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Screening and verification of key genes in T-cell acute lymphoblastic leukemia
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Abstract: Objective To explore the key genes in T-cell acute lymphoblastic leukemia (T-ALL) using bioinformatics method to
better understand the pathogenic mechanisms of T-ALL. Methods The gene expression profiles of GSE14317 were obtained
from Gene Expression Omnibus database. The differentially expressed genes (DEGs) in T-ALL were analyzed using R package
Limma. The online analysis tool DAVID was used to perform the functional and pathway enrichment analysis. The protein-
protein interaction network was constructed by STRING and visualized by Cytoscape. Based on the JASPAR database, the
transcription factors (TFs) of the hub genes were obtained. RT-PCR was used to test the mRNA expression level of the key
genes. Results A total of 1443 DEGs were identified, including 800 up-regulated genes and 643 down-regulated genes. These
DEGs were significantly enriched in the cell cycle, hematopoietic cell lineage, cytokine-cytokine receptor interaction and T cell
receptor signaling pathway. The top 10 hub genes identified from the PPI networks included CDK1, PIK3R1, CCNB1, CCNA2,
CDC20, JUN, GNG11, PLK1, PCNA and CCNB2, which were enriched in chemokine signaling pathway, ubiquition mediated
proteolysis and cell cycle. In the TF-target gene network, 42 differentially expressed TFs were identified, among which ELF5,
HIC2 and MEISI had binding sites with 9 of the candidate hub genes. RT-PCR showed that the mRNA expression level of all
the candidate hub genes except for GNGI11 were consistent with the gene expression profiles. Conclusion The hub genes
CDK1, PIK3R1, CCNB1, CCNA2, CDC20, JUN, PLK1, PCNA, CCNB2, ELF5, HIC2 and MEISI participate in the occurrence of T-
ALL. Our finding provides new insights into the pathogenesis of T-ALL.
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Tab.1 Sequences of the primers for RT-PCR

Primer Forward Reversed

CDK1 AACTACCTGGACCGCTTCCT CCACTTGAGCTTGTT CACCA
PIK3R1 AAGTGCCAGAGTGAAGTGGC GTCCCGTCTGCTGTATCTCG
CCNB1 TCTGCTGGGTGTAGGTCCTT ACCAATGTCCCCAAGAGCTG
CCNA2 CTGGTGGTCTGTGTTCTGTGA TCTTGGATGCCAGTCTTACTC
CDC20 CTTCCCTGCCAGACCGTATC AGGATGTCACCAGAGCTTGC
JUN CCAACTCATGCTAACGCAGC TCTCTCCGTCGCAACTTGTC
GNG11 TGCTTGGACCCAGTCTCAAA GCGTCCCGAAACAACTGAAG
PLK1 CCGCAATTACATGAGCGAGC GGAGACTCAGGCGGTATGTG
PNCA AGCCATATTGGAGATGCTGTTG ATACTGAGTGTCACCGTTGACGA
CCNB2 CACAGGATACACAGAGAATG CTTGATGGCGATGAATTTAG
ELF5 CAAGACTGTCACAGTCATAG GTCAACCCGCTCCAAAATTC
HIC2 GCACTTCGTTTGCGGAGGC CCGAAGAGCTTCAGGAAGC
MEIS1 CTGTTGATGGTAGGCTGTAT CTTCTTGGGACTGATGCTGGTG
GAPDH CAGCGACACCCACTCCTCCACCTT CATGAGGTCCACCACCCTGTTGCT

15 #FR-F-¥e ik FME&HE
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1000 bp 551, 1l JASPAR i 72 T 48 A2 FE K 3%
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Fig.1 The expression spectrum data of GSE14317 profiles before or after normalization.
A: Box plots of the expression spectrum data before normalization; B: Box plots of the
expression spectrum data after normalization.

AL TED

&
*
E

B2 RBERMS0MEERSE

CASED
(L Lo, Lol

AL ENSD
T ST

o O = B

Fig.2 Heat map of the top 50 differentially expressed genes. Red: up-regulation; green:

down-regulation.
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Tab.2 Function and KEGG pathway analysis of the up-regulated genes.

Term Description Count P
up-regulated

GO: 0007049 cell cycle 89 9.94E-16
GO: 0000278 mitotic cell cycle 57 1.48E-15
GO: 0000280 nuclear division 43 1.70E-15
GO: 0007067 mitosis 43 1.70E-15
GO: 0000087 M phase of mitotic cell cycle 43 3.32E-15
GO: 0022403 cell cycle phase 60 4.19E-15
GO: 0006955 immune response 81 6.99E-15
GO: 0048285 organelle fission 43 7.36E-15
GO: 0000279 M phase 51 4.60E-14
GO: 0022402 cell cycle process 70 4.79E-14
KEGG: hsa04640 Hematopoietic cell lineage 18 5.94E-06
KEGG: hsa04110 Cell cycle 19 2.61E-04
KEGG: hsa05332 Graft-versus-host disease 9 0.001447
KEGG: hsa04612 Antigen processing and presentation 13 0.002663
KEGG: hsa04666 Fc gamma R-mediated phagocytosis 13 0.008088
KEGG: hsa04662 B cell receptor signaling pathway 11 0.01045
KEGG: hsa05322 Systemic lupus erythematosus 13 0.011134
KEGG: hsa04620 Toll-like receptor signaling pathway 13 0.012956
KEGG: hsa04060 Cytokine-cytokine receptor interaction 25 0.015748
KEGG: hsa04650 Natural killer cell mediated cytotoxicity 15 0.020645

CCNA2,CDC20,JUN,GNG11,PLK1,PCNA F1CCNB2
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FDR<0.05) , 255 it 1 FE s E TRk P55
P B2 FEE R T B2 SRR AR 3 3
BUE TR (1E3),
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Tab.3 Function and KEGG pathway analysis of the down-regulated genes

Term Description Count P
down-regulated
GO: 0051789 Response to protein stimulus 20 8.08E-09
GO: 0006986 Response to unfolded protein 15 1.96E-07
GO: 0001775 Cell activation 29 1.80E-06
GO: 0046649 Lymphocyte activation 23 3.12E-06
GO: 0010033 Response to organic substance 51 6.90E-06
GO: 0042981 Regulation of apoptosis 55 7.44E-06
GO: 0045321 Leukocyte activation 25 7.54E-06
GO: 0043067 Regulation of programmed cell death 55 9.70E-06
GO: 0010941 Regulation of cell death 55 1.09E-05
GO: 0008284 Positive regulation of cell proliferation 34 1.79E-05
KEGG: hsa04060 Cytokine-cytokine receptor interaction 28 1.79E-05
KEGG: hsa04660 T cell receptor signaling pathway 16 5.25E-05
KEGG: hsa04010 MAPK signaling pathway 26 1.81E-04
KEGG: hsa04630 Jak-STAT signaling pathway 17 9.75E-04
KEGG: hsa04062 Chemokine signaling pathway 18 0.002763
KEGG: hsa04115 p53 signaling pathway 9 0.0085092
KEGG: hsa05210 Colorectal cancer 10 0.0098568
KEGG: hsa05220 Chronic myeloid leukemia 9 0.0150118
KEGG: hsa05200 Pathways in cancer 23 0.0252524
KEGG: hsa04012 ErbB signaling pathway 9 0.0335255
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Fig.3 Top 3 modules screened from the protein-protein network. A: Module 1; B: Module 2; C: Module 3.
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Tab.4 KEGG pathway analysis of top 3 modules
Modules GeneSet P FDR Nodes
Chemokine signaling . ADCY1, CCR1, PF4, CXCR2, GNG11, CXCR3, CXCL6, CCL5,
Module 1 pathway 6.498-17  8.88E-14  -yC110, CCRY, CCR7, CCR6, PPBP, CXCR5, CXCR4, CCRA
Cytokine-cytokine ¢ -1 1o 7 70E 09 CCR1, PF4, CXCR2, CXCR3, CXCL6, CCL5, CXCL10, CCR9,
receptor interaction ’ ’ CCR7, CCR6, CXCR5, PPBP, CXCR4, CCR4
Ubiquitin mediated UBE2E3, CBLB, SOCS3, SOCS1,RBX1, CDC20, UBE2C, SMURF2,
Module 2 proteolysis 3.738-12  3.62E-09 NEDDAL, FBX0O2, UBA3, KEAP1
Module 3 Cell cycle 4.09E-06 0.003418 CCNBL1, CDK1, CCNB2, PLK1, PCNA, BUB1B, CHEK1
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Fig.4 Changes in mRNA expressions of the identified DEGs
in T-ALL patients. *P<0.05 vs normal control group, **P<0.01
vs normal control group.
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Fig.5 The TFs-target genes regulatory network of T-ALL; the grey nodes represent hub genes, the pink nodes
represent transcription factors and the croci nodes represent the three most significant TFs.
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Fig.6 Changes in mRNA expressions of the identified TFs
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in T-ALL patients. *P<0.05 vs normal control group, **P<
0.01 vs normal control group.
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