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Screening and analysis of key genes in differential expression gene

profile of intrahepatic cholangiocarcinoma based on bioinformatics

CHEN Weiyi, CHEN Lijun

(Medical College, Hunan University of Medicine, Huaihua Hunan 418000, China)

Abstract

Background and Aims: Intrahepatic cholangiocarcinoma (ICC) is a malignant tumor arising from the
intrahepatic bile duct epithelium, which has an insidious onset and high degree of malignancy. Because
there are no obvious clinical symptoms in the early stage of ICC, and most patients have lost the
opportunity for surgery at the time of diagnosis, so its prognosis is very poor. Exploration of targets for
early diagnosis and treatment of ICC is of great significance. Therefore, this study was conducted to
screen the key genes involved in the occurrence and development of ICC.

Methods: Two ICC transcriptome datasets (GSE107943, GSE119336) were downloaded from the GEO
database. The differentially expressed genes were screened by edgeR package of R language, and then
these genes underwent GO and KEGG pathway enrichment analysis. The protein-protein interaction
(PPI) networks of these genes was constructed by using STRING database, and the key protein
regulatory genes were mined by using the MCODE plug-in of Cytoscape. The expressions of key protein
regulatory genes in tumor tissues were analyzed and verified by UALCAN and GEPIA databases. UCSC
XENA database was used to analyze the expressions of key regulatory genes in generalized carcinoma.
TCGA database was used to analyze the co-expression genes of the key regulatory genes. UALCAN and
GEPIA databases were used to analyze the relationship between key regulatory genes and patient
prognosis, tumor grade, stage and lymphatic metastasis. The correlation between the expressions of the
regulatory genes and immune infiltration were calculated using R language GSVA package. The
predictive abilities of the key protein regulatory genes to ICC were evaluated by drawing ROC curve.
Cell experiments were performed to verify the expressions of the key regulatory genes.

Results: A total of 1 094 common differentially expressed genes were screened, including 567 up-
regulated genes and 527 down-regulated genes, which were mainly involved in the process of small
molecule catabolism, organic acid biosynthesis, carbon metabolism and so on. Three key genes Polo-like
kinase 1 (PLK1), hydroxyacid oxidase 2 (HAO2) and ficolin-2 (FCN2) were mined through PPI
networks. PLK1 gene was significantly up-regulated in tumor tissues, and HAO2 and FCN2 genes were
significantly down-regulated in tumor tissues, which were verified by UALCAN and GEPIA databases.
The analysis of UCSC XENA database showed that the expression of PLK1 was significantly increased
in 28 types of tumors, the expression of HAO2 was significantly decreased in 24 types of tumors, and the
expression of FCN2 was significantly decreased in 27 types of tumors. The analysis of TCGA database
showed that PLK1 was co-expressed with CCNA2 and GTSEl, HAO2 was co-expressed with MTTP
and CPS1, and FCN2 was co-expressed with FAM99A and GDF2. The analysis of the UALCAN
database found that the expression of three genes was related to the stage and grade of the tumor and
lymph node metastasis. Among them, high expression of PLK1, low expression of HAO2 and FCN2
were associated with higher tumor stage, worse differentiation and more prone to lymph node metastasis.
The correlation analysis found that the expression of PLK1 was significantly positively correlated with
the infiltration of Th2 cells, and the expression of FCN2 was significantly negatively correlated with the
infiltration of aDC cells. The ROC curve showed that all the three genes could diagnose ICC well,
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among which HAO2 had the best diagnostic ability. The results of cell experiments showed that the
expression of PLK1 was significantly increased, while the expression of HAO2 and FCN2 were
significantly decreased in RBE (all P<0.01).

Conclusion: LK1, HAO2 and FCN2 may be the key protein regulatory genes involved in the occurrence

and progression of ICC. These three genes may probably become new targets for the diagnosis and

treatment of ICC.
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Table 1 ICC transcriptome data information and sample classification
Kia e FEAS B iR AR K IER AL K- 5
GSE107943 57 30 GPL18573
GSE119336 30 15 GPL11154
12 Fi& 4 (hgl9 A ) F RefSeq i B¢ 3L [H 47 HU X, %
1.2.1 SR HHIAA LA GSEI07943 KA e BUIL SEARBY 07 4 . (3) MR TopHat £E Ji 1) 3 4] &
A PR AR . (1) f# FJ MAP-R Seq 4 i #1770 M7 i fdi [ Cufflinks  (v2.1.1) PFAl £ R 3k K F

RNA Ul ¥ FE A . (2) 2R F bowtiel ?}Iﬁﬁl_ﬁji'ﬁ@ﬁ 54
X, Aoz B TopHatv2 NN NG~ = R hgl9

Ja#g et . (3) fifi F FeatureCounts %K {4 1 1k 3 K] 36 15

AN FE AR ) e 5T 332 Be 5 ENSEMBL 1Y GRCh37.75
RNA FRAE S 2% FE D SOt 5%, R Rk, (4) 4%
5 A RNA RHAEXT 55 (049 i 46 132 BUERObR 1 16 2 RPKM
fH. GSE119336 ¥4 i 5 i ik FHast 72 . (1) ) 7y 352 B
B 3 A% 7 51, B AR A e M IR i P A
2) fifi ] TopHat (v2.0.10) ¥4 /731 5 A2 S % 5K
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1.2.2 £FRBAAFL R ABIEmAHE,
K R1E T 1 edgeR £ X) 1CC 4 SURNIE & 4l 21k 47
25 5 RIRHE Gk , B B KOE P<0.01 H. llog,FCI>2
h S A o

1.2.3 272X XA HW#) GOMKEGG T £ i
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5 CC. 4 FUIHE MF) Fl KEGG 3 % & 4 747,
JEKs TOPS 1t 2 W AR 45 SR LU B 7

124 2F 22 ARG EQR-F9RAMEEAR
2% ( Protein-Protein Interaction, PPI) Networks #J #5%
BEAE 3 32 4k 2R ] STRING 2% 38 B (hitps://www.
string-db.org ) X} 22 5 & 3K R i#E 47 PPL X 4% 43 4T
1% & combined score>0.9 & [ {H 25 1, X J5 i
Cytoscape X HE AT AT AL o 2R H Cytoscape 3K {2
W () MCODE 4 {4 %+ PP [’ 4% Hpr () & 5 1 X 4% A7
P, I N AZ A O R B, B SR
Degree Cutoff=2, Node Score Cutoff=0.2, Max. Depth=
100, K-Core=2,

125 X AXARY AL, 5 HiE @Y
SPSS26.0 43 H7 5 B i 45 56 PR AE 1CC 2 21 A IE & 2H 2
MR, MR R M AR KR, R
UALCAN . GEPIA %4 i %) 55 P 36 38 47 B ik .
1.2.6 ¥4 AELARGZEEREH>H T UCSC
XENA ##5 %  (https://xenabrowser.net/datapages ) | 3%
2545 — A F ) TCGA HI GTEx () RNAseq %¥i, fii JH]
R 5 1Y geplot2 4 6 JC B 2 3k P E 47 32 988 2 1k
W .

1.2.7 #24AELAE A ICC T a3 2L LB >
PPI W % 2 #1 .'& 4 5 4 1E TCGA B3 2 (hitps://
portal.gde.cancer.gov) T #k IH 48 9 RNAseq £5 95, fiff
FH R 15T 1Y stat 4353 B 4 15 J5E DR 55 O S o] 42 L TR A9
HISEZR B, BEHURI DG R 80 TOP10 1) 2 fi5h 36 R 1k 47 7T
AL o >R F] STRING £ 45 22 % 41 5¢ 22 2 TOP10 1Y Ji
i 5 PRI R OC 9 9 2 DR R 47 PPL I 4% 3 A, R
Metasacape [ (http://metascape. ()rg) ot T s 4
53 HT .

1.2.8 X AXARGEREIEMNESH 2% HhE
A TG X & W 4541 R UALCAN 2448 P2 43 B
O FRE R I S MR A L g R R RS A AR
KAk o FIH GEPIA U4l 2 43 B B R 5 BE X 5 18
U AR DG

1.2.9 X BRI B AR 2 ICC % 0% 49 e i3 18 89 %
AT FE TCGA B4 5 F 40 10 48 5 RNAseq £04
fif Fl R 18 5 GSVA £ 1 57 4 9% B2 31 A OC 1k X i
=

1.2.10 %44 ROC w1 & #F i % 428 42 K B 23 ICC 89
7w g A1 {fi F Graphpad 8.0 3k 44 2 il 52 34 & T.1E
FEAE A2 (ROC #hZk) . ROC £ F i (AUC)
AR T 1.0, Wi R eRr
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1.2.12 RT-qgPCR # M mRNA & 5 2K H TRIzol %
(3£ [ Invitrogen 23 7 ) 2 HUC4H ML S RNA, 430606
FEIF A RNA W B2, Ml st ikl & (H A
TaKaRa /A 7] ) #% RNA ¥ % 5% 8 cDNA, & J5 H
SYBR Green ¥ (3¢ [H Thermo Fisher 2y 6] ) #F47 5L
PEE i PCR, LLGAPDH NS, SR 2744 kit
H BB A X IR B . Polo BRI 1 (Polo-
like Kinase, PLK1) ¥ 51 ¥ : 5-GCT GGG CAA
CCT TTT CCT G-3', T W5l 4¥ : 5-CCA GTG GGA
TCT GTC TGA AGC-3'; FRIEM AL (hydroxyacid
oxidase 2, HAO2) L {iF 51 % : 5-TGA CAG ACT
TTC AGG CCC AT-3', FiF5I % : 5-CAC TGA TCT
CCT CCC CTT GG-3'; £ 4k W ¥ & 1 (ficolin-2,
FCN2) E%#51% . 5-CTG CCA TGT GT CAA ACC
TGA A-3', Fi#E514 . 5-TTC CCC GAC TTC CAG
TTG ATG-3'; GAPDH F 5|4 : 5-GAG TCA ACG
GAT TTG GTC GT-3', TFi#E514%: 5'-GAC AAG CTT
CCC GTT CTC AG-3',

1.2.13 Western blot # il & & % i I EA,
K JH BCA 16 & 25 PV, 45 2H B 60 g 4 A
HATHRIK, Z R EALB S PDVF B I, 5% i
BE Wk A EIMA —Pi4 CHE LR, FHMA
P E 2 h, BOLER, LLGAPDH AN SITHEA
A XF 35, PLK1., HAO2, FCN2. GAPDH i {4k
0 H 5€ [F Abcam 23 H) .

2 & R

21 ICCERFRIZERNMER

K R B M edgeR A% B A4 % 5 241 804 it 47
Iy A, BE RIE P<0.01 H.llog,FCI=2 Jy [ {8 &5 1F .
GSE107943 %4 48 rh I 16 114 2 242 4> (3.88%) 2%
SRBEN, Hop BERE 13204, FEER
922 /4~ (Kl 1A) . GSE119336 % #i& % b 4t 0 1
1 6631 (6.50%) 2= 5 3RikHA, Hrp Bk RK
904 4>, TIHELH 7594 (E1B) o AN £ o 48 3t
22 J Rk EPE 11234 (K 1c), Hbh
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Figure 1 Results of analysis of differentially expressed genes in ICC

A: Volcano map of GSE107943; B: Volcano map of

GSE119336; C: Venn diagram of differentially expressed genes both in GSE107943 and GSE119336; D: Venn diagram of

up-regulated differentially expressed genes; E: Venn diagram of down-regulated differentially expressed genes
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Table 2 The five co-up-regulated and co-down-regulated

genes

GSEL9336 P logFC GSEIOI4  BIEP  logkC
AR FEEER
LY6D 5.29E-06  8.1210  FDCSP 3.03E-09  8.5009
CST1 5.58E-12  8.0653  OLFM4  236E-10  7.7281
RPAEP 2.30E-09  7.6106 EG4 6.91E-10  7.4770
FDCSP 3.63E-08  7.4690 MSLN 5.68E-13  7.4348
CEACAM7 2.26E-09 7.4238 KRT17 4.61E-15  7.4193
IR LE- IR LE-T
CYP2A6 8.38E-34 -7.7034 SLC22A1 2.10E-80 -6.9442
HAMP 1.81E-20 -7.3721 CYP3A4  1.24E-46 -6.6824
CYP4A22  6.06E-38 -7.3140 GNMT 1.82E-75 -6.6456
APOF 4.04E-65 -7.2976 ~ UROCI  4.05E-135 -6.5283
UROCI 1.58E-41 -7.2034 TAT 231E-47 -6.5206
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2 ICCHEREZERFREEFNIEMBREE A HREIZEFELENY GO BPEE; B: HEERFAEHINGO CCH
B C: LEZEFRILIEF M GO MF &4 ; D: H[F22 R HEF 1 KEGG il #% 7 4
Figure 2 GO and KEGG enrichment of common differentially expressed genes in ICC ~ A: GO_BP enrichment; B: GO_CC
enrichment; C: GO_MF enrichment; D: GO_BP enrichment

23 ICCERRIZERNPPIMESHEXEFMN  fiiH MCODE i {4 — 0 1% th 17 07 4%,
B A ECR I ET 3 AT G700 (3) (E4),
K JH STRING 4l 2 xf 1094 3R] 22 57 35 b 4204 1 3 A B 45 56 PLK1 . HAO2 . FCN2

JER FEAT PP 45 i A 4, i Cytoscape #E47 1] 4 (#£4),

1k, 1% PPL L LA 451 A5 i A 1288 530 (&13) .

R
TIN NNV

IILILIIIIIIIIIIIIIIILII
[1I1I

3 ICCERFTIAEREM PPIF%
Figure 3 PPI network of the differentially expressed genes in ICC
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Table 3 Information of the top 3 sub-network modules

B for Wi

AL AR

1 25481 28

344  CENPF.TPX2.KIF11 .KIF23 .PLK1.BIRC5.PTTG1 .CENPA KIF15.CCNB2 ,UBE2C.CDCA8.CDC20 .NDC80 .NU-

SAP1 . KIF2C MKI67 . TTK .BUB1B ,CCNA2 .FOXM1 .NUF2,CDCA3 AURKA .KIF20A .CEP55 .CDK1.TOP2A

2 10.762 22

113 SLC27A2.CYP4A11 . HMGCL.CYP2A6 . ACOX1.EHHADH .MLYCD.CYP26A1.CYP3A5 HAO2.CYP1A1 .HAOI .,

AGXT.CYP3A7 . EPHX2 .CYP4A22  ACOX2 ,AOX1 .NUDT7.CYP3A4 .PECR .CYP2B6

3 6.667 7

20 FCN3.C4A MBL2.C2 MASP2 MASPI .FCN2

MBL2

B4 ICCERFKIEEFEPPINEH 3N KBEFMLE
Figure 4 Three key subnetworks in ICC differential expression gene PPI network

x4 XBEARAEYRERTRER
Table 4 Node information of the key genes

A E-SISPAS BE(E (i
LIS ERED=Y PLK1 25 21.0
T4 a0 HAO2 11 11.0
15 a5 FCN2 5 5.0

2.4 XERREERRIES T RIEIE

SR FH M SERE AR ¢ K6 56 L 35 1CC 4 8RN 1E I A
20 41 h PLK1. HAO2, FCN2 R ik, ICC 44!
PLK1 %35 B & TIE % 4140, HAO2, FCN2 %Kik
WIBAR TIER A8, 22340 8EE (3 P<0.001)
(& 5A) . %5 % 2 W] PLK1 7€ ICC & 5 ik .
HAO2, FCN2 7£ ICC Hr 22k ik . I H UALCAN
) TCGA 4l e X 3 4~ BE IR AE 1CC i i 3R 3k 47 50
WE, &3 PLK1 7€ ICC {5 & ik, HAO2. FCN2 7£
ICC R #ik, Saothssf—2 (K sSB)., FlH
GEPIA ¥ B %t 3 AN JE A i SR ik AT 0 0E, & 3
PLKI 7E ICC 1 & ik, HAO2, FCN2 7E ICC K%
ik, HoathaiRBE -3 (K50),
25 XHBERAEEEEMBEPHRIESHT

¥ F UCSC XENA % #i8 ¢ 43 #r PLK1. HAO2,
FCN2 78 Mg v i) Rk WS 00 o & BLAE 33 i o,
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PLK1 7E 28 P jgd RaA B W3 = (K1 6A), HAO27E
24 Fh iy FRIA W W FEAR (151 6B), FCN2 7E 27 Fft i
JEFRIBW BRI (El6C) .

2.6 FEFAEEFRAEICCHMERIAZERSH

K F TCGA B4 7 43 Bt 56 B i 45 2% X 7E 1CC
AL R IR I N, & P PLK1 5 CCNA2 ., GTSEI % 4
PR 3 36 3K A OGP fesm (&1 7A) , HAO2 5 MTTP,
CPS1 %5 B [N L 3R A AH e fe i (K1 7B), FCN2 5
FAM99A . GDF2 %5 Jt [H 2t 3¢ ik 45 56 1 & 98
(K7C).

F F STRINGS %5 45 e ) e 3 3= 35 J5 TR 0 G gt
JE R A PPL M 4%, 3% PPL W 4% 245 30 > T A Al
110 4531 (B 7D) o 2R H Metascape [ 3 X 3 38 3k Jt
Wi T EEor, KRERKIERNFELS 5400
Gr3L . RMABOE . BEEE R B L W S IR A
FEAE (KI7E) .
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P<0.001

P<0.001

5 XBRAREEMRESFTREIE A: PLKI. HAO2, FCN27EICCAZURIE R A4 %Kik # % ; B: PLK1, HAO2,
FCN2 /£ UALCAN i i iy #eik 22 55 C: PLK1, HAO2, FCN27E GEPIA ¥ h i ik 22 5+
Figure S Expression analysis and validation of the key regulatory genes  A: The expression differences of PLK1, HAO2 and
FCN2 between ICC and normal tissues; B: The expression differences of PLK1, HAO2 and FCN2 in UALCAN database;
C: The expression differences of PLK1, HAO2 and FCN2 in GEPIA database
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El6 PLKI. HAO2, FCN2ZEMERIFRIEERAM  A: PLKI/E 2833 FiffRi Pk LM B: HAO2 7 24/33 Fhfihi o
FIET; C: FCN2YE27/33 Rl th ik T i
Figure 6 Analysis of the expressions of PLK1, HAO2 and FCN2 in tumors A: Up-regulation of PLK1 in 28/33 tumors;
B: Down-regulation of HAO2 in 24/33 tumors; C: Down-regulation of FCN2 in 27/33 tumors
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Figure 7 Co-expression gene analysis of the key regulatory genes in ICC

A: Heat map of PLK1 co-expressed genes; B: Heat

map of HAO2 co-expressed genes; C: Heat map of FCN2 co-expressed genes; D: PPI network of co-expressed genes and

key regulatory genes; E: GO and KEGG enrichment of co-expressed genes
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Figure 8 Effects of the key regulatory genes on the development and prognosis of ICC  A: Effect of PLK1, HAO2, FCN2 on
tumor grade; B: Effect of PLK1, HAO2, FCN2 on tumor stages; C: Effect of PLK1, HAO2, FCN2 on tumor nodal

metastasis; E: Effect of PLK1, HAO2, FCN2 on prognosis of patients
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Figure 9 Effect of key regulatory genes on ICC immune infiltration level A: Correlation between PLK1, HAO2, FCN2

expression and immune cell infiltration level; B: Correlation between PLK1 expression and Th2 cells as well as NK cell
infiltration; C: Correlation between HAO2 expression and neutrophils as well as CD8 T cells infiltration; D: Correlation

between FCN2 expression and Tcm as well as aDC
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Figure 11 Differential expression of key regulatory genes in HIBEC and RBE
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