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Cancer, a major public health issue worldwide, is the second most common cause of death. Initiatives such as the

Human Genome Project (HGP) and Human Proteome Project (HPP) have greatly advanced the understanding of

human health and disease, including cancer, and are supporting the current trend towards personalized/precision

medicine.
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1. Introduction

Since the term proteomics was first coined in 1994 by Mark Williams while a doctor of philosophy student at

Macquarie University in Sydney, Australia , the technology has seen many exciting developments. Immediately

coming with the initial announcement of the Human Genome Project, it was realized that it was essential to

populate the human proteome for a comprehensive cognizance to the pathophysiologic mechanism behind human

health and disease, using that knowledge to advance health treatment , with cancer recognized as a major

priority. With this goal, a number of initiatives were developed including The Human Protein Organization (HUPO),

The National Cancer Institute’s Clinical Proteomic Tumor Analysis Consortium (CPTAC), The Early Detection

Research Network (EDRN) and SEER cancer database, The Applied Proteogenomics Organizational Learning and

Outcomes (APOLLO) network and The International Cancer Proteogenome Consortium (ICPC: Cancer Moonshot).

More recently, companies such as Grail (www.grail.com: proteomics accessed on 1 March 2021), Freenome

(www.freenome.com: multiomics accessed on 1 March 2021), SomaLogic (www.somalogic.com: aptamer

technology accessed on 1 March 2021) and Olink (www.olink.com: Proximity Extension Assay accessed on 1

March 2021) have been established.

HUPO was created in 2001 with the goal of “Translating the code of life” for a deep understanding of biology by

boosting the evolution of proteomics through enhanced international cooperation, facilitating the development of

advanced technologies. In 2010, the HPP was launched ensuring quality guarantee, data sharing, global

cooperation and high stringency annotation of the genome-encoded proteome. The HPP has two separate

approaches: chromosome based (C-HPP) and biology and disease based (BD-HPP) backed up by four pillars:

mass spectrometry resources, antibody technologies, knowledgebase (bioinformatics) and, more recently (2018),

pathology. The human proteome is currently at >90% completion .
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Mass spectrometry remains the key platform currently used for proteomics analysis, with shotgun proteomics or

bottom-up the most frequently utilized mode. MS-based proteomics relies on success in three main areas: sample

pretreatment and analysis and data analysis. Two-dimensional gel electrophoresis (2-DE) and sodium dodecyl

sulfate polyacrylamide gel electrophoresis (SDS-PAGE) were the original mainstays for sample separation before

MS analysis, with the ability to separate over 10,000 proteoforms , and indeed these systems are still in use . In

this example, proteome information of tumor tissues and normal tissues was obtained by SDS-PAGE for a

comparative proteomic analysis of different stages of BC. A gel-eluted liquid fractionation entrapment

electrophoresis (GELFREE) system was used to separate and fractionate extracted proteins.

More recently chromatographic methods have been well recognized as methodologies worthy of consideration with

particular advantages, especially in the areas of sample manipulation, recovery and automation. Multidimensional

purification has been found to be particularly efficacious, giving high purification factors and reducing sample

complexity prior to MS analysis, enabling deeper mining of the proteome . As exemplars, Kaur et al. have

designed a simple fractionation workflow to extend the coverage of the plasma proteome . In a similar approach,

Ahn et al.  used a combination of high abundance protein ultradepletion (Agilent MARS-14) and an in-house IgY

depletion column, multidimensional peptide fractionation (SCX, SAX, high pH and SEC) and sequential window

acquisition of all theoretical mass spectra (SWATH-MS) to screen and identify biomarkers that showed expression

alterations in colorectal cancer (CRC) tissues to healthy controls.

There have been many instrumental advances over recent years, with improvements in mass accuracy, speed and

resolution. More powerful MS instruments such as the Q-TOF, TOF/TOF and the Orbitrap have been developed

allowing deep mining of the proteome in time frames from tens of minutes to a few hours . In particular

techniques for sensitive quantitative analysis have matured. In data dependent analysis (DDA) the sample is

digested into peptides, ionized and analyzed by MS. In targeted proteomics (selective reaction monitoring (SRM),

multiple reaction monitoring (MRM) and parallel reaction monitoring (PRM)), proteotypic peptides representing

proteins of interest are used to develop rapid and sensitive assays for proteins, or panels of proteins, of interest

. This is particularly suited for biomarker analysis, and a compendium has been developed , which describes

protocols for quantitation of over 99% of the annotated human proteins. However, the current method of choice is

becoming data independent analysis (DIA) , in particular SWATH-MS . In this approach, peptides within a

defined mass to-charge (m/z) window are fragmented. As the mass spectrometer covers the full m/z range,

repeated analysis is able to be realized, collecting the total proteome content.

2. Proteomics, the Current Status
2.1. iTRAQ and Other Labelling Strategies

iTRAQ enables the relative and absolute quantitation of proteins and peptides by labelling samples with isotope

encoded reporter ions, allowing differential expression of proteins of interest between samples to be determined.

Using iTRAQ, hundreds of proteins can be quantified and identified concurrently in a single experiment where

samples labeled with 8-plex iTRAQ reagents is possible . iTRAQ-based proteomics has been widely used in

[4] [5]

[4][6][7][8][9]

[10]

[11]

[12]

[13] [14]

[15] [16]

[17]



Proteomics, Personalized Medicine and Cancer | Encyclopedia.pub

https://encyclopedia.pub/entry/10284 3/12

cancer proteomics for the analysis of complex samples like plasma . For example, Serada et al. applied iTRAQ-

based proteomics to study inflammatory autoimmune disorders using a comparative screen and found a novel

serum biomarker, leucine-rich α-2 glycoprotein (LRG) by comparing sera samples from rheumatoid arthritis (RA)

patients before and after anti-TNF therapy. Interestingly, serum levels of LRG were also related to Crohn’s disease

(CD) . LRG1 has been found to be highly expressed in CRC, acting as a tumor promoter . The ability to

detect indolent prostate cancers from those likely to progress is an important unmet clinical need. In a recent

example, using a PTEN gene-knockout mouse model of prostate cancer and 8-plex iTRAQ analysis combined with

transcriptomics profiling, Zhang et al.  found remarkable macromolecular signatures and revealed key pathway

nodes, which shed light on the pathological mechanism behind prostate cancer driven by PTEN-loss, hinting at a

potential valuable study direction for prostate cancer intervention.

In a similar approach, tandem mass tag (TMT) technology enabled multiplexing capabilities for quantitative

proteomics analysis by labelling isobaric chemical tags on up to 10 groups of samples. Combining LC and MS, Lin

et al.  analyzed the protein profiles of biopsy samples from patients with thyroid papillary microcarcinoma. Using

quantitative analysis, important biological pathways and functional characteristics were revealed. A novel mass-

defect-based carbonyl activated tag (mdCAT) enabling DIA quantification of eight samples in parallel in a single

injection has recently been reported . This was applied to the analysis of serum to assay the expression

difference of proteins from healthy individuals and hepatocellular carcinoma (HCC) patients. An integrated

proteomics workflow, combining iTRAQ, TMT and targeted approaches (MRM and PRM) for the identification and

validation of potential biomarkers was reported by Kumar et al. .

Metabolic labeling is another alternative to chemical approaches for in vitro studies. Adding amino acids with

isotope labels into cell culture, it is possible to detect proteome alterations in different states (e.g., changes in

protein level during cell differentiation, protein turnover, dynamic changes of protein PTMs and interactomics) .

Stable isotope labeling by/with amino acids in cell culture (SILAC) detects differences in protein abundance

between samples using non-radioactive isotopic labeling. To improve quantitation, Super SILAC was developed in

which a mixture of SILAC-labeled cells is added as a spike-in standard for accurate quantification of unlabeled

samples, thereby enabling quantification of human tissue samples, increasing its application to clinical diagnostics

. Cuomo et al. revealed novel biomarkers associated with tumor classification in BC by applying Super SILAC to

enable multiple analysis of histone posttranslational modifications .

2.2. Targeted Approaches

Targeted proteomics approaches facilitate the development of high throughput sensitive, reproducible and

quantitative assays for the measurement and validation of potential biomarkers and biomarker panels. Targeted

approaches have been reported to be 5 - 10 fold more sensitive than DDA  and sensitivity can be further

increased using immuno-enrichment . It is worth noting that for immuno-MS the specificity requirements for

the antibodies used are less stringent than for ELISA as the ultimate specificity is obtained from the fragmentation

patterns of the proteotypic peptides used. The clinical potential of targeted proteomics has recently been reviewed

. It is perhaps not surprising that such assays have been used extensively. The following examples illustrate
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the use of different biological samples. An MRM assay, measuring the expression levels of HER2 in about 200

tissue samples, has been developed to differentiate HER2 status in BC, which is related to a worse prognosis. This

assay performed better than current immunohistochemistry (IHC) methods . MRM has also been used for

multiplex analysis of CRC-associated proteins in human feces . Using fecal samples from CRC patients and

healthy volunteers, the small-scale MRM assay showed great potential for multiplex analysis in CRC. The assay

was sufficiently sensitive to measure CEACAM 5, which is well known to be related to CRC, at the ng/mg feces

level. The use of fecal samples for gut-related pathologies offers several advantages over other clinical

biospecimens (e.g., plasma or serum) as a source of CRC biomarkers as collection is noninvasive, the test can be

performed at home, one is not sample limited, and the stool effectively samples the entire length of the inner bowel

wall (including any tumors or polyps present) as it passes down the gastrointestinal tract. MRM has also been used

to validate seven potential urinary protein biomarkers for HCC .

2.3. Label Free Approaches

There are several benefits to label free approaches. In label-free experiments any sample can be directly

compared with any other, whereas in labelled experiments it is typically only possible to directly compare samples

that were physically mixed and measured in one run. Additionally, there is evidence that label-free methods

achieve high coverage of the proteome as they have a higher dynamic range of quantification, allowing the

exploration of low abundance proteins . Some examples of the success of label free approaches are given

below.

Tan et al. from the University of Hong Kong, revealed a novel mechanism of immune escape in HCC cells using

label free proteomics. This showed that the immunosuppressive function of lysyl oxidase-like 4 (LOXL4) on

macrophages relied primarily on PD-L1 activation. Elevated levels of LOXL4 were found to correlate with poor

survival of HCC patients. Thus, in this study, proteomics shed light on the molecular mechanism of LOXL4 during

the development of HCC, and also provided new ideas for possible therapeutic intervention .

A number of SWATH-MS papers warrant mention. Guo et al.  presented a SWATH-MS method for acquiring

detailed proteome data from small clinical specimens such as tissue biopsies using a combination of pressure

cycling technology (PCT) for efficient sample extraction  followed by SWATH-MS. Importantly the resulting

spectral maps can be archived and reanalyzed ad infinitum using alternative search functions. In another example,

Hallal et al.  addressed improving outcomes for diffuse glioma patients, another unmet clinical need, through the

proteomics analysis of extracellular vesicles (EV) which showed that that EVs are nanoparticles with the ability to

carry oncogenic molecules into the circulation against the blood–brain-barrier. SWATH was used to analyze plasma

EVs isolated from preoperative glioma grade II–IV patients or controls. An 8662-protein custom library was used for

data extraction. Importantly, plasma-EV protein profiles were found to cluster in line with glioma histological-

subtype and grade. Analysis of EVs from patient’s plasma with recurrent tumor progression was related to more

aggressive glioma samples.
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The prevalence of pancreatic ductal adenocarcinoma (PDAC) is increasing globally and PDAC has the lowest

survival rate of all major cancers . An unmet clinical need is the ability to identify patients who do not benefit

from highly morbid surgical resection, which is currently the only curative intent option. These patients could then

be offered palliative chemotherapy instead. Sanhi et al.  used SWATH-MS to identify a plasma biomarker

associated with PDAC prognosis.

Currently there are no targeted therapeutic modalities for triple negative breast cancer (TNBC), which is associated

with a poor prognosis and clinical outcome. Identification of novel specific TNBC biomarkers for screening and

therapeutic purposes is therefore an urgent clinical need. A recent publication  used silver, gold and magnetic

nanoparticles to form a protein corona  from patient sera. The retained proteins were then separated by SDS-

PAGE and analyzed by LC–MS/MS. Potential biomarkers were validated by SWATH analysis using total serum

samples from TNBC patients and disease-free controls. For further examples of DIA/SWATH, and an assessment

tool for the quality control of spectral libraries, readers are directed to the following excellent articles .

In summary, the emerging proteomics toolbox provides an excellent framework to probe cancer-related proteomes,

providing the unrivalled potential to quantitatively analyze interacting proteins and their modifications, providing a

blue print for understanding cancer biology. Such studies are expected to empower initiatives such as the Cancer

Moonshot  and a protein equivalent to the cancer dependency map .

2.4. Proteogenomics

Proteogenomics probes the interface between proteomics and genomics . The information-flow from genome to

proteome involves merging the significant combination from proteomics with other omics platforms (e.g., genomics,

epigenomics, transcriptomics, proteomics, lipidomics, glycomics, metabolomics and microbiomics) (Figure 1). This

can provide comprehensive information on health and disease, advancing our understanding of pathophysiology,

providing potential biomarkers for disease detection and surveillance, and facilitating basic and clinical cancer

research for precision oncology .

Figure 1. The omics pipeline. The information-flow from multiomics platforms can provide comprehensive

information on health and disease, facilitating the realization of the goal of precision medicine.

CPTAC has invested substantial resources in proteogenomics, greatly accelerating the understanding of the

molecular basis of cancer and accelerating the pace of proteogenomic research and precision oncology, with a

number of publications addressing a range of cancers . For example, a recent proteomic analysis of 122

treatment-naive primary breast cancers carried out by researchers from organizations including Baylor College of

Medicine, Massachusetts Institute of Technology, Harvard University and CPTAC has provided one of the largest

studies to date profiling the biological complexity of breast cancer. TMT-based proteomics including acetylproteome
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and phosphoproteome profiles combined with next-generation DNA and RNA sequencing was used to analyze

primary breast cancers samples, shedding light on cell cycle progression, immunogenicity of tumors, abnormal

metabolism and heterogeneity of therapeutic targets . These data challenged conventional breast cancer

diagnosis and provided new insights into precision/personalized medicine. In another study, using a similar

workflow, proteogenomic characterization revealed therapeutic vulnerabilities during the treatment of lung

adenocarcinoma and allowed the identification of differentially expressed proteins with potential diagnostic and

therapeutic utility .

CPTAC has also made significant contributions to the establishment of CPTAC Data Portal, a Proteogenomic

Cancer Atlas, which serves as the NCI’s largest public repository of proteogenomic comprehensive sequence

datasets . Another noteworthy database is LinkedOmics , which is freely available. By integrating MS-based

global proteomics data generated by CPTAC on selected TCGA tumor samples (32 cancer types and a total of

11,158 patients), LinkedOmics is a very practical database for human cancer studies. By "sharing and reusing",

these databases should accelerate scientific discovery and its clinical translation to patient care . In what can

only be described as a technological “tour de force”, Xu et al.  performed a comprehensive multiomics analysis

(proteomics, phosphoproteomics, transcriptomics and whole-exome sequencing analysis) on 103 patients with lung

adenocarcinoma (LUAD). Integrative data analysis revealed a number of cancer-associated characteristics,

including protooncogene EGFR mutations, differences of proteins PTM, tumor-associated protein variants and

clinical outcomes. Proteome-based classification of LUAD uncovered three subtypes (S-I~III) with distinct

molecular features and a clinical phenotype.

With the ability to capture both transcript and protein information, proteogenomic profiling of healthy and tumor-

derived organoids, which captures the in vivo characteristics of the original tissue in a three-dimensional in vitro

culture system, can inform on the mechanisms underlying the physiopathology of tumorigenesis leading to the

development of novel translational medicine strategies for cancer treatment. As an exemplar, a recent study has

presented a proteogenomics analysis of human colorectal tumors and healthy organoids derived from seven

patients . The results show distinct signatures between organoids from different patients with patient-specific

features that correlate with clinical diagnosis facilitating the development of personalized therapies . A perceived

limitation in the proteomics analysis of organoids has been the use of Matrigel as a scaffold material, which causes

severe ion suppression due to contaminants present in the preparation. However, this was overcome in a recent

study by introducing a precipitation step .

2.5. Bioinformatics

Bioinformatics plays a central role in the downstream analysis of the large body of proteomics data that is currently

being generated, and as such it is one of the 4 HUPO resource pillars . A number of iterative bioinformatic tools

and web servers have been developed to assist in this analysis , some targeted specifically for cancer (e.g.,

Perseus  and the Cancer Genome Atlas (TCGA) ).
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As exemplars, Dunn et al. used Perseus, the ingenuity pathway analysis (IPA ) and the Database for Annotation,

Visualization and Integrated Discovery (DAVID) to annotate the expression and function of proteins and identified

potential biomarkers and therapeutic targets of meningiomas . Da et al. used bioinformatics-assisted proteomics

to screen and identify the potential prognostic biomarker calcium/calmodulin-dependent serine protein kinase

(CASK) in primary cholangiocarcinoma (CCA) tissues and paired precancerous tissues from surgery. Patients with

negative CASK expression were found to have worse overall survival (OS) and recurrence-free survival (RFS) than

those with positive CASK expression. Univariate and multivariate analyses showed that negative CASK expression

was an independent risk factor for OS and RFS in CCA patients .

References

1. Wasinger, V.; Cordwell, S.; Cerpa-Poljak, A.; Yan, J.; Gooley, A.; Wilkins, M.; Duncan, M.; Harris,
R.; Williams, K.; Humphery-Smith, I. Progress with gene-product mapping of the mollicutes:
Mycoplasma genitalium. Electrophoresis 1995, 16, 1090–1094.

2. The Financial Times. Proteomics: Searching for the Real Stuff of Life. The Financial Times, 2021;
14.

3. Adhikari, S.; Nice, E.; Deutsch, E.; Lane, L.; Omenn, G.; Pennington, S.; Paik, Y.; Overall, C.;
Corrales, F.; Cristea, I.; et al. A high-stringency blueprint of the human proteome. Nat. Commun.
2020, 11, 5301.

4. Nice, E. The separation sciences, the front end to proteomics: An historical perspective. Biomed.
Chromatogr. 2021, 35, e4995.

5. Al-Wajeeh, A.; Salhimi, S.; Al-Mansoub, M.; Khalid, I.; Harvey, T.; Latiff, A.; Ismail, M. Comparative
proteomic analysis of different stages of breast cancer tissues using ultra high performance liquid
chromatography tandem mass spectrometer. PLoS ONE 2020, 15, e0227404.

6. Nice, E.; Rothacker, J.; Weinstock, J.; Lim, L.; Catimel, B. Use of multidimensional separation
protocols for the purification of trace components in complex biological samples for proteomics
analysis. J. Chromatogr. A 2007, 1168, 190–210.

7. Duong, V.; Park, J.; Lee, H. Review of three-dimensional liquid chromatography platforms for
bottom-up proteomics. Int. J. Mol. Sci. 2020, 21, 1524.

8. Yuan, H.; Jiang, B.; Zhao, B.; Zhang, L.; Zhang, Y. Recent advances in multidimensional
separation for proteome analysis. Anal. Chem. 2019, 91, 264–276.

9. Kota, U.; Stolowitz, M.L. Improving Proteome Coverage by Reducing Sample Complexity via
Chromatography. Adv Exp Med Biol. 2016, 919, 83–143.

10. Kaur, G.; Poljak, A.; Ali, S.; Zhong, L.; Raftery, M.; Sachdev, P. Extending the depth of human
plasma proteome coverage using simple fractionation techniques. J. Proteome Res. 2021, 20,

®

[63]

[64]



Proteomics, Personalized Medicine and Cancer | Encyclopedia.pub

https://encyclopedia.pub/entry/10284 8/12

1261–1279.

11. Ahn, S.; Sharma, S.; Mohamedali, A.; Mahboob, S.; Redmond, W.; Pascovici, D.; Wu, J.; Zaw, T.;
Adhikari, S.; Vaibhav, V.; et al. Potential early clinical stage colorectal cancer diagnosis using a
proteomics blood test panel. Clin. Proteom. 2019, 16, 34.

12. Riley, N.; Hebert, A.; Coon, J. Proteomics moves into the fast lane. Cell Syst. 2016, 2, 142–143.

13. Borràs, E.; Sabidó, E. What is targeted proteomics? A concise revision of targeted acquisition and
targeted data analysis in mass spectrometry. Proteomics 2017, 17, 1700180.

14. Kusebauch, U.; Campbell, D.; Deutsch, E.; Chu, C.; Spicer, D.; Brusniak, M.; Slagel, J.; Sun, Z.;
Stevens, J.; Grimes, B.; et al. Human srmatlas: A resource of targeted assays to quantify the
complete human proteome. Cell 2016, 166, 766–778.

15. Doerr, A. Dia mass spectrometry. Nat. Methods 2015, 12, 35.

16. Ludwig, C.; Gillet, L.; Rosenberger, G.; Amon, S.; Collins, B.; Aebersold, R. Data-independent
acquisition-based swath-ms for quantitative proteomics: A tutorial. Mol. Syst. Biol. 2018, 14,
e8126.

17. Prudova, A.; Gocheva, V.; Auf dem Keller, U.; Eckhard, U.; Olson, O.; Akkari, L.; Butler, G.;
Fortelny, N.; Lange, P.; Mark, J.; et al. Tails n-terminomics and proteomics show protein
degradation dominates over proteolytic processing by cathepsins in pancreatic tumors. Cell Rep.
2016, 16, 1762–1773.

18. Jain, M.; Howe, G.; Harrison, L.; Miller, A. A study of repeatability of dietary data over a seven-
year period. Am. J. Epidemiol. 1989, 129, 422–429.

19. Serada, S.; Fujimoto, M.; Ogata, A.; Terabe, F.; Hirano, T.; Iijima, H.; Shinzaki, S.; Nishikawa, T.;
Ohkawara, T.; Iwahori, K.; et al. Itraq-based proteomic identification of leucine-rich alpha-2
glycoprotein as a novel inflammatory biomarker in autoimmune diseases. Ann. Rheum. Dis. 2010,
69, 770–774.

20. Zhang, Q.; Huang, R.; Tang, Q.; Yu, Y.; Huang, Q.; Chen, Y.; Wang, G.; Wang, X. Leucine-rich
alpha-2-glycoprotein-1 is up-regulated in colorectal cancer and is a tumor promoter. OncoTargets
Ther. 2018, 11, 2745–2752.

21. Zhang, J.; Kim, S.; Li, L.; Kemp, C.; Jiang, C.; Lü, J. Proteomic and transcriptomic profiling of pten
gene-knockout mouse model of prostate cancer. Prostate 2020, 80, 588–605.

22. Lin, P.; Yao, Z.; Sun, Y.; Li, W.; Liu, Y.; Liang, K.; Liu, Y.; Qin, J.; Hou, X.; Chen, L. Deciphering
novel biomarkers of lymph node metastasis of thyroid papillary microcarcinoma using proteomic
analysis of ultrasound-guided fine-needle aspiration biopsy samples. J. Proteom. 2019, 204,
103414.



Proteomics, Personalized Medicine and Cancer | Encyclopedia.pub

https://encyclopedia.pub/entry/10284 9/12

23. Zhang, S.; Di, Y.; Yao, J.; Wang, Y.; Shu, H.; Yan, G.; Zhang, L.; Lu, H. Mass defect-based
carbonyl activated tags (mdcats) for multiplex data-independent acquisition proteome
quantification. Chem. Commun. 2021, 57, 737–740.

24. Kumar, V.; Ray, S.; Ghantasala, S.; Srivastava, S. An integrated quantitative proteomics workflow
for cancer biomarker discovery and validation in plasma. Front. Oncol. 2020, 10, 543997.

25. Chen, X.; Wei, S.; Ji, Y.; Guo, X.; Yang, F. Quantitative proteomics using silac: Principles,
applications, and developments. Proteomics 2015, 15, 3175–3192.

26. Shenoy, A.; Geiger, T. Super-silac: Current trends and future perspectives. Expert Rev. Proteom.
2015, 12, 13–19.

27. Cuomo, A.; Moretti, S.; Minucci, S.; Bonaldi, T. Silac-based proteomic analysis to dissect the
"histone modification signature" of human breast cancer cells. Amino Acids 2011, 41, 387–399.

28. Bauer, M.; Ahrné, E.; Baron, A.; Glatter, T.; Fava, L.; Santamaria, A.; Nigg, E.; Schmidt, A.
Evaluation of data-dependent and -independent mass spectrometric workflows for sensitive
quantification of proteins and phosphorylation sites. J. Proteome Res. 2014, 13, 5973–5988.

29. Whiteaker, J.; Zhao, L.; Yan, P.; Ivey, R.; Voytovich, U.; Moore, H.; Lin, C.; Paulovich, A. Peptide
immunoaffinity enrichment and targeted mass spectrometry enables multiplex, quantitative
pharmacodynamic studies of phospho-signaling. Mol. Cell. Proteom. 2015, 14, 2261–2273.

30. Ibrahim, S.; Froehlich, B.; Aguilar-Mahecha, A.; Aloyz, R.; Poetz, O.; Basik, M.; Batist, G.; Zahedi,
R.; Borchers, C. Using two peptide isotopologues as internal standards for the streamlined
quantification of low-abundance proteins by immuno-mrm and immuno-maldi. Anal. Chem. 2020,
92, 12407–12414.

31. Arora, A.; Somasundaram, K. Targeted proteomics comes to the benchside and the bedside: Is it
ready for us? BioEssays 2019, 41, e1800042.

32. Zhang, B.; Whiteaker, J.; Hoofnagle, A.; Baird, G.; Rodland, K.; Paulovich, A. Clinical potential of
mass spectrometry-based proteogenomics. Nat. Rev. Clin. Oncol. 2019, 16, 256–268.

33. Do, M.; Kim, H.; Yeo, I.; Lee, J.; Park, I.; Ryu, H.; Kim, Y. Clinical application of multiple reaction
monitoring-mass spectrometry to human epidermal growth factor receptor 2 measurements as a
potential diagnostic tool for breast cancer therapy. Clin. Chem. 2020, 66, 1339–1348.

34. Ang, C.; Rothacker, J.; Patsiouras, H.; Gibbs, P.; Burgess, A.; Nice, E. Use of multiple reaction
monitoring for multiplex analysis of colorectal cancer-associated proteins in human feces.
Electrophoresis 2011, 32, 1926–1938.

35. Zhao, Y.; Li, Y.; Liu, W.; Xing, S.; Wang, D.; Chen, J.; Sun, L.; Mu, J.; Liu, W.; Xing, B.; et al.
Identification of noninvasive diagnostic biomarkers for hepatocellular carcinoma by urinary
proteomics. J. Proteom. 2020, 225, 103780.



Proteomics, Personalized Medicine and Cancer | Encyclopedia.pub

https://encyclopedia.pub/entry/10284 10/12

36. Patel, V.; Thalassinos, K.; Slade, S.; Connolly, J.; Crombie, A.; Murrell, J.; Scrivens, J. A
comparison of labeling and label-free mass spectrometry-based proteomics approaches. J.
Proteome Res. 2009, 8, 3752–3759.

37. Tan, H.; Wang, N.; Zhang, C.; Chan, Y.; Yuen, M.; Feng, Y. Loxl4 fosters an immunosuppressive
microenvironment during hepatocarcinogenesis. Hepatology 2020.

38. Guo, T.; Kouvonen, P.; Koh, C.; Gillet, L.; Wolski, W.; Röst, H.; Rosenberger, G.; Collins, B.; Blum,
L.; Gillessen, S.; et al. Rapid mass spectrometric conversion of tissue biopsy samples into
permanent quantitative digital proteome maps. Nat. Med. 2015, 21, 407–413.

39. Powell, B.; Lazarev, A.; Carlson, G.; Ivanov, A.; Rozak, D. Pressure cycling technology in systems
biology. Methods Mol. Biol. 2012, 881, 27–62.

40. Hallal, S.; Azimi, A.; Wei, H.; Ho, N.; Lee, M.; Sim, H.; Sy, J.; Shivalingam, B.; Buckland, M.;
Alexander-Kaufman, K. A comprehensive proteomic swath-ms workflow for profiling blood
extracellular vesicles: A new avenue for glioma tumour surveillance. Int. J. Mol. Sci. 2020, 21,
4754.

41. Sahni, S.; Krisp, C.; Molloy, M.; Nahm, C.; Maloney, S.; Gillson, J.; Gill, A.; Samra, J.; Mittal, A.
Psmd11, ptprm and ptprb as novel biomarkers of pancreatic cancer progression. Biochim.
Biophys. Acta Gen. Subj. 2020, 1864, 129682.

42. Del Pilar Chantada-Vázquez, M.; López, A.; Vence, M.; Vázquez-Estévez, S.; Acea-Nebril, B.;
Calatayud, D.; Jardiel, T.; Bravo, S.; Núñez, C. Proteomic investigation on bio-corona of au, ag
and fe nanoparticles for the discovery of triple negative breast cancer serum protein biomarkers.
J. Proteom. 2020, 212, 103581.

43. Lai, Z.; Yan, Y.; Caruso, F.; Nice, E. Emerging techniques in proteomics for probing nano-bio
interactions. ACS Nano 2012, 6, 10438–10448.

44. Zhang, F.; Ge, W.; Ruan, G.; Cai, X.; Guo, T. Data-independent acquisition mass spectrometry-
based proteomics and software tools: A glimpse in 2020. Proteomics 2020, 20, e1900276.

45. Midha, M.; Campbell, D.; Kapil, C.; Kusebauch, U.; Hoopmann, M.; Bader, S.; Moritz, R. Dialib-qc
an assessment tool for spectral libraries in data-independent acquisition proteomics. Nat.
Commun. 2020, 11, 5251.

46. Agus, D.; Jaffee, E.; Van Dang, C. Cancer moonshot 2.0. Lancet Oncol. 2021, 22, 164–165.

47. Rodriguez, H.; Pennington, S. Revolutionizing precision oncology through collaborative
proteogenomics and data sharing. Cell 2018, 173, 535–539.

48. Boehm, J.; Garnett, M.; Adams, D.; Francies, H.; Golub, T.; Hahn, W.; Iorio, F.; McFarland, J.;
Parts, L.; Vazquez, F. Cancer research needs a better map. Nature 2021, 589, 514–516.



Proteomics, Personalized Medicine and Cancer | Encyclopedia.pub

https://encyclopedia.pub/entry/10284 11/12

49. Nesvizhskii, A. Proteogenomics: Concepts, applications and computational strategies. Nat.
Methods 2014, 11, 1114–1125.

50. Gillette, M.; Satpathy, S.; Cao, S.; Dhanasekaran, S.; Vasaikar, S.; Krug, K.; Petralia, F.; Li, Y.;
Liang, W.; Reva, B.; et al. Proteogenomic characterization reveals therapeutic vulnerabilities in
lung adenocarcinoma. Cell 2020, 182, 200–225.

51. Petralia, F.; Tignor, N.; Reva, B.; Koptyra, M.; Chowdhury, S.; Rykunov, D.; Krek, A.; Ma, W.; Zhu,
Y.; Ji, J.; et al. Integrated proteogenomic characterization across major histological types of
pediatric brain cancer. Cell 2020, 183, 1962–1985.

52. Krug, K.; Jaehnig, E.; Satpathy, S.; Blumenberg, L.; Karpova, A.; Anurag, M.; Miles, G.; Mertins,
P.; Geffen, Y.; Tang, L.; et al. Proteogenomic landscape of breast cancer tumorigenesis and
targeted therapy. Cell 2020, 183, 1436–1456.

53. Edwards, N.; Oberti, M.; Thangudu, R.; Cai, S.; McGarvey, P.; Jacob, S.; Madhavan, S.; Ketchum,
K. The cptac data portal: A resource for cancer proteomics research. J. Proteome Res. 2015, 14,
2707–2713.

54. Vasaikar, S.V.; Straub, P.; Wang, J.; Zhang, B. Linkedomics: Analyzing multi-omics data within
and across 32 cancer types. Nucleic Acids Res. 2017, 46, D956–D963.

55. Xu, J.; Zhang, C.; Wang, X.; Zhai, L.; Ma, Y.; Mao, Y.; Qian, K.; Sun, C.; Liu, Z.; Jiang, S.; et al.
Integrative proteomic characterization of human lung adenocarcinoma. Cell 2020, 182, 245–261.

56. Cristobal, A.; van den Toorn, H.; van de Wetering, M.; Clevers, H.; Heck, A.; Mohammed, S.
Personalized proteome profiles of healthy and tumor human colon organoids reveal both
individual diversity and basic features of colorectal cancer. Cell Rep. 2017, 18, 263–274.

57. Lindhorst, P.; Hummon, A. Proteomics of colorectal cancer: Tumors, organoids, and cell cultures-a
minireview. Front. Mol. Biosci. 2020, 7, 604492.

58. Abe, Y.; Tada, A.; Isoyama, J.; Nagayama, S.; Yao, R.; Adachi, J.; Tomonaga, T. Improved
phosphoproteomic analysis for phosphosignaling and active-kinome profiling in matrigel-
embedded spheroids and patient-derived organoids. Sci. Rep. 2018, 8, 11401.

59. Zheng, H.; Zhang, G.; Zhang, L.; Wang, Q.; Li, H.; Han, Y.; Xie, L.; Yan, Z.; Li, Y.; An, Y.; et al.
Comprehensive review of web servers and bioinformatics tools for cancer prognosis analysis.
Front. Oncol. 2020, 10, 68.

60. Das, T.; Andrieux, G.; Ahmed, M.; Chakraborty, S. Integration of online omics-data resources for
cancer research. Front. Genet. 2020, 11, 578345.

61. Tyanova, S.; Cox, J. Perseus: A bioinformatics platform for integrative analysis of proteomics data
in cancer research. Methods Mol. Biol. 2018, 1711, 133–148.



Proteomics, Personalized Medicine and Cancer | Encyclopedia.pub

https://encyclopedia.pub/entry/10284 12/12

62. Weinstein, J.; Collisson, E.; Mills, G.; Shaw, K.; Ozenberger, B.; Ellrott, K.; Shmulevich, I.; Sander,
C.; Stuart, J. The cancer genome atlas pan-cancer analysis project. Nat. Genet. 2013, 45, 1113–
1120.

63. Dunn, J.; Ferluga, S.; Sharma, V.; Futschik, M.; Hilton, D.; Adams, C.; Lasonder, E.; Hanemann,
C. Proteomic analysis discovers the differential expression of novel proteins and phosphoproteins
in meningioma including nek9, hk2 and set and deregulation of rna metabolism. EBioMedicine
2019, 40, 77–91.

64. Da, Z.; Gao, L.; Su, G.; Yao, J.; Fu, W.; Zhang, J.; Zhang, X.; Pei, Z.; Yue, P.; Bai, B.; et al.
Bioinformatics combined with quantitative proteomics analyses and identification of potential
biomarkers in cholangiocarcinoma. Cancer Cell Int. 2020, 20, 130.

Retrieved from https://encyclopedia.pub/entry/history/show/24466


