
 Open access  Journal Article  DOI:10.1111/ICS.12513

Mass spectrometry-based proteomics reveals the distinct nature of the skin
proteomes of photoaged compared to intrinsically aged skin. — Source link 

V L Newton, V L Newton, I Riba-Garcia, Christopher E.M. Griffiths ...+7 more authors

Institutions: Manchester Academic Health Science Centre,
Central Manchester University Hospitals NHS Foundation Trust, DSM

Published on: 01 Apr 2019 - International Journal of Cosmetic Science (John Wiley & Sons, Ltd)

Topics: Papillary dermis and Protein degradation

Related papers:

 
Quantitative proteomics analysis of young and elderly skin with DIA mass spectrometry reveals new skin aging-
related proteins

 Proteomic analysis identifies new biomarkers for postmenopausal and dry skin.

 Proteomic anatomy of human skin.

 Non‑invasive proteome‑wide quantification of skin barrier‑related proteins using label‑free LC‑MS/MS analysis

 Proteomic profiling reveals candidate markers for arsenic-induced skin keratosis.

Share this paper:    

View more about this paper here: https://typeset.io/papers/mass-spectrometry-based-proteomics-reveals-the-distinct-
27ypsrtnxg

https://typeset.io/
https://www.doi.org/10.1111/ICS.12513
https://typeset.io/papers/mass-spectrometry-based-proteomics-reveals-the-distinct-27ypsrtnxg
https://typeset.io/authors/v-l-newton-3io7dkfwml
https://typeset.io/authors/v-l-newton-3io7dkfwml
https://typeset.io/authors/i-riba-garcia-20phh4i2w5
https://typeset.io/authors/christopher-e-m-griffiths-2dw4dun6g7
https://typeset.io/institutions/manchester-academic-health-science-centre-bzqie8ru
https://typeset.io/institutions/central-manchester-university-hospitals-nhs-foundation-trust-3danwgnr
https://typeset.io/institutions/dsm-3foqyu81
https://typeset.io/journals/international-journal-of-cosmetic-science-ld4qy6bx
https://typeset.io/topics/papillary-dermis-20c1qz4p
https://typeset.io/topics/protein-degradation-12pm9581
https://typeset.io/papers/quantitative-proteomics-analysis-of-young-and-elderly-skin-33t7ipvwd4
https://typeset.io/papers/proteomic-analysis-identifies-new-biomarkers-for-1obk3h1pkn
https://typeset.io/papers/proteomic-anatomy-of-human-skin-28czz3sden
https://typeset.io/papers/non-invasive-proteome-wide-quantification-of-skin-barrier-4g85ii61da
https://typeset.io/papers/proteomic-profiling-reveals-candidate-markers-for-arsenic-325va7eylb
https://www.facebook.com/sharer/sharer.php?u=https://typeset.io/papers/mass-spectrometry-based-proteomics-reveals-the-distinct-27ypsrtnxg
https://twitter.com/intent/tweet?text=Mass%20spectrometry-based%20proteomics%20reveals%20the%20distinct%20nature%20of%20the%20skin%20proteomes%20of%20photoaged%20compared%20to%20intrinsically%20aged%20skin.&url=https://typeset.io/papers/mass-spectrometry-based-proteomics-reveals-the-distinct-27ypsrtnxg
https://www.linkedin.com/sharing/share-offsite/?url=https://typeset.io/papers/mass-spectrometry-based-proteomics-reveals-the-distinct-27ypsrtnxg
mailto:?subject=I%20wanted%20you%20to%20see%20this%20site&body=Check%20out%20this%20site%20https://typeset.io/papers/mass-spectrometry-based-proteomics-reveals-the-distinct-27ypsrtnxg
https://typeset.io/papers/mass-spectrometry-based-proteomics-reveals-the-distinct-27ypsrtnxg


The University of Manchester Research

Mass spectrometry-based proteomics reveals the distinct
nature of the skin proteomes of photoaged compared to
intrinsically aged skin
DOI:
10.1111/ics.12513
10.1111/ics.12513

Document Version
Accepted author manuscript

Link to publication record in Manchester Research Explorer

Citation for published version (APA):
Newton, V. L., Riba-Garcia, I., Griffiths, C. E. M., Rawlings, A. V., Voegeli, R., Unwin, R. D., Sherratt, M. J., &
Watson, R. E. B. (2019). Mass spectrometry-based proteomics reveals the distinct nature of the skin proteomes of
photoaged compared to intrinsically aged skin. International Journal of Cosmetic Science.
https://doi.org/10.1111/ics.12513, https://doi.org/10.1111/ics.12513

Published in:
International Journal of Cosmetic Science

Citing this paper
Please note that where the full-text provided on Manchester Research Explorer is the Author Accepted Manuscript
or Proof version this may differ from the final Published version. If citing, it is advised that you check and use the
publisher's definitive version.

General rights
Copyright and moral rights for the publications made accessible in the Research Explorer are retained by the
authors and/or other copyright owners and it is a condition of accessing publications that users recognise and
abide by the legal requirements associated with these rights.

Takedown policy
If you believe that this document breaches copyright please refer to the University of Manchester’s Takedown
Procedures [http://man.ac.uk/04Y6Bo] or contact uml.scholarlycommunications@manchester.ac.uk providing
relevant details, so we can investigate your claim.

Download date:29. May. 2022

https://doi.org/10.1111/ics.12513
https://doi.org/10.1111/ics.12513
https://www.research.manchester.ac.uk/portal/en/publications/mass-spectrometrybased-proteomics-reveals-the-distinct-nature-of-the-skin-proteomes-of-photoaged-compared-to-intrinsically-aged-skin(0ee7f2bf-ccee-482d-bd2a-737f4218584f).html
/portal/christopher.griffiths.html
/portal/r.unwin.html
/portal/michael.j.sherratt.html
/portal/rachel.watson.html
/portal/rachel.watson.html
https://www.research.manchester.ac.uk/portal/en/publications/mass-spectrometrybased-proteomics-reveals-the-distinct-nature-of-the-skin-proteomes-of-photoaged-compared-to-intrinsically-aged-skin(0ee7f2bf-ccee-482d-bd2a-737f4218584f).html
https://www.research.manchester.ac.uk/portal/en/publications/mass-spectrometrybased-proteomics-reveals-the-distinct-nature-of-the-skin-proteomes-of-photoaged-compared-to-intrinsically-aged-skin(0ee7f2bf-ccee-482d-bd2a-737f4218584f).html
https://doi.org/10.1111/ics.12513
https://doi.org/10.1111/ics.12513


Mass spectrometry-based proteomics reveals the distinct nature of 

the skin proteomes of photoaged compared to intrinsically aged skin  

 

Running Heading: Photoaged versus intrinsically aged skin proteomes 

 

V.L Newton1,2, I Riba-Garcia3, C.E.M Griffiths1,2,, A.V Rawlings 4, R Voegeli5, R.D Unwin3, M.J Sherratt6$ 

& R.E.B Watson1,2,$ 

 

1Centre for Dermatology Research, Division of Musculoskeletal & Dermatological Sciences, School of Biological Sciences, 

Manchester Academic Health Science Centre, University of Manchester, and Salford Royal NHS Foundation Trust UK; 2NIHR 

Manchester Biomedical Research Centre, Central Manchester University Hospitals NHS Foundation Trust, Manchester 

Academic Health Science Centre, UK; 3Division of Cardiovascular Sciences, School of Medical Sciences, Faculty of Biology, 

Medicine and Health, University of Manchester, Manchester Academic Health Science Centre, Core Technology facility (3rd 

Floor), 46 Grafton Street, Manchester, M13 9NT; 4AVR Consulting Ltd, Northwich, UK; 5DSM Nutritional Products Ltd, 

Kaiseraugst, Switzerland; 6Division of Cell Matrix Biology and Regenerative Medicine, School of Biological Sciences, 

Manchester Academic Health Science Centre, The University of Manchester, UK. 

$ Joint senior authors. 

victoria.newton@manchester.ac.uk; isabel_riba@hotmail.com; Christopher.Griffiths@manchester.ac.uk; 

tonyrawlings@avrconsultingltd.com; rainer.voegeli@dsm.com; r.unwin@manchester.ac.uk; 

michael.j.sherratt@manchester.ac.uk; rachel.watson@manchester.ac.uk. 

Word Count: 5,513  Table count: 5  Figure count: 3 

Corresponding author:  Dr Rachel Watson 

Division of Musculoskeletal & Dermatological Sciences 

The University of Manchester 

2.001 Stopford Building 

Oxford Road 

Manchester M13 9PT 

UK 

Tel:    +44 161 275 5505 

Fax:    +44 161 275 5171 

Email:    rachel.watson@manchester.ac.uk 

 

 

Conflicts of Interest Statement/Disclosures: DSM Nutritional Products Ltd have approved submission 

of the manuscript, but has exerted no editorial control of the content. MJS, RDU, IR-G and CEMC 

state no conflict of interest.  VLN is funded by DSM Nutritional Products Ltd, RV is an employee of 

DSM Nutritional Products Ltd and AVR is consultant to DSM Nutritional Products Ltd. REBW is 

supported by a programme grant from Walgreens Boots Alliance (Nottingham, UK). 

mailto:rachel.watson@manchester.ac.uk


Abstract 

Objective 

With increasing age skin is subject to alterations in its organisation, which impacts on its function as 

well as having clinical consequences. Proteomics is a useful tool for non-targeted, semi-quantitative 

simultaneous investigation of high numbers of proteins.  In the current study we utilise proteomics 

to characterise and contrast age-associated differences in photoexposed and photoprotected skin, 

with a focus on the epidermis, dermal-epidermal junction and papillary dermis.          

Methods 

Skin biopsies from buttock (photoprotected) and forearm (photoexposed) of healthy volunteers 

(aged 18-30 or ≥65 years) were transversely sectioned from the stratum corneum to a depth of 250 

µm. Following SDS-PAGE, each sample lane was segmented prior to analysis by liquid 

chromatography-mass spectrometry/mass spectrometry. Pathways analysis was carried out using 

Ingenuity IPA. 

Results 

Comparison of skin proteomes at buttock and forearm sites revealed differences in relative protein 

abundance.  Ageing in skin on the photoexposed forearm resulted in 80% of the altered proteins 

being increased with age, in contrast to the photoprotected buttock where 74% of altered proteins 

with age were reduced.  Functionally, age-altered proteins in the photoexposed forearm were 

associated with conferring structure, energy and metabolism.  In the photoprotected buttock 

proteins associated with gene expression, free-radical scavenging, protein synthesis and protein 

degradation were most frequently altered.   

Conclusion 

This study highlights the necessity of not considering photoageing as an accelerated intrinsic ageing, 

but as a distinct physiological process. 
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Abbreviations: 

BU, buttock; DEJ, dermal-epidermal junction; ECM, extracellular matrix; FA, forearm; FDR, false 

discovery rate; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IQR, interquartile range; LC, 

liquid chromatography; MS, Mass spectrometry; OCTM, optimal cutting temperature media. 



Introduction 

The skin changes with the passage of time, resulting from natural changes in the genome, gene 

expression and metabolism and is termed intrinsic ageing [1, 2].  However, the skin being of a large 

surface area and often exposed to the external environment means it is further influenced by factors 

such as weather, light and pollution [3-5].  It is these external factors exposed to throughout a 

lifetime, or a person’s ‘exposome’, most particularly to sunlight, that contribute additional 

mechanisms to how the skin ages and is termed extrinsic ageing [6].  While the changes to the 

appearance of the skin as we age are often more subtle in those areas not frequently exposed, in 

those areas of skin which often are, most particularly in those who are paler, then skin can become 

wrinkled, course and mottled [7].       

Much of the work carried out on how the skin changes with age has been focused on changes to the 

extracellular matrix (ECM) within the dermal compartment of the skin [8].  In the dermis ECM 

molecules are often very long lived and so accumulate damage over time, leading to differences in 

both their structural and mechanical properties.  Other changes such as decreased collagen with 

respect to elastin, loss of small fibres of the elastin network close to the boarder with the dermis and 

changes to the glycosaminoglycan composition may also occur [8].  Less work has been carried out 

looking at the changes in the epidermis as we age, though it is known that epidermal thickness may 

reduce [9, 10], the rate of keratinocyte turnover slow [11] and that some keratinocytes may enter 

senescence [12].  The dermal-epidermal junction (DEJ) between the epidermal and dermal 

compartments also undergoes alterations with age and while we know that it flattens, the reasons 

for this are still not fully understood [13]. 

Proteomics, using mass spectrometry (MS) to analyse peptide constituents in a sample allowing 

post-hoc identification of protein species [14],  can be used as a non-targeted method to identify 

differences in relative abundance between samples.  This has frequently been used successfully to 

identify novel biomarkers of disease [15, 16].  Applying such a method to the skin, however, is not 



without its challenges, especially where the size of a skin sample through biopsy is limited and high 

concentrations of structural proteins in skin makes protein solubilisation and hence subsequent 

detection difficult.  The high concentrations of ECM proteins present in the dermis and keratins in 

the epidermis can also mask changes in other less abundant proteins [17, 18].    

Although proteomics on the skin has previously been carried out, to the best of our knowledge, 

ageing studies have thus far only evaluated whole biopsies taken from photoprotected areas.  The 

aims of this study were therefore to use sectioning and SDS-PAGE separation prior to MS to improve 

skin protein solubilisation and detection.  This strategy also allowed enrichment of samples for the 

epidermis, DEJ and papillary dermis and to reduce noise from proteins contained within the main 

volume of the dermis, including those from the vasculature.  We then compared for the first time 

young and aged skin taken from a photoexposed site using non-targeted mass spectrometry.  To be 

able to put into better context both the effect of sunlight on the skin as we age and proteomic 

differences due to anatomical site we also compared results to young and aged skin from a 

photoprotected skin site.   

Methods 

Volunteers and biopsy removal 

Two panels of volunteers aged 18-30 years (mean: 24 years ± 3) and 65 years or over (mean: 71 

years ± 4) were recruited into the study (n= 6 females per group; University of Manchester Research 

Ethics Committee ref 13268). All subjects gave written, informed consent and the study was carried 

out in accordance with the declaration of Helsinki guidelines (2013).  Study subjects were Fitzpatrick 

skin phototype I-III [19].  An area of skin on the mid dorsal forearm (photoexposed) and an area of 

the photoprotected upper buttock/hip/lower back (photoprotected) were biopsied (6 mm) under 

local anaesthesia.  Biopsies were rinsed in ice-cold phosphate buffered saline (PBS) twice, followed 



by ice-cold 0.25 M sucrose to remove external blood before being bisected and snap-frozen in 

optimal cutting temperature medium (OCTM) using liquid nitrogen.   

 

Proteomics 

One half of the biopsy was orientated stratum corneum outermost in an OCTM block and as much 

excess OCTM surrounding the biopsy as possible removed.  The first 5 µm thick 

transverse/horizontal section of the skin was then collected from when the stratum corneum first 

became visible and collection continued to a depth of 250 µm.  Sections were placed into 100 µL of 

ice-cold lysis buffer (7 M urea, 2 M thiourea, 30 mM Tris-HCl to pH 8, followed by 50 mM DTT, 0.1% 

SDS), vortexed and frozen at – 80oC until required.  In an attempt to minimise variation, only skin 

from female volunteers was used in the proteomics analyses. 

Protein concentration was measured (FluoroProfile® Protein Quantification Kit; Sigma Aldrich; 

Gillingham, UK) and 30 µg of each sample loaded onto an SDS-PAGE gel.   Following separation gels 

were stained with Coomassie Blue to confirm equal loading and gel lines excised into 11 bands.  In-

gel digestion was then performed, beginning with three washes (200 mM ammonium bicarbonate, 

40% (v/v) acetonitrile), until samples were translucent.  Gel pieces were dried by incubation twice in 

100% (v/v) acetonitrile, then protein were reduced and alkylated by sequential incubation in 10mM 

dithiothreitol (20 mins), dehydration in 1 wash with acetonitrile, then incubation in 50mM 

iodoacetamide (30 mins). Gel pieces were then dried again by incubation in acetonitrile (2x) then 

rehydrated using 10-20 µL of 20 ng/µL porcine sequencing grade modified trypsin (Promega: 

solution in 5% (v/v) acetonitrile, 100 mM ammonium bicarbonate. A further 50 µL of 5% (v/v) 

acetonitrile, 100 mM ammonium bicarbonate was added and samples left to incubate overnight at 

37˚C. Samples were then spun, the supernatant collected and 50 µL of buffer (5% acetonitrile, 100 

mM ammonium bicarbonate) added to each sample for 15 minutes to extract additional peptides. 



This was removed and pooled with the previous supernatant before drying using a SPEEDVAC.  

Samples were stored at -80oC prior to reversed-phase liquid chromatography (LC)-MS/MS analysis.   

For LC-MS/MS analysis, dried fractions were re-dissolved (20 µL; 97%/3% water/acetonitrile v/v, 

0.1% v/v trifluoroacetic acid, 10 fmol Glu-fibrinopeptide B, 10 fmol Leu-enkephalin) and 3 µL 

subjected to LC-MS analysis using a nanoACQUITY LC system (Waters, Elstree, UK) online to a QSTAR 

Elite mass spectrometer (AB Sciex, Framingham, USA).  Briefly, injected samples were loaded onto a 

trapping column (Symmetry C18 100A, 5 µm; Waters) for 7.5 minutes using a flow rate of 15 µL/min 

(98%/2% v/v water/acetonitrile, 0.1% formic acid).  The samples were resolved on an analytical 

column (NanoACQUITY UPLCTM BEH 30 c18, 75 µm x 250mm, 1.7µm; Waters, Elst ree, UK) using the 

gradient shown in Table I at a flow rate of 300 nL/min.  Columns were maintained at 40°C.    

   

The nanoACQUITY system was coupled to a QSTAR® Elite MS/MS System (AB Sciex) equipped with 

an electrospray ionisation (ESI) ion source.  Ions were emitted from a Distal Coated Silica Tip Emitter 

needle 10 ± 1 µm (New Objective, Woburn, USA) and MS/MS collected using a standard IDA method 

where, following a 1 second MS scan, the four top precursor ions were selected and fragmented for 

1 second each. 

All MS/MS data files acquired from the same sample lane were processed together using 

ProteinPilot (AB Sciex) or Mascot DEAMON (Matrix Science Ltd, London, UK) and Scaffold 4 

(Proteome Software, Portland, USA) to provide a single list of identifications from each sample.  

 

Data analysis 

Two data analysis workflows were used to identify differentially expressed proteins between groups. 

ProteinPilot workflow: Raw data files were analysed using the Paragon algorithm within ProteinPilot 

4.0 using default search settings against a Human-specific Uniprot database (Release April 2015, 



20,204 Entries), which was concatenated with a reversed-sequence decoy version of the same 

database to enable the false discovery rate (FDR) for identifications to be determined.  To identify 

differentially expressed proteins, protein identification data from all of the samples was aligned 

using the Protein Alignment Template tool from AB Sciex.  Proteins with Unused score >2 were 

included. To identify potentially differentially expressed proteins, the ‘N’, a value related to the 

relative abundance of each protein within each sample was calculated.  Mean values were then 

calculated for each experimental group.  

Mascot workflow: Data were also analysed using Mascot and the results processed using Scaffold 

4.5.0 for identification of protein differences.  Mascot searches were performed by combining data 

from all bands for a single sample into a single search using Mascot Daemon.  Searches were carried 

out against a SwissProt 2015 Homo sapiens database using fragment tolerances of 0.8Da for 

precursor ions and 0.6 Da for product ions, with Met oxidation as a variable modification, 

carbamidomethylation (CAM) modified Cys as a fixed modification and using trypsin as the digesting 

enzyme with allowance for one missed cleavage.  Resulting data files were imported into Scaffold 

software, where wide protein grouping with binary peptide protein weights was used.  Peptide 

thresholds for positive protein identification were set to a minimum of 95%, protein thresholds were 

set to 99% minimum and positive identification required at least 2 peptides per protein.  FDR were 

set at 0.3% for peptides and at 0.4% for protein.   

The list of proteins produced was manually reviewed in order to identify those that were missed by 

the software and to verify the results. Expression levels between samples were then compared in 

Scaffold by spectral counting, with an associated fold change and p-value calculated for each sample. 

The data were log transformed for graph plotting. 

Pathways analysis was carried out using Ingenuity IPA software (Qiagen, Manchester, UK), where the 

entire user dataset was used as a background and differentially expressed proteins were defined as 

those with 0.7 ≥ fold change ≥ 1.5. 



Results 

We first wanted to gain a sense of the influence of anatomical site on the skin proteome by 

comparing buttock and forearm skin.  As buttock and forearm samples were not analysed on the MS 

on the same run, peptide numbers detected for each protein in buttock skin could not be directly 

compared with forearm.  However, using ProteinPilot relative abundance could be compared, with 

the most abundant protein detected in an individual’s sample designated 1, the second most 

abundant 2 and so forth.  A mean was then taken for each protein across the young individuals at 

each skin site.  A highly abundant protein which was most different in relative abundance between 

the two sites was filaggrin, being relatively more abundant in the forearm (FA; the most abundantly 

detected) than the buttock (BU; the 8th most abundantly detected; Fig 1A (i)).  A number of other 

structural proteins that were relatively more abundant in the forearm compared with the buttock, 

included osteoglycine/mimecan (167th FA vs. 355th BU), periplakin (114th FA vs. 187th BU), a beta 

actin variant (18th FA vs. 36th BU) and transgelin (62nd FA vs. 191th BU; Fig 1 (i)).  14-3-3 sigma 

signalling molecule was also relatively more abundant in forearm than the buttock (39th FA vs. 52nd 

BU).  Conversely, alpha-actinin 4 (54th FA vs. 19th BU) and pyruvate kinase (72nd FA vs. 36th BU), were 

relatively more abundant in the buttock skin than the forearm skin (See Supplementary Table I for 

full list).        

 

Next we wanted to investigate the effect of ageing on the proteomes at each of the skin sites.  Using 

Mascot and Scaffold software to analyse the data we detected a total of 377 proteins in samples 

taken from photoprotected buttock, the full list of which is in Supplementary Table II.  Of these 377, 

29 showed differential expression between young and aged skin (p<0.05 Table II).  Those proteins 

more highly detected in aged buttock skin than young were structural (keratin 6A, fold change (FC) 

648, p<0.01 and filamin A, FC 4, p<0.05), along with two associated with clot formation; coagulation 

factor XIII (FC 6, p<0.01) and fibrinogen alpha chain (FC 3, p<0.05).  Inositol monophosphase 2 



(FC<0.001, p<0.05) and proteasome subunit alpha type-7-like protein (FC<0.001, p<0.05) were the 

proteins most dramatically reduced in aged skin.  Those proteins that changed were also organised 

by general function (as listed in UniProt), into stress response-, signalling-, energy and metabolism-, 

ubiquitin-proteasome-associated system-, immune-, protein synthesis-, structural-, transportation 

and/or metal-binding- and histone-related (Table 4).      

 

In skin from photoexposed forearm, using Mascot and Scaffold, we detected more proteins than in 

the buttock (photoprotected) sample, 547 (see Supplementary Table III for full list).  The 48 proteins 

where fold changes between young and aged skin had a p-value of 0.05 or less in photoexposed 

forearm are displayed in Table III.  The most altered of these proteins being increased vitronectin 

with age (FC 1000, p<0.001) and a reduction with age of leucyl-tRNA synthetase (FC<0.001, p<0.05) 

and eukaryotic translation initiation factor 3, subunit B (FC<0.001, p<0.05).  Those proteins that 

changed were also organised by general function (as listed in UniProt), with the largest groupings 

being those proteins associated with energy and metabolism, immune function, structure, and 

transportation/binding (Table IV). 

 

The number of proteins that changed with age in the photoprotected buttock and photoexposed 

forearm were similar when considered as the percentage of detected proteins altered with age, 7% 

and 8% in buttock and forearm, respectively (where fold change was ≤ 0.7 or ≥ 1.5; Fig 2A).  

However, it was striking that not only were most altered proteins different at the two sites, but that 

in the buttock most altered proteins were reduced with age (74%), whereas in the forearm most 

were increased with age (80%).  Only haemoglobin (alpha subunit), and coagulation factor XIII were 

altered with age at both sites with fold changes ≤ 0.7 or ≥ 1.5.  Coagulation factor XIII (coag VIII) was 

increased with age in both the buttock (coag XIII FC 5.7, p<0.01) and forearm skin (coag XIII FC 2.7, 



p<0.01), but haemoglobin alpha subunit was reduced with age in the buttock (FC 0.4, p<0.05) and 

increased with age in the forearm (FC 14, p<0.05; Fig 2B).   

 

To more systematically compare biological functions and molecular and cellular pathways altered as 

a result of each type of ageing, we carried out pathways analysis using Ingenuity IPA software on 

Mascot and Scaffold calculated results.  In both buttock and forearm proteins changed with age 

were associated with cell death and survival.  However, the actual proteins listed for each were not 

the same (except albumin) and as previously, while in buttock most of these proteins reduced with 

age, in forearm most increased.  A number of proteins altered in forearm with age were associated 

with lipid metabolism, post-translational modification and hair and skin functioning.  In buttock skin 

proteins with these function were either not altered or were not altered to the same degree by 

ageing.  Instead, most proteins altered with ageing in the buttock were associated with gene 

expression, free-radical scavenging, protein synthesis and protein degradation, none of which were 

specified by IPA as changing with age in the forearm (Fig 3A, Table V).   

 

Discussion 

In this study we wanted to investigate photoageing using LC/MS/MS for the first time and to focus 

on protein changes in the epidermis, DEJ and the papillary dermis by enriching for this region prior 

to MS.   

 

The horizontal sectioning of the skin biopsies to a depth of 250 µm allowed collection of not only the 

epidermis, DEJ and upper dermis, but also aided in the solubilisation of proteins, as sections were 

only 5 µm thick prior to lysis.  Issues associated with the presence of OCTM in the samples were 



mitigated by the use of SDS-PAGE prior to MS.  While probably not as sensitive as the use of stable 

isotope tagging (e.g. isobaric tags or dimethyl labelling, for example) for detection of differences in 

protein abundance between samples, the use of label-free proteomics for relative quantification is 

now common place [16]). Running proteins digested from each of the gel fragments separately 

allowed for detection of a greater number of proteins.  This is because if each of our samples had 

been loaded onto the MS without gel separation first and using a single injection, keratins and other 

more common proteins would have swamped the MS signal.  Despite our technique enriching the 

epidermis and upper dermis in our sample preparation and separating the samples using gels, we 

did not detect some low abundance proteins, including those contained within the DEJ such as 

nidogen and laminin 5/332.  However, this was also the case in a study where laser capture was 

employed to specifically extract the DEJ [20], highlighting the difficultly in detecting proteins from a 

region only approximately 150 nm in thickness [21].  Despite this, the number of proteins detected 

overall using Mascot and Scaffold in this study was broadly comparable to previous studies that used 

whole biopsies and that would have had more tissue available for analysis [22, 23].  Proteomics 

studies on the skin are therefore still far short of the 825 epidermal, 1636 dermal and epidermal, 95 

dermal and 32 DEJ/basement membrane proteins now known, as reported by a systematic review 

on proteins present in the skin [24]. 

 

Protein abundance in photoexposed forearm skin compared with photoprotected buttock skin 

Comparison of the relative abundance of proteins in the forearm skin with the buttock skin in young 

individuals revealed differences and highlights that the skin proteome varies between anatomical 

site, even before exposome differences have had time to cause further impact.  Many of the 

differences associated with anatomical site included proteins with a structural- and/or matrix-

related role.  This was true of filaggrin, which was the most relatively abundant protein in the 

forearm, but only the eighth most relatively abundant protein in the buttock.  Also, 



mimecan/osteoglycine, periplakin, a beta actin variant and transgelin were all more relatively 

abundant in young forearm compared with the buttock.  Both filaggrin and periplakin are vital for 

cornification and barrier function and in a study in which skin keratinocytes were exposed to 

cigarette smoke condensate, both periplakin and filaggrin were up-regulated [25].  Filaggrin is also 

enriched in the stratum corneum on the cheek compared to a post-auricular site where skin is 

protected from sunlight [26].  It is possible that differences between forearm and buttock skin were 

due to external factors, even in young skin, though these differences may have been a consequence 

of a thicker stratum corneum, which has been observed on the dorsal forearm compared with the 

buttock [27].  The higher relative levels of a beta actin variant and of transgelin, important in actin 

dynamics, suggests that the actin cytoskeleton may be different in forearm skin compared with 

buttock skin.  So, too does the finding of alpha-catenins being more relatively abundant in buttock 

than sun-exposed dorsal forearm skin.  These proteins are actin filament-associated proteins and 

important in maintaining cellular adhesion via β-catenin and E-cadherin through the actin network 

[28].  A reduction of alpha-catenin 1 is associated with an increase in NF-κB activation and 

hyperproliferation [29], again suggesting differences in the actin network and differences in the 

number and properties of adherence junctions in buttock skin compared with forearm skin.  The 

small leucine-rich proteoglycan mimecan/osteoglycine is thought to control collagen fibre 

development, with increased fibre thickness observed in mutant mice [30].  In human abdominal 

skin collagen fibres are thicker in aged skin [31], though whether there are differences in fibre 

thicknesses in the forearm compared with the buttock is not, to the best of our knowledge, known.  

It is known however that transcription of mimecan is induced in response to UV [32], so it is possible 

that even short term-exposure to UV might result in more of this protein and so account for the 

relatively higher amount in forearm skin than buttock.  Non-structural proteins less relatively 

abundant in forearm compared with buttock included pyruvate kinase and ubiquitin carboxyl 

terminal hydrolase 5.  Pyruvate kinase expression has been linked with controlling the rate of 

nucleotide synthesis by virtue of nucleotide synthesis being critical for cell proliferation [33].  It is 



possible that rates of cell proliferation in forearm skin and buttock skin may differ and be linked with 

levels of pyruvate kinase.  Carboxyl terminal hydrolase 5 is a protease that hydrolyses a peptide 

bond at the C-terminal glycine of ubiquitin [34].  Reductions in this protein in vitro reduce the 

degradation of ubiqutinated p53 and so result in higher levels of activated p53 [35].  Therefore this 

may be a mechanism by which the presence of activated p53 is increased and so accelerate cellular 

apoptosis and/or senescence in forearm skin [36].  As a result, given that the ideal of a longitudinal 

study is not practical in most instances, ageing studies must bear in mind the additional variation 

induced by variation in anatomical site in addition to changes caused by a person’s exposome, such 

as the variation already shown in fibroblast gene expression of cells located at different anatomical 

sites [37, 38].          

 

Protein abundance in young & aged photoexposed forearm skin  

Comparison of proteins in young and aged skin in the photoexposed forearm showed that while 

there were reductions of a trifunctional mitochondrial enzyme, a t-RNA synthetase and a translation 

initiation factor, most proteins increased in detection with age.  The increased levels of vitronectin 

and, in particular, elastin in the photoexposed forearm have been known for many years [39].  

Elastin is deposited as a disorganised amorphous mass [solar elastosis] and ECM proteins such as 

vitronectin and clusterin bind the edges of these dermal elastic fibres [40].  Indeed, clusterin 

glycoprotein may be produced in response to stress and is found closely associated with elastin in 

solar elastosis, thought to be as an attempt to reduce elastin aggregation [41].  Agreement of our 

proteomic results with previous studies therefore help in validating the findings of this study.  

Transthyretin and amyloid P are also associated with matrix deposition/amyloidosis, with 

transthyretin a transporter protein of thyroxine and retinol.  Abnormal deposition of this protein is 

known to occur in some elderly individuals, especially in cardiac tissue [42].  It is also found 

associated with peripheral nerves and amyloid P in cases of familial amyloidotic polyneuropathy 



[43], though the increased levels detected with age in the forearm in our experiment may be the 

result of increased serum levels rather than increased deposition in the skin.  Another structure-

associated protein higher in aged skin in our study was spectrin.  Spectrin helps maintain the 

stability, shape and structure of the cell contributing to cell adhesion, spreading and the cell cycle.  

Spectrin can be degraded by the calcium-dependent protease calpain and the activity of this 

protease is increased in fibroblasts from aged donors than young [44].  It is therefore possible that 

more of this protein was detected with age as the skin attempts to compensate for the increased 

cleavage of this protein.  However, it may also be that the cleaved spectrin products were more 

readily detectable by our methodology than the full length protein.  With such clear evidence of 

elastosis in our aged forearm skin samples we expected that we might find evidence of loss of DEJ-

associated proteins as has previously be found in photoaged skin [13].  As previously discussed, we 

did not detect a number of DEJ-associated proteins due to their scarcity, but we did detect collagen 

VII and alpha-6 and beta-4 integrins.  These were not significantly reduced with age in our data set 

as might be expected.  Our skin samples therefore may have exhibited histology such as that 

surrounding some wrinkles, where ECM deposition is significant, but the DEJ appears relatively 

normal [45].  Deposition of ECM and other associated proteins was therefore the major driver of the 

proteomic differences observed in photoageing in this study.   

 

Protein abundance in young & aged photoprotected buttock skin 

By comparison ageing changes in photoprotected buttock were very different, where although there 

was a structural protein, Keratin 6A, top of the list as increased with age, most of the other changes 

were reductions in the amount of proteins detected with age.  Keratin 6A mRNA expression has 

been shown to be increased with age in sun protected human skin [46, 47], though we did not find a 

concurrent increase in its binding partner keratin 16 with age.  Filamin A is an actin binding protein 

and is known to be important in the pericellular organisation of collagen [48] and providing tension 



to the ECM [49].  Alterations in this protein with age in the skin have not to our knowledge been 

reported previously, though it is known that mutations in filamin A can lead to cutaneous alterations 

including fibromas and pigmentary changes [50].  Filamin A is also known to influence TGF-β 

signalling through modulation of RhoA and SMAD trafficking, but also influence the negative 

regulation of both ERK1/2 and MMP signalling via a RAS-GRF1 [51, 52].   Therefore, it is possible that 

the increase in filamin A with age could be a reflection of changes in ECM dynamics in response to 

increased levels of MMP 9 with age or an attempt to increase SMAD2/TGF-β signalling in the aged 

skin.  Among the most reduced proteins with age in the buttock were phosphoglycerate mutase 1, 

proteasome alpha subunits and inositol monophosphatase 2.  A recent transcriptome study found 

inositol monophosphatase 2 to be higher in aged skin [53], however in this study we found the 

opposite to be true at the protein level.  It is possible that the increase in the transcription of this 

enzyme is in response to lower cellular levels of the protein, if with age the rate of turnover 

increases or rate of translation reduces.  It does however suggest that changes to inositol phosphate 

metabolism are important as we age and may be linked to keratinocyte differentiation and 

proliferation, as well as their regulation [54].  Protein degradation is affected by ageing [55] and so it 

is unsurprising that we found proteins associated with the proteasome pathway to be altered with 

age.  This has been shown to manifest as a reduction in proteasome subunit expression [56] and 

indeed we observed a reduction in both proteasome subunit alpha type 1 and type-7-like protein.  

Phosphoglycerate mutase catalyses the interconversion of 3-phosphoglycerate and 2-

phosphoglycerate in glycolysis, two steps after GAPDH [57] and so suggests more anaerobic 

metabolism in the young buttock skin.  That being said, the balance of glycolytic enzymes is complex, 

not all have an effect on the rate of glycolysis and not only the presence or absence of a protein 

needs to be considered, but its activation and inhibition.  Temporal factors are also important, as 

responses may be dependent on what the cell has previously been exposed to in its environment 

[58].   In embryonic mouse fibroblasts phosphoglycerate mutase upregulation increases the rate of 

glycolysis and protects against oxidative stress, its depletion induces cellular senescence and, in 



contradiction to the anaerobic theory of ageing, in mouse fibroblasts at least, oxidative stress will 

lead to an inhibition of glycolysis [58].  Reduced levels of phosphoglycerate mutase in aged buttock 

skin may therefore be a hallmark of cellular senescence in the intrinsically aged skin.            

  

Functionality groupings of those proteins changed with age and sun-exposure 

Division of changed proteins with age into functions revealed that proteins associated with 

structure, energy and metabolism; more specifically, hair and skin functioning, lipid metabolism and 

post-translational modification were predominant or unique to the forearm site.  Hair and skin-

specific processes being pulled out by IPA as changing with photoageing was due to the 

predominance of de-novo synthesis of many structural proteins associated with amyloid-type 

deposition as discussed above.  However, it must also be remembered that structural proteins newly 

synthesised or fragmented as a result of photoexposure do not possess the same physical properties 

as ECM in its usual architecture [59].  For example, this material may be more soluble and so could 

be present in higher concentrations in samples prepared for MS.  Indeed, this is perhaps the reason 

for the detection of more collagen in the aged forearm skin in our study, as although in 

photoexposed sites overall collagen levels may reduce, fibers are fragmented, thickened, and more 

soluble [60].  It may also be why more proteins overall were detected in the forearm compared with 

the buttock despite the same mass of protein being loaded for each.  More proteins were also 

detected in a proteomics study using tape strips taken from the photoexposed cheek [436 protein 

detected] compared with a photoprotected post-auricular site (253 proteins detected) [26], perhaps 

suggesting that exposure to sunlight either expands the number of proteins present within the skin 

or changes the properties of those proteins present allowing them to be more readily detected by 

MS.   



Those proteins identified as being associated with lipid metabolism in photoaged skin in this study 

including apolipoprotein A and clusterin are known to be increased in plasma with age [61, 62] and 

so their increased presence may less be indicative of changes in lipid metabolism and more point to 

their detection in any residual blood in the tissue samples and/or increased vessel leakage in aged 

skin [63].  Many of these proteins are also common to the process of ECM deposition as previously 

discussed and so their increased presence be linked to the elastosis process rather than changes in 

lipid metabolism.   

Proteins associated with post-translational modification are becoming of more interest as their link 

with diseases associated with ageing are studied.  Protein phosphorylation, acetylation, methylation, 

and ubiquitination may not just be markers of ageing and ageing-related diseases, but may also be 

implicated in disease causation [64], though the proteins identified by IPA analysis in our analysis 

linked to post-translational modification were limited.   

 

In common with photoaged skin, cell death and survival, cellular assembly and organisation, cellular 

movement and cell-cell signalling were processes in which proteins were altered with intrinsic 

ageing.  However, contrary to photoaged skin, protein function types additionally altered were 

associated with gene expression, free-radical scavenging, protein synthesis and protein degradation.  

The proteins involved in protein synthesis, eukaryotic initiation factor 4A, eukaryotic translation 

initiation factor 3, subunit B, 40S ribosomal protein S3, elongation factor 1-gamma and leucyl-tRNA 

synthetase, all tended towards a loss with age and it is known from a number of studies that general 

protein synthesis rates decline with age [65].  Protein synthesis requires a high rate of energy usage 

and maintaining low levels of protein synthesis helps to aid in longevity.  However, protein synthesis 

is essential to replace damaged proteins [65].  In photoprotected skin this reduction in protein 

synthesis may be more acceptable due to lower levels of accumulative damage as a result of 

protection from light and other environmental factors.  By contrast, in photoexposed sites, skin is 



regularly challenged by external factors causing damage to proteins and so protein synthesis may 

need to be maintained at a higher rate in order to replace these damaged proteins.  Within the 

group of free-radical scavenging proteins reduced with age, DJ-1, to the best of our knowledge has 

not before been associated with skin ageing.  Reduced levels of DJ-1 have previously been reported 

with age in the thymus [66], though DJ-1 is best known for its association with Parkinson’s disease, 

as mutations in this protein can lead to early onset [67].  DJ-1 is also important in response to UV 

and this has been shown in vitro in both a human corneal endothelial cell line [68] and also a HaCaT 

keratinocyte cell line [69].  More recently an increase in DJ-1 expression in vivo in the stratum 

corneum has been shown to result from UVB irradiation [70].  Also, higher levels of DJ-1 protein have 

been measured in the stratum corneum of photoexposed cheek compared with the photoprotected 

post auricular site [26].   Other anti-oxidant/cell repair proteins found reduced with age in the 

photoprotected buttock were peroxiredoxin-1, RAC 1 and heat shock protein beta-1, all of which 

have been shown to be reduced as a result of ageing and/or linked to UV exposure previously [71-

73].  Ageing in photoprotected skin therefore tends towards reduced proliferation, reduced protein 

synthesis and a reduction in capacity to react to cellular stress, fitting with the ageing theory in that 

accumulation of oxidatively damaged proteins in ageing cells results in the loss of function of gene 

products critical for maintaining genome integrity [74].  

   

Conclusion 

In this study we have shown that there are proteome differences in skin at different anatomical 

sites, even prior to the added complexity of ageing.  We have identified filamin A and DJ-1 as 

potential markers of skin ageing, though the number of volunteers in this study was small and both 

would need to be confirmed by alternative experimental means.  We have found that ageing induces 

changes in the proteome in the photoexposed forearm and that these predominate in the direction 

of protein induction, in stark contrast to the photoprotected buttock, where loss of protein 



abundance predominates.   It is possible that this may be linked to methylation, as hypermethylation 

has been measured in intristically aged skin, and hypomethylation in extrinstically aged [75].   This 

coupled with the differences in the functions of the proteins changing with age at the two sites 

highlights the distinct nature of photoageing compared with ageing at a photoprotected site, even 

taking into account the differences that already exist as a result of anatomical location.  Therefore, 

this study highlights the necessity of considering photoageing not as an accelerated intrinsic ageing, 

but as a distinct physiological process.     
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Tables Legends 
 

Table I:  Solvent gradients applied to the NanoACQUITY UPLCTM BEH 30 c18 column prior to loading 

onto the MS.  

 

Table II: List of proteins and their accession numbers that showed a significant change in aged 

photoprotected buttock skin compared with young.  Green shading represents where there is more 

of a protein in aged skin than young by a factor of 1.5 or more and blue shading represents where 

there is less of a protein in aged skin compared with young by a factor of 0.7 or less.  All protein fold 

changes exhibited possess p values of 0.05 or less.   

 

Table III:  List of proteins and their accession numbers that showed a significant change in aged 

forearm skin compared with young.  Green shading represents where there is more of a protein in 

aged skin than young by a factor of 1.5 or more and blue shading represents where there is less of a 

protein in aged skin compared with young by a factor of 0.7 or less.  All protein fold changes 

exhibited possess p values of 0.05 or less.    

 

Table IV:  General functional groupings of changed proteins with age in the buttock and forearm 

skin.  Proteins where a difference with age was detected grouped into general functions as listed in 

UniProt.  All proteins displayed exhibit p values of 0.05 or less. Green represents an increase in aged 

skin and blue a reduction.   

 

Table V:  IPA grouping of changed proteins by their molecular and cellular functions.  Proteins 

where a difference with age was detected grouped into molecular and cellular functions by IPA 

Ingenuity.  All proteins displayed exhibit p values of 0.05 or less. Green represents an increase in 

aged skin and blue a reduction.  Fold changes of 0.7 ≤ & ≥ 1.5 were considered in the IPA analysis.     

 

Figure Legends 
 

Figure 1: Differences in relative protein abundance between young buttock and forearm skin sites.  

Comparison between data sets where each protein is ranked by its abundance relative to the other 

proteins present in the same sample. For example, the most abundant protein in the sample is 

designated 1, the second most abundant 2 and so forth.  Abundance values were averaged across 

young samples for each skin site.  [i] Relative protein abundance between young buttock and young 

forearm up to the 400th most relatively abundant protein.  [ii] Relative protein abundance between 

young buttock and forearm up to the 75th most relatively abundant protein. n = 4 & 5.   



 

Figure 2: Numbers of proteins increased and decreased with age in buttock and forearm skin.  [A] 

Pie charts displaying the percentage of proteins increased, decreased and unchanged with age in the 

photoprotected buttock [i] and photoexposed dorsal forearm [ii]. [B] Venn diagram displaying the 

number of proteins in the buttock and forearm skin where fold change was ≤ 0.7 or ≥ 1.5 and 

p≤0.05. n = 4-6.  

 

Figure 3: Changes in proteins with age organised by functional group. Fold change with age in 

proteins as grouped into molecular and cellular functions by IPA Ingenuity.  Fold changes are plotted 

as log2 values. All changes exhibit p values of 0.05 or less. 

 

  



Table I. 

 

 Gradient 

Time [min] % A % B 

0.0 97.0 3.0 

5.0 97.0 3.0 

30.0 73.0 27.0 

35.0 50.0 50.0 

36.0 0.0 100.0 

41.0 0.0 100.0 

42.0 97.0 3.0 

55.0 97.0 3.0 

 

 

  



Table II. 

 

 

  

Identified Proteins Accession Number Fold change T-Test (P-Value)

Keratin, type II cytoskeletal 6A K2C6A_HUMAN 648 ≤0.01
Coagulation factor XIII A F13A_HUMAN 5.7 ≤0.01
Filamin-A FLNA_HUMAN 4.0 ≤0.05
Fibrinogen alpha chain FIBA_HUMAN 3.0 ≤0.05
Serotransferrin OS TRFE_HUMAN 2.2 ≤0.05
Collagen alpha-3(VI) chain CO6A3_HUMAN 1.5 ≤0.001
Histone H1.2 H12_HUMAN 1.5 ≤0.01
Serum albumin ALBU_HUMAN 1.4 ≤0.01
Plakophilin-1 PKP1_HUMAN 0.8 ≤0.05
40S ribosomal protein S18 RS18_HUMAN 0.5 ≤0.05
Heat shock protein beta-1 HSPB1_HUMAN 0.5 ≤0.05
40S ribosomal protein S7 RS7_HUMAN 0.4 ≤0.05
Hemoglobin subunit alpha HBA_HUMAN 0.4 ≤0.05
Hemoglobin subunit beta HBB_HUMAN 0.4 ≤0.05
Adenine phosphoribosyltransferase APT_HUMAN 0.3 ≤0.05
Cathepsin D CATD_HUMAN 0.3 ≤0.05
GTP-binding nuclear protein Ran RAN_HUMAN 0.3 ≤0.05
Peroxiredoxin-1 PRDX1_HUMAN 0.3 ≤0.01
Profilin-1 PROF1_HUMAN 0.3 ≤0.01
Protein DJ-1 PARK7_HUMAN 0.3 ≤0.05
Ras-related C3 botulinum toxin substrate 1 RAC1_HUMAN 0.3 ≤0.05
40S ribosomal protein S3 RS3_HUMAN 0.2 ≤0.05
60S ribosomal protein L7a RL7A_HUMAN 0.2 ≤0.01
ADP/ATP translocase 2 ADT2_HUMAN 0.2 ≤0.05
NADH-cytochrome b5 reductase 1 NB5R1_HUMAN 0.2 ≤0.01
Phosphoglycerate mutase 1 PGAM1_HUMAN 0.2 ≤0.01
Proteasome subunit alpha type-1 PSA1_HUMAN 0.2 ≤0.05
Inositol monophosphatase 2 IMPA2_HUMAN <0.001 ≤0.05
Proteasome subunit alpha type-7-like PSA7L_HUMAN <0.001 ≤0.05



Table III. 

 

Identified Proteins Accession Number Fold change T-Test (P-Value)

Vitronectin VTNC_HUMAN 1000 ≤0.001

EH domain-containing protein 2 EHD2_HUMAN 110 ≤0.05
Hemoglobin subunit delta HBD_HUMAN 87 ≤0.05
Elastin ELN_HUMAN 49 ≤0.05
2,4-dienoyl-CoA reductase, mitochondrial DECR_HUMAN 27 ≤0.05
Fibrinogen gamma chain FIBG_HUMAN 24 ≤0.05
Serum amyloid P-component SAMP_HUMAN 17 ≤0.01
Alcohol dehydrogenase 1A ADH1A_HUMAN 15 ≤0.001

Hemoglobin subunit alpha HBA_HUMAN 14 ≤0.05
Transthyretin TTHY_HUMAN 13 ≤0.05
Clusterin CLUS_HUMAN 12 ≤0.01
Synaptic vesicle membrane protein VAT-1 homolog VAT1_HUMAN 9.7 ≤0.01
Histone H1.2 H12_HUMAN 7.1 ≤0.05
60S ribosomal protein L34 RL34_HUMAN 7.1 ≤0.05
Glycogen phosphorylase, brain form PYGB_HUMAN 4.6 ≤0.05
40S ribosomal protein S20 RS20_HUMAN 4.4 ≤0.05
Eukaryotic translation initiation factor 3 subunit A EIF3A_HUMAN 4.3 ≤0.05
Small nuclear ribonucleoprotein Sm D3 SMD3_HUMAN 4.1 ≤0.05
Sideroflexin-3 SFXN3_HUMAN 4.1 ≤0.05
Protein S100-A4 S10A4_HUMAN 3.9 ≤0.01
Histone H4 H4_HUMAN 3.8 ≤0.05
Apolipoprotein A-II APOA2_HUMAN 3.8 ≤0.05
Myosin light polypeptide 6 MYL6_HUMAN 3.6 ≤0.05
60S ribosomal protein L27 RL27_HUMAN 3.6 ≤0.01
60S ribosomal protein L22 RL22_HUMAN 3.0 ≤0.05
Collagen alpha-1(I) chain CO1A1_HUMAN 2.8 ≤0.05
Spectrin alpha chain, non-erythrocytic 1 SPTN1_HUMAN 2.8 ≤0.05
Coagulation factor XIII A chain F13A_HUMAN 2.7 ≤0.01
Collagen alpha-2(VI) chain CO6A2_HUMAN 2.6 ≤0.05
Collagen alpha-2(I) chain CO1A2_HUMAN 2.4 ≤0.05
Heat shock protein HSP 90-alpha HS90A_HUMAN 2.4 ≤0.01
Clathrin heavy chain 1 CLH1_HUMAN 2.3 ≤0.05
Arginase-1 ARGI1_HUMAN 2.3 ≤0.01
Heat shock protein HSP 90-beta HS90B_HUMAN 2.2 ≤0.01
Transitional endoplasmic reticulum ATPase TERA_HUMAN 2.1 ≤0.05
Collagen alpha-1(VI) chain CO6A1_HUMAN 1.9 ≤0.05
Serum albumin ALBU_HUMAN 1.4 <0.05

Keratin, type I cytoskeletal 14 K1C14_HUMAN 0.8 ≤0.05
Keratin, type I cytoskeletal 15 K1C15_HUMAN 0.8 ≤0.05
Tubulin beta chain TBB5_HUMAN 0.7 ≤0.01
Tubulin beta-4B chain TBB4B_HUMAN 0.7 ≤0.05
Tubulin beta-4A chain TBB4A_HUMAN 0.7 ≤0.05
Keratin, type II cytoskeletal 78 K2C78_HUMAN 0.4 ≤0.05
D-3-phosphoglycerate dehydrogenase SERA_HUMAN 0.4 ≤0.01
Heterogeneous nuclear ribonucleoproteins C1/C2 HNRPC_HUMAN 0.4 ≤0.05
Trifunctional enzyme subunit beta, mitochondrial ECHB_HUMAN 0.1 ≤0.05
Leucyl-tRNA synthetase, cytoplasmic SYLC_HUMAN <0.001 ≤0.05
Eukaryotic translation initiation factor 3 subunit B EIF3B_HUMAN <0.001 ≤0.05



 



 
















































