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INTRODUCTION 
 

Cancer, as the second leading cause of global mortality, 

has emerged as an enduring public health challenge 

worldwide. There were 19.29 million cancer cases and 

9.96 million cancer-related deaths worldwide in 2020 

[1]. Among the deadliest cancers, brain cancer claims 

the lives of over 10 million individuals annually [2, 3]. 

Glioblastoma (GBM), as the most common primary 

infiltrating brain tumor, accounts for approximately 

25% of central nervous system tumors [4]. According to 

the World Health Organization (WHO) tumor grading 

criteria, GBM represents the most malignant type 
among gliomas, classified as WHO grade IV [3, 5]. 

GBM is well known for its highly invasive nature and 

frequent recurrence, and it has a high mortality rate [6]. 
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ABSTRACT 
 

Solute carrier family 1 member 5 (SLC1A5) is a member of the solute carrier (SLC) superfamily of transporters 
and plays an important role in tumors as a key transporter of glutamine into cells. However, the relationship 
between SLC1A5, which is involved in immune regulation, and immune cell infiltration in the tumor 
microenvironment has not been elucidated, and the relationship between SLC1A5 and ferroptosis is rarely 
reported. Therefore, we comprehensively analyzed the expression level of SLC1A5 across cancers and 
compared it with that in normal tissues. Then, the relationship between SLC1A5 expression and the tumor 
immune microenvironment was analyzed by single-cell analysis, gene set enrichment analysis (GSEA), and 
Tumor Immune Estimation Resource (TIMER). Next, the correlations of the SLC1A5 expression level with 
immunotherapy response, immunomodulator expression, tumor mutation burden (TMB) and microsatellite 
instability (MSI) were evaluated. Finally, in vitro experiments verified that SLC1A5 participates in ferroptosis of 
glioma cells to regulate tumor progression. Our results indicated that SLC1A5 is aberrantly expressed in most 
cancer types and closely associated with prognosis. The GSEA results showed that SLC1A5 is involved in 
immune activation processes and closely related to the infiltration levels of different immune cells in different 
cancer types. Upon further investigation, we found that SLC1A5 is a suppressor of ferroptosis in glioma, and 
SLC1A5 knockdown inhibited the proliferation and migration of glioma cells in vitro. In conclusion, we 
conducted a pancancer analysis of SLC1A5, demonstrated its role as a prognostic biomarker in cancer patients 
and explored its potential biological functions. 
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The commonly employed treatment modalities for 

GBM include radiation therapy, chemotherapy, and 

surgery [6, 7]. If left untreated, it can lead to death 

within 6 months [6]. Even with standard treatment, 

patients who survive 2 years after diagnosis are 

considered long-term survivors [6, 7]. However, over 

the past two decades, therapeutic advancements for 

GBM have been minimal [7]. Notably, cancer 

immunotherapy, which has demonstrated remarkable 

efficacy across a broad spectrum of cancers, is now 

emerging [8, 9]. By manipulating the immune system, 

immunotherapy can counteract tumor immune 

suppression, resulting in sustained antitumor activity 

with reduced side effects [6, 8–12]. Nevertheless, a 

significant proportion of patients develop resistance to 

immunotherapy [13]. Consequently, the exploration of 

novel immunotherapy markers or immunomodulatory 

genes could facilitate the development of more precise 

immunotherapy regimens for glioma patients. 

 

Immunotherapy approaches investigated in GBM 

include vaccine therapy, immune checkpoint blockade, 

oncolytic virus therapy, and chimeric antigen receptor 

T-cell (CAR-T) therapy [8]. However, in some clinical 

trials, immunotherapy targeting GBM has not achieved 

the expected success. A phase III randomized clinical 

trial targeting the EGFRvIII antigen with the peptide 

vaccine rindopepimut found no significant improvement 

in overall survival in EGFRvIII-positive GBM patients 

[14]. Another phase III randomized clinical trial 

involving the DCVax-L vaccine in combination with 

adjuvant chemoradiotherapy showed promising results 

with significant survival benefits for patients [15]. 

Oncolytic viruses exert their anticancer effects by 

activating antitumor immune responses. A phase I 

clinical trial using the recombinant poliovirus vaccine 

PVSRIPO in recurrent GBM patients demonstrated a 2-

year survival rate of 21% in GBM patients [13]. On the 

other hand, clinical trials targeting immune checkpoints 

in GBM have primarily focused on PD-1/PD-L1 and/or 

CTLA-4, but early results have not been promising. For 

example, a phase III comparative trial of nivolumab and 

bevacizumab in treating recurrent GBM did not show an 

improvement in overall survival for patients [16]. 

Although pembrolizumab has been FDA-approved for 

patients with dMMR tumors (Lynch syndrome) or 

patients with MSI-high status, only a subset of GBM 

patients may benefit from it [17]. However, the 

challenges of immunotherapy in GBM extend beyond 

the treatment itself. Changes in the tumor micro-

environment and the phenomenon of resistance also 

significantly impact the effectiveness of immuno-

therapy. 
 

In addition to cancer cells, the tumor microenvironment 

(TME) includes various stromal cells, innate immune 

cells, and adaptive immune cells, which play either 

promoting or inhibitory roles in tumor initiation [10, 

18]. To sustain the malignant phenotype of tumor cells, 

abundant energy support is essential [19, 20]. Therefore, 

multiple metabolic pathways, including glycolysis, one-

carbon metabolism, the tricarboxylic acid cycle, and 

fatty acid synthesis, generate energy for tumor cell 

proliferation and metastasis [21]. However, the energy 

produced through these metabolic pathways is crucial 

for the proliferation of nontumor cells as well, including 

both antitumor and protumor immune cells [22–24]. 

The uneven distribution of nutrients and oxygen supply 

among different cells in distinct spatial locations results 

in metabolic heterogeneity within the TME, as cells 

adaptively utilize different nutrients [19, 20]. 

Consequently, when spatial and metabolic heterogeneity 

occurs within the TME, the inhibition of cancer cell 

proliferation and metastasis by inhibitors may also 

suppress or alter the effector activity of antitumor 

immune cells [21, 24, 25]. For a long time, immune 

therapies targeting PD-1 and CTLA-4 have been 

believed to activate antitumor T cells by impacting T-

cell metabolism, but some patients develop resistance 

early in treatment [26]. Some researchers propose that 

metabolic adaptations to the TME may hinder the 

effectiveness of immune checkpoint blockade through 

“metabolic immune suppression,” impairing the 

metabolic reprogramming necessary for effector 

function [11, 27, 28]. Improving immune therapy and 

reducing resistance are of paramount importance, but a 

thorough understanding of immune cell functionality 

and nutrient uptake and utilization in cellular 

metabolism is necessary to overcome metabolic 

immune suppression within the TME. 

 

In mammals, most metabolites are transported through 

transmembrane proteins in the solute carrier (SLC) 

family, most of which are expressed in immune and 

tumor cells [29, 30]. For instance, solute carrier family 

1 member 5 (SLC1A5) is an important member of the 

amino acid carrier system and is mainly responsible for 

the transmembrane transport of glutamine and some 

neutral amino acids in a Na+-dependent manner [31, 

32]. In addition, SLC1A5 is among the most widely 

studied transporters and participates in the progression 

of tumors by playing a role in proliferation, apoptosis 

and the cell cycle [30]. Recent studies have revealed 

that the SLC1A5 gene is highly expressed in various 

cancers, including breast cancer, lung cancer, and 

colorectal cancer [33–35]. Its expression has been 

associated with tumor progression and prognosis, 

suggesting its potential as a therapeutic target [33, 34, 

36]. Relevant research on the preclinical drug V-2, 
which targets SLC1A5, has provided strong evidence 

that inhibiting SLC1A5 can effectively suppress tumor 

cell proliferation [37]. These findings suggest that 
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SLC1A5 holds potential as a reliable and promising 

anticancer target. Although bioinformatics analysis has 

revealed a correlation between SLC1A5 expression and 

the prognosis of glioma patients [36], the precise role of 

SLC1A5 and its relationship with the immune status of 

glioma patients and immunotherapy remain unclear. 

Therefore, pancancer studies on the cancer biology of 

SLC1A5 are urgently needed. We first evaluated 

differential expression of SLC1A5 in pancancer and 

normal tissues and further investigated the RNA 

expression level of SLC1A5 in clinical glioma samples. 

In addition, we performed genomic alteration analysis, 

prognosis analysis, gene set enrichment analysis 

(GSEA), immune cell infiltration analysis and drug 

sensitivity analysis based on SLC1A5 expression across 

cancers. Finally, we demonstrated that SLC1A5 is a 

reliable pancancer prognostic biomarker as well as a 

robust biomarker for predicting the immunotherapy 

response. 

 

RESULTS 
 

Basic information on SLC1A5 

 

To first acquire basic information on SLC1A5 in cancer, 

we examined the distribution and expression level of 

SLC1A5 in tumors and normal tissues derived from 

different organs. The human organ map shows the 

pancancer distribution of SLC1A5 in the organs of male 

and female patients (Supplementary Figure 1A). Then, 

based on the expression data in TCGA and GTEx 

databases, the expression differences of SLC1A5 in 

different tumors and their corresponding normal tissues 

were analyzed. SLC1A5 was highly expressed in most 

tumors, including ACC, BRCA, CESC, CHOL, COAD, 

DLBC, ESCA, GBM, HNSC, KICH, KIRC, LAML, 

LGG, LIHC, LUAD, LUSC, OV, PAAD, PRAD, 

SKCM, STAD, TGCT, THCA, UCEC, and UCS (Figure 

1A). Therefore, we performed immunohistochemical 

analysis, and as expected, SLC1A5 was significantly 

upregulated in GBM samples compared with LGG 

samples (Figure 1B and Supplementary Figure 1B). The 

analysis of genomic alterations of SLC1A5 showed that 

alterations of SLC1A5 are common across cancers; they 

are most UCS at a rate of 5%, and amplification is the 

most common alteration type (Figure 1C). In addition, 

immunofluorescence (IF) staining showed that SLC1A5 

was mainly distributed and localized in the cell 

membrane of A-431 and U251 tumor cell lines (Figure 

1D). Finally, a protein‒protein interaction network was 

constructed using protein interaction data obtained from 

the ComPPI online website, which described the 

subcellular localization of proteins closely related to 

SLC1A5 distributed in the cytoplasm, mitochondria, 

nucleus, extracellular, secretory pathway, and membrane 

(Figure 1E). 

Single-cell analysis of SLC1A5 in cancers 

 

To gain insight into the major cell types expressing 

SLC1A5 in the tumor microenvironment, we performed 

single-cell analysis of SLC1A5 expression in 79 tumor 

single-cell databases. Based on the data obtained in the 

TISCH database, a heatmap was drawn to show the 

expression level of SLC1A5 in each cell type (including 

immune cells, stromal cells, malignant cells, and 

functional cells) in 79 single-cell datasets. The results 

indicated that across cancers, SLC1A5 was mainly 

expressed in immune cells (especially monocytes/ 

macrophages) and malignant cells (Figure 2A). In the 

GSE120575 dataset containing 16,291 cells from 32 

SKCM patients treated with immune checkpoint 

inhibitors, SLC1A5 was widely expressed in immune cell 

types in the SKCM microenvironment, such as T cells, 

dendritic cells, NK cells, monocytes or macrophages 

(Figure 2B). In the Glioma_GSE131928_Smartseq2 

dataset, which contains 7,930 cells from 28 glioma 

patients, SLC1A5 was highly expressed in malignant 

cells and monocytes/macrophages in the glioma micro-

environment (Figure 2C). 

 

Pancancer prognostic analysis of SLC1A5 

 

For the survival landscape of SLC1A5 in pancancer, we 

showed the prognostic analysis of SLC1A5 with a 

heatmap, and the results showed that SLC1A5 is 

associated with the prognosis of most cancer types 

(BLCA, BRCA, CESC, CHOL, COAD, DLBC, GBM, 

HNSC, KICH, READ, SKCM, STAD, TGCT, THCA, 

UCEC, and UCS) (Figure 3A). The OS results showed 

that SLC1A5 was a protective factor for ACC, KIRC, 

LAML, LGG, LIHC, MESO, PAAD, SARC, and UVM. 

Since OS patient outcomes include noncancer mortality 

events, we used DSS to evaluate the association between 

SLC1A5 and patient cancer survival time. SLC1A5 was a 

protective factor in terms of DSS in LUSC and PCPG 

patients, but the trends for OS and DSS were consistent 

for all other cancer types. The DFI and PFI results were 

also examined to fully demonstrate that SLC1A5 is a risk 

factor for most cancer types and is significantly 

associated with the prognosis of cancer patients. 

 

To further understand the prognostic potential of 

SLC1A5, after obtaining the OS data of 32 cancers in 

TCGA, the prognostic value of SLC1A5 in each cancer 

was analyzed using univariate Cox regression. The 

forest plot shows that high expression of SLC1A5 

predicted shorter OS time in UVM (HR = 2.635 (95% 

CI, 1.400 to 4.960), p = 0.002), KIRC (HR = 1.871 

(95% CI, 1.494 to 2.343), p < 0.001), MESO (HR = 
1.761 (95% CI, 1.302 to 2.381), p < 0.001), LGG (HR = 

1.443 (95% CI, 1.210 to 1.720), p < 0.001), LIHC (HR 

= 1.365 (95% CI, 1.217 to 1.531), p < 0.001), and 
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PAAD (HR = 1.310 (95% CI, 1.055 to 1.628), p < 

0.001) (Figure 3B). Kaplan‒Meier analysis was used to 

analyze the relationship between SLC1A5 expression 

and patient survival, and the results showed that high 

expression of SLC1A5 was associated with a poor 

prognosis in patients with KIRC (p < 0.004), LGG (p < 

0.001), LIHC (p < 0.001), MESO (p < 0.001), STAD (p 

< 0.032), and UVM (p < 0.009) (Figure 3C–3F). 

 

GSEA of SLC1A5 in pancancer 

 

GSEA was performed based on the differentially 

expressed genes between the low-SLC1A5 subgroup 

and the high-SLC1A5 subgroup to evaluate the cancer 

characteristics related to SLC1A5 in each cancer type. 

To present the results of the GSEA in an intuitive and 

explicit way, a bubble diagram was used. As shown in 

Figure 4, SLC1A5 expression was strongly associated 

with immune-related pathways, such as TNFA signaling 

via NFKB, IFN-α response, IFN-γ response, and 

inflammatory response, especially in ACC, GBM, LGG, 

OV, PCPG, SARC, THCA, and UCEC. In addition, the 

E2F target pathway was enriched in BRCA, HNSC, 

LUAD, MESO, OV, PAAD, STAD, and THYM. E2F 

transcription factors have been reported to play an 

important role in preventing tumorigenesis by strictly 

 

 
 

Figure 1. Basic information on SLC1A5 across cancers. (A) Expression levels of SLC1A5 in normal and cancerous tissues. (B) 

Immunohistochemistry and HE staining of SLC1A5 in normal brain and glioma tissues. (C) Alteration frequency of SLC1A5 across cancers 
based on the cBioPortal database. (D) Immunofluorescence images of SLC1A5 protein expression in the nucleus, endoplasmic reticulum (ER), 
and microtubules in A-431 and U-251 cells. (E) The protein‒protein interaction (PPI) network shows the proteins interacting with SLC1A5. 



www.aging-us.com 7455 AGING 

controlling the cell cycle, maintaining genome integrity, 

and responding to replication stress and DNA damage. 

In addition, epithelial-mesenchymal transition, 

oxidative phosphorylation, unfolded protein response, 

MYC targets, and MTORC1 signaling are closely 

related to the expression of SLC1A5 in cancer. In 

conclusion, the above results indicate that the 

expression of SLC1A5 is closely related to the 

activation of the tumor immune microenvironment and 

the malignant phenotype of various cancers, which 

provides new clues for us to further explore the role of 

SLC1A5 in tumor progression. 

 

 

 
Figure 2. Correlation of SLC1A5 with single-cell classes in the pancancer microenvironment. (A) Heatmap showing the 

expression levels of SLC1A5 in 33 single cell types. (B) Scatterplot showing the GSE120575 dataset and the distribution of 10 different types 
of single cells. (C) Scatter plot showing the GSE131928 dataset and the distribution of 10 different types of single cells. 
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TIMER immune cell infiltration analysis 

 

Based on the indication from the GSEA results that 

SLC1A5 is closely related to cancer immunity, we 

investigated the correlation between the expression of 

SLC1A5 and immune cell infiltration across cancers. 

Spearman correlation analysis was performed using 

pancancer immune infiltration data from the TIMER2 

database. The results showed the infiltration levels of 

CD4+ T cells, CAFs, lymphoid progenitors, myeloid 

progenitors, monocyte progenitors, Endos, Eos, HSCs, 

Tfhs, γ/δ T cells, NK T cells, Tregs, B cells, 

neutrophils, monocytes, macrophages, dendritic cells, 

NK cells, mast cells, and CD8+ T cells in different 

cancer types (Figure 5). In most cancers, the expression 

of SLC1A5 is positively correlated with the infiltration 

of macrophages, CD4+ T cells, CD8+ T cells, dendritic 

cells, monocytes, MDSCs, and CAFs and negatively 

 

 
 

Figure 3. Correlation analysis between SLC1A5 and the prognosis of different cancer patients. (A) The summary of correlation 

analysis between SLC1A5 and patients’ overall survival (OS), disease-specific survival (DSS), disease-free interval (DFI) and progression-free 
interval (PFI) was analyzed by univariate Cox regression and Kaplan‒Meier. Red indicates that SLC1A5 is a risk factor for this type of cancer, 
and green indicates a protective factor. Only p values < 0.05 are shown. (B) Forest plot of the relationship between SLC1A5 and the 
prognosis of cancer patients analyzed by univariate Cox regression. Red markers indicate that SLC1A5 is a risk factor for this cancer type. 
(C–F) Kaplan‒Meier overall survival curves of SLC1A5 in LIHC (C), LGG (D), KIRC (E) and MESO (F). 
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correlated with the infiltration of monocyte, HSC and 

Endo progenitors. In addition, SLC1A5 was closely 

associated with monocyte, dendritic cell, CAF and 

macrophage infiltration in LGG. Given the significant 

correlation between SLC1A5 expression and 

macrophage infiltration, we further investigated the 

relationship between SLC1A5 expression and 

macrophage subtype infiltration. The results revealed a 

positive correlation between SLC1A5 expression and 

M2 macrophage infiltration in LGG, but there was no 

significant correlation with M1 macrophages. Related 

reports have noted that the accumulation of tumor-

associated M2 macrophages composed of brain-resident 

microglia and monocyte-derived macrophages is 

associated with a poor prognosis in patients with glioma 

[38]. Therefore, the important role of immune cells in 

tumor therapy cannot be ignored. Taken together, our 

results suggest that SLC1A5 affects the progression, 

treatment and prognosis of cancer patients by regulating 

immune cells. 

 

Relationships between SLC1A5 and immune 

regulators, TMB, and MSI 
 

The correlations of the expression levels of 70 genes 

encoding immunomodulators, including 46 genes 

encoding immunostimulators and 24 genes encoding 

immunoinhibitors, and those of SLC1A5 across cancers 

 

 
 

Figure 4. Gene set enrichment analysis (GSEA) of the SLC1A5 gene set across cancers. The size of the circle indicates the FDR 

value of the enriched element in each cancer, and the color indicates the normalized enrichment score (NES). 
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is shown in Figure 6A. We found that SLC1A5 was 

positively correlated with most immunomodulators in 

ACC, LGG, and THYM but negatively correlated with 

LUAD, LUSC, PRAD, and READ. Recently, immune 

checkpoint inhibitors (ICIs) have been highlighted as 

potential clinical treatments, so we next analyzed the 

association between SLC1A5 expression and TMB and 

MIS. Our results showed that SLC1A5 expression had a 

strong positive association with TMB in BRCA, HNSC, 

KIRC, LUAD, PAAD, SARC, STAD, and THYM 

(Figure 6B). In addition, the correlation between 

SLC1A5 expression and MSI was positive in GBM, 

 

 
 

Figure 5. Correlation of SLC1A5 expression with immune infiltration levels of B cells, CD4+ T cells, CD8+ T cells, dendritic 
cells, Endo, Eos, CAF, progenitor, mast cells, HSC, macrophages, monocytes, Tfh, γδT, NKT, regulatory T cells (Tregs), 
neutrophils, NK cells, and MDSCs in cancers. Red and blue indicate positive and negative correlations, respectively. 
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HNSC, LUAD, MESO, and SARC and negative in 

READ and UCEC (Figure 6C). Our results demonstrate 

that SLC1A5 can predict the efficacy of ICIs in the 

treatment of various cancers. 

 

The predictive role of SLC1A5 in cancer 

immunotherapy 

 

By targeting and inhibiting the actions of immune 

checkpoint molecules, immune checkpoint blockade 

(ICB) therapy can activate the immune system to mount 

an attack against the tumor. PD-1/PD-L1 and CTLA-4 

are the most commonly targeted molecules. Clinical 

trials have demonstrated the remarkable efficacy of 

immune checkpoint inhibitors across various tumor 

types, particularly melanoma, non-small cell lung 

cancer, renal cell carcinoma (RCC), and bladder cancer, 

among others [39]. Building upon the aforementioned 

findings, we further investigated the predictive role of 

SLC1A5 in the ICB therapy cohort. In the GBM-

PRJNA482620 cohort, there was no statistically 

significant difference in the expression level of 

SLC1A5 between responders and nonresponders 

(Supplementary Figure 2A). However, high expression 

of SLC1A5 in patients treated with anti-PD1 was 

associated with a poorer prognosis (Supplementary 

Figure 3A). In melanoma patients, it was observed that 

low expression levels of SLC1A5 in the GSE78220 

 

 
 

Figure 6. Relationship between SLC1A5 and immunotherapy-independent efficacy predictive biomarkers. (A) The Spearman 
correlation heatmap shows that the expression level of SLC1A5 is correlated with 46 immunostimulators and 24 immunoinhibitors. Red 
indicates a positive correlation and blue indicates a negative correlation. (B) The relationship between SLC1A5 expression level and tumor 
mutation burden (TMB) in cancer patients. (C) The relationship between the SLC1A5 expression level and microsatellite instability (MSI) in 
cancer patients. The labeled asterisk indicates the statistical p value (*p < 0.05, **p < 0.01, ***p < 0.001). 
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anti-PD1 and GSE106128_DCs cohorts were 

significantly associated with a favorable response to 

ICB therapy (Supplementary Figure 2B and 2C). 

Furthermore, patients with low SLC1A5 expression 

exhibited improved prognosis (Supplementary Figure 

3B and 3C). In contrast, in melanoma patients from the 

Nathanson_2017 cohort, it was observed that patients 

with low expression of SLC1A5 who received 

ai_CTLA-4 treatment had a worse prognosis 

(Supplementary Figures 2D and 3D). In RCC patients 

from the RCC_2020 cohort, contrasting ICB treatment 

responses and prognoses were observed in the high 

SLC1A5 expression group after ai-PD-1 and 

EVEROLIM treatment (Supplementary Figures 2E, 2F 

and 3E, 3F). These data confirmed that SLC1A5 

expression levels in different cohorts of cancer patients 

were associated with varied immune checkpoint 

inhibitor treatment responses and prognoses, 

highlighting its potential as a predictive biomarker. 

 

Connectivity map (CMap) analysis of SLC1A5 in 

pancancer 

 

The potential drugs and components targeting SLC1A5 

in pancancer are shown as a heatmap in Figure 7. The 

heatmap shows the SLC1A5-related drug components 

that appear in 3 or more cancer types, and the 

enrichment parameters of each drug in pancancer are 

shown in Supplementary Table 1. As shown, ingenol-

related genes were significantly enriched in 16 cancers, 

while prostratin- and parthenolide-related genes were 

enriched in 12 cancers. These drugs are generally 

related to the prevention and treatment of cancer; for 

example, ingenol plays an anticancer role by inhibiting 

 

 

 
Figure 7. The heatmap represents the enrichment score (positive in blue, negative in red) for each drug in each cancer in 
the CMap database. Components or drugs are sorted from right to left with a decreasing number of enriched cancers. 
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the migration and invasion of colon cancer cells [40], 

and prostratin inhibits the proliferation of breast cancer 

cells [41]. The association of these drugs with SLC1A5 

increased our interest in them. Our results showed that 

these drugs have only a small part in the treatment of 

cancer, and their roles and potential mechanisms in the 

occurrence and development of various cancers need to 

be further explored. 

 

SLC1A5 regulates the proliferation and migration of 

glioma cells 

 

To determine the expression levels of SLC1A5 in 

tumor and normal cell lines, Western blot and 

RT‒qPCR analyses were performed. The results 

showed that the expression levels of SLC1A5 were 

higher in tumor cell lines than in normal cells (Figure 

8A, 8B). Based on these results, the functions of 

SLC1A5 in the U251 and U118 cell lines were further 

investigated. The efficiency of SLC1A5 knockdown  

by siRNA was verified at the RNA and protein  

levels (Figure 8C–8E). Therefore, a loss-of-function 

experiment was conducted in which SLC1A5 was 

knocked down. The colony formation assay indicated 

that the suppression of SLC1A5 expression inhibited 

the proliferation of U251 and U118 cells (Figure 8F–

8H). Moreover, the CCK-8 assay showed that cell 

growth was inhibited in the SLC1A5 knockdown group 

compared to the control group (Figure 8I, 8J). 

Furthermore, the transwell migration assay showed that 

SLC1A5 knockdown inhibited the migration of U251 

and U118 cells (Figure 8K and Supplementary Figure 

1C, 1D). Therefore, these results indicated that 

SLC1A5 promotes the proliferation and migration of 

glioma cells. 

 

SLC1A5 participates in glioma progression by 

inhibiting ferroptosis 

 

To study the effect of SLC1A5 knockdown on 

ferroptosis in glioma cells, we evaluated the level of 

ferroptosis in cells by measuring ferroptosis indexes 

with kits. GSH is an important antioxidant in cells that 

can scavenge lipid peroxides via glutathione peroxides 

and inhibit the occurrence of ferroptosis. As expected, 

knockdown of SLC1A5 resulted in a downregulation of 

GSH levels in U251 and U118 cells (Figure 9A, 9B). 

Since MDA is an end product of ferroptosis, we 

detected MDA and found that it was upregulated after 

SLC1A5 knockdown (Figure 9C, 9D). The RT‒qPCR 

and WB results showed that the expression of GPX4 

was decreased and the expression of ACSL4 was 

increased in the siRNA group compared with the NC 
group (Figure 9E–9I). Thus, these data suggest that 

SLC1A5 promotes glioma progression by inhibiting 

ferroptosis in glioma cells. 

DISCUSSION 
 

In the past few decades, ICB therapy has made great 

progress in the treatment of tumors, bringing hope for a 

cure in patients [42]. However, only a small fraction of 

cancer patients responds to immunotherapy due to the 

heterogeneity of the tumor microenvironment within 

each patient [43]. Finding biomarkers to predict a 

patient’s clinical response to immunotherapy will 

enable individualized treatment of patients. In this 

study, we found that SLC1A5 is a reliable pancancer 

prognostic biomarker and can effectively predict 

immunotherapy response. Therefore, our findings may 

provide clues for further studies to reveal the potential 

role of SLC1A5 in immunotherapy. 

 

First, we combined the TCGA and GTEx databases to 

compare the mRNA expression levels of SLC1A5 

between pancancer and normal tissues. The results 

showed that SLC1A5 was upregulated in most cancer 

types. Previous studies also indicated that SLC1A5 is 

upregulated in tumor tissues vs. nontumor tissues in 

patients with various tumor types, including lung 

cancer, liver cancer, and colon cancer [44]. Further-

more, it has been found that SLC1A5 is particularly 

upregulated in LGG and GBM tissue compared to 

normal brain tissue. Next, we collected glioma samples 

and performed RT‒qPCR to detect the expression of 

SLC1A5 and found that the expression of SLC1A5 in 

glioma tissues was higher than that in adjacent tissues. 

These findings suggest that SLC1A5 is commonly 

upregulated in various types of cancer. However, 

limited information is available regarding the 

association between SLC1A5 and patient prognosis in 

cancer. Therefore, we conducted a comprehensive 

investigation to further explore the relationship between 

SLC1A5 expression and patient outcomes in cancer. 

 

Then, we evaluated the association of SLC1A5 with 

the prognosis of cancer patients. The analysis results 

for OS, DSS, DFI, and PFI showed that SLC1A5 is 

closely related to the prognosis of cancer patients and 

is a risk factor for most cancer types. We found that 

high expression of SLC1A5 in KIRC, MESO, LIHC, 

and LGG patients indicated a poor prognosis. 

Previous studies also suggested that SLC1A5 

overexpression is significantly associated with poor 

OS in more than half of cancer types, including LGG 

and GBM [35]. It is well known that differentially 

expressed genes can play distinct roles in biological 

functions and related biological processes, thereby 

contributing to the divergent biological behaviors of 

cancer cells [45]. Building upon the evidence of the 

prognostic significance of SLC1A5 in gliomas, we 

further investigated its functional implications 

through GSEA. 
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Figure 8. In vitro evidence that SLC1A5 is involved in the proliferation and migration of glioma cells. (A) RNA and (B) protein 

expression levels of SLC1A5 in astrocytes and glioma cell lines. (C–E) RT‒qPCR and Western blotting verified the knockdown efficiency of 
SLC1A5 in U251 and U118 cell lines, respectively. (F) Colony formation experiments were performed to analyze the effect of SLC1A5 
downregulation on the colony formation ability of U251 and U118 cell lines, and (G, H) statistical analysis was performed. (I, J) Cell 
proliferation ability was evaluated using the CCK-8 assay, and proliferation curves were plotted. (K) Cell migration ability was determined 
by transwell migration assay. The labeled asterisk indicates the statistical p value (*p < 0.05, **p < 0.01, ***p < 0.001). 
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Existing studies have indicated that IL-2 can stimulate 

the activation of NK cells and enhance their ability to 

produce INF-γ by upregulating SLC1A5 [46]. Our 

GSEA results showed that SLC1A5 was involved in 

immune activation processes, such as TNFA signaling 

via NFKB, IFN-α response, IFN-γ response, and 

inflammatory response, but this correlation was quite 

different in different cancer types. For example, these 

processes were significantly enriched in GBM, LGG, 

OV, PCPG, SARC, THCA, and UVM, while the results 

were opposite in COAD, ESCA, LUAD, and READ. 

This suggests that SLC1A5 plays different roles in 

different cancer types. A study also suggested that 

immune-related pathways, including TNFA signaling 

via NFKB, IFN-α response, and IFN-γ response, are 

enriched in glioma and highly correlated with tumor 

progression [47], which is strong supporting evidence 

for our results. However, there is limited research on the 

immunomodulatory role of SLC1A5 in glioblastoma. 

Therefore, we conducted a comprehensive investigation 

to further explore the relationship between SLC1A5 and 

immune regulation in glioblastoma. 

 

Increasing evidence suggests that the proportion of 

immune-infiltrating cells is closely associated with the 

antitumor response status [8, 12, 24, 39]. Recently, 

certain types of infiltrating immune cells and 

checkpoints have been shown to alter the efficacy of 

immunotherapy and impact the prognosis of cancer 

patients [15, 48, 49]. Using the TIMER online database, 

we discovered a significant correlation between 

SLC1A5 expression and immune cell infiltration in 

 

 
 

Figure 9. SLC1A5 inhibits ferroptosis in glioma cells. (A, B) The level of GSH was measured in U251 and U118 cells after SLC1A5 

knockdown. (C, D) The level of MDA was measured in U251 and U118 cells after SLC1A5 knockdown. (E, F) The RNA expression levels of the 
ferroptosis gene GPX4 were detected in U251 and U118 cell lines after SLC1A5 knockdown. (G, H) The RNA expression levels of the 
ferroptosis gene ACSL4 in U251 and U118 cell lines were detected after SLC1A5 knockdown. (I) Western blotting was used to detect the 
protein expression levels of GPX4 and ACSL4 after SLC1A5 knockdown. The labeled asterisk indicates the statistical p value (*p < 0.05, **p < 
0.01, ***p < 0.001). 
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glioma. Specifically, SLC1A5 expression was 

positively associated with the infiltration of CAFs, 

monocytes, and M2 macrophages in glioma and 

negatively associated with the infiltration of Tfh cells 

and MDSCs. Chen et al. found that CAFs do not exist 

as individual cells in the TME but rather interact with 

tumor cells, promoting tumor growth and survival and 

maintaining their malignant characteristics [50]. 

Monocytes play both protumor and antitumor roles in 

cancer. However, within the TME, they contribute to 

immune suppression, extracellular matrix (ECM) 

remodeling, angiogenesis, and intratumoral infiltration 

mediated by cancer cells [51]. Another study revealed 

that tumor-associated macrophages constitute a 

significant proportion of infiltrating immune cells and 

contribute to the progression of glioma [38]. Therefore, 

the significance of tumor-infiltrating macrophages in 

glioma warrants further investigation. 

 

Next, we found a close correlation between SLC1A5 

and tumor-associated macrophages. Macrophages can 

be classified into M1 and M2 subtypes. M1 

macrophages have antitumor surface properties and 

exhibit inhibitory effects on tumor progression, while 

M2-polarized macrophages promote tumor progression 

by secreting vascular endothelial growth factor (VEGF) 

and other proangiogenic factors, such as CD163 [52]. 

M2-polarized macrophages suppress the tumor immune 

inhibitory microenvironment by secreting cytokines that 

inhibit T cells and other immune cell types [38, 52]. 

Glutamine, whose uptake is mediated by SLC1A5, can 

ultimately be converted to α-ketoglutarate (αKG) 

through the action of glutaminase [53]. αKG promotes 

the activation of M2 macrophages through Jmjd3-

dependent metabolic and epigenetic reprogramming 

[54]. Conversely, αKG inhibits the activation of M1 

macrophages by suppressing the nuclear factor kappa B 

(NF-κB) pathway [54]. Thus, Chen et al. suggested that 

inhibiting SLC1A5 could promote the activation of M1 

macrophages, thereby facilitating the implementation of 

immunotherapy [55]. These findings indicate that high 

expression of SLC1A5 not only promotes immune  

cell infiltration but also induces the M2 polarization  

of macrophages, thereby promoting tumorigenesis. 

Therefore, inhibiting SLC1A5 may represent a potential 

novel strategy to prevent macrophage polarization 

toward the M2 phenotype and inhibit the progression of 

glioblastoma. 

 

Several studies have suggested that targeting SLC1A5 

may decrease the expression of immune checkpoint 

genes and enhance the efficacy of immunotherapy [44, 

55]. In contrast, our findings indicate that increased 
SLC1A5 expression is associated with the expression of 

various immunomodulator genes, such as CTLA4, PD-1, 

PD-L1, and HAVCR2. Glioblastoma, known as a 

“cold” tumor, is characterized by T-cell exhaustion and 

poor response to immune checkpoint blockade [8, 12]. 

According to our research, SLC1A5 expression is 

significantly correlated with T-cell exhaustion and the 

expression of immune-suppressive markers in immune 

cells. Therefore, we propose that SLC1A5 may induce 

immune suppression in glioblastoma through 

mechanisms involving T-cell exhaustion, upregulation 

of PD-L1, and the accumulation of Tregs and MDSCs. 

 

To assess the relationship between SLC1A5 expression 

and the response to ICB therapy, we analyzed the 

association between SLC1A5 and MSI and TMB. 

Clinical studies have shown that high MSI or TMB may 

be associated with sensitivity to immune checkpoint 

inhibitors, and patients with these characteristics may 

benefit from immunotherapy [56, 57]. We found a 

positive correlation between SLC1A5 expression and 

MSI in GBM. Notably, glioblastoma, melanoma and 

renal cell carcinoma (RCC) patients with high SLC1A5 

expression had a worse prognosis than those with low 

expression when anti-PD-1 therapy was applied. In 

conclusion, we propose that SLC1A5 may play a role in 

shaping the immunosuppressive tumor micro-

environment and regulating the malignant progression 

of glioblastoma. It has the potential to serve as a 

predictive biomarker for immunotherapy outcomes in 

glioma patients. 

 

We then used gene expression profiling to screen for 

novel small-molecule inhibitors that could serve as 

cancer treatments. Through the analysis of drugs whose 

sensitivity may be related to SLC1A5 expression, we 

found that ingenol, prostratin, and parthenolide can be 

used as potential small molecule drugs for cancer 

treatment. A previous study showed that ingenol 

induces immunogenic cell death of prostate cancer cells 

by triggering mitophagy and apoptosis, promotes the 

normalization of tumor blood vessels, and allows 

immune cells to fully infiltrate the tumor, thereby 

exerting antitumor effects [58]. Therefore, it can be 

determined that ingenol, as an emerging antitumor drug, 

can affect the tumor microenvironment. Myeloid-

derived suppressor cells (MDSCs), as an immature 

innate cell population, can produce immunosuppressive 

factors to suppress T cells in the tumor environment. 

Chaib et al. found that prostratin suppressed the 

expansion of MDSCs and inhibited tumor growth in 

breast cancer [59]. Previous studies have revealed the 

superior anticancer activity of parthenolide, which 

indicates that it has the potential to become a first-line 

drug [60]. Lu et al. found that parthenolide inhibits the 

transcriptional expression of the immune checkpoint 
molecule PD-L1 by targeting the phosphorylation of the 

transcription factor STAT3, thereby inhibiting the 

proliferation of GBM in mice. The ability of 
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parthenolide to reverse the immunosuppressive state of 

GBM also led us to hypothesize that SLC1A5 is 

involved. Previous studies have shown that parthenolide 

activates NADPH oxidase, increases ROS levels in 

prostate cancer cells, and inhibits antioxidants to 

increase oxidative stress [60]. However, SLC1A5, as a 

glutamine transporter, can increase ROS production 

when glutamine metabolism is inhibited. Although the 

relationship between SLC1A5 and parthenolide in the 

treatment of cancer has not yet been elucidated, our 

findings and deduced hypotheses can provide some 

clues for further research. 

 

Many current studies have shown that SLC1A5 plays an 

oncogenic role in many cancers, such as hepatocellular 

carcinoma [61], lung cancer [62], breast cancer [63], 

and colon cancer [64]. Our results also showed that 

SLC1A5 knockdown inhibited the proliferation and 

migration of glioma cells in vitro. After further study, 

we found that SLC1A5 is a suppressor of ferroptosis in 

glioma, and knockdown of SLC1A5 can downregulate 

the expression of GPX4. The inhibitory effect of 

SLC1A5 on ferroptosis may also be due to excessive 

cellular uptake of glutamine with subsequent 

formation of reducing species. Under the Warburg 

effect, SLC1A5 transports a large amount of glutamine 

into the cell, and glutamine is metabolized to generate 

a large amount of ROS [65]. However, the high 

metabolic demands of tumors can cause oxidative 

stress-related damage and affect tumor growth [66]. 

Therefore, the upregulation of SLC1A5 inhibits the 

production of MDA and upregulates GPX4 to reduce 

oxidative stress-related damage, thereby accelerating 

cell proliferation and promoting malignant tumor 

progression. 

 

Our study still has some limitations. We predicted 

through bioinformatics analysis that SLC1A5 is 

involved in regulating the tumor microenvironment in 

most cancer types and is closely related to immune cell 

infiltration, but the importance of SLC1A5 has been 

experimentally confirmed in only a few cancer types. In 

addition, we identified potential drugs related to 

SLC1A5, but we did not demonstrate a direct 

interaction between SLC1A5 and these drugs, and the 

underlying mechanism remains unknown. Since the 

analysis was based on an open public database, the data 

results inevitably have bias; therefore, we believe that 

more comprehensive and refined research on the 

mechanism and clinical application of SLC1A5 is still 

needed. 

 

In conclusion, we conducted a pancancer analysis of 
SLC1A5, demonstrated its role as a prognostic bio-

marker in cancer patients, explored its potential 

biological functions, and found that it can effectively 

predict patient response to immunotherapy. These 

results indicated that therapy targeting SLC1A5 could 

be an effective method of cancer treatment. 

 

MATERIALS AND METHODS 
 

Data source 

 

The mRNA expression profile and clinical 

characteristics of patients from the TCGA pancancer and 

GTEx cohorts were downloaded from the UCSC Xena 

database (https://xenabrowser.net/datapages/). The 

cBioPortal for Cancer Genomics (http://cbioportal.org) 

web tool was used to analyze the genomic alteration 

frequency of SLC1A5 in the 33 cancer types. Human 

Protein Atlas (THPA, https://www.proteinatlas.org/) was 

used to detect SLC1A5 protein expression levels in 

pathological tissues and to confirm protein distribution 

at the subcellular level. The compartmentalized protein–

protein interaction database (ComPPI) (http://comppi. 

linkgroup.hu) was used to detect the protein‒protein 

interaction information. A list of the cancers and their 

abbreviations are presented in Supplementary Table 2. 

 

Single-cell analysis of SLC1A5 

 

The Tumor Immune Single-cell Hub (TISCH) web tool 

was used to analyze gene expression profiles in tumor 

microenvironment cells at the single-cell level. Analysis 

parameters included genes, major lineages, and all 

cancers selected in the online tool. SLC1A5 expression 

levels in each cell type were quantified and visualized 

by a heatmap. Documentation of the data collection, 

processing and analysis procedures is available online 

(http://tisch.comp-genomics.org/documentation/). 

 

Pancancer prognosis analysis of SLC1A5 

 

Four key outcome measures were obtained from the 

UCSC Xena database (https://xenabrowser.net/ 

datapages/), including overall survival (OS), disease-

specific survival (DSS), disease-free interval (DFI), and 

progression-free interval (PFS). Log-rank and univariate 

Cox regression tests were used to evaluate the 

association between the expression of SLC1A5 and the 

prognosis of the patients in each type of cancer. In 

univariate Cox regression models, SLC1A5 expression 

was treated as a continuous variable, and Wald’s test 

was used to assess significant differences in survival. 

Kaplan‒Meier (KM) curves were used to assess survival 

and compared using log-rank tests. Risk ratios (HRs) 

with 95% confidence intervals (95% CIs) were 

calculated for log-rank and univariate Cox regression, 

with HR > 1 indicating a risk factor and HR < 1 

indicating a protective factor, and the results are 

presented as a heatmap. 

https://xenabrowser.net/datapages/
http://cbioportal.org/
https://www.proteinatlas.org/
http://comppi.linkgroup.hu/
http://comppi.linkgroup.hu/
http://tisch.comp-genomics.org/documentation/
https://xenabrowser.net/datapages/
https://xenabrowser.net/datapages/
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Genes with differential expression between the low- 

and high-SLC1A5 subgroups 

 

Patients were ranked by SLC1A5 expression level, with 

the top 30% defined as the high SLC1A5 group and the 

bottom 30% defined as the low SLC1A5 group. The 

log2 (fold change) and adjusted p value of each gene in 

each tumor were calculated using the limma package to 

determine the differentially expressed genes (DEGs) 

between the high and low SLC1A5 groups 

(Supplementary Table 3). Genes with p-adjusted values 

< 0.05 were considered DEGs. 

 

Gene set enrichment analysis 

 

For enrichment analysis, the normalized enrichment 

score (NES) and false discovery rate (FDR) of each 

biological process in each cancer type were calculated 

by downloading the “gmt” file of the hallmark gene set 

(h.all.v7.4.symbols.gmt) from the GSEA website 

(https://www.gsea-msigdb.org/gsea/index.jsp). GSEA 

was implemented using the clusterProfiler R package, 

and the R package ggplot2 was used to generate the 

bubble plot. 

 

Immune cell infiltration analysis in TIMER2 

 

Tumor Immune Estimation Resource (TIMER) is a 

comprehensive resource for the systematic analysis of 

immune infiltrates across different types of cancer. For 

all cancers in TCGA, immune cell infiltration data  

were downloaded from TIMER2.0 (http://timer. 

cistrome.org). To investigate the immune infiltration 

data, we identified the correlations between the 

expression of SLC1A5 mRNA and 21 immune cells, 

including B cells, CD4+ T cells, CD8+ T cells, dendritic 

cells, endothelial cells (Endo), eosinophils (Eos), 

cancer-associated fibroblasts (CAFs), lymphoid 

progenitors, myeloid progenitors, monocyte pro-

genitors, mast cells, macrophages, monocytes, 

neutrophils, hematopoietic stem cells (HSCs), NK cells, 

T-cell follicular helper cells, γ/δ T cells, NK T cells and 

regulatory T cells (Tregs), in pancancer by Spearman 

correlation analysis. 

 

Immunotherapy prediction analysis 

 

A Spearman correlation test was used in this study to 

determine the correlation between SLC1A5 expression 

levels and levels of immunomodulators, including 46 

immunostimulators and 24 immunoinhibitors with 

information downloaded from the TISIDB database 

(http://cis.hku.hk/TISIDB/download.php). Furthermore, 
we investigated the relationship between SLC1A5 

expression and tumor mutation burden (TMB) and 

microsatellite instability (MSI) across cancers. We 

performed visual analysis of the immunotherapy 

response and survival of SLC1A5 in different cancers 

using the Immunotherapy Response module in the 

TIGER (Tumor Immunotherapy Gene Expression 

Resource) online database (http://tiger.canceromics.org/). 

 

Compounds correlating with SLC1A5 in pancancer 

 

The Connectivity Map (CMap) is a gene expression 

profiling database based on drug-related gene 

expression developed by the Broad Institute. It is 

mainly used to reveal the functional relationship 

between small molecule compounds, genes and disease 

states. We analyzed the correlation of SLC1A5 

expression levels and the levels of genes related to 

small molecule inhibitors in each cancer by CMap 

based on DEGs between the low-SLC1A5 and high-

SLC1A5 subgroups. In a previous report, the steps for 

applying the web tool and processing the data for 

heatmap visualization were described in detail [67]. 

 

Cell culture, small interfering RNA transfection, 

RT‒qPCR, and Western blotting 

 

NHA, T98, U118, LN229, U251, and U87 cell lines 

were obtained from the Cancer Cell Bank of the 

Chinese Academy of Medical Sciences (Beijing, 

China). The cells were cultured as described in our 

previous studies [68, 69]. Small interfering RNA 

(siRNA) targeting SLC1A5 was synthesized by 

General Biologicals (AnHui, China). The RNA Isolater 

Total RNA Extraction Reagent (BioFlux, HangZhou, 

China) was used for RNA extraction. The reverse 

transcription and real-time PCR procedures were 

performed as previously described [68, 69]. The 

following antibodies were used for the Western blot 

(WB) assay: anti-Actin antibody (Abcam, 1:1000), 

anti-SLC1A5 antibody, anti-GPX4 antibody, anti-

ACSL4 antibody, and anti-TFRC antibody. Western 

blot assays were performed as described in our 

previous study [68, 69]. 

 

Cell proliferation analyses, colony formation assay 

and migration assay 

 

For the in vitro cell proliferation assay, the CCK-8 assay 

was performed using the CCK-8 kit (Bioss, Beijing, 

China) according to the manufacturer’s protocol. An 

enzyme immunoassay instrument (Thermo Fisher 

Scientific, USA) was used to detect the OD value at 450 

nm. An in vitro colony formation assay was performed to 

determine whether colony formation was possible in 

vitro, and the procedure was performed as previously 
described [68, 69]. Finally, the migration ability of the 

cells was determined using the Transwell chamber 

system (BD Biosciences, Franklin Lakes, NJ, USA). 

https://www.gsea-msigdb.org/gsea/index.jsp
http://timer.cistrome.org/
http://timer.cistrome.org/
http://cis.hku.hk/TISIDB/download.php
http://tiger.canceromics.org/
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Assay for GSH/GSSG and MDA 

 

The cells were harvested, and the intracellular 

GSH/GSSG ratio was measured spectrophotometrically 

using a GSH/GSSG assay kit (Beyotime Biotechnology, 

Shanghai, China) according to the kit instructions. The 

absorbance at 593 nm was measured using a microplate 

reader (Bio-Rad, Hercules, CA, USA) for colorimetric 

analysis. A lipid peroxidation (MDA) assay kit 

(Beyotime Biotechnology, Shanghai, China) was used 

to measure the lipid peroxidation product malon-

dialdehyde (MDA). The operational steps of the MDA 

assay were performed strictly according to the 

instructions of the kit. The absorbance of the 

supernatant was measured at 532 nm using a microplate 

reader. 

 

Statistical analysis 

 

To determine the significance of differences in 

expression levels between normal and tumor tissues, the 

Wilcoxon rank sum test was performed. The prognostic 

effect of SLC1A5 in each cancer was evaluated using 

the Kaplan‐Meier method and univariate Cox 

proportional hazards regression analysis. For correlation 

analyses of SLC1A5 and other factors, a Spearman 

correlation analysis was performed. All the R packages 

were run through R Studio version 1.3.959, while all the 

statistical analyses were conducted using R version 

4.2.2 (https://www.r-project.org/) and Prism 8 

(GraphPad Software Inc., La Jolla, CA, USA). 
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SUPPLEMENTARY MATERIALS 
 

Supplementary Figures 
 

 
 

Supplementary Figure 1. (A) The expression distribution of SLC1A5 in normal organs and tumor tissues of men and women is shown in 

the anatomical diagram of human organs. (B) Statistical graph of immunohistochemical staining results of SLC1A5 expression levels in 
glioma tissue and normal brain tissue. (C, D) Statistical results of transwell migration experiments following SLC1A5 knockdown in U251 and 
U118 cell lines. The labeled asterisk indicates the statistical p value (*p < 0.05, **p < 0.01, ***p < 0.001). 
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Supplementary Figure 2. Differential expression between responders and nonresponders. (A) The expression levels of SLC1A5 
in responders and nonresponders among GBM patients following ai-PD-1 treatment in the PRJNA482620 cohort. (B) The expression levels 
of SLC1A5 in responders and nonresponders among melanoma patients following ai-PD-1 treatment in the GSE78220 cohort. (C) The 
expression levels of SLC1A5 in responders and nonresponders among melanoma patients following DC treatment in the GSE106128 cohort. 
(D) The expression levels of SLC1A5 in responders and nonresponders among melanoma patients following anti-CTLA4 treatment in the 
Nathanson_2017 cohort. (E) The expression levels of SLC1A5 in responders and nonresponders among renal cell carcinoma patients 
following anti-PD-1 treatment in the Braun_2020 cohort. (F) The expression levels of SLC1A5 in responders and nonresponders among renal 
cell carcinoma patients following EVEROLIM treatment in the Braun_2020 cohort. 
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Supplementary Figure 3. Survival analysis of patients after immune checkpoint inhibitor therapy. (A) Kaplan‒Meier survival 
curves of GBM patients in the low expression and high expression subgroups of SLC1A5 following anti-PD-1 treatment in the PRJNA482620 
cohort. (B) Kaplan‒Meier survival curves of melanoma patients in the low expression and high expression subgroups of SLC1A5 following 
anti-PD-1 treatment in the GSE78220 cohort. (C) Kaplan‒Meier survival curves of melanoma patients in the low expression and high 
expression subgroups of SLC1A5 following DC treatment in the GSE106128 cohort. (D) Kaplan‒Meier survival curves of melanoma patients 
in the low expression and high expression subgroups of SLC1A5 following anti-CTLA-4 treatment in the Nathanson_2017 cohort. (E) 
Kaplan‒Meier survival curves of renal cell carcinoma patients in the low expression and high expression subgroups of SLC1A5 following 
anti-PD-1 treatment in the Braun_2020 cohort. (F) Kaplan‒Meier survival curves of renal cell carcinoma patients in the low expression and 
high expression subgroups of SLC1A5 following EVEROLIM treatment in the Braun_2020 cohort. 
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Supplementary Tables 
 

Please browse Full Text version to see the data of Supplementary Tables 1 and 3. 

 

Supplementary Table 1. The enrichment parameters of each drug in pancancer. 

 

Supplementary Table 2. A list of the cancers and their abbreviations. 

Abbr Unabbreviated form 

ACC Adrenocortical carcinoma 

AML Acute Myeloid Leukemia 

BLCA Bladder Urothelial Carcinoma 

BRCA Breast invasive carcinoma 

CESC Cervical squamous cell carcinoma and endocervical adenocarcinoma 

CHOL Cholangiocarcinoma 

COAD Colon adenocarcinoma 

DLBC Lymphoid Neoplasm Diffuse Large B-cell Lymphoma 

ESCA Esophageal carcinoma 

GBM Glioblastoma multiforme 

HNSC Head and Neck squamous cell carcinoma 

KICH Kidney Chromophobe 

KIRC Kidney renal clear cell carcinoma 

KIRP Kidney renal papillary cell carcinoma 

LAML Acute Myeloid Leukemia 

LGG Brain Lower Grade Glioma 

LIHC Liver hepatocellular carcinoma 

LUAD Lung adenocarcinoma 

LUSC Lung squamous cell carcinoma 

MESO Mesothelioma 

OV Ovarian serous cystadenocarcinoma 

PAAD Pancreatic adenocarcinoma 

PPGL Pheochromocytoma and Paraganglioma 

PRAD Prostate adenocarcinoma 

READ Rectum adenocarcinoma 

SARC Sarcoma 

SKCM Skin Cutaneous Melanoma 

STAD Stomach adenocarcinoma 

TGCT  Testicular Germ Cell Tumors 

THCA  Thyroid carcinoma 

THYM Thymoma 

UCEC Uterine Corpus Endometrial Carcinoma 

UCS Uterine Carcinosarcoma 

UVM Uveal Melanoma 

 

Supplementary Table 3. Differentially expressed genes between the high and low SLC1A5 expression groups. 

 

 


