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Abstract

RNA contains more than 170 types of chemical modifications, and these modified nucleosides are
recognized, installed and removed by their reader, writer, and eraser (RWE) proteins, respectively.
Here, we employed a parallel-reaction monitoring (PRM)-based targeted proteomic method, in
conjunction with stable isotope labeling by amino acids in cell culture (SILAC), to examine
comprehensively the differential expression of epitranscriptomic RWE proteins in a matched pair
of primary/metastatic colorectal cancer (CRC) cells, namely SW480/SW620. We were able to
quantify 113 nonredundant epitranscriptomic RWE proteins; among them, 48 and 5 were up-and
down-regulated by >1.5-fold in SW620 over SW480 cells, respectively. Some of those proteins
with marked up-regulation in metastatic CRC cells, including NAT10, hnRNPC, and DKC1,

were documented to assume important roles in the metastasis of CRC and other types of cancer.
Interrogation of the Clinical Proteomic Tumor Analysis Consortium data revealed the involvement
of DUSIL in the initiation and metastatic transformation of CRC. It can be envisaged that the
PRM method can be utilized, in the future, to identify epitranscriptomic RWE proteins involved in
the metastatic transformations of other types of cancer.
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1| INTRODUCTION

Epigenetic modifications of DNA and histones are well studied; how-ever, much less is
investigated about the roles of RNA modifications in cellular processes. Over 170 types
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of chemical modifications exist in RNA [1]; most of these modifications are found in
tRNAs, which contain an average of 13 modifications per molecule [2]. The most abundant
internal modification in eukaryotic mRNA, AB-methyladenosine (m8A) [3], has drawn
substantial attention after high-throughput sequencing revealed its widespread occurrence
in the transcriptome [4]. Cellular proteins have been uncovered for the installation
(“writers”) [5-9], recognition (“readers”) [10-12], and removal (“erasers”) [13-15] of m6A
in MRNA. Aside from m8A, mRNA also contains AL-methyladenosine (m1A) [16-18],
5-methylcytidine (m°C) [19-21], A7-methylguanosine (m’G) [22], pseudouridine () [23,
24], and 2’- O-methylated nucleosides [25, 26].

Recent studies showed that genetic depletions of some of the epitranscriptomic reader,
writer and eraser (RWE) proteins confer embryonic lethality and/or other developmental
abnormalities, and their mutations and/or aberrant expressions result in the initiation

and progression of cancer, impaired antiviral response, and defective neurogenesis [27—
30]. For instance, Li et al. found that fat mass and obesity-associated protein (FTO)
facilitates leukemo-genesis by modulating the expression of MRNAs of ASB2and RARA
genes, which play crucial roles in leukocyte proliferation [31]. Ma et al. observed that
methyltransferase 14 (METTL14) inhibits the metastatic transformation of hepatocellular
carcinoma through promoting the binding of DiGeorge syndrome critical region 8 (DGCRS8)
to pri-miR-126 and enhancing the maturation of miR-126 [32]. These studies provided
insights into the roles of individual epitranscriptomic RWE proteins in cancer development;
nonetheless, to our knowledge, there is no systematic investigation about how aberrant
expression of epitranscriptomic RWE proteins modulates cancer progression.

CRC is well known for its high occurrence and mortality, with approximately 1.93 million
newly diagnosed cases and 0.94 million deaths in 2021 [33]. The 5-year survival rate for
CRC patients with distant metastasis is as low as 5%, with an average of 13 months of
survival after diagnosis [34].

Scheduled parallel-reaction monitoring (PRM) is a targeted proteomic method where
predefined m/z values of precursor ions of peptides and their retention time information are
incorporated into an inclusion list for MS/MS analyses [35]. The PRM method capitalizes
on the high resolution, accurate-mass-measurement abilities of an Orbitrap or time-of-flight
mass analyzer, which facilitates unambiguous identification and robust quantification of
peptides in complex sample matrices [36]. PRM, coupled with stable isotope labeling by
amino acids in cell culture (SILAC) [37], also enables highly accurate and reproducible
quantification of proteins in cultured mammalian cells [38, 39].

In this study, we applied our recently established LC-PRM method [40], together with
SILAC, to assess the expression differences in epitranscriptomic RWE proteins in a
matched pair of primary/metastatic colorectal cancer cell lines (SW480/SW620) derived
from the same patient (Figure 1A). We uncovered a number of differentially expressed
epitranscriptomic RWE proteins and explored the involvement of some of these proteins in
CRC progression.
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MATERIALS AND METHODS

Tryptic digestion of whole-cell protein lysate

Details of cell culture procedures can be found in the supporting information. Light- or
heavy-isotope labeled SW480 and SW620 cells were collected, and lysed on ice for 30

min with CelLytic M lysis buffer (Sigma) supplemented with 1% protease inhibitor cocktail
(Sigma). After centrifugation at 16,100 x g for 30 min at 4°C, Bradford assay (Bio-Rad)
was conducted to quantify total proteins in the supernatant. In forward SILAC experiments,
the total protein lysate of SW480 cells cultured in the heavy medium and that of SW620
cells cultured in the light medium were combined at 1/1 ratio by mass. The reverse SILAC
experiments were conducted in the opposite way. Samples from four biological replicates,
with two forward and two reverse SILAC experiments, were prepared. Proteins in the cell
lysates were denatured, reduced, and alkylated before digestion with MS-grade trypsin
(Pierce) in 50 mM NH4HCO3, pH 8.0, at 37°C for 16 h according to the filter-aided sample
preparation (FASP) procedure [41]. The tryptic peptides were collected by centrifugation
and desalted using OMIX C18 pipet tips (Thermo Fisher Scientific) prior to LC-PRM
analysis.

LC-PRM data acquisition

The LC-PRM data were acquired on a Q Exactive Plus quadrupole-Orbitrap mass
spectrometer and a Dionex UltiMate 3000 RSLCnano UPLC system was employed

for peptide separation. Prior to analyzing the aforementioned SILAC samples, a tryptic
digestion mixture of bovine serum albumin (BSA) was analyzed under the same instrument
conditions to define the linear relationship between normalized retention time (iRT) and
RT, with the iRTs of BSA peptides being predefined. The RTs of tryptic peptides for

RWE proteins were predicted from their iRTs in the PRM library and the above-described
iRT-RT relationship for BSA peptides. By using our recently developed Skyline PRM library
[40], we were able to monitor the precursor ions representing the light and heavy forms

of 444 unique tryptic peptides of 152 epitran-scriptomic RWE proteins in three separate
LC-MS/MS runs, where the inclusion list encompassed the m/zvalue and RT window (7
min in width) for each precursor ion of interest.

The analytical column was packed in-house using 3 pm Reprosil-Pur C18-AQ resin (Dr.
Maisch GmbH HPLC) in a 25-cm fused silica column (75 gm i.d.). The trapping column
was also prepared in-house with 5 ym Reprosil-Pur C18-AQ resin (Dr. Maisch GmbH
HPLC) in a 4-cm long fused silica column (150 gm i.d.). Peptides from 500 ng of SILAC
protein lysate were resolved using the analytical column with a 125-min linear gradient
of 6%—-43% mobile phase B (80% acetonitrile in 0.1% formic acid) in mobile phase A
(0.1% formic acid in Milli-Q water), where the flow rate was 300 nl/min. The voltage for
electrospray was set at 1.8 kV. The precursor ions were isolated in the quadrupole and
fragmented in the HCD collision cell, where the isolation window was 1.0 /m/zand the
normalized collision energy (NCE) was 28. MS/MS were recorded with the resolution,
automated gain control (AGC) target and maximum accumulation time being 17,500, 1 x
10° and 50 ms, respectively.
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LC-PRM data analysis

The raw LC-MS/MS files were processed in Skyline to plot the extracted-ion
chromatograms for peak integration. For a positive detection of precursor ion of interest,
4-6 most abundant y ions from the same precursor ion in light and heavy forms should
share the same elution time, and the relative abundances of fragment ions from the acquired
MS/MS should match those in the MS/MS in the library, which is gauged by dot product
(dotp) value [42]. A dotp value of >0.7, ideally above 0.9, was considered highly similar.
We manually excluded the potential interfering fragment ion if it does not overlay with other
fragment ions. Quantification was based on the sum of peak areas for the 4-6 fragment
ions with overlaid elution profiles. The ratio of peak areas for the light and heavy forms

of the peptide, provided by Skyline, reflects the relative abundance of that peptide, and by
extension, the expression ratio of the corresponding protein, in SW620 over SW480 cells.

Bioinformatic analyses

Gene Ontology (GO) analysis on biological process of genes encoding all up-regulated
RWE proteins was carried out using Database for Annotation, Visualization, and Integrated
Discovery (DAVID, version 6.8; https://david.ncifcrf.gov/). Gene set enrichment analysis
(GSEA) was performed in GSEA 4.1.0 software (http://www.broad.mit.edu/gsea). The
Cancer Genome Atlas—Colon Adenocarcinoma (TCGA-COAD) dataset (7= 512) was
downloaded from https://gdc.xenahubs.net/download/TCGA-COAD.htseq_fpkm.tsv.gz. The
MRNA expression of each gene encoding the top 10 up-regulated RWE proteins

obtained from the LC-PRM analysis was first stratified using its median value. GSEA

was then conducted between the stratified TCGA-COAD and the hallmark gene sets
(h.all.v7.4.symbols.gmt).

The relative expression levels of RWE proteins between colon cancer tissues and normal
adjacent tissues of the Clinical Proteomic Tumor Analysis Consortium (CPTAC) samples
[43] were retrieved using the UALCAN online tool (http://ualcan.path.uab.edu/) [44]. The
MRNA expression levels of genes encoding RWE proteins in normal, primary tumor, and
metastatic tumor tissues of liver were retrieved from GSE41258 by using GEO2R [45].
The outliers of each tissue group were identified and removed, where box-whisker plots
were generated using an online tool (https://www.statskingdom.com/boxplot-maker.html)
and replotted using Excel.

RESULTS

Scheduled LC-PRM analysis reveals differentially expressed epitranscriptomic RWE

proteins in metastatic SW620 over primary SW480 CRC cells

Our goal of this study was to interrogate systematically the contributions of
epitranscriptomic RWE proteins in CRC metastasis. Toward this objective, we began with
assessing differential expression of epitranscriptomic RWE proteins in SW480 primary
CRC cells, derived from the primary tumor site of a colon adenocarcinoma patient, and
SW620 metastatic CRC cells, derived from a lymph node metastatic site of the same
parent. By employing our recently developed LC-PRM method [40], in combination with
SILAC, we were able to quantify 113 distinct epitranscriptomic RWE proteins in this pair
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of CRC cells; these proteins represent 74.3% of RWE proteins in the PRM library (Figure
1B, Table S1). Positive identification was considered achieved when 4-6 transitions (i.e.,
product ions) from the same precursor ion exhibit the same retention time and a dot product
(dotp) value [42] of >0.7. In this regard, the dotp value gauges the similarities in relative
abundances of fragment ions between the acquired MS/MS and the reference MS/MS in
the PRM library that were acquired from previous shotgun proteomic analysis [46]. Of the
detected epitranscriptomic RWE proteins, 48 were up-regulated, and 5 were down-regulated
by >1.5-fold in the metastatic SW620 relative to the primary SW480 CRC cells. Among
them, dihydrouridine synthase 2 (DUS2), decapping mRNA 2 (DCP2), N-acetyltransferase
10 (NAT10), and heterogeneous nuclear ribonucleoprotein C (hnRNPC) were markedly up-
regulated by more than 4-fold in SW620 over SW480 cells (Figure 1C, and those proteins
with expression ratios between 0.67 and 1.5-fold are shown in Figure S1).

Scheduled LC-PRM analysis affords highly reproducible and accurate

guantifications of epitranscriptomic RWE proteins

3.3]

We next examined the reproducibility of the PRM method by comparing the data

acquired from the four SILAC replicates. In this vein, 95 RWE proteins were commonly
detected from the two forward and two reverse SILAC experiments (Figure 2A). The logyg-
transformed protein expression ratios obtained from the averaged ratios of two forward and
those of two reverse SILAC labeling experiments exhibited an excellent linear fit (Figure
2B). Moreover, we calculated the replicate ratio based on LC-PRM results of all component
peptides from each replicate, and we found that the mean relative standard deviation (RSD)
of ratio of the RWE proteins from the four replicates of SILAC experiments was 21.8%.
These results together support the consistency of quantification results obtained from four
SILAC experiments. We also determined the ratios of all detected tryptic peptides of each
RWE protein from the LC-PRM data of the four SILAC replicates, and determined that

the mean RSD of expression ratio for each protein from those of its component peptides
was 9.1% (Table S1). This result reveals the relatively small variations among the different
quantified peptides from the same protein. Together, the PRM method affords reproducible
quantifications of RWE proteins.

LC-PRM also offers accurate quantification of peptides of target proteins since the
quantification is based on their unique amino acid sequences derived from the proteins

of interest. We further performedWestern blot analyses for three proteins, that is, FTO,
heterogeneous nuclear ribonucleoprotein A2/B1 (hnRNPA2B1), and hnRNPC (Figure 2C),
and the results are in agreement with what we obtained from quantitative proteomic
experiments, underscoring the accuracies of the PRM method. Figures 2D and S2 illustrate
the extracted-ion chromatograms for the component peptides of FTO, hnRNPA2B1 and
hnRNPC, and MS/MS of the component peptide of hnRNPC, respectively.

Analysis of the up-regulated RWE proteins from LC-PRM analysis using the CCLE

database, GO, and GSEA

We queried the RNA-Seq data in the Cancer Cell Line Encyclopedia (CCLE) database
for the MRNA expression levels of the top 10 up-regulated RWE proteins in SW620
over SW480 cells, as revealed from LC-PRM analysis. We uncovered that the mRNA
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levels of DUS2, NAT10, ADATZ, DKCI, TARBPI, RBMX, and DUSIL genes were also
up-regulated by over 1.5-fold in SW620 relative to SW480 cells, suggesting that the up-
regulation of these proteins in metastatic cells arises mainly from elevated transcription of
the corresponding genes. On the other hand, the mRNA levels of DCP2, hnRNPC, and
YRDC genes differed slightly between SW480 and SW620 cells (Figure 3A and B). The
reason of the augmented abundance of DCP2, hnRNPC, and YRDC in the metastatic CRC
cells remains unclear, and it could arise from post-transcriptional regulation, for example,
through increased translational efficiency and/or diminished protein turnover.

We also conducted GO analysis on those RWE proteins that were up-regulated in metastatic
over primary CRC cells by at least 1.5-fold. The result showed that these proteins are
mainly associated with tRNA modification, methylation and processing, RNA methylation,
and y synthesis (Figure 3C). GSEA identifies cumulative expression changes of multiple
genes within a priori defined gene set displaying statistically significant difference in

two phenotypes [47]. GSEA of the top 10 up-regulated RWE proteins from the LC-PRM
analysis was performed individually for the corresponding genes after stratifying the results
to high- and low-mRNA expression groups according to their median values in the TCGA-
COAD dataset, against the hallmark gene sets provided by the GSEA Molecular Signatures
Database [47]. Notably, we observed significantly (o< 0.01 and FDR < 0.25) enriched
hallmark gene sets in the high-expression group of all the top 10 up-regulated RWE proteins
except ADAT2 and TARBP1 (Table S2). Specifically, E2F targets, G2-M checkpoint, and
MY C target V1 were among the most frequently enriched gene sets, where six out of eight
RWE proteins display enrichment with those gene sets in the high-expression group of

the protein (Figure 3D). Figure S3A depicts enrichment plots of DUS2. Those hallmark
gene sets are related to cancer cell proliferation and tumor metastasis [48]. Notably, E2F
transcription factors 1 and 7 (E2F1 and E2F7) were found to modulate colon cancer
metastasis and development [49]. Some E2F targets, including enhancer of zeste 2 polycomb
repressive complex 2 subunit (EZH2) and bone morphogenetic protein 4 (BMP4), could
mediate melanoma and breast cancer metastasis [50, 51]. Moreover, it was shown that
ER+/HER2- breast cancer with high G2-M checkpoint pathway genes activity is more
likely to metastasize [52]. Furthermore, even though the association between c-Myc and
CRC metastasis remained controversial [53], c-Myc targets, such as YTHDF1 and AP4,
were associated with CRC metastasis [54, 55]. It is also worth noting that the mRNA
expression levels of DKCI1 and NAT10are positively associated with those of MYCin the
TCGA-COAD dataset (Figure S3B).

Several differentially expressed RWE proteins identified in this study were found to be
associated with cancer metastasis. For instance, DUS2, a tRNA-dihydrouridine synthase,

is up-regulated in nonsmall cell lung carcinomas (NSCLC), and a higher level of DUS2

is accompanied with a poorer prognosis of lung cancer patients [56]. In addition, NAT10,
an acetyltransferase, promotes gastric cancer metastasis through inducing the formation of
N-acetylcytidine in MRNA of COL5A1 gene, and glycogen synthase kinase 38 (GSK-3/5)
was found to promote the invasion of CRC cells through modulating the subcellular
redistribution of NAT10 [57, 58]. Moreover, hnRNPC, an m®A reader protein, is involved
in CRC progression since its elevated level in SW620 cells drives alternative cleavage

and polyadenylation of MTHFD1L mRNA, a potential therapeutic target for CRC [59].
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Furthermore, DKC1, a y synthase, plays essential roles in angiogenesis and CRC metastasis
by activating the transcription of HIF-1a, and may serve as a therapeutic target for CRC
[60]. Additionally, YRDC, an AS-threonyl-carbamoyl-adenosine (t8A) writer, promotes
hepatocellular carcinoma by activating MEK/ERK signaling pathway [61]. These studies

of DUS2, NAT10, hnRNPC, DKCL1, and YRDC support our proteomic results that these
proteins may promote metastatic transformation of CRC.

DUSIL is accompanied with CRC initiation and metastasis

Vasaikar et al. analyzed the global protein expression in matched tumor and tumor-adjacent
normal tissues from 110 colon cancer patients from the CPTAC [43]. For comparison, 75%
of RWE proteins in the PRM library were quantified in our LC-PRM analysis, and CPTAC
analysis allowed for the quantification of 66% of the RWE proteins included in the same
library (Figure 4A).

We further investigated if the top 10 RWE proteins up-regulated in SW620 relative to
SW480 cells also exhibit differential protein expression in colon tumor tissue compared with
tumor-adjacent normal tissues. Our results showed that five differentially expressed RWE
proteins, namely, NAT10, hnRNPC, DKC1, RBMX, and DUSI1L, displayed pronounced
differences in expression between tumor and tumor-adjacent normal tissues in the CPTAC
samples (Figure 4B). This result indicates that elevated expressions of these proteins

are positively associated with both the initiation and metastatic transformation of CRC.
Further experiments are needed to determine if augmented expression of these proteins
drives the initiation and metastatic transformation of CRC. On the other hand, DUS2,
TARBP1, and YRDC were either not significantly associated or slightly down-regulated

in primary tumor tissues relative to tumor-adjacent normal tissues. These differences are

not surprising, considering that tumor initiation and metastasis may also involve distinct
molecular pathways, and that our PRM data were acquired from cell lines derived from a
single patient. In addition, DCP2 and ADAT2 were quantified in SW480/SW620 cells in our
PRM analysis, but not in CPTAC samples.

Apart from examining the protein expression of the top 10 up-regulated genes in the CPTAC
samples, we explored GSE41258 [45], a microarray dataset for mMRNA expression in normal,
primary tumor, and liver metastasis tissues collected from colon cancer patients. Such
analysis revealed markedly higher mMRNA expressions of NAT10, HNRNPC, DKC1, YRDC,
TARBPI1, RBMX, and DUSIL genes in primary tumor tissues compared with normal tissues
(Figure 4C), which is in keeping with the CPTAC analysis. Moreover, DCP2, TARBPI,

and DUSIL genes display significantly higher mRNA expression in liver metastasis tissues
relative to primary colon tumor tissues (Figure 4C), indicating that they may also be
positively associated with CRC metastasis. Hence, the CPTAC and GSE41258 data showed
that DUSIL exhibits higher mRNA and protein expression in primary colon cancer tissues
than normal tissues, and it also displays a higher MRNA expression in the metastatic tissues
to the liver relative to primary colon tumor tissues, suggesting a dual role of DUS1L in the
initiation and metastatic transformation of colorectal cancer (CRC).
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4| DISCUSSION

We employed a scheduled LC-PRM method for highly sensitive, robust, and high-
throughput profiling of epitranscriptomic RWE proteins accompanied with CRC metastasis.
Our LC-PRM approach facilitated reproducible and accurate quantifications of 95
epitranscriptomic RWE proteins quantified in all four SILAC experiments, with 48 and

5 of these proteins being up- and down-regulated, respectively, by >1.5-fold in SW620
metastatic CRC cells relative to SW480 primary CRC cells. NAT10, hnRNPC, and DKC1
exhibit pronounced up-regulations in the metastatic over primary CRC cells, and the roles
of these proteins in CRC metastasis are known [57, 59, 60], which is in keeping with

our LC-PRM analysis. Interrogation of publicly available data of CRC patients unveiled
the potential involvement of DUSIL in both the initiation and metastatic transformation of
CRC. We envision that the LC-PRM method developed herein can also be harnessed for
future investigations about how epitranscriptomic modulators contribute to the metastatic
transformations of other types of cancer.
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TCGA-COAD The Cancer Genome AtlasColon Adenocarcinoma
CPTAC the Clinical Proteomic Tumor Analysis Consortium
RSD relative standard deviation
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Significance Statement

Several reports unveiled the roles of individual epitranscriptomic RWE proteins in
cancer metastasis; however, to our knowledge, there is no systematic investigation

about how aberrant expression of epitranscriptomic RWE proteins contributes to cancer
progression. CRC is known for its high occurrence and mortality rates, and effective
therapeutic targets for treating CRC are urgently needed. Here, we applied our recently
developed LC-PRM method to explore the differential expression of epitranscriptomic
RWE proteins in metastatic SW620 versus primary SW480 CRC cells. We were able to
reproducibly and accurately quantify a total of 95 nonredundant epitranscriptomic RWE
proteins; among them, 48 and 5 were up- and down-regulated by over 1.5-fold in SW620
relative to SW480 cells, respectively. We also discussed the potential roles of some of
these differentially expressed proteins in the initiation and metastatic transformation of
CRC. Thus, this represents the first application of a PRM approach for interrogating

the alterations in expression levels of epitranscriptomic RWE proteins accompanied with
CRC metastasis.
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FIGURE 1.

(A) A SILAC- and LC-PRM-based workflow for targeted quantifications of
epitranscriptomic RWE proteins in SW620 (metastatic) and SW480 (primary) CRC cells.
(B) A Venn diagram showing the number of quantified RWE proteins in SW480/SW620
cells in comparison with that of RWE proteins deposited in the PRM library. (C) A bar graph
depicting the relative expression levels of differentially expressed RWE proteins in SW620
versus SW480 CRC cells. Red and blue bars designate those proteins with expression

ratios in SW620/SW480 cells being >1.5 and <0.67, respectively. Error bars represent SD

of results obtained from a total of four SILAC experiments after determining the protein
expression ratio in each replicate based on LC-PRM results of all component peptides of the
protein
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FIGURE 2.
(A) A Venn diagram illustrating the numbers of RWE proteins quantified in four SILAC

experiments. (B) Log;g(Ratio) of the average protein expression levels in SW620 over
SW480 cells obtained from two forward and two reverse SILAC experiments. One outlier
(VIRMA, its quantification results from forward and reverse SILAC experiments display
a large discrepancy) was excluded. The top 10 up-regulated RWE proteins were labeled
in red dots, except DCP2 and TARBP1, which were quantified only in forward SILAC
experiments. (C) Western blot analyses of FTO, hnRNPA2B1, and hnRNPC proteins in
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SW480 and SW620 cells, and the comparison of the quantification data obtained from
Western blot (7= 3) and PRM analyses (n= 4). (D) Extracted-ion chromatograms of
representative peptides of FTO (LFTVPWPVK), hnRNPA2B1 (IDTIEIITDR), and hnRNPC
(MIAGQVLDINLAAEPK), obtained from LC-PRM analysis in one forward (SW_F1) and
one reverse SILAC experiment (SW_R1)
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FIGURE 3.
(A) mRNA expression levels of the top 10 up-regulated RWE genes identified from LC-

PRM analysis. The data were retrieved from the CCLE database. (B) The comparison

of relative mRNA levels obtained from the CCLE database and relative protein levels of
the top 10 up-regulated RWE genes in SW620 versus SW480 cells, as obtained from
LC-PRM analysis. (C) A bar graph illustrating GO analysis on biological process (BP) of
all up-regulated RWE genes. The BP results were sorted by Benjamini FDR from smallest
to largest using 0.01 as a cutoff. (D) A bar graph showing GSEA results of the sum of
particular enriched gene sets of top 10 up-regulated RWE genes identified from LC-PRM
analysis. TCGA-COAD dataset was first stratified to high- and low-expression groups using
the median value of MRNA expression of a specific RWE protein among all patient tissues.
The significance level in GSEA analysis was defined as nominal p-value < 0.01 and FDR
g-value < 0.25. The number of permutations was set at 1000
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FIGURE 4.
(A) A Venn diagram illustrating the number of RWE proteins quantified from the PRM

analysis in this study and the previously reported CPTAC analysis, in comparison with the
total number of RWE proteins deposited in the PRM library. (B) Relative protein expression
levels of NAT10, hnRNPC, DKC1, RBMX, and DUSIL in primary colon tumor tissues

and tumor-adjacent normal tissues in the CPTAC samples. Z-values represent SD from the
median across samples. (C) Relative mRNA expression levels of DCPZ, NAT10, HNRNPC,
DKC1, YRDC, TARBP1, RBMX, and DUSIL genes in normal tissues, primary colon tumor
tissues, and liver metastasis tissues in GSE41258. The p values were calculated using an
unpaired two-tailed Student’s ¢test. For (B-C), the horizontal edges and inner line of the
box illustrate the upper/lower quartiles and median, respectively. The top/bottom ends of the
whisker denote the maximum/minimum values

Proteomics. Author manuscript; available in PMC 2024 February 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Tryptic digestion of whole-cell protein lysate
	LC-PRM data acquisition
	LC-PRM data analysis
	Bioinformatic analyses

	RESULTS
	Scheduled LC-PRM analysis reveals differentially expressed epitranscriptomic RWE proteins in metastatic SW620 over primary SW480 CRC cells
	Scheduled LC-PRM analysis affords highly reproducible and accurate quantifications of epitranscriptomic RWE proteins
	Analysis of the up-regulated RWE proteins from LC-PRM analysis using the CCLE database, GO, and GSEA
	DUS1L is accompanied with CRC initiation and metastasis

	DISCUSSION
	References
	FIGURE 1
	FIGURE 2
	FIGURE 3
	FIGURE 4

