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Identification of potential therapeutic target genes in pediatric acute leukemia of ambiguous lineage
based on bioinformatics analysis
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[Abstract] Objective:To explore the pathogenetic pathways, unique gene expression profiles related to survival and hub genes in children with acute
leukemia of ambiguous lincage (ALAL) by bioinformatics analysis. Methods:From TARGET (Therapeutically Applicable Research to Generate
Effective Treatment) and GEO (Gene Expression Omnibus), the expression data of patients and healthy individuals were downloaded. The differential
analysis of gene expression, as well as its function and survival analysis, were performed by bioinformatics tools, such as limma, clusterProfiler and
survival. Finally, the hub genes of ALAL were screened by constructing protein-protein interaction network (PPI). Results-Four thousand and fifty-three
significant differentially expressed genes were identified in the differential analysis between ALAL group and control group (all P<0.05), of which 1 844
were up-regulated genes and 2 209 were down-regulated genes. GO (Gene Ontology) and KEGG (Kyoto Encyclopedia of Genes and Genomes)
enrichment analysis indicated that up-regulated genes were related to cell cycle and splicing, while the down-regulated genes were associated with
immunity. By comparing the expression profiles with those of other types of leukemia, a unique expression pattern of survival-related genes in ALAL
were found. Finally, PPI showed that CXCLS (C-X-C motif chemokine ligand 8) and LMNA (lamin A/C) were the hub genes of the survival gene
network. Conclusion*The pathogenesis of ALAL is related to cell cycle and immunity. The poor prognosis of ALAL may be related to the unique
expression profile of survival-related genes. CXCL8 and LMNA play an important role in ALAL, and may act as potential therapeutic targets. These
results have implications for the mechanism research and clinical treatment of ALAL.
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Note: A. Expression values before and after normalization; columns represent sample ID and rows represent gene expression values; the sample ID corresponding to the

original material is in supplementary table 1. B. Correlation of gene expression profiles in all samples; color scale bar represents the correlation coefficient.
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Fig 1 Quality control of sample data
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F1 EFHEXERESEEE MK EERERRE FHRIZE (log,CPM)

Tab 1 The log,CPM value of survival-related genes in the control and different leukemia types

Gene Control group ALAL complete group AML group ALL group
(N=21) (N=136) (N=187) (N=532)

CXCLS 1.356+0.574 4.054+1.97208% 6.265+1.578% 2.935+1.578°
SCHIP1 0.092+0.138 1.606+1.31218% 0.912+0.939% 1.175+1.2889
SLCIA2 0.145+0.180 1.525+0.91709% 0.459+0.445% 1.017+£0.810¢
CYGB 0.269+0.253 1.566+1.3700% 0.946+0.916% 2.144+2.090°
GREM1 0.158+0.269 1.154+1.4340% 0.579+0.622 1.046x1.200¢
PERI 3.024+0.237 4.868+1.14308 5.807+0.697% 5.075+0.985%
SMARCAS5-AS1 0.591+0.519 1.522+0.501 V9% 0.331+0.251 1.277+0.818°
LMNA 2.208+0.444 4.993+1.025% 3.225+1.196¢
TMEMS52B 0.062+0.124 1.043+0.734% 0.185+0.274°
RNUG6-1208P 0 0.581£0.408 0% 0.153+0.187% 0.495+0.416©
RPL234P23 0.643+0.416 1.987+0.924 0% 0.293+0.277% 1.7001.086
PDE6H 0.073+0.120 0.472+0.538% 0.172+0.2259
CCNLI 5.680+0.177 6.8110.6831% 6.358+0.964% 6.764+0.776°
LILRA4 2.196+0.528 0.743+0.6217%% 0.489+0.526" 0.603+0.644°
BACH? 5.090:£0.433 3.24041.276108 2.044+1.017% 4.010+1.469°
RHOXF2B 0.573+0.491 0.075+0.0522'¢% 0.049+0.172% 0.010+0.031¢
LEF1 5.597+0.503 3.692£1.47108% 2.627+1.312% 5.798+0.9027
SLC748 1.664+0.440 1.128+0.818% 0.505+0.506°
ABCAIIP 1.756+0.450 0.163+0.166" 0.533+0.361¢
AMIGO3 1.116£0.721 0.108+0.083% 0.262+0.175¢
RPSAP41 0.495+0.376 0.046+0.050% 0.144+0.151¢
ZNF853 2.311£0.355 1.074+0.597V8% 0.923+0.623% 1.541+0.638°
LMODI 0.737+0.640 0.378+0.4092%% 0.105+0.227% 0.294+0.3729
BTNIAI 0.781£0.358 0.349+0.25170% 0.087+0.175% 0.322+0.418¢
LINC01355 3.194+0.326 1.946+1.14078% 0.393+0.396% 1.099+0.791¢
ZNF135 2.485+0.434 1.566+1.17308% 0.559+0.524% 2.008+1.203

ST6GALNAC4PI 0.780+0.471 0.397+0.25700% 0.169+0.159% 0.349+0.279¢
ZNF582-AS1 1.500+0.319 0.723+0.351V% 0.554+0.311% 0.688+0.356°
PABPCIP7 0.863+0.308 0.503+0.3361%% 0.089+0.093% 0.338+0.267¢
GBP6 0.573+0.394 0.060+0.094% 0.153+0.188¢
GOLGAGLY 2.353+0.300 1.310+0.6300% 0.7910.544% 1.400+0.736°

Note: U P=0. 000, ® P=0. 003, ¥ P=0. 002, compared with the control; ¥ P=0. 000, ® P=0. 004, compared with the control; © P=0. 000, © P=0. 017, compared with
the control; ® P=0. 000, ® P=0. 050, © P=0. 009, ® P=0. 002, ® P=0. 001, compared with the ALL; ® P=0. 000, ® P=0. 008, © P=0. 007, compared with the AML.
CXCL8—C-X-C motif chemokine ligand 8; SCHIPI—schwannomin interacting protein 1; SLCI142—solute carrier family 1 member 2; CYGB—cytoglobin;
GREMI1—gremlin 1, DAN family BMP antagonist; PERI—period circadian regulator 1; SMARCA5-ASI—SMARCAS antisense RNA 1; LMNA—Ilamin A/C;
TMEMS52B—transmembrane protein 52B; RNUG6-1208P—RNA, U6 small nuclear 1208, pseudogene; RPL234P23—ribosomal protein L23a pseudogene 23;
PDE6H—phosphodiesterase 6H; CCNLI—cyclin L1; LILRA4—Tleukocyte immunoglobulin like receptor A4; BACH2—BTB domain and CNC homolog 2;
RHOXF2B—Rhox homeobox family member 2B; LEFI—Ilymphoid enhancer binding factor 1; SLC748—solute carrier family 7 member 8; ABCAI11P—ATP
binding cassette subfamily A member 11, pseudogene; AMIGO3—adhesion molecule with Ig like domain 3; RPSAP4I—ribosomal protein SA pseudogene 41;
ZNF853—zinc finger protein 853; LMODI—Ileiomodin 1; BTNIAI—butyrophilin subfamily 1 member A1; LINC01355—Ilong intergenic non-protein coding RNA
1355; ZNF135—zinc finger protein 135; ST6GALNAC4P1—ST6 N-acetylgalactosaminide alpha-2, 6-sialyltransferase 4 pseudogene 1; ZNF582-AS1—ZNF582
divergent transcript; PABPCI1P7—poly(A) binding protein cytoplasmic 1 pseudogene 7; GBP6—guanylate binding protein family member 6; GOLGAG6L9—golgin
A6 family like 9.

2.2 DEGs Fiiik 5 5 fik 0 i

NPE— BRI LE ALAL 1 5% L k3, A
limma {4 F0 %) ALAL 4 S o 18 2 A 5 D) 36 3k 3%
1125 %01 E#E|log,FC|>2. #%1E 5 i P<0.001 g 5% 1
PEAT R, RBRMPHMEIE A, %35 4 0534
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Note: A. Disease ontology enriched in DEGs; columns presenting gene count. B. Biological progresses enriched in the control and ALAL samples; adaptive immune response
—adaptive immune response based on somatic recombination of immune receptors built from immunoglobulin superfamily domains. C. KEGG pathways enriched in the
control and ALAL samples. snRNP—small nuclear ribonucleoprotein; SL—trans-splicing; Th17—interleukin-17-producing CD4" effector T cell; ECM—extracellular matrix.
B2 Z=RERKINEEDH

Fig 2 Functional analysis of DEGs
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Note: A.PPI of survival-related genes; black nodes present survival-related genes. B. Top 10 hub genes in PPI network; color presents the interaction density, from yellow to
red, indicating that the genes have more interaction with others. C. Survival curves of CXCLS8 and LMNA in the ALAL group. D. Expression of CXCL8 and LMNA in the
control and ALAL groups. EGR2—early growth response 2; JUN—jun proto-oncogene, AP-1 transcription factor subunit; FSTL3—follistatin like 3; JUNB—junb proto-
oncogene, AP-1 transcription factor subunit; CCL22—C-C motif chemokine ligand 22; G0S2—G0/G1 switch 2; LSP/—Ilymphocyte specific protein 1; CRIPI—cysteine rich

protein 1.
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Fig 3 Survival-related hub genes identification and its character.
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