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Statement of translational relevance 31 

 32 

Although immunotherapy has revolutionized the way metastatic melanoma patients are 33 

treated, there is still a large proportion of non-responders to these therapies. Currently, 34 

there are no approved biomarkers that predict response to immunotherapy. Proposed 35 

biomarkers such as microsatellite instability, defective mismatch repair and tumor 36 

mutational burden are the most promising to date, however these assays lack 37 

standardization and are open to interpretation. As epigenetic alterations have been 38 

shown to be key drivers of cancer progression, we demonstrate the therapeutic efficacy 39 

of a G9a histone methyltransferase inhibitor, UNC0642, using in vitro cell models and 40 

preclinical models in vivo. The expression of G9a target gene MAP1LC3B has a 41 

prognostic value as a potential predictive clinical biomarker of checkpoint inhibitor 42 

blockade response in melanoma patients.  43 

  44 
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ABSTRACT 45 

Purpose:  G9a histone methyltransferase exerts oncogenic effects in several tumor-46 

types and its inhibition promotes anti-cancer effects. However, the impact on checkpoint 47 

inhibitor blockade response and the utility of G9a or its target genes as a biomarker is 48 

poorly studied. We aimed to examine whether G9a inhibition can augment the efficacy 49 

of checkpoint inhibitor blockade and whether LC3B, a G9a target gene can predict 50 

treatment response. 51 

Experimental Design: Clinical potential of LC3B as a biomarker of checkpoint 52 

inhibitor blockade was assessed using patient samples including tumor biopsies and 53 

circulating tumor cells from liquid biopsies. Efficacy of G9a inhibition to enhance 54 

checkpoint inhibitor blockade was examined using a mouse model.  55 

Results: Melanoma patients that responded to checkpoint inhibitor blockade were 56 

associated with not only a higher level of tumor LC3B but also a higher proportion of 57 

cells expressing LC3B. A higher expression of MAP1LC3B or LC3B protein was 58 

associated with longer survival and lower incidence of acquired resistance to checkpoint 59 

inhibitor blockade suggesting LC3B as a potential predictive biomarker. We 60 

demonstrate G9a histone methyltransferase inhibition is able to not only robustly induce 61 

LC3B level to augment the efficacy of checkpoint inhibitor blockade, but also induces 62 

melanoma cell death.  63 

Conclusions: Checkpoint inhibitor blockade response is limited to a subset of patient 64 

population. These results have implications for the development of LC3B as a 65 

predictive biomarker of checkpoint inhibitor blockade to guide patient selection, as well 66 

as G9a inhibition as a strategy to extend the proportion of patients responding to 67 

immunotherapy.  68 



5 

 

 69 

Introduction 70 

Immunotherapy targeting the immune checkpoint molecules cytotoxic T-lymphocyte 71 

associated protein 4 (CTLA-4) and programmed dealth-1 (PD-1) has become highly 72 

effective in the treatment of metastatic melanoma (1). Despite this, mortality from late 73 

stage metastatic melanoma remains very high, with patients having only a median 74 

survival of 6-10 months due to metastasis resulting from either intrinsic or acquired 75 

resistance. Importantly, clinical follow-up has shown that a significant proportion of 76 

melanoma patients that had shown initial response to immunotherapies are developing 77 

resistance (2,3). Therefore, new therapeutic strategies and combinations which 78 

circumvent these issues are needed. 79 

Currently, immunotherapies are faced with the challenge of identifying predictive 80 

biomarkers to checkpoint inhibitor blockade. There are several different pathways 81 

believed to be responsible for poor response or acquired resistance to checkpoint 82 

inhibitor blockade (3,4). While increased expression of neoantigens expressed on 83 

melanoma cells as a result of high frequency and mutational load allow better response 84 

to anti-immunosuppressive strategies focusing on checkpoint blockade, a significant 85 

proportion of melanoma patients fail to show durable clinical responses. This is partly 86 

due to exogenous and endogenous environmental factors. Epigenetic modification of 87 

histones has shown to be malignant drivers of several cancer types, including melanoma 88 

(5-9). As epigenetic changes are dynamic, it may be possible to reverse both the 89 

malignant process and/or therapy-resistant phenotype by targeting the epigenetic 90 

processes that cause malignancy and resistance to checkpoint inhibitor blockade. 91 

Recently, results from the ENCORE 601 phase Ib/II clinical trial (NCT02437136) 92 
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demonstrated that a combination of a histone deacetylase (HDAC) inhibitor with the 93 

anti-PD-1 therapy showed clinical responses in anti-PD-1 resistant melanoma patients. 94 

G9a, also known as Euchromatic Histone Lysine N-methyltransferase 2 (EHMT2), is a 95 

histone methyltransferase that has a primary role in catalyzing mono- and di-96 

methylation of the lysine residue 9 on histone H3 (H3K9me1 and H3K9me2) in 97 

euchromatic regions (10-13). These histone marks are generally associated with 98 

transcriptional repression (14). Elevated levels of G9a expression have been observed in 99 

many types of human cancers, and implicated in mediating resistance mechanisms. G9a 100 

knockdown leads to inhibition of cancer cell proliferation and therefore has been 101 

suggested as a potential therapeutic target (15,16). Studies have shown that G9a 102 

represses the expression of genes involved in the autophagic process (17-19). 103 

Autophagy is a lysosomal catabolic process that serves as an adaptive response to 104 

protect cells during stress and has been linked to several important processes such as 105 

cellular homeostasis, clearance of intracellular pathogens and immunity. Since the 106 

epigenetic mechanisms are directly involved in determining which genes are activated 107 

or repressed, they play an important role in determining the best treatment strategy for 108 

each individual patient. This suggests that altering histone modifications may enhance 109 

checkpoint inhibitor treatment responses. We hypothesize that targeting G9a has the 110 

potential to sensitize melanoma patients with minimal clinical response to checkpoint 111 

inhibition. 112 

In this study, using three independent clinical models of metastatic melanoma, we 113 

demonstrate that LC3B (MAP1LC3B) is a predictive biomarker of clinical response to 114 

anti PD-1 therapy. We evaluate the therapeutic efficacy of G9a inhibition and 115 

investigated the value of G9a as a sensitizer for anti-PD-1 therapy. We show that G9a is 116 
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elevated in all genetic subtypes of cutaneous melanoma, and that inhibition of G9a 117 

induced significant cell death via an autophagy-related mechanism. Our results suggest 118 

G9a histone methyltransferase is an attractive therapeutic target to sensitize melanoma 119 

to immune checkpoint inhibitors. 120 

121 
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Materials and Methods 122 

Cell culture and reagents. UNC0642 and Bafilomycin A1, were purchased from Sigma 123 

Aldrich. Anti-mouse PD-1 (CD279) clone RMP1-14 and the rat IgG2a isotype control 124 

clone 2A3 were purchased from BioXCell. Human melanoma cell lines (Supplementary 125 

Table S1) were maintained as previously described (20-23) in Roswell Park Memorial 126 

Institute (RPMI) 1640 media (Gibco) supplemented with 10% fetal bovine serum (FBS, 127 

Sigma Aldrich), in a humidified atmosphere of 5% CO2 at 37°C. Mycoplasma testing 128 

was routinely performed to all cell lines prior to experimentation. 129 

 130 

Retroviral transduction. Retroviral constructs expressing short hairpin RNA to G9a 131 

(shG9a) or a non-silencing control (shNS) were used as previously described (23, 49). 132 

pBABE-puro mCherry-EGFP-LC3B was obtained from Addgene 133 

(RRID:Addgene_22418) (50). The viral supernatants were prepared by co-transfecting 134 

the constructs with pUMVC3 (RRID:Addgene_41792) and pVSV-G 135 

(RRID:Addgene_138479) into HEK293T cells using Superfect transfection reagent 136 

(Qiagen). The supernatants were harvested and used to infect cells in medium which 137 

contained 8 μg/ml polybrene. Cells were selected using 1 µg/ml Puromycin. 138 

 139 

IncuCyte real-time imaging, cell cycle and cell viability assays. For proliferation 140 

studies, cells (5 x 10
3
) were seeded in 96-place wells and allowed to adhere overnight, 141 

and incubated in fresh growth medium in the presence of either the G9a inhibitor 142 

(UNC0642) or the vehicle control (DMSO). Proliferation was evaluated via real-time 143 

imaging using IncuCyte Zoom (Essen BioScience) and/or by performing a 3 (4,5 144 

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Cell cycle 145 
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analysis was performed using Propidium Iodide (PI) staining. For PI staining, cells were 146 

harvested, washed once with PBS and fixed in ice cold ethanol for 24 hours. Cells were 147 

then washed and re-suspended in PBS containing 10 μg/ml PI (Sigma Aldrich) and 25 148 

μg/ml RNAse A. Samples were incubated for 1 hour in the dark at room temperature 149 

prior to analysis using the FACS Canto A (BD Biosciences). Cell cycle was evaluated 150 

for 10,000 single cells using ModFit (Verity). 151 

 152 

Immunoblotting analysis. Whole cell lysates were prepared using RIPA lysis buffer 153 

containing 20 mM Tris, pH 8.0, 150 mM NaCl, 10% glycerol, 1% Nonidet P-40 and 154 

Complete EDTA-free protease inhibitor cocktail (Roche). Nuclear extracts were 155 

obtained using a high salt extraction buffer (20 mM HEPES (pH 7.9), 0.32 M NaCl, 156 

1 mM EDTA, and 1 mM EGTA) supplemented with 1 mM DTT and protease inhibitor 157 

cocktail. Protein assays were performed according to the Bradford method using a 158 

protein assay kit (BioRad). Immunoblotting was performed with primary antibodies 159 

(Supplementary Table S2) and detected with either HRP-conjugated anti rabbit or anti-160 

mouse antibodies (Cell Signaling Technology). Protein bands were visualized by 161 

applying ECL Prime reagent (GE Healthcare) using the ChemiDocTM Touch Imaging 162 

System (BIORAD). 163 

 164 

In silico analysis of melanoma global gene expression. The melanoma cases in the 165 

human skin cutaneous melanoma (SKCM) TCGA dataset (21) were allocated to one of 166 

four quartiles based on the expression of EHMT2 (G9a) and/or MAP1LC3B (LC3B) and 167 

the survival of these patients were compared. Survival curves were constructed using 168 

GraphPad Prism (GraphPad Prism, RRID:SCR_002798), and the log-rank (Mantel-169 
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Cox) Test was used for statistical comparisons of survival curves. RNAseq data from 27 170 

melanoma tumors that had been treated with anti PD-1 therapy were allocated to one of 171 

two groups based in the expression of MAP1LC3B and the survivals of these patients 172 

were compared (20). Further details of patient data from these two datasets can be found 173 

in Supplementary Table S3. 174 

 175 

Immunofluorescence analysis. Stable cells expressing mCherry-EGFP-LC3B 176 

construct were treated with DMSO, UNC0642 at 5 μM or 20 nM Bafilomycin A1 for 24 177 

hours. Images were taken with an EVOS FL auto fluorescent microscope (Invitrogen) 178 

and quantitated using ImageJ software (ImageJ, RRID:SCR_003070). 179 

 180 

Immunohistochemical analysis. Tumor sections were fixed in 4% paraformaldehyde. 181 

The antibodies used were rabbit monoclonal antibody for G9a (Cell Signaling 182 

Technology), goat polyclonal antibody for LC3B (Santa Cruz Biotechnology), goat 183 

polyclonal antibody for SOX10 (Santa Cruz Biotechnology) and rabbit monoclonal 184 

antibody for PD-L1 (Abcam). The universal secondary protocol and the 3,3’-185 

Diaminobenzidine (DAB) (Biocare Medical) or ImmPact NovaRed Peroxidase (HRP) 186 

substrate (Vector Laboratories) were used to detect and amplify the signal. Aperio 187 

ImageScope software (ImageScope, RRID:SCR_014311) was used for imaging and 188 

quantitation of 5 non-overlapping tumor regions and evaluating the number of positive 189 

pixels per unit area in each region. Empty areas were manually excluded from 190 

quantification. 191 

 192 

Tissue processing and staining 193 
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Formalin-fixed, paraffin-embedded melanoma primary tumor biopsies were processed 194 

in the BondRX for OPAL staining (Perkin-Elmer) using the instrument protocol: ER2 195 

for 20 mins at 100°C with Epitope Retrieval Solution (pH6 EDTA-based retrieval 196 

solution) followed by probing with rat host CD8 (eScience: 1:100 dilution) and 197 

visualized with a chicken anti rat AF-647 secondary antibody. Coverslips were mounted 198 

on glass microscope slides with ProLong Clear Antifade reagent (Life Technologies). 199 

 200 

ASI Digital Pathology System 201 

 For high-throughput microscopy, protein targets were localized by confocal laser 202 

scanning microscopy. Single 0.5 μm sections were obtained using an Olympus-ASI 203 

automated microscope with 20x lens running ASI software. The final image was 204 

obtained by employing a high-throughput automated stage with ASI spectral capture 205 

software. Digital images were analyzed using automated ASI software (Applied 206 

Spectral Imaging) to automatically determine the distribution with automatic 207 

thresholding and background correction to calculate positive cells for expression of 208 

markers and the percentage population of cells expression the analyzed proteins. 209 

 210 

Tissue microarray analysis. A tissue microarray (TMA) containing melanoma tumor 211 

biopsies from 49 melanoma patients, collected prior to anti-PD-1 based immunotherapy 212 

(either pembrolizumab or nivolumab, with or without ipilimumab) and categorised as 213 

responders or non-responders, as previously described (24), was stained with antibodies 214 

against G9a (Abcam: 1:8000 dilution) and LC3B (Cell Signaling: 1:14000 dilution). All 215 

multiplex tyramide labeling was performed using the Perkin Elmer Opal seven color 216 

tyramide kit (PerkinElmer) using the cyclic staining method. The TMA slide was 217 
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scanned using the Vectra 3.0 spectral imaging system (PerkinElmer). Cell segmentation 218 

was also carried out using the InForm 4.2.1 image analysis software (inForm, 219 

RRID:SCR_019155) (PerkinElmer) and was further analysed using the FCS express 6 220 

software (De Novo software) to determine the number and intensity of expressing cells 221 

in each individual patient sample. Receiver Operator Characteristic (ROC) curves were 222 

constructed using MedCalc® for all the endpoints and the cut-off criterion for 223 

sensitivity/specificity using the DeLong et al. method (25). 224 

 225 

Circulating tumor cell isolation and imaging. Circulating tumor cells (CTCs) were 226 

isolated as reported previously (26) from Metastatic Melanoma liquid Biopsies 227 

employing the RosetteSep™ Human CD45 depletion kit (Stemcell Technologies 228 

#15162) to remove CD45+ Cells, using density gradient centrifugation with 229 

SepMate™-50 (IVD) density gradient tubes (Stemcell Technologies) and 230 

Lymphoprep™ density gradient medium (Stemcell Technologies). To examine the 231 

dynamics of G9a and LC3B with chemoresistant, stem-like marker for CTCs, ABCB5, 232 

CTCs were permeabilised by incubating with 1% Triton X-100 for 20 min and were 233 

probed with rabbit anti LC3B, mouse anti G9a and goat anti ABCB5 and visualized 234 

with a donkey anti-rabbit Alexa Fluor 488 (Life Technologies), anti-mouse 568 (Life 235 

Technologies) and anti-goat 633 (Life Technologies). Cover slips were mounted on 236 

glass microscope slides with ProLong Diamond Anti-fade reagent (Life Technologies). 237 

Protein targets were localised by confocal laser scanning microscopy. Single 0.5 μm 238 

sections were obtained using a Leica DMI8 microscope using 100 X oil immersion lens 239 

running LAX software. The final image was obtained by averaging four sequential 240 

images of the same section. Digital images were analysed using ImageJ software to 241 
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determine either the Total Nuclear Fluorescent Intensity (TNFI), the Total Cytoplasmic 242 

Fluorescent Intensity (TCFI) or total Fluorescent Intensity (TFI). 243 

  244 

Quantitative real time PCR and Chromatin Immunoprecipitation (ChIP) assays. 245 

Quantitative real time PCR and ChIP assays were conducted as previously described 246 

(27). Briefly, total RNA was isolated from either the tumor cells or from xenografts 247 

using Trizol (Invitrogen) and reverse transcription was performed from 2 μg of total 248 

RNA using the Superscript III cDNA synthesis system (Invitrogen). The abundance of 249 

mRNA was detected by an ABI VIIA7 system with SYBR Green Master Mix (Life 250 

Technologies). Primer pairs were designed to amplify 90 150 bp mRNA specific 251 

fragments and were confirmed as unique products by melting curve analysis. The 252 

quantity of mRNA was calculated using the ΔΔCt method and normalized to HPRT. All 253 

reactions were performed in triplicates. See Supplementary Table S4 for primer 254 

sequences used. 255 

 256 

In vivo tumor growth analysis. Groups of 8 SCID or C57BL/6J mice (RRID: 257 

IMSR_JAX:000664) per treatment group were used for xenograft studies to ensure 258 

adequate power to detect biological differences. D20 melanoma cells (2 x 10
6
) or 259 

B16F10 cells (1 x 10
5
) were mixed 1:1 ratio with Growth factor-reduced Matrigel 260 

(Corning) and injected subcutaneously into the flank of 6-8 week old mice in 100 µL 261 

volume (day 0) and treatments, either DMSO or UNC0642 at 5 mg/kg for the SCID 262 

mice or DMSO + IgG at 250 µg per mouse, UNC0642 at 5 mg/kg + IgG at 250 µg, anti-263 

PD-1 at 250 µg + DMSO or UNC0642 at 5 mg/kg + anti-PD-1 at 250 µg for the 264 

C57BL/6J mice, were administered as indicated in the figure legends. Tumor volumes 265 
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(width
2
 x length/2) were measured using a digital caliper, and presented as mean ± 266 

SEM. All animals were sacrificed at the same time and the tumors were dissected for 267 

further analysis.  268 

 269 

Statistical Analysis. Statistical differences in test and control samples were determined 270 

by Student’s t test, Mann-Whitney two-tailed test and ANOVA was used for group 271 

comparisons. Numerical data were expressed as means ± standard error of the mean 272 

(SEM) of independent determinations. Mantel-Cox and Chi Square tests were also used 273 

in the evaluation of the TCGA datasets and melanoma patient TMA analyses. A P-value 274 

< 0.05 was considered statistically significant. Statistical analyses were performed using 275 

GraphPad Prism. 276 

 277 

Study approval. All animal experiments were approved by the QIMR Berghofer 278 

Medical Research Institute Animal Ethics Committee. The human TMA was constructed 279 

from tumor biopsies samples obtained from patients and the Melanoma Biospecimen 280 

Tissue Bank, including patients from Royal Prince Alfred Hospital, Westmead Hospital 281 

and Melanoma Institute Australia, with ethical approval from the Sydney Local Health 282 

District Human Research Ethics Committee (Protocol No. X15-0454 and 283 

HREC/11/RPAH/444). All experimental procedures relating to isolating human CTCs 284 

from patients were performed in accordance with the guidelines and regulations 285 

approved by the ACT Health Research Ethics and Governance Office (Ethics ID 286 

ETH.5.16.073). Written informed consent was received from all patients. 287 

  288 
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Results  289 

High MAP1LC3B expression predicts response to anti-PD-1 treatment.  290 

As it has been shown previously that G9a (EHMT2) inhibition leads to changes in 291 

autophagy (17), and the observation that melanoma cell lines that had a lower basal 292 

amount of LC3B protein corresponded to greater sensitivity to G9a inhibitor 293 

(Supplementary Fig. S1A-C), we investigated the value of LC3B protein and transcript 294 

(MAP1LC3B) levels as a predictive biomarker of response to immunotherapy in 295 

cutaneous melanoma. We performed an in silico analysis of gene expression data (RNA 296 

seq) (28) where RNA was isolated from tumors from metastatic melanoma patients 297 

prior to anti-PD-1 therapy (pembrolizumab) (Fig. 1A). Patients were ranked from high 298 

to low based on the expression of MAP1LC3B transcript levels and were divided into 299 

tertitles. We compared each tertiles in terms of patient survival and found that only the 300 

lowest tertile was associated with the worst OS. Hence, the comparison was made 301 

between the lowest tertile (low, n=9) against the rest (high n=18). A Kaplan Meyer 302 

survival curve using the expression of MAP1LC3B showed that patients with higher 303 

expression of MAP1LC3B was associated with significantly longer survival 304 

(MAP1LC3B high, red) compared to patients with lower expression (MAP1LC3B low, 305 

black) (Fig. 1B). Patients that responded to the anti-PD-1 treatment, had higher 306 

expression levels of MAP1LC3B, but lower levels of EHMT2 expression (Fig. 1C) 307 

suggesting that tumor expression of EHMT2 and MAP1LC3B can be used to predict 308 

response to anti-PD-1 therapy.  309 

Next, we investigated the mRNA expression of both and EHMT2 and MAP1LC3B in the 310 

SKCM TCGA melanoma RNA-seq dataset (29) and found that the expression of 311 

MAP1LC3B was also inversely correlated to EHMT2 expression (Fig. 1D and E). 312 
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Using a modified cohort of TCGA patient samples that only contained those samples 313 

which represented the first regional metastases, patients were grouped based on 314 

quartiles of expression and showed that EHMT2 high patients associated with the worst 315 

progression free survival (PFS) (Fig. 1F), whereas the expression levels of MAP1LC3B 316 

showed no correlation with survival (Fig. 1G). The expression of EHMT2 mRNA did 317 

not associate with NRAS or NF1 mutations but was higher in BRAF wild type vs. 318 

BRAF mutant cases whereas the expression of MAP1LC3B mRNA did not associate 319 

with BRAF, NRAS or NF1 mutation status (Supplementary Fig. S2). Grouping the 320 

patients according to the expression of EHMT2 and MAP1LC3B (Supplementary Fig. 321 

S3A), we found that patients with high EHMT2 expression were associated with worse 322 

relapse-free survival (RFS) compared to all other groups (Supplementary Fig. S3B). 323 

Patients with high EHMT2 and low MAP1LC3B expression were associated with the 324 

worst overall survival (OS) (Supplementary Fig. S3C). It is noteworthy that the four 325 

groups based on the expression patterns of EHMT2 and MAP1LC3B did not differ 326 

significantly in their driver mutational subtype status (Supplementary Fig. S3D). Upon 327 

performing multivariate survival analysis using EHMT2 or MAP1LC3B mRNA 328 

expression alone or combined in comparison to other parameters including disease 329 

stage, gender and mutational status, we found that the expression of EHMT2 alone was 330 

able to stratify patients into different prognostic groups in both OS and RFS while the 331 

expression of MAP1LC3B alone did not (Supplementary Table S5). As only 4% (19 of 332 

473) of patients in the TCGA dataset were treated with checkpoint inhibitor therapy and 333 

the substantial level of non-metastatic tumors, may explain the differences observed in 334 

the different datasets, suggesting that EHMT2 level is important in overall tumor 335 

development, regardless of stage, while MAP1LC3B levels might be more important in 336 
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treatment response.  337 

 338 

G9a and LC3B protein levels predict response to checkpoint inhibitor therapy.  339 

We performed immunohistochemical (IHC) staining using specific antibodies to G9a 340 

and LC3B on a tissue microarray (TMA), containing 40 melanoma samples, collected 341 

from patients prior to receiving anti-PD-1 treatment alone or in combination with 342 

anti-CTLA-4 treatment to assess G9a and LC3B as predictors of clinical response 343 

(Fig. 2A). This cohort was divided into “responder” (R; n=28), including those that 344 

completely or partially responded to the treatment, or “non-responder” (NR; n=12) 345 

groups. In the responding group, the pre-treatment level of LC3B was higher compared 346 

to non-responding group (Fig. 2B). The number and mean intensity of the LC3B-347 

expressing cells were significantly higher in the responding group compared non-348 

responding group (Fig. 2C). Based on the cut-offs from Receiver Operator 349 

Characteristic (ROC) curves (Supplemental Fig. S4A and B), we found that high 350 

percentage of LC3B+ cells associated significantly with better survival due to better 351 

response and lower frequency of disease progression while LC3B staining intensity 352 

showed similar trends (Fig. 2D and E). Based on the pathology report, the tissue was 353 

considered as PD-L1 positive if 1% or greater of PD-L1 staining was observed. 354 

Univariate and multivariate analyses were carried out for LC3B, PD-L1 and all other 355 

variables available in our cohort (Supplementary Table S6). For multivariate analysis, 356 

neither LC3B nor PD-L1 remained significant for survival suggesting that they do not 357 

appear to be independent prognostic factors (there is an interaction). For response, both 358 

LC3B and PD-L1 are significant. For progression, PD-L1 remains significant, while 359 

LC3B was borderline significant, and for resistance: only PD-L1 is significant. This 360 
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suggests that both PD-L1 expression and % LC3B+ cells have prognostic value and the 361 

combination of both increased the prognostic power (Supplementary Fig. S5). The most 362 

benefit from immunotherapy was when both PD-L1 and % LC3B+ cells were both 363 

positive and the least benefit was observed when both were negative. When either 364 

LC3B or PD-L1 are positive there is benefit, but not to the extent when both are 365 

positive. Of note, PD-L1 negative but LC3B positive patients would benefit from 366 

immunotherapy so LC3B can be used to include more patients for treatment who would 367 

be missed out if only judging by PD-L1 positivity alone.  368 

We isolated circulating tumor cells (CTCs) using less invasive liquid biopsy from stage 369 

IV metastatic melanoma patients and examined the level of G9a and LC3B using a 370 

diagnostically-relevant IHC staining method (Fig. 2F). CTC collections in all cases 371 

were from patients who had already commenced anti-CTLA-4 (two cycles of 372 

monotherapy) followed by anti-PD-1 therapy (one cycle) for at least 3 months. The 373 

cohort of melanoma patients included three groups characterised as: 1) complete 374 

response (CR); 2) partial response (PR) and 3) no response (NR) as per RECIST 1.1 375 

(n=12 patient samples with 4 patients per group).  Immunofluorescence analysis of G9a 376 

and LC3B protein expression on these CTCs showed a higher ratio of LC3B to G9a was 377 

strongly associated with CR to checkpoint inhibitor therapy (Fig. 2G). Conversely, the 378 

lowest ratio of LC3B to G9a significantly associated with NR and the intermediate ratio 379 

was associated with PR to checkpoint inhibitor therapy (Fig. 2H). Together, our 380 

analyses suggest that G9a and LC3B protein and transcript levels could be used as 381 

potential predictive and response marker to checkpoint inhibitor therapy for melanoma 382 

patients. 383 

 384 



19 

 

MAP1LC3B is induced by G9a inhibition.  385 

We next sought to determine whether inhibition of G9a would lead to elevation of 386 

LC3B. The levels of LC3B I and II were examined in melanoma cell lines (D05 and 387 

C008) treated with the G9a inhibitor UNC0642 at 5 µM for 24 hours (Fig. 3A). LC3B II 388 

protein levels significantly increased in both cell lines following G9a inhibitor treatment 389 

as well as following G9a knock down in D05 cell line (Fig. 3B). Since the accumulation 390 

of LC3B II can result from either by the induction of autophagy or inhibition of 391 

autophagic flux, we used a pBABE puro mCherry-EGFP-LC3B reporter to examine the 392 

impact of G9a inhibitor on the autophagic flux. Although there was an increase in 393 

punctate pattern of EGFP-LC3B after treatment with UNC0642 (Fig. 3C and 394 

Supplementary Fig. S6), the level of mCherry-LC3B did not decrease with UNC0642 395 

treatment, suggesting a block in autophagic flux, similar to that of cells treated with an 396 

autophagy inhibitor, Bafilomycin A1 (Baf.A1). This was also consistent with the 397 

increase in p62 levels that was observed after G9a inhibitor treatment (Fig. 3A). 398 

Quantitative real time PCR analysis revealed that the transcript level of MAP1LC3B 399 

was induced significantly in both D05 and C008 cell lines with approximately two-fold 400 

induction compared to vehicle control (Fig. 3D). In order to ascertain whether the 401 

inhibition of G9a directly impacts MAP1LC3B expression via methylation of H3K9, 402 

chromatin immunoprecipitation (ChIP) was performed on the MAP1LC3B promoter. We 403 

found that there is a greater amount of H3K9me2 at the MAP1LC3B promoter of the 404 

two sensitive cell lines (D05 and C008) (Fig. 3E). Consistent with the increase in gene 405 

expression observed in Fig. 3D, in D05 cells, there was a greater than 4-fold reduction 406 

in the repressive mark H3K9me2 concomitant with an increase in RNA Pol II 407 

recruitment at the MAP1LC3B promoter following UNC0642 treatment (Fig. 3F). No 408 
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change in G9a, H3K9me2and the recruitment of RNA Pol II to the irrelevant region 409 

(5 kb upstream of the MAP1LC3B promoter) was observed suggesting a promoter 410 

specific regulation of MAP1LC3B by G9a. Together, these results demonstrate that G9a 411 

inhibition elicits accumulation of LC3B II in melanoma cell lines by blocking 412 

autophagic flux as well as inducing MAP1LC3B gene expression via reduction of H3K9 413 

methylation in the promoter region.  414 

 415 

G9a inhibition suppresses melanoma cell growth and survival.  416 

Using the TCGA/GTEx databases (30), it is evident that G9a is upregulated in 417 

melanoma patient samples compared to normal skin controls (Fig. 4A). We therefore 418 

sought to determine whether G9a inhibition impacts survival of melanoma cells in vitro. 419 

Cell survival in vitro was significantly attenuated by UNC0642 treatment in the 420 

melanoma cell lines, while survival of the normal melanocyte cells was unaffected 421 

(Supplementary Fig. S1B). We found that D05 and C008 cell lines were particularly 422 

sensitive to G9a inhibition and were selected to perform further analyses. Real time 423 

cellular imaging analysis using IncuCyte Zoom showed that G9a inhibition resulted in a 424 

significant reduction in proliferation in the D05 and C008 lines (Fig. 4B-D). We also 425 

performed a G9a knock down (shG9a) analysis in the D05 cell line and observed a 426 

significant reduction in cell viability compared to that of control (shNS) cells (Fig. 4E 427 

and F). G9a inhibition led to a reduction in cells in both G1 and G2/M phases but a 428 

more striking impact was observed in inducing cell death as indicated by greater than 429 

4-fold increase in cells in preG1 phase (Fig. 4G). Together these data suggest that the 430 

inhibition G9a directly impacts melanoma cell survival. 431 

We performed an in vivo experiment using the D20 cell line as D05 cell line was not 432 
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tumorigenic. UNC0642 administration led to almost 2-fold reduction in tumor growth 433 

and tumor weight (Fig. 4H and I), compared to vehicle treated control. Quantitative 434 

PCR analysis showed a significant increase in expression of the MAP1LC3B gene in 435 

tumor RNA isolated from mice treated with UNC0642 compared to the vehicle treated 436 

group (Fig. 4J). Expression of MAP1LC3B and CD274 (PD-L1) in the D20 cell line and 437 

xenografts were significantly increased with UNC0642 treatment (Supplementary 438 

Fig. S7). IHC analysis of LC3B protein in the excised tumors revealed a higher level of 439 

LC3B in the tumors from mice treated with UNC0642 compared to that of mice treated 440 

with vehicle (Fig. 4K).  441 

 442 

G9a inhibition augments checkpoint inhibitor blockade efficacy.  443 

We next examined whether inhibiting G9a enhances the efficacy of immunotherapy 444 

using the anti-PD-1 resistant B16F10 mouse melanoma model. We confirmed that 445 

UNC0642 treatment increases protein and mRNA levels of MAP1LC3B as well as 446 

CD274 transcript levels (Fig. 5A). UNC0642 administration led to a robust reduction in 447 

tumor growth and tumor weight (Fig. 5B and C), compared to vehicle or anti-PD-1 448 

treated groups. UNC0642 combined with anti-PD-1 not only further reduced tumor 449 

volume compared to UNC0642 treatment alone, but also led to tumor regression. 450 

Quantitative RT-PCR analysis revealed that a significant increase in expression of the 451 

MAP1LC3B, CD274 and IRF1 genes following UNC0642 treatment compared to the 452 

vehicle treated group (Fig. 5D). IHC analysis of LC3B and PD-L1 protein levels in the 453 

excised tumors revealed elevated level of LC3B and PD-L1, in the tumors from mice 454 

that were treated with UNC0642, or the combination (Fig. 5E). Another BRAF-mutant 455 

anti-PD-1 resistant melanoma model (SM1WT1) showed similar results to the 456 
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treatments (Supplementary Fig. S8A and B) and found that this cell line had similar 457 

basal level of LC3B protein as the B16F10 cell line (Supplementary Fig. S8C).  458 

Immunohistochemical staining of B16F10 tumors revealed a significant increase in 459 

CD8+ T-cells in tumors derived from mice treated with both G9a inhibitor and 460 

anti-PD-1 (Fig. 5F). CD8+ T-cell tumor infiltration is a favorable prognostic factor for a 461 

broad spectrum of human cancers, either through direct cytolytic action on tumor cells 462 

or by releasing interferon (IFN)-γ and TNF-α. In order to determine whether the 463 

expression of MAP1LC3B is correlated with the expression of T-cell signature genes, 464 

we examined the TCGA dataset and found that MAP1LC3B expression is inversely 465 

correlated with the expression of EHMT2, and positively correlated with T-cell 466 

signature genes (Fig. 5G). G9a inhibition has been shown to have anti-tumor activities 467 

by the re-expression of endogenous retroviruses in preclinical cancer models and 468 

thereby induce viral mimicry and IFN signaling to increase tumor immunogenicity and 469 

recognition (31). Consistent with other studies showing that the induction of 470 

endogenous retroviruses acting synergistically with checkpoint inhibitor therapies 471 

(32,33) and interferon signaling increasing the expression of PD-L1 in melanoma 472 

(34,35), G9a inhibition alone significantly increased IFNG expression and further 473 

increase was observed when combined with anti-PD-1 (Fig. 5H). Interestingly, upon 474 

analyzing RNA-based melanoma phenotypes, lower expression of EHMT2 was 475 

enriched in the immune phenotype compared to the other 2 phenotypes (Supplementary 476 

Fig. S9). In order to ascertain whether G9a inhibition can induce interferon signaling on 477 

tumor cells in the absence of immune cells, we performed a Gene Set Enrichment 478 

Analysis on genes significantly upregulated by G9a inhibitor treatment on D05 479 

melanoma cells in vitro, we found that the top two pathways enriched were TNF-α 480 
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signaling via NFKB and IFN-γ response (Supplementary Table S7 and Supplementary 481 

Fig. S10). All 11 genes in common between these two pathways (CCL2, PTGS2, 482 

TNFAIP3, NFKBIA, IFIH1, SOD2, IRF1, ICAM1, DDX58, BTG58 and NAMPT) were 483 

robustly induced upon G9a inhibition (Fig. 5I and J). Consistently, qRT-PCR analysis 484 

of 6 of these genes showed a significant increase upon UNC0642 treatment compared to 485 

the vehicle control (Fig. 5K). These results demonstrate that G9a inhibition enhances 486 

anti-tumor activity of checkpoint inhibitor blockade by modulating autophagy and 487 

interferon signaling.  488 

 489 

  490 
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Discussion 491 

We and others have previously shown that inhibiting G9a using small molecule 492 

inhibitors such as UNC0642 or BIX01294 has efficacy in inducing cell death and 493 

blocking metastatic potential in other cancer-types (15,27,36). In this study, we 494 

analyzed the impact of G9a inhibition on melanoma cell lines, the physiological 495 

consequences on melanoma cells on inhibiting G9a, the efficacy of the treatment in vivo 496 

and the importance of G9a in melanoma in terms of its association with patient survival 497 

using different melanoma gene expression datasets. It was shown that the inhibition of 498 

G9a was effective in inducing cell death in diverse melanoma cell types, and this 499 

treatment was effective in reducing tumor growth in vivo.  500 

 G9a inhibition in melanoma cells modulated autophagic processes, suggesting that the 501 

mode of cell death is mediated by the autophagic pathway. While the exact role of 502 

autophagy in human carcinogenesis is still debatable, on one hand, autophagy has been 503 

shown to have a tumor suppressive role by removing damaged organelles and misfolded 504 

proteins that could lead to a build-up of oxidative stress, activation of the DNA damage 505 

response and increased genomic instability, which have all been shown to be involved in 506 

cancer initiation and progression (37-39).  507 

We not only demonstrate that G9a inhibition reduces cell proliferation in vitro and 508 

tumor growth in vivo by regulating autophagy but also the clinical utility of G9a and 509 

LC3B as patient stratification markers. Although EHMT2 levels alone can stratify 510 

melanoma patients into distinct prognostic groups, when combined with its target gene, 511 

MAP1LC3B, the stratification power is significantly improved. The fact that 512 

MAP1LC3B gene expression in metastatic melanoma patients prior to anti-PD-1 therapy 513 

predicted survival not only emphasizes the potential value of MAP1LC3B gene 514 
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expression as a predictive marker of immunotherapy response, but also suggests that 515 

there may be therapeutic potential in modulating MAP1LC3B expression by targeting 516 

G9a (Fig. 6A). Recently, induction of the autophagic pathway has been shown to be 517 

beneficial for anti-CTLA-4 blockade in melanoma patients (40) whereas inhibition of 518 

autophagy, or the blockage of autophagic flux, has been shown to induce PD-L1 519 

expression (41). This study is limited, despite the interesting association LC3B has on 520 

anti-PD-1 response in the tested patient cohorts, the relatively small number of patients 521 

in each group means that these findings are still exploratory and would need to be 522 

further validated using a larger cohort. These findings suggest that a G9a inhibitor has 523 

the potential to be used as a novel agent to treat melanoma, potentially as an adjuvant to 524 

anti-PD-1 or anti-CTLA-4 therapies either potentiating the efficacy or extending the 525 

proportion of melanoma patients responding to checkpoint inhibitor treatment (Fig. 6B). 526 

 527 

528 
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Figure legends 529 

 530 

Figure 1. High MAP1LC3B and low EHMT2 expression predict response to anti-PD-1 531 

treatment. (A) Diagram of pre-treatment tumor biopsy sample collection from 532 

metastatic melanoma patients for MAP1LC3B transcript analysis. (B) Survival curve 533 

shown for metastatic melanoma patients using tumor MAP1LC3B transcript levels prior 534 

to anti-PD-1 therapy being administered. Patients were ranked from high to low based 535 

on the expression of MAP1LC3B transcript levels and were divided into tertitles. We 536 

compared each tertiles in terms of patient survival and found that only the lowest tertile 537 

was associated with the worst OS. Hence, the comparison was made between the lowest 538 

tertile (low, n=9) against the rest (high n=18). Survival of two patient groups, 539 

MAP1LC3B high (red) and MAP1LC3B low (black) are shown. P = 0.0095. (C) Graph 540 

representing the relative gene expression of EHMT2 and MAP1LC3B from the two 541 

patient groups (*P < 0.05, **P < 0.01). (D) Inverse relationship between EHMT2 (G9a) 542 

and MAP1LC3B mRNA (z-scores) in the TCGA melanoma patient cohort (n=473). (E) 543 

Pearson correlation coefficient (Pearson r = -0.3951) showing a negative correlation 544 

between EHMT2 and MAP1LC3B generated by GraphPad Prism. (F and G) Progression 545 

free survival (PFS) of melanoma patients stratified according to EHMT2 (F) or 546 

MAP1LC3B (G) mRNA expression using a modified TCGA patient cohort removing all 547 

the primary tumors and distant metastases, leaving only patients with regional 548 

metastases. Groups are based on quartiles of expression defined as: Quartile 1 (bottom 549 

25%), Quartile 2 (25-50%), Quartile 3 (50-75%) and Quartile 4 (top 25%). Log-rank 550 

(Mantel-Cox) test was used for statistical evaluation. 551 

  552 
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Figure 2. G9a and LC3B protein levels are potential predictive markers of response to 553 

checkpoint inhibitor therapy. (A) Diagram of pre-treatment tumor biopsy samples from 554 

metastatic melanoma patients for TMA processing and IHC analysis. (B) Representative 555 

TMA staining of G9a, LC3B, DAPI and merged image from a patient that responded to 556 

anti-PD-1 based therapy (R = Responder) or did not (NR = Non responder). Scale bars 557 

represent 100 µm. (C) Quantitation of the number and mean intensity of the LC3B 558 

staining in the TMA sections by Responder and Non-responder (*P < 0.05). (D and E) 559 

Patients were classified based on the percentage of LC3B-positive cells (% LC3B+ 560 

cells) (D) or absolute LC3B staining intensity (E). The classification was based on the 561 

cut-offs from ROC curves to define low (black) or high (red) groups (shown in 562 

Supplemental Figure 3A and B). KM plots are shown for OS, response (Complete 563 

Response (CR) or Partial Response (PR)), Progression (de novo or post-response), and 564 

for acquired resistance (Progressive Disease (PD) after initial response). Hazard ratios 565 

and P-values from log-rank (Mantel-Cox) test are shown for each plot. Total number of 566 

patients = 40; 16 patients had % LC3B+ cells > 18.5% and 15 patients had LC3B 567 

staining intensity > 753.31 (absolute units). (F) Diagram of post treatment liquid biopsy 568 

sample collection from metastatic melanoma patients for CTC G9a and LC3B protein 569 

analysis. (G) Immunofluorescence imaging of DAPI, ABCB5, G9a and LC3B are 570 

shown. CTCs were isolated from melanoma patient liquid biopsies and were fixed and 571 

immunofluorescence microscopy was performed with specific antibodies to G9a, LC3B 572 

and ABCB5. Representative images for each dataset are shown. Scale bars represent 573 

50 µm. (H) Quantitation of total fluorescence intensity of LC3B to G9a. Data is 574 

presented as the mean ± SEM, significant comparisons were determined by Kruskal-575 

Wallis test and indicated as follows ****P < 0.0001.  576 
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 577 

Figure 3. G9a inhibition modulates autophagic processes. (A) Immunoblotting analysis 578 

of LC3B, H3K9me2 and p62 in the D05 and C008 cell lines treated with either vehicle 579 

(DMSO) or UNC0642 (5 µM, 24h). Tubulin was used as a loading control. (B) 580 

Immunoblotting analysis of G9a, H3K9me2 and LC3B I/II from the D05 cell line 581 

expressing shNS or shG9a. Tubulin was used as a loading control. (C) 582 

Immunofluorescence analysis of mCherry-EGFP-LC3B puncta in the D05 melanoma 583 

cell line treated with either vehicle (DMSO), UNC0642 (5 µM, 24h) or Baf.A1 (20 nM, 584 

24h). Scale bar represents 200 µm. (D) Quantitative RT-PCR of the MAP1LC3B gene, 585 

using four melanoma cell lines treated with UNC0642 (5 µM, 24h). The results are 586 

expressed as fold change compared to vehicle control (DMSO). (E) Chromatin 587 

immunoprecipitation analysis of basal H3K9me2 on the MAP1LC3B promoter. (F) 588 

Chromatin immunoprecipitation analysis of G9a, H3K9me2 and Pol II on the 589 

MAP1LC3B promoter (left panel) or 5 kb upstream of the MAP1LC3B promoter (right 590 

panel) in D05 cells treated with UNC0642 (5 µM, 24h), Data is presented as the mean ± 591 

SEM, significant comparisons were determined by unpaired t-test and indicated as 592 

follows: *P < 0.05, **P < 0.01, ****P < 0.0001, n=3.  593 

 594 

Figure 4. G9a inhibition induces melanoma cell death. (A) Box plot analysis of 595 

TCGA/GTEx datasets showing relative expression of EHMT2 in tumor (T) compared to 596 

normal (N) skin tissue. (B) IncuCyte ZOOM time-lapse imaging analysis of D05 and 597 

C008 melanoma cell lines. Cells were treated with either vehicle (DMSO) or UNC0642 598 

(5 µM, 48h) as shown. (C) Cell viability was measured by MTT assay against normal 599 

melanocytes. (D) Representative images of melanoma cell lines examined in (B) are 600 

shown. Scale bar shown represents 200 µm. (E) MTT assay showing cell viability of 601 
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D05 cells following G9a knock down (shG9a) compared to non-silencing control 602 

(shNS). (F) Immunoblotting analysis of G9a from (E). Tubulin was used as a loading 603 

control. (G) Cell cycle analysis was determined by quantification of DNA content using 604 

propidium iodide staining and analysed using flow cytometry. (H) Groups of SCID 605 

mice (n=6-9) were subcutaneously injected with D20 melanoma cells (2 x 10
6
) on day 606 

0. Tumor bearing mice were treated with vehicle (DMSO) or UNC0642 (5 mg/kg) 607 

intraperitoneally every two days. Tumor growth was measured using a digital caliper, 608 

and tumor volumes are represented as mean ± SEM. Statistical differences in tumor 609 

volumes between vehicle and UNC0642-treated mice were determined by unpaired 610 

t-test. (I) Tumor weight at end-point represented as mean ± SEM. (J) MAP1LC3B gene 611 

expression from tumors from (H) using qRT-PCR. Data is shown as the mean ± SEM. 612 

Statistical differences were determined by unpaired t-test. (K) IHC analysis of LC3B, 613 

SOX10 protein expression and Hematoxylin and Eosin (H&E) staining. Insets show 614 

representative areas at 4X relative magnification. Scale bars represent 50 μm. Stained 615 

tumor sections were subdivided into 5 non-overlapping regions and were analysed for 616 

their number of positive stained pixels (brown) and quantified per unit area (μm²). Data 617 

is presented as the mean ± SEM, significant comparisons were determined by unpaired 618 

t-test and indicated as follows: *P < 0.05, **P < 0.01, ****P < 0.0001, (all experiments 619 

were performed twice with between 3 and 6 replicates per experiment). 620 

 621 

Figure 5. G9a inhibition induces LC3B and augments anti-PD-1 response. (A) 622 

Immunoblotting analysis of mouse G9a and LC3B and transcript level of MAP1LC3B 623 

and CD274 (PD-L1) in the B16F10 cell lines treated with either vehicle or UNC0642 624 

(5 µM, 24h). Tubulin was used as a loading control. (B) Groups of C57BL/6J mice 625 
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(n=8) were subcutaneously injected with B16F10 mouse melanoma cells (1 x 10
5
) on 626 

day 0. Tumor bearing mice were treated with vehicle (DMSO and IgG isotype control), 627 

UNC0642 (5 mg/kg and 250 µg of IgG), anti-PD-1 (250 µg and DMSO) or UNC0642 628 

(5 mg/kg) and anti-PD-1 (250 µg per mouse) intraperitoneally every two days for 629 

UNC0642 or every four days for the anti-PD-1 or IgG control for two weeks. Tumor 630 

volumes are represented as mean ± SEM. Statistical differences in tumor volumes were 631 

determined by Kruskal-Wallis test (*P < 0.05, **P < 0.01, ***P < 0.005). (C) Tumor 632 

weight at end-point shown for all four treatments represented as mean ± SEM. 633 

Statistical differences in tumor volumes were determined by Kruskal-Wallis test (*P < 634 

0.05, ***P < 0.005). (D) Mouse MAP1LC3B, CD274 and IRF1 gene expression from 635 

tumors extracted from mice treated with either vehicle or UNC0642 determined using 636 

qRT-PCR. Data is shown as the mean ± SEM. Statistical differences were determined 637 

by unpaired t-test (*P < 0.05, **P < 0.01). (E) Immunohistochemical analysis of LC3B, 638 

PD-L1 protein expression and H&E staining in B16F10 xenografts excised from mice 639 

treated with either vehicle, UNC0642, anti-PD-1 or UNC0642 and anti-PD-1. Insets 640 

show representative areas at 4X relative magnification. Scale bars represent 50 μm. 641 

Stained tumor sections were subdivided into 5 non-overlapping regions and were 642 

analysed for their number of positive stained pixels (brown) and quantified per unit area 643 

(μm²) using the Aperio ImageScope software. Results are shown as the mean ± SEM. 644 

Statistical differences were determined by Kruskal-Wallis test (**P < 0.01, ***P < 645 

0.005, ****P < 0.0001; n=5). (F) B16F10 tumors excised from mice treated with either 646 

vehicle, anti-PD-1, UNC0642 or the combination were stained for CD8+ and DAPI. 3 647 

tumors were analysed with greater than 15,000 cells per tumor scanned to profile the % 648 

positive population distribution of infiltrating CD8
+
 T cells in the tumor 649 
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microenvironment. (G) Heatmap showing the relative expression of the 14 T-cell 650 

signature genes, MAP1LC3B and CD274 in 347 TCGA melanoma patients ranked by 651 

high to low EHMT2 expression. (H) Quantitative RT-PCR analysis of IFNG expression 652 

from tumors extracted from the C57BL/6J mice treated with either vehicle, anti-PD-1, 653 

UNC0642 or the combination. Results are shown as the mean ± SEM. Statistical 654 

differences were determined by Kruskal-Wallis test (*P < 0.05, **P < 0.01, n=6). (I) 655 

Identification of common genes induced by G9a inhibition belonging to the TNFA 656 

signaling via NFKB and interferon gamma response pathways. (J) Heatmap of the 11 657 

common genes identified induced by UNC0642 treatment. (K) Quantitative RT-PCR 658 

analysis of 6 of these genes from D05 cells treated with G9a inhibitor (5 µM, 24h). 659 

Results are shown as the mean ± SEM. Statistical differences were determined by 660 

unpaired t-test (**P < 0.01, n=6).  661 

 662 

Figure 6. Model for G9a inhibitor-mediated re-expression of MAP1LC3B for melanoma 663 

cell death induction and utility of G9a and MAP1LC3B as patient selection and immune 664 

checkpoint inhibitor (ICI) therapy response markers. (A) G9a inhibitor induces 665 

MAP1LC3B expression by reducing histone H3K9 methylation, thereby modulates 666 

autophagy and leads to better response to ICI therapy. (B) G9a and LC3B levels can 667 

stratify melanoma patients into distinct prognostic groups. Melanoma patients with low 668 

G9a and high LC3B should response to standard ICI therapy, however, patients with 669 

high G9a and low LC3B, who would inherently be resistant to standard ICI therapy, can 670 

be treated with G9a inhibitor and the resultant decrease in G9a activity and increase in 671 

LC3B levels would sensitize these patients to standard ICI therapy. 672 

  673 
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