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ABSTRACT 
 

Background: Cutaneous melanoma (CM) is an aggressive form of skin cancer with limited treatment options for 
advanced stages. Prognostic markers that accurately predict patients’ outcomes and guide therapeutic 
strategies are crucial for improving melanoma management. SETD2 (SET Domain-Containing Protein 2), a 
histone methyltransferase involved in chromatin remodeling and gene regulation, has recently emerged as a 
tumor suppressor. Its dysfunction is involved in oncogenesis in some cancers, but little is known about its 
functions in progression and therapeutic response of melanoma. 
Methods: RNA-seq and clinical data from public database were used to evaluate the survival analysis, gene 
set enrichment, IC50 of therapeutics and immunotherapy response. SETD2 knock-out A375 cell line 
(A375SETD2ko) was developed by Crispr/cas9 and CCK-8 analysis and nude mice used to evaluate the 
proliferation and invasion of melanoma cells in vitro and in vivo, while Western blotting tested the MMR-
related protein. 
Results: SETD2 was commonly down-regulated in melanoma samples which demonstrated an unfavorable 
survival. Cells without SETD2 expression tend to have a more progressive and invasive behavior, with resistance 
to chemotherapy. However, they are more sensitive to tyrosine kinase inhibitors (TKIs). They also exhibit 
inflamed features with lower TIDE (Tumor Immune Dysfunction and Exclusion) score and higher tumor 
mutation burden (TMB), showing that these patients may benefit from immunotherapy. 
Conclusions: This study revealed that SETD2 dysfunction in melanoma implied a poor prognosis and 
chemotherapy resistance, but highly sensitive to TKIs and immunotherapy, highlighting the prognostic and 
therapeutic value of SETD2 in cutaneous melanoma. 
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INTRODUCTION 
 

Cutaneous melanoma (CM) is the most aggressive  

form of skin cancer characterized by its aggressive  

nature and high propensity for metastasis [1]. Despite  

the advancements of current treatment options like 

immunotherapies [2–6] and targeted therapies [7, 8], 

approximately half of patients fail to achieve long-

lasting benefit [9–11]. The development of biomarkers 

that can predict treatment response, guide therapeutic 

decision-making, and monitor disease progression is 

crucial for improving patient outcomes. In recent years, 

significant progress has been made in identifying and 

characterizing biomarkers associated with cutaneous 

melanoma. 

 

SETD2 was initially identified in the pathogenesis of 

Huntington Disease [12]. It encodes trimethylase of 

histone H3 lysine36 trimethylation (H3K36me3) and 

functions in maintaining genomic stability through 

mismatch repair (MMR) [13–17]. Its dysfunction has 

been identified in a variety of cancer types [18–22]. 

Studies have shown that SETD2 is necessary for 

homologous recombination repair and its depletion may 

involve in genomic instable and increasing spontaneous 

mutation frequency [17, 23]. SETD2 deficiency is 

associated with cancer occurrence and progression  

[22, 24, 25]. However, little is known about its function 

and predicting value in the development and treatment 

of melanoma. 

 

In this study, we explored the data from public database 

and found a significant decreased level of SETD2 

expression and a close correlation of it with unfavorable 

outcome in CM. By wound healing assay, we found  

that the SETD2 knocked out A375 cells exhibited a 

more aggressive behavior with cells arrested in G0 

phase. Pathways linked to melanogenesis were enriched 

in SETD2 low expression CM samples and SETD2  

ko A375 tumor tissue harbored by nude mice. Then 

treatment response in terms of chemotherapy and  

TKI target therapy was further evaluated using public 

data, while the impact of SETD2 downregulation on 

chemotherapy response was further investigated by 

IC50 scores of Cisplatin on melanoma A375 cell  

lines cultured with SETD2 inhibitor or knocked out 

SETD2. Results demonstrated that downregulation or 

knocking out of SETD2 was significantly associated 

with chemotherapy resistance but more sensitive to 

target therapy. Lastly, our data revealed that SETD2 

mutation is closely correlated with genomic instability 

and ICB response. This study provides novel insights 

into the functional role of SETD2 in melanoma, 

highlighting a potential mechanism whereby SETD2 

influences the prognosis of melanoma patients as well 

as therapeutic response. 

MATERIALS AND METHODS 
 

Data collection 

 

RNA-seq data and clinical data of The Cancer Genome 

Atlas (TCGA), TARGET and Genotype-Tissue 

Expression (GTEx) were downloaded from the UCSC 

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

The chemotherapeutic response prediction was  

basing on the Genomics of Drug Sensitivity in  

Cancer (GDSC), https://www.cancerrxgene.org/ by R  

package “pRRophetic”. The half-maximal inhibitory 

concentration (IC50) of samples was estimated by 

ridge regression. The batch effect of combat and tissue 

type of all tissues was used, and the duplicate gene 

expression was summarized as mean value. 

 

Expression analysis 

 

Gene expression values of the transcripts from nude  

mice beard tumor tissue samples and TCGA database 

were computed by StringTie (version 1.3.3b). DESeq2 

(version 1.12.4) was used to determine differentially 

expressed genes (DEGs) between two samples. Genes 

were considered as significantly differentially expressed 

if q-value≤0.001 and |FoldChange| ≥1.5. Gene expression 

differences were visualized by volcano plot. DEGs are 

mapped to the GO terms (biological functions) and  

The Kyoto Encyclopedia of Genes and Genomes 

(KEGG) pathway in the database, the number of genes  

in every term is calculated, and a hypergeometric test  

is performed to identify significantly enriched gene  

list out of the background of the reference gene list  

with false discovery rate (q-value) < 0.05 which was 

considered as significantly altered. Above analysis was 

performed via web-based tool platform, Sangerbox 3.0 

(http://vip.sangerbox.com/). 

 

Survival analysis and immunotherapy response 

prognostic model construction 

 

Kaplan-Meier analysis was performed to evaluate  

the overall survival (OS) of patients from TCGA and 

GTEx cohorts. For evaluating prognostic value, R 

software package “rms” and “regplot” using multi-

factor regression model using Cox regression was  

used to establish a nomogram by evaluating the  

survival significance. P-value was conducted to  

assess the significance of SETD2 alteration in 

predicting inmmunotherapeutic response using MSKCC 

cohorts treated with PD-1/PD-L1 antibodies, CTLA-4 

antibodies, or combo therapy. Above analysis was 

performed via web-based tool platform, Sangerbox 3.0 

(http://vip.sangerbox.com/) [26]. The TIDE online web 

(http://tide.dfci.harvard.edu) was used to calculate the 

TIDE score. 
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Cell culture and treatment 

 

The human melanoma cell line A375 and murine 

melanoma cell line B16F10 were originally obtained 

from American Type Culture Collection (ATCC, USA). 

Cells were maintained in DMEM medium containing 

penicillin (50 U/ml), streptomycin (50 U/ml) and 10% 

fetal bovine serum (FBS; Gibco, USA) at 37° C in a 

humidified incubator containing 5% CO2. Cells were 

treated with 0.625, 1.25, 2.5 and 5 μg/ml of SETD2 

inhibitor (EZM0414, MCE, USA) with or without cis-

platinum (DDP, MCE) for 72 hours which were 

determined by Cell-Counting-Kit-8 (CCK-8, Dojindo, 

Japan) to evaluate the cell viability. SETD2 inhibitor 

was dissolved in dimethyl sulfoxide (DMSO). The final 

concentration of DMSO in each well was less than  

0.1% (v/v). 

 

The construction of A375SETD2ko cells 

 

CRISPR-Cas9 mediated ablation of SETD2 gene was 

achieved with CRISPR-Cas9 RNP (provided by Haixing 

Bioscience, China) containing expression cassettes for 

hSpCas9 and chimeric guide RNA. To target exon 

5~exon 9 of the SETD2 gene, two guide RNA  

sequence of CAGATATCAAGGCTGTATTGTGG  

and CCTGAGTTACTCCTGGGATGGGG were select-

ed through the http://crispr.mit.edu website. Plasmid 

containing the guide RNA sequence was electro-

transfected into cells using Neon transfection system 

according to the manufacturer’s instructions (Thermo 

Fisher Scientific, USA). 

 

Wound healing assay 

 

A375WT and A375SETD2ko cells were seeded in 12- 

well plate (5 × 105 cells/well), respectively. After cell 

adherence, a straight wound was made with the tip  

of a 200 ul pipette and cell debris was washed away  

with PBS. The images were acquired 0 h and 48 h of  

the scratch using an inverted fluorescence microscopy 

(Nikon, ECLIPSE Ts2R-FL, Japan). The percentage of 

wound healing was calculated by comparing time point 

48 h with time point 0. The images were analyzed using 

ImageJ software. (Wound healing rate= (S0h-S48h)/S0h%). 

 

Cell cycle (propidium iodide assay) 

 

A375WT cells (1x106) were collected and fixed with 

75% ethanol for 4° C overnight. According to the 

instructions of the cycle test kit (Elabscience, China), 

the fixative was removed by centrifugation and 

incubated with RNase enzyme at 37° C for 30 min, and 
then stained with Propidium iodide for 30 min. The 

analysis was made by flow cytometry from Becton-

Dickinson LSRFortessa (USA). 

Western blotting 

 

After 72 hours of treatment with SETD2 inhibitor, 

cells were collected and total proteins were  

extracted. 20 μg protein was isolated by SDS-PAGE 

and then transferred to polyvinylidene fluoride 

membrane. After 5% skim milk powder was enclosed 

for 2 h, the film was incubated with the target 

primary antibody at 4° overnight. The membrane  

was then cleaned three times with TBST and 

incubated with appropriate secondary antibody for  

2 h. Immunoreactivity was observed with ECL  

kit and imaged using the FluorChem M imaging  

system (ProteinSimple, USA). The antibodies  

used included: MSH2 (#ab227941, Abcam), MSH6 

(#ab92471, Abcam), PMS2 (#ab110638, Abcam), 

SETD2 (#PA5-34935, Thermo Fisher Scientific), ATM 

(#ab199726, Abcam), phospho-ATM (#ab119799, 

Abcam), H3k36me (#ab194677, Abcam), H3k9me 

(#ab8898, Abcam) and GAPDH (#ab313650, Abcam). 

All antibodies were purchased from Abcam (USA) 

and used at a dilution of 1:1000. 

 

RNA isolation and sequencing 

 

Total RNA was extracted using the Total  

RNA Extractor (Trizol) kit (B511311, Sangon,  

China) according to the manufacturer’s protocol. 

RNA integrity was evaluated with a 1.0%  

agarose gel. Thereafter, the quality and quantity of  

RNA were assessed using a NanoPhotometer ® 

spectrophotometer (Implen, USA) and a Qubit® 2.0 

Flurometer (Invitrogen, USA). A total amount of  

1 μg RNA per sample was used as input material  

for the RNA sample preparations. Sequencing 

libraries were generated using VAHTSTM mRNA- 

seq V2 Library Prep Kit for Illumina® following 

manufacturer’s recommendations and index codes 

were added to attribute sequences to each sample. 

FastQC (version 0.11.2) was used for evaluating the 

quality of sequenced data. (https://pan.baidu.com/s/ 

1hdzDkQClr_itrOxM1JJJ5w?pwd=tyrk). 

 

Mouse model 

 

Female nude mice at 6 to 10 weeks were acquired 

from the Shanghai SLAC Laboratory Animal Co, Ltd. 

and treated in compliance with the institutional 

Animal Care and the Ethics Committee approved 

protocol (Protocol #M018M79), accession number 

2022ETKLD0115. In the early treatment model,  

mice were inoculated subcutaneously with 1 × 106 

A375SETD2ko or A375WT on day 0. Tumor growth was 
serially monitored every second day. On day 25, mice 

were sacrificed and tumor samples were excised for 

the evaluation of tumor volume. 
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Statistical analysis 

 

Data were analyzed using GraphPad Prism 9 software 

(GraphPad Software, USA). The data were expressed 

as the means ± standard deviation (SD). Statistical 

differences between groups were determined using  

t-tests, with a significance level of P < 0.05. 

 

RESULTS 
 

The expression profile and prognostic significance of 

SETD2 across pan-cancer samples 
 

Basing on RNAseq data from skin melanoma (SKCM) 

samples from TCGA and GTEx (PANCAN, N=19131, 

G=60499) public database, we evaluated the SETD2 

expression levels within cutaneous melanoma samples 

(Supplementary Table 1). Results found that SETD2 

expression were significantly decreased in SKCM 

samples (Figure 1A) and samples with lower expression 

of SETD2 are more likely to have unfavorable overall 

survival outcome (Figure 1B and Supplementary Table 2). 

These results mean that lacking SETD2 expression may 

be related to tumorigenesis and progression in melanoma. 

Thereafter, we compared the wound healing ability of 

SETD2 knocked-out A375 (A375SETD2ko, Supplementary 

Figure 1) with its counterparts and found that the wound 

area of A375SETD2ko is significantly sallower than that of 

A375WT cells (Figure 1D and Supplementary Table 3), 

indicating a more aggressive bio-behavior of A375SETD2ko 

 

 
 

Figure 1. Pan-cancer SETD2 expression and its impact on survival and migration in melanoma. (A) Pan-cancer expression of 

SETD2 between tumor tissues and peri-tumor samples from TCGA, TARGET, and GTEx database. (B) Kaplan-Meier overall survival of SETD2 in 
melanoma from TCGA database., the best cut off value of SETD2 was taken. (C, D) Wound-healing assay compared the cell migration of 
A375SETD2ko and A375WT cells for 48h. Wound healing rate = (S0h-S48h)/S0h%. (E) CCK-8 testing the proliferation inhibition of A375SETD2ko and 
A375WT. (F, G) Tumor volume of A375SETD2ko and A375WT cells beard by nude mice. *p < 0.05, **p < 0.01, ** *p < 0.001, the asterisk represents 
the degree of importance (*p). The significance of the two groups of samples passed the t-tests. 
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in migration. We also evaluated the cell viability via 

CCK8 assay, Figure 1E showed that the OD value  

of A375SETD2ko became higher than that of A375WT  

cells after culturing for 2 days, demonstrating a higher 

cell density of A375SETD2ko. To further verify the 

underlying impact of losing SETD2 expression, we used 

A375SETD2ko and A375WT, respectively, to construct nude 

mice tumor model and measured the tumor volume after 

cells were implanted for 26 days. From Figure 1F, 1G we 

can see that tumor volume grew in a time-dependent 

manner and A375SETD2ko grew faster than A375WT after 

implanted 6 days (Supplementary Table 4). These results 

illustrated that SETD2 plays a pivotal role in survival  

and tumor progression in melanoma, lacking SETD2 

expression may lead to unfavorable survival outcome. 

 

SETD2 expression and pathways in cutaneous 

melanoma 

 

To further explore the underlying mechanisms of 

SETD2 downregulation in melanoma, we analyzed the 

significant different genes and evaluated the pathways 

in which SETD2 may involve using TCGA-SKCM 

samples. The differential genes were visualized in 

volcano plot, showing that compared to samples with 

higher SETD2 mRNA levels, 934 genes significantly 

up-regulated while 16 genes significantly down-

regulated in samples with lower SETD2 mRNA  

levels (Figure 2A and Supplementary Table 5). The 

heatmap exhibits the top 50 differential genes with 1.5 

log fold change (logFC, Figure 2B). Then we used 

genes with significance to enrich the SETD2 expression 

related pathways in KEGG and GO databases. Figure 

2C shows that pathways linked to melanogenesis, skin 

and epidermal cells development pigment or melanin 

metabolic process were enriched, while pathways 

involving RNA metabolism and cell cycle were down-

regulated in SETD2 low expression group, demonstrated 

a possible role of lacking SETD2 expression on 

melanoma oncogenesis. 

 

We also evaluated the enriched pathways in A375SETD2ko 

tumor tissue harbored by nude mice compared with  

its wild-type counterparts. Supplementary Figure 2A– 

2C showed that genes function in RNA processing, 

glycosphingolipid biosynthesis series pathway and ECM-

receptor interaction were mainly enriched in A375SETD2ko 

tumor samples. Further analysis revealed that G2M 

checkpoint pathways, TGFb pathways and cellular 

response to hypoxia were positively related to SETD2 

expression, emphasized the SETD2 function in oxidative-

related bio-behaviors and cell cycles. 

 

 
 

Figure 2. Pathways enrichment of DGEs by SETD2 expression in TCGA-SKCM and tumor tissue of SETD2 ko A375 in mouse.  
(A) The volcano plot exhibits the differentially expressed genes in SETD2 downregulated SKCM samples compared with its counterparts (red: 
upregulated genes in SETD2 downregulated SKCM samples; blue: downregulated genes in SETD2 downregulated SKCM samples). (B) The 
heatmap of differentially expressed genes in SETD2 downregulated SKCM samples compared with its counterparts. (C) The top enriched 
KEGG and GO terms by deferentially expressed genes in SETD2 downregulated SKCM samples through GSEA. 
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SETD2 downregulation and DDP resistance 

 

Given that studies have shown that melanogenesis 

were closely related to chemo therapeutic resistance 

[18–22], and our data found an underlying role of 

SETD2 down regulation and melanogenesis. Therefore, 

we further evaluated cell cycles and chemotherapy 

response in Cis-platinum (DDP) treated A375SETD2ko 

cells compared with wild-type counterparts. The cell 

cycles analysis results showed that, compared to A375 

cells, A375SETD2ko cells tend to arrested in G0/G1 

phase (Figure 3A and Supplementary Table 13). This 

means that A375SETD2ko cells might be more tolerant to 

cell cycle specific agents (CCSA). As Supplementary 

Figure 3 showed, by exploring RNAseq data from 

Genomics of Drug Sensitivity in Cancer (GDSC), we 

found that half-maximal inhibitory concentration (IC50) 

of CCSA agents, such as Methotrexate, 5-Fluorou- 

racil (Antimetabolites), Etoposide (Topoisomerase 

Inhibitors), Bleomycin, Paclitaxel (Plant alkaloids), 

Cyclophosphamide and Cisplatin for (Alkylating 

Agents) were higher in samples in which SETD2 

expressions are significantly lower, demonstrated that 

they are more tolerated to these agents. 

 

To further evaluate the efficacy of cell cycle nonspecific 

agents (CCNSA) on SETD2 downregulated cells, we 

tested the IC50 of Cisplatin (DDP) on A375SETD2ko cells 

compared with its wild-type counterparts. Our findings 

showed that the proliferation inhibition of DDP on  

Figure 3C and Supplementary Table 6 shows that the 

inhibition rate of DDP were remarkably decreased in 

A375SETD2ko cells. EZM0414, a SETD2 inhibitor that is 

under clinical study, were also used to analyze the impact 

of downregulation of SETD2 on DDP cytotoxicity. 

Figure 3D (left) shows that DDP alone can prevent A375 

from growing in a dose-dependent manner. However,  

the inhibition rate decreased when A375 cells were co-

cultured with DDP and EZM0414. Similar results were 

found in B16F10, a murine derived melanoma cell line  

in Figure 3D (right) and Supplementary Table 7. These 

results illustrate a potential role of lacking SETD2 in 

chemotherapy resistance in melanoma. 

 

SETD2 mutation and immunotherapy response 

 

Further evaluation by Western blotting, we confirmed 

that the degree of inhibition of SETD2 on A375  

cells increased with the concentration of EZM0414 

increased, accompanied by inhibition of histone 

methylation (Figure 4A). Western blotting also 

illustrated that EZM0414 can not only reduce the ATM 

phosphorylation, but the expression of mismatch repair 

(MMR) protein in terms of MSH2, MSH6, MIH1, and 

 

 
 

Figure 3. The impact of SETD2 dysfunction on the proliferation inhibition of DDP in melanoma cell lines in vitro. (A) The cell 

cycle of SETD2 ko A375 cells compared with its wild-type counterparts by flow cytometry. (B) The classification of chemotherapeutics. (C) The 
proliferation inhibition of SETD2 ko A375 cells cultured in DDP at 0.156, 0.312, 0.625, 1.25, 2.5, 5, 10, 20, 40 μg/ml. (D) CCK-8 testing the 
proliferation inhibition of A375 cells (left) and B16F10 cells (right) cultured in EZM0414 at 0.625, 1.25, 2.5, 5 μg/ml, DDP at 0.625, 1.25, 2.5, 5 
μg/ml, then single or combination drugs were used for 72 hours. 
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PMS2, which demonstrated the potential correlation of 

SETD2 and immune checkpoint blockade (ICB) response 

(Supplementary Table 12). Therefore, we calculated the 

Tumor Immune Dysfunction and Exclusion (TIDE) score 

of TCGA-SKCM samples to explore the impact of 

SETD2 downregulation on immunotherapy response. 

Figure 4B and Supplementary Table 8 showed that the 

mean value of TIDE score of SETD2 wild-type SKCM 

samples is higher than that of SETD2 mutant ones, 

illustrating a relative T cell exhaustion and exclusion  

in SETD2 wild-type SKCM samples but more inflamed 

features in SETD2 dysfunction samples. TMB levels, 

SNV neoantigen levels and Indel neoantigen levels  

were evaluated as well, showing that TMB levels, SNV 

neoantigen levels and Indel neoantigen levels were 

higher in SETD2 dysfunction SKCM samples than that in 

SETD2 wild-type SKCM samples. (Supplementary 

Figure 4A–4C and Supplementary Tables 10, 11). 

 

In order to further verify the biomarker value of  

SETD2 mutation in immunotherapy in cutaneous 

melanoma, we analyzed the data from Memorial Sloan 

Kettering Cancer Center (MSKCC), in which samples 

had undergone immunotherapy. Multi-factor analysis 

showed that drug type, TMB, and SETD2 mutation  

are protectors for immunotherapy-treated patients with 

significance (Figure 4C). KM survival analysis showed  

a remarkable reduced overall survival in patients with 

higher risk score and then area under the ROC curve 

(AUC) is of 0.8 and 0.5 for 3-year and 5-year survival, 

 

 
 

Figure 4. The impact of SETD2 dysfunction on immunotherapy response in melanoma. (A) Western blotting evaluated the protein 

level of SETD2, H3K36me3, K3K9me3, ATM, pATM, MSH2, MSH6, PMS2, and GADPH, respectively, in A375 cells cultured in EZM0414 at 
different concentrations. (B) TIDE score of TCGA-SKCM samples with different SETD2 mutation status (G1: TCGA-SKCM samples without 
SETD2 mutation; G2: TCGA-SKCM samples with SETD2 mutation). (C) The hazard ratio of clinical parameters including drug type, TMB, SETD2 
mutation status, age, and sex for melanoma samples with immunotherapy from MSKCC database using Cox multivariate survival analysis.  
(D) The KM survival analysis of Cox hazards model using drug type, TMB, and SETD2 mutation status. (E) The ROC of Cox hazards model for 
predicting 1-year, 3-year, and 5-year survival. (F) Nomogram depicting the prognosis-predictive value of clinicopathological parameters and 
SETD2 status. (G) Calibration curves depicting the specificity and accuracy of the nomogram. *p < 0.05, **p < 0.01, ***p < 0.001. 
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respectively (Figure 4C, 4D). To verify the predicting 

value of SETD2 alteration in immunotherapy response 

in melanoma, we created a nomogram based on 320 

melanoma patients who underwent immunotherapy from 

MSKCC. Standard predictors for the risk of recurrence 

were drug types, age, TMB levels and SETD2 alteration. 

This nomogram could be used to predict the individual 

risk of systemic relapse and to develop a risk-adapted 

follow-up protocol (Figure 4F and Supplementary Table 

9). Remarkably, the calibration curve demonstrated a 

strong concordance between the predicted and observed 

OS rates, indicating that the nomogram effectively 

predicted survival (Figure 4G). 

 

DISCUSSION 
 

SETD2 encodes a tumor suppressor and H3K36 

methyltransferase which has been shown to play  

an essential role in initiating transcription and 

regulating DNA mismatch repair G1 and early S 

phase and in the maintenance of chromatin structure 

during elongation [27–29]. Dysfunction of this gene 

has been identified in a variety of cancer types and 

associated with an unfavorable outcome [30–33]. 

However, its role in melanoma initiation, progression 

and treatment response is understudied. Our results 

showed that SETD2 expression in melanoma samples 

was significantly correlated to melanogenesis, skin 

and epidermal cells development pigment or melanin 

metabolic process. The oncogenesis of melanoma was 

thought to have started from mal-pigmentation leading 

to melanogenesis. In vivo studies had revealed that  

the presence of melanin pigment was required by 

ultraviolet A-induced melanoma, which was associated 

with oxidative DNA damage within melanocytes  

and attenuated chemotherapy due to melanogenesis 

evolving initially [34–36]. Given that SETD2 

expression also plays a role in poor prognostic out-

come and chemotherapeutic resistance as shown  

in our study, it is highly possible that there might  

be a close relationship between SETD2 expression, 

melanogenesis, unfavorable survival and poor 

therapeutic efficacy. However, how SETD2 affects 

the prognostic and therapeutic outcomes through 

melanogenesis needs to be further studied. 

 

The role of SETD2 in transcription is mainly in 

methylation activities. Studies have shown the loss of 

SETD2 influenced the inclusion of exons in genes 

known to be alternatively spliced and shifting in 

H3K36me3 signal, which leads to multidrug resistance. 

These data not just suggest a close relationship between 

trimethylation of H3K36 and RNA splicing, reflecting 

aberrant transcription or RNA processing [37], it also 

demonstrated the underlying mechanism of tumor-

suppressor inactivation and multi-drug resistance via 

silencing SETD2 results in mRNA accumulation in the 

nucleus [38]. In our study, we found the significant 

correlation between SETD2 expression and RNA 

processing, we hypothesize that these pathways may  

be the underlying mechanisms by which the SETD2 

dysfunction-related histone demethylation impacts on 

the survival and drug sensitivities. 

 
Our studies have also found that SETD2 deficiency is 

correlated with dMMR and TMB-H and demonstrated  

it as a prognostic marker for immunotherapy [39]. 

According to the nomogram that we built up, ages, 

TMB, SETD2 alteration status, and immunotherapeutics 

are factors related to survival of patients who underwent 

immunotherapies. In the predicting model, TMB is a 

key contributor, and patients with SETD2 mutations may 

have higher TMB indicating the increasing likelihood of 

generating immunogenic tumor neoantigens recognized 

by the host immune system. Therefore, SETD2 mutation 

could be taken as a genomic biomarker to predict 

favorable responses to immune checkpoint inhibitors 

(ICIs). How SETD2 mutation results in high mutation 

burden has not yet been explained. Several studies have 

shown that SETD2 dysfunction-related H3K36me3  

loss may cause its protein misfolding thus abnormal 

function, leading to MMR and alterations in chromatin 

architecture [40]. We speculate the mutation of SETD2 

results in the enrichment of tumor mutation-specific 

neo-antigens in the cell surface, the immune system  

will recognize and attack these cells with the help of 

ICIs. The unique features of SETD2 mutation makes it a 

potential biomarker for cancer immunotherapy. 

 
We observed that anti-CTLA4 monotherapy contributed 

less to the incidence of recurrence, followed by combo-

therapy and anti-PD-1/PD-L1 mAb alone. Melanoma 

was the first cancer where ICBs were approved,  

with the anti-CTLA-4 monoclonal antibody (mAb) 

ipilimumab demonstrating a significant increased 

overall survival (OS) versus standard treatments [41, 

42]. However, ipilimumab was associated with a wide 

spectrum and high incidence (25%) of immune-related 

adverse events (irAE). ICIs targeting PD1/PD-L1 axis 

on other hand only had 15%–20% of high grade irAE. 

In addition to SETD2 mutations, we found that the  

use of single-agent CTLA4 contributed less to the 

incidence of recurrence, followed by combination, and 

finally single-agent PD-1/PD-L1, which shows the 

importance of CTLA4 in the treatment of melanoma, 

of course, the clinical application is relatively limited 

compared with PD-1/PD-l1 which is mainly related to 

its more serious treatment-related adverse reactions 

[43–45]. In addition, unfortunately, the trial was not 

powered to compare the combination treatment versus 

nivolumab, therefore, which regiment to choose is still 

an issue that needs to be further studied. 
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Collectively, our findings confirmed the association of 

SETD2 deletion with prognostic outcome and therapeutic 

response in cutaneous melanoma patients, providing 

novel insights into the functional role of SETD2 in 

melanoma and a potential mechanism whereby SETD2 

influences the prognosis of melanoma patients as well as 

treatments. 

 
In this study, we explored the role of SETD2 in 

cutaneous melanoma and verified the potential value of  

it in predicting survival outcome and treatment responses. 

 

AUTHOR CONTRIBUTIONS 
 
Jiani Xiong and Liping Zhu carried out the whole 

research. Yun Rong, Cuimin Deng and Zhoujie Ye 

helped in assays. Xinrui Wang and Yu Chen obtained 

the funds and organized the study. All authors read and 

approved the final manuscript. 

 

ACKNOWLEDGMENTS 

 
We thank all subjects who participated in this study  

and all colleagues (Cancer Bio-immunotherapy Center, 

Fujian Cancer Hospital) who provided technical support. 

The authors would like to thank the Medical Research 

Center, Fujian Maternity and Child Health Hospital, 

Fuzhou, China, for their support in data interpretation. 

 

CONFLICTS OF INTEREST 
 
All authors disclosed no relevant relationships. 

 

ETHICAL STATEMENT 

 
All protocols in this study were approved by the Animal 

Experiment Ethics Committee of Fujian Medical 

University (approval number: 2022ETKLD0115), and 

were in accordance with the Guidelines for the Care and 

Use of Laboratory Animals issued by the Chinese 

Animal Ethics Committee. 

 

FUNDING 

 
The work was supported by in part by the Natural 

Science Foundation of Fujian Province (Grant No. 

2021J05085); Fujian Provincial Health Technology 

Project (Grant No. 2021QNA046); Startup Fund for 

Scientific Research , Fujian Medical University (Grant 

No. 2019QH1196); Joint Funds for the Innovation of 

Science and Technology, Fujian Province (Grant No. 
2021Y9184 and No. 2023Y9445); the Natural Science 

Foundation of Fujian Province (Grant No. 2022J011063); 

Fujian Provincial Key Laboratory of Tumor Biotherapy 

(Grant No. FJZL2023004). 

REFERENCES 
 
1. Selvam K, Sivapragasam S, Poon GMK, Wyrick JJ. 

Detecting recurrent passenger mutations in melanoma 
by targeted UV damage sequencing. Nat Commun. 
2023; 14:2702. 

 https://doi.org/10.1038/s41467-023-38265-3 
PMID:37169747 

2. Davis AA, Patel VG. The role of PD-L1 expression as a 
predictive biomarker: an analysis of all US Food and 
Drug Administration (FDA) approvals of immune 
checkpoint inhibitors. J Immunother Cancer. 2019; 
7:278. 

 https://doi.org/10.1186/s40425-019-0768-9 
PMID:31655605 

3. Jung J, Heo YJ, Park S. High tumor mutational burden 
predicts favorable response to anti-PD-(L)1 therapy in 
patients with solid tumor: a real-world pan-tumor 
analysis. J Immunother Cancer. 2023; 11:e006454. 

 https://doi.org/10.1136/jitc-2022-006454 
PMID:37094985 

4. Marcus L, Fashoyin-Aje LA, Donoghue M, Yuan M, 
Rodriguez L, Gallagher PS, Philip R, Ghosh S, Theoret 
MR, Beaver JA, Pazdur R, Lemery SJ. FDA Approval 
Summary: Pembrolizumab for the Treatment of Tumor 
Mutational Burden-High Solid Tumors. Clin Cancer Res. 
2021; 27:4685–9. 

 https://doi.org/10.1158/1078-0432.CCR-21-0327 
PMID:34083238 

5. McGrail DJ, Pilié PG, Rashid NU, Voorwerk L, Slagter M, 
Kok M, Jonasch E, Khasraw M, Heimberger AB, Lim B, 
Ueno NT, Litton JK, Ferrarotto R, et al. High tumor 
mutation burden fails to predict immune checkpoint 
blockade response across all cancer types. Ann Oncol. 
2021; 32:661–72. 

 https://doi.org/10.1016/j.annonc.2021.02.006 
PMID:33736924 

6. Rizzo A, Ricci AD, Brandi G. PD-L1, TMB, MSI, and Other 
Predictors of Response to Immune Checkpoint 
Inhibitors in Biliary Tract Cancer. Cancers (Basel). 2021; 
13:558. 

 https://doi.org/10.3390/cancers13030558 
PMID:33535621 

7. Adams R, Coumbe JEM, Coumbe BGT, Thomas J, 
Willsmore Z, Dimitrievska M, Yasuzawa-Parker M, 
Hoyle M, Ingar S, Geh JLC, MacKenzie Ross AD, Healy C, 
Papa S, et al. BRAF inhibitors and their immunological 
effects in malignant melanoma. Expert Rev Clin 
Immunol. 2022; 18:347–62. 

 https://doi.org/10.1080/1744666X.2022.2044796 
PMID:35195495 

8. Jung T, Haist M, Kuske M, Grabbe S, Bros M. 
Immunomodulatory Properties of BRAF and MEK 

9700

https://doi.org/10.1038/s41467-023-38265-3
https://pubmed.ncbi.nlm.nih.gov/37169747
https://doi.org/10.1186/s40425-019-0768-9
https://pubmed.ncbi.nlm.nih.gov/31655605
https://doi.org/10.1136/jitc-2022-006454
https://pubmed.ncbi.nlm.nih.gov/37094985
https://doi.org/10.1158/1078-0432.CCR-21-0327
https://pubmed.ncbi.nlm.nih.gov/34083238
https://doi.org/10.1016/j.annonc.2021.02.006
https://pubmed.ncbi.nlm.nih.gov/33736924
https://doi.org/10.3390/cancers13030558
https://pubmed.ncbi.nlm.nih.gov/33535621
https://doi.org/10.1080/1744666X.2022.2044796
https://pubmed.ncbi.nlm.nih.gov/35195495


www.aging-us.com 10 AGING 

Inhibitors Used for Melanoma Therapy-Paradoxical 
ERK Activation and Beyond. Int J Mol Sci. 2021; 
22:9890. 

 https://doi.org/10.3390/ijms22189890  
PMID:34576054 

9. Bagchi S, Yuan R, Engleman EG. Immune Checkpoint 
Inhibitors for the Treatment of Cancer: Clinical Impact 
and Mechanisms of Response and Resistance. Annu 
Rev Pathol. 2021; 16:223–49. 

 https://doi.org/10.1146/annurev-pathol-042020-
042741 PMID:33197221 

10. Ballotti R, Cheli Y, Bertolotto C. The complex 
relationship between MITF and the immune system: a 
Melanoma ImmunoTherapy (response) Factor? Mol 
Cancer. 2020; 19:170. 

 https://doi.org/10.1186/s12943-020-01290-7 
PMID:33276788 

11. Liu SV, Reck M, Mansfield AS, Mok T, Scherpereel A, 
Reinmuth N, Garassino MC, De Castro Carpeno J, 
Califano R, Nishio M, Orlandi F, Alatorre-Alexander J, 
Leal T, et al. Updated Overall Survival and PD-L1 
Subgroup Analysis of Patients With Extensive-Stage 
Small-Cell Lung Cancer Treated With Atezolizumab, 
Carboplatin, and Etoposide (IMpower133). J Clin Oncol. 
2021; 39:619–30. 

 https://doi.org/10.1200/JCO.20.01055  
PMID:33439693 

12. Goehler H, Lalowski M, Stelzl U, Waelter S, Stroedicke 
M, Worm U, Droege A, Lindenberg KS, Knoblich M, 
Haenig C, Herbst M, Suopanki J, Scherzinger E, et al. A 
protein interaction network links GIT1, an enhancer of 
huntingtin aggregation, to Huntington’s disease. Mol 
Cell. 2004; 15:853–65. 

 https://doi.org/10.1016/j.molcel.2004.09.016 
PMID:15383276 

13. Guo S, Fang J, Xu W, Ortega J, Liu CY, Gu L, Chang Z, Li 
GM. Interplay between H3K36me3, methyltransferase 
SETD2, and mismatch recognition protein MutSα 
facilitates processing of oxidative DNA damage in 
human cells. J Biol Chem. 2022; 298:102102. 

 https://doi.org/10.1016/j.jbc.2022.102102 
PMID:35667440 

14. Yang S, Zheng X, Lu C, Li GM, Allis CD, Li H. Molecular 
basis for oncohistone H3 recognition by SETD2 
methyltransferase. Genes Dev. 2016; 30:1611–6. 

 https://doi.org/10.1101/gad.284323.116 
PMID:27474439 

15. Yuan W, Xie J, Long C, Erdjument-Bromage H, Ding X, 
Zheng Y, Tempst P, Chen S, Zhu B, Reinberg D. 
Heterogeneous nuclear ribonucleoprotein L Is a 
subunit of human KMT3a/Set2 complex required for 
H3 Lys-36 trimethylation activity in vivo. J Biol Chem. 
2009; 284:15701–7. 

 https://doi.org/10.1074/jbc.M808431200 
PMID:19332550 

16. Zhu X, He F, Zeng H, Ling S, Chen A, Wang Y, Yan X, Wei 
W, Pang Y, Cheng H, Hua C, Zhang Y, Yang X, et al. 
Identification of functional cooperative mutations of 
SETD2 in human acute leukemia. Nat Genet. 2014; 
46:287–93. 

 https://doi.org/10.1038/ng.2894  
PMID:24509477 

17. Li F, Mao G, Tong D, Huang J, Gu L, Yang W, Li GM. The 
histone mark H3K36me3 regulates human DNA 
mismatch repair through its interaction with MutSα. 
Cell. 2013; 153:590–600. 

 https://doi.org/10.1016/j.cell.2013.03.025 
PMID:23622243 

18. Chen BY, Song J, Hu CL, Chen SB, Zhang Q, Xu CH, Wu 
JC, Hou D, Sun M, Zhang YL, Liu N, Yu PC, Liu P, et al. 
SETD2 deficiency accelerates MDS-associated 
leukemogenesis via S100a9 in NHD13 mice and 
predicts poor prognosis in MDS. Blood. 2020; 
135:2271–85. 

 https://doi.org/10.1182/blood.2019001963 
PMID:32202636 

19. Huang KK, McPherson JR, Tay ST, Das K, Tan IB,  
Ng CC, Chia NY, Zhang SL, Myint SS, Hu L, Rajasegaran 
V, Huang D, Loh JL, et al. SETD2 histone modifier loss 
in aggressive GI stromal tumours. Gut. 2016; 
65:1960–72. 

 https://doi.org/10.1136/gutjnl-2015-309482 
PMID:26338826 

20. Niu N, Lu P, Yang Y, He R, Zhang L, Shi J, Wu J, Yang M, 
Zhang ZG, Wang LW, Gao WQ, Habtezion A, Xiao GG, 
et al. Loss of Setd2 promotes Kras-induced acinar-to-
ductal metaplasia and epithelia-mesenchymal 
transition during pancreatic carcinogenesis. Gut. 2020; 
69:715–26. 

 https://doi.org/10.1136/gutjnl-2019-318362 
PMID:31300513 

21. Zhang YL, Sun JW, Xie YY, Zhou Y, Liu P, Song JC, Xu CH, 
Wang L, Liu D, Xu AN, Chen Z, Chen SJ, Sun XJ, Huang 
QH. Setd2 deficiency impairs hematopoietic stem cell 
self-renewal and causes malignant transformation. Cell 
Res. 2018; 28:476–90. 

 https://doi.org/10.1038/s41422-018-0015-9 
PMID:29531312 

22. Niu N, Shen X, Zhang L, Chen Y, Lu P, Yang W, Liu M, Shi 
J, Xu D, Tang Y, Yang X, Weng Y, Zhao X, et al. Tumor 
Cell-Intrinsic SETD2 Deficiency Reprograms Neutrophils 
to Foster Immune Escape in Pancreatic Tumorigenesis. 
Adv Sci (Weinh). 2023; 10:e2202937. 

 https://doi.org/10.1002/advs.202202937 
PMID:36453584 

9701

https://doi.org/10.3390/ijms22189890
https://pubmed.ncbi.nlm.nih.gov/34576054
https://doi.org/10.1146/annurev-pathol-042020-042741
https://doi.org/10.1146/annurev-pathol-042020-042741
https://pubmed.ncbi.nlm.nih.gov/33197221
https://doi.org/10.1186/s12943-020-01290-7
https://pubmed.ncbi.nlm.nih.gov/33276788
https://doi.org/10.1200/JCO.20.01055
https://pubmed.ncbi.nlm.nih.gov/33439693
https://doi.org/10.1016/j.molcel.2004.09.016
https://pubmed.ncbi.nlm.nih.gov/15383276
https://doi.org/10.1016/j.jbc.2022.102102
https://pubmed.ncbi.nlm.nih.gov/35667440
https://doi.org/10.1101/gad.284323.116
https://pubmed.ncbi.nlm.nih.gov/27474439
https://doi.org/10.1074/jbc.M808431200
https://pubmed.ncbi.nlm.nih.gov/19332550
https://doi.org/10.1038/ng.2894
https://pubmed.ncbi.nlm.nih.gov/24509477
https://doi.org/10.1016/j.cell.2013.03.025
https://pubmed.ncbi.nlm.nih.gov/23622243
https://doi.org/10.1182/blood.2019001963
https://pubmed.ncbi.nlm.nih.gov/32202636
https://doi.org/10.1136/gutjnl-2015-309482
https://pubmed.ncbi.nlm.nih.gov/26338826
https://doi.org/10.1136/gutjnl-2019-318362
https://pubmed.ncbi.nlm.nih.gov/31300513
https://doi.org/10.1038/s41422-018-0015-9
https://pubmed.ncbi.nlm.nih.gov/29531312
https://doi.org/10.1002/advs.202202937
https://pubmed.ncbi.nlm.nih.gov/36453584


www.aging-us.com 11 AGING 

23. Skucha A, Ebner J, Schmöllerl J, Roth M, Eder T, César-
Razquin A, Stukalov A, Vittori S, Muhar M, Lu B, 
Aichinger M, Jude J, Müller AC, et al. MLL-fusion-driven 
leukemia requires SETD2 to safeguard genomic 
integrity. Nat Commun. 2018; 9:1983. 

 https://doi.org/10.1038/s41467-018-04329-y 
PMID:29777171 

24. Bushara O, Wester JR, Jacobsen D, Sun L, Weinberg S, 
Gao J, Jennings LJ, Wang L, Lauberth SM, Yue F, Liao J, 
Yang GY. Clinical and histopathologic characterization 
of SETD2-mutated colorectal cancer. Hum Pathol. 
2023; 131:9–16. 

 https://doi.org/10.1016/j.humpath.2022.12.001 
PMID:36502925 

25. Liu H. SETD2 detection may reveal response to 
induction therapy and survival profile in acute myeloid 
leukemia patients. Hematology. 2023; 28:2161194. 

 https://doi.org/10.1080/16078454.2022.2161194 
PMID:36607144 

26. Shen W, Song Z, Zhong X, Huang M, Shen D, Gao P, 
Qian X, Wang M, He X, Wang T, Li S, Song X. Sangerbox: 
a comprehensive, interaction-friendly clinical 
bioinformatics analysis platform. iMeta. 2022; 1:e36. 

 https://doi.org/10.1002/imt2.36 

27. Dong Y, Zhao X, Feng X, Zhou Y, Yan X, Zhang Y, Bu J, 
Zhan D, Hayashi Y, Zhang Y, Xu Z, Huang R, Wang J, et 
al. SETD2 mutations confer chemoresistance in acute 
myeloid leukemia partly through altered cell cycle 
checkpoints. Leukemia. 2019; 33:2585–98. 

 https://doi.org/10.1038/s41375-019-0456-2 
PMID:30967619 

28. Shen Y, Zhang M, Da L, Huang W, Zhang C. Circular RNA 
circ_SETD2 represses breast cancer progression via 
modulating the miR-155-5p/SCUBE2 axis. Open Med 
(Wars). 2020; 15:940–53. 

 https://doi.org/10.1515/med-2020-0223 
PMID:33336052 

29. Zhou Y, Zheng X, Xu B, Deng H, Chen L, Jiang J. Histone 
methyltransferase SETD2 inhibits tumor growth via 
suppressing CXCL1-mediated activation of cell cycle in 
lung adenocarcinoma. Aging (Albany NY). 2020; 
12:25189–206. 

 https://doi.org/10.18632/aging.104120 
PMID:33223508 

30. Ma C, Liu M, Feng W, Rao H, Zhang W, Liu C, Xu Y, 
Wang Z, Teng Y, Yang X, Ni L, Xu J, Gao WQ, et al. Loss 
of SETD2 aggravates colorectal cancer progression 
caused by SMAD4 deletion through the RAS/ERK 
signalling pathway. Clin Transl Med. 2023; 13:e1475. 

 https://doi.org/10.1002/ctm2.1475 PMID:37962020 

31. Parker H, Rose-Zerilli MJ, Larrayoz M, Clifford R, 
Edelmann J, Blakemore S, Gibson J, Wang J, Ljungström 

V, Wojdacz TK, Chaplin T, Roghanian A, Davis Z, et al. 
Genomic disruption of the histone methyltransferase 
SETD2 in chronic lymphocytic leukaemia. Leukemia. 
2016; 30:2179–86. 

 https://doi.org/10.1038/leu.2016.134  
PMID:27282254 

32. Zheng X, Luo Y, Xiong Y, Liu X, Zeng C, Lu X, Wang X, 
Cheng Y, Wang S, Lan H, Wang K, Weng Z, Bi W, et al. 
Tumor cell-intrinsic SETD2 inactivation sensitizes 
cancer cells to immune checkpoint blockade through 
the NR2F1-STAT1 pathway. J Immunother Cancer. 
2023; 11:e007678. 

 https://doi.org/10.1136/jitc-2023-007678 
PMID:38056895 

33. Feng W, Ma C, Rao H, Zhang W, Liu C, Xu Y, Aji R, Wang 
Z, Xu J, Gao WQ, Li L. Setd2 deficiency promotes gastric 
tumorigenesis through inhibiting the SIRT1/FOXO 
pathway. Cancer Lett. 2023; 579:216470. 

 https://doi.org/10.1016/j.canlet.2023.216470 
PMID:37914019 

34. Slominski RM, Sarna T, Płonka PM, Raman C, Brożyna 
AA, Slominski AT. Melanoma, Melanin, and 
Melanogenesis: The Yin and Yang Relationship. Front 
Oncol. 2022; 12:842496. 

 https://doi.org/10.3389/fonc.2022.842496 
PMID:35359389 

35. Slominski A, Kim TK, Brożyna AA, Janjetovic Z, Brooks 
DL, Schwab LP, Skobowiat C, Jóźwicki W, Seagroves TN. 
The role of melanogenesis in regulation of melanoma 
behavior: melanogenesis leads to stimulation of HIF-1α 
expression and HIF-dependent attendant pathways. 
Arch Biochem Biophys. 2014; 563:79–93. 

 https://doi.org/10.1016/j.abb.2014.06.030 
PMID:24997364 

36. Slominski RM, Raman C, Chen JY, Slominski AT. How 
cancer hijacks the body’s homeostasis through the 
neuroendocrine system. Trends Neurosci. 2023; 
46:263–75. 

 https://doi.org/10.1016/j.tins.2023.01.003 
PMID:36803800 

37. Yan L, Liu S, Sun G, Ding B, Wang Z, Li H. Loss of SETD2-
mediated downregulation of intracellular and 
exosomal miRNA-10b determines MAPK pathway 
activation and multidrug resistance in renal cancer. 
Mol Carcinog. 2023; 62:1770–81. 

 https://doi.org/10.1002/mc.23614 PMID:37589422 

38. Simon JM, Hacker KE, Singh D, Brannon AR, Parker JS, 
Weiser M, Ho TH, Kuan PF, Jonasch E, Furey TS, Prins 
JF, Lieb JD, Rathmell WK, Davis IJ. Variation in 
chromatin accessibility in human kidney cancer links 
H3K36 methyltransferase loss with widespread RNA 
processing defects. Genome Res. 2014; 24:241–50. 

9702

https://doi.org/10.1038/s41467-018-04329-y
https://pubmed.ncbi.nlm.nih.gov/29777171
https://doi.org/10.1016/j.humpath.2022.12.001
https://pubmed.ncbi.nlm.nih.gov/36502925
https://doi.org/10.1080/16078454.2022.2161194
https://pubmed.ncbi.nlm.nih.gov/36607144
https://doi.org/10.1002/imt2.36
https://doi.org/10.1038/s41375-019-0456-2
https://pubmed.ncbi.nlm.nih.gov/30967619
https://doi.org/10.1515/med-2020-0223
https://pubmed.ncbi.nlm.nih.gov/33336052
https://doi.org/10.18632/aging.104120
https://pubmed.ncbi.nlm.nih.gov/33223508
https://doi.org/10.1002/ctm2.1475
https://pubmed.ncbi.nlm.nih.gov/37962020
https://doi.org/10.1038/leu.2016.134
https://pubmed.ncbi.nlm.nih.gov/27282254
https://doi.org/10.1136/jitc-2023-007678
https://pubmed.ncbi.nlm.nih.gov/38056895
https://doi.org/10.1016/j.canlet.2023.216470
https://pubmed.ncbi.nlm.nih.gov/37914019
https://doi.org/10.3389/fonc.2022.842496
https://pubmed.ncbi.nlm.nih.gov/35359389
https://doi.org/10.1016/j.abb.2014.06.030
https://pubmed.ncbi.nlm.nih.gov/24997364
https://doi.org/10.1016/j.tins.2023.01.003
https://pubmed.ncbi.nlm.nih.gov/36803800
https://doi.org/10.1002/mc.23614
https://pubmed.ncbi.nlm.nih.gov/37589422


www.aging-us.com 12 AGING 

 https://doi.org/10.1101/gr.158253.113 
PMID:24158655 

39. Lu M, Zhao B, Liu M, Wu L, Li Y, Zhai Y, Shen X. Pan-
cancer analysis of SETD2 mutation and its association 
with the efficacy of immunotherapy. NPJ Precis Oncol. 
2021; 5:51. 

 https://doi.org/10.1038/s41698-021-00193-0 
PMID:34127768 

40. Kanu N, Grönroos E, Martinez P, Burrell RA, Yi Goh X, 
Bartkova J, Maya-Mendoza A, Mistrík M, Rowan AJ, 
Patel H, Rabinowitz A, East P, Wilson G, et al. SETD2 
loss-of-function promotes renal cancer branched 
evolution through replication stress and impaired DNA 
repair. Oncogene. 2015; 34:5699–708. 

 https://doi.org/10.1038/onc.2015.24 PMID:25728682 

41. Chan TA, Wolchok JD, Snyder A. Genetic Basis for 
Clinical Response to CTLA-4 Blockade in Melanoma. N 
Engl J Med. 2015; 373:1984. 

 https://doi.org/10.1056/NEJMc1508163 
PMID:26559592 

42. Li Y, Goldberg EM, Chen X, Xu X, McGuire JT, Leuzzi G, 
Karagiannis D, Tate T, Farhangdoost N, Horth C, Dai E, 
Li Z, Zhang Z, et al. Histone methylation antagonism 
drives tumor immune evasion in squamous cell 
carcinomas. Mol Cell. 2022; 82:3901–18.e7. 

 https://doi.org/10.1016/j.molcel.2022.09.007 
PMID:36206767 

43. Campbell KM, Amouzgar M, Pfeiffer SM, Howes TR, 
Medina E, Travers M, Steiner G, Weber JS, Wolchok JD, 
Larkin J, Hodi FS, Boffo S, Salvador L, et al. Prior anti-
CTLA-4 therapy impacts molecular characteristics 
associated with anti-PD-1 response in advanced 
melanoma. Cancer Cell. 2023; 41:791–806.e4. 

 https://doi.org/10.1016/j.ccell.2023.03.010 
PMID:37037616 

44. Liang L, Cen H, Huang J, Qin A, Xu W, Wang S, Chen Z, 
Tan L, Zhang Q, Yu X, Yang X, Zhang L. The reversion of 
DNA methylation-induced miRNA silence via 
biomimetic nanoparticles-mediated gene delivery for 
efficient lung adenocarcinoma therapy. Mol Cancer. 
2022; 21:186. 

 https://doi.org/10.1186/s12943-022-01651-4 
PMID:36171576 

45. Papanicolau-Sengos A, Aldape K. DNA Methylation 
Profiling: An Emerging Paradigm for Cancer Diagnosis. 
Annu Rev Pathol. 2022; 17:295–321. 

 https://doi.org/10.1146/annurev-pathol-042220-
022304  
PMID:34736341 

  

9703

https://doi.org/10.1101/gr.158253.113
https://pubmed.ncbi.nlm.nih.gov/24158655
https://doi.org/10.1038/s41698-021-00193-0
https://pubmed.ncbi.nlm.nih.gov/34127768
https://doi.org/10.1038/onc.2015.24
https://pubmed.ncbi.nlm.nih.gov/25728682
https://doi.org/10.1056/NEJMc1508163
https://pubmed.ncbi.nlm.nih.gov/26559592
https://doi.org/10.1016/j.molcel.2022.09.007
https://pubmed.ncbi.nlm.nih.gov/36206767
https://doi.org/10.1016/j.ccell.2023.03.010
https://pubmed.ncbi.nlm.nih.gov/37037616
https://doi.org/10.1186/s12943-022-01651-4
https://pubmed.ncbi.nlm.nih.gov/36171576
https://doi.org/10.1146/annurev-pathol-042220-022304
https://doi.org/10.1146/annurev-pathol-042220-022304
https://pubmed.ncbi.nlm.nih.gov/34736341


www.aging-us.com 13 AGING 

SUPPLEMENTARY MATERIALS 

 

Supplementary Figures 

 

 

 

 

 
 

Supplementary Figure 1. The construction and the verification of A375SETD2ko cell line. (A) Plasmid containing the guide RNA 
sequence. (B) Sequence verification of A375SETD2ko cell line. (C) RT-PCR testing the mRNA level of A375SETD2ko cell (IF6) and A375 cell (WT).  
(D) The protein level of SETD2 in A375SETD2ko cells 1D11 (line 1) and 1F6 (line 2), and A375 cell (line 3). GAPDH protein levels were used as 
control. 
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Supplementary Figure 2. Pathways enrichment of DGEs by SETD2 expression in tumor tissue of SETD2 ko A375 in mouse.  
(A) The volcano plot exhibits the differentially expressed genes in tumor tissue of SETD2ko A375 cells harbored by nude mice, comparing with 
A375 WT tumor tissue. (B) The heatmap of differentially expressed genes in SETD2ko A375 tumor tissues. (C) The top enriched KEGG and GO 
terms by differentially expressed genes in SETD2ko A375 tumor tissues through GSEA.  

9705



www.aging-us.com 15 AGING 

 
 

Supplementary Figure 3. The IC50 of drugs comparing SETD2 high expression group (G1, red) with SETD2 high expression 
group (G2, blue). (A–L) The IC50 of Methotrexate, Etoposide, 5-Fluorouracil, Bleomycin, Paclitaxel, Cyclophosphamide, Doxorubicin, 

Cisplatin, Imatinib, Trametinib, Lapatinib, and Erlotinib. 
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Supplementary Figure 4. The impact of SETD2 alteration on immunotherapy response in melanoma. (A) The TMB levels of 

melanoma samples comparing SETD2 altered group with unaltered ones. (B) The SNV neoantigen levels of melanoma samples comparing 
SETD2 altered group with unaltered ones. (C) The Indel neoantigen levels of melanoma samples comparing SETD2 altered group with 
unaltered ones. *p < 0.05, **p < 0.01, ***p < 0.001. 
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Please browse Full Text version to see the data of Supplementary Tables 1–13. 

 

Supplementary Table 1. The SETD mRNA expression levels in TCGA-SKCM samples. 

 

Supplementary Table 2. The clinical data of TCGA-SKCM samples with SETD2 expression levels. 

 

Supplementary Table 3. Wound healing assay data. 

 

Supplementary Table 4. Tumor volume of A375 borne by nude mice with or without SETD2 expression. 

 

Supplementary Table 5. Different expressed genes in TCGA-SKCM samples by SETD2 expression level. 

 

Supplementary Table 6. CCK-8 assay of DDP cytotoxicity in A375 cells with or without SETD2 expression. 

 

Supplementary Table 7. CCK-8 assay of cytotoxicity data in B16F10 cells. 

 

Supplementary Table 8. The TIDE score and immune signature of TCGA-SKCM samples. 

 

Supplementary Table 9. The clinical data and SETD2 mutation status in melanoma samples from MSKCC. 

 

Supplementary Table 10. The SNV neoantigens and SETD2 mutation status in TCGA-SKCM samples. 

 

Supplementary Table 11. The Indel neoantigens and SETD2 mutation status in TCGA-SKCM samples. 

 

Supplementary Table 12. Western blotting analysis by SETD2 inhibitor EZM0414. 

 

Supplementary Table 13. Cell cycle analysis A375 with or without SETD2 expression. 
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