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Abstract

Objective: To determine abnormally expressed genes in basal cell carcinoma (BCC), examine the
function of the differentially expressed genes and the signaling pathways in which they are in-
volved, and identify functional hub genes using gene expression analysis, and to investigate the
molecular mechanism of BCC pathogenesis. Methods: The gene expression data of GSE125285
were downloaded from the Gene Expression Omnibus (GEO) database. Differentially expressed
genes were analyzed by Gene body (GO) analysis and Kyoto Encyclopedia of Genes (KEGG) path-
way analysis, and the protein interaction network of differential Gene products was constructed
by Cytoscape3.8.0 to identify the functional hub genes. Result: Of the 653 screened in BCC, 387
genes were up-regulated and 266 genes were down-regulated. GO analysis showed that the diffe-
rentially expressed genes were mainly involved in biological processes of collagen breakdown,
composition of extracellular matrix and the process of oxidation-reduction. KEGG pathway analy-
sis revealed that the differentially expressed genes were mainly enriched in the digestibility of
protein, the pathway of Hedgehog signal transduction and peroxisome proliferators’ receptor ac-
tivation. MYC, IL6, PPARG, FOS, LEP, EGR1, COL1A1, NTRK3, SPP1 and ADIPOQ were identified as the
top 10 hub genes by the protein interaction network. Conclusion: Abnormalities in protein meta-
bolism, REDOX reactions and Hedgehog signal transduction by polygenic variation may be in-
volved in the development and progression of BCC.
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H 1. @i e BF N RS0 B E 41 S (BCC) I E R E R A SCIE N, HmERERKThEE.
251554 3@, HEHRAER, N\ TFKPAMARBCCH ARG RAEERER . 75 MGene
Expression Omnibus (GEO)¥3EE+ F#HGSE125285 I RFEEIE, FIFHDAVIDEIEELRIES K
Limma &%} 2 5 2 R 3 4T 2 B A4 43 1 (GO 43 1) A0 = IR 4 #5378 8 19 8 % 43 i (KEGG 43 #) . FR A
Cytoscape3.8.0 M EERERNMHE/EHMLE, HERKARER. &R SRHFERBT653NERE
H, HriRis BAKERZS7S, BETHNEE2661. GO EHEZRENTFTESSTRES
B MRARET R, S E R AR U AR EABFELE, KEGCESBEREEMTEERE TEARK
FIVE AR Y. Hedgehogls 5 i 2 KT MBS G FEMBUE ZAE RS . FEIRE T AT 10A 505 3
IMYC, IL6, PPARG, FOS, LEP, EGR1, COL1A1, NTRK3, SPP1}ADIPOQ. %it: £EFARPT
BN EARRERENEERNEFZERERE RS SBCCRIRERFRIHE.
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1. 5|8

58 U AT g A — i R A A 3R B IR JER B S 2 R R, SR T R TR, A B R R R 9
R[], RERMER, HRAERME, kit 540 Jie AR B 6 28 R PR NMSCs) i1 B %
t, A 330 7 BIEEA R, HBERNA 0.0028%~0.5%, AER LS IET-RAA 0.12%0 [2]. BFFT
i7R, Hedgehog §?Lﬁﬁﬁﬁaﬁ—f§rﬁlBCC B RAE .« Vismodegib 55 /N7~ NI AT FH X — 15 5@ 2%,
e iR A K [3] [4] SRTH bR 1) R Al W AF AR A 22 2 AN RAS Sl B N e, LSl g 2 AIAEAEE HAHAS
XHXR, f)“?if“mﬂ% PIAS T+ B TR, 4T R 70 25 B 40 B Jeg 785 16 (1 ik b JEE DR L B 2 X
AHFFEIN GEO Hidis [ b R 3 3L JFUUA S0 (GSE 12528 5)3EAT 20 A, 38 3k bl J2L Jec 491 it Jes 98 5% 1E 5 401 R 1
FEIR FRIB VG Tk HE 22 S LK (DEGs), 4RI X DEGs #EA75E R ThREFER /b FfE 5% Sl s & 20, it
T N3 —F 7K PR 56 R JoR B TR 4 e P i AL, DR v 7 SR = SRR T HE A
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2. WAk
2.1. FEERTHEEE

M GEO % ## J# (http:/www.ncbi.nlm.nih.gov/geo/) | %% 57 Jok 35 JBE 21 fifd 988 AH 9% 36 [R R IE 18 85 F (i 5
GSE125285), &0 723 T GPL1154 “F & (Illumina HiSeq 2000 (Homo sapiens))f{J:th F o 1% Kl ik i b
A 25 NN LR RS IR E A, J 25 M55 IR SR SRR AR .

2.2. EREHETFE

FIFH R iE S B (attps://www.r-project.org/) ) Limma fia 17 2 A4b B ) 5 ERI4E B SO i ik B 22 S 3k
FEH, 77 RKIEFE K (Differentially expressed genes, DEGs)f 77 % 25 14 4 2 57 4% 3 (Fold change, FC)Xf £ 1H
4 XHE|Log2(FC)| > 2, F£H P<0.05 NESFEAGIE X, FEHKLEERD.

2.3. ZREHAER GO 947 KEGG 94

B AR (GO) 73 #1(Gene ontology analysis, GO)J& — i F 1A S DA RH 38 R 7= 47 LA K 5 J31) e e Ak
DRI 2H B 4% s 2 B R A AR 2 R P R TR 5]s md #8 J5k DR R ik [R] 40 #5048 22 (K yoto encyclopedia of genes and
genomes, KEGG) W] H T 5 4t 73 #r 5 [K Dy e AIAT 1o 3 & D) e A5 B O AH RS & B [ 4H [6]. DAVID ¥ e
(http://david.abee.nciferf.gov/) /& — B R R DhREERAE L A TR, (0 5 3 i K E R R 5 A
yer i o AWFFOR IR B &R IR DEGs 43734 N DAVID 4 FE 4T GO & KEGG 734, PA P <
0.01 AFRHEREAT ik o
2.4. ERMEEERME S

B3 STRING %4 Iz Cytoscape3.8.0 #A/EXt DEGs Frdmtd )& A @ E E - &AM EAEH R,
HE— D i e 15 B A O B e i 1 10 ANER A, L S A 3 DR B AX 41 L 1A
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Figure 1. Volcanic plot of differential genes expression
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3.1. FIEERFTAERA

FIH R 85 BAFR Limma 4047 GSE125285 O FE A FRIA#E, JLifik 653 N2 R Rk LA,

Fodp 387 A~ B, 266 A R 2 5 RA SR DK L BRI (LE 1),

3.2. GO A{F94r

GO M iBoR F SR E 2w R A YRR (BP): RIS AR TR . A AP BT AL AR IR 1 7
AL RE . BORE R B 4iEAL . IR N IRAE EE R A0 BP: BAIE TR AT
B WA R . 29 B R EZE A T IIRE(MF): A AN E BRIy 45
TSR EE RN MF: 8570 TRk, b D AR A A A
7MCC): FEEFEMMEANERT . SN R =28 diAh, TR EE R M CC: MEA .
R 2R RFUBORL. AHBARBR. AR, DL P AE AN EIRIETHES, RoR GO i igs R,

FRBEEREARZE, PR

% 1.

Table 1. GO analysis of the differential genes
% 1. BCC ZRERAM GO HLER

ZE S PR %H B[R Thfe HHH() rfE

IR
GO-BP G0:0030199 e SR 2T 4 2 12 7.53E-11
GO-BP G0:0030198 YA AM L R 2R 22 9.55E-11
GO-BP G0:0030574 W I HE 43 A B 13 1.77E-09
GO-BP GO:0043588 KRR E 9 1.47E-07
GO-BP G0:0050871 B #iffiE R tiE A 2 8 3.32E-07
GO-BP GO0:0006910 W5 B hRAE 8 5.80E-07
GO-BP GO:0006911 FhEAEH 8 2.95E-06
GO-MF G0:0005201 A AI L S5 45 4 By 12 2.55E-08
GO-MF G0:0034987 RPERERZ ML 8 2.63E-07
GO-MF G0:0003823 ENEE Sy 12 2.24E-06
GO-CC GO:0005578 ESP e e Y 29 5.36E-14
GO-CC G0:0005576 b X 62 1.22E-08
GO-CC G0:0005581 REEE=%Y 13 8.56E-08
GO-CC G0:0031012 YA 22 8.81E-08
GO-CC GO0:0005615 2 A TR 51 5.90E-07

TR
GO-BP G0:0055114 AU 72 30 1.47E-09
GO-BP G0:0006629 Jlg AR A 15 2.43E-08
GO-BP GO:0042542 A AR B 9 3.44E-07
GO-BP G0:0043651 T R AT 2 6 2.19E-06
GO-BP G0:0042493 2 I L 17 3.37E-06
GO-MF G0:0005198 SRy TIE 25 3.19E-14
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Continued
GO-CC G0:0045095 bile{SEA 21 4.61E-18
GO-CC GO:0005882 EHIEE2 /RN 16 3.90E-11
GO-CC G0:0070062 ANy UA 77 1.21E-09
GO-CC GO:0005811 Jig 1y Rk 12 1.38E-09
GO-CC G0:0005615 21 41 E] R 43 3.91E-07
GO-CC GO:0005789 PAY 5 ) 32 8.56E-07
GO-BP G0:0055114 AL R AR 30 1.47E-09

3.3. KEGG ESEENh

%t DEGs #17 KEGG &M E 5, DHAERNTFEEENESEBER. 5&AKEAEARIL.
F R M S I AN Hedgehog 15 5 1@ 2)s FRZERINE — 4B SEE N TS WIBE AR LS 5E Y0
VESAR. DL P AEM/ANEI KB THEY), s KEGG /AT g 5, Ik 2.

KEGG Terms D hsa04974: Protein digestion and absorption D hsa05217: Basal cell carcinoma |:| hsa04340: Hedgehog signaling pathway logFC

2 3
Figure 2. KEGG enrichment analysis of up-regulated genes
& 2. bAEE KEGG BEHER
Table 2. KEGG analysis of the differential genes
7 2. KEGG BREESER
% 1D ey i L HH() P {H By

FifzERER

COL3Al, SLC7A8, COL5A2, COL5A1, COL9A2,
hsa04974 FR AR A R i 13 2.08E-08 COL14A1, COL27A1, COL6A3, COL1Al, COL11AL,
KCNE3, DPP4, COL10A1

SMO, FZD8, WNT7B, PTCH1, HHIP, PTCH2, FZD2,

. 4 = 01T —
hsa05217: 2 TS 4T 0 1 T oK, 10 2.27E-07 WNT9A, GLI2, GLI1
hsa04340 Hedgehog {5 5 il # 7 4.48E-06 SMO, PTCH1, HHIP, PTCH2, GLI2, LRP2, GLII
N ZE A

ACOX2, PPARG, FADS2, AQP7, ADIPOQ, ACSBGI,
hsa03320 PPAR 15 =il % 14 5.95E-11 PCKI1, ACSL1, PLIN1, FABP4, FABP7, SLC27A2,
ANGPTL4, ACSL5
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3.4. EER - ERHEEERAMERFEZOER

iid STRING %3 Fe & Cytoscape3.8.0 £ f4-xF DEGs Fr 4t 8 FA B - & A AR ELAE 25 (1
3)e BEDIHEAT BURH ORI B iR Y 10 AR, JLXT L (AT B O AR [AT o WX 1 86 DR ke 1 A4 = MY
IL6, PPARG, FOS, LEP, EGRI, COLIAI, NTRK3, SPPI J% ADIPOQ.
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Figure 3. Protein-protein interaction network diagram of differen-
tially expressed genes

3. ERREEENERBEEMLS

4. W1ig

B R FE IR A i Jes (BC.C) A2 o 5 WLl SR 3R ME e B, b Kropecher T 1903 4F ¢ IR R BLIF4R G,
WRTHREFENEA0 %), HRAEREZR 2 R /ME RS 5 R0 DNA KA SR RAR[7]. kLR
MR R RILZHE, EREE, FHAEREMEE AR 7 a2, Bt PR KY)
B A2 1Y) VA A R e A M (0 B Ik 5 58, sl J0dT v nT BT R AN 3 i 45, AR NIRRT
PHRTT AR AN ORI N, AR C S iEsr, aEFARGES N, 8T 0 s Kk
TR, BEINFARMENES]. FLRANME & R B E LT B EEW 5 iR, BARRRHLS A B,
R 2R LV TE (¥ B30 ML 1) O B 4 R ] P AT 9 R

AHIE TN A B W 5 I E T BCC FIEH G HRALIR B RIE 2 R 653 4, 45 387
A EIREERAN 266 AN FHIER, N GO Al KEGG 434 /514811 T DEGs fIhRE. GO 3 Hr R,
) DEGs & MRy B MAM X, BAEERE T LR 45/ R M R DEGs &£
B 5INMATRITE . KEGG /- #Tikas b i L A 2 2 s 4R 1l % Hedgehog 15518, Hedgehog 15
5B R U S R A g (T R B DA DG . BRATTIIT ST S5 e T I S AR — B, R H 8 O 4t
JadE R A A% 0 B, Hedgehog 15 5@ B & — MR ML HI IR IG R B 1015 57 i85, Hhgimd K
51858 [9]. Notch. RAS/MAPK. Wnt/B-catenin 4538 i 7 BE A3 FOHTF 70 bt % -5 386 EC 4 PR R TR i A %
[10].

AW DEGs HHAT /b, Fiidkt 10 N BARRMEMRAIHE R : MYC, IL6, PPARG, FOS, LEP,
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EGRI, COLIAI, NTRK3, SPPI J ADIPOQ. 7R, MYC J&Eil B b i AR AL R R, Ui i 2 (]
5 BCC W RA Fl e X RN, WRER AR ETE M AR E[11]. CH C-mye 5 R AE 55
BN, N-myc SR I UG I A B X, L-mye 500810 5 Bk R385 28 AS 17 6 s op R BAR —
B WEREN, SIEW R, FERE T MYC K TFHAR, X 55K H s —%, B myc
FEAR M T DA N 5T BT G IETE , MYC KI5 BE A T AN 2 R o A ) R AT R 4] 2B
AMRAIERE IL-6, TL-6 T IZAZAET ZFAM, IL-6 BRI T s 2, 45 5% S M S s
R RIS 12] 0 IL-6 LEAN RIS AL NS BR b (0 4E F b2 7, i AR B e T e DA 43 A R
oy iy 2, i O bR A B B R R e MR AR, R IMR RO . TS SR IT AR
VIR R[13].1L-6 ZAF N FIEEN 2 5 2 5445 5% Sl K, fE6.48 BCC 1E A 1) 2 Ml hi h 351 k[ 14].
BATAT LA pEIE L MR 1L-6 /KPR R G FRIGYTT, R IL-6 (RTINS g f 2 i th oA AN . 26
ARAFE Sy PPARG, PPAR(MFR It A A B4 S8 B IS 52 ) A2 A A 3% 52 AR S0 S M T A Yo e S [
TR, AR B 2N 5T, ARG Rk, MUY A GE, SRR AR, IR
FRL A A 5 0 O0E M B R R L, FETE NS 2 Mol e b 22 SRR [15]. H AT BRI ST BRI R 2 50 R B
PPARAG FTULE AN SHUMIE A G W E R, CAR 2 MR iE v, BREPLE R R, PR AR
ReIBRVEF[16]. PPARG FRARBIESE T H T AE SET-ER[16]. 2R, X BCC kA4 Kt g5
WA, A RERE R, VUMK R FOS. AWK, FOS 3 RE a8 hn 5 e 8 [ g 1)
FEAR, BRI SORTFE B AL 2R, R A MRS S = R 2B R 1171, Btk 4, RERIE IR IE AL BCC
FOS FHYERI AR AR KT /R PR BCC [18]. [Hitk, 128 BCC AHE TSR M: BCC A 5 @z 28t k52
Kett. BOMKAEEREE LEP. LEP (WFRNER)Z — M BRI AL ERMER, LEP 73 51k
FEIEMSE, E, IEREEEREE R KT8 LEP [19]. AiFEED], JERES]E R 20 5 240 2 hm 5 5] ke
A AEAR ELAE R, s R B AR A2 . i, BERE/NRIGREEE T UVB 1Rk & ERF TNF-o, IL-6
FVIL-1b KPE R, RUIEREL UVB 55 0 SO0E 2 [AFAE IEAHC[20] . 7EIX 88 5 /K~ 1 980 R 7 1A
T, BURAS PRI R R [21], FERRSEm AP 2O R IR R, TTRES5 8008% Jokes XU 189 in [22]
[23]0 FENMRAEERE EGR-10 1%HE R N R %) 580 B B 66 R 5 v B N BB — 01, 2R Rl R ¥ T A
EGR-1 %3305, WG EGR-1 W SR B 3 TR Itk 2h &, MRS NI R kL. B
RIE ALK, EGR-1 TEAZUR FABRAE b DA KR MR i R A R &Ry I EEAE . WF AR EGR-1
£ BCC HYIRKIE, AR AMME] R SR B A A&, JF o] [RIE0H) Cde25A FRIEF Cdk2 %M
FR1k[24]. DAL, EGR-1 BEPRIZFaKE ] DLX 73 38 B2k FE S AR PRS00, 3R B EGR-1 mI Ry 1E3% H 4 i () F
EEEK. BUMRATER R COLIAL. T R F 2 A0 /M5 6 B R sy, 72 88 B £F 4 AL A8 SR T
AR 2 B B A0 5 2 o 1 R e S PR 7P 4% ol BT — 4% o2 B 2Ll I P b 22 R 43 1) FH COLIIA T R COLIIA2
SRt , HE DL 2:1 W& R, TE R AR e 454 . BT FCIEN, COL1AL 53 A% 45 & 1iE(KCOTSs)
IR B K[25]. COLIAI i3k BAH RIS igae, BULME R s RBIEEK. F\
ANHR AL R NTRK3 o 1% D5 g i 4 22 8 57 M s S R 2 AR T (N TRI) SRR 1 — A B 5 o X il — b
LG G2k, BIWAERRGE, 250 GRAM 2R EGE DEEF(MAPK)E . 2R
SR ILF PR INRE IR, %R 2 AR I 2 A A B A 3R 4 i & Hh 1Rk [26] . BIFFE R IR
NTRK3 fili & /2 A 2 A e b i R Y, e R R T R B, 5 LA MAPK ) 28 €0 30080 e 225 (R AH
HHAFR[27]. HATHICHEFEUEY] NTRK3 %t BCC IR A RIBHEVIHK R, AL DI LKA
R SPPI. SPPI (MR N EHE MBS 5 NF-«B 15 SIBBRABIE A R avp3 [28] [29], EEGE
SRt e PR AEAER[30]. SPPI Bk 5 M [ EEI N Clark 73 G038 A% 7 R IE 2 6 % [31]. It
4b, SPPI 321k nl i 2 T ZR G0t 21 B AR bk 2 66 B e A 6 S BUER[32] 0 oF g JER 58 JEC A4 fd 1) R T A R
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B . BJa— MRAFEEE ADIPOQ. W3R M, ADIPOQ (AR /K-S &ME . TR
RN i ) 2R BRI A O, S R 5 e i R A B DR S 1) 90E B [33]5 He 4k, ADIPOQ [k = £ il AMPK
WS, M S ECE 2 5 403G 5E 1) mTOR 3@ B 0, A SEUERERI R A %=, ADIPOQ T LA
3 O G 5 SN, 2 O T LR A A R R, 4 NF-DB 4O TNF A1 IFN-c 55 25E K1 1) 7 A2 [34]
Xof R Jok B S AN A R ANBA T, A Rl — B .

5. &t

LR Lk, AU BCC BRI RIE 2 7 AT 1 4t I AEDE B2 0, X BIaRis W, #LRR)T &
UG A AR EERE L. BT, B OO SR R AR M A AT, 75 B — D R A R A
LRI HE R, DA SR R A0 88 58 SRS HE RO L R0 iR T 29 3R B3 i BB A4

SE
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