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Abstract

The present work aimed to screen biomarkers associated with chromophobe renal cell carcinoma
(chrcc) by bioinformatics methods as key genes to predict the prognosis of chrcc. The GSE15641
dataset was acquired from Gene Expression Omnibus (GEO) database, and totally of 1153 diffe-
rentially expressed genes (DEGs) were identified. Thereafter, DEGs were detected to carry out
Gene Ontology (GO) annotation and Kyoto Encyclopedia of Gene and Genome (KEGG) pathway
enrichment analysis. Moreover, the protein-protein interaction (PPI) networks were constructed
and visualized using Cytoscape software to identify pivotal genes, including KRAS, EGFR, EHHADH
and CCNB2, with CCNB2 being identified as the only significant core gene according to Kap-
lan-Meier (K-M) survival analysis. According to our results, CCNB2 expression was notably higher
in The Cancer Genome Atlas (TCGA)-chrcc patients than in normal samples, and the high CCNB2
expression in cancer tissues was associated with adverse clinicopathological factors. The high
CCNB2 expression group had markedly poor overall survival (0S) and progression-free interval
(PFI) compared with low expression group. Meanwhile, immune infiltration analysis demonstrat-
ed a positive correlation between CCNB2 expression and Th2 cells enrichment levels in chrcc pa-
tients, and a negative correlation between CCNB2 expression and Cytotoxic cells as well as DC cells.
At last, according to the Gene Set Enrichment Analysis (GSEA) enrichment results including CCNB2
gene, there was a significant difference in the classification of hepatocellular carcinoma (HCC)
subclass and breast cancer (BC). In the current work, CCNB2 can be considered as a predictive
molecular marker and a potential therapeutic target for chrcc.
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& 9 Homo sapiens, #4169 GPL96, H &4 6 NMEHtaiffnf . 23 N IEH B AHLFEA .
2.2. DEGs KRB FS3 #

FELA LR TR, g SR A B 43 B T € 4 8 R IE 5 R 234, A ) GEO2R 74k 20 W7 T B 7 I 97
i GSE15641 £ #i4E 1] DEGs, fiidktnitiy p < 0.05 3 H. log(FC)ZEXHE > 1.0.
2.3. THEEE AT

BHEM T GO 4Tl KEGG 8 40T . GO ‘& 4R =& 41 245 43 i I - Bt , .4 : BP (biological
process), CC (cellular component)f1 MF (molecular function) =/ J5 % DEGs #7410 (8. A,
KEGG %4 v] LA4x1H T fift = #5388 . ] DAVID T H%} DEGs 43 #l#HT GO & &£/ fil KEGG (55
AT, DAEIE 7 AT AT AL, LA p <0.05 AZEFA SR X
2.4. PPI MZZEYME K Hub EERIEE

{4 String 75 £ %045 B T H A 7 35T DEGs i) PPI 4%, i ] Cytoscape A HEAT Al #L4L, 1
CytoNCA i f-x} PP W45 i 47 DEGs #7147, #8J5 Hii#% Betweennees. Degree. Network 1 Information
Y BEERTR S H ¥ DEGs #EATHEFT -

2.5. Hub EEMTE 54T

TCGA, e R RE R, & — N R 70 i v 3 IR AR AR I B0 e, BRATT AN P 356 5 it
g0 g TPM #%3X,  FIXT 31509 Hub ZE KR A Log-rank #3631 T K-M 17257 .
2.6. CCNB2 7 TCGA ¥iREHHIISIE

M TCGA Hfi B it £ B gk e 4 o Jeg 89 HI(TPM ¥udis), i R 1B ggplot2 £, F Wilcoxon Al
frga il CCNB2 fE chree i 2 ZVMNE 5 A 2 b DL R AE RO H 23 [ RTA 7K F i A 22 o FRATT R
K H Kruskal-Wallis test. Wilcoxon 254556 777, MEARAAFHI(0S). Tt R FE(PFI). B ds F 417
HH(DSS) 55 H 4 JHPU AN J5 T 43 B CCNB2 RIE 5 ImREFIE IR &R
2.7. REER BN

N THRFE CCNB2 R AE chree W5 B ORI 24 FhuZ iR RIEFEE LR, FAET RIE
= GSVA L1 ssGSEA By 115 i 8 4R 21 v 4 72 4 B 1V 70 £ 15 40 » A Spearman #6236 7 72 4 W & 75 B A
Kk, TREbRAEA p < 0.05,

2.8. BEEEEEFHT(GSEA)

N T IR T4k CCNB2 FEK & A rdig, FAIEH R & “ClusterProfiler” T.H, £ MSigDB
collections #24(c2.all.v7.0)4", LA p<0.05 F1 FDR < 0.25 {E A ffkbrik, #iE % ZE RS SEEK.

3. &R
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@I BT LRSI 3 1153 > DEGs, Hrb FiREE 469 4N, TIHZER 684 4, iEid 2 HIFE I KA PCA
BT IR, @il 1 FoR . R E TR A FEAR P AL ESEARTE — MK L, SRR (8] — L FE
FEERIF, 1 PCA B B HREARRL IR, WA MZR 5. o, DEGs [#EA KL -k 2
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Figure 1. Box plots (a) and PCA plots (b) for the samples of GSE15641 dataset
[ 1. GSE15641 #iEE A A RIFERE (a)F0 PCA [E(b)
I e group
MTM1
KLK7
EFCABI11
REPSI
PGK?2
Qarto
DZIP1
XCRI
V§LL3
PCDHB17
PCNXL2
DSG1 25 -
FOXF1
VIE
HISTIH2
BEGPRI61  group
PDET2 [ ref 20
(Sjll))(t)tll . test
W D27 =
<
CE' 15 4
~ | <
=
o0 10
<)
= -
O 5
0 -
(@

Figure 2. Heat map (a) and volcano map (b) for the samples of GSE15641 dataset
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Figure 3. BP (a), CC (b), MF (c) and KEGG (d) enrichment results of DEGs
[ 3. DEGs BY BP (a), CC(b), MF (c) and KEGG (d)E&E%ZR

3.3. PPl HHE{EA SRAEFELE
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Figure 4. The top 50 Hub genes were screened according to the Betweenness (a), Degree (b), information (c) and Network
(d), interaction according to the Betweenness, Degree, Information and Network (e)
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Table 1. Top 15 hub genes sorted out according to Betweenness, Degree, Network and Information.
%% 1. #R4E Betweenness. Degree. Information and Network B9 15 b EF

Betweenness Degree Network Information
PPARGC1A KRAS EHHADH KRAS
NCOA3 EGFR KRAS EGFR
FOS FOS EGFR FOS
EHHADH EHHADH HIST1IH2AJ EHHADH
AOX1 HIST1IH2AJ GPI HIST1IH2AJ
CYP3A5 EGF EGR1 EGF
HSD17B7 CCNB2 CCNB2 CCNB2
CCNB2 THBS1 HIST1H2AC THBS1
LBR HIST1H2AC ADAMTS1 HIST1H2AC
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gk
EGFR NOTCH1 SPON1 NOTCH1
KRAS DNM1 SBSPON DNM1
CENPA AOX1 THSD7A AOX1
NOTCH1 GPI EGF GPI
DHCR24 PPARGC1A PIPOX PPARGC1A
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Figure 5. Survival analysis curve of the KRAS (a), EGFR (b), EHHADH (c), and CCNB2 (d)
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Figure 6. CCNB2 expression levels in chrcc and normal tissues (a), CCNB2 expression levels in chrcc patients and matched normal
tissues (b), association of CCNB2 expression with clinical features containing OS (c), PFI (d), DSS (e), and pathological stage (f)

6. CCNB2 £ chrce FIIEFHLARIFRIEKF (), chrec BEFITHAYIEFEHLHH) CCNB2 FRikkF(b), CCNB2 Rix5lls
REFIERD L . RAEFEH(C). THEENR). EHRFFHERERE). HEIHAF

3.6. RERHE

WK, ARG AE AR T, CCNB2 /K15 Th2 cells WA/K-T- £ IEMHK . 1t4h, CCNB2 K

°F- 5 Cytotoxic cells. DC. iDC. Tgd. B cells. Th17 cells. Neutrophils ZiR&EFEFF Sk, HAE 7(a)
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3.7. GSEA Ef

TRATILSEE Y 301 kK, H R 2 45 H CCNB2 BE[H( 2), A4 8 T 28 0 3L e 70 4
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Figure 7. Relationship between the CCNB2 gene and infiltration levels of 24 kinds of immune cells (a), GSEA of the CCNB2

gene ((b), (c))
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Table 2. GSEA of the CCNB2 gene
%% 2. CCNB2 £ [AH) GSEA

ID S_et enrichment NES pvalue leading_edge core_enrichment
Size Score

MAD2L1/POLE2/MRPS12/ARPC1A/
NUDT21/CCNB2/PSMD8/UQCRFS1/
TMEM251/ALDOA/MRPLA42/SLC25A
5/SLC29A1/NEU1/PSMC3/GLUD2/S
NRPD1/MANF/RAN/CDKN3/UXT/M

e VE tags = 4195, RPLISPGKUSTIPURNF141/PPP2R
UBCLASS_UN 150 0.454657887 1.702744015 0.00255102 list = 20%, elRCNi’/ECTZ’}MPAZ/PSMDl/OIGTFZ
iy cional - 335 STT3A/ICDKAIVBPLPSMAICLNSL

T TED- AJE2F5/RHOA/SYPL1/MCTS1/NDUF

A4/TPD52L1/PGD/HSP90ABL/ATP6
VOD1/CAPZA2/TM9SF2/DPML1/APO
O/ATG3/PRDX4/WDR61/NUP37/PRK
AB1/BAX/RFC4/CNN3/MAPREL/FE
N1/SNRPD2/TPX2

RACGAP1/MAD2L1/GTSE1/CEP55/S
TIL/CENPA/E2F1/CKS2/HMGB3/UB
E2S/HCCS/CCNB2/MRPL15/XPOT/P
OLR2K/CMC2/COX7B/PSMA7/TUB
SOTIRIOU_BR A1C/CDCA8/CDKN3/ORMDL2/GMP

tags = 36%,
EAST CANCE 05 = 36%, 5/ DSN1/MRPL12/MRPS17/AURKA/S
R GRADE 1_ 142 0462162007 1.724342232 0.00257732 sihsr:afozgjé/ TIPI/ECT2/TIMMI0/TOP2A/SLC52A
VS 3 UP gnal =29% T BA1B/APOBEC3B/PRC1/DNA]

C9/NUDTL/NME1/CCNB1/MIS18A/
MELK/NUP93/LAGE3/AURKB/SNRP
F/E2F8/CDC20/RFCA4/FEN1/TPX2/VR

K1

FATX DEGs AT GO &4/, HAGHIE gt PR bE R QT i, 2
IRBCAA TS T BB T8 i ia B Vs 1 B SRR I A 1T KEGG BLFE #MACRIEE Lk . Wl I/ 22 b A
s WIS 7 SRR IEE . HET DEGs 57 1 PPI 4%, {fiA] CytoNCA #fift, HE#E Betweennees.
Degree. Network 1 Information 5753545 4 4~ Hub 2[4, B KRAS. EGFR. EHHADH. CCNB2, Tfijifl
i KM 44250 M, FATHfE 7 CCNB2 ME—F IR E Az O R R . BE—30, @i TCGA ¥ FEL
ilE CCNB2 fEMIR LR b (1) RIB O, FATVR M2 CCNB2 Rk & T IR W FEA, ALk,
WL R I 23 CCNB2 I3k 5 AU I R B R =G HVIC R, XK 7 CCNB2 1R ] RELEM
JA R R VR, DR, ARE DL B RIS, FRATE BEHEN CCNB2 22 chree A RN AN £

YRR T, BREGEME IR AL B. C. Dy EZ%%, EH 20 G1-S Wi 5 W& A kit
WG (CDK)E A TE M E &Y, FHEUEMHEN I & OB, =HEHRE 7 RAEK R[5 M EEE Rt
#t, CDK1/CCNB JE R A 43 A4 i 40 e 8 17 Hh G2/M 356747, 1 H. CCNB2 R 541 i A 11 G2/m 1,
MNP0 S 4R AR T2 6] [7], Rk, FRATIHEDN CCNB fIZIA KT AT LLRS M 40 A B i K 7 34, 2440
Ji 53 AN BE 2 B B 45T JCRR 73 2R), e n) A e 4R, i CCNB 25 R S I i DA A 7E fi g )k
JE Ry EEAE . BRIk 4h, Thomas K Hoffmann 181iF T CCNB1 7 Sk 2 5 bRk 40 e b i 5 5 s
R AR K[8]. Bt —, CCNB2 fEJiMie . FLIRE . OF 540 . s 5 2 F e vh # i B2 29 [9] [10]
[11] [12], X743 T CCNB2 A Al fig & — A ik [ o dl ik IX T 5%, FRATmT AR S 1l CCNB2 2 chrec
TEA R AEbREDY), HHET CCNB2 1E chree (I1E LK HANTE 2, A0 R EMIbR A K& 250 2%
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JHE A 53 (Tumor microenvironment, TME) i YR 1)K A2 L AR K 376 % DL s 4 B i A ) A A0 3R G
AMELHE BRI 0 A, TG 5 iR A0 B A DA S Je ML B AN G e A A . BRATTNE, R T TME I3
Bl IR E R M A ThAE, AT N2 5k AR i b #E R [13], IR RO AN TME 76 K& JE L FE b
AWK AEABAER, TME I G 2 40 10 fih 8 452 08 52 00 Jo e 1 AR A K JE [14] [15], TME KISk A

SPRT LA e 200 e w1 IR O R 1 S e s, SR S TR A RAHSC[16]. ARFE ik #ir, BATGE] T
CCNB2 FiAHE N Th2 cells IREEK T RIEMIE, WANEW RN IL-4 52k 55 4 S8 TH2 418K 745
Why S5 2B R AR K AN AL AL [17] [18], 11 B TH2 A7 AE 5 Tilf5 A R A 9K[19] [20]. Btk 4k, CCNB2
FIEHWEINS Cytotoxic cells. DC 4Hfi £ 4z [, Cytotoxic CD4 T cells 5 DC 4iiifE N )% R G
GRANM, O ) WAL PR A kR, e CDA T 4 A4 IFN-y BL GZMB #11 PRF1 75 AT LL B3 5%
SO A [21], T HAGST BT AN IR S va T RN Y TE A SRR ST AR v] UK T DC 4H
M R FEAEF[22], Rk, FRATIHEDN CCNB2 J2 [ 38 ik 80 g 1) G0 fA 53 2 B2 chrree RITU -
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