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ABSTRACT: Protein evidence derived from mass spectrometry (MS) across cancer cohorts
and model systems is extensive but remains fragmented across individual studies and
repositories, limiting rapid retrieval and evidence-based benchmarking of cancer-context protein
detection. Here we present the Mass Spectrometric Detected Cancer Proteins (MSCP)

Integrated MSCP Datasets with
Identification of 15,964 Proteins

11,116 proteins

Cell lines —» identified from

resource, an integrated database assembled from 27 large-scale cancer proteomics sources 8 datasets

spanning human tumor cohorts, cancer cell lines, and patient-derived xenograft (PDX) models.

Protein identifications were harmonized to UniProtKB-Swiss-Prot (release 2025 01) and Tumor  __ }gg::izﬂgéoftszf
integrated under FDR-controlled identification outputs to generate a unified catalog of 15,964 tissues 13 datasets
MS-supported human proteins. Benchmarking against neXtProt PE1 identified 525 proteins

newly supported by MS evidence in the integrated cancer context, including proteins previously 14,200 proteins
associated with chromosome-level evidence inconsistencies. Functional interpretation of the PDXs — identified from

newly identified set using GO and Reactome enrichment highlighted immune- and barrier- 6 datasets

associated processes and chromatin- and genome-regulatory pathways, including DNA

methylation and histone deacetylation. Orthogonal verification using synthetic unique peptides confirmed representative newly
identified proteins by concordant precursor m/z and fragment-ion patterns. MSCP provides a provenance-aware, UniProtKB-aligned
resource for cancer proteomics that supports both cohort- and model-specific querying and coverage-oriented evidence aggregation,
enabling standardized comparisons to reference proteomes and facilitating downstream assay planning and translational studies.

KEYWORDS: mass spectrometry, cancer proteins, proteomics database, NeXtProt protein existence (PE) metrics, missing proteins,
peptide identification

Bl INTRODUCTION

The primary goal of proteomics is to characterize proteins and
advance methodologies that enable protein detection from
different biological resources.' ™’ Historically, the field of
proteomics has evolved significantly with the advent of high-
throughput mass spectrometry-based proteomics, antibody
development, and protein microarrays, enabling the rapid and
accurate identification of proteins.” ® Advancements in mass
spectrometry have transformed the field by providing greater
sensitivity, resolution, and throughput.7_9 Proteomics data-
bases have played a pivotal role in this evolution by serving as
repositories for data derived from diverse experimental and
computational workflows.'”"" Initiatives such as the UniProt
Knowledgebase (UniProtKB), Proteomics Identifications
archive database (PRIDE), and PeptideAtlas have set the
groundwork for systematic protein cataloging, allowing
researchers to explore complex proteomes and validate findings

etry Interactive Virtual Environment Knowledge Base
(MassIVE-KB) supports large-scale data integration and
quantitation by computational analysis tools.”® These plat-
forms collectively enhance the accessibility and utility of
proteomics data, enabling the detailed exploration of protein
expression and functionality. For the documentation of inter-
and intra-individual diversity of human proteins at proteomic
levels, the neXtProt database has compiled a reviewed corpus
of information available in UniProtKB that provides the
groundwork.™

Mass spectrometric characterization of proteins is instru-
mental in achieving these objectives by offering a structured
repository of protein data that integrates diverse applications of
tissue and cancer research.'®'”*>*° Despite the availability of
major proteomics resources (UniProtKB, neXtProt, PRIDE/
ProteomeXchange, PeptideAtlas, and MassIVE-KB), MS-

against established data sets.'”"® These databases not only Received: December 18, 2025
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cross-referencing of proteomic information, thereby accelerat-
ing discoveries in biology and medicine.””** The UniProtKB
is known for its comprehensive protein annotations, providing
essential resources for researchers, while the Mass Spectrom-
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Mass Spectrometric Detected Cancer Proteins:

Integrated Datasets Based on MS Identification

A549, NCI-H226, T47D, CCRF-CEM,
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Figure 1. Overview of MSCP construction and coverage across cancer models. MSCP integrates MS-based protein identifications from major
cancer-related sample types, including human tumor cohorts, cancer cell lines, and patient-derived xenograft (PDX) models, resulting in a unified
catalog of 15,964 UniProtKB-mapped human proteins. The schematic summarizes the contributing cohorts and models with the integration
outcome, highlighting MSCP as a cancer-context protein evidence resource derived from multiple independent proteomics sources.

confirmed cancer proteins remain dispersed across individual
studies and repositories, often without harmonized identifiers,
unified cohort provenance, or cancer-centric aggregation. As a
result, researchers conducting cancer proteomics, proteoge-
nomics, and biomarker discovery frequently must manually
assemble and reconcile MS-evidence protein lists across
cohorts, acquisition modes, and database versions. Here we
describe the development of mass spectrometric detected
cancer proteins (MSCP) based on mass spectrometry—based
protein identifications obtained from cancer-derived cell lines,
patient-derived xenograft models (PDXs), and human tumor
samples with data sets and benchmarked against neXtProt PE1
to quantify coverage gains and newly detected proteins, with
additional chromosome analyses to demonstrate utility. MSCP
was developed to address this gap by integrating MS-confirmed
protein evidence from large-scale cancer cohorts and model
systems into a unified, traceable, and UniProtKB-aligned
resource, enabling a standardized comparison to neXtProt PE
metrics and supporting downstream annotation and biological
context analyses. MSCP has facilitated the detection of 15,964
proteins by mass spectrometry in the human proteome, with
525 newly identified proteins. These advancements are
supported by database establishment for mass spectrometry
data mining, annotation, and validation by synthetic unique
sequences, assessed by protein existence and organ-specific
localization analysis.

B METHODS

Data Sources and Retrieval

Proteomics data sets used to construct MSCP were collected from
publicly accessible cancer proteomics resources spanning tumor
cohorts, cancer cell lines, and patient-derived xenograft (PDX)
models. For each of the 27 sources, we retrieved the deposited high-
confidence identification outputs (processed peptide and protein
identification tables) from the National Cancer Institute Proteomic
Data Commons (PDC) and ProteomeXchange/PRIDE repositories
(accession numbers are listed in the Data Accessibility section). When
multiple result files were available per study in different batches or
acquisition modes, we used the corresponding final-study-level
identification outputs to represent that source.

2902

Ethics Approval and Informed Consent

Cited cancer proteomics data sets included in MSCP were derived
from previously published studies and public repositories in
accordance with the applicable institutional approvals and reposi-
tory/CPTAC data-use guidelines. Institutional review boards at the
tissue source sites reviewed protocols and informed consent
documentation in accordance with CPTAC guidelines.

Identifier Harmonization and Integration Strategy

To enable consistent cross-source comparison and to minimize
version drift, all protein identifiers from contributing sources were
harmonized to the UniProtKB-Swiss-Prot human reference proteome
(release 2025_01). Protein accessions were mapped to current
UniProtKB primary accessions by using UniProt-provided accession
history and cross-references when needed. To reduce redundancy
across heterogeneous inference workflows, MSCP was represented in
a gene-centric UniProt entry framework, in which proteoforms/
isoforms reported by different studies were consolidated under the
corresponding UniProtKB entry where appropriate. After harmo-
nization, MSCP was constructed by using a union-based integration
scheme, where each UniProtKB entry was included if it met the
identification criteria described below in at least one contributing
source. For transparency and downstream subsetting, MSCP retains
source-resolved evidence: each entry is annotated with the set of
contributing sources, enabling users to generate model- or cohort-
specific subsets in addition to the full integrated catalog.

Peptide/Protein Identification Criteria and FDR Control

MSCP integrates protein identifications that were generated under the
FDR-controlled identification pipelines of the originating data sets.
Specifically, for each contributing source, we retained proteins
supported by peptide-spectrum match (PSM) and peptide/protein
identifications controlled at <1% false discovery rate (FDR), as
reported by the original study processing workflows and/or repository
quality control. When a data set provided multiple filtered result tiers,
we used the high-confidence identification tier consistent with study
reporting. To standardize interpretability across heterogeneous
studies, we define an “identified protein” in MSCP as a UniProtKB-
Swiss-Prot entry supported by the source’s high-confidence
identification output. This definition is intentionally distinct from
publication-specific “quantified proteins,” which in some studies may
reflect additional filters beyond identification confidence, such as
quantitative completeness across samples, minimum nonmissingness,
and cohort-specific reporting thresholds. Accordingly, per-source
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protein totals in MSCP reflect identification evidence, while MSCP
also provides source proof to support stricter, user-defined criteria
such as recurrence across multiple sources or restriction to specific
cohorts. The newly identified proteins were verified by the identified
peptides from the protein unique sequences using synthetic peptides
from Complete Omics.

B RESULTS

Database Construction

MSCP integrates data from diverse sources, including NCI-7
cell lines and tumor proteomes (Figure 1). Different data
acquisition modes, mass spectrometry, and quantification
strategies from different cancer data sources contributed to
various sample types and were collected for the database
construction (Table S1). The comprehensive overview of the
integration MSCP pipeline highlights the NCI-7 proteome,
derived from cell lines such as A549 and CCRF-CEM, which
contributed 11,116 identified proteins from eight data sources.
Similarly, tumor proteome data from CPTAC cohorts (Table
1) and PDXs with CompRef data sources added 15,442 and

Table 1. CPTAC Tumor Proteome Cohorts Included in
MSCP“?

cancer types cancer ID  samples refs

CPTAC — Pancreatic Ductal PDAC-D 140 16
Adenocarcinoma Discovery Study

CPTAC — Glioblastoma Discovery Study GBM-D 99 17

CPTAC - Lung Squamous Cell Carcinoma  LSCC-D 108 18
Discovery Study

CPTAC — Ovarian Cancer Confirmatory ov-C 83 19
Study

CPTAC — Head and Neck Squamous Cell ~HNSCC-D 109 20
Carcinoma Discovery Study

CPTAC — Clear Cell Renal Cell Carcinoma CCRCC-D 110 21
Discovery Cohort

CPTAC — Colon Adenocarcinoma COAD-C 97 22
Confirmatory Study

CPTAC — Lung Adenocarcinoma Discovery ~ LUAD-D 110 23
Study

CPTAC — Uterine Corpus Endometrial UCEC-D 95 24
Carcinoma Discovery Study

CPTAC — Breast Cancer Prospective BRCA-C 122 25
Cohort

CPTAC — Renal Cell Carcinomas RCC 456 26
Combined Study

Intraductal Papillary Mucinous Neoplasms IPMNs 185 48

Study

“List of CPTAC tumor proteome cohorts incorporated into MSCP,
including cancer type, cohort identifier, number of samples, and
primary reference. These cohorts contribute tumor-derived MS
evidence that complements cancer cell line and PDX sources in
MSCP and support cohort-level interpretation of protein detection
within MSCP.

14,200 proteins, respectively.'®'”*’~*" These contributions
collectively enabled the identification of 15,964 proteins. The
balanced integration of diverse data sets and the application of
stringent quality control measures ensure robust and reliable
database construction. Importantly, MSCP preserves data set-
level provenance at the protein-entry level. In Supporting
Table S1, each protein is annotated with binary identification
indicators (1/NA) across the 27 contributing sources, where
each source column is explicitly labeled by cohort/model and
acquisition mode (DDA/DIA), which enables users to
generate model-specific or cohort-specific subsets in addition
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to the integrated view. To normalize identification confidence
across heterogeneous sources, all protein identifications were
mapped to UniProtKB-Swiss-Prot (release 2025 _01) and
integrated using consistent high-confidence inclusion criteria.
Specifically, MSCP retains protein entries supported by
peptide- and protein-level identifications controlled at <1%
FDR as defined in the originating data set pipelines and
repository QC. To improve comparability of protein inference
across studies and acquisition strategies, evidence is
represented in a gene-centric manner with consistent peptide
evidence rules, and each entry retains source provenance,
including acquisition mode (DDA/DIA), enabling users to
apply additional stratified stringency, such as cohort-restricted
or recurrence-based filters as needed.

Database Coverage and Distribution

To evaluate MSCP coverage, we mapped all MSCP protein
entries (n = 15964) supported by identified peptides to
UniProtKB (release 2025 01) and quantified the extent of
overlap with the reference human proteome. The data sets
showcased in Figure 2 illustrate a systematic approach to
expanding protein identification, contributing to enriching the
database with insights into previously uncharacterized proteins.
The contribution of each data set was exhibited by the barplot
(Figure 2A), with notable inputs from sources like the
Prospective Breast Cancer Proteome and PDX proteome,
both exceeding 12,000 identified proteins. These contributions
also covered different previously uncharacterized proteins, as
the newly identified proteins in MSCP. The quantitative trends
are highlighted in Figure 2B, where the addition of data sets
resulted in a consistent increase in the protein identification.
To quantify the contribution of each data set beyond the
cumulative trends, we computed source-by-source incremental
gains in both total identified proteins and newly detected
proteins (defined relative to neXtProt PE1) as each data source
was added to the merged MSCP catalog, and we report these
values in Supporting Table S2. The approximately steady
incremental increase arises because each additional cancer
cohort/model contributes a highly overlapping core of well-
established proteins and a small but persistent set of proteins
outside neXtProt PE1 that become detectable across
heterogeneous sample types and acquisition strategies
(DDA/DIA). In addition, the apparent smoothness of the
incremental curve is influenced by data set ordering; therefore,
per-source incremental values are provided to make individual
data set contributions directly interpretable independent of
plotting order. For each contributing study, MSCP was
generated from the final high-confidence protein identification
outputs deposited in PDC/PRIDE with processed identifica-
tion tables after mapping all entries to a consistent UniProtKB
reference release (2025 01). Here, “identified proteins” refers
to proteins supported by the study’s standard identification
criteria, whereas some original publications may report a
smaller “quantified protein” subset after additional cohort-
specific filtering, such as quantitative completeness across
samples, which can lead to different headline counts for the
same cohort.

As in UniProtKB, all of the proteoforms arising from a given
protein-coding gene are usually described in a single entry,
which is complemented with proteins existence evidence with
categories from 1 to 5: evidence of protein with MS or non-MS
methods (PE1), transcript expression (PE2), homology to
other species (PE3), gene models (PE4), and uncertain genes

https://doi.org/10.1021/acs jproteome.5c01259
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Figure 2. Protein identifications across individual sources and cumulative integration. (A) Number of proteins identified in each of the 27 data
sources included in MSCP (see Supporting Table S1 for source definitions). (B) Cumulative union of identified proteins after sequential addition
of data sources (x-axis = cumulative number of integrated sources, 1—27). Yellow bars indicate the cumulative total proteins in the merged MSCP
catalog, and the green line indicates the incremental newly identified proteins added by each source relative to neXtProt PEL.

along with duplicates (PES).* In the final neXtProt release
(2023—09), there are 20,389 entries from the human
proteome with different protein existence information depend-
ing on the MS-evidence experiment.

Notably, newly identified proteins compared to the neXtProt
PE1 proteome increased steadily, with significant contributions
from each of the proteomics data sets. The increasing trend
underscored the importance of diverse data set integration and
took advantage of both data-dependent acquisition (DDA) and
data-independent acquisition (DIA) modes. The MSCP not
only expanded proteome coverage through integration of
diverse cancer data sets but also enabled in-depth protein
existence analysis by linking cancer proteins to chromosomal
distribution and evidence status. MSCP also supports both
integrated and stratified use. For system-focused analyses, users
can filter the Supporting Table S1 by selecting only the
relevant source columns (e.g, specific CPTAC cohorts, PDX
data sets, or NCI-7 cell line data sets) and optionally restricting
to a single acquisition mode (DDA or DIA). For coverage-
oriented applications, users can use the integrated view or
require repeated detection across multiple independent sources
to prioritize proteins with broader supporting evidence.

Protein Existence Analysis by Chromosome

Protein existence status indicates the type of evidence that
supports the existence of the protein and the data reliability in
the database, especially for the analysis by chromosome.** The
distribution and coverage of proteins across chromosomes
highlight the stability of characterization and discrepancies in
neXtProt. A detailed visualization of protein existence on the
chromosome was provided to exhibit chromosome-specific
coverage with quantification results (Figure 3). The sunburst
plot in Figure 3A highlights the relative abundance of proteins
identified from MSCP and neXtProt across different
chromosomes (Figure 3B), providing a summary of coverage
completeness and unbiased protein identification by chromo-
some. By quantifying the extent of protein identification on
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each chromosome, we showcase areas of higher detection and
coverage improvement (Figure 3B). The overlap and novelty
of 525 proteins identified in MSCP were also compared to
previously annotated chromosome-false proteins, which are
gene entries later reassigned or removed due to incorrect
genomic localization or evidence of inconsistencies (Figure
3C). This illustrated MSCP’s ability to address the gaps and
cover more uncharacterized proteins, including 37 chromo-
some-false proteins, which are gene entries later reassigned or
removed due to incorrect genomic localization or evidence
inconsistencies. The tree map further highlighted the locations
of 525 proteins previously categorized as missing proteins, now
identified, with 85% of them located at the membrane, nucleus,
or extracellular region components, which belong to the
categories of proteins as difficult to detect (Figure 3D).
Together, the protein existence analysis by chromosome
underscored the importance of integrating multisource data
sets to improve proteomics annotations in existing databases.

Database Update with Newly Identified Proteins

Combining and categorizing the analysis acquisition modes by
DDA and DIA, new proteins were identified from NCI-7 and
tumor proteomics data sets, providing a comprehensive
visualization of the database update. The heatmap in Figure
4A demonstrates the distribution and categorization of 51 of
525 newly identified proteins’ shared identification by at least 9
different data sources across two different acquisition modes,
highlighting the complementary DDA and DIA approaches in
achieving broad coverage. Notably, the DIA acquisition mode
contributed more newly identified proteins than DDA.
Recently, the Human Proteome Project (HPP) has been
aligning protein lists from UniProtKB to the human genome
annotation in the encyclopedia of DNA elements project
(GENCODE) database, which is also linked to UniProtKB,
including the protein existence information.” Thus, the
coverage of newly identified proteins was further explored,
including those not presented in the GENCODE list of

https://doi.org/10.1021/acs jproteome.5c01259
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Figure 3. Protein existence benchmarking and chromosome-level coverage of MSCP. (A) Sunburst visualization of protein distributions across
human chromosomes for MSCP and the neXtProt PE1 reference set (PE1: protein-level evidence supported by experimental observation, including
MS and non-MS evidence). (B) Chromosome-by-chromosome comparison of the number of proteins detected in MSCP versus neXtProt PE1,
highlighting chromosome-level coverage and potential gaps addressed by MSCP integration. (C) Overlap of 525 newly identified MSCP proteins
(defined relative to neXtProt PE1) with proteins previously annotated as chromosome-false entries, illustrating recovery of proteins with previously
inconsistent genomic/evidence annotations. (D) Cellular component distribution of newly identified proteins by tree map, emphasizing
enrichment in challenging classes such as membrane-associated, nuclear, and extracellular proteins.

protein-coding genes (based on GENCODEv46, Figure 4B,C).
The stacked barplot reveals patterns in protein categories
covered by subproteomics in MSCP, including 39 by DDA
mode identification and 91 by DIA mode identification. In
total, 110 proteins were covered in the Ensembl-GENCODE
not-found list of protein-coding genes (1254 UniProtKB-
Swiss-Prot entries*”). The contributions of various proteomics
sources and acquisition modes demonstrated the synergy
between different approaches in uncovering novel proteins and
enhancing database completeness. Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analysis in Figure
4D empbhasizes the enrichment of membrane-related proteins
with the neuroactive ligand—receptor interaction pathway
covered by MSCP. The same conclusion was also drawn by the
protein existence analysis on chromosome-false proteomics,
which indicated the enhanced MS detection of previously
challenging protein classes, such as the proteins located at
membranes, reinforcing the robustness of the data set.

The contribution of newly identified proteins in the database
was compared to the human organ and tissue proteome data
from The Human Protein Atlas. The top organs from humans
with different specific proteins were covered by the database
and contributed most to the testis (Figure SA). The most
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enriched protein interaction networks were related to
previously missing proteins and RNA-binding proteins (Figure
5B), which benefited from the low bias to chromosomes and
the high coverage of the MSCP.

Combined with all of the newly identified proteins in MSCP,
more proteins with MS-evidence proved the existence of
cancer proteins by the proteomics tools. All of the categorized
tumor proteomics data sources have contributed to the
identification and verification of them. To clarify the
positioning of MSCP relative to established community
resources, we summarize below how MSCP complements
existing databases and what unique utility it provides for cancer
proteomics (Supporting Table S3). MSCP focuses on mass
spectrometry (MS)-confirmed protein detection in cancer
contexts, integrating evidence across tumor cohorts, cancer cell
lines, and PDX models into a single UniProtKB-mapped
catalog with explicit source provenance. In contrast, CPTAC/
PDC primarily organizes and disseminates cohort- and study-
specific proteogenomic data sets (raw and processed), enabling
deep within-cohort analyses but not inherently providing a
unified, cross-cohort cancer protein presence compendium.
neXtProt provides a curated reference framework centered on
protein existence (PE) evidence and rich annotation for the
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Figure 4. Characterization of newly identified proteins and acquisition-mode contributions. (A) Heatmap showing detection patterns of a
representative subset of newly identified proteins across contributing sources, stratified by acquisition mode (DDA vs DIA); proteins shown are
shared across multiple sources to illustrate cross-study recurrence. (B) Summary of newly identified proteins by acquisition mode, indicating the
relative contributions of DDA and DIA data sets. (C) Classification of newly identified proteins with respect to the Ensembl/GENCODE protein-
coding gene list (GENCODEv46), including proteins absent from the protein-coding gene list and their distribution across acquisition modes. (D)
KEGG pathway enrichment analysis of newly identified proteins, highlighting functional themes associated with proteins newly supported by MS

evidence in the integrated MSCP cancer context.

human proteome, but it is not designed as a cancer-model
aggregation of MS-detected proteins with per-cohort prove-
nance. The Human Protein Atlas (HPA) emphasizes tissue
and organ expression and localization evidence, offering
complementary biological interpretation rather than a cancer
MS-identification integration layer.

The key contribution of MSCP is therefore 3-fold. First, it
offers a cancer-context MS-evidence union catalog (15,964
proteins in total) that supports rapid retrieval of proteins
observed by MS in cancer-related biological systems. Second,
by mapping entries to a consistent UniProtKB reference
release and benchmarking against neXtProt PE1, MSCP
enables standardized quantification of incremental coverage
gains and identification of proteins newly supported by MS
evidence in an integrated cancer context. Third, MSCP retains
data set-level provenance (source cohort and acquisition
mode), enabling users to conduct either system-focused
queries or coverage-oriented queries. Together, these features
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provide an interpretable, provenance-aware integration layer
that complements CPTAC/PDC archival functions, neXtProt
PE-centric reference annotation, and HPA biological context,
thereby supporting cancer proteomics study design, evidence
triage, and downstream assay planning in a transparent
manner.

A total of 443 of the newly identified proteins were further
verified by using synthetic peptides with their uniquely
identified sequences that share none of the common sequences
of other proteins in the human proteome. Such as ATP-
binding cassette subfamily A member 10 (ABCAA_ HUMAN),
its unique sequence EVEQEVK was synthesized and found in
both MS1 and MS2 data from the CPTAC-Breast cancer
prospective cohort by Fusion DDA mode, PDC000120. The
precursors in MS1 were matched, while in MS2, fragments b
and y ions uniquely existed individually, but we still could
match the most highly abundant fragments and then verified
the existence of ABCAA HUMAN (Figure 6A,B). Due to the
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Figure S. Biological contextualization of newly identified proteins using Human Protein Atlas annotations. (A) Contribution of newly identified
MSCP proteins to organ/tissue-specific protein sets curated by the Human Protein Atlas, summarizing which organs receive the incremental
coverage from MSCP newly identified proteins. (B) Enrichment of protein—protein interaction modules among newly identified proteins,
highlighting functional groupings supported by the expanded MS evidence captured in MSCP.

TMT10 (tandem mass tag) quantification labeling strategy
from Prospective Breast BI Proteome, both precursors with the
isotopic peaks in the MS1 spectrum and y fragments in the
MS2 spectrum showed an m/z increase of 229.163
(+H,,C4"*C,'*NNO,). After the correlation by this shift, two
precursor peaks and S y fragments peaks could be matched to
the sequence EVEQEVK. As an ATP-Binding cassette (ABC)
transporter protein, it uses ATP hydrolysis to move substrates
across lipid membranes.”® This multipass membrane protein
contained MS-evidence information in MSCP with 2 cancer
data sources (Supporting Table S4). Similarly, the uncharac-
terized protein C120rf56 (CL0S6_HUMAN) with the unique
sequence YVVLSDR was identified in the data from CPTAC-
Lung adenocarcinoma by QE HF-X DDA mode with both
MS1 and MS2 spectra matching with the synthetic sequence
(PDC000219, Figure 6C,D). Notably, the same TMT10-
quantification labeling strategy generated different matching
principles for sequences ending with lysine and arginine.
Compared to the 2 TMT labeling sites on the sequence
EVEQEVK, the sequence YVVLSDR was only labeled with a
single TMT tag at the N-terminal. Thus, the m/z shift in the
MS1 spectrum was 114.582 (z = +2) while there was no shift
for fragments y ions in the MS2 spectrum. In total, three
precursor peaks and S y fragments peaks could be matched to
the sequence YVVLSDR. The MS-evidence of CL056_HU-
MAN was collected in 3 cancer data sources of MSCP, which
has the potential to contribute to the limited research in mostly
uncharacterized missing proteins.”’ Different from TMT-
labeled DDA data, the label-free quantification (LFQ) method
with DIA mode generated spectra that directly matched with
the synthetic sequence without any m/z shift in both MS1 and
MS2 spectra. In the NCI-7 proteome results, individual
samples and seven-pool samples were all identified by the
LFQ_ method with the DIA mode. From these results, a
putative tubulin-like protein a-4B (TBA4B_HUMAN) with
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the unique sequence QDPSQPLSR was identified by
RPMI8226 cell lysate with the TIMS-TOF DIA mode. Four
precursor peaks and seven fragment peaks were matched to the
sequence QDPSQPLSR (Figure 6E,F). The MS-evidence of
TBA4B_HUMAN was collected in two NCI-7 data sources
and 5 cancer data sources of MSCP. Not limited to the cancer
proteins database, TBA4B_HUMAN was also recently
identified by proteomics method in human lens epithelium
cells,”” indicating the database coverage contributed by the
diversity of sample types.

Combined with all of the newly identified proteins in MSCP,
more proteins with MS-evidence proved the cancer proteins’
existence by the proteomics tools. In total, 23 newly identified
proteins were verified with their synthetic unique peptide
sequences in both MS1 spectra and MS2 fragments
(Supporting Table S4). All of the categorized tumor
proteomics data sources have contributed to the identification
and verification of them.

Beyond expanding proteome coverage, an important
question is what biological themes are represented among
the 525 newly identified proteins (relative to neXtProt PE1).
Functional enrichment analysis (Supporting Table SS)
indicates that these proteins are not randomly distributed
across cellular processes but instead cluster into pathways and
compartments that are both biologically coherent and
technically consistent with classes that are challenging to
detect in single-cohort proteomics studies. GO biological
process enrichment highlights immune and host—environment
interface biology, including innate immune response in
mucosa, mucosal immune response, and the antibacterial
humoral response. These enrichments suggest that a subset of
newly identified proteins corresponds to specialized immune
effector and barrier-associated programs that may be
intermittently sampled depending on tissue composition, the
microenvironmental state, and cohort selection. In cancer
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Figure 6. Newly identified proteins verified by synthetic peptides (A) MS1 and (B) MS2 spectra from the unique sequence EVEQEVK related to
ABCAA HUMAN. (C) MSI and (D) MS2 spectra from the unique sequence YVVLSDR related to CL0S6_ HUMAN. (E) MS1 and (F) MS2
spectra from the unique sequence QDPSQPLSR related to TBA4B_ HUMAN. Spectra in blue lines and labels were generated by the synthetic
peptides’ DDA identification results. Spectra in orange lines and labels were generated by MSCP identification results.
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contexts, such proteins can be particularly relevant because
tumor—immune interactions and mucosal barrier biology vary
markedly by anatomical site, tumor subtype, and stromal/
immune infiltration, which reinforces the value of integrating
diverse cohorts and model systems when seeking MS evidence
for low-frequency or context-dependent proteins.

A second prominent theme is chromatin and nucleosome
biology. GO molecular function enrichment strongly prioritizes
structural constituents of chromatin, and GO cellular
component terms include nucleosome and protein—DNA
complex. Concordantly, Reactome analysis shows enrichment
for chromatin- and genome-regulatory pathways, including
DNA methylation, HDACs deacetylate histones, nucleosome
assembly, and additional DNA maintenance programs such as
the packaging of telomere ends and DNA damage/telomere
stress—induced senescence. These results suggest that MSCP
integration captures additional evidence for histone/chroma-
tin-associated proteins and related regulatory factors that are
often influenced by extraction chemistry, fractionation depth,
and instrument acquisition strategy. Importantly, these path-
ways are central to cancer biology through epigenetic
remodeling, genome stability, and stress-response programs,
providing a mechanistic context for why these proteins
represent meaningful additions to MS-supported entries in
cancer-derived samples. Subcellular localization enrichment is
also consistent with this functional profile. In addition to
nuclear-associated categories (nuclear lumen and nucleo-
plasm), we observe enrichment of Golgi-related components,
implying that a subset of newly identified proteins may
represent compartmentalized trafficking/processing machinery
that becomes detectable with improved depth and diversity of
sample types. Together with our localization analysis of the
newly identified set (Figure 3D) and pathway-level enrich-
ment, these findings support the view that many newly
identified proteins belong to biologically specialized or
technically under-sampled compartments (chromatin-associ-
ated nuclear complexes, secretory/trafficking compartments,
and immune/barrier programs). This provides a functional
explanation for why newly identified proteins continue to
accrue when heterogeneous cancer cohorts are integrated with
complementary acquisition strategies (DDA/DIA).

Collectively, the enrichment results extend MSCP beyond a
coverage-oriented catalog by providing a functional and
mechanistic context for the newly MS-supported proteins.
This layered interpretation—combining protein existence
benchmarking, localization patterns, and pathway enrich-
ment—supports MSCP as a resource for prioritizing proteins
for downstream follow-up while retaining data set provenance
to enable system-focused interpretation.

Current Limitations

Challenges persist in protein detection and classification,
particularly with regard to missing proteins. Technological
limitations in mass spectrometry for resolving the low-
abundance protein identification remain a significant barrier.
Additionally, data integration across diverse platforms and data
sets poses computational challenges, including harmonization
of data formats, scalability, and processing speed. Ambiguities
in protein identification caused by post-translational mod-
ifications and sequence variations further complicate data
interpretation and validation. Achieving comprehensive protein
pathway mapping and functional annotation also requires more
robust tools and algorithms to interpret large-scale data sets
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effectively. Because proteome detection depends on cohort
composition, tissue context, and instrument and acquisition
strategy, interpretation is often strongest when the analysis is
aligned to a defined biological system. MSCP addresses this by
providing source-resolved evidence, allowing users to focus on
one cohort/model when system specificity is required, while
also enabling an integrated view when broad protein coverage
is advantageous for discovery and method development.
Consequently, the database reflects heterogeneity in sample
composition and study design, which can influence detect-
ability and apparent protein presence. Differences in tumor
purity, stromal/immune infiltration, anatomical site, clinical
covariates, and model-specific biology may introduce cohort-
or model-dependent biases. Accordingly, detection in MSCP
should be interpreted as evidence of MS observation in at least
one cancer-related context, and system-specific conclusions are
best supported by restricting analyses to the relevant cohort
and model subsets using the source-resolved evidence. MSCP
also aggregates results generated by using heterogeneous
technical platforms and analytical workflows, including
variations in instrument type, acquisition mode (DDA vs
DIA), fractionation depth, labeling strategy, sample prepara-
tion, and protein inference procedures. These differences can
yield systematic shifts in sensitivity and reporting, leading to
potential false negatives, in which proteins are not observed in
each data set due to limited depth, ion suppression, or study-
specific reporting thresholds, and occasional false positives
such as ambiguity from shared peptides, homologous
sequences, PTM-dependent assignments, or database-version
effects, even under FDR-controlled pipelines. While MSCP
relies on high-confidence, FDR-controlled identifications from
the originating sources and includes orthogonal synthetic-
peptide verification for representative newly identified proteins,
users should account for platform variability when comparing
sources and consider recurrence across independent data sets/
acquisition modes as an additional confidence criterion for
prioritization.

Outlook

Planned expansions include the integration of advanced
technologies and the addressing of research gaps in protein
functions and pathways, especially in cancer-related studies.
Emerging advancements in Al-driven data analysis and
machine learning models offer promising tools for processing
large data sets, improving protein classification accuracy, and
identifying novel patterns. Single-cell proteomics technologies
are also being integrated to capture protein expression at an
unprecedented resolution, enabling deeper insights into
cellular heterogeneity and microenvironments. While increased
data set aggregation is expected to yield more protein
identifications and improved overlap with multisource
collection databases, MSCP focuses on making these
identifications interpretable and traceable. Accordingly, we
quantify nonredundant incremental contributions (total and
newly identified proteins relative to neXtProt PE1) and
preserve source-level provenance, enabling users to distinguish
broad coverage effects from cohort-specific evidence. In
addition, MSCP is intended as an evolving resource that
incorporates newly published cancer proteomics data sets in
updates, which is expected to further increase coverage and
add additional MS-supported proteins while maintaining
transparent provenance and comparable benchmarking across
updates. Future releases will add more derived fields, such as
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model type, new cancer cohorts, acquisition mode, and
pregenerated cohort/model-specific exports to streamline
stratified querying. We also plan to implement confidence
tiers based on recurrence across independent sources and
concordance across acquisition modes to further support the
context-appropriate prioritization of MS evidence. Expansions
include integrating advanced technologies and addressing
research gaps in protein functions and pathways, especially in
cancer-related studies.

B CONCLUSIONS

In this study, we developed MSCP, a cancer-context MS-
evidence resource that integrates proteomics identifications
from tumors, cancer cell lines, and PDX models into a unified
UniProtKB-mapped catalog. The current release contains
15,964 MS-supported UniProtKB-Swiss-Prot entries and adds
525 proteins newly supported by MS evidence relative to the
neXtProt PE1 benchmark, demonstrating the value of
integrating heterogeneous cohorts and complementary acquis-
ition strategies. Functional enrichment analyses of the newly
identified proteins extend MSCP beyond coverage metrics by
highlighting coherent biological themes, including immune-
associated processes and chromatin- and genome-regulatory
pathways, while synthetic-peptide verification provides orthog-
onal evidence for representative entries. By retaining data set-
level provenance, MSCP enables both system-focused queries
and integrated evidence aggregation, supporting cancer
proteomics study design, evidence triage, and downstream
targeted or DIA-enabled assay development. Future updates
incorporating newly published data sets and additional
annotation layers will further expand MSCP coverage while
maintaining transparent benchmarking and reproducible
evidence tracking.
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