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Abstract 

Background:  Osteosarcoma is one of the most malignant tumors, and it occurs mostly in children and adolescents. 
Currently, surgery and chemotherapy are the main treatments. The recurrence rate is high and the prognosis is often 
poor. Finding an effective target gene therapy for osteosarcoma may effectively improve its prognosis.

Method:  In this study, genes essential for the survival of osteosarcoma cells were identified by genome-wide screen-
ing of CRISPR-Cas9 based on the DepMap database. The expression of these essential genes in osteosarcoma patients’ 
tissues and normal tissues was identified in the GSE19276 database. Functional pathway enrichment analysis, protein 
interaction network construction, and LASSO were performed to construct a prognostic risk model based on these 
essential genes. CCK8 assay was used to detect the effect of essential gene-LARS (Leucyl-TRNA Synthetase 1) on the 
proliferation of osteosarcoma.

Results:  In this study, 785 genes critical for osteosarcoma cell proliferation were identified from the DepMap. Among 
these 785 essential genes, 59 DEGs were identified in osteosarcoma tissues. In the functional enrichment analysis, 
these 59 essential genes were mainly enriched in cell cycle-related signaling pathways. Furthermore, we established a 
risk score module, including LARS and DNAJC17, screened from these 59 genes, and this module could divide osteo-
sarcoma patients into the low-risk and high-risk groups. In addition, knockdown of LARS expression inhibited the pro-
liferative ability of osteosarcoma cells. A significant correlation was found between LARS expression and Monocytic 
lineage, T cells, and Fibroblasts.

Conclusion:  In conclusion, LARS was identified as an essential gene for survival in osteosarcoma based on the 
DepMap database. Knockdown of LARS expression significantly inhibited the proliferation of osteosarcoma cells, 
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Introduction
Osteosarcoma is the predominant type of malignant bone 
tumor, affecting mostly children and adolescents [1]. The 
advancement of surgical resection with adequate surgical 
margins and neoadjuvant chemotherapy has increased the 
survival rate from less than 20% in 1970s to 60–70% nowa-
days [2]. However, clinically detectable metastases are found 
at diagnosis among approximately 15–20% of patients with 
osteosarcoma [3]. The most common metastatic disease 
occurs in lungs, whereas the second most common site of 
metastasis is bone. The survival of patients with unresect-
able, metastatic or relapsed osteosarcoma are still unsatisfac-
tory, with an overall 5-year survival rate of less than 20% [4]. 
Current standard treatment seems to be ineffective against 
these recurrent or metastatic osteosarcomas [5]. Therefore, 
there is an urgent demand in identification of therapeutic 
targets for advanced osteosarcoma patients.

Recently, high-throughput screening projects such 
as DepMap based on RNA interference silencing and 
CRISPR-Cas9 knockout techniques have emerged to be a 
powerful approach to identify potential dependency genes 
that are crucial to tumor survival, metastasis or recur-
rence [6–8]. These identified tumor vulnerabilities could be 
potential therapeutic targets. CERES algorithm was devel-
oped to calculate gene-knockout effects. CERES scores 
represent the median effects of vital genes and nonessential 
genes for per cell line [9]. Genes that are only essential in a 
few cell lines are recognized as better drug targets because 
it is unlikely to cause toxicity in normal tissues after inhib-
iting their function. Furthermore, investigation and valida-
tion of prognosis-predictive value of these cancer essential 
genes may allow better clinical decision making for ortho-
pedic surgeons.

In this study, we aimed to identify candidate essential 
genes that are essential to the survival of osteosarcoma, by 
screening DepMap database, functional enrichment and 
LASSO analyses. Then, a predictive model based on these 
essential genes for overall survival was constructed. Finally, 
cell proliferation was further evaluated in response to 
knocking down the candidate gene to determine its onco-
genic potential.

Methods
Identification of genes essential for survival 
of osteosarcoma cells through DepMap database
To identify potential cancer therapeutic targets, the 
Broad Institute constructed the DepMap (Cancer 

Dependency Map) database, which contains gene 
dependency information of more than 700 human 
tumor cell lines of different tissue origins and gene 
expression, gene copy number and gene mutation infor-
mation of more than 1,000 tumor cells (https://​depmap.​
org/​portal/). Through the DepMap database, we can 
know the gene dependence of different cell lines. Genes 
with amplified gene copy number can cause severe 
DNA damage during CRISPR-Cas9 cleavage and cause 
cell growth arrest or apoptosis, which can lead to false 
positives. Therefore, in the process of using CRISPR-
Cas9 technology to evaluate the dependence of cells on 
genes, the DepMap database comprehensively consid-
ered the two factors of gene copy number and sgRNA 
loss, and set a new parameter CERES as a parameter 
to measure the degree of gene necessity. The principle 
of CERES is that the fewer cells that carry the gene’s 
sgRNA survive, the fewer copies of the gene are in the 
cell, and the more the cells are dependent on the gene. 
A negative CERES score indicates that knocking out the 
gene inhibits the survival and proliferation of the cell 
lines. In the study, we defined genes as an essential gene 
with CERES scores < − 1 in more than 75% of osteosar-
coma cell lines [10].

Identification of differentially expressed genes (DEGs)
Limma is a differential expression screening method based 
on generalized linear models. In this study, the R soft-
ware package limma (version 3.40.6) was used for differ-
ential analysis to obtain the differential genes between the 
osteosarcoma group and the normal control group. Genes 
with a fold-change (FC) > 1.5 or < 0.67 (corresponds to 
|log2FC| ≥ 0.585) and p-value < 0.05 were considered signifi-
cantly DEGs.

Clinical data collection and extraction
MRNA expression profiles of GSE19276, GSE21257 and 
GSE39055 were downloaded from the GEO database (http://​
www.​ncbi.​nlm.​nih.​gov/​geo/). The dataset for GSE19276 
includes 44 osteosarcoma samples and 5 normal tissue sam-
ples. GSE21257 and GSE39055 incorporate 53 patients and 
37 patients with follow-up information, respectively.

Patients and specimens
A total of 18 osteosarcoma specimens and 18 paired nor-
mal specimens from Fujian Medical University Union 

suggesting that it is involved in the formation and development of osteosarcoma. The results are useful as a founda-
tion for further studies to elucidate a potential osteosarcoma diagnostic index and therapeutic targets.
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Hospital between August 2019 and August 2021 were 
collected. The project was approved by the Research Eth-
ics Committee of Fujian Medical University Union Hos-
pital. All patients provided written informed consent 
under an institutionally approved protocol.

GSEA analysis
We obtained the GSEA software (version 3.0) from the 
GSEA (http://​softw​are.​broad​insti​tute.​org/​gsea/​index.​jsp) 
website, and divided the samples into high expression 
groups (50%) and low expression groups according to the 
expression level of LARS group (50%) to assess relevant 
pathways and molecular mechanisms. P value of < 0.05 
was considered statistically significant.

ROC analysis
We performed ROC analysis using the R software pack-
age pROC (version 1.17.0.1) to obtain the AUC. Specifi-
cally, we obtained the patient’s follow-up time and risk 
score, and used the roc function of pROC to perform the 
ROC analysis of 1-year, 3-year, and 5-year.

Gene enrichment analysis
The DAVID (Database for Annotation, Visualization 
and Integrated Discovery) database can provide biologi-
cal meaning for genes (https://​david.​abcc.​Ncifc​rf.​gov/).​
In the research, KEGG-pathway and GO-BP enrichment 
analysis of identified DEGs was performed using the 
DAVID database.

Protein–protein interaction (PPI) network analysis of DEGs
PPI analysis of DEGs was analyzed using Metascape and 
the node score was calculated and obtained in Metascape 
(http://​metas​cape.​org). MCODE (Molecular Complex 
Detection) algorithm was performed to identify the densely 
connected network neighborhoods. Each MCODE compo-
nent is marked with a different color and characterizes their 
biological significance.

Least absolute shrinkage and selection operator (LASSO) 
analysis
In this study, we used the R software package glmnet to inte-
grate survival time, survival status, and gene expression data 
for regression analysis using the lasso-cox method.

Drug sensitivity evaluation
GSCALite is a website used for the analysi of drug sen-
sitivity and genomic cancer (http://​bioin​fo.​life.​hust.​
edu.​cn/​web/​GSCAL​ite/). In the research, GSCALite 

was used to evaluate the drug sensitivity of LARS 
and DNAJC17 to identify potential compounds for 
treatment.

Cells culture and transfection
The cell lines Saos-2 and U-2 OS were obtained from 
ATCC (American Type Culture Collection). Saos-2 and 
U-2 OS cells were cultured in DMEM medium (Gibco) 
containing 10% fetal bovine serum (FBS, BI, Kibbutz 
Beit Haemek, Israel), 100 U/mL penicillin and 0.1  mg/
mL streptomycin (BBI life sciences, shanghai, China) 
andat 37  °C in a humidified incubator with 5% CO2. 
The sequence of shRNAs targeting LARS was cloned 
into pLVX vector. The sequence of LARS shRNA1 was 
5′-CTG​GAC​ATC​ACT​TGT​TTC​T-3′; The sequence 
of LARS shRNA2 was 5′-AAA​TGA​AGG​CGT​CCA​
TTC​A-3′. The transfection was performed using lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’ s guidelines.

RNA isolation and RT‑qPCR
Total RNA was extracted from Saos-2 and U-2 OS cells 
using TRIzol (Invitrogen, CA, USA), and was reverse 
transcripted with mRNA reverse transcription kit 
(Takara, Japan). Specific primers for RT-qPCR were per-
formed to detect the mRNA expression of LARS. All 
primers were synthesized by Sangon Biotech (Shanghai, 
China). LARS-forward primer 5′-ATG​GCG​GAA​AGA​
AAA​GGA​ACAG-3′ and LARS-reverse primer 5′-CAG​
GCC​AAA​GGG​AAA​CAG​ACAAC-3′. GAPDH prim-
ers were as follows; GAPDH-forward primer 5′-GCG​
GGG​CTC​TCC​AGA​ACA​TCAT-3′ and GAPDH-reverse 
primer 5′-CCA​GCC​CCA​GCG​TCA​AAG​GTG-3′. Rela-
tive quantification was performed by the 2-ΔΔCt method.

Western blot
Cells were lysed in RIPA lysis buffer (Roche Ltd, Basel, 
Switzerland) containing protease inhibitors. Protein con-
centration in the lysates was measured by Micro BCA 
Protein Assay Kit (Pierce Biotechnology, IL, US). Sam-
ples were separated on 10% SDS-PAGE and subsequently 
transferred to Amersham Protran nitrocellulose mem-
branes (GE Healthcare Life Sciences, Fairfield, USA). 
The nitrocellulose membranes were then incubated with 
primary antibodies for the target proteins LARS and 
GAPDH (Proteintech, Wuhan, China) at a dilution of 
1:1000 and 1:5000 for 2 h, respectively. The proteins were 
detected and quantified using the Odyssey® CLx Infrared 
Imaging System (LI-COR Biosciences, NE, USA).

http://software.broadinstitute.org/gsea/index.jsp
https://david.abcc.Ncifcrf.gov/).In
https://david.abcc.Ncifcrf.gov/).In
http://metascape.org
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Immunohistochemistry (IHC) staining analysis
We conducted IHC staining analysis to measure the 
protein expression of LARS in OS tissues and adjacent 
normal tissues according to the standard immunoper-
oxidase staining procedure. Slides were incubated with 
anti-LARS (21146-1-AP, Proteintech, Wuhan, China, 
diluted 1:400). The IHC staining scores of LARS were 
evaluated by two independent pathologists. The percent-
age of stained positive cells was calculated from 1 to 4: 1, 
0–25%; 2, 26–50%; 3, 51–75%; and 4, 75–100%. The stain-
ing intensity score was ranged from 0 to 3: 0, no stain-
ing; 1, weak staining; 2, moderate staining; and 3, strong 
staining. The percentage of positive tumor cells and the 
staining intensity were multiplied to produce a weighted 
score for each case.

CCK‑8 assay
Saos-2 and U-2 OS cells were seeded into 96-well plates 
(2 × 104 cells/well) and cultured for 24 h, 48 h, and 72 h. 
Four hours before absorbance measuring, 10 μL CCK-8 
solution was added. The absorbance was measured at 
450 nm with a microplate reader after incubating at 37 °C 
for 2 h.

Statistical analysis
In the study, a statistical correlation was calculated 
by t-test. Overall survival (OS) was evaluated by the 

Kaplan–Meier method, and survival curves were com-
pared by log-rank test. Two-way ANOVA was used to 
analyze CCK8 assay. All p values < 0.05 were considered 
statistically significant.

Results
Identifying candidate genes that are critical for the survival 
of osteosarcoma cells
Project Achilles knocks out each gene individually by 
using a genome-scale CRISPR-Cas9 tool and identify-
ing candidate genes that are critical for the survival of 
tumors. Taking advantage of RNA-Seq data and Project 
Achilles from osteosarcoma patients, we can pinpoint 
essential genes responsible for osteosarcoma malignancy. 
Candidate genes were defined as essential genes respon-
sible for osteosarcoma malignancy with a CERES score 
of <  − 1 across 75% of osteosarcoma cell lines (n = 8), 
including Saos-2, G-292, U-2 OS, SJSA-1, 143B, HuO9, 
OS252, and HS-Os-1. In total, 785 genes were finally 
found to be crucial for maintaining survival in the 8 oste-
osarcoma cell lines (Additional file 1: S1).

To identify which candidate genes among these 785 
genes were dysregulated expression in osteosarcoma 
tissues, DEG (Differentially Expressed Genes) analy-
ses were performed to compare osteosarcoma tissues 
(n = 44) with normal tissues (n = 5) in the GSE19276 
database. Fifty-nine of 785 essential genes were sig-
nificantly changed in osteosarcoma tissues (Fig.  1, 

Fig. 1  Differential expression analysis of the 785 essential genes in osteosarcoma tissues. A Heatmap and B volcano plot showing differential 
expression of 785 essential genes in osteosarcoma tissue (n = 44) and normal tissues (n = 5) on GSE19276 database
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Additional file 2: S2). Among these 59 genes, 14 genes 
were significantly down-regulated, and 45 genes were 
significantly up-regulated in osteosarcoma tissues.

To identify the biological roles of these essential genes 
in osteosarcoma, the enrichment with KEGG-pathway 
and GO-BP (biological process) was analyzed. From the 
results of KEGG-pathway enrichment, we found that 
these 59 genes are mainly enriched in the proteasome, 
RNA transport, DNA replication, Nucleotide excision 
repair, aminoacyl tRNA biosynthesis, ribosome bio-
genesis in eukaryotes, ubiquitin mediated proteolysis, 
mismatch repair, base excision repair and homologous 
recombination (Fig. 2A). In addition, in the enrichment 
results of GO-BP, these genes were mainly related to 
the cell cycle, ribonucleoprotein complex biogenesis, 
ribosome biogenesis, RNA localization, transcription 
coupled nucleotide excision repair, nucleotide excision 
repair, anaphase promoting complex depend catabolic 
process, regulation of hematopoietic progenitor cell 
differentiation, and positive regulation of RNA poly-
merase II transcripition preinitiation complex assembly 
(Fig.  2B). In additional, enrichment analysis was con-
ducted for the 45 upregulated genes and the 14 down-
regulated genes, respectively. However, the number of 
down-regulated genes is too small to perform a reliable 
KEGG and GO analysis. The KEGG and GO analysis 
were performed on only upregulated genes. From the 
results of KEGG-pathway enrichment, we found that 
these 45 upregulated genes are also mainly enriched in 
the proteasome, RNA transport, etc., (Fig.  2C). In the 
enrichment results of GO-BP, these 45 upregulated 
genes were also mainly related to the cell cycle, ribo-
nucleoprotein complex biogenesis, etc. (Fig.  2D). The 
results showed that these essential genes were mainly 
associated with the cell cycle-related signaling pathway 
in the osteosarcoma tissues.

Next, a protein–protein interaction (PPI) network of 
these 59 essential genes was generated using Metascape 
(Fig. 2E). After the analysis of molecular complex detec-
tion, three MCODE components were obtained from the 
PPI network (Fig. 2F). In addition, the enrichment analy-
sis of every MCODE component is depicted in Fig.  2D, 
in which the top three enrichment results are displayed. 
Among the three MCODE components, the most sig-
nificant was MCODE1, which included six genes: LARS 
(Leucyl-TRNA Synthetase 1), BYSL (Bystin Like), UBA1 
(Ubiquitin Like Modifier Activating Enzyme 1), PSMC6 
(Proteasome 26S Subunit, ATPase 6), AARS1 (Alanyl-
TRNA Synthetase 1) and ANAPC10 (Anaphase Promot-
ing Complex Subunit 10).

Construction of essential genes‑based prognostic 
predictors
The prognosis of these 59 essential genes for osteosar-
coma patients was further analyzed by using the univari-
ate Cox regression analysis based on GSE21257 dataset. 
The results revealed that high expression of LARS was 
significantly negatively correlated with the prognosis of 
osteosarcoma patients, and low expression of DNAJC17 
(DnaJ Heat Shock Protein Family (Hsp40) Member C17) 
was significantly negatively correlated with the progno-
sis of osteosarcoma patients, Next, we used the LASSO 
analysis of the tenfold cross-validation to analyze LARS 
and DNAJC17 genes (Fig.  3B), and constructed the risk 
score model that included LARS and DNAJC17 genes 
(Fig.  3C). The risk score was calculated as follows: Risk 
score = (LARS × 1.7203  −  DNAJC17 × 1.7652). Each 
osteosarcoma patient was divided into low-risk and high-
risk groups according to the risk score. The distribution 
of risk scores, survival status, and the mRNA expression 
of two genes in osteosarcoma patients were shown in 
Fig. 3D. Kaplan–Meier survival revealed that the low-risk 
group was correlated with a better prognosis for osteo-
sarcoma patients (Fig. 3E). The result of the ROC analysis 
demonstrated that the risk score had a powerful ability 
to predict prognosis in osteosarcoma patients (1-year 
(AUC = 0.88), 3-year (AUC = 0.80), 5-year (AUC = 0.75); 
Fig. 3F).

To further verify the prognostic model, we downloaded 
37 osteosarcoma samples with complete clinical informa-
tion from GSE39055 database. Each patient was brought 
into the previous prognostic model to calculate the risk 
score. Patients were divided into high-risk and low-risk 
groups. Kaplan–Meier curve analysis showed that osteo-
sarcoma patients with low-risk scores had a better overall 
survival than those in the high-risk-score group (Fig. 4A). 
The result of the ROC analysis demonstrated that the 
risk score had a powerful ability to predict prognosis 
in osteosarcoma patients (1-year (AUC = 0.80), 3-year 
(AUC = 0.74), 5-year (AUC = 0.70); Fig. 4B).

Next, a nomogram model-independent predictors of 
OS, including risk score, gender, age, and tumor grade, 
was developed. The nomogram model provides a visual 
statistical predictive tool for the survival of osteosarcoma 
patients, allowing the risk-scoring model to be applied to 
clinical practice (Fig. 5A). The C‐index for the nomogram 
is 0.75, indicating the nomograph we built is reliable and 
accurate (Fig. 5B).

Analysis of drug sensitivity associated with LARS 
and DNAJC17
The GSCA database was exploited to analyze the rela-
tionship between the drug sensitivity and the expression 
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Fig. 2  Gene enrichment analysis of the 59 differentially expressed genes. A KEGG pathways and B GO-BP terms for the 59 differentially expressed 
genes. C KEGG pathways and D GO-BP terms for the 45 upregulated genes. E Protein–protein interaction of the 59 differentially expressed genes. F 
MCODE network clustering analysis of the 59 differentially expressed genes
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Fig. 3  AConstruction of a risk model in osteosarcoma. A univariate Cox survival analysis on the 59 differentially expressed genes. B, C The 
LASSO-Cox regression model calculated the coefficient and achieved the risk score. D The distribution of risk score, survival status, and the 
corresponding heatmap of the gene expression levels of each patient was analyzed and plotted. E The prognostic value of the risk score on OS for 
each osteosarcoma patient by Kaplan–Meier analysis. F Time-dependent ROC curves for survival prediction
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of LARS and DNAJC17 based on the data from the Can-
cer Drug Sensitivity Genomics Database (GDSC) (Fig. 6, 
Additional file 1: S3). The result revealed that high LARS 
expression was associated with higher drug sensitivity 
to BRD-K30748066, Tozasertib, BI-2536, GSK461364, 
BRD-K70511574, Triazolothiadiazine, Rigosertib, FQI-
1, KX2-391 and SB-225002 (R < −  0.3, p < 0.05). There 
was no significant correlation between the expression of 
DNAJC17 and the drug sensitivity.

Knockdown of LARS inhibits osteosarcoma cell 
proliferation
LARS and DNAJC17 are highly expressed in osteosar-
coma. High expression of LARS is an unfavorable prog-
nostic factor in patients with osteosarcoma. However, 
high expression of DNAJC17 is a favorable prognostic 
factor in patients with osteosarcoma. Consequently, 
we were interested in the influence of LARS on osteo-
sarcoma. As noted earlier in this article, a CERES score 
< −  1 was defined as an essential gene for tumor cell 
survival. The CERES score of LARS in eight osteosar-
coma cell lines was shown in Fig. 7A. The result indicated 

Fig. 4  Validation of the prognosis risk model. A Kaplan–Meier analysis of the prognostic model by using the GSE39055 database. B Plotting ROC 
curves to assess the accuracy of the prognostic model based on GSE39055 database

Fig. 5  Construction of clinical prognostic prediction model. A The survival nomogram was set up to exactly figure up the 1-year, 3-year, and 5-year 
survival rate based on five variables containing gender, age, tumor grade, and risk score. B The comparison between the standard curve and the 
ideal model
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that the CERES score of LARS was all less than -1 in 
the above cells. Next, GSEA was performed to iden-
tify the differentially activated signaling pathways in the 
high LARS expression. The GSEA plot showed that high 
LARS expression positively correlated with the cell cycle 
(Fig.  7B). These results suggested that LARS may affect 
the proliferation of osteosarcoma cells. Then, LARS-
targeting shRNAs (LARS-shRNA1 and LARS-shRNA2) 
were transfected into Saos-2 and U-2 OS cells, and LARS 
was successfully knocked down (Fig. 7C–F). CCK-8 anal-
ysis showed that LARS knockdown strongly inhibited the 
proliferation of Saos-2 and U-2 OS cell lines (Fig. 7G and 
H).

Evaluation of associations among LARS and immune cells
Our GSEA results showed that high expression of LARS 
was associated with down-regulation of the B cell recep-
tor signaling pathway and T cell receptor signaling path-
way (Fig.  8A). To further validate LARS as a potential 
immune influencer, we calculated the degree of immune 

infiltration through MCP-counter to estimate the ten-
dency of residential immune cells to vary with expres-
sion changes in LARS. The results indicated that LARS 
expression is significantly negatively correlated with 
the infiltration levels of Monocytic lineage (R = −  0.42, 
p < 0.01), T cells (R = −  0.35, p < 0.05), and Fibroblasts 
(R = − 0.31, p < 0.05) in osteosarcoma (Fig. 8B). In addi-
tion, osteosarcoma patients were classified into low-
group and high-group LARS subtypes based on the 
median LARS expression level. ESTIMATE results indi-
cated that patients with lower LARS expression had a sig-
nificantly higher stromal score and higher immune score, 
but with lower tumor purity relative to patients in high-
group LARS (Fig. 8C and D).

The level of LARS protein was highly expressed 
in osteosarcoma
Finally, the protein expression of LARS in osteosarcoma 
was detected via IHC staining analysis. LARS protein 
expression was demonstrated significantly increased in 

Fig. 6  Drug sensitivity of LARS and DNAJC17 genes obtained from GSCA. The correlations between the LARS and DNAJC17 expression and drugs. 
Bubble size is positively correlate with the FDR significance. Black outline border indicates FDR ≤ 0.05

(See figure on next page.)
Fig. 7  The function of LARS in osteosarcoma cells. A The CERES score of LARS in 8 osteosarcoma cell lines. B GSEA analysis suggested that the high 
expression of LARS is related to the cell cycle. C, D The mRNA expression of LARS in LARS knockdown Saos-2 cells (C) and LARS knockdown U-2 
OS cells (D). E, F The protein expression of LARS in LARS knockdown Saos-2 cells (E) and LARS knockdown U-2 OS cells (F). G, H Knockdown LARS 
inhibited the proliferation of G Saos-2 and H U-2 OS cells detected by CCK8. **p < 0.01
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Fig. 7  (See legend on previous page.)
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18 osteosarcoma tissues compared to the paired adjacent 
normal tissues (Fig. 9A–C).

Discussion
Osteosarcoma is the most common primary malignant 
bone tumor, and high morbidity rate and high recurrence 
rate are the clinical characteristics of osteosarcoma [11]. 
Osteosarcoma seriously affects the health of adolescents 
and children [12]. Although great progress has been 
made in the clinical diagnosis and surgical treatment of 
osteosarcoma, the overall prognosis of patients with oste-
osarcoma is still poor. Therefore, it is urgent to find effec-
tive molecular therapeutic targets.

Cancer therapeutic target identification has focused 
on oncogenes and tumor suppressor genes that are 
mutated in cancer. Mutated oncogenes and tumor sup-
pressor genes that cause cancer also confer properties 
on cancer cells that differ from normal cells, making 
them selectively dependent on certain genes for growth 
or survival. Such genes, which we call selective essential 
genes, have good specificity as therapeutic targets and 
are ideal potential therapeutic targets. Therefore, the sys-
tematic identification of these selectively essential genes 

is a novel strategy to identify cancer therapeutic targets. 
A well-established method for identifying essential genes 
is to use CRISPER-Cas9 technology to perform genome-
wide gene function inactivation screening in cell lines. In 
recent years, Broad and Anger have performed genome-
wide screening of CRISPER-Cas9 in more than 700 can-
cer cells of different tissue origins and identified essential 
genes in these cells. Using these data, they constructed 
the DepMap database, which aims to systematically iden-
tify the genetic dependencies of cancer cells.

In the study, the dependence score was calculated by 
CERES and identified 785 genes essential to the prolif-
eration and survival of osteosarcoma cells from the Dep-
Map website. Of the 785 genes, 59 DEGs were identified 
in osteosarcoma tissues compared with normal tissues 
through the GSE19276 database. The results showed that 
these 59 essential genes were mainly associated with the 
cell cycle-related signaling pathway in the osteosarcoma 
tissues. Furthermore, we established a gene signature 
(LARS and DNAJC17) screened from these 59 genes, and 
this signature could divide osteosarcoma patients into the 
low-risk and high-risk groups.

Fig. 8  Correlation between LARS expression and the tumor microenvironment in osteosarcoma. A GSEA analysis suggested that the high 
expression of LARS is related to B cell receptor signaling pathway and T cell receptor signaling pathway. B Correlation between LARS expression 
and the number of immune cell infiltrates in osteosarcoma. C Correlation between LARS expression and stromal score and immune score in 
osteosarcoma. D Correlation between LARS expression and tumor purity in osteosarcoma. *p < 0.05. **p < 0.01
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LARS and DNAJC17 are highly expressed in osteo-
sarcoma. High expression of LARS is an unfavora-
ble prognostic factor in patients with osteosarcoma. 
However, high expression of DNAJC17 is a favorable 
prognostic factor in patients with osteosarcoma. Conse-
quently, we were interested in the influence of LARS on 
osteosarcoma.

LARS encodes a cytosolic leucine-tRNA synthetase, a 
member of the class ARSs (aminoacyl-tRNA synthetase) 
family. The ARSs family is an extremely ancient enzyme 
in evolution. Its classic function is to catalyze the esteri-
fication reaction between amino acids and their corre-
sponding tRNAs to generate aminoacyl-tRNA, which 
provides raw materials for protein synthesis in organ-
isms and participates in the production of genetic cod-
ing process. The 20 ARSs synthetases correspond to 20 
amino acids, and their precise identification of the cor-
responding tRNA and amino acid substrates ensures the 
precise transmission of genetic information from mRNA 

to protein. In the past decades, the identification of can-
cer-related factors has been an important issue in the 
field of oncology, not only to understand the basic mech-
anisms of tumor formation, but also to discover related 
therapeutic targets. However, ARSs have been neglected, 
mainly because many people think that ARSs are merely 
housekeeping genes involved in protein synthesis. Mam-
malian ARSs have evolved over the course of evolution 
to develop many additional domains that are not neces-
sarily associated with their catalytic domains. Thanks to 
these domains, ARSs are able to interact with regulatory 
factors. ARSs participate in signaling pathways by form-
ing complexes with other regulatory factors [13]. Abnor-
mal expression and mutation of ARSs induce abnormal 
cellular regulation and protein synthesis. The abnormal 
function of ARSs is associated with a variety of human 
diseases, such as autoimmune disorders, metabolic disor-
ders, neuronal diseases, and cancer [14]. Some ARSs are 

Fig. 9  IHC analyses of LARS protein expression in osteosarcoma. A, B Representative IHC images of LARS protein expression in Normal tissues (A) 
and osteosarcoma tissues (B) (×200 magnification). C IHC score for LARS in osteosarcoma patients. ***p < 0.001
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abnormally up-regulated or down-regulated in a variety 
of tumors [15–24].

Recently, more and more evidences have shown that a 
variety of ARSs are responsible for non-canonical func-
tions other than enzymatic catalytic activity, such as 
translation regulation, transcription regulation, synthesis, 
signal transduction, angiogenesis, inflammation, apop-
tosis, and the development of cancer [25–29]. The non-
classical function of LARS was first reported in 2012. 
Downregulation of cellular endogenous LARS inhibits 
mTORC1 activity, thereby affecting cell proliferation [30]. 
Shin et al. found that the LARS gene is overexpressed in 
lung cancer cells and tissues, and knockdown of LARS 
expression can inhibit the growth and metastasis of lung 
cancer cells. Which suggest that LARS may have carci-
nogenic potential [31]. However, the expression of LARS 
was repressed during mammary cell transformation and 
in human breast cancer. Monoallelic genetic deletion of 
LARS in mouse mammary glands enhanced breast can-
cer tumor formation and proliferation. Repression of 
LARS lead to impaired leucine codon-dependent trans-
lation of growth suppressive genes, including gamma-
glutamyltransferase 5 (GGT5) and epithelial membrane 
protein 3 (EMP3). which in turn enhances breast tumor 
formation and growth [32]. These results indicated that 
the function of LARS is complex, as it appears to have 
different functions in different tumors.

In the study, we knocked down LARS gene expression 
by shRNA. Knockdown of LARS expression inhibited 
the proliferative ability of osteosarcoma cells, suggest-
ing that LARS has oncogenic potential in osteosarcoma. 
The correlation between LARS expression and immune 
cells suggests that LARS regulates osteosarcoma immu-
nity through multiple immune cell populations, such as 
Monocytic lineage, T cells, and Fibroblasts. The analysis 
of drug sensitivity revealed that high LARS expression 
was associated with higher drug sensitivity to BRD-
K30748066, Tozasertib, BI-2536, GSK461364, BRD-
K70511574, Triazolothiadiazine, Rigosertib, FQI-1, 
KX2-391 and SB-225002.

Our findings may contribute to further understand-
ing the molecular mechanism and improving the clini-
cal diagnosis and treatment for osteosarcoma. However, 
limitations of this study still exist including lack of a large 
cohort of samples from patients with osteosarcoma and 
short of survival analysis. In addition, further experimen-
tal studies are essential for further verifying the mecha-
nisms of LARS in osteosarcoma.

Conclusion
By analyzing the DepMap database, we identified an 
essential gene-LARS for survival in osteosarcoma. In 
addition to its classical function of catalyzing leucyl 
synthesis, the LARS gene also acts as an oncogene in 
osteosarcoma cells and is associated with the immune 
microenvironment of osteosarcoma. LARS may play a 
key role in the occurrence and progression of osteosar-
coma. This study provides new insights into the patho-
genesis of osteosarcoma and potential preventive and 
therapeutic strategies for this condition.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12967-​022-​03571-9.

Additional file 1: S1. A total of 785 genes critical for maintaining survival 
in 8 osteosarcoma cell lines.

Additional file 2: S2. Fifty-nine genes with significantly altered expression 
among 785 essential genes in osteosarcoma tissue.

Additional file 3: S3. The relationship between the drug sensitivity and 
the expression of LARS and DNAJC17 based on the data from the GDSC.

Acknowledgements
Not applicable.

Author contributions
WC, and QW contributed to the conception and design. YL and MJ contrib-
uted to the development of methodology. WC, QW and QS contributed to 
the writing, review, and/or revision of the manuscript. All authors read and 
approved the final manuscript.

Funding
This research was funded by the National Science Foundation for Young 
Scientists of China (Granted No. 82001312), Special Fund for the Incubation of 
Young Clinical Scientist, the Children’s Hospital of Zhejiang University School 
of Medicine (Grant No. CHZJU2022YS008) and the Natural Science Foundation 
of Fujian Province (Granted No. 2021J01423).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Research Ethics Committee of Fujian Medical 
University Union Hospital and complied with the Helsinki Declaration. Written 
consents were obtained from all study participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Orthopedics, The Children’s Hospital, Zhejiang University 
School of Medicine, National Children’s Regional Medical Center, National 
Clinical Research Center for Child Health, 3333 Bingsheng Road, Hang-
zhou 310052, Zhejiang Province, China. 2 Department of Breast Surgery, Fujian 
Medical University Union Hospital, 29 Xinquan Road, Fuzhou 350001, Fujian 
Province, China. 3 Department of General Surgery, Fujian Medical University 

https://doi.org/10.1186/s12967-022-03571-9
https://doi.org/10.1186/s12967-022-03571-9


Page 14 of 14Chen et al. Journal of Translational Medicine          (2022) 20:355 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Union Hospital, Fuzhou 350001, Fujian Province, China. 4 Breast Cancer Insti-
tute, Fujian Medical University, Fuzhou, Fujian Province, China. 5 Department 
of Pathology, Fujian Medical University Union Hospital, 29 Xinquan Road, 
Fuzhou 350001, Fujian Province, China. 6 College of Life Sciences, Fujian Normal 
University, 8 South Xuefu Road, Fuzhou 350117, Fujian Province, China. 7 The 
Children’s Hospital, Zhejiang University School of Medicine, National Children’s 
Regional Medical Center, National Clinical Research Center for Child Health, 
3333 Bingsheng Road, Hangzhou 310052, Zhejiang Province, China. 

Received: 19 May 2022   Accepted: 4 August 2022

References
	1.	 Wang X, Qin G, Liang X, Wang W, Wang Z, Liao D, Zhong L, Zhang R, 

Zeng YX, Wu Y, Kang T. Targeting the CK1α/CBX4 axis for metastasis in 
osteosarcoma. Nat Commun. 2020;11(1):1141.

	2.	 Miwa S, Shirai T, Yamamoto N, Hayashi K, Takeuchi A, Igarashi K, 
Tsuchiya H. Current and emerging targets in immunotherapy for osteo-
sarcoma. J Oncol. 2019;2019:7035045.

	3.	 Isakoff MS, Bielack SS, Meltzer P, Gorlick R. Osteosarcoma: current 
treatment and a collaborative pathway to success. J Clin Oncol. 
2015;33(27):3029–35.

	4.	 Kansara M, Teng MW, Smyth MJ, Thomas DM. Translational biology of 
osteosarcoma. Nat Rev Cancer. 2014;14(11):722–35.

	5.	 Meyers PA, Healey JH, Chou AJ, Wexler LH, Merola PR, Morris CD, Laqua-
glia MP, Kellick MG, Abramson SJ, Gorlick R. Addition of pamidronate 
to chemotherapy for the treatment of osteosarcoma. Cancer. 
2011;117(8):1736–44.

	6.	 Doudna JA, Charpentier E. Genome editing. The new frontier of genome 
engineering with CRISPR-Cas9. Science. 2014;346(6213):1258096.

	7.	 Kurata M, Yamamoto K, Moriarity BS, Kitagawa M, Largaespada DA. 
CRISPR/Cas9 library screening for drug target discovery. J Hum Genet. 
2018;63(2):179–86.

	8.	 Sun X, Wang Z, Chen X, Shen K. CRISPR-cas9 screening identified lethal 
genes enriched in cell cycle pathway and of prognosis significance in 
breast cancer. Front Cell Dev Biol. 2021;9: 646774.

	9.	 Meyers RM, Bryan JG, McFarland JM, Weir BA, Sizemore AE, Xu H, Dharia 
NV, Montgomery PG, Cowley GS, Pantel S, Goodale A, Lee Y, Ali LD, Jiang 
G, Lubonja R, Harrington WF, Strickland M, Wu T, Hawes DC, Zhivich VA, 
Wyatt MR, Kalani Z, Chang JJ, Okamoto M, Stegmaier K, Golub TR, Boehm 
JS, Vazquez F, Root DE, Hahn WC, Tsherniak A. Computational correction 
of copy number effect improves specificity of CRISPR-Cas9 essentiality 
screens in cancer cells. Nat Genet. 2017;49(12):1779–84.

	10.	 Ho KH, Huang TW, Liu AJ, Shih CM, Chen KC. Cancer essential genes 
stratified lung adenocarcinoma patients with distinct survival outcomes 
and identified a subgroup from the terminal respiratory unit type with 
different proliferative signatures in multiple cohorts. Cancers. 2021. 
https://​doi.​org/​10.​3390/​cance​rs130​92128.

	11.	 Ritter J, Bielack SS. Osteosarcoma. Ann Oncol. 2010;21(Suppl 7):vii320-325.
	12.	 Eaton BR, Schwarz R, Vatner R, Yeh B, Claude L, Indelicato DJ, Laack N. 

Osteosarcoma. Pediatr Blood Cancer. 2021;68(Suppl 2): e28352.
	13.	 Kim S, You S, Hwang D. Aminoacyl-tRNA synthetases and tumorigenesis: 

more than housekeeping. Nat Rev Cancer. 2011;11(10):708–18.
	14.	 Jiang L, Jones J, Yang XL. Human diseases linked to cytoplasmic aminoa-

cyl-tRNA synthetases. The Enzymes. 2020;48:277–319.
	15.	 Huang H, Li H, Pan R, Wang S, Liu X. tRNA modifications and their poten-

tial roles in pancreatic cancer. Arch Biochem Biophys. 2021;714: 109083.
	16.	 Santos M, Fidalgo A, Varanda AS, Oliveira C, Santos MAS. tRNA 

deregulation and its consequences in cancer. Trends Mol Med. 
2019;25(10):853–65.

	17.	 Endres L, Fasullo M, Rose R. tRNA modification and cancer: poten-
tial for therapeutic prevention and intervention. Future Med Chem. 
2019;11(8):885–900.

	18.	 Chen Z, Qi M, Shen B, Luo G, Wu Y, Li J, Lu Z, Zheng Z, Dai Q, Wang 
H. Transfer RNA demethylase ALKBH3 promotes cancer progres-
sion via induction of tRNA-derived small RNAs. Nucleic Acids Res. 
2019;47(5):2533–45.

	19.	 Orellana EA, Liu Q, Yankova E, Pirouz M, De Braekeleer E, Zhang W, Lim 
J, Aspris D, Sendinc E, Garyfallos DA, Gu M, Ali R, Gutierrez A, Mikutis S, 

Bernardes GJL, Fischer ES, Bradley A, Vassiliou GS, Slack FJ, Tzelepis K, 
Gregory RI. METTL1-mediated m(7)G modification of Arg-TCT tRNA drives 
oncogenic transformation. Mol Cell. 2021;81(16):3323-3338.e3314.

	20.	 Wang J, Yang XL. Novel functions of cytoplasmic aminoacyl-tRNA syn-
thetases shaping the hallmarks of cancer. Enzymes. 2020;48:397–423.

	21.	 Zhu P, Yu J, Zhou P. Role of tRNA-derived fragments in cancer: novel 
diagnostic and therapeutic targets tRFs in cancer. Am J Cancer Res. 
2020;10(2):393–402.

	22.	 Hyeon DY, Kim JH, Ahn TJ, Cho Y, Hwang D, Kim S. Evolution of the 
multi-tRNA synthetase complex and its role in cancer. J Biol Chem. 
2019;294(14):5340–51.

	23.	 Yu X, Xie Y, Zhang S, Song X, Xiao B, Yan Z. tRNA-derived fragments: 
mechanisms underlying their regulation of gene expression and poten-
tial applications as therapeutic targets in cancers and virus infections. 
Theranostics. 2021;11(1):461–9.

	24.	 Gao X, Guo R, Li Y, Kang G, Wu Y, Cheng J, Jia J, Wang W, Li Z, Wang A, Xu 
H, Jia Y, Li Y, Qi X, Wei Z, Wei C. Contribution of upregulated aminoacyl-
tRNA biosynthesis to metabolic dysregulation in gastric cancer. J Gastro-
enterol Hepatol. 2021;36(11):3113–26.

	25.	 Guzzi N, Cieśla M, Ngoc PCT, Lang S, Arora S, Dimitriou M, Pimková K, 
Sommarin MNE, Munita R, Lubas M, Lim Y, Okuyama K, Soneji S, Karlsson 
G, Hansson J, Jönsson G, Lund AH, Sigvardsson M, Hellström-Lindberg E, 
Hsieh AC, Bellodi C. Pseudouridylation of tRNA-derived fragments steers 
translational control in stem cells. Cell. 2018;173(5):1204-1216.e1226.

	26.	 Wang J, Vallee I, Dutta A, Wang Y, Mo Z, Liu Z, Cui H, Su AI, Yang XL. Multi-
omics database analysis of aminoacyl-tRNA synthetases in cancer. Genes. 
2020. https://​doi.​org/​10.​3390/​genes​11111​384.

	27.	 Pan L, Huang X, Liu ZX, Ye Y, Li R, Zhang J, Wu G, Bai R, Zhuang L, Wei L, Li 
M, Zheng Y, Su J, Deng J, Deng S, Zeng L, Zhang S, Wu C, Che X, Wang C, 
Chen R, Lin D, Zheng J. Inflammatory cytokine-regulated tRNA-derived 
fragment tRF-21 suppresses pancreatic ductal adenocarcinoma progres-
sion. J Clin Invest. 2021. https://​doi.​org/​10.​1172/​JCI14​8130.

	28.	 Vincent CT, Schneider RJ. Selective tRNA charging in breast cancer. Nat 
Cell Biol. 2022;24(3):287–9.

	29.	 Zhu L, Li T, Shen Y, Yu X, Xiao B, Guo J. Using tRNA halves as novel 
biomarkers for the diagnosis of gastric cancer. Cancer Biomark. 
2019;25(2):169–76.

	30.	 Han JM, Jeong SJ, Park MC, Kim G, Kwon NH, Kim HK, Ha SH, Ryu SH, 
Kim S. Leucyl-tRNA synthetase is an intracellular leucine sensor for the 
mTORC1-signaling pathway. Cell. 2012;149(2):410–24.

	31.	 Kim EY, Lee JG, Lee JM, Kim A, Yoo HC, Kim K, Lee M, Lee C, Han G, Han 
JM, Chang YS. Therapeutic effects of the novel leucyl-tRNA synthetase 
inhibitor BC-LI-0186 in non-small cell lung cancer. Ther Adv Med Oncol. 
2019;11:1758835919846798.

	32.	 Passarelli MC, Pinzaru AM, Asgharian H, Liberti MV, Heissel S, Molina H, 
Goodarzi H, Tavazoie SF. Leucyl-tRNA synthetase is a tumour suppressor 
in breast cancer and regulates codon-dependent translation dynamics. 
Nat Cell Biol. 2022;24(3):307–15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3390/cancers13092128
https://doi.org/10.3390/genes11111384
https://doi.org/10.1172/JCI148130

	Identification of LARS as an essential gene for osteosarcoma proliferation through large-Scale CRISPR-Cas9 screening database and experimental verification
	Abstract 
	Background: 
	Method: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Identification of genes essential for survival of osteosarcoma cells through DepMap database
	Identification of differentially expressed genes (DEGs)
	Clinical data collection and extraction
	Patients and specimens
	GSEA analysis
	ROC analysis
	Gene enrichment analysis
	Protein–protein interaction (PPI) network analysis of DEGs
	Least absolute shrinkage and selection operator (LASSO) analysis
	Drug sensitivity evaluation
	Cells culture and transfection
	RNA isolation and RT-qPCR
	Western blot
	Immunohistochemistry (IHC) staining analysis
	CCK-8 assay
	Statistical analysis

	Results
	Identifying candidate genes that are critical for the survival of osteosarcoma cells
	Construction of essential genes-based prognostic predictors
	Analysis of drug sensitivity associated with LARS and DNAJC17
	Knockdown of LARS inhibits osteosarcoma cell proliferation
	Evaluation of associations among LARS and immune cells
	The level of LARS protein was highly expressed in osteosarcoma

	Discussion
	Conclusion
	Acknowledgements
	References




