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Abstract

Trimethylation of lysine 36 on histone H3 (H3K36me3), an epigenetic mark associated with 

actively transcribed genes, plays an important role in multiple cellular processes, including 

transcription elongation, DNA methylation, DNA repair, etc. Aberrant expression and mutations 

of the main methyltransferase for H3K36me3, i.e., SET domain-containing 2 (SETD2), were 

shown to be associated with various cancers. Here, we performed targeted profiling of 

154 epitranscriptomic reader, writer, and eraser (RWE) proteins using a scheduled liquid 

chromatography-parallel-reaction monitoring (LC-PRM) method coupled with the use of stable 

isotope-labeled (SIL) peptides as internal standards to investigate how H3K36me3 modulates 

the chromatin occupancies of epitranscriptomic RWE proteins. Our results showed consistent 

changes in chromatin occupancies of RWE proteins upon losses of H3K36me3 and H4K16ac 

and a role of H3K36me3 in recruiting METTL3 to chromatin following induction of DNA 

double-strand breaks. In addition, protein–protein interaction network and Kaplan–Meier survival 

analyses revealed the importance of METTL14 and TRMT11 in kidney cancer. Taken together, 

our work unveiled cross-talks between histone epigenetic marks (i.e., H3K36me3 and H4K16ac) 
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and epitranscriptomic RWE proteins and uncovered the potential roles of these RWE proteins in 

H3K36me3-mediated biological processes.

Graphical Abstract

INTRODUCTION

Trimethylation of lysine 36 on histone H3 (H3K36me3) is an important epigenetic 

modification involved in multiple cellular processes.1–5 The presence of H3K36me3 on gene 

body is commonly associated with active transcription. In addition, H3K36me3 modulates 

a number of critical pathways. For instance, H3K36me3 can be recognized by the PWWP 

domain of DNMT3B,6 which recruits DNMT3B to spurious transcription start sites to 

ensure the fidelity of intragenic transcription initiation.7,8 H3K36me3 is also important for 

efficient alternative splicing in mammalian cells via chromatin-associated proteins, including 

MORF-related gene 15 (MRG15),9 lens epithelium-derived growth factor (LEDGF),10 and 

zinc finger MYND-type containing 11 (ZMYND11).11 Moreover, H3K36me3 constitutes 

an important signaling event in DNA repair, where it promotes homologous recombination 

(HR),12 nonhomologous end-joining (NHEJ),13 and mismatch repair (MMR).14

SET domain-containing 2 (SETD2) is the major methyltransferase catalyzing the formation 

of H3K36me3 from H3K36me2.5,15,16 Mutations and the ensuing loss of functions of 

SETD2 occur in a wide range of human cancers, suggesting the potential roles of 

H3K36me3 in preventing carcinogenesis and tumorigenesis.17,18 Diminished H3K36me3 

also disrupts the patterns of other histone post-translational modifications (PTMs), 

where cross-talks between H3K36me3 and H3K79me2,19 H3K27me3,20–22 along with 

H4K16ac,16 have been identified.

Recent developments of the epitranscriptomics field led to the discovery of a number 

of epitranscriptomic RNA modifications, which modulate gene expression by altering 
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the stabilities and translation efficiencies of mRNAs.23–26 Several recent studies 

documented intricate cross-talks between epitranscriptomic RNA modifications and 

epigenetic modifications. For instance, loss of N6-methyladenosine (m6A) on chromatin-

associated regulatory RNAs (carRNAs) led to augmented stabilities of carRNAs, diminished 

H3K9me3, elevated chromatin accessibility, and active transcription in mouse embryonic 

stem cells.27 In addition, H3K36me3 was shown to guide the deposition of m6A in the 

transcriptome through recruiting methyltransferase-like 14 (METTL14) protein, a subunit of 

the major m6A methyltransferase complex (MTC).28 Apart from m6A, N1-methyladenosine 

(m1A), N7-methylguanosine (m7G), and pseudouridine (ψ) are abundant in mRNAs and 

assume important functions in multiple cellular pathways.26,29–31 The reader, writer, and 

eraser (RWE) proteins of these modified nucleosides are also actively involved in gene 

expression regulation.32,33 Owing to its association with active transcription, we reason 

that H3K36me3 may modulate the functions of other epitranscriptomic RWE proteins by 

regulating their chromatin occupancies. Hence, we set out to perform a comprehensive 

and quantitative assessment of the overall expression levels and chromatin occupancies 

of epitranscriptomic RWE proteins in HEK293T cells upon CRISPR-Cas9-mediated 

ablation of SETD2 gene to investigate the interplay between histone H3K36me3 and 

epitranscriptomic modulators.

EXPERIMENTAL SECTION

Cell Culture.

HEK293T cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) 

supplemented with 10% fetal bovine serum (FBS) and 1% penicillin–streptomycin. 

HEK293T cells with SETD2 and KAT5 genes being individually ablated with CRISPR/Cas9 

were generated previously16 and maintained at 37 °C in a humidified chamber containing 

5% CO2.

Stable Isotope-Labeled Peptides.

As described previously,34 47 crude synthetic stable isotope-labeled (SIL) peptides 

([13C6,15N2 ]-Lys and [13C6, 15N4]-Arg) representing 44 RWE proteins were synthesized 

at 1.0 μmol scale and purified by Vivitide (Gardner, MA). The peptide purity was ~75%, 

and isotopic purity was approximately 99%. Each SIL peptide was reconstituted in an 

aqueous solution containing 15% acetonitrile and 0.1% formic acid. All SIL peptides were 

mixed as a stock solution for spiking into proteomic samples. The 47 stable isotope-labeled 

peptides were employed as internal standards for the corresponding peptides derived from 

endogenous epitranscriptomic RWE proteins. Peptides from endogenous epitranscriptomic 

RWE proteins lacking the corresponding stable isotope-labeled standards were grouped 

based on their retention times, where an appropriate stable isotope-labeled peptide with 

similar elution time was chosen as the surrogate standard for each group.

Cell Lysate Preparation.

HEK293T cells and the isogenic SETD2−/− and KAT5−/− cells were harvested and 

subsequently processed according to previously described procedures.34 Briefly, the cells 

were lysed on ice for 30 min with occasional vortexing using CelLytic M cell lysis reagent 
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(Sigma) supplemented with 1% protease inhibitor cocktail and centrifuged at 16 000g for 

30 min at 4 °C. The supernatants were collected, and the protein concentrations in the 

supernatants were determined using the Bradford assay.

Isolation of Chromatin Fraction.

The chromatin fractions of parental HEK293T cells and the isogenic SETD2−/− and 

KAT5−/− cells were prepared following the previously reported protocol.16 The cells were 

lysed by incubating in cytoplasmic lysis buffer (10 mM Tris-HCl, Ph 8.0, 0.34 M sucrose, 3 

mM CaCl2, 2 mM MgCl2, 0.1 mM EDTA, 1 mM DTT, 0.5% Nonidet P-40, and 1% protease 

inhibitor cocktail) for 30 min on ice, and the intact nuclei were subsequently pelleted by 

centrifugation at 5000 rpm for 2 min. Nuclei were lysed with nuclear lysis buffer (20 mM 

HEPES, pH 7.9, 1.5 mM MgCl2, 1 mM EDTA, 150 mM KCl, 0.1% Nonidet P-40, 1 mM 

DTT, 10% glycerol, and 1% protease inhibitor mixture) by homogenization and incubated 

on ice for 5 min. After centrifugation at 13 000 rpm for 30 min, the chromatin-enriched 

pellet fraction was incubated in a chromatin isolation buffer, which contained 20 mM 

HEPES (pH 7.9), 1.5 mM MgCl2, 150 mM KCl, 10% glycerol, 1% protease inhibitor 

mixture, and 0.15 unit/μL benzonase (Sigma), on a thermomixer at 4 °C with interval 

vortexing (on: 20 s and off: 9 min 40 s) at 1200 rpm for 2 h. Debris was then removed by 

centrifugation at 5000 rpm for 2 min, and the supernatant was collected as the chromatin 

fraction. Protein concentrations in chromatin fractions were determined by Bradford assay 

(Bio-Rad).

Sample Preparation for Liquid Chromatography-Parallel-Reaction Monitoring (LC-PRM) 
Analysis.

The samples were prepared following the filter-aided sample preparation (FASP) protocol,35 

where 40 μg of protein samples were denatured twice with 8 M urea in 50 mM NH4HCO3 

using the polyethersulfone (PES) membrane centrifugal filter units (with a 30 kDa molecular 

weight cutoff, VWR), and the sample tubes were centrifuged at 10 000g for 30 min at room 

temperature. The denatured samples were reduced with 20 mM dithiothreitol (DTT) at 37 

°C for 1 h and alkylated with 55 mM iodoacetamide (IAA) at room temperature in the dark 

for 30 min, followed by washing with 50 mM NH4HCO3 three times. The samples were 

digested with MS-grade trypsin (Pierce) at a 1:40 ratio (trypsin/protein, by mass) in 50 mM 

NH4HCO3 at 37 °C for 18 h. The tryptic peptides were collected by centrifugation, dried in 

a Speed-vac, desalted using Pierce C18 pipette tips (Thermo Scientific), and reconstituted 

in 0.1% formic acid. To the mixture was subsequently added a mixture of SIL peptides at a 

final concentration of 2 fmol/μL each.

LC-PRM Analysis.

LC-PRM analyses were conducted on a Q Exactive Plus quadrupole-Orbitrap mass 

spectrometer coupled with a Dionex UltiMate 3000 RSLCnano UPLC system. A trapping 

column (150 μm ID, 40 mm) packed in-house with 5 μm Reprosil-Pur C18-AQ resin (Dr. 

Maisch GmbH HPLC) and an analytical column (75 μm ID, 200 mm) packed in-house 

with 3 μm Reprosil-Pur C18-AQ resin (Dr. Maisch GmbH HPLC) were utilized to trap 

and resolve peptides, respectively. Formic acid (0.1%, v/v) in water and formic acid (0.1%, 

v/v) in acetonitrile/H2O (80:20, v/v) were used as mobile phases A and B, respectively. 
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A linear gradient of 6–43% B in 125 min was employed, and the flow rate was 300 nL/

min. The voltage for electrospray was 1.8 kV, and the capillary temperature was 320 °C. 

The precursor ions were isolated in the quadrupole at an isolation width of 1.6 m/z and 

fragmented in the HCD collision cell at a normalized collision energy (NCE) of 28. MS/MS 

were acquired at a resolution of 17 500, where the automated gain control target was 1 × 

105 and the maximum accumulation time was 50 ms. After calibrating the retention times 

for precursor ions using the tryptic peptides of bovine serum albumin (BSA) as references, 

MS/MS for the precursor ions on the inclusion lists were acquired in the scheduled PRM 

mode with a 10 min retention time window.

The raw LC-PRM data were imported to Skyline v21.236 for processing. The acquired 

MS/MS of each precursor ion was compared with that in the spectral library, where 

similarity was gauged by dot product (dotp) value.37 A dotp value of >0.7 and 4–6 fragment 

ions eluting at the same retention time were considered a positive identification. Additional 

data processing was conducted in Excel, and the results are shown in Table S1. In brief, the 

ratio of each peptide representing a specific RWE protein was calculated based on a two-step 

normalization: (1) the peak area of an endogenous peptide was normalized to that of its 

corresponding SIL peptide or a surrogate standard with a similar retention time; (2) the ratio 

was further normalized against the ratio of the sum of peak areas for all light peptides over 

the sum of peak areas for all heavy peptides in each LC-PRM run. The relative ratios of the 

peptides in SETD2−/− and KAT5−/− samples were then normalized against the corresponding 

ratios in parental HEK293T samples. The relative ratios of the epitranscriptomic RWE 

proteins in one biological replicate were calculated from the mean of the relative ratios 

of the peptides derived from the same protein. The final ratios of the RWE proteins were 

averaged from the quantification results of three independent biological replicates.

RESULTS AND DISCUSSION

The major objective of the present study is to explore how H3K36me3 modulates the 

chromatin occupancies of epitranscriptomic RWE proteins. To this end, we first employed 

liquid chromatography-parallel-reaction monitoring (LC-PRM) analysis, in conjunction 

with the use of synthetic stable isotope-labeled (SIL) peptides,34 to examine the relative 

expression of 154 epitranscriptomic RWE proteins in HEK293T and the isogenic SETD2−/− 

cells (Figure 1A). Li et al.16 showed that knockout of SETD2 gene in HEK293T cells not 

only abolished H3K36me3 but also significantly diminished H4K16ac as a consequence of 

the cross-talk between the two histone epigenetic marks. In particular, upon the induction 

of DNA double-strand breaks (DSBs), H3K36me3 recruits histone acetyltransferase KAT5 

via LEDGF for the deposition of H4K16ac, thereby augmenting chromatin accessibility and 

facilitating DNA repair.16 Hence, we also monitored the relative expression levels of the 154 

epitranscriptomic RWE proteins in the isogenic KAT5−/− cells for comparison (Figure 1A).

Overall, 228 and 236 tryptic peptides, representing 120 and 123 epitranscriptomic RWE 

proteins, were quantified in SETD2−/− and KAT5−/− cells relative to parental HEK293T 

cells, respectively. Among them, 34 and 36 out of 228 and 236 tryptic peptides were 

quantified with their SIL peptides, respectively. The remaining peptides were quantified 

with surrogate SIL peptides with similar elution times as the target peptides. A total of 118 
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common RWE proteins were detected in both knockout cell lines, accounting for 76.6% of 

the proteins in the PRM library (Figure 1B).

Pearson’s correlation analysis (R = 0.7522, p < 0.0001) showed a significant positive 

correlation between the relative expression levels of RWE proteins in SETD2−/− and 

KAT5−/− cells (Figure 2A). This result is in line with the previous observation that 

SETD2-mediated H3K36me3 promotes KAT5-catalyzed H4K16ac.16 RWE proteins in the 

knockout cells with relative expression levels being greater than 1.50- or less than 0.67-

fold in comparison with parental HEK293T cells were considered up- or downregulated, 

respectively. A Venn diagram revealed that 23 and 26 RWE proteins were up- and 

downregulated, respectively, in both SETD2−/− and KAT5−/− cells (Figure 2B). By imposing 

an additional criterion of p < 0.05, we found that 2 and 14 RWE proteins were significantly 

up- and downregulated, respectively, in both knockout cell lines (Figure 2D).

Considering that histone PTMs could influence the recruitment of RWE proteins to 

chromatin directly, we performed subcellular fractionation and implemented targeted LC-

PRM analyses for the 154 epitranscriptomic RWE proteins in the chromatin fraction. In 

this vein, Western blot analysis confirmed the successful subcellular fractionation (Figure 

S1). In total, 253 and 263 tryptic peptides, representing 123 and 121 epitranscriptomic 

RWE proteins, were quantified in the chromatin fractions from SETD2−/− and KAT5−/− 

cells, respectively. Among them, 39 tryptic peptides derived from 37 RWE proteins were 

quantified with their SIL peptides in the two knockout cell lines. In addition, 119 common 

RWE proteins were detected in the chromatin fractions of the two knockout cell lines, 

and they represent 78% of RWE proteins in the PRM library (Figure S2a). Although the 

proteomic results of chromatin fraction and whole-cell lysate yielded similar coverage of 

RWE proteins in the PRM library, chromatin fractions offered better peptide coverage, 

indicating enrichment of these RWE proteins in the chromatin fraction relative to the whole-

cell lysate.

We again observed a significant positive correlation between the chromatin-associated 

RWE proteins in SETD2−/− and KAT5−/− cells based on Pearson’s correlation analysis 

(R = 0.7021, p < 0.0001, Figure 2C). The scatter plots of Pearson’s correlation analysis 

also showed that the expression levels of RWE proteins, i.e., in the whole-cell lysates, 

showed similar numbers of up- (fold change > 1.5) and downregulated (fold change < 1.5) 

proteins, whereas a large number of RWE proteins exhibited diminished occupancy in the 

chromatin fraction. Consistently, the Venn diagram showed that 5 and 47 RWE proteins 

in the chromatin fractions were up- and downregulated, respectively, in both knockout cell 

lines (Figure S2b). By employing p < 0.05 as a cutoff, 28 common RWE proteins exhibited 

significantly diminished presence in the chromatin fractions of the two knockout cell lines 

(Figure 2E). The substantially attenuated levels of RWE proteins in the chromatin fractions 

of SETD2−/− and KAT5−/− cells suggested the roles of H3K36me3 and H4K16ac in the 

recruitment of these epitranscriptomic RWE proteins to chromatin.

The diminished levels of epitranscriptomic RWE proteins in the chromatin fraction may 

also arise from their decreased expression. To illustrate the correlation between expression 

levels of RWE proteins and their chromatin occupancy, we plotted the Log2-transformed 
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fold changes of RWE proteins in the whole-cell lysate vs chromatin fraction of the two 

knockout cell lines separately. A total of 106 RWE proteins were commonly quantified 

in the whole-cell lysates and chromatin fractions in the two knockout cell lines (Figure 

3A,B). Downregulated chromatin-associated RWE proteins were grouped based on their 

expression levels (Figures 3C,D and S3). In SETD2−/− cells, 13, 23, and 27 RWE proteins 

downregulated in the chromatin fraction were upregulated, unchanged, and downregulated, 

respectively, in overall expression levels. Additionally, 11, 23, and 18 RWE proteins 

downregulated in chromatin fraction were upregulated, unchanged, and downregulated, 

respectively, in their overall expression levels in KAT5−/− cells.

To identify those proteins whose chromatin localizations are enabled by the histone 

epigenetic marks, we focused on those RWE proteins displaying attenuated levels in the 

chromatin fraction but exhibiting no change or augmented levels in the whole-cell lysate 

after genetic ablation of SETD2. In this vein, Royal family domains, e.g., chromodomain, 

chromobarrel, MBT, PWWP, Tudor, and TTD, can interact with histone methylation marks 

and are considered reader domains for histone methylation.38,39 Staphylococcal nuclease 

and Tudor domain-containing 1 (SND1) protein was shown to be a reader protein for histone 

arginine methylation.40 Meanwhile, SND1 was identified as a reader protein of m6A in the 

Kaposi’s sarcoma-associated herpesvirus (KSHV) ORF50 RNA transcripts.41,42 We found 

that genetic ablation of SETD2 did not alter the expression level of SND1 but led to its 

diminished presence in the chromatin fraction, indicating that H3K36me3 may enable the 

recruitment of SND1 to chromatin through its Tudor domain.

Our results also revealed diminished chromatin occupancies of METTL3 and METTL14, 

whereas their overall expressions were elevated in SETD2−/− cells (Figures S3 and S4). In 

this vein, our Western blot results confirmed a diminished chromatin occupancy of METTL3 

protein in SETD2−/− cells, and RT-qPCR results revealed no appreciable change in mRNA 

expression level of METTL3 gene upon genetic ablation of SETD2 (Figure S5), suggesting 

the involvement of a post-transcriptional mechanism in modulating the expression level 

of METTL3 protein in SETD2-depleted cells. Attenuated recruitment of METTL14 to 

chromatin upon loss of H3K36me3 is consistent with the previous finding that H3K36me3 

guides the deposition of m6A through its interaction with METTL14.28 METTL3, which 

forms a complex with METTL14 along with several other proteins and constitutes the 

catalytic subunit of the major m6A MTC, is involved in multiple cellular processes.43 

Increasing lines of evidence illustrated the active participation of METTL3, METTL14, 

and the ensuing RNA m6A methylation in DNA repair.44–47 In addition, H3K36me3 is a 

significant chromatin signal for DNA damage repair.3 Hence, we reason that METTL3 and 

METTL14′s chromatin occupancies could be regulated by H3K36me3 during DNA repair. 

Therefore, we next asked how the chromatin occupancy of METTL3 is affected by the loss 

of H3K36me3 following DNA damage induction.

Li et al.16 showed that DNA DSB-inducing agents stimulated H3K36me3 in cultured human 

cells in a time-dependent manner. Consistent with this previous finding, we observed that, 

upon neocarzinostatin (NCS) treatment, H3K36me3 level in HEK293T cells first increased, 

peaked at 30 min, and then returned to the initial level at 4-h following treatment with 100 

ng/mL NCS (Figure 4A,C). As expected, H3K36me3 was not detectable in SETD2−/− cells 
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(Figures 4A and S6). Quantification results from the Western blot showed that chromatin-

bound METTL3 first increased, peaked at 60 min, and then decreased in HEK293T cells 

(Figures 4B,D and S7). The observation that the increase in chromatin occupancy of 

METTL3 trails that of H3K36me3 is consistent with the notion that H3K36me3 promotes 

the chromatin recruitment of METTL3. In keeping with the PRM results, we observed that 

the levels of chromatin-bound METTL3 were significantly lower in SETD2−/− cells than 

those in HEK293T cells throughout the entire time course following NCS exposure. Western 

blot analysis of METTL3 in the whole-cell lysate did not reveal any apparent alterations in 

the expression levels of the protein following NCS treatment in HEK293T or the isogenic 

SETD2−/− cells (Figure S8). Zhang et al.45 showed previously that METTL3 is involved in 

HR-mediated repair. In this vein, upon DNA DSB induction, activated METTL3 is localized 

to DNA damage sites and installs m6A on nascent RNA transcribed from DNA damage loci, 

which subsequently recruits YTHDC1, RAD51, and BRCA1 to promote HR repair.45 The 

above results suggest that SETD2-mediated H3K36me3 contributes to the recruitment of 

METTL3 to chromatin during DNA DSB repair.

We also monitored the chromatin occupancy and expression level of YTHDC1, a known 

nuclear m6A reader protein, in HEK293T cells and the isogenic SETD2−/− cells following 

NCS treatment (Figures 4B,D, S7, and S8). Our results revealed that the chromatin 

occupancy of YTHDC1 in HEK293T cells increased first and then started to decrease 

after 30 min following NCS treatment. Moreover, the chromatin occupancy of YTHDC1 in 

SETD2−/− cells is significantly lower than that in HEK293T cells following NCS exposure. 

This is in line with the aforementioned findings made for METTL3, suggesting that 

increased chromatin occupancy of the METTL3 methyltransferase complex and the ensuing 

elevated m6A deposition in carRNAs promote the chromatin localization of the YTHDC1, 

the nuclear m6A reader protein.

We next performed protein–protein interaction (PPI) network analysis to reveal the 

relationship among the up- and downregulated epitranscriptomic RWE proteins after 

knockout of SETD2 gene. Our results showed that METTL14 and TRMT11 are the hub 

proteins with the highest interconnectivity to other nodes in the up- and downregulated RWE 

PPI network (Figure S9). Upregulation of METTL14 and downregulation of TRMT11 in 

SETD2−/− cells are reflected in the extracted-ion chromatograms of the representative tryptic 

peptides of the two proteins and their corresponding SIL or surrogate standard peptides 

(Figure S10a,c). SETD2 is one of the top mutated genes in clear-cell renal cell carcinoma48 

(ccRCC) and is associated with tumor progression.49 Mutations in SETD2 gene or lower 

expression of SETD2 protein are accompanied with poor prognosis in ccRCC patients.50,51 

Those RWE proteins substantially altered after SETD2 deletion could also be involved in 

ccRCC progression. Kaplan–Meier survival analysis for kidney cancer cases in the Cancer 

Genome Atlas (TCGA) showed that higher levels of METTL14 expression or lower levels 

of TRMT11 expression are significantly associated with better prognosis in kidney renal 

clear-cell carcinoma (KIRC, Figure S10b,d), suggesting potential roles of METTL14 and 

TRMT11 during ccRCC disease progression.

In summary, by using a scheduled LC-PRM-based targeted proteomic method coupled with 

SIL standard peptides, we examined quantitatively the chromatin occupancies and overall 
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expression levels of 154 epitranscriptomics RWE proteins in HEK293T and the isogenic 

SETD2−/− and KAT5−/− cells. The quantification results for the RWE proteins exhibited 

positive correlations in SETD2−/− and KAT5−/− cells with respect to their overall expression 

levels and chromatin occupancies, indicating that H3K36me3 and H4K16ac may coregulate 

epitranscriptomic RWE proteins in human cells. We found that H3K36me3 modulates the 

chromatin occupancies of METTL3 and METTL14, the core components of the major m6A 

methyltransferase complex, and revealed the implication of this modulation in response to 

DNA DSB induction in cells. High mutation rate of SETD2 is associated with multiple 

cancers, especially ccRCC.17 PPI network analysis indicated the importance of METTL14 

among the upregulated proteins and TRMT11 among the downregulated proteins after 

knockout of SETD2 protein. Kaplan–Meier survival analysis for kidney cancers in TCGA 

suggested the potential regulatory roles of METTL14 and TRMT11 in ccRCC disease. 

Together, our results revealed the cross-talks between epitranscriptomic RWE proteins and 

H3K36me3 and their potential regulatory roles in DNA repair and ccRCC disease.
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Figure 1. 
Overview of the LC-PRM method for examining the differential expression and chromatin 

occupancy of epitranscriptomic RWE proteins in HEK293T and the isogenic SETD2−/− 

and KAT5−/− cells. (A) LC-PRM workflow for targeted profiling of alterations in 

epitranscriptomic RWE proteins in the whole-cell lysate and chromatin fraction of 

HEK293T cells upon genetic ablation of SETD2 and KAT5. Confluent cells were collected 

and processed with the FASP protocol. Targeted profiling of epitranscriptomic RWE proteins 

was performed using LC-PRM analysis with SIL peptides as internal or surrogate standards. 

(B) Venn diagram depicting the numbers of quantified RWE proteins in SETD2−/− and 

KAT5−/− cells vs parental HEK293T cells, compared to those deposited in the PRM library.
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Figure 2. 
Comparison of the LC-PRM quantification results of RWE proteins in SETD2−/− (n = 

3) and KAT5−/− (n = 3) cells relative to parental HEK293T cells (WT, n = 3). (A) 

Pearson’s correlation analysis displaying the Log2-transformed expression fold changes of 

the 118 epitranscriptomic RWE proteins in SETD2−/− (n = 3) and KAT5−/− (n = 3) cells 

relative to parental HEK293T cells (n = 3). (B) Venn diagram depicting the numbers of 

up- and downregulated RWE proteins in SETD2−/− and KAT5−/− cells relative to parental 

HEK293T cells. Proteins with expression fold changes being greater than 1.5 and less than 

0.67 are considered up- and downregulated, respectively. (C) Pearson’s correlation analysis 

displaying the Log2-transformed fold changes of the 119 epitranscriptomic RWE proteins 

in the chromatin fractions of SETD2−/− (n = 3) and KAT5−/− (n = 3) cells relative to 

parental HEK293T cells (n = 3). (D) Bar chart showing the RWE proteins with significantly 

increased and decreased expressions in both SETD2−/− (n = 3) and KAT5−/− (n = 3) cells 

(expression fold changes: > 1.5 or < 0.67; p < 0.05). (E) Bar chart showing the RWE 

proteins significantly up- and downregulated in chromatin fractions of both SETD2−/− (n = 

3) and KAT5−/− (n = 3) cells (expression fold changes: > 1.5 or < 0.67; p < 0.05).
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Figure 3. 
Comparison of the LC-PRM quantification results of the RWE proteins in the chromatin 

fractions and whole-cell lysates of SETD2−/− (n = 3) and KAT5−/− (n = 3) cells relative 

to parental HEK293T cells. (A, B) Venn diagrams depicting the numbers of quantified 

RWE proteins in chromatin fractions and whole-cell lysates of SETD2−/− (A) and KAT5−/− 

(B) cells relative to parental HEK293T cells. (C, D) Scatter plots showing the Log2-

transformed fold changes in overall expression and chromatin occupancy of RWE proteins 

in SETD2−/− (C) and KAT5−/− (D) cells. RWE proteins downregulated in the chromatin 

fraction but upregulated and unchanged in whole-cell lysate are labeled in orange and black, 

respectively. RWE proteins downregulated in both chromatin fraction and whole-cell lysate 

are labeled in blue.
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Figure 4. 
Western blot quantification results of METTL3 and YTHDC1 proteins in HEK293T and 

the isogenic SETD2−/− cells at different time points following treatment with 100 ng/mL 

NCS. (A) Representative western blot result of H3K36me3 in core histones extracted 

from HEK293T and the isogenic SETD2−/− cells during the treatment of 100 mg/mL 

NCS. Histone H3 was employed as a loading control. (B) Representative Western blot 

result of METTL3 and YTHDC1 proteins in the chromatin fractions of HEK293T and 

the isogenic SETD2−/− cells at different time points following treatment with 100 mg/mL 

NCS. Histone H3 was employed as a loading control. The lack of GAPDH signal indicates 

the lack of contamination of cytoplasmic proteins in the chromatin fraction. (C) Western 

blot quantification results displaying the NCS-induced changes in H3K36me3 levels in 

HEK293T cells. (D) Western blot quantification results showing the NCS-induced changes 

in the levels of METTL3 and YTHDC1 proteins in the chromatin fractions of HEK293T and 

the isogenic SETD2−/− cells. The quantification results displayed in panels (C, D) represent 

the mean and S.D. of results obtained from five independent biological replicates conducted 

on 5 separate days. The p values were calculated using nonparametric one-way ANOVA 

with further adjustment by the Benjamini−Hochberg FDR method for the comparison 

among different NCS treatment times in HEK293T and the isogenic SETD2−/− cells. #, 

p > 0.05; *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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