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Background: DPY30 is a common subunit of the human SET1/MLL complex and is an essential protein required for the activity of 
SET1/MLL methyltransferase. DPY30 regulates the histone H3K4 modification, and dysfunction of DPY30 might contribute to the 
regulation of cancer immune evasion. However, the functions and regulation of DPY30 in the expression of programmed cell death 
ligand 1 (PD-L1) is still not completely explored.
Methods: Various online databases were used for data processing and visualization, including UALCAN, Oncomine, cBioPortal, 
SangerBox, TISIDB, TIMER, and GEPIA databases. The expression of DPY30 and PD-L1 in melanoma tissues were evaluated by IHC. 
Chromatin Immunoprecipitation (ChIP), RT-PCR and flow cytometry were used to elucidate the underlying molecular mechanism of PD-L1 
expression regulation and its function.
Results: The mRNA level of DPY30 in melanoma was higher than in normal tissues. The expression of DPY30 was positively 
associated with TMB, neoantigens and PD-L1 expression. Furthermore, DPY30 expression showed significant positive correlations with 
immune suppressor cells and ICP genes involved in T-cell exhaustion. IHC showed that the positive rates of DPY30 and PD-L1 in 
melanoma tissues were 62% and 58%, respectively. Correlation analysis revealed that DPY30 over-expression was positively associated 
with PD-L1 expression. Silencing of DPY30 by specific siRNA significantly inhibited PD-L1 expression. ChIP analysis revealed that 
H3K4me3 levels were enriched in the proximal PD-L1 promoter region in tumor cells. Inhibition of DPY30 still suppressed the PD-L1 
level in IFN-γ treated MMAC-SF cells. Furthermore, the apoptosis of PD1+ T-cells in co-culture with MMAC-SF cells by knockdown of 
DPY30 were markedly reduced.
Conclusion: This study shows the roles of DPY30 in regulating the cancer immune evasion in melanoma. Targeting the DPY30-H3K4me3 
axis might be an alternative approach to enhance the efficacy of checkpoint immunotherapy.
Keywords: DPY-30, H3K4me3, PD-L1, melanoma, immunotherapy

Introduction
Melanoma stands out as one highly immunogenic cancer that approaches durable response to checkpoint immunotherapy, 
leading to the first approval of immune checkpoint inhibitors in the treatment of melanoma.1,2 Immune checkpoint 
inhibitors targeting the cytotoxic T lymphocyte antigen 4 (CTLA-4), programmed cell death protein 1 (PD-1) and 
programmed cell death ligand 1 (PD-L1) led to a considerable improvement of survival in patients with metastatic 
melanoma.3 Unfortunately, about 60% of patients with melanoma showed primary resistance to PD-1 blockade, and 20 
−30% of initial responders would develop secondary drug resistance.4 It has been suggested that the expression of PD-L1 
in tumor cells is considered a predictive biomarker for response to immunotherapy,5 but the mechanism underlying 
melanoma resistance to PD-1/PD-L1 inhibitors is still elusive.

PD-L1 is expressed on the surface of several cell types, including T-cells, B-cells, antigen-presenting cells (APCs), 
monocytes, and epithelial cells, and is upregulated in response to IFN-γ.6 IFN-γ is a key cytokine produced by activated 
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T cells, as well as natural killer (NK) and NK T cells, in the tumor microenvironment.7 Notably, tumor cells can 
adaptively increase the expression of PD-L1 under the control of IFN-γ.8 IFN-γ binds with receptor and subsequently 
activates JAK/STAT signaling pathway, which leads to the downstream expression and activation of IRF-1, further 
inducing PD-L1 expression on tumor cells.9 Furthermore, high PD-L1 expression detected in cancer cells and associated 
with poor prognosis.10 The binding of PD-L1 to PD-1 in T cells induced T cell apoptosis and reducing immunocompe-
tence, which thus helps cancer cells escape immune surveillance and killing.11 Moreover, it has been reported that MYC 
and Sox2 overexpression,12,13 and the loss of PTEN14 regulate constitutive PD-L1 expression in tumor cells. PD-L1 has 
become a key protein in immunotherapy, and its regulatory mechanisms are being intensively studied.

Histone H3K4 methylation is one of the most prominent epigenetic modifications, and plays critical roles in 
regulating target gene transcription.15 Especially histone H3K4 trimethylation (H3K4me3) selectively localizes at gene 
promoters and transcriptional start sites and directly regulates gene transcription.16 As the most notable histone H3K4 
methylation enzymes in mammals, the SET1/MLL complexes comprise Set1a or −1b or Mll1, −2, −3, or −4 as the 
catalytic subunit, and Wdr5, Rbbp5, Ash2l, and Dpy30 as integral core subunits necessary for the full methylation 
activity.17 DPY30 directly facilitates genome-wide H3K4 methylation and involves in regulating fundamental cellular 
processes.18 It has been reported that DPY30 significantly promotes cell proliferation, migration, invasion, and epithe-
lial–mesenchymal transition of epithelial ovarian cancer.19 Similarly, DPY30 plays a critical role in the proliferation and 
appropriate differentiation of hematopoietic progenitor cells.20 Moreover, DPY30 regulates cell senescence through ID 
protein expression.21 However, the roles and mechanisms of DPY30 in the development of melanoma are still unclearly 
known.

In this study, we analyzed the expression of DPY30 in melanoma and investigated the correlation between DPY30 
and progression, and cancer immune evasion in melanoma on the basis of various databases. Finally, we evaluated 
DPY30 and PD-L1 levels in melanoma tissues by IHC analysis, and tested the hypothesis that PD-L1 expression is 
regulated by an epigenetic mechanism in melanoma.

Materials and Methods
Cell Culture and Reagents
Human melanoma MMAC-SF (RRID: CVCL_1420) and WM-115 (RRID: CVCL_0040) cells were propagated in 
DMEM medium and MEM medium at humid atmosphere (5% CO2, 37°C), respectively. The culture medium was 
supplemented with 10% FBS, penicillin (100 u/mL) and streptomycin (100 mg/mL). FITC Annexin V Apoptosis 
Detection Kit I (cat# 556547) was supplied by BD Biosciences (San Jose, CA, USA). Chromatin Immunoprecipitation 
Kit (17–10086) was obtained from Merck (Millipore, CA, USA). H3K4Me3 (9751S) was purchased from Cell Signaling 
Technology (Danvers, MA, USA). IFN-γ (300–02) was supplied by Peprotech (Jiangsu China). PE anti-mouse PD-L1 
(124307) and PE anti-mouse PD-1 (135205) were purchased from Biolegend (San Diego, CA, USA). Anti PD-L1 
antibody (ab205921) was obtained from Abcam (Cambridge, MA, USA). Anti DPY30 antibody (MA5-32900) was 
acquired Invitrogen (Carlsbad, CA, USA).

Gene Analysis in Public Datasets
The Oncomine database (http://www.oncomine.org) and UALCAN (http://ualcan.path.uab.edu) database were used to 
search and analyze the expression levels of DPY30 reported by other studies. The TIMER (http://TIMER.cistrome.org) 
online tool was used to observe the pan-cancer analysis of DPY30 mRNA expression. DNA methylation of DPY30 in 
skin cutaneous melanoma (SKCM) was estimated and visualized using MEXPRESS (https://mexpress.be) and 
UALCAN. cBioPortal (https://www.cbioportal.org/) was used to search and download mutation information. 
SangerBox (https://www.SangerBox.com/) was used to analyze immune checkpoint (ICP), tumor mutational burden 
(TMB), and neoantigens. TIMER (cistrome.shinyapps.io/timer) was used to investigate the correlations between DPY30 
and tumor infiltrating immune cells. TISIDB (http://cis.hku.hk/TISIDB/index.php) and GEPIA (http://gepia.cancer-pku. 
cn) were used to explore the correlations between DPY30 expression and immune or molecular subtypes of different 
cancer types.
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Tissue Microarray and Evaluation of Immunostaining
The commercial melanoma tissue arrays were constructed by Avilabio Co. Ltd. in Shaanxi, China. Briefly, the tissue 
microarrays including 50 melanoma patients were prepared from archival formalin-fixed, paraffin embedded tissue 
blocks. Immunohistochemical (IHC) staining was performed as previously described.22 Protein expression levels were 
determined using this formula: overall score = positive percentage score × intensity score. The staining intensity was 
scored as negative (0), weak (1), moderate (2) or strong (3). The percentage of positive cells was scored as 0 (0–10%), 1 
(10–25%), 2 (25–50%) or 3 (50–75%) or 4 (>75%).23 DPY30 in nucleus was defined as negative (combined score from 0 
to 6) or positive (combined score from 8 to 12). PD-L1 expression was considered positive when ≥5% membranous 
staining of tumor cells were positive, as described in previous studies.24

Real-Time PCR (RT-PCR) Analysis
Total RNA was isolated using the Trizol reagent (15596–026; Invitrogen, USA). Reverse transcription (RT) was 
performed using the TransScript First-strand cDNA Synthesis SuperMix (TransGen), according to the manufacturer’s 
protocol. The primer sequences were as follows: DPY30 forward primer: 5′-AACGCAGGTTGCAGAAAATCCT−3′, 
Reverse primer, 5′-TCTGATCCAGGTAGGCACGAG−3′; PD-L1 forward primer: 5′-GCTGTTGAAGGACCAGCTCT 
-3′, Reverse primer, 5′-TGGAGGATGTGCCAGAGGTA-3′; GAPDH forward primer: 5′-AATCCCATCACCATCTTCC 
-3′, Reverse primer, 5′-CATCACGCCACAGTTTCC-3′.

Chromatin Immunoprecipitation (ChIP)
Interaction of H3K4me3 in the PD-L1 promoters was examined using Chromatin Immunoprecipitation Kits. Briefly, 
MMAC-SF and WM-115 cells were used for each ChIP. DNA-protein complex was crosslinked with 1% formaldehyde, 
lysed with IP lysis buffer, digested with micrococcal nuclease, ultrasonicated, and incubated with anti-H3K4me3. After 
incubation with protein G beads and washing with wash buffers, chromatin fragments were harvested using the elution 
buffer. Finally, after decrosslinking and protein digestion, the resulting DNA fragments were purified and fold enrichment 
was examined using qPCR.

Knockdown by siRNA
Small interfering RNAs for gene DPY30 were purchased from Qiagen (validated FlexiTube siRNA). Transfection of 
MMAC-SF and WM-115 cells were carried out using Lipofectamine® RNAiMAX vehicle according to the manufac-
turer’s instruction following optimization. As a negative control, a non-targeting sequence siRNA was employed. 
Knockdown at mRNA level was confirmed by RT-PCR. RT-PCR was carried out on an ABI PRISM 7900HT sequence 
detection system (Applied Biosystems).

Preparation of Human T Cells and Co-Culture
The human T cells were isolated from the three healthy volunteers using a human T cell isolation kit (Miltenyi Biotec) 
according to the manufacturer’s protocol. T cells were cultured in Human ImmunoCult-XFT Cell Expansion medium 
(Stem Cell) with penicillin (100 u/mL) and streptomycin (100 mg/mL) at 37°C with 5% CO2. T cells were prestimulated 
with IFN-γ (Peprotech) for 48 hours before co-culture with MMAC-SF cells. After 24 hours of co-culture, PD1+ T cells 
apoptosis was determined by flow cytometry.

Flow Cytometry
Melanoma cells and human T cells were collected and incubated with the appropriate antibodies in room temperature 
for 30 min. After washing, the appropriate FITC or DyLight649-conjugated antibodies were used to combine with the 
first antibodies and were analyzed using FlowJo software (v10, BD, USA). For IFN-γ treatment, cells were first 
transfected with siRNA mimics as described above, they were treated with 1 ng/mL or 5 ng/mL IFN-γ. Then, cells 
were collected for flow cytometry. Co-culture with MMAC-SF cells and T cells were harvested, and washed twice 
then resuspended in 1 mL binding buffer as per BD Biosciences manufacturer’s protocol. 5 μL Annexin V-FITC and 
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5 μL PI were added to the cell suspension for staining in the dark for 15 min. Cells were then analyzed by flow 
cytometry.

Western Blotting
Total protein was extracted using RIPA lysis buffer supplemented with 1% cocktail and 1% PMSF. The concentration of 
proteins was measured by the BCA protein assay kit. The quantified proteins were resolved by 10% SDS-PAGE gels 
electrophoresis and then transferred to a PVDF membrane. Blots were blocked with 5% non-fat dry milk for 1 h at 37°C, 
and then primary antibodies were probed for 2 h against DPY30 (1:500), PD-L1 (1:2000) and β-actin (1:1000) at a room 
temperature. Corresponding secondary antibodies were labeled with horseradish peroxidase (1:1000) and incubated for 
1.5 h at 37°C. Finally, the blots were placed on film using the enhanced chemiluminescent system (ECL, Bio-Ras 
Laboratories, Hercules, CA, USA).

Statistical Analysis
Statistical analyses were performed using Student’s t-test comparing 2 groups. Statistical analysis was performed with 
SPSS 23.0 statistical software (Chicago, IL, USA). Here, the difference was indicated statistically significant when P < 
0.01 and P < 0.05.

Results
DPY30 Is Upregulated in Melanoma
To explore the roles of DPY30 in melanoma progression, we firstly analyzed its expression in Oncomine database. The 
results showed that the mRNA level of DPY30 in melanoma was higher than in normal tissues (Figure 1A). From the 
UALCAN database we also identified that the mRNA level of DPY30 was higher in metastatic melanoma compared with 
primary melanoma (Figure 1B). Meanwhile, we found that DPY30 had a high expression level in almost all cancer cell 
lines (Figure 1C). In addition, we analyzed the genetic alterations of DPY30 on the outcomes of SKCM patients via the 
cBioPortal database. Based on TCGA, we found that DPY30 was altered in 5% of SKCM patients (Figure 1D), which 
included shallow deletion, diploid, gain, and amplification (Figure 1E and F). However, the genetic alterations of DPY30 
represented no significant impact on the overall survival rates of SKCM patients (Figure 1G). Then, we analyzed the 
methylation status of DPY30 on the progression of SKCM patients through cBioPortal and UALCAN database. The 
results revealed that expression of DPY30 mRNA was significantly negatively correlated with its methylation status 
(Figure 2A). From the UALCAN database we also identified that the degree of DPY30 gene methylation was inversely 
related to the tumor’s stage (Figures 2B and C). By using the MEXPRESS to explore, we found that among 22 predicted 
CpG sites of DPY30, 8 CpG sites, including cg16143319 (r = −0.139, P < 0.01), cg17781879 (r = −0.102, P < 0.05), 
cg17678946 (r = −0.092, P < 0.05), cg02727605 (r = −0.126, P < 0.01), cg04302752 (r = −0.185, P < 0.001), 
cg07656391 (r = −0.117, P < 0.05), cg06995575 (r = −0.205, p < 0.001), and cg24220907 (r = −0.127, P < 0.01), 
exhibited negative correlation with DPY30 expression (Figure 2D).

DPY30 Expression Is Related to ICP, TMB and Neoantigen
ICP, TMB, and neoantigens in tumor microenvironment were related to antitumor immunity and could predict the 
therapeutic efficacy of tumor immunotherapy.25–27 Then, we analyzed the correlations between DPY30 expression and 
ICP, TMB, and neoantigens. We utilized SangerBox and TISIDB to explore the relationships between DPY30 and 
immune checkpoint genes involved in T-cell exhaustion. Our results indicated that DPY30 expression was positively 
associated with CD274 (r = 0.489, P = 0.0326), CTLA4 (r = 0.098, P = 0.0342), CD160 (r = 0.147, P = 0.001), HAVCR2 
(r = 0.1, P = 0.029), IDO2 (r = 0.14, P = 0.002), and PDCD1LG2 (r = 0.2, P < 0.0001) (Figure 3A). By using the 
SangerBox to explore, we identified that DPY30 was positively associated with TMB levels (r = 0.20, P < 0.0001) 
(Figure 3B). By analyzing the relationships between DPY30 expression and neoantigens, we found that DPY30 
expression was positively related to neoantigens (r = 0.20, P = 0.049) (Figure 3C). The above results demonstrated 
that DPY30 might be involved in cancer immune evasion in melanoma.
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Figure 1 DPY30 expression in melanoma. (A) DPY30 gene copy number in Haqq melanoma vs normal tissues. (B) Comparison of DPY30 expression in primary and 
metastatic melanoma. (C) DPY30 expression in different cancers and normal tissues in TCGA data. (D) DPY30 gene expression and mutation analysis in SKCM. (E) The 
distribution of DPY30 genomic alterations in SKCM. (F) The graph of the correlation between DPY30 expression and copy number alterations in SKCM. (G) Kaplan–Meier 
curve of OS in SKCM patients with altered (red) and unaltered (blue) DPY30 gene. *P< 0.05, **P< 0.01, ***P< 0.001.
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DPY30 Positively Correlated with Immunosuppressive TME in Melanoma
Thus, we further performed correlation analyses to investigate the association between DPY30 and immunosuppressive 
TME by using TIMER and GEPIA database. The results indicated that DPY30 expression was positively correlated with 
immunosuppressive cells including myeloid-derived suppressor cells (MDSCs) (CD33: r = 0.315, P = 0.0014; ITGAM: 
r = 0.1, P = 0.029; FUT4: r = 0.36, P < 0.0001), tumour-associated macrophages (TAMs) (CD163: r = 0.15, P < 0.001; 
CCL2: r = 0.12, P = 0.011; IL10: r = 0.21, P < 0.001), and regulatory T cells (Tregs) (STAT5B: r = 0.19, P < 0.0001; 
CCR8: r = 0.11, P = 0.018; ITGAE: r = 0.35, P < 0.0001) (Figure 4A). We further assessed the correlation of DPY30 
expression with chemokines using TISIDB database. The result revealed that DPY30 was negatively associated with 
chemokines, such as CCL14 (r = −0.115, P = 0.012), CX3CL1 (r = −0.178, P = 0.0001), and CCL18 (r = −0.134, 

Figure 2 DNA methylation and its correlation with DPY30 expression. (A) Correlation analysis of DPY30 mRNA expression with DPY30 promoter methylation status by 
the UALCAN database. (B) The methylation levels of DPY30 gene promoter region were compared in TNM stage from UALCAN database. (C) The methylation levels of 
DPY30 gene promoter region were compared in N stage from UALCAN database. (D) DNA methylation of the DPY30 promoter region in TCGA-SKCM dataset. *P< 0.05, 
**P< 0.01, ***P< 0.001.
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P = 0.003) (Figure 4B). Taken together, our findings revealed that DPY30 was closely associated with the immunosup-
pressive TME in SKCM.

DPY30 Over-Expression Is Positively Associated with PD-L1 Expression
PD-L1 played essential roles in reprogramming the immunosuppressive TME, so we firstly analyzed the association 
between DPY30 and CD274 in melanoma by using TIMER and GEPIA. We found that the expression of DPY30 and 
CD274 was positively correlated (Figure 5A, Cor = 0.274, p = 1.41e-9; Figure 5B, R = 0.22, p = 1.3e-6). We further 
evaluated the levels of DPY30 and PD-L1 in melanoma tissues in human melanoma tissue arrays. The results showed that 
31 of 50 of the primary lesions exhibited positive staining for DPY30, and DPY30 protein was localized in the nucleus of 
melanoma cells. Then, we detected PD-L1 in the same type of tissue arrays. The results demonstrated that the positive rates 
of PD-L1 was 58% (29/50), and PD-L1 protein was detected on the cell membrane and in the cytoplasm of melanoma cells 
(Figure 5C). Pearson correlation analysis demonstrated that the expression of DPY30 was closely associated the level of 
PD-L1, and DPY30 was positively correlated with PD-L1 (r = 0.336, p = 0.017) (Table 1).

Figure 3 DPY30 expression is related to ICP, TMB, and neoantigen. (A) Correlations of DPY30 expression with ICP genes (CD274, CTLA4, CD160, HAVCR2, IDO2, and 
PDCD1LG2) involved in T-cell exhaustion. (B) The relationship between DPY30 expression and TMB. (C) The relationship between DPY30 expression and neoantigen. 
Abbreviations: ICP, Immune Checkpoint; TMB, tumor mutational burden.
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The DPY30-H3K4me3 Axis-Mediated PD-L1 Expression
To study the regulation between DPY30 and PD-L1, we used the siRNA targeting DPY30 in MMAC-SF cells. Silencing 
of DPY30 by specific siRNA significantly inhibited PD-L1 expression in MMAC-SF cells, and this was supported by 
Western blot and RT-PCR (Figure 6A and B). To determine whether this decrease in PD-L1 expression was due to 
DPY30-mediated chromatin modifications. ChIP analysis revealed that H3K4me3 levels were enriched in the proximal 
PD-L1 promoter region in MMAC-SF cells (Figure 6C). In addition, TISIDB was used to analyze the function of DPY30 
and found that DPY30, as part of the MLL1/MLL complex, is involved in the methylation of histone H3K4 especially 
trimethylation (Supplementary Table 1). These results suggested that DPY30 may mediate PD-L1 expression through 
H3K4me3.

Figure 4 Correlations of DPY30 with immune infiltration level in SKCM. (A) Correlations of DPY30 expression with immunosuppressive cells and markers of (MDSCs, 
TAMs, and Tregs). (B) Correlation between DPY30 expression and chemokines.
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DPY30 Regulates the Expression of PD-L1
IFN-γ induces PD-L1 expression and disruption of this pathway might sensitize melanoma patients to immune-based 
therapies. To further study the regulation between DPY30 and PD-L1, we detected the PD-L1 level by IFN-γ treatment 

Figure 5 The expression of DPY30 correlates with PD-L1 in human melanoma tissues. (A and B) Spearman correlation analysis of DPY30 expression with CD274 
expression. (C) Representative IHC staining of DPY30 and PD-L1 in the same melanoma tissue. Red arrows point to the location of DPY30 protein and PD-L1 protein.

Table 1 Correlation Between the Expression of DPY30 and PD-L1

PD-L1

DPY30 Correlation Coefficient 0.336*

Sig. (2-tailed) 0.017
N 50

Note: *Correlation is significant at the 0.05 level (2-tailed).
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Figure 6 Function of DPY30 in regulation of PD-L1 expression. (A and B) MMAC-SF cells were transiently transfected with DPY30-specific SiRNA, and the protein levels of 
DPY30 and PD-L1 were analyzed by Western blotting, and the mRNA levels of DPY30 and PD-L1 were detected by RT-PCR. (C) The H3K4me3 levels in the PD-L1 
promoter region in MMAC-SF and WM-115 cell lines were analyzed by ChIP. (D and E) MMAC-SF cells and MMAC-SF Si-DPY30 cells were treated with IFN-γ at the 
prescribed dose for 24 h or 48h, and analyzed for PD-L1 mRNA level by RT-PCR. (F and G) MMAC-SF cells and MMAC-SF Si-DPY30 cells were treated with IFN-γ at the 
prescribed dose for 24 h or 48h, stained with PD-L1 specific MAb, and analyzed by flow cytometry. **P< 0.01.
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and down-regulation of DPY30 in MMAC-SF cells. The results of RT-PCR showed that the level of PD-L1 in MMAC- 
SF si-DPY30 cells remained unchanged in the 1ng IFN-γ treatment group and slightly increased in the 5ng IFN-γ 
treatment group compared with the non-IFN -γ treatment group at 24 hours of IFN-γ treatment. The overall PD-L1 level 
at 48 h after IFN -γ treatment was higher than at 24h, but the trend kept the same as that at 24h (Figures 6D and E). 
Moreover, the results of flow cytometry indicated that knockdown of DPY30 gene could significantly suppress PD-L1 
levels after IFN-γ (1 or 5 ng) treated MMAC-SF cells for 24 hours. After 48 hours of IFN-γ treatment, Knockdown of 
DPY30 still suppressed PD-L1 levels (Figures 6F and G). To further validate the effect of down-regulation of DPY30 in 
MMAC-SF cells, and we detected the apoptosis of PD1+ T cells by flow cytometry in a co-culture model. We detected 
PD-1 level in human T cells from 3 normal samples by flow cytometry (Figure 7A), and the apoptosis of PD1+ T-cells in 
co-culture with MMAC-SF cells by knockdown of DPY30 were markedly reduced (Figure 7B).

Discussion
As the major H3K4 methylation enzymes in mammals, the SET1/MLL complexes are considered potential pharma-
cologic targets in epigenetic therapeutics. DPY30, a core subunit of SET1/MLL complexes, is important for 
facilitating genome-wide H3K4 methylation.18 Accumulating evidence have revealed significant upregulation of 
DPY30 mRNA expression were observed in hepatocellular carcinoma,28 cervical squamous cell carcinoma,29 ovarian 
cancer,19 and cholangiocarcinoma.23 Our study showed that the mRNA level of DPY30 in melanoma was higher than 
in normal tissues. In addition, DPY30 could induce epithelial to mesenchymal transition by activating Wnt/β-catenin 

Figure 7 Knockdown of DPY30 in MMAC-SF cells inhibited T cell apoptosis. (A) The PD1+ level in human T cells from 3 normal samples were analyzed by flow cytometry. 
(B) Flow cytometry was used to analyze the apoptosis of T cells in the co-culture model with MMAC-SF cells and PD1+ T cells. *P< 0.05, **P< 0.01. #Indicates the sample 
number.
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signaling in the progression of cervical squamous cell carcinoma.29 Similarly, our research also proved that the 
mRNA level of DPY30 was higher in metastatic melanoma compared with primary melanoma. These findings 
suggested that DPY30 over-expressed in melanoma, which might play essential roles in the progression of melanoma.

DNA methylation is an important biological process involving in cancer development,30,31 and changes in DNA 
methylation in cancer have been regarded as diagnostic or prognostic biomarkers.32 A previous study indicated that 36 
DNA methylation markers from 304 patients with hepatocellular carcinoma could predict poor survival in patients with 
hepatocellular carcinoma.33 Furthermore, comprehensive genome-scale analysis of aberrant DNA methylation enabled 
classification of colorectal carcinoma patients based on their prognosis.34 In this study, we analyzed the methylation 
status of DPY30 gene through the UALCAN database. The analysis presented that the degree of DPY30 gene 
methylation was negatively correlated with tumor stage, and the expression of DPY30 mRNA was significantly 
negatively correlated with its methylation status. Furthermore, among 22 predicted CpG sites of DPY30, 8 CpG sites 
exhibited negative correlation with DPY30 expression. These findings suggested that the methylation status of DPY30 
might be a novel direction for prognosis evaluation of melanoma.

Immune checkpoint play essential roles in regulating the immunosuppressive TME.35 Immune checkpoint inhibitors, 
including anti-PD-1 and anti-CTLA4 antibodies, have revolutionized the management of melanoma and significantly 
improved the clinical outcomes for patients with melanoma.36 However, immune checkpoint inhibitors are only effective 
in a part of patients with melanoma, and two-thirds of patients are resistant and will require further treatment.37 Our study 
indicated that DPY30 expression had significant positive associations with ICP genes involved in T-cell exhaustion, 
including CD274, CTLA4, CD160, HAVCR2, IDO2, and PDCD1LG2. Further studies indicated that DPY30 was positively 
correlated with immunosuppressive cells in SKCM including MDSCs, TAMs, and Tregs, suggesting that DPY30 was closely 
associated with the immunosuppressive TME in SKCM. IHC results showed that the positive rates of DPY30 and PD-L1 in 
melanoma tissues were 62% and 58%, respectively. Correlation analysis revealed that DPY30 was positively associated with 
PD-L1 expression. Furthermore, we found that silencing of DPY30 by specific siRNA significantly inhibited PD-L1 
expression. Therefore, we believe that DPY30 might be involved in cancer immune evasion in melanoma.

Histone H3K4 methylation is one of the most significant epigenetic modifications, and plays critical roles in regulating target 
gene transcription.38,39 The most notable H3K4 methylation enzymes in mammals are the SET1/MLL complexes, which have 
a profound effect on numerous biological processes including cancer progression.40–42 SET1/MLL family complexes comprise 
Set1a, Set1b, MLL1, MLL2, MLL3, and MLL4 as the catalytic subunit, and Wdr5, Rbbp5, Ash2l, and DPY30 as the common 
core subunits.17,39,43 The roles of the MLL/SET1 complexes in transcriptional regulation have been extensively studied. Among 
these subunits, MLL1 has been shown to bind to the CD274 promoter to catalyze H3K4me3 to activate PD-L1 transcription in 
tumor cells. Inhibition of MLL1 activity or silencing of MLL1 expression reduced H3K4me3 level in the CD274 promoter region 
and downregulated PD-L1 expression in tumor cells.44 Previous study showed that MLL3 was located in the enhancer of PD-L1 
and regulated the H3K4me1 level in the enhancer regions. Depletion of MLL3 reduced the binding of H3K4me1 in the PD-L1 
enhancer regions and Pol II Ser-5p in PD-L1 promoter regions.45 Furthermore, it has been reported that WDR5 was positively 
correlated with PD-L1 expression, and WDR5 inhibitor inhibited PD-L1-based immune evasion by blocking the WDR5-MLL 
complex mediating H3K4me3 of target genes.46 DPY30 is a core subunit of SET1/MLL complexes, and it has been reported that 
DPY30 promoted the expression of endogenous MYC by regulating chromatin accessibility.47 Previous study also showed that 
DPY30 regulated angiogenesis and tumor growth in an H3K4me3-dependent manner, and PDE4B was a key downstream 
effector of DPY30-H3K4me3 axis. Targeting DPY30-PDE4B axis was an effective approach for treatment of glioblastoma.48 

DPY30 promoted the expression of Hif-1α and its targeted glycolytic genes by regulating H3K4me3 modification.28 In this study, 
we found that H3K4me3 levels were enriched in the proximal PD-L1 promoter region in melanoma cells. Inhibition of DPY30 
suppressed the PD-L1 level in IFN-γ treated melanoma cells. Our study demonstrated that DPY30 might regulate PD-L1 
expression through H3K4me3, which might be a promising therapeutic target in melanoma.

Conclusion
In summary, our study firstly demonstrated that the elevated DPY30 levels in melanoma tissues, and the expression of 
DPY30 was closely related to the level of PD-L1. DPY30 was associated with cancer immune evasion by regulating PD- 
L1 expression through epigenetic mechanism in melanoma.
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