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Analysis of key protein regulatory genes in differential expression
profile of gallbladder cancer based on bioinformatics approaches
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Abstract Background and Aims: The underlying mechanism for the occurrence of gallbladder carcinoma (GBC) is still
unclear at present. The available data at the genomic and transcriptomic levels provide the basic data source for
investigation of the molecular biological mechanisms of GBC. Therefore, this study was conducted to to analyze
the differentially expressed genes in and normal gallbladder tissues and key protein regulatory molecules in GBC
by bioinformatics approaches, so as to explore the potential molecular biological mechanism of GBC.

Methods: The differentially expressed genes were screened based on two GBC transcriptional datasets from GEO
database, and the three GO functional annotations were performed on these genes. The STRING database was

applied to construct a protein interaction network, and perform module mining in the investigation of key protein
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regulatory genes. Finally, the expression and predictive efficacy of the identified key protein regulatory genes were
comprehensively evaluated.

Results: A total of 140 repeatable differentially expressed genes (20 up-regulated genes and 120 down-regulated
genes) in GBC were screened, which are mainly related to the forebrain development and positive regulation
of neurogenesis, and participate in the composition of the postsynaptic membrane and transverse tubules.
Meanwhile, the SFRP1, a key protein regulatory molecule, had a certain ability in predicting the occurrence of
GBC.

Conclusion: The information expressed by transcription spectrum of GBC obtained in this study can provide
framework and thinking structure for studying the molecular mechanism of GBC. The key protein regulatory

molecule SFRP1 probably plays a pivotal role in the occurrence and development of GBC.
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1.1 ##

M HESE GBC B 22 S B R ) R GRRRAE , AL
16 3% B [ Z AW HARAE B H.0 (National Center
for Biotechnology Information, NCBI ) FJJEH %
K4 (Gene Expression Omnibus, GEO ) %t¥n
e R 2 N 26 GB CAH DG 1Y i S 4l A S8 dl il
%495 NGSE100363FIGSE139682, K4 {5 B A
BEADLEILFEL,

&1 GBC HAX¥ERAHIRERFBELRSLER

Table 1 Data information of GBC-related transcriptome and sample classification
e FHEER AR IEHHASL GBC FEAR S
GSE100363 HiSeq X Ten ( GPL20795 ) HLUEA 4 4 25343
GSE139682 HiSeq X Ten ( GPL20795 ) HEWEA 10 10 41762
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1.2 Aik

1.2.1 HFAHEALE  GSE100363 B4
AL P AR . (1) 2o e B I e 52 B 42 Sk e 51 O
IR A (2) 6 bowtie2 B 4F U457 4
53 %3N hgl9 PEATHXF; (3) 76 RSEM F i )
Rt AL R A 9 FPKM (fragments per kilobase
million mapped reads ) {H. GSE139682 %t ¥ £ iy
AL B AR (1) Xf e S0 R AT g, B 25 B T
8T 1319 20% (32 By (2) ] HISAT2.1.0 412"
B 5 X 22 % R 4] hg38; (3) M4l Chepelev
A P Y O R OE S 3R K ) RPKM (reads
per kilobase per million mapped reads ) {f .

1.2.2 ks RmuE2FREALRA 16 GBCAH
IEH A, [A) I SRR Student + K5 396 F1 22
S AG B FC (fold change ) ¥ ok U 22 5 3 35 Jk
B, A S0 UAF A B P<0.05 H. 1log,FCl = 1
B S K R 22 5 Rk FE I ((differentially expressed
genes, DEGs) .

1283 Z4KRZ AR GO EH HIEAT M
GBC & F RBFEHNMM G EY Fid R, A
i R B 4 ' clusterProfiler, org.Hs.eg.db .

DOSE % 2 J37 £ X 22 5 3 3k 3L A # 17 GO (gene
ontology ) TNAETERE Y, UL N2 5894 Wy # ot
# (biological process, BP) . &K &b i4 4 fifg 241
41 (cellular component, CC ) I3k HE 17 )5 F
g€ (molecular function, MF) . fEt R £ E
K 56 # 1F 1) 77 15 Benjamini-Hochberg XF P {H # 17
MEIE , 3 B AL IE P<0.05 9 GO AR IR B A & 1
124 2FRZARNEGRIAMSLMEL K
Bez i WS OR B STRING B 14 it 1. 7R B4 2
o AR B AR AR X GBC 22 R 3R Gk Ak [ A
1 i 5 AE (protein-protein interaction, PPI)

GSE100363

GSE139682 A

B 1 GBC RiZEEH Venn

Figurel The Venn diagram of differentially expressed genes in GBC

GSE139682-UP GSE100363-UP B

A I EIERERYILE 25 3R I Venn [ B: PP EERAE LR 25 0k 09 A
Venn [&; C: WIPNEEREEIL R 22 55 33509 T LA Venn &

B 45, Jf H Cytoscape BF X5 8 H o B A W 4% iF
frar Mk, 58 e AR EAE S 20 0.4 [ I fE
Cytoscape H1 ) Bl it K K B 75 MCODE (molecular
complex detection ) 7EF4 @t Y 2 11 FAE [ 2% rp ik A7
BEYAZ I, BOEERBEY 2, WAEEN 0.2,
1.2.5 XHRGEEAR KL S H F TR0 G A
W OKRH Graphpad Prism 8.3.0 A R AR
FA B OB AR 11 IR R R IR R SR R AT P SL AR A ¢ A
%o, P<0.05 425 HAT Gt R o I oo G Ak
A A N 2 1 A2 1 TAERRE M ZL (receiver
operating characteristic curve, ROC) . ROC Hh%k
THEM (area under curve, AUC) #fEir 1.0, F
B WIROR B

2 # =R

2.1 GBC ZRREERFSITER

TE WG A 5 o 2 804 v, TR) SR T e 36 AT E C
By 2SI H M ik, X EP<0.05HIlog,FCI=1
B 4. GSE100363 %0 #E 4 ik k6444
(2.54% ) 25 RIKFEN, Hh FRFEHE2824
(43.79% ) , TIHEKH3621 (56.21% ) .
GSE139682% 4l £ itk 2 20614 (5.28% ) 2
SFRIRFEN, MK E294 (37.58% ) , FiH
FHEH1 3774 (62.42%) . MAERE R TEER
ZRIFEH1440 (E1A) o B[ EJEER2019
(E1B) , HFEFHEIEHFEI204 (E1C) , F25
28T A4S HOBUIE AR vh 22 R R AR | KIS R[] 19
FER S AL FE T AN . BT X 1400 [F] 2=
FIRF AT RETEGCBC R A K R k45— EEH,
Wl i S Y 53 BT TG

GSE100363-DOWN GSE139682-DOWN C

A: The Venn diagram of differentially expressed gene in GBC in both data

sets; B: The Venn diagram of up-regulated genes in both data sets; C: The Venn diagram of down-regulated genes in both data sets
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Table 2 The S common up-regulated and 5 common down-regulated genes with the largest differential expression in GBC tissue

samples in each dataset

GSE100363 P log,FC GSE139682 P log,FC
ZE5FGR LIEEN
BLACAT1 0.002 8 6.774 8 KISS1 0.049 7 33106
MISP 0.0420 6.658 3 OIP5 0.002 9 1.8562
LINC00673 0.018 4 42576 TK1 0.000 7 1.8258
LOC101927571 0.046 9 3.1480 ACBD7 0.033 7 1.598 7
PLEKHN1 0.006 7 2.964 7 BLACAT1 0.009 5 1.5844
ZFRIL RN
ADCYAPIR1 0.021 3 -8.656 4 GRIK3 0.000 6 -3.1318
SLITRK3 0.013 1 -8.4221 NT5C1A 0.024 5 -2.6405
SFRP1 0.008 7 -7.3397 FHL1 0.000 1 -2.6141
SMTNL2 0.019 2 -6.579 9 PCOLCE2 0.022 2 -2.476 3
ASTN1 0.024 4 -6.3309 ADCYAPIR1 0.000 5 -2.4399

22 ERRZIERNIRESE

R GE 2 T AR TR 1 1404 JE B A DG A ) 24 1)
AE, XPXLe RN BEATGOTERE, 200l & 4252 2495
R ORI L 247 % AL Oy R R FI295 5%
T IREART . H A S B EAEP<0.05/9 4
Prrd BAREASAK, NIREBERNSK, WTUA
X 140 3R 38 5 0 019 R 2 2 W g I &2 &
Uit G B R 28 O A I OE IR R AR AR W A AR
PRBL T GBCAH G Y 3 6 BL T O TR B B2 T4 . 7R
XS54 T, CDON (cell adhesion associated,
oncogene regulatged ) . FEZ1 (fasciculation and
elongation protein zata 1) . GLI3 ( GLI family
zinc finger 3) . SLIT2 (slit homolog 2) . SOCS2
(suppressor of cytokine signaling 2 ) FE[H 3 B
MR IR, RIS RN FEES 5 TGBCIAEY
FRAESRE (F2) o 78 B E25 0T AR
W, HhoNEREZ SR MEBEAR, 4ENS
SHUNEA R . 53 AME B R BEE T A A
S FIReARE (K3) .
2.3 ERRIEEE PPl WS RERISHE

XX 1404~ 22 5 R 3k HE N AESTRIN G X4 )%
i e HARH = 0.40) HAEXS, ZJ5 H Cytoscapefk fF
X HAE R 2 #E AT Al #iAk (14 ) 5 HICytoscape
B I MC O D EH {4 75 PP TR 46 i 517 45 e 422 i
(3R3) , PPIRIZE & AN [R] A4 B340 0] 13 26 3 7P A [+
MR . 45 R L WISFRPIIEN HGLI3 . CCND2E
PE U1 s SEMA3DEA 5SLIT2 . NTN1E A
g2 ANK2JF 5GNAOL, PTPRDEAETE
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The GO_BP enrichment analysis of DEGs

forebrain development

telencephalon development

0.000 5
0.001 0
0.001 5

positive regulation of
neurogenesis

mammary gland
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B2 RFEEREH GO EMFIRIR (PLIRRTE
KEWARE GO £MFI R, HMARKRTERIESR
REHNERHE; FTREMRTAIFRARKIEPE, &
BELARTRRIE P EM/), EERERZE, BERTR
RIEPEMAHAEE )

Figure 2 Annotation of GO biological process of differentially
expressed genes (the vertical axis showing enrichment
of different biological processes, the horizontal axis
showing the number of genes annotated to a certain
term; different color gradations standing for different
adjusted P values, namely the darker the red color, the
smaller the adjusted P value and the more significant
the difference, and the darker the blue color, the
bigger the adjusted P value and the less significant the

difference )
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The GO_BP enrichment analysis of DEGs
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F3EE ) i
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Figure 3 Annotation of GO cellular component of differentially

expressed genes (the vertical axis showing enrichment @AFIL @SPAGI @ccDci7s @FNDCS  @zipnz  @GALNTIG @ WwscD

B4 ESFRZEER PPIMEE

Figure 4 PPInetwork diagram of differentially expressed genes

of different cellular components, the horizontal axis
showing the number of genes annotated to a certain
term; the adjusted P values of the two terms displayed

in above picture are around 0.036)
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Table3 The corresponding module information in PPI network

U FEFE AR s e (=
W1 SFRP1 B A 3 2
H! GLI3 BT 5 2
w1 CCND2 RIS, 2 2

2 SEMA3D 1 A 2 2
2 SLIT2 RIS 2 2
2 NTN1 RIS 4 2
3 ANK2 B A 5 1.2
3 GNAO1 BT I, 5 1.2
3 PTPRD R 6 1.2

24 XEEREHEERRESHER EZRHEAGIEE X ($HP<0.05) (KS5) . X

¥ GBCHLZUM IE 7 U A& 4L UM L, SR Wik — 2% T 3 W R 45 X 3 3 IR A o Ak T RE IR G B C
SEEEAR KK, & PGB C AL S ¢ B A 1 i 4 L TN ()&% 4 . SFRP1HISEMA3DIE [ (1) 22 5 4% Bl A T
SFRP1. SEMA3D . ANK2MYRXH B TR, L ANK2JEER,

601 P<0.05 8- 24 -
° P<0.05
— 9 e

I8 45 ”jg 6 I8 18-
| ° ® P<0.05 )
ﬁ —e & — ﬁ
2 20 b4 = 4 L 2 121 .
= e cen o° ° ; - -':I
= s ] d = " Z 6 .
= T . I [ 7
- - . 7 L) 0. = o.. ®oo

3 ; ol —Ledlaes . 0L ;;."' .

JiliE SR IE#HAR JiliE SR IEH A JiliE SR e IE#HHA

5 XBEQREERRABRSN

Figure S Analysis of expressions of the key protein regulating genes
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2.5 FEXEERIAEEREX GBC BTN EEH
i i 25 il RO C ol 4k ok T Al OC B R 4

FEHFIZ W M GBCI AR . 45 R A MSFRPI

FANK2BERF X GBCHA — & M Wl fg /3, H

AUC=0.9439
P<0.000 1

AUC=0.954 1
P<0.000 1

AUC=0.964 3
P<0.000 1

AUCTEY>0.9, SFRP 13 By il i i 5 wg 18 .
SFRP1. ANK23., SEMA3DE:A W I AUCTH &
*, 40.9643 (Ee6) .

AUC=0.923 5
P<0.000 1

AUC=0.8469
P<0.000 1

AUC=0.9235
P<0.000 1

AUC=0.9439
P<0.000 1

B 6 XEEOREEEIZHENSHT
Figure 6 Analysis of diagnostic ability of the key protein regulatory genes
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