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Signaling Pathway Analysis of RANBP9 in Regulating Apoptosis of

Colorectal Cancer Cells

QIN Chunzhi*, WU Guangbin, LI Ji
(Jinshan Hospital of Fudan University, Shanghai 201508, China)

Abstract RANBP9 is a binding protein of RAN, a member of RAS superfamily. It is involved in the de-
velopment of various tumors. To explore its effect on the apoptosis of colorectal cancer cells, RANBP9-shRNA
and control cell lines were established by infection with lentivirus in HCT116 and HT29 cells. Flow cytometry and
caspase-2 activity assay were used to detect the apoptotic cells treated with fluorouracil. Total RNAs of RANBPY-
shRNA and Control cells were extracted. Microarray hybridization was performed after quality evaluation. Dif-
ferentially expressed genes before and after knockdown of RANBP9 were screened and some of them were verified
by real-time quantitative PCR. Molecular function annotation of the differentially expressed genes was performed
based on Gene Ontology database, and pathway analysis was performed based on Ingenuity Pathway Analysis data-
base. In HCT116 and HT29 cells, RANBP9-shRNA promotes apoptosis induced by fluorouracil. Eight hundred and
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fifty-seven differentially expressed genes (|Fold Change[>1.5 and FDR<0.05) were obtained by microarray analysis,
of which 677 were up-regulated and 180 were down-regulated. The molecular functions mainly included gamma-
glutamyltransferase activity, calcium binding, insulin receptor binding, viral receptor activity, GTPase activity,
extracellular matrix binding, B-catenin binding, SMAD binding, transcriptional regulation, AMP-activated protein
kinase activity, protein transporter activity, cytoskeleton binding and so on. The signaling pathways involved in
cancer included TGF-p, BMP, IL-8, RhoA and so on. Real-time quantitative PCR confirmed that the mRNA lev-
els of SMAD3, SMAD7, BMP6, BMP7, CXCL8 and RAPGEF6 in the above pathways were significantly higher in
RANBP9-shRNA group than in Control group. Altogether, RANBP9 may regulate the apoptosis of colorectal can-

cer cells through multiple signaling pathways. This study provides new sights to elucidate the molecular mechanism

of RANBPY in CRC.
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Fig. 1 RT-qPCR was used to detect the mRNA levels of RANBP9 in RANBP9-shRNA group and Control group
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Fig. 2 RANBP9-shRNA promotes apoptosis of colorectal cancer cells induced by fluorouracil
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Table 1 Total RNA quality evaluation
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A: the signal intensity distribution curve of all probes; B: the graph of relative logarithmic signal intensity; C: the graph of principal component

analysis; D: the distribution of Pearson correlation coefficient.
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Fig.3 Quality evaluation of microarray data
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gray dots are the other genes without significant difference; the total number of probes is 39 276; B: the mRNA level of selected molecules was detected
by RT-qPCR in HCT116 and HT29 cells. **P<0.01 compared with control group.
E4 EESHALESRT-qPCREIE
Fig.4 Volcanic map and RT-qPCR assay
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FR2 ESFTIEEFARGene Ontology s> FINRES T

Table 2 Gene ontology analysis of the differentially expressed genes

Thig SR K PlE

Function Molecules P value
Gamma-glutamyltransferase activity 6 P<0.01
Calcium ion binding 52 P<0.01
Insulin receptor binding 7 P<0.01
Virus receptor activity 10 P<0.01
GTP binding 30 P<0.01
Extracellular matrix binding 6 P<0.01
GTPase activity 20 P<0.01
Beta-catenin binding 10 P<0.05
Neutral amino acid transmembrane transporter activity 4 P<0.05
R-SMAD binding 5 P<0.05
Protease binding 11 P<0.05
Amino acid transmembrane transporter activity 7 P<0.05
Transcription factor activity 5 P<0.05
Double-stranded RNA binding 8 P<0.05
Glutathione hydrolase activity 3 P<0.05
MHC class II receptor activity 4 P<0.05
AMP-activated protein kinase activity 3 P<0.05
Protein transporter activity 8 P<0.05
Actin binding 20 P<0.05
Myosin heavy chain binding 3 P<0.05
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Al DA 2 %0 PR 1 g 75 5 CRCHN i 8 175 38 i g
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Table 3 Significant enrichment of the differential expressed genes in Ingenuity canonical pathways

Ingenuity & HLIEEE  —log(P{H) BaEN EREN Ingenuity £t HlL i i ~log(P{H) tefH  z-fA

Ingenuity canonical ~ —log (P value)  Ratio z-score  Ingenuity canonical pathways —log (P value) Ratio  z-score

pathways

TGF-f signaling 5.25 0.15 0.91 PI3K signaling in B lympho- 2.00 0.08 2.53
cytes

BMP signaling path-  4.45 0.15 2.31 HGF signaling 1.97 0.08 1.90

way

IL-8 signaling 3.85 0.09 1.41 Colorectal cancer metastasis 1.97 0.07 1.70
signaling

RhoA signaling 3.82 0.11 2.89 STAT3 pathway 1.93 0.09 1.00

ErbB4 signaling 2.72 0.12 0.82 Aryl hydrocarbon receptor 1.89 0.08 0.33
signaling

Bladder cancer 2.70 0.11 -1.00 CDKS signaling 1.87 0.09 1.00

signaling

IGF-1 signaling 2.63 0.10 2.53 IL-3 signaling 1.83 0.09 2.12

Nitric oxide signal-  2.60 0.10 1.90 GPCR-mediated enteroendo- 1.80 0.10 1.13

ing crine signaling

GDNF family 2.57 0.11 1.89 IL-1 signaling 1.75 0.09 2.12

ligand-receptor in-

teractions

PPARo/RXRa acti-  2.52 0.08 -0.54 Th2 pathway 1.71 0.07 1.41

vation

GNRH signaling 245 0.08 231 VEGF family ligand-receptor 1.70 0.09 1.41
interactions

ErbB signaling 2.37 0.10 1.27 Cell cycle: G/S checkpoint 1.48 0.09 1.63
regulation

Renal cell carci- 2.36 0.10 1.63 EGF signaling 1.45 0.09 2.45

noma signaling

P2Y purigenic 2.33 0.09 2.89 Sirtuin signaling pathway 1.45 0.06 1.07

receptor signaling

pathway

Endothelin-1 signal-  2.31 0.08 2.32 Macropinocytosis signaling 1.43 0.08 1.34

ing

NRF2-mediated 2.25 0.08 0.71 IL-2 signaling 1.40 0.09 1.34

oxidative stress

response

PEDF signaling 2.21 0.10 -0.33 SAPK/INK signaling 1.35 0.07 1.89

VDR/RXR activa- 2.16 0.10 -1.00 Role of NFAT in the immune 1.35 0.06 1.51

tion response

mTOR signaling 2.09 0.07 -0.30 p53 signaling 1.33 0.07 -0.82

CXCR4 signaling 2.05 0.08 1.16 B cell receptor signaling 1.32 0.06 2.89

UVB-induced 2.03 0.11 1.89 AMPK signaling 1.31 0.06 2.71

MAPK signaling

2 IEAH AR BRSSO 1), 1T SR s A Ratio: 721 (5 = it vh 22 5 B DX 40 5 20 i vh A 35 RO T R R 450 LA
z-score: a positive value indicates that the pathway is activated, while a negative value indicates inhibition; Ratio: the ratio of the number of differential

genes to all genes in the same pathway.
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