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Bioinformatics analysis on differentially expressed genes in epithelial-mesenchymal transition
of A549 cells YANG Guo, LI Chao, YAO Wu, XIA Jiarui, QI Yuanmeng, HAO Changfu (Department of
Pneumoconiosis, College of Public Health, Zhengzhou University, Zhengzhou, Henan 450000, China)
Abstract:

[Background] Epithelial mesenchymal transition (EMT) plays an important role in pulmonary
fibrosis. EMT of alveolar epithelial cells is a major source of myofibroblasts. Bioinformatic analysis
used to screen hub genes in EMT process has attracted the attention of scholars as the high-
throughput sequencing technology evolves.

[Objective] This study is conducted to screen potential hub genes and related key signaling
pathways in the EMT process related to pulmonary fibrosis by analyzing the genes differentially
expressed during the EMT of human alveolar type Il epithelial cells (A549 cells), aiming to provide
new ideas for the study of EMT related to pulmonary fibrosis.
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[Methods] An GSE17708 dataset was downloaded from the Gene Expression Omnibus of the National Center for Biotechnology
Information, and used to identify differentially expressed genes by limma package in R language. DAVID 6.8 was used to perform Gene
Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) signaling pathway analysis. An interaction
gene database and Cytoscape software were used to draw protein-protein interaction (PPl) network. The hub genes were identified
by the CytoHubba plugin of Cytoscape software. Finally, the hub genes in the process of EMT of A549 cells were verified by real-time
fluorescence quantitative polymerase chain reaction (qRT-PCR).

[Results] A total of 55 differentially expressed genes were screened out based on high-throughput chip screening. The GO enrichment
results showed that 5 enriched GO terms fell in the biological process category, namely collagen catabolic process, positive regulation
of cell migration, negative regulation of growth, negative regulation of endothelial cell apoptotic process, and extracellular matrix
organization; 2 enriched terms in the cellular component category, mainly in extracellular region and extracellular space; and 5 enriched
terms in the molecular function category, containing extracellular matrix structural constituent, heparin binding, phosphatidylserine
binding, enzyme inhibitor activity, and fibronectin binding. The results of KEGG showed that differentially expressed genes were mainly
involved in extracellular matrix-receptor interaction, amoebiasis, focal adhesion, PI3K-Akt signaling pathway, mineral absorption, platelet
activation, complement and coagulation cascades, and small lung cell cancer. Subsequently, the top eight genes with the highest scores
were determined as hub genes related to EMT through the maximal clique centrality (MCC) method: THBS1, COL4A1, COL5A1, COL4A2,
FGG, SERPINE1, LAMC2, and IGFBP5. The qRT-PCR results showed that the abundance of IGFBP5 was lower and not significantly different
in A549 cells after TGF-B stimulation for 24 h and 72 h compared with the control group. Except the expression of FGG, the expressions of
the remaining 6 hub genes were consistent with the screening results of A549 cells after TGF-B stimulation for 24 h.

[Conclusion] Seven hub genes related to EMT are identified. The expression of FGG is down-regulated, and the expressions of THBSI,
COL4A1, COL5A1, COL4A2, LAMC2 and SERPINE1 are up-regulated.

Keywords: A549 cell; epithelial mesenchymal transition; differentially expressed gene; bioinformatics; pulmonary fibrosis
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R INE B (extracellular matrix, ECM) BE TR, M
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MERE, ARERERR, WiZEEEN TN EH
QB3 FE W, EER, HMERRHNTERN, KD
TR _E RS - 8% 31 (epithelial-mesenchymal
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ER Y, EMT 25 E ARk AR B HED. &R
Zizohae 1. BEERWMEF ERAMRSY, Hmik
R EBMEEZGN, RIS TBEE I UM
BB R, ©E5 T A XERRN
RKEERY, B%E KA F - (transforming growth
factor-B, TGF-B) B@—MEHFENNARAF, 2T
HEMT REMNEEZFETH, BEETET TGF-B1/Smads
BER. 2N EENEREES (mitogen-activated protein
kinase, MAPK) JBEEH] Wnt B EZ MESBIE S
SR EMT B9 & £ 9, A4 ARIREE T 1| BUffSE £ &2
MRV E BIFIE, TGF-B BEMSBUE AS4A A HF T H
EMTRYR S, MXMFETHEE ST EMHBEX
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RRIB L NI R AT 4 (E A X EMT BV E A A IME
BUTE AL, #R5T TGF-B RISk As49 4BRAAE X EMT T 42

hERRAER, BB T REMALENEXEMT S
EHRIXBEANER, AARERNERREES
#4E%E (Gene Expression Omnibus, GEO) HHAYE A
F¥E S GSEL7708, B EME R F M5 EXT EMT
HIEPHNERRAERFITIHE, MEHKLEMTZE
MEXRBXBERE (Hub BERE) HF TR IRIINIE, LU
QXL Hub ERNERRIEAS SAPHNEERE—
B, Mm#H—F IR EMT IEFMAFEN I RZNER, A
FisT4EEAEX EMT IR IR S E,

1 ME5REE
1.1 SR EERE

SR BIESEXRBEZEEEILE R F O (National
Center for Biotechnology Information, NCBI) 83789
GEO 1 [ (https://www.ncbi.nlm.nih.gov/geo) H1HY
#EES GSE17708, A ANARNERE . OB
LB R VR, IFRE TR S BNEEE ; @i%
BIBEFIELRLZNINEERER, IFEMER,
B 15 B & 59 GPL570 [HG-U133_Plus_2] Affymetrix
Human Genome U133 Plus 2.0 Array, Z#IBEE S
26 MEA, 37948, BV 5ng-mL* TGF-B R A549 4H
0. 0.5¢ 1. 2. 4 8. 16\ 24, 72h, FR2hAA R H 21
555, HhAY NI PMEEHFEZ, 5ng-mL* TGF-B R
B AS49 RERYEI VT 24h, FIEEEBRHE TURE
ASAO I H R L LB ASE EHNT K. ZEEIIR

www.jeom.org



#5455 J2 3 &% | Journal of Environmental and Occupational Medicine | 2021, 38(3) 247

e E)ERE, HifAk eMTEEHAER, FtAHR
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1.2 FETMAIE R & R RIAEERYTHE

TR PerIBE R AMEBENUNERRZI, b
ERARESFMIimmat, UKRIEEH P<0.05F]
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&M, HRITEIESE TGF-B RIBIAS49 4R 24, 72h 5
XTER2H (oh) ML ERFAERA, KEfE181 FunRich
(http://www.funrich.org/) R ITRE DT EI L
FANERREER,

1.3 E[F7 KL (Gene Ontology, GO) E&E 2 HRH
RBERASEFAERE 2B (Kyoto Encyclopedia
of Genes and Genomes, KEGG) S Si@I&

3 FA DAVID 6.8 (https://david.ncifcrf.gov) Xt E &
RIAEF#H1T G0 E&E 5 MM KEGG 15 S 1@ B8 72 170
GO BENIMMEMF &R, ARAD . P FIEE=1
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1.4 ZEEBFKR-EHBKMEEEH (protein-protein
interaction, PPI) M4&HYHEE Rz Hub EE Bk
zABEERREREEKRZET A (search tool for the
retrieval of interacting genes, STRING) #(3& & (https://
string-db.org) IR EFR R AERARI PPIL, LIFE
AEE (XEEATD >0.4) fERNTBIERATED, BE
[ FH Cytoscape V3.7.1 X EBRFRKARFER PPI L #H
TR, FHIEEXE F B CytoHubba 1@ Id K&
KEMESF LY (maximal clique centrality, MCC) 75355
TR RENERVEN Hub ERE Y,
1.5 LRRAEEEREGEEHR LR (quantitative
real-time PCR, qRT-PCR) I&3F EMT t8X ¥ 53 b 35
A Hub E&F

ASA AR EFHRER FIRAME, KAMEE
FREEERD TN 10% HIRFIE. 100mg L BEEE
A% 1.0x10°U-L* 5 B E B RIPM 1640 (X [E Thermo)
TEIEFED, METER D 5% N |k,
37°CIER T EAREIEF . AS49 AR LL 2x10° M
LT 6 FLIRA, L3 AXTERA M TGF-B AL IEA,
F 5ng-mL* TGF-B 73 5! Rl 8 24, 48. 72h [G 3K A Trizol
X7 (A7 TakaRa) $2EX/E RNA, A PrimeScript™RT
reagent Kit with gDNA Eraser 15,5/ & (H 7% TakaRa) i#
TR¥%F, FATB Green™ Premix Ex Tag™ |1 1155 & (B
7N TaKaRa) #HITLIT RN TEE, FSIE EMT HEX3%

S EFEFRA Hub B El, EMT BRI D bIstnitiR LK
MEBAIAREY) E- $5552 8 (E-cadherin, E-cad) F[8]/&
M AIARE YR FZZE A (vimentin, VIM) , A LU
TGF-B R ASA /5 R T IE L T EMT. B 5T, qRT-
PCR 4% 24 h #1 72 h 3 73 W3R LUK THBS1. COL4AL.
COL5A1. COL4A2. FGG. SERPINE1. LAMC2. IGFBP5 HJ
RiK, M/E, qRT-PCRIQN 48 h ¥ 53 (L 545 F1 THBS1.
COL4A1. COL5A1. COL4A2. FGG. SERPINE1. LAMC2 #Y
RiK, SIMALEBETEMBERRAEK, 5IMF5
WIER 1o BUBRF 22 A #ITR IR, FHR A SPSS 21.0
DIEIRE, MIAER a=0.05 M) o

#&1 qRT-PCR3|¥IF%!
Table 1 qRT-PCR primer sequence

E2EH Em5H (5—3) RmE514 (5 —3)

Gene Forward Reverse
THBS1™ GCT CCAGTCCTACCAGTGTC  TCAGTCACTTGCGGATGCT
6™ TTATTG TCC AAC TAC CTG TGG C GAC TTC AAA GTA GCA GCG TCT AT

tamc2™! TAC CAG AGC CAAGAACGCTG CGCAGTTGG CTG TTG ATC TG
SERPINE1"™ CCG CCT CTT CCACAAATCAG  AAT GTT GGT GAG GGC AGA GA
coL4A1™  TGT GGG CCA GCC AGG CATTG  CAG GGG GTC CGA TCG CTC CA
coL5A1"""  GCC CGG ATG TCG CTT ACA G AAA TGC AGA CGC AGG GTA CAG
coL4A2"  AGG GTC GCA GGG AGA GCT GG TGG GCC TCG TTC CCC TGG AG
IGFBP5 GGA GGA GCCGAG AACACTG  GCG AAG CCT CCATGT GTC

E-cad AGG ATG ACA CCC GGG ACAAC TGCAGCTGG CTC AAG TCA AAG
VIM CCT TGA ACG CAA AGT GGA ATC GAC ATG CTG TTC CTG AAT CTG AG
GAPDH GCA CCG TCA AGG CTG AGAAC TTG TGA AGA CGC CAG TGG A

2 &R

2.1 ERRIIERMTHE

TGF-B I8 A549 4HRE 24 h, HiFiEHEERFAER
671, HAR 471, TiIA20, HREWE 1AFfT.
R 720, H£iHEHERREAER 10017, HP EIF
481, FiE524, AENE 1B, 725X 24hF 72h k&
BERABRRUN TARAERNRZE, 3N ER
IBEERERTEHIEETIRFINERZR, REFINE
SFRAERAS, HF EE354, TiE201, &R 2,
2.2 ERREEFEN GO EESR

X ERFEINSSNEFRAERHFITGOESE
D, ERER I SSTMESRAERTFESSENE
MEFRFROEREEQDBAHNSE. ART%IiE
BE £ KAET. IE4REBTEENAREEUR
ECMAR ; ARAPHNEERERETRSS NTERRKREA
BEREEPERINXKFIAIEINER ; D TFIIENEER
TESREERATEEB ECMEWAR. FFELES.
BEREEt 2 RGP E . BRINEIFIRY A, (FEERES
Ihee. WE 2,
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[Note] A: 24h; B: 72 h. Up-regulated genes are red, and down-regulated genes are green. The genes displayed are those with significant differences. The
abscissa represents the number of samples in the gene chip, and the ordinate represents the gene symbol with significant differences.

1 ERFTEEFHRE

Figure 1 Heat map of differentially expressed genes

®2 HEJENERKAER

Table 2 Co-expressed differentially expressed genes

KiXitaH (Regulation) EEEFR (Gene symbol)
+iA (Up—regulation) IL11, CORO2B, FRMD6. IGFL1, SLN. SCG5. RASGRP1. IGFBP5, GJA1, THBS1, SLAMF9, LAMC2, SLC16A2, PODXL. ANGPTL4, KANK4.
(n=35) COL4A1, PPPI1R14C, SERPINE1, PLEK2., DHRS2. COL5A1. SNAI2, MBOAT2, COL4A2, MMP10. IGFBP7. CCDC80, SPOCK1. LCE3D.
MTI1H, MT1X, MT1HL1, EGR2, MT1F
T3/ (Down-regulation) ALDH3A1, AGR2, INHBB. C9orf152, CCL20, CYP4F3, ANXA13, TM4SF20, CYP4F11, TSPAN7. CXCL16, FGG. TSPAN8. CP, FGB. SLC51B.
(n=20) RARRES1. KIT, RTN4RL2, ADH6
Extracellular matrix structural constituent | - 3% (category)
Heparin binding . . BP
Phosphatidylserine binding | - . CC
Enzyme inhibitor activity | - + MF
Fibronectin binding | - o
Platelet alpha granule lumen | s EE#E (Gene number)
Fibrinogen complex | - ®5
Extracellular matrix A : %g
Extracellular region A ® 20
Extracellular space A
Cellular response to cadmiumion | - p
Collagen catabolic process |«
Positive regulation of cell migration . -0.005
Negative regulation of growth | 0,010
Negative regulation of endothelial cell apoptotic process o :
Extracellular matrix organization i o i |
10 20 30 40

BEEHPT &G (Gene ratio)

[>* (Note) ] Extracellular matrix structural constituent JJ4RREIMNEFRLEMIZAR, Heparin binding IAFE4E S, Phosphatidylserine binding /54 BE BT 22
KERYDBTE , Enzyme inhibitor activity JIEGHIHIFIEYE, Fibronectin binding A4FEERHLE S, Platelet alpha granule lumen J9 /MR - fal /R A S5
Y BB, Fibrinogen complex 4T 4 E HIR B 7%, Extracellular matrix JARBIMNEL R, Extracellular region 9 BEJMNX, Extracellular space /940 il
SMEIBR, Cellular response to cadmium ion BN FRE FHYR K7, Collagen catabolic process IR B 2 iR YT A2, Positive regulation
of cell migration 4f ff1 iT #% IE 18 4%, Negative regulation of growth 734+ 1 {8 %3, Negative regulation of endothelial cell apoptotic process /3 A
B 4RARE T 2RV A BT, Extracellular matrix organization 4B IMERLALR, BP | E£H)F &R (Biology process) ; CC : ZAAEZASY (Cellular
component) ; MF : 93 FIHEE (Molecular function) o

2 ERFRAEEM GO IREERE

Figure 2 GO functional annotation of differentially expressed genes
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2.3 ERFTIEERKEGG ESBE O
X EFRABRFHAITKEGG 5 S BRI aNE 3
Fimo ZERETR, 55 NERKRABRATESS5HES

Small cell lung cancer

Complement and coagulation cascades | -
Platelet activation

Mineral absorption | -

PI3K-Akt signaling pathway

Focal adhesion

Amoebiasis

ECM-receptor interaction

W B ECM Z AR EEA. FRERRG. EH
BYTZ B PI3K-Akt {5 S @R B ¥ B R U, M/ MiRiER
s AMER R AR B [ N« /)RR A

#= (Gene number)

i
ounswH

°
7 eee-
©coo
o o
N >

L 0.03

0.01
[ ]

7

|
8 9 10 11

ERAPFR GBI (Gene ratio)

[7E (Note) ] ECM-receptor interaction AAAEINEFRZRFEEVERA , Amoebiasis /3P K B RRGE,

Focal adhesion 9F5E&EBIAYAZAL, PI3K-Akt signaling

pathway /3 PI3K-Akt {5 S 8 E&, Mineral absorption /98 #) BRIk UX, Platelet activation /3 1/\REE, Complement and coagulation cascades /9%t

R RERIMZREX 2 K7, Small cell lung cancer 9/ )N4RRE AT

E3 ZFREEFMKEGG E5@E
Figure 3 KEGG signaling pathway of differentially expressed genes

EFRAEFRPPIMBEEK Hub EF Y

STRING #03E ZE (https://string-db.org) A FHEE
FREAERANEDEEML, PRIZREEVEERZE AR
IR, a6l PPINLE, WIE 4 Fim. MEHRHEE 271

SREER, RELFANERREEA N 181,
FIETREANER 91, KB CytoHubba 1 4 H AT
MCC % I 328 PPI S FRAY Hub B[R], HEERWE 5 Fr

o D BREBERE D5 THBS1. COL4AL. COL5A1.
COL4A2. FGG. SERPINE1. LAMC2. IGFBP5,

CE] e LANERRAER, FBATHENERRAERA, E4
REERZBEFEHEEER.
[Note] Up-regulated genes are red, and down-regulated genes are green.
The lines represent interactions between genes.
B4 EFTEEER PPIMSK

Figure 4 PPI network of differentially expressed genes

GJIA1

MMP10
ANGPTL4

CCDC80

" IGFBPS

IL11

MTIHLI 5115

] 48R MCCOEITREEMNEI RS, BRAZ, BERFIRIEN
HHA,

[Note] The score is calculated by the MCC method. Red represents a

higher score, followed by orange, and blue represents a lower

score.

E5 HubEE#HEXH PPIRL
Figure 5 PPI network of hub genes

2.5 gRT-PCREISIE Hub E X F1 EMT #HK3% 53 1L15HR

B, @I qrRT-PCRIIE 7 EMTHE X ¥ 73 (L 15
PRV RIK, E-cad BIFRIATE 24, 72h 39T, VIM RIX
£ 24, 7203 LA (30E 6) » 3X 3% BH TGF-B I K A549
MEEEET EMTEIIEFE, BE/S, gRT-PCRER E/R
IGFBP5 TE AS49 AR P FERIK, H B SXTIR4AME
b, TGF-B R AS49 4Aff 24 h A1 72 h N E B H REAE,
Ak, 33 ERFT7 D Hub BRI RIAIF 7T T I,
BRT FGGTE24h RIALFES S HERTR, HER
HRAEEYESHEHIBE—H (WE6). BRIt Z 5,
#— ¥ TGF-B R AS49 ZABE 48 h BY EMT 4B < 4%
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DIBIRAIRIZF] _E3R 7> Hub BRI FRAIB R (40
6)o

40
= XFE (Control) .
[ 24h TGF-B 1 .
) 2 .o|| D48hTGF-B . T
B3 [172h TGF-B
X<
< =2
=
E (]
= 9 o * «
2 s o
T = * o * *
. ﬂ‘ﬂ ﬁ ﬂﬂ
ol T LIF L L L e ST
> N N N a2 O Vv N
e N & F F W
9 F <8

[F] * . 533884A4ELL, P<0.05, E-cad N E-FBEER, VIM AEFEE
H, THBS1 A/MRR NEH-1E R, coL4Aa1 AIVEREER
al EHA, cosAa1 AV ERREH al ER, COL4A2 R IVERR
EHRER, FGGHAFHERRyFEHAEE, SERPINEL S
#EREOBNHERER, M2 ABMEER 2 ERA,
IGFBP5 HRBEFEKEFESER s EE,

[Note] * : Compared with the control group, P<0.05. E-cad: E-cadherin,
VIM: vimentin, THBS1: thrombospondin-1 gene, COL4A1: collagen
alpha-1(IV) chain gene, COL5A1: collagen alpha-1(V) chain gene,
COL4A2: collagen alpha-2(IV) chain gene, FGG: fibrinogen gamma
chain gene, SERPINE1: serpin family E member 1 gene, LAMC2:
laminin subunit gamma 2 gene, IGFBP5: insulin like growth factor
binding protein 5.

E 6 qRT-PCRIGIEEMT X3 CEREF Hub EE
Figure 6 qRT-PCR verification of EMT-related transition genes and
hub genes
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fhst b @ — M. TR BB HIF I
B BRI SR. IMEFERL . Sis. RAERZE =T
FhLTE RS, A ENTIEE, ARERE, ARE
EFHFBEH. FEERRIRETRN, LR ERE
IERTERMAEUNEAEIETEEEENER ™, m
TGF-p ESHEMTHEBIFSH ), EILAZTIER
TGF-B M EBRIAHE || B E R AR B B RS F #E, L
IR IEM AT AR EMT EIEF EE ESRIAN
E2&A,

AP REFEMBIUET 7N EFRABER —
THBS1. COL4Al. COL5A1. COL4A2. FGG. LAMC2.
SERPINE1, THBS1 =IM/MR R NEBKREFHN—HR, ©
E—MZIEEEE, AETRNIEMSEIRERER
SMEYLEN. FAREMAEMELEF, THBSLIAT
MR RIFNAMREINGD, RIIRBINE 14>, BE
AR IE THBS1 & TGF-8 N E B IEHUEN, E=REMT
HBEREA T 22, HRKRA, EEERET, THBS1

i R AR eMT R ERERMNE R, mE
S—MXFEBEBHRH LI, THBSL BE 5 BUE
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