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A B S T R A C T   

Background: The process of lactate metabolism has been proved to play a critical role in the progression of various 
cancers and to influence the immune microenvironment, but its potential role in osteosarcoma remains unclear. 
Methods: We have acquired transcriptomic and clinical data from 84 osteosarcoma samples and 70 normal bone 
samples from the TARGET and GTEx databases. We identified differentially expressed lactate metabolism-related 
LncRNAs (LRLs) in osteosarcoma and performed Cox regression and LASSO regression to establish LRLs prog
nostic signature (LRPS). The reliability of LRPS performance was examined by separate prognostic analysis, 
viability curves and receiver operating characteristic (ROC) curves. Furthermore, the effects of LRPS on the 
immune microenvironment of osteosarcoma were investigated, and the functions of the focal genes were 
experimentally validated. 
Result: A total of 856 differentially expressed LRLs were identified and 5 of them were selected to construct LRPS, 
which was a better prognostic predictor for osteosarcoma compared with other published prognostic signatures 
(AUC up to 0.947 and 0.839 in the training and test groups, respectively, with adj-p<0.05 for KM curves). We 
found that LRPS significantly affected the immune infiltration of osteosarcoma, while RP11-472M19.2 signifi
cantly promoted the metastasis of osteosarcoma, which was well validated experimentally. Encouragingly, a 
number of sensitive drugs were identified for LRPS and RP11-472M19.2 high-risk groups. 
Conclusion: Our study shows that lactate metabolism plays a crucial role in the development of osteosarcoma and 
has been well validated experimentally, providing extremely important insights into the clinical treatment and 
in-depth research of osteosarcoma.   

Introduction 

Osteosarcoma is the most common orthopedic malignancy, often 
occurs in adolescents [1,2]. Osteosarcoma is easily metastasized to other 
organs, such as the lungs [3]. The 5-year survival rate of patients with 
osteosarcoma will be greatly decreased once metastasis occurs [4]. 
Recently emerging technologies such as neoadjuvant chemotherapy 
have shown some improvement in the prognosis and survival of patients 
with osteosarcoma [5,6]. However, poor patient tolerance to chemo
therapy and short survival of patients with metastatic osteosarcoma 
have become very problematic, so it is important to explore the methods 
to inhibit the metastasis of osteosarcoma and improve the overall sur
vival of osteosarcoma [7,8]. The carcinogenic effect of lactate 

metabolism on tumors has recently been gradually demonstrated [9]. 
Lactate is not only a product of glycolysis, but also an important 
messenger molecule in various pathways [10]. Lactate metabolism has 
gradually been evidenced as a potential therapeutic target for various 
tumors [11–13]. A growing number of studies have shown that lactate 
metabolism plays a non-negligible role in the progression of osteosar
coma [14–19]. Long non-coding RNA (LncRNA) was initially considered 
as genomic transcriptional "noise" with no biological function, but more 
and more studies have found that it has important regulatory capabil
ities in cells [20]. An increasing number of studies have shown that 
aberrant expression of LncRNAs has a crucial impact on the progression 
of different tumors [21–27]. Nowadays LncRNA expression levels have 
been widely used in the diagnosis and prognosis prediction of 
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osteosarcoma, for example, Wang et al [28] found that LINC00629 
promotes osteosarcoma progression through activation of the 
KLF4-LAMA4 axis; Yang et al [29] identified six copper death-associated 
lncRNAs that regulate the immune microenvironment in osteosarcoma 
and influence survival outcomes in osteosarcoma patients. Notably, 
recent studies have found that LncRNAs may target lactate metabolism 
to influence tumor progression [30–32], but the mechanics of the role of 
LRLs in osteosarcoma are unclear. Therefore, our study focused on 
finding a new signature of LRLs that can predict the prognosis of oste
osarcoma. We integrated TARGET and GTEx databases and constructed 
a prognostic signature consisting of 5 LncRNAs using COX regression 
and LASSO analysis, the accuracy of which was well verified, and we 
also verified the effect of RP11-472M19.2 on osteosarcoma progression 
experimentally. Our study explores diagnosis, prognosis prediction, and 
clinical therapy for osteosarcoma from a novel perspective. 

Materials and Methods 

Access to data 

357 lactate metabolism-associated genes were acquired on the gsea 
website (https://www.gsea-msigdb.org/gsea/index.jsp). Original tran
scriptomic data and clinical data for OS tissue and normal bone tissue 
were obtained from the TARGET and GTEx databases (https://xena. 
ucsc.edu/). The clinical data collected comprised survival status, sur
vival time, metastasis, gender and age. We selected 84 osteosarcoma 
samples and 70 normal bone tissue having comprehensive clinical data 
and transcriptomic datasets for further research, and randomly assigned 
84 tumor samples into training set (n = 50) and test set (n = 34). 

Screening of lactate metabolism-related long noncoding RNAs 

We performed Pearson correlation analysis to investigate the corre
lation between lncRNAs and genes associated to lactate metabolism, 
both Pearson correlation coefficient (> 0.30) and p value (< 0.001) were 
used for determining the lncRNAs elating to lactate metabolism. 

Identification of Differentially Expressed Gene (DEG) 

First, we performed a de-batching process for osteosarcoma samples 
and human normal samples with the R package "sva". The R package 
"DESeq2" was then used to identify DEGs among osteosarcoma samples 
and human normal bone samples, with the test criteria set at fold 
change = 2 and adjusted P value = 0.05, before being intersected with 
lactate metabolism-related lncRNAs to obtain differentially expressed 
lncRNAs associated with lactate metabolism (DELRLs). 

Establishing a Prognostic DELRLs Signature 

We performed univariate Cox regression on DELRLs based on sur
vival data and transcriptomic data of osteosarcoma samples. The least 
absolute shrinkage and selection operator (Lasso)-penalized Cox 
regression was then carried out for obviating overfitting. The optimal 
and minimum criteria penalized criterion (λ) was determined based on 
10 cross-validations. Finally, We used multivariate Cox regression 
analysis for determining prognostic associated DELRLs as well as con
structing LRPS to predict survival of osteosarcoma. Each sample’s risk 
score is determined by the equation: RiskScore =

∑n
i=1Coef ∗i Xi, while 

Coef ∗i stands for the coefficients and Xi stands for the normalized 
expression of the DELRLs. Risk groupings of each sample were deter
mined by the median risk score of all samples. 

Predictive power test for LRPS 

We adopted Kaplan-Meier (KM) for validating the prognostic 

predictive ability of LRPS for osteosarcoma. We then utilized receiver 
operating characteristic (ROC) curves and area under the curve (AUC) 
for determining the precision of LRPS in predicting osteosarcoma 
prognosis. We performed principal component analysis (PCA) to verify 
whether LRPS could significantly differentiate between different risk 
subgroups for osteosarcoma, and the above results were also visualized 
with R software packages "rtsne" and "ggplot2". To evaluate the preci
sion of LRPS for outcome prediction, we calculated C-index using R 
packages "dplyr", "survival", "pec" and "rms". The stability of this signa
ture is verified using test sets and all cohorts. 

Exploration of the applicability of LRPS in different clinical characteristics 

To verify whether LRPS is stable in osteosarcoma populations with 
different clinical features, we have investigated the association of LRPS 
with various clinical features (gender, age, and metastasis) using uni
variate and multivariate Cox regression assays as a way for investigating 
the possible impact of these clinical characteristics on osteosarcoma 
progression. 

Exploring DELRLs’ ability to predict prognosis of osteosarcoma 

The value of different DELRLs in the prognostic prediction of oste
osarcoma was analyzed using KM method, and the expression levels of 
different DELRLs in different risk subgroups were analyzed with box 
diagram. 

Construction of nomogram for LRPS and clinical features 

To investigate the capability of LRPS in independently predicting 
osteosarcoma prognosis, we conducted univariate and multivariate Cox 
regressions as well as constructed a nomogram using R packages 
"regplot", "rms" and "survivor". We also built a calibration curve for 
validating that nomogram’s accuracy. 

Enrichment analysis of DEGs 

We identified DEGs between high- and low-risk groups with R 
package "DESeq2", and the screening criteria were set as log2 | folding 
change | > 1 and adjusted P value < 0.05. We utilized R packages 
"clusterProfiler", "org.Hs.eg.db", "enrichplot" for probing GO and KEGG 
databases of biologically relevant pathways and analyze in which bio
logically relevant pathways DEGs are significantly enriched, as a way to 
probe which biological processes these DEGs may be associated with. 

Probing the association between LRPS and the immune microenvironment 

We assessed the immune function score and immune cell score of 
osteosarcoma samples to investigate the potential effect of LRPS on the 
immune microenvironment of osteosarcoma using the R package 
"GSVA", and conducted immune checkpoint analysis on these osteosar
coma samples with R package "limma". 

Probing potentially sensitive chemotherapy agents 

IC50 is an important parameter for obtaining the therapeutic 
response of tumors, it represents the semi-inhibitory concentration of 
the measured antagonist and can be used as a criterion to judge the 
tumor response to drug therapy, the higher the IC50 indicates a lower 
drug sensitivity and vice versa. We evaluated the response of each os
teosarcoma sample to drug therapy to analyze the value of LRPS and 
individual DELRLs in the clinical management of osteosarcoma using R 
package "pRRophetic". 
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Probing the association between DELRLs and OS metastasis 

To investigate whether DELRLs have a potential effect on osteosar
coma metastasis, we explored whether DELRLs expression is different 
between metastatic subgroups, using box line plots, and performed ROC, 
AUC, and correlation scatter plots with R packages "ROCR" and 
"ggplot2", the effect was validated with subsequent experiments. 

Exploration of the functionality of a certain DELRL 

We apply R package "limma" with pearson correlation coefficient (>
0.30) and p value (< 0.001) to find the most relevant 100 genes for a 

specific DELRL and enriched these genes in GO and KEGG database 
pathways for discovering DELRLs’ functions. 

Cell culture 

We purchased the human osteosarcoma cell line SaoS-2 from the 
American Type Culture Collection (ATCC) and cultured it in Dulbecco’s 
Modified Eagle’s medium (DMEM) with 10% fetal bovine serum (FBS), 
100 IU/ml penicillin and 100 mg/ml streptomycin, setting the culture 
conditions at 5% CO2, 37◦C. 

Gene transfection 

RP11-472M19.2-siRNA (RP11-472M19.2 knockdown, denoted as 
siRNA), the corresponding negative control (denoted as siRNA nc), 
PCMV-RP11-472M19.2-Neo (RP11-472M19.2 overexpression, denoted 
as RNAOE), and its negative control (denoted as RNAOE nc) were syn
thesized by Baiqiandu Biotechnology. Transfection of osteosarcoma cells 
with siRNAs or plasmids was performed with Lipofectamin 2000 (Invi
trogen, USA) according to the instructions. The target sequences of the 
siRNAs we utilized were: 5’-GCUGCGAGUGAGUGGUGGAAATT-3’. 

Table 1 
The primer sequences for qRT-PCR.  

Gene Primer Sequence (5’-3’) 

GAPDH(F) GGAAGCTTGTCATCAATGGAAATC 
GAPDH(R) TGATGACCCTTTTGGCTCCC 
RP11-472M19.2 (F) CCTGGGACCCCAGAACCTTA 
RP11-472M19.2 (R) GCAGGTTTCCACCACTCACT  

Fig. 1. Acquiring lncrnas related to lactate metabolism. (A) Line graph showing recent research trends in lactate metabolic pathways. (B) Volcano plot showing DEGs 
between tumor samples and normal samples (screening criteria set to |logFC| ≥ 2, padj ≤ 0.05). (C) Venn diagram displaying the intersection of lactate metabolism- 
related genes and DEGs to obtain 21 DELRGs. (D) Sankey diagram showing the correlation of DELRG and lncRNAs. 
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Cells without any processing were used as controls (denoted as Control). 

Quantitative reverse transcription-PCR (qRT-PCR) 

qRT-PCR RNA was extracted from tissue and cells using TRIzol 
(Invitrogen, Carlsbad, Calif, USA). Then, cDNA was reversely synthe
sized and transcribed from total RNA using Prime Script RT Reagent Kit 
(Takara, Dalian, China). Then SYBR Premix Ex Taq II (Takara) was 
utilized for qRT- PCR analysis. GAPDH was chosen as the internal con
trol. The relative expressions were evaluated by calculating 2− ▵▵CT 

values. The primer sequences see Table 1. 

5-Ethynyl-2’-deoxyuridine (EdU) experiment 

Cells of different transfection types in logarithmic growth phase were 
digested with trypsin and configured into cell suspensions and inocu
lated in 6-well plates in equal volumes. The cells were incubated at 37◦C 
in 5% CO2 incubator for 24h. The cells were washed and fixed with 4% 
paraformaldehyde for 20min, and the liquid was poured out and washed 
with PBS buffer. Add EDU reaction solution according to the in
structions, then add DAPI to re-stain the nuclei, wash and place under 
fluorescence microscope to observe and acquire images. 

Wound-healing assay 

We evenly spread the Saos-2 cells of different transfection types at 
logarithmic growth stage on 6-well plates after digesting them with 
trypsin. Place in a 5% CO2, 37◦C incubator. When cells reach 90% 
growth, select a suitable pipette tip and draw straight lines along a 
sterilized straightedge in the wells. At 0h, 24h and 48h, we photo
graphed and recorded the cells under an inverted microscope and 
measured their migration distance. 

Transwell assay 

Saos-2 cells of different transfection types were digested with trypsin 
and spread evenly on 6-well plates. Place in 5% CO2, 37◦C incubator. 
Cell suspensions containing 2 × 10^4 cells were prepared separately 
with 200 μL of serum-free medium and added to the upper chamber of 
transwell. 500 μL of complete medium containing 10% FBS was added to 
the lower chamber. After 24h of incubation in the incubator, the me
dium was washed away with PBS and stained with crystal violet for 10 
minutes. The surface was washed away with water to remove the crystal 
violet and photographed under an inverted microscope. 

Statistical analysis 

We used R software (version 4.2.3) for all statistical analyses. RNA- 

Fig. 2. Acquisition of prognosis-related DELRLs for osteosarcoma. (A) Prognosis-related DELRLs were obtained using univariate Cox regression analysis. (B, C) Lasso- 
Cox regression analysis of prognosis-related DELRLs. (D) Network diagram of correlation nodes for prognosis-related DELRLs. 
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seq transcriptome data are available from TARGET (https://xena.ucsc. 
edu/) and the GTEx database (https://xena.ucsc.edu/). Independent t- 
tests were applied to compare differences in quantitative data across risk 
subgroups, and correlation of gene expression was calculated by 
Spearman’s correlation coefficient. The criterion for statistical differ
ence was defined as P<0.05. 

Results 

Screening for lactate metabolism-related lncRNAs 

The number of studies on the lactate metabolism pathway showed a 
significant increase in the last 9 years (Fig. 1A), and we combined the 
TARGTE and GTEx databases for differential analysis to obtain differ
entially expressed genes (DEGs) (Fig. 1B), 21 differentially expressed 
lactate metabolism-related genes (DELRGs) were obtained by crossing 
with genes associated with lactate metabolism (Fig. 1C). The association 
of 3264 lactate metabolism-associated LncRNAs with DELRGs was 
demonstrated in Sankey plots according to Pearson correlation coeffi
cient (set at > 0.30) and p value (set at < 0.001) criteria (Fig. 1D). 

LRPS independently predicts prognosis of osteosarcoma 

We first obtained 856 DELRLs by taking the intersection of lactate 
metabolism-related LncRNAs and DEGs, followed by univariate Cox 
regression analysis and acquired 79 DELRLs associated with osteosar
coma prognosis (Fig. 2A), and then 8 risk DELRLs were identified via 

LASSO analysis (Fig. 2B and C). According to the correlation network 
plot (Rcutoff=0.2), RP5-1011O1.2 was found to be negatively corre
lated with other genes (Fig. 2D). Multivariate Cox analysis was then 
performed, and we selected 5 DELRLs to create LRPS: RiskScore= 1.62* 
Expression RP11-274H2.2 + 1.32* Expression RP11-472M19.2 +0.92* 
Expression FAM222A-AS1+ 0.64* Expression RP11-654A16.3 -1.51* 
Expression RP5-1011O1.2. We then placed all osteosarcoma samples 
into different risk subgroups according to their median risk scores. 
Univariate and multivariate Cox regression analyses were conducted for 
verifying the ability of LRPS to independently predict osteosarcoma 
prognosis. It was revealed that both risk scores and metastasis were 
statistically significant (Fig. 3G). Also, multivariate Cox regression 
shows that they still reside to be significant, indicating that they can 
independently predict the prognosis of osteosarcoma (Fig. 3H). ROC 
curves, risk curves, heat maps and Kaplan-Meier survival curves in 
Fig. 3A-F revealed that LRPS provides an accurate diagnosis of osteo
sarcoma prognosis with AUCs as high as 0.943, 0.927 and 0.947, at 1, 3 
and 5 years, correspondingly (Fig. 3A-F). The higher AUC values of LRPS 
than other clinical features suggest that LRPS is a stronger predictor of 
prognosis in osteosarcoma. We further explored the prognostic value of 
LRPS according to different clinical characteristics, we grouped osteo
sarcoma samples according to gender, age (<14 and ≥14 years) and 
metastatic status separately and plotted KM survival curves, the results 
in Fig. 4 demonstrate that there are also significant differences in sur
vival rates among different clinical subgroups, all the above results 
suggest that LRPS in different clinical subgroups can predict the prog
nosis of osteosarcoma stably and it could be a valuable independent 

Fig. 3. Evaluation of prognostic predictive power of LRPS. (A) ROC curves for diagnosing patient viability status using LRPS in training group. (B) ROC curves 
showing that LRPS predicted osteosarcoma prognosis more accurately than all clinical features. (C) Kaplan-Meier curves of LRPS for predicting patients’ survival of 
osteosarcoma in the training set. (D, E) Scatter plots of the viability of osteosarcoma patients in the training set. Green: low risk; Orange: high risk. (F) Heat map 
showing the expression levels of risk DELRLs in the training set. roc curve, receiver operating characteristic curve; AUC, area under the curve; p<0.05, statistically 
significant. (G) Univariate Cox analysis for all clinical characteristics and prognostic models. (H) Multivariate Cox analysis. 
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prognostic factor. 

Validation of LRPS 

To assess the stability of LRPS, we carried out the identical analyses 
for test group and all cohorts. Fig. 5A and B show that AUC values 
reached 0.737, 0.846, and 0.839 at 1, 3, and 5 years in test set, 
respectively, while AUC values for all cohorts reached 0.836, 0.882, and 
0.880, too. AUC values for LRPS and other clinical features were 
measured in the test set and in all cohorts, and still showed a stable 
prognostic value of LRPS for osteosarcoma (Fig. 5C and D). As well, KM 
survival curves for test group and all cohorts verified that LRPS can be a 
promising predictor of osteosarcoma survival prognosis (Fig. 5E and F). 
This was also validated by risk curves and heat maps (Fig. 5G-L). We 
performed PCA to probe the degree of differentiation between different 
risk subgroups. The results in Fig. 6A-C have revealed that LRPS per
formed well in distinguishing different risk subgroups, while the divi
sion based on 856 DELRLs and all genes did not distinguish separate risk 
subgroups to two clusters. 

Separate Validation of DELRLs for Prognostic Prediction of Osteosarcoma 

The box plot in Fig. 6D shows that the expression of RP5-1011O1.2 
was significantly higher in the low-risk group, while the expression of 
RP11-274H2.2,RP11-472M19.2,FAM222A-AS1 and RP11-654A16.3 
was significantly lower (Fig. 6E-H). KM curves show that expression of 

RP5-1011O1.2, RP11-274H2.2 and RP11-472M19.2 can all predict the 
osteosarcoma prognosis individually (Fig. 6I-M). 

Nomogram construction and validation 

We constructed a nomogram for predicting the viability of osteo
sarcoma patients at different time points in Fig. 7A. As shown in Fig. 7B, 
the calibration curves confirm a satisfactory match between the pre
dicted results of the nomogram and actual survival of patients with os
teosarcoma. As seen in Fig. 7C, the C-index confirms that LRPS can 
predict osteosarcoma prognosis more accurately than other clinical 
characteristics. We have constructed a ROC curve according to the 
nomogram and calculated an AUC value up to 0.868 (Fig. 7D), con
firming that the nomogram can predict osteosarcoma prognosis with 
high efficiency. 

Biological pathway enrichment analysis for different risk subgroups 

We obtained 419 DEGs with significantly elevated gene expression 
levels in the high-risk group by differential expression analysis, and 
conducted GO and KEGG enrichment analysis with these genes. Among 
the categories of biological process, these genes were mainly enriched in 
response to oxygen levels, muscle system processes, and regulation of 
ion transmembrane transporter activity. Among the categories of 
cellular formation, the main enrichments were identified in neuronal 
cell body, contractile fiber, etc. Among the categories of molecular 

Fig. 4. Kaplan-Meier analysis after subgrouping by different clinical traits (age, sex, and metastasis).  
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function, the main enrichments were identified in actin binding, re
ceptor activity and G protein-coupled receptor binding (Fig. 8A, C, E). 
the KEGG enrichment analysis revealed that these genes primarily 
enriched in human papillomavirus infection, neuroactive ligand- 
receptor interaction, etc. (Fig. 8B, D and F). 

Exploring the potential impact of LRPS on the immune microenvironment 

To investigate the possible effects of LRPS on the status of immu
nological microenvironment in osteosarcoma, multiple immune assess
ment algorithms were performed. As shown in Fig. 9A, compared to the 
low-risk group, patients in the high-risk group had lower immune, ES
TIMATE scores and higher tumor purity. Fig. 9B shows a significant 
downregulation of B cells, CD8+ T cells and DCs in the high-risk group, 
and these patients had lower T cell co-stimulation scores (Fig. 9C). In 
addition, Fig. 9D shows higher levels of CD160 and ICOSLG expression 
in the high-risk group, suggesting that LRPS has a potential effect on the 

immune checkpoint-associated genes expression. Fig. 9E shows that 
patients in the low-risk group have a higher degree of immune infil
tration. Fig. 10 shows a significant correlation of risk scores and risk 
subgroups with immune cells, immune function and immune check
points. All these results demonstrate the powerful effect of LRPS on the 
Immunological microenvironment of osteosarcoma which can reveal the 
immune status of osteosarcoma patients to a certain extent. 

Exploration of potential chemotherapeutic agents 

Targeted drug therapy has become a valuable tool in current 
oncology treatment. We explored the effect of LRPS on the IC50 of os
teosarcoma therapeutic agents to explore the value of LRPS in osteo
sarcoma treatment. We compared the differences in IC50 of different 
anti-cancer drugs in distinct risk subgroups. Fig. 11 shows that the 
IC50 of BMS345541 and JNK-9L were statistically lower in the high-risk 
group identified by LRPS (set as P<0.001), suggesting that patients of 

Fig. 5. Examination of LRPS in test group and entire cohort. ROC curves for LRPS diagnosing osteosarcoma survival status in the test group (A) and entire cohort (B). 
the ROC curves show that LRPS is more accurate than other clinical features in diagnosing osteosarcoma survival status in the test set (C) and the whole cohort (D). 
Kaplan-Meier curves for overall survival were plotted with the test group (E) and the entire cohort (F). Point plots of patients’ viability in the test group (G, I) and in 
the whole cohort (H, J). Green: low risk; Orange: high risk. Heat map showing risk DELRLs’ expression levels in test group (K) and whole cohort (L). 
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Fig. 6. Independent analysis of the prognostic predictive power of DELRLs. PCA plots demonstrate the ability of LRPS (A), 856DELRLs (B) and all genes (C) to cohort 
all samples. Box plots demonstrate the differential expression of risk DELRLs in different risk subgroups (D-H). Kaplan-Meier curves show the potential of each 
DELRLs for predicting survival in osteosarcoma (I-M). 

Fig. 7. LRPS-based nomogram was constructed and validated with the entire cohort. (A) Construction of a nomogram based on LRPS. (B) Calibration curve was 
performed to verify the reliability of nomogram. (C) C-index curves for evaluating the forecasting ability of LRPS and other clinical characteristics at different time 
points. (D) ROC curves of nomogram for diagnosing osteosarcoma survival status. 
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Fig. 8. Pathway enrichment analysis of GO and KEGG. (A) Histograms of the top 10 GO-enriched terms. (B) Histograms of the top 7 KEGG-enriched terms. (C) A 
bubble plot of the top 10 GO-enriched terms. (D) A bubble plot of the top 7 KEGG-enriched terms. (E) Circle plot of GO enrichment analysis. (F) Circle plot of KEGG 
enrichment analysis. 

L. Huang et al.                                                                                                                                                                                                                                  



Translational Oncology 36 (2023) 101753

10

high-risk group have better susceptibility to those two agents. 

Exploring the relationship between RP11-472M19.2 and osteosarcoma 
metastasis 

Plotting ROC curves for all cohorts for the 5 DELRLs and calculating 
AUC values (Fig. 12A-E) showed that only RP11-472M19.2 expression 
was valid for predicting osteosarcoma metastasis (Fig. 12E), with 
equally satisfactory results for the training set (Fig. 12G). The box plot 
shows that RP11-472M19.2 is significantly differentially expressed in 
different metastatic subgroups of osteosarcoma (Fig. 12F). Furthermore, 
Fig. 12H shows the correlation between the expression of RP11- 
472M19.2 and genes associated with osteosarcoma metastasis. RP11- 
472M19.2 was positively correlated with genes involved in promoting 
osteosarcoma metastasis such as MET, FASN, HES4, EZH2, DNMT3A 
and HEY1, and negatively correlated with genes inhibiting osteosar
coma metastasis such as FAS and DCN. suggesting that the effect of 
RP11- 472M19.2 expression level on osteosarcoma metastasis is not 
negligible. 

Exploration of the potential functions and roles of RP11-472M19.2 

We obtained 100 genes most positively or negatively associated with 

RP11-472M19.2 to make an expression heat map (Fig. 13A), showing 
that high expression of RP11-472M19.2 was associated with more os
teosarcoma metastases. Enrichment analysis of these genes showed that 
they were involved in integrin binding, extracellular matrix binding, 
external encapsulating structure organization, cell substrate adhesion. 
response to amino acid, cellular response to acid chemical, response to 
hyperoxia and other GO pathways (Fig. 13B), and in the KEGG pathway 
including protein digestion and absorption. proteoglycans in cancer, and 
relaxin signaling pathway (Fig. 13C). According to RP11-472M19.2 
expression level, two subgroups were divided and differential analysis 
was performed, and the differential genes were obtained as shown in 
Fig. 13D, which showed that these differential genes were significantly 
enriched in acidic amino acid transport, amino acid transport, carbox
ylic acid transport, cell-cell contact zone, skeletal muscle organ devel
opment and other pathways (Fig. 13E). Chemotherapy agents sensitivity 
analysis for different risk subgroups based on RP11-472M19.2 reveals 
that the IC50 values of drugs BMS345541, KIN001-135, LAQ824, Pyri
methamine, QS11, Salubrinal, Thapsigargin, CP724714, MP470, Vor
inostat and VX-702 were lower in the high-risk group (Fig. 14), 
suggesting their greater sensitivity toward these drugs. 

Fig. 9. Immunoassays demonstrated that LRPS significantly influenced the immune microenvironment of osteosarcoma. (A) TME of osteosarcoma was significantly 
different among different risk subgroups. The 7 immune cells (B), 1 immune-related function (C) and 4 immune checkpoints (D) had significant differences in scores 
between two risk subgroups. (E) Immunological heat map shows that there are significant differences in immunological characteristics between the two 
risk subgroups. 
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RP11-472M19.2 promotes osteosarcoma progression 

The pcr results in Fig. 15 showed that the expression level of RP11- 
472M19.2 was notably decreased in siRNA group comparing to the 
control and siRNA nc groups, and it was remarkably up-regulated in the 
RNAOE group comparing to the control group and RNAOE nc group. 

This indicates that we successfully knocked down or overexpressed 
RP11-472M19.2 in SaoS-2 cells. EdU assays were performed on different 
transfection types of Saos-2 cells to detect their proliferation. Fig. 16 
shows that RP11-472M19.2 has a proliferative effect on the proliferation 
of osteosarcoma cells. Wound healing assays were performed on 
different transfected types of Saos-2 cells to examine their migratory 

Fig. 10. shows the correlation of immune function, immune cells and immune checkpoints with risk scores, as well as immune correlation scores between two 
risk subgroups. 
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ability, and Fig. 17 shows that RP11-472M19.2 has a promotive effect on 
the migrating ability of Saos-2 cells. Fig. 18 shows that overexpression of 
RP11-472M19.2 had a promoting effect on Saos-2 cell invasion, whereas 
knockdown had an inhibitory effect, suggesting that RP11-472M19.2 
could enhance the invasion ability of Saos-2 cells. All these results 
confirm that RP11-472M19.2 can influence the evolution and metastasis 
of osteosarcoma. 

Discussion 

As a prevalent malignancy in adolescents, osteosarcoma is gradually 
considered a major public health and economic threat because of its 
poor prognosis and susceptibility to recurrence and metastasis to other 
organs such as lungs [1]. And since the Warburg effect was proposed [9], 
the role of lactate metabolism in various tumors has gradually gained 
attention and the number of related studies has increased greatly. 
Recent studies on lactate metabolism in osteosarcoma have also been 
increasing [14–19]. LncRNAs can regulate gene expression at multiple 
levels (e.g. epigenetic regulation and transcriptional regulation), they 
are increasingly being studied as biomarkers for various cancers 
[33–37]. But to our knowledge, there are few studies combining lactate 

metabolism-related lncrnas and osteosarcoma, so we focused on the 
interconnection of lncRNA and lactate metabolism in osteosarcoma to 
explore the value of lactate metabolism-related lncrnas in prognosis 
prediction and treatment guidance for osteosarcoma. 

We combined the TARGET and GTEx databases and used Pearson 
correlation analysis (coefficient set to >0.3, p value set to <0.001) to 
create a prognostic predictive signature for osteosarcoma comprising 
five lactate metabolism-associated lncRNAs for the first time based on 
the experience of previous scholars studying related lncRNAs [38–41]. 
In the correlation node network graph of the eight DELRLs, 
RP5-1011O1.2 was negatively correlated with other genes, while all 
other genes were positively correlated with each other, indicating that 
RP5-1011O1.2 may be a security gene for patients with osteosarcoma. 
To assess the predictive power of the prognostic model, we classified 
each sample into different risk subgroups according to the median risk 
score of all osteosarcoma samples and carried out ROC, risk heat map, 
and KM analyses, which yielded good results in both the training and 
test sets, The 1-, 3-, and 5-year AUC values for LRPS predicting osteo
sarcoma survival in the test set reached 0.836, 0.882, and 0.880, and 
multivariate cox analysis revealed that LRPS could independently pre
dict the prognosis of patients with osteosarcoma. All samples were 

Fig. 11. Chemotherapy agent sensitivity analysis shows that the IC50 of BMS345541 and JNK-9L were statistically lower in the high-risk group identified by LRPS.  
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grouped by clinical features including age, sex and whether they 
metastasized and tested the stability of LRPS. The results demonstrated 
that LRPS performed stably in all clinical subgroups, demonstrating the 
good applicability of LRPS. And PCA analysis indicated that LRPS can 
well separate the different risk subgroups into two clusters. All five 
DELRLs we screened showed significantly different expression in 
different risk subgroups, and KM curve analysis of RP5-1011O1.2, 
RP11-274H2.2, and RP11-472M19.2 showed that they all can inde
pendently predict viability in osteosarcoma patients, demonstrating the 
strong potential of these five DELRLs for prognostic prediction of oste
osarcoma. We have constructed a nomogram to forecast the prognosis of 
osteosarcoma, and the calibration curve and C-index indicate a high 
consistency between the predicted results of the nomogram and the 
actual, and ROC curve revealed a good forecasting capability of this 

nomogram for osteosarcoma patients. Enrichment analysis based on 
DEGs between different risk subgroups showed that they were mainly 
enriched in pathways neuroactive ligand-receptor interaction, HIF-1 
signaling, receptor ligand activity, and G protein-coupled receptor 
binding, suggesting that lactate metabolism may have an impact on OS 
progression through these complex pathways, which can be further 
explored in the future. 

We explored the ability of five key lncRNAs to predict osteosarcoma 
metastasis and found that only RP11-472M19.2 had excellent perfor
mance in predicting osteosarcoma metastasis. Boxplot and ROC curves 
demonstrate that RP11-472M19.2 may be a potential predictor of os
teosarcoma metastasis. The expression level of RP11-472M19.2 was 
significantly higher in the metastatic group of osteosarcoma compared 
to the non-metastatic group, AUC values for predicting osteosarcoma 

Fig. 12. To explore the relationship between osteosarcoma metastasis and RP11-472M19.2. ROC curves for predicting osteosarcoma metastasis in the whole cohort 
of FAM222A-AS1, RP5-1011O1.2, RP11-274H2.2, RP11-654A16.3. RP11-472M19.2 was used in the whole cohort (E) and training group (G) for diagnosing oste
osarcoma metastasis. (F) Box plot showing significantly higher expression of RP11-472M19.2 in the metastasis group. (H) Dot plot of the correlation between os
teosarcoma metastasis-associated gene MET, FASN, HES4, EZH2, DNMT3A, HEY1, FAS, DCN expression and the expression of RP11-472M19.2. 
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Fig. 13. Investigation of the pathways 
involved in RP11-472M19.2. (A) Gene 
expression heat map displaying the 50 
genes those have strongest positive or 
negative associations with RP11- 
472M19.2. (B, C) The 100 genes with 
the strongest association with RP11- 
472M19.2 were analyzed for enrichment 
in biologically relevant pathways. (D) 
Volcano plot showing differentially 
expressed genes screened in two sub
groups based on RP11-472M19.2 expres
sion levels. (E) Results of the enrichment 
analysis based on the differentially 
expressed genes screened in figure D.   
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Fig. 14. Chemotherapeutic agent sensitivity analysis demonstrated that the RP11-472M19.2 high expression group was more sensitive to BMS345541, CP724714, 
and KIN001-135, etc. 
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metastasis using RP11-472M19.2 was up to 0.787. Further correlation 
analysis revealed that RP11-472M19.2 is positively correlated with 
genes such as MET, FASN, HES4, EZH2, DNMT3A, and HEY1 those 
promote osteosarcoma metastasis and negatively correlated with genes 
such as FAS and DCN that inhibit osteosarcoma metastasis [42–49], 
which suggests that RP11-472M19.2 may promote osteosarcoma 
metastasis. We further investigated RP11-472M19.2 by cell prolifera
tion, migration, and invasion assay. EdU assay showed that 
RP11-472M19.2 significantly increased the proliferation ability of 
Saos-2 cells. In addition, wound healing assay confirmed that 
RP11-472M19.2 increased the migration ability of osteosarcoma cells. 
The invasion assay demonstrated that RP11-472M19.2 significantly 
enhanced the invasion ability of osteosarcoma cells. We screened the 
100 genes most positively or negatively associated with RP11-472M19.2 
for enrichment analysis and found that they were significantly enriched 
in protein digestion and absorption, proteoglycans in cancer, relaxin 
signaling pathway, integrin binding, extracellular matrix binding, 
external encapsulating structure organization, cell substrate adhesion, 
response to amino acid, cellular response to acid chemical, response to 
hyperoxia pathways. The differential expressed genes between the high 
and low RP11-472M19.2 expression subgroups were significantly 
enriched in acidic amino acid transport, amino acid transport, carbox
ylic acid transport, cell-cell contact zone, skeletal muscle organ devel
opment, which is in partial correspondence with the previous results, 
suggested that RP11-472M19.2 probably affects the progression of os
teosarcoma through protein digestion and absorption, amino acid 
metabolism and intercellular contact regions, which also needs to be 
further explored in the future. The above results suggest that 
RP11-472M19.2 may be a valuable therapeutic target of osteosarcoma, 
providing novel ideas in the clinical management of osteosarcoma. 

Numerous studies have previously demonstrated that lactate 
metabolism-associated lncRNAs significantly affect the evolution of 
various tumors. Li et al [32] successfully developed a lactate 
metabolism-associated lncRNAs signature for predicting the prognosis 
of breast cancer; Xia et al [50] developed a signature to assess the 
prognosis of patients with hepatocellular carcinoma using lactate 
metabolism-associated lncRNAs which was found to be significantly 
relevant to immune infiltration; Mai et al [51] generated a lactate 
metabolism-associated lncRNAs marker that accurately predicted lung 
cancer prognosis and had a significant impact on the tumor immune 
microenvironment. However, studies on genes related to lactate 

metabolism are still relatively scarce in the progression of osteosarcoma. 
Among the five lncRNAs related to osteosarcoma prognosis identified in 
this research, a previous study by Song et al [52] showed that 
FAM222A-AS1 promotes tumor growth as well as the proliferation and 
migration of colorectal cancer (CRC) cells; While Zhang et al [53] found 
that FAM222A-AS1 may be present as a protective factor in the metas
tasis and prognosis of lung adenocarcinoma (LUAD). However, there are 
no remaining lncRNAs-related studies, and this research establishes the 
association between these five lactate metabolism-associated lncRNAs 
and the progression of osteosarcoma for the first time. 

Traditional chemotherapy in oncology treatment has limitations, 
and immunotherapy is now rapidly evolving and becoming an effective 
supplemental therapy [54], and numerous studies have confirmed that 
lactic acid suppresses the proliferation and activity of immune cells as 
well as facilitates tumor evasion of the immune response [55–58]. To 
explore the potential value of LRPS for the immunological therapy of 
osteosarcoma, we also conducted differential analyses of the immune 
microenvironment for different risk subgroups. The results demon
strated that both immune scores and ESTIMATE scores significantly 
decreased and the tumor purity significantly higher in the high-risk 
group. Immune cell analysis showed a significant decrease in various 
immune cells in the high-risk group, including B cells, CD8+ T cells, 
DCs, Neutrophils, T helper cells, Th2 cells, TIL, etc. Immune function 
analysis revealed that T cell co-stimulation score was significantly 
decreased in the high-risk group, and immune heat map revealed sig
nificant differences in the status of the immunological microenviron
ment between two risk subgroups, suggesting that patients of low-risk 
group have better immune infiltration and may respond to immuno
therapy much more effectively [59,60]. Immune checkpoint analysis 
showed that LAG3 and LGALS9 expression levels were significantly 
higher in the low-risk group compared to the high-risk group, while 
CD160 and ICOSLG showed the opposite trend, and previous analyses 
have shown that the LAG3 checkpoint can serve as a valuable target for 
osteosarcoma treatment. [61], which suggests that the LAG3 checkpoint 
may be an effective potential target for osteosarcoma treatment. These 
demonstrate that LRPS could be a promising standard of immuno
therapy for osteosarcoma patients. and that lactate metabolism-related 
lncRNAs may influence osteosarcoma progression by affecting the 
function and status of immune cells, which is consistent with previous 
studies [11,30,62-64]. Heuser et al [11] have shown that lactate meta
bolism can suppress antitumor immunity through inhibition of effector 

Fig. 15. Expression level of RP11-472M19.2 was successfully knocked down(A) or overexpressed(B) in Saos-2 cells verified by qRT-PCR.  
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immune cell populations; Whereas Xiao et al [30] showed that lactic 
acid metabolism in tumor microenvironment may influence the infil
tration of immune cells and used lactate metabolism-associated lncRNAs 
to construct a prognostic signature that has strong prognostic potential 
for colon adenocarcinoma (COAD) and which correlates significantly 
with the immune profile of the tumor; Zheng et al [12] reduced 
intra-tumor lactate by mCuLP nanosystems, thereby improving the 
immunosuppressed tumor microenvironment and promoting tumor cell 
apoptosis; Zhu et al [65] constructed a lactate score to independently 
predict the prognosis of colorectal cancer and as an evaluation factor for 
the efficacy of immunotherapy. Moreover, our study demonstrates for 
the first time the influence of lactate metabolism-associated lncRNAs on 
the tumor microenvironment and immune infiltration in osteosarcoma, 
which has guiding implications for the immunotherapy of osteosarcoma. 
Wu et al. [66] selected fatty acid and lactate metabolism-related genes to 
construct a prognostic prediction model that also had a significant effect 
on the tumor immune microenvironment, which had similarities with 
our study, but it is worth discussing that our study focused on a finer 
perspective of lactate metabolism and limited to lncRNAs, a popular 
target for a variety of cancers, to construct a prognostic prediction model 
with higher diagnostic value. The AUC values for predicting 1-, 3-, and 

5-year survival in osteosarcoma reached 0.943, 0.927, and 0.947, 
respectively, compared with only 0.841, 0.750, and 0.750, respectively, 
in the model of Wu et al. We constructed a nomogram with the equally 
promising predictive effect of Wu, but we also performed a cindex 
analysis on the nomogram, and the results demonstrated that Our 
nomogram had stronger stability and the ROC curve showed that nomo 
values could accurately predict survival in osteosarcoma patients at 
different periods (AUC values of 0.868, 0.867, and 0.839 at 1, 3, and 5 
years). Clinical subgroup validation showed good applicability of LRPS. 
We analyzed each DELRRs of LRPS independently and found that more 
than half of the them could independently predicted patient survival and 
identified a potential role of RP11-472M19.2 for osteosarcoma metas
tasis, and the results were also well validated experimentally. We 
therefore believe that our study is a more uanced and deeper research 
based on that of Wu et al. and yielded results with greater predictive 
power and greater stability. 

The IC50 of chemotherapeutic agents is generally used for indicating 
the sensitivity of tumors to chemotherapeutic agents. Numerous re
searchers have predicted the sensitivity of tumors to different drugs 
based on the IC50 to discover individualized treatment strategies for 
different tumor patients [67–70]. The results of our chemotherapeutic 

Fig. 16. Knockdown or overexpression of RP11-472M19.2 modulated the proliferation of Saos-2 cells accordingly.  

L. Huang et al.                                                                                                                                                                                                                                  



Translational Oncology 36 (2023) 101753

18

agents sensitivity analysis indicated that patients of high-risk group have 
lower IC50 values for BMS345541 and JNK-9L, suggesting that these 
patients had greater sensitivity to both agents. And drug sensitivity 
analysis based on RP11-472M19.2 expression indicated that osteosar
coma patients with high RP11-472M19.2 expression may be more sen
sitive to BMS345541, CP724714, KIN001-135 and other drugs. 
Therefore, both our prognostic signature LRPS and RP11-472M19.2 can 
be used as promising guiding criteria for personalized chemotherapy of 
osteosarcoma patients and help to select the most appropriate chemo
therapy protocol for osteosarcoma patients. 

Lactate metabolism has been gradually demonstrated as a potential 
therapeutic target for various tumors, while lncRNAs influence tumor 
progression through various biological pathways. Our research presents 
a novel insight into the progression and management of osteosarcoma 
from the perspective of lactate metabolism, exploring the link between 
lactate metabolism, lncRNA, and osteosarcoma, and offer innovative 
ideas for osteosarcoma therapy. 

We have reviewed major databases including GEO without finding a 
dataset containing expression matrices for the 5 DELRLs and clinical 
information, so there is a limitation in our sample size to externally 

validate the constructed signature to improve its applicability, so further 
preclinical experiments are needed to validate our conclusions. We have 
not performed in vitro experiments to verify that RP11-472M19.2 af
fects osteosarcoma metastasis due to conditions. An increasing number 
of studies have shown complex interactions and potential crosstalk be
tween lncRNAs and microRNAs and mRNAs, but we focused our study 
on lncRNAs and did not explore microRNAs and mRNAs in depth, which 
became a limitation of this study, and the future impact of microRNAs 
and miRNAs on the prognosis of osteosarcoma deserves further explo
ration [71,72]. Overall, this prognostic feature has a high prognostic 
predictive value for osteosarcoma and its value in immune microenvi
ronment and personalized therapeutic instruction has been fully 
explored, and the effect of RP11-472M19.2 gene on the progression of 
osteosarcoma has been experimentally validated. Meanwhile, we plan to 
collect more clinical samples for further validation of the signature. 

Conclusion 

This research illustrates the effect of lactate metabolism associated 
lncRNAs on osteosarcoma progression and potential mechanisms for the 

Fig. 17. Knockdown or overexpression of RP11-472M19.2 modulated the migration of Saos-2 cells accordingly.  
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first time, tapped the potential role of RP11-472M19.2 in osteosarcoma, 
and was validated by adequate experiments, our discoveries are 
instructive for the clinical management and deeper study of 
osteosarcoma. 
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