG enrichment analysis was conducted using the DAVID database. Core genes were identified, relevant
pathways were predicted, and validation was done via PCR and Western blot experiments. Results (1) HE
staining results: The model group displayed significant bronchopulmonary dysplasia, which was notably improved
in the treatment group. (2) Masson staining results: The model group showed severe lung fibrosis, which was
alleviated in the treatment group. (3) DESeq2 analysis: The normal vs. model group comparison identified 170
upregulated and 262 downregulated genes, while the model vs. treatment group comparison identified 323
upregulated and 467 downregulated genes. (4) GO functional annotation: Differential genes were mainly enriched in
functions like extracellular matrix, plasma membrane composition, immune response, inflammatory response,
calcium ion binding, and cytokine activity. KEGG enrichment: Differential genes were primarily enriched in
pathways like neuroactive ligand—receptor interaction and cytokine—cytokine receptor interaction. (5) Common gene
identification: THBS1 was identified as a common gene. (6) PCR and Western Blot validation: THBSI was
downregulated in the model group and upregulated post—treatment ( P < 0.05). Western Blot analysis revealed that
TGF-B expression was reduced in the model group and increased post—treatment (P < 0.05). Conclusion THBS1
and TGF- B are involved in the process of lung development in the early onset scoliosis with thoracic insufficiency
syndrome pig models.

[ Key words] Early—onset scoliosis; Thoracic insufficiency syndrome; Bioinformatics analysis; THBS1;
TGF-B

BRI ™ B 5% 75 25 (scoliosis research society, XT3 4 il 2H 20 mRNAs I 7, 223838 o A= 15 0 dr
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TR R AR K T A R R T oo FRBRRRRELGT: 1:2000), TGF B 1 HLA (Bioss 20
EOS+TIS SRR, OBk A5 il Fl, 0%+ bs-0086R, o J2¢ E1 3k i F 1L 91
22 LR IR T EOS+TIS [U4AFAE, E& 0 & 1 :2000), Goat Anti Mouse IgG-HRP, Goat Anti
SV, RS A B ALK RS T Rabbit IscG-HRP (Abmart 24, %% : M21001L,
J7, &3 LI 4T HE & Masson 44, o BN IE A BE LB . 1:4000)5 XA &
RISV A L i gt /b . P4 ke d,  PCR{X: ABI7500 Real Time PCR System . 3%5hp
RIT AR BINGE, NIRE X EALE, A JWEETT: BLUE-RAY EzDrop1000.
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1.2 KEHE

121 IR EOS+TIS i . 145 6 JH
% B SR A AR AT B BRI AN X R 2 A% 2R ) )
AR R AR AL, 14 JRIIA R i B A A AT B
R IRITUL: ERIER G T L ARYT
e 14 S B R HE A . B R IR RIRHER G
XFRAZH . ANTE 6 JHIS AN 14 FIR I, 7ERIFERYT D
fLE, Aol 2130 B R e O R TR
122 FHAEZAYIF HE & Masson & 7E41%%
18 JEAIWA I 3 2 52 50 sh W Ak Bt I IR ZH 230
JEEAT R RGN . KAk, (ERZERKBERE, &
ABAKRZYW, FAARKEZFCOE, HHBA
RO oA, AR R mOK e, kR
AR, BEERAPF AR Y 1 ~2 min; fix
Je Bk 3t R 5 B A BE ISR . Masson Y (a7 fifi 21
LU I J5 #5417 Masson = 8 4 8 334 5] & (Solarbio)
HEAT Y B

123 FE  ASESLEEh YR B 414y, -
T8 BR 5 H= ) = 2 BB AT BR S R AR A R 47 7 s 2
Wy .

124 =REEFMIE 1 R KA DESeq2 3k
X 15 BIREA A B R HE AT 40 A, Ok RS GE
Ji P<0.05 1 | logFCI>1 A5 1 b 25 53 e ik 3k
, IR E L L 3E i R A4 pheatmap fL R EE
A

125 ZREER GO e EE S KEGG #
BEESN COFESITEE I M, HAE
Wy id #2  ( biological process, BP) . 4l }d 41 />
(cellular component, CC) f4r ¥ e (molecular
function, MF). KEGG 7] LA\ 4338 B% 7K P 58
FeE A Y F3E R . ] DAVID 7E 2 £ 4 2
(https://david.nciferf.gov/) 4TG0 &4 3Hr S KEGG
WP R A TRk

1.2.6 RPN TEE PCR&EM 3 4 04hsE i
ZUK U 40 mg, FHEHWAT S RNA 428, B 1 pL
AL RNA RS AE OB BE T rp I LR B . # IR A
i 20 uL cDNA 75 7% & RNA BESL R 2 g HHE T
A RNA AAFITS, H FastKing RT Kit (gDNase)
Kit Ff 2 pg & RNA i 5% 558 eDNA L i A6 AH 5
HEEMEL, L GAPDHIE RN S B Y, H
2-AACT I F T IH—4k . mRNAs 19514, W 1.
1.2.7 WB3EIE M 3 44 HL 100 mg i1 43 m
A, WS SIS W, TS RN R
FWREE, PRIEE A AR, BEREIRET .
Wedm e I, BIAHRIKE W, A ATk,

* 1 THBS1 ERZHSI¥FT

Tab.1 Primer sequences of THBS1 and internal reference

izl TR B (bp)
CATCCAAAGCATCTTCAC  THBSI(pig)-F
GTGAGAAGGACATTGGTA  THBS1(pig)-R 77
GTTCCAGTATGATTCCAC  GAPDH(pig)-F iy
GACTCCACAACATACGTA  GAPDH(pig)-R

SEREVI KRG, N B I TR %
o, HRIRGAN . MEAREA . R4, BENZ . PVDF R
PEAC . WA . IEA MY, B 1 he HUH
PVDF i, # PVDF B T B s 0k b, =l &
W 1h, InA—¥0, WEELEE—PORE, A
TBST 2% M BE B 3 U5 i A B s — 90, = IR0
BH2h, FEFHEHAECL X CREE, BCHLER
I, HH Image J X471 AR BEE EA T 87047 o
1.3 Sit=Z4aE

K1 SPSS 26.0 4 it # /4 X E i i A7 g it
O3HE, THEREOR LI £ ARvE2E (Rxs) Kon, R
HHH 2 (ANOVA) 7 24578, P<0.05 HERA

FitEE L,
2 #HR

2.1 FhZHZE HE & Masson B4R

(DHE Jeta 2558 . SXTRAM bR, BiAld
ity B S RN K, A e s IR YT R e
(FD), fEOLHE TR 5 K A, 72 10 x fif
BE T BRI BEE 4 A HLEY DU SRR i e
BT BE R P, S5 PR IR, HXT R4 L,
RS ZH AR R I v U] sl RIT R £
Jifi v BE IR YR, YT RN (K2, % 2);
(2)Masson 42 {25 5L . X B8 20 7 ili v ) By DX 4 %
L4578 BB AT D,/ 8 Ji D 2 A B 2 v o 1 TR it
6 1) 5% DX I 1] 5 AT UK i i B IR AR 4RO 5
BERUZE LB, TR YT 2ot 1] i DX R i ] 5T DX it
A (K1), SXTIRA bR, BRI -3 it
Y W EIN, WRIT R (E2, & 2)(P<
0.05), LiR45HRAR/R: EOS+TIS BAMA T XA
EIREAR . GRRG4854 <
ERIM R IEL , WA IRA T M
BHEJELRE . I R LT P AH SR 2 i i 2z ) e e R
B, A BCEME . LRI ¥ ] Image Pro
Plus 6.0 #1715, )
22 EREBEERIXFR

fdi R #0419 DESeq2 B4 %5 3 41 fii 41 41
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A R (v4.1.3) &l T 25 FMKILE KL KEGG HBBEHT, 2253 35 5 A7 R E I 24
PP (FE3), RIS . g 2 RN 55 Y 2 ) s A Mash AR

B 1 HE & Masson &R (FRR: 100 pm)
Fig. 1 Results of HE and Masson staining ( scale bar 100 pm )
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Fig. 2 Measurement results of three groups of alveolar count, alveolar septal thickness, and average collagen fiber content

A 3 AUHCHARIRE TR, BREEIFRIEIE ; B 3 AP IR i

% 2 3ALEMBELR HE F1 Masson FEMPNELER(X+s)
Tab.2 Results of HE and Masson staining in lung tissue of three groups of piglets (X + )

S pogieta| PRI ZH ME g F P
TR () 9.24+2.56 6.53+2.08"" 7.88+3.34% 19.25 <0.001*
ity YL B JE 3 (pum) 5.81+2.78 12.0443.10"" 9.44+2 .63 88.37 <0.001%
S i SR AT A 0.02+0.01 0.18+0.02" 0.13:+0.02 1834.28 <0.001*

Ext R4 LA, P < 0.001; SHERIZE K, #P < 0.05, #P < 0.01, #¥P < 0.001; *P < 0.001
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Fig. 3 Volcanic map and heat map of differentially expressed genes
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Molecular Function (MF)
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Fig. 4 GO and KEGG enrichment analysis of differential genes between the model group and the control group
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KBRS AR E AR Kl 10). SIE# 4, A4 THBS1, TGF-B
2.5 SEBTREEE PCR MR & TR, ﬁ#ﬁéﬁfr”iX(P< 0.05), BI7)E

SCF 986 E B PCR 45 %W (%6, B 6),  THBSI, TGF-B &k 17, ZRALGITFEX
SXTHAAHLG, BAYZH THBS1 AR RIA R (P<0.05), 45R$#Em: IESE THBS1, TGF-B 1
TFE, 1BY7)E THBSI EI’J?FHXH% wRE LI, 2 25T AR E R .
FAHGIERE X (P<0.001), X473 THBST AL
SERMHARKMHS A X, B2 5 TR 3 13
il ZH AUk B e
2.6 EARBELESLIL TR RO ™R8 L S b 5 v A Sy 7 AR

it 1 f 92 ED W&ﬂﬂ]‘ 3N ZH 28 THBSL, Ry, HEEM L FiEm S BURE iR E S
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Tab.3 Calcium ion-related genes

FEH A4 R LogFC P KIEJGP
FBN2 1.976 806 186 5.53E-47 1.71E-44
RCVRN —1.699843 423 7.65E-10 1.89E-08
TENM2 —2.236357095 2.22E-07 3.50E-06
CLSTN2 -1.324235347 0.01174761 0.04453978
TNFAIP6 1.061241719 0.000194661 0.001447986
ACTN2 1.683 023897 5.87E-08 1.04E-06
DGKB —2.383519856 1.67E-07 2.70E-06
PON1 2.571409628 6.39E-45 1.74E-42
VWDE 3.543226537 0.000610734 0.003897322
TUBB4A 1433642182 0.007848305 0.032416471
THBSI1 -1.256610433 6.47E-86 4.87E-83
THBS4 —3.280684277 0.000147676 0.001142492
MYL4 —4.865802484 6.08E-21 4.71E-19
SCGN 3.150720501 0.00280126 0.014003149
EGFLAM ~1.048561742 0.000400331 0.002700883
VSNLI 1.482799905 6.29E-09 1.33E-07
SYTI10 —3.851326165 0.006301379 0.027241397
EFHDI ~1.084242 649 1.75E-05 0.000178469
ANXA9 ~1.111630395 2.47E-12 8.42E-11
ASTN2 -1.202867 655 6.21E-05 0.000542506
LOC100522787 1.087678946 0.009057674 0.036435259
PPEF2 1557961567 0.003120276 0.015314764
UMODLI 1.277593 564 0.006711926 0.028675953

BRI EBIL, EEZGEMEA KIS . 25,
Xt EOS A TIS 35 BRAL M 54 D08 14 A 41
TR EL D

T 2H 58 355 4 7 EOS+TIS YIS R &L, Ff i ]
B =W & B R R B ER T RER, GE
3HMERIIH LY i HE M Masson 44 (0 W22 )5
R, SXFRAMLL, ZgE 00k E 15 200 A
i, BT IR ISR BB ks, FEAE AN
R A AR B . O T B X Rl
BLH, R X REAR R 22U Y e, LR AE S
B Prorik, Uk B oC s L [ THBST, Jf- i
PCR. WB %S84 RXf Hitfr Rk B 0UE, 5
EH AR, B4 THBS1 X8 RS, A7

J&i THBS1 & FJFH(P<0.05), X475 THBS1 7
EOS+TIS B MG IR 25 T i A B it .
FRERY], 7FERLLHM R T, TCF-B mfadk
JKERTfdE THBST BE 24 2 4% 1 25 I 8g P Bz 40 g
h, WA A THBSI ik, TGF-B HALK-3
B THBS1, M4h, THBSI (380K TCF-B {5
S, FEXT TGF-B {55 e b i i i, HOER
F /NI K B THBSTfF 5 B X sbgb ek m
TGF-B FIAEXT THBS1 M F X HAGHTIEH; if
AEHE R W] THBS1 78 s Sl A B b s TGF B,
Harpel M HFZFGE T TGF B BGHKH T THBSI |
MAOR | BERMEN CD4T FEHW, Xgh R
475 THBS1 H TGF- B 22 [a] B A7 A6 HH 24 & 2%
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Tab.4 Genes related to extracellular matrix

2 ISP LogFC P KIEJEP
ASAH2 —1.681188858 0.010202271 0.039995696
TNFAIP6 1.061241719 0.000194661 0.001447986
PON1 2.571409628 6.39E-45 1.74E-42
WFIKKN2 1.000982 632 6.38E-10 1.60E-08
KLKS5 3.198981333 0.011602127 0.04414435
CDIE 1.412361441 1.11E-07 1.86E-06
CXCL14 ~1.021217549 2.23E-09 5.16E-08
THBSI ~1.256610433 5.47E-86 4.87E-83
AREG —2.393896705 1.88E-06 2.43E-05
CXCL2 —1.789799638 1.19E-37 2.27E-35
THBS4 —3.280684277 0.000147676 0.001142492
ADAMTS4 —1.020 844 602 9.62E-09 1.97E-07
CCL8 —1.300951991 4.26E-26 4.32E-24
CTSL —2.367477476 5.27E-05 0.000470351
FLRTI 3.028 606366 0.001234795 0.007069199
OTOG 1.419656249 0.001549784 0.008528336
CCL2 ~1.003309962 1.86E-06 2.40E-05
NDP 1.297577098 0.001027728 0.006056795
APOB -1.67037521 0.000425658 0.002851356
XDH 4.945718 658 2.01E-70 1.11E-67
COL22A1 —3.012702444 0.001677249 0.009126374
BMPSA -1.131393016 1.58E-09 3.74E-08
DKK1 —1.3841467 2.94E-10 7.75E-09
IL1A —1.242147858 2.09E-21 1.64E-19
IL6 —1.828458638 6.10E-07 8.74E-06
SFRP2 —2.214720482 0.012270295 0.046204564
TG 2.389166701 0.000128918 0.001023048
CILP ~1.030855274 2.52E-12 8.58E-11
ILIB —1.733900902 8.48E-19 5.37E-17
IFNE —1.147986 534 0.002583079 0.013078573
UPTI 1310012634 0.00120919 0.006944936
DPEP1 -1.726 138591 0.002018831 0.01068401
LOC100521998 —4.045174213 0.006775299 0.028877436
ACPP 1.016963 504 0.00127865 0.007273515
UMODLI 1.277593 564 0.006711926 0.028675953
CXCL8 —1.561364 145 2.25E-38 4.50E-36

MEHNKER . TR P TCF-B 2EE  FF, BIFEREE LT, ZRASIT¥EXL
R Z S5 IR TR, R4S Western  (P<0.05), B0 TGF-B W25 T AW5E 525 5
Blot L5 Xf TGF- B MAHXT RIBEHAT 40T, 45 PWliEE LR,

RPLIR, SXTREA L, BRAIA TCF-B Rikt THBS1 &% 1 8 &% PLAY THBS 1 b, #ik
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Tab.S5 Genes related to immune response

24 B LogFC P KIEfEP
CD274 ~1.171256037 2.60E-17 1.49E-15
SLA-DRBI 1337022797 3.35E-38 6.62E-36
JUN -1.850222012 6.44E-158 3.44E-154
CXCLS8 —1.561364 145 2.25E-38 4.50E-36
OSM —1.138466 837 1.79E-05 0.000182168
CXCL14 -1.021217549 2.23E-09 5.16E-08
CXCL2 —1.789799 638 1.19E-37 2.27E-35
THBSI -1.256610433 5.47E-86 4.87E-83
ILIA —1.242147858 2.09E-21 1.64E-19
CCL8 -1.300951991 4.26E-26 4.32E-24
CTSL —2.367477476 5.27E-05 0.000470351
IL1B ~1.733900902 8.48E-19 5.37E-17
SLA-2 1181319808 3.31E-28 3.87E-26

Sy ML/ ARCPE S5 I BT P AR RO R T, B
Caletam o J5 S BRI FEUE W] THBS1 A by 2 Fh 240 i & 53 6
binding THBSI M SEF4EEHIE . BERFLES, Ui
ML AR A AT R A AR AR
A4 B THBST S A0S THE . 947 S 4 5 4]
AR, THBST R JE ol sk 4 =, i
JE T b T 5 U T 4E AL Y S I 2 —
WEAEAMIFFE R, A5 R0 2 i 96 e il 2 I i 2 4 e
J A T I L R R B THBST T 9] J 3 T Aili 4127
5 MEesSEFRXER LERERREEAXE MMM T R, RESECT LA ECE
H. G REAREMMEREXER Wb, RPN S 22340 5 34T 20 B R 59 K 4t A
Fig. 5 Pink represents calcium-related genes, purple area TR LI E . 1A THBS1 8256115
represents immune-related genes, and green area BE, HLIFEAUS ) XA BIE T 4L 4 i
represents extracellular matrix-related genes 2204 THBS1 ik [ S a3 s %

% 6 THBS1 EEMHETRIEE(X+s)
Tab. 6 Relative gene expression levels of THBS1 (X + 5)
HA o} AL B YTl F P
THBS1 1.04+0.07 0.53+0.06™" 2.08+0.07# 755.75 P <0.001%%*

Immune
response

THBSI TGF- B HHAEEA 3 FA: TGF-B 1., TGF-
23 = B2. TGF-B3, M TGF-p 1 W44 % &
il R AR ) 0 D RS % R R B AR, K

IR O AUE] TGF- B 25| E Il £F 4 fh iy 32 %
J P O AR AR UESE T TGF- B iR 2
By 5] ] fiE A~

6 THBS1#E 3 EFHEFEBIFRIEEFR %*’H%Zj THBS"I ﬁ]TGF B ,Z@ﬂﬁbﬁﬁ\l l\

Fig. 6 Relative gene expression levels of THBS1 among the AF i (9 S 453 8 L 38 Ao 123 B T PR TG B Bk
three groups THBS1 ik, B THBS1 B3R5 Al GEAK T TGF-
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% 7 THBS1 EFHEMKIEE(F+s)
Tab.7 Relative protein expression levels of THBS1 (X = s)
J3—{E popitcEsl AR AT F P
THBSI 1.00£0.08 0.62+0.08" 0.77+0.10* 15.02 0.005%
555 B LEER, P < 0.01; HATLH LUER, *P < 0.05; **P < 0.01,

* 8 TGF-B EHHEXMRIEE(T£s)
Tab.8 Relative protein expression levels of TGF-p (X +s)
H—{E pog:etiel ALY ME g F P
TGFRH—1A 1.00£0.24 0.55+0.14" 0.91+0.05* 6.07 0.036*
5XT B LR, P < 0.05; SR HAs, P < 0.05; *P < 0.05,

XTIRA T IR s TGF-B
- X
THBS] s weis s 120 KDa -:;@QE
GAPDH GHENS G @ /2 KD: % AT
=
7 THBS1 WB &R ~EE =
Fig. 7 Schematic representation of THBS1 western blot “
results
1.5 THBS1 XM BOHA JRYTA
= DOt |
- - 4] 10 TGF-B ZE3AHMERMBEXMNRAER[HA
E\g 104 — =il Fig. 10 Relative protein expression levels of TGF-p among
ﬁ the three groups
£ | HEFTT PCR. WB KL, $7% THBSI 215 T AR
o FERREI & BRI, IR45 A THBST & TGF-
B HYSCHAIA BT A SE R I AL, kW] TGF-B HZ
0.0- 5T iZd#, FHZRXCERE KIS THBSI
L B 5 TGR-B MIIAEFAEMRHK . IS | s
8 THBS17E3 MM ERMRARER S5 P 5 A SRS ) {6 T THBS T
Fig. 8 Relative protein expression levels of THBS1 among Fl TGF- B 2 6] B B T o 2 & LR s i % & o B
the three groups PR B 75 S — R BT ORI
XPHRAL REHUZH AT
TGF-P s o smsmm 44 KDa [%%iﬁi}(]
GAPDH WD GEES =S ) |, (1] Campbell R M Jr, Smith M D, Mayes T C, et al. The char—
acteristics of thoracic insufficiency syndrome associated
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Fig. 9 Schematic rpresentation of TGF-p western blot Surg Am, 2003, 85(3): 399-408.
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