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[ Abstract ]| Objective To mine stemness-related biomarkers of renal cancer based on the renal cancer stem cell
microarray data from Gene Expression Omnibus (GEO) database, and to construct a new model for the prognosis of renal
cancer with the clinical and transcriptome data of renal cancer in the Cancer Genome Atlas (TCGA) database. Methods The
microarray data were downloaded from the GSE48550 dataset of GEO database to screen the differentially expressed genes
between renal cancer stem cells and normal renal tubular epithelium cells. Gene function and pathway were identified by
Gene Ontology (GO) and Gene Set Enrichment Analysis (GSEA). The hub genes of renal cancer stem cells were identified
by protein-protein interaction (PPI) network construction. Age, clinical stage, prognosis and expression levels of related
genes of patients with renal cancer were downloaded from the TCGA database. The independent risk factors of prognosis of
renal cancer were screened by univariate and multivariate Cox regression analyses, and a nomogram model for predicting the

overall survival of patients with renal cancer was constructed. Results By analyzing the microarray data of renal cancer stem
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cells and normal renal tubular epithelial cells, we found that the differentially expressed genes were enriched in the biological

processes such as cell chemotaxis, extracellular matrix formation and receptor ligand activity; and inflammatory response, P53

and tumor necrosis factor a (TNF-a)/nuclear factor kB (NF-kB) pathways were significantly activated in renal cancer stem cells.

Univariate and multivariate Cox regression analyses showed that age and clinical stage were independent risk factors for the

prognosis of renal cancer, and C-X3-C motif chemokine ligand 1 (CX3CL1) in chemokine family was an independent protective

factor for the prognosis of renal cancer. The risk model based on age, clinical stage, and CX3CL1 expression level could

accurately predict the overall survival rate of patients with renal cancer, with a C-index of 0.803. Conclusion Stemness-related

genes of renal cancer is screened through the joint analysis of GEO and TCGA. A new model combining patient age, clinical

stage and CX3CL1 expression level is constructed to evaluate the prognosis of renal cancer patients.
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Fig1 Heatmap and volcano map of differentially expressed genes of renal CSCs

based on GSE48550 dataset of GEO database

A: Heatmap of differentially expressed genes; B: Volcano map of differentially expressed genes (top 6 differentially expressed

genes are marked). GEO: Gene Expression Omnibus; CSC: Cancer stem cell; FPKM: Reads per kilobase of exon model per million
mapped reads; FC: Fold change; CDC25B: Cell division cycle 25B; ID2: Inhibitors of DNA binding/differentiation 2; TRMTS5:
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Fig2 GO enrichment analysis (A) and GSEA (B) of differentially expressed genes of renal cancer stem cells

GO: Gene Ontology; GSEA: Gene Set Enrichment Analysis; TNF-o: Tumor necrosis factor a; NF-xB: Nuclear factor kB.
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Fig 3 Protein-protein interaction network diagram (A) and hub protein module (B)

CXCL: C-X-C motif chemokine ligand; CX3CL1: C-X3-C motif chemokine ligand 1; CCL20: C-C motif chemokine ligand 20.
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Tab 1 Univariate and multivariate Cox regression analyses of influencing factors of prognosis of patients with renal cancer

Univariate analysis

Multivariate analysis

Variable HR (95% CI) Pvalue HR(95% CI ) P value
Age 1.02 (1.01, 1.03) <0.01 1.04 (1.02, 1.05) <0.01
Clinical stage 1.91 (1.74,2.21) <0.01 1.82 (1.58, 2.10) <0.01
CXCL2 1.24 (1.13,1.32) <0.01 1.12 (0.98, 1.27) 0.09
CX3CLI 0.72 (0.64, 0.81) <0.01 0.75 (0.65, 0.86) <0.01
CXCLS 1.26 (1.16, 1.35) <0.01 1.01 (0.90, 1.13) 0.85
CCL20 1.04 (0.96, 1.15) 0.54
CXCL6 111 (1.02, 1.15) <0.01 1.02 (0.96, 1.10) 0.39
CXCL1 122 (1.15,1.31) <0.01 1.02 (0.90, 1.14) 0.81

CXCL: C-X-C motif chemokine ligand; CX3CL1: C-X3-C motif chemokine ligand 1; CCL20: C-C motif chemokine ligand 20;

HR: Hazard ratio; CI: Confidence

interval.
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Fig4 Nomogram model for predicting 3-, 5- and 10-year overall survival rates of renal cancer patients

CX3CLI1: C-X3-C motif chemokine ligand 1; FPKM: Reads per kilobase of exon model per million mapped reads.
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chemokine ligand 1.

3 3t 8

B P — AP S O . R HILEI A 4R
PERbE, ZRER S5 T BN, EYEEE
1) 2 e B R AR - BB 5040 4 A A 9 i AL
WY SRR AL T It iR T4 A w8
ek, dEs e R . 588 RSN
IE I AR AR E T o SR B B B AR &5
AP TS T R E B IR AR A, S5 R
IR 2 YT RGBT AL bR . AWT5TIE i GEO J TCGA P
ORBSE P B i T A M AH DG EE AT, R B CX3CLI
TN RIS M R R, JPZER S
Tl RFEVREE G AL T — o i B s s A

CX3CLI J& T#atb A+ I KI5, i H
K25 T WEdn g5, &% FiZ2%. Conley-
Lacomb 45" % B CXCL12/C-X-C £ ¥ #4 1k [H 1
% #& ( C-X-C motif chemokine receptor, CXCR ) 4
i UERTS IR E RS s CCL2 1 FH T I A5 1N Kz 40,
i o Janus 1 2 ( Janus kinase 2, JAK2) - {5 5%
G 555G AT 5 (signal transducer and activator
of transcription 5, STATS) F1 MAPK i [ 12 1 fif
JE0 B 45 AR RN B B . Zhu %5 F Biswas 45
& B CXCLI13/CXCRS 4l 2 5 3L e . 45 g

WEE R, B FEAAEN T 2% R
g5, S0 bR EAR . Qian 22 R B CCL2 i ) 47
SERME AL A MR LR R . BIF9E e B
AH O B0 20 B 38 3o 43 W CCL1S i #E B i . 7L
T 7 R R S TR B 1L Gao % R
CXCLS5 1T CXCRS 132 7E 15 19t Jis 240 i 73 0 ik Joie
4 J& % M ( matrix metalloproteinase, MMP ) 2
HIMMP9, & & 2 it b 98 5% % F iz 28, Maxwell
2 US98 B CXCIL8 ] A2 14 i 51 Ji o 40 g 7 e 48 36
B b A7l . CX3CL1 45 [ i % S 5 B e il 2
FhARA, ¥138 i 45 & C-X3-C 3P #afb H 13214 1
( C-X3-C motif chemokine receptor 1, CX3CR1 )

RAEEYZE I . CX3CL1 E—FhEs i 1,
TN DURSE S & B R AT i 1 2 #h i e,
H RS54 8 CX3CLL A R R D fE, f 3 N
AH 5 CX3CRI T 4IRRBE; ATV CX3CL1 2
MW AE R MERE M (a disintegrin and
metalloproteinase, ADAM ) 10 Fll ADAM17 JH] 1
i, AN . H AT CX3CLL 1
S P A BARBLHDIL AR —, AR CX3CL1 &
FEHUMIREAE ], A BFEUESE CX3CLL fi i 2
JEUPY ARG K B TR R R U R
K.



S 11T R AR T IR T AR OGS R ) i US RER A

e 1237 -

AW AFAE— LR RRME: 1%, = CX3CL1
TEE I T AL s Hak, A %8 CX3CLL 1E
Hohg 2, aiRanfaseds . S58978 5 K Sk &1
T AR S foa, AR 1E b B R B
B9UFE CX3CL1 &/ N BB A MhE R =, -
WG LR e i, S H 2, AW
1 B 72 98 4 B CXBCL J2: B i £ 5 TS A0 kS f
PRZE, R TR TR

[& % X #]

[1] SIEGEL R L, MILLER K D, JEMAL A. Cancer
statistics, 2019[J]. CA Cancer J Clin, 2019, 69: 7-34.

[2]  MASON R J, WOOD L, KAPOOR A, BASAPPA N,
BJARNASON G, BOORJIAN S A, et al. Kidney Cancer
Research Network of Canada (KCRNC) consensus
statement on the role of cytoreductive nephrectomy for
patients with metastatic renal cell carcinoma [J]. Can
Urol Assoc J, 2019, 13: 166-174.

[3] BALDEWIINS M M, VAN VLODROP I J, SCHOUTEN
L J, SOETEKOUW P M, DE BRUINE A P, VAN
ENGELAND M. Genetics and epigenetics of renal cell
cancer[ J]. Biochim Biophys Acta, 2008, 1785: 133-155.

[4] VLASHI E, PAJONK F. Cancer stem cells, cancer cell
plasticity and radiation therapy[J]. Semin Cancer Biol,
2015, 31: 28-35.

(5] b s T anpE S B AR O Tt R [ 7], vh A
PRAMEHIRE ,2005,26:573-575.

[6] XIAOW, GAO ZY, DUANY X, YUAN W X, KE Y.
Notch signaling plays a crucial role in cancer stem-like
cells maintaining stemness and mediating chemotaxis
in renal cell carcinomal[J/OL]. J Exp Clin Cancer Res,
2017, 36: 41. DOI: 10.1186/s13046-017-0507-3.

[7]  RITCHIE M E, PHIPSON B, WU D, HU Y, LAW C W,
SHI W, et al. limma powers differential expression analyses
for RNA-sequencing and microarray studies[J/OL]. Nucleic
Acids Res, 2015, 43: e47. DOI: 10.1093/nar/gkv007.

[8] YU G, WANG L G, HAN Y, HE QY. clusterProfiler: an
R package for comparing biological themes among gene
clusters[J]. OMICS, 2012, 16: 284-287.

[9] SHANNON P, MARKIEL A, OZIER O, BALIGAN S,
WANG J T, RAMAGE D, et al. Cytoscape: a software
environment for integrated models of biomolecular
interaction networks[J |. Genome Res, 2003, 13: 2498-2504.

[10] CONLEY-LACOMB M K, SEMAAN L, SINGAREDDY
R, LI Y F, HEATH E I, KIM S, et al. Pharmacological
targeting of CXCL12/CXCR4 signaling in prostate cancer
bone metastasis[J/JOL]. Mol Cancer, 2016, 15: 68. DOI:
10.1186/512943-016-0552-0.

[11] CONLEY-LACOMB M K, SALIGANAN A,

[12]

[13]

[14]

[15]

[16]

(18]

[20]

[21]

KANDAGATLA P, CHEN'Y Q, CHER M L, CHINNI S R.
PTEN loss mediated Akt activation promotes prostate
tumor growth and metastasis via CXCL12/CXCR4
signaling[J/OL]. Mol Cancer, 2013, 12: 85. DOI:
10.1186/1476-4598-12-85.
ZHU Z Y, ZHANG X K, GUOH L, FUL, PAN G L,
SUN Y G. CXCL13-CXCRS axis promotes the growth
and invasion of colon cancer cells via PI3K/AKT
pathway[J]. Mol Cell Biochem, 2015, 400: 287-295.
BISWAS S, SENGUPTA S, ROY CHOWDHURY
S, JANA S, MANDAL G, MANDAL P K, et al.
CXCL13-CXCRS5 co-expression regulates epithelial to
mesenchymal transition of breast cancer cells during
lymph node metastasis[J]. Breast Cancer Res Treat,
2014, 143: 265-276.
QIAN B Z, LI J F, ZHANG H, KITAMURA T, ZHANG
J H, CAMPION L R, et al. CCL2 recruits inflammatory
monocytes to facilitate breast-tumour metastasis[J].
Nature, 2011, 475: 222-225.
CHEN J, YAO Y, GONG C, YU F, SU S, CHEN J, et al.
CCL18 from tumor-associated macrophages promotes
breast cancer metastasis via PITPNM3[J]. Cancer Cell,
2011, 19: 541-555.
XIAOY C, YANG Z B, CHENG X S, FANG X B, SHEN
T, XIA C F, et al. CXCLS, overexpressed in colorectal
cancer, enhances the resistance of colorectal cancer cells
to anoikis[J]. Cancer Lett, 2015, 361: 22-32.
GAO Y, GUAN Z F, CHEN J Q, XIE H J, YANG Z,
FAN J H, et al. CXCL5/CXCR?2 axis promotes bladder
cancer cell migration and invasion by activating PI3K/
AKT-induced upregulation of MMP2/MMP9 []]. Int J
Oncol, 2015, 47: 690-700.
MAXWELL P J, COULTER J, WALKER S M,
MCKECHNIE M, NEISEN J, MCCABE N, et al.
Potentiation of inflammatory CXCLS signalling sustains
cell survival in PTEN-deficient prostate carcinomalJ].
Eur Urol, 2013, 64: 177-188.
SCHMALL A, AL-TAMARI H M, HEROLD S8,
KAMPSCHULTE M, WEIGERT A, WIETELMANN A,
et al. Macrophage and cancer cell cross-talk via CCR2 and
CX3CRI is a fundamental mechanism driving lung cancer{J].
Am J Respir Crit Care Med, 2015, 191: 437-447.
GUNNER G, CHEADLE L, JOHNSON K M, AYATA
P, BADIMON A, MONDO E, et al. Sensory lesioning
induces microglial synapse elimination via ADAM10
and fractalkine signaling[J]. Nat Neurosci, 2019, 22:
1075-1088.
CONROY M J, LYSAGHT J. CX3CL1 signaling in the
tumor microenvironment[J]. Adv Exp Med Biol, 2020,
1231: 1-12.

[Ax#mig] #PF, v &



