
Materials and Methods
Human EDTA plasma was used for spike-in and pilot studies. MART, IL-6, 
and IL-1β were spiked across a five-fold dilution series spanning 5- to 3125-
fold change. A pilot cohort comprising CRC patients (n = 6) and healthy 
donors (n = 6) was analyzed. Samples were prepared using neat plasma or 
the P2-iST Plasma workflow on a KingFisher Flex, acquired on an Evosep 
One (40SPD) – timsTOF HT using diaPASEF, and processed in Spectronaut 
20 using directDIA+. Gene ontology (GO) enrichment was performed with 
STRING-DB.

Results

Enhanced Proteome Depth Using P2-iST Plasma

Deeper Coverage for Comprehensive Differential Protein, Pathway Analysis and 
Biosignatures Identification
Deeper proteome coverage with P2-iST Plasma enabled more comprehensive CRC differential protein and 
pathway analysis than neat plasma (Fig4. A-B). Compared with the limited number of significant proteins de-
tected in neat plasma, P2-iST Plasma expanded detection of CRC-associated differential proteins, including 
inflammatory and acute-phase markers. This increased coverage supported pathway-level analysis and re-
vealed CRC-associated enrichment of immune response, complement activation, blood microparticle, and 
acute-phase processes, as well as distinct normal-upregulated immune regulatory features (Fig4 C-D).

Introduction
Colorectal cancer (CRC) remains a leading cause of cancer-related mor-
tality, creating an urgent need for minimally invasive biomarkers to enable 
early detection and disease monitoring. Blood plasma provides a promis-
ing window into systemic pathophysiology; however, its extreme protein 
concentration range and biological complexity challenge mass spectrome-
try-based proteomics, often masking low-abundance, disease-relevant pro-
teins. Advances in plasma protein enrichment strategies and standardized 
sample preparation workflows now enable deeper and more reproducible 
plasma proteome coverage. Here, we present an in-depth analysis of a col-
orectal cancer pilot study using a nanoparticle enrichment-based plasma 
proteomics workflow (P2-iST Plasma) combined with library-free data-inde-
pendent acquisition (DIA) analysis. 

Selected plasma protein markers showed consistent CRC–normal abun-
dance differences with high quantitative precision. CRC-upregulated acute-
phase analytes, including CRP and SAA1, together with normal-enriched 
plasma analytes related to liver-derived plasma function, metabolism, 
erythrocyte biology, hormone transport, and iron homeostasis, including 
AHSG, ALDOB, CA1, SHBG, TF, and TFRC, provided quantitative reference 
points for interpreting the broader CRC plasma proteome signatures2.

High Linearity Delivered by P2-iST Plasma

Spike-in calibration of IL1B, IL6, and MAPT demonstrates that P2-iST preserves linear quantitative response 
across a broad concentration range. Detection starts in the tens of pg/µL, reliable quantification begins in 
the hundreds of pg/µL, and the response remains linear up to at least 12.5 ng/µL, supporting suitability for 
targeted proteomics (Fig. 3).
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Key Takeaways
•	Deeper Plasma Proteome: P2-iST Plasma enables ~6× increased plasma 

proteome coverage compared with neat plasma.

•	Low-Abundance Protein Access: Enrichment expands detection of 
low-abundance proteins relevant to CRC biology.

•	Expanded Differential Signal: Increased depth yields more CRC-associat-
ed differentially expressed proteins.

•	Discovery-Scale Bio-Signatures:  Correlation-based analysis enables iden-
tification of CRC-associated multi-protein signatures.

•	Complementary Protein Markers: Established plasma protein markers, 
along with new research findings, serve as reliable quantitative indicators.
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Cumulative protein group 
identifications across the 
pilot cohort of 12 samples 
demonstrate an approxi-
mately six-fold increase in 
plasma proteome depth 
achieved by P2-iST Plasma 
compared with neat plasma 
supporting P2-iST as a bet-
ter workflow for larger cohort 
studies (Fig. 2).

Figure 1: P2-iST Plasma workflow for spike-in and pilot plasma studies.

Figure 6: Boxplots of selected plasma protein marker intensities in normal and CRC plasma 
samples. Protein intensity is shown as log10 maxLFQ intensity.
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Figure 2: Data completeness of P2-
iST and Neat samples. 

Figure 5: CRC-associated plasma protein 
biosignature analysis. 
Left: Heatmap of quantified proteins 
across CRC plasma samples. 
Right:  Z-score intensity profiles of pro-
teins co-varying with PTP4A3, grouped by 
reported functional or disease-associated 
context.

Figure 3:Evaluation of measurement 
linearity for IL1B, IL6, and MAPT. 
Linearity was assessed using protein 
spike-in and matrix-matched cali-
bration curves across three technical 
replicates.

Figure 4: Differential protein and pathway analysis of CRC versus normal plasma. (A) Volcano plot of CRC versus normal plasma using 
neat plasma. (B) Volcano plot of CRC versus normal plasma using P2-iST Plasma. (C) GO biological process network for CRC-upregulated 
proteins. (D) GO biological process network for normal-upregulated proteins.

Unsupervised clustering of quantified proteins across CRC plasma samples revealed structured abundance 
patterns and identified proteins co-varying with the known CRC-associated marker PTP4A31. Z-score–based 
intensity profiling further resolved coordinated protein expression patterns, including proteins reported to be 
associated with CRC-related signaling, metabolism, and immune context (Fig. 5).


