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Abstract: [ Objective] The purpose of this study was to explore the difference in expression of gene between the osteo-
sarcoma metastasis and primary specimens through NGS detection, in order to find the molecular mechanism of inducing
osteosarcoma occurrence and metastasis.[ Methods ] Next generation sequencing (NGS) was used to detect the tumor tissue
samples of paired primary and metastatic lesions in 12 patients with metastasis, including 9 pairs of Panel detection (678
genes) and 3 pairs of whole exon detection (WES). Copy number variation was detected by Excavator. DNA mutations
were detected by Lumpy fusion, and RNA mutations were detected with Defuse + Star fusion. The distribution of mutations

was shown by Circos. Metascape was used to analyze the enrichment of Go and KEGG signal pathways of differential genes.
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Pyclone+Citup/LICHEE was used for clonal evolution analysis. [ Results] The most frequent gene mutation mode of osteo-
sarcoma was gene amplification, high—frequency mutation genes were FLCN (37.5%) , GID4 (37.5%) , TP53 (33.3%) ,
ATRX(25%) ,CALR(25%),CCND3(25%) ,CCNE1(25%) ,NOCR1(25%) ,TFEB(25%) ,VEGFA(25%) , and the muta-
tion frequency of cell cycle pathway was the highest. KT1, PLCG2 and EGFR were closely related to the metastasis of os-
teosarcoma. The frequency of tumor mutation burden (TMB) in metastatic lesions was significantly higher than primary le-
sions (P = 0.013). Three patients detected by WES showed linear clonal evolution, suggesting that the mutations of osteo-
sarcoma metastasis genes may be accumulated sequentially. We identified new candidate genes that may play an important
role in the progression of osteosarcoma, including PLCG2, MYO15A and PEX6. [ Conclusions] The most frequent gene
mutation pattern of osteosarcoma occurrence and metastasis is gene amplification, and the frequency of tumor mutation bur-
den (TMB) in metastatic lesions is significantly higher than that in primary lesions. There is an interrelated linear gene

clonal evolution in patients with metastasis. This study suggests that PLCG2, MYO15A and PEX6 may play an important

role in the progression of osteosarcoma.
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Table 1 Software used and parameters

Sample type  Algorithm module Software version Remarks
DNA SNV/INDEL Lianti (r116)
CNV non WES: EXCAVATOR (v2.2)
FUSION/Rearrangement Lumpy (0.2.13)
Longlndel In—house (V2.6.4) Default
HLA HLAI: OptiType (v1.3.1)HLA Il : xHLA(v1.2) paramelers
MSI MANTIS (v1.0.5)
NAB I: NetMHCpan—4.0II : NetMHC II pan-3.2
RNA FUSION/Rearrangement Defuse (v0.7.0) + STAR—fusion (v0.8)
2 #“£ R (1) o iE— 200 - PR R D &k A B 7% 4t
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Fig.1 Types and proportion of gene mutations in primary and metastatic osteosarcoma
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Table 2 Clinical characteristics of patients included
Patient Age Gender Enneking stage Location Metastasis State DFS / months  OS/ months
HWK 14 Male I} Tibia Lung Survival 21 35
LJS 10 Male I} Femur Lung Survival 14 23
HWT 13 Male I} Femur Lung Survival 3 19
HJH 14 Male I Femur Bone Survival 15 18
CXJ 21 Male I Tibia Lung Survival 16 37
LKY 13 Male I Tibia Lung Dead 7 21
LZX 12 Female | Tibia Lung Survival 18 28
LJJ 8 Male I Femur Lung Survival 12 15
CZY 15 Female I} Femur Lung Survival 18 27
FYL 14 Female I Femur Bone Survival 5 7
ZYL 13 Female I Femur Lung Survival 22 52
WCH 13 Male I Femur Lung Survival 12 16

DFS: disease—free survival ; OS: overall survival.
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Top100 mutant gene in osteosarcoma. Fig. 2 A showed that the top100 mutant gene in primary of osteosarcoma. Fig. 2 B showed that the top100 mu-

tant gene in metastasis of osteosarcoma.
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Fig.2 Top100 mutant gene in osteosarcoma
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Gene mutation difference between primary and metastatic osteosarcoma.Fig. 3 A showed that the top20 mutant gene and mutation frequency of pri-
mary and metastatic osteosarcoma.Fig. 3 B showed that the different mutant gene and mutation frequency of primary and metastatic osteosarcoma.
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Fig.3 Gene mutation difference between primary and metastatic osteosarcoma
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Enrichment of signal pathways in primary and metastatic osteosarcoma.Fig. 4A showed that the Go classification of primary and metastatic osteosar-

coma. Fig. 4B showed that the KEGG classification of primary osteosarcoma. Fig. 4B showed that the KEGG classification of metastatic osteosarcoma.
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Fig. 4 Enrichment of signal pathways in primary and metastatic osteosarcoma
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Table 3 Specific enrichment of signal pathways and genes in metastatic lesions

Pathway type P P Q Gene(n) Gene name
FoxO signaling pathway 1.56934E-09  2.02053E-08  1.17701E-08 AKT1/FOXO1/SKP2/ATM/RAF1/IGF1R/CD-
14 KN1B/CCNB3/STAT3/IL7R/MDM2/CDKN1A/

CDKN2B/EGFR

HIF-1 signaling pathway 9.50812E-05  0.000455505  0.000265343 . AKT1/VEGFA/PLCG2/IGF1R/CDKN1B/STAT3/
CDKNI1A/EGFR

Phospholipase D signaling pathway  0.000768598  0.00336875 0.001962379 . AKT1/PLCG2/RAF1/KIT/PDGFRA/GNAS/PDG-
FRB/EGFR

Prolactin signaling pathway 0.002324915  0.008257457  0.004810169 5 AKT1/TNFSF11/ESR1/RAF1/STAT3

NF-kappa B signaling pathway 0.002561955  0.008796044  0.005123909 [§ TNFSF11/PLCG2/ATM/PARP1/LYN/TNFSF13B

Oxytocin signaling pathway 0.016654878  0.045143486  0.026297176 6 RAF1/ACTB/ROCK1/GNAS/CDKN1A/EGFR

mTOR signaling pathway 0.01714326 0.045480519  0.026493506 6 AKT1/FLCN/SKP2/RAF1/IGF1R/RICTOR
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Gene mutation difference between primary and metastatic osteosarcoma.Fig. 5A showed that the different of total gene mutation frequency. Fig. 5B

showed that the different of gene amplification. Fig. 5B showed that the different of tumor mutation burden.
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Fig. 5 Gene mutation difference between primary and metastatic osteosarcoma
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Differential analysis of gene fusion mutations between primary and metastatic osteosarcoma. Fig .6A showed that the distribution of ESRRG-

RAD21 gene fusion mutation sites. Fig. 6B showed that the distribution of DISP1-PLCG2 fusion mutation site. Fig. 6B showed that the gene fusion muta-

tion in primary and metastatic foci of osteosarcoma.
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Fig. 6 Differential analysis of gene fusion mutations between primary and metastatic osteosarcoma
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Gene copy number variation in primary and metastatic lesions of osteosarcoma.Fig. 7A showed that gene copy number variation in primary lesions

of osteosarcoma. Fig. 7B showed that gene copy number variation in metastatic lesions of osteosarcoma.
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Fig.7 Gene copy number variation in primary and metastatic lesions of osteosarcoma
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Heterogeneity and clonal structure of primary and metastatic lesions of osteosarcoma. Fig. 8 A showed that heterogeneity and clonal structure of pri-
mary and metastatic lesions of osteosarcoma (FYL). Fig. 8 B showed that heterogeneity and clonal structure of primary and metastatic lesions of osteosar-
coma (CXJ). Fig. 8 C showed that heterogeneity and clonal structure of primary and metastatic lesions of osteosarcoma (CZY).
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Fig. 8 Heterogeneity and clonal structure of primary and metastatic lesions of osteosarcoma
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