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Abstract

Purpose of review—This article reviews the latest proteomic research on uveal melanoma 

(UM).

Recent Findings—Proteomic analysis of UM cell lines and tissue specimens has improved our 

understanding of the pathophysiology of UM and helped identify potential prognostic biomarkers. 

Circulating proteins in patient serum may aid in the surveillance of metastatic disease. The 

proteomes of aqueous and vitreous biopsy specimens may provide safer biomarkers for metastatic 

risk and candidate therapeutic targets in UM. Proteomic analysis has the potential to benefit 

patient outcomes by improving diagnosis, prognostication, surveillance, and treatment of UM.

Summary—These recent findings demonstrate that proteomic analysis is an important area 

of research to better understand the pathophysiology of UM and improve the personalized 

management of our patients.
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Introduction

Uveal melanoma (UM) remains the most common primary intraocular malignancy in adults 

[1]. Patients with UM continue to have a poor prognosis with an overall mortality of 

approximately 50% at fifteen years due to late diagnosis, limited systemic surveillance 

sensitivity, and suboptimal treatments for metastatic disease [2]. Recent advances in genetic 

analysis have led to the development of gene expression profiling which classifies patient 

prognosis based on RNA sequencing from direct intraocular tumor biopsy specimens [3, 

4]. Genetic analysis has limitations in understanding tumor phenotype due to the inability 
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to predict protein expression and post-translational modifications. Therefore, proteomic 

analysis provides a complementary technique to direct genetic analysis and has potential 

applications to improve the prognosis of patients with UM.

Proteomics is the large-scale study of the protein expression profile of an organism, tissue, 

cell, or fluid where thousands of proteins can be measured simultaneously. In the setting 

of UM, proteomics has the potential to benefit patient outcomes by improving diagnosis, 

prognostication, surveillance, and treatment (Figure 1). A better understanding of tumor 

pathophysiology and mechanisms of metastasis can also help identify therapeutic targets. 

Biomarkers for diagnosis, prognosis, metastasis, and treatment susceptibility can aid in the 

personalized management of patients with UM.

Proteomics in cancer research

Proteomic analysis is an important tool for understanding cancer development and 

progression. Characterizing the protein profile of cancer tissue aids in mapping the 

molecular mechanisms that lead to carcinogenesis and metastatic transformation. These 

molecular mechanisms include protein modification and protein-protein interaction that are 

critical to tumor development. Understanding the function of proteins that make up these 

pathways is important to the discovery of biomarkers and identifying novel therapeutic 

targets. Proteomic analysis measures expression levels that can vary by disease severity 

and response to therapy. Current trends in cancer proteomics includes the development of 

protein databases consisting of comprehensive analysis of various cancer types. Numerous 

prognostic biomarkers and therapeutic targets have been identified using proteomics and 

represent a promising area to improve patient outcomes.

Utility of proteomics in ocular disease

The variety of tissue structures that form the eye make proteomic analysis a particular 

robust area of research in ophthalmology [5]. Evaluating the protein profile of tears is a 

non-invasive technique to study ocular surface diseases. Proteomic analysis of intraocular 

fluids has led to a better understanding of ocular diseases. The aqueous humor has been 

well studied in the field of glaucoma to learn about the pathologic changes at the trabecular 

meshwork. The vitreous is an attractive subject of study given its relatively less complex 

protein profile in healthy eyes [6]. The protein content of the cornea, lens, and retina 

have been well characterized in healthy subjects which has paved the way to identifying 

biomarkers and therapeutic targets in the diverse pathologies that affect these tissues [7–9].

Proteomics of UM cells

The first study of proteomics in UM cells was conducted in a primary UM cell culture 

(UM-A) from a 22-year-old patient who underwent enucleation for a spindle type UM with 

a basal diameter of 19.1 mm and thickness of 12.41 mm (Table 1) [10]. From these cells, 

Pardo et al. identified 683 proteins of which 96% had not been previously reported in UM 

and 18% were known to be related to cancer processes [11]. Many of the proteins identified 

had been studied in other cancers and play roles in cell proliferation, invasion, metastasis, 
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oncogenesis, and drug resistance including MUC18 and HMG-1. MUC18 is associated 

with increased metastatic potential in prostate and bladder cancer while HMG-1 regulates 

transcription of genes involved in cell proliferation and metastasis [12, 13]. In a subsequent 

study, Pardo et al. compared the proteomes of cultured cells and multiple cell lines with 

different invasive potential [14]. They found that MUC18, HMG-1, and DJ-1 correlated with 

cell invasiveness. DJ-1 has been implicated in tumorigenesis of breast, non-small cell lung, 

and prostate cancer [15–17]. Subsequently, DJ-1 has been shown to be elevated in the serum 

of patients with high-risk choroidal nevi, UM, and metastatic UM [18, 19].

Zuidervaart et al. compared the proteome of a primary UM cell line (Mel 270) to two UM 

liver metastasis derived cell lines (Omm 1.3 and Omm 1.5), all from the same patient. They 

identified 24 proteins that were differently expressed in the primary UM cell line compared 

to the two metastatic cell lines. These proteins were variably involved in motility, adhesion, 

invasion, apoptosis, and cellular defense. One of these proteins, HSP-27, is expressed when 

cells are exposed to heat or stress and has been implicated as a prognostic biomarker 

in other cancers [20, 21]. HSP-27 levels have been shown to be expressed in a high 

percentage of UM cells in enucleated eyes [22]. Coupland et al. studied HSP-27 in three 

UM tissue specimens with disomy 3 and four specimens with monosomy 3 [23]. HSP-27 

was found to have negative correlations with mitotic rate and monosomy 3 suggesting this 

protein as a possible prognostic biomarker in patients with UM. The same group went 

on to validate HSP-27 in a larger sample of 99 UM tumor specimens [24]. HSP-27 was 

measured using immunohistochemical staining and positively correlated with both disomy 3 

and patient survival. Cellular proteins may serve as a surrogate for genetic analysis in UM 

prognostication.

Proteomics of UM secretome

A secretome describes the milieu of proteins secreted or shed from cells. These proteins are 

often important in intercellular communication and can contribute to cancer development 

and progression [25]. The first study of the UM secretome evaluated cell cultures and cell 

lines to identify potential targets for indirect tissue diagnosis (Table 1) [26]. More than 

half of the secretome proteins identified in the UM-A cell culture were not present in 

the corresponding cell proteosome. Cancer-related proteins of interest included Syntenin, 

Cathepsin D, and gp100 with the latter two also identified in the serum of patients with 

UM. Angi et al. compared the secretome of primary UM cell lines stratified based on 

chromosome 3 status and normal choroidal melanocytes (NCM) [27]. The secretomes in 

NCM and UM cells differed but there was no significant difference between the monosomy 

3 and disomy 3 cell lines. One proposed reason for this finding was the disomy 3 cells 

were derived from surgical samples of large tumors which is also a known risk factor for 

metastasis. Proteins elevated in the UM secretome compared to NCM included MIA and 

GDF15. Both proteins have been shown to be elevated in the sera of patients with metastatic 

UM compared to locally controlled UM [28, 29]. MIA is an attachment regulating protein 

thought to promote detachment of melanoma cells from the extracellular matrix. MIA has 

proved particularly promising as a serum tumor marker in UM [30–32].
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Proteomics of serum in UM

Biomarkers for the early detection of metastasis in patients with UM are important due to 

the high rate of liver metastasis around 30% at five years (Table 2) [33, 34]. Serological 

biomarkers are particularly promising due to the accessibility of patient serum for frequent 

screening and surveillance. Liver function tests were recommended by COMS as serological 

biomarkers for metastasis but have poor sensitivity and specificity for liver metastasis 

compared to more costly body imaging techniques [34–37]. Potential serum biomarkers, 

including MIA, OPN and S100-β, were tested in patients with metastatic UM compared 

to locally controlled cases with a minimum disease-free period of ten years [31, 38–41]. 

All three proteins correlated with the presence of liver metastasis and together had a high 

sensitivity compared to liver function tests. Haritoglou et al. confirmed these findings using 

the serum levels of MIA and OPN in UM patients with and without metastatic disease 

[42]. They did not find a correlation between MIA and OPN levels with primary tumor size 

suggesting an inability to diagnose or stage primary UM using these proteins alone.

The diagnosis of UM is primarily based on clinical examination and imaging. However, 

diagnostic biomarkers may be useful for indeterminate lesions, screening patients with 

tumor predisposition syndromes, or the rare diagnostic dilemma. Song et al. recently tested 

seven biomarkers, including OPN, MIA, and HSP-27, in their ability to detect UM [43]. 

A two-marker panel of OPN and HSP-27 was significantly different between patients with 

UM compared to controls. The two-marker panel that best discriminated between metastatic 

UM and locally controlled patients was MIA and MIC-1 although this panel was not 

statistically significant. Additionally, the OPN and HSP-27 panel correlated with tumor 

histological type, but the study was under powered to validate this finding. Similarly, Shi 

et al. developed diagnostic panels from 49 serum proteins that were significantly different 

between patients with UM and healthy controls [44]. Many of these proteins demonstrated 

high sensitivity and specificity when paired in two-marker panels. Interestingly, most of 

these serum proteins normalized to healthy control levels after primary tumor removal (local 

resection or enucleation).

Proteomics of UM tissue

Given the utility of gene expression profiling and PRAME status, proteomic analysis of UM 

tissue is a promising area of study. The first proteomic studies of UM tissue were focused 

on HSP-27 as a prognostic biomarker (Table 1) [23, 24]. Linge et al. went on to compare the 

proteomes of primary UM tumors in nine metastatic disease cases to 16 locally controlled 

cases with a minimum disease-free period of seven years [45]. They identified 14 proteins 

that were differently expressed between the two groups. Two of these proteins, FABP3 and 

TPI1, were confirmed to be elevated in the metastatic group using immunohistochemistry. 

In the same study, a primary UM cell line (92.1) was used to show that siRNA knockdown 

of these two proteins led to decreased cell motility and invasion. In a follow up study of the 

same tissue specimens, liquid chromatography-mass spectrometry was used to identify 50 

proteins that were differently expressed including FAP3, TPI1, HSP-27, and DJ-1 [46].
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Crabb et al. also identified FAP3 and HSP-27 using iTRAQ (isobaric tags for relative and 

absolute quantitation) technology in a training set of ten primary UM tumors with five 

metastatic and five locally controlled cases [47]. Conversely, TPI1 and DJ-1 were found 

to be elevated in all specimens regardless of metastatic status. HSP-27 was one of only 

two proteins, along with collagen alpha-3(VI), that correctly classified the metastatic status 

in the independent test set of five UM specimens. Five of the proteins evaluated in this 

study are related products of the 12 genes analyzed in gene expression profiling [3]. One of 

those proteins, EIF4A1, was detected in nine of fifteen total specimens, and only elevated 

in the metastatic cases. The other four proteins were detected in only a small fraction of the 

specimens evaluated.

In a follow up study by the same group, 100 primary UM tumors underwent iTRAQ analysis 

including 53 metastatic and 47 non-metastatic cases [48]. Of the 3935 proteins quantified, 

402 had differences in expression between the two groups. Pathway analysis of these 402 

proteins revealed high representation of immune-related proteins in the metastatic cases and 

metabolic proteins in the non-metastatic cases. Based on the proteomic data, the authors 

proposed two candidates for immunotherapy, CDH1 and HLA-DPA1. CDH1 is one of the 12 

genes analyzed in gene expression profiling and was detected in all 100 specimens. CDH1 

showed no difference between the metastatic and non-metastatic cases but was significantly 

elevated in the metastatic specimens compared to same-eye choroid controls. HLA-DPA1 

was found in 70% of UM specimens and elevated in the metastatic group compared to both 

the choroid controls and non-metastatic specimens.

Proteomics of aqueous humor

Cytokines in aqueous humor (AH) are potential diagnostic biomarkers and a useful tool to 

better understand the pathophysiology of UM. In 2003, Missotten et al. published the first 

proteomic study in UM human tissue (Table 3) [49]. They analyzed AH specimens from 24 

patients with UM compared to 24 control eyes undergoing routine cataract surgery. Using 

mass spectrometry, they identified two unknown proteins that could distinguish eyes with 

UM with a sensitivity of 89%. The assay was unable to detect adequate protein content in 

five of the UM patients and ten of the controls. Despite this limitation, the study provided 

proof of concept for proteomics to aid in the molecular characterization of UM.

More recently, Usui et al. compared the AH of 13 eyes with UM to 13 eyes with 

benign intraocular tumors undergoing cataract surgery or local resection [50]. They found 

elevated levels of angiogenin, IL-8, and MCP-1 in the UM group compared to the benign 

tumor group. IL-8 and MCP-1 are pro-inflammatory molecules involved in the recruitment 

of tumor associated macrophages [51, 52]. These two proteins were confirmed to be 

highly expressed in the AH of eyes with UM compared to eyes undergoing routine 

cataract surgery by other groups [53–56]. IL-8 was also shown to be acutely elevated 

after brachytherapy with adjunct transpupillary thermotherapy [55]. IL-8 plays a role in 

direct tumor angiogenesis and stimulates expression of VEGF which has also been shown 

to increase in AH after brachytherapy [57–59]. Further studies are necessary to better 

understand the relationship between inflammation and angiogenesis in UM.
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Ly et al. evaluated 15 cytokines as potential prognostic biomarkers in AH specimens from 

37 enucleated eyes with UM and 37 control eyes undergoing routine cataract surgery. 

They found elevated expression in almost all the fifteen cytokines evaluated in the UM 

eyes compared to control eyes. However, correlation with the clinical and histopathologic 

parameters evaluated were minimal. In a follow up study, AH from 90 eyes with UM were 

analyzed using a proximity extension assay (PEA) measuring 92 pre-selected proteins in 

1 μL of each specimen [60]. The cytokine profiles were used to separate the specimens 

into three clusters. These clusters were found to correlate with ciliary body involvement, 

monosomy 3, and gain of 8q. This finding led the group to study the inflammatory 

phenotype further by measuring the soluble form of cell-bound HLA Class I which was 

found in 19 of 108 AH specimens [61]. Of these 19 patients, the level of HLA expression 

correlated with tumor size, monosomy 3, gain of 8q, and loss of BAP1. These studies 

provide evidence that proteomic analysis of AH in patients with UM correlates with clinical 

and genetic parameters and may provide complementary prognostic information.

Proteomics of vitreous

Proteomic analysis of the vitreous can detect biomarkers and therapeutic protein targets 

for adjacent tissue disease (Table 3) [5]. Many of the same proteins increased in AH of 

patients with UM have been shown to be increased in the vitreous including IL-8 and 

MCP-1 [56, 62]. These two proteins also correlate with regulatory T-cell infiltration while 

IL-6 expression level correlates with macrophage infiltration [62]. These findings suggest 

that proteins in the vitreous can serve as a surrogate biomarker for inflammatory changes 

associated with UM.

Transvitreal tumor sampling for genetic analysis provides an opportunity to study vitreous 

biopsy in patients with UM. Vitreous biopsy is less invasive than direct tumor biopsy and 

may provide safer prognostic biomarkers. Our group performed a proteomic analysis of 

vitreous biopsies in search of candidate biomarkers to serve as surrogates for tumor genes 

and potential therapeutic targets [63]. We identified multiple proteins that correlated with 

gene expression patterns for UM metastatic risk, including HGF, HGFR, Autotaxin, and 

SCFR, that were then prospectively validated in an independent cohort of patients. We also 

identified SCFR amongst the differentially expressed proteins as a candidate therapeutic 

target by the FDA-approved drug imatinib [64]. This finding demonstrates that proteomic 

analysis of the vitreous can identify candidate therapeutic targets.

Conclusion

Proteomic analysis in UM can be used to better understand the tumor microenvironment and 

the pathophysiology of tumor metastasis. Proteins in aqueous, vitreous, and tumor biopsies 

may serve as diagnostic and prognostic biomarkers that are substitutes for or complementary 

to current prognostic genetic analysis. These biopsies can also be used to identify candidate 

therapeutic targets for adjuvant or metastatic therapies. Continued proteomic research is 

needed to improve the prognosis for patients with UM.
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Key Points

• Proteomic analysis in UM may be used to better understand the tumor 

microenvironment and the pathophysiology of tumor metastasis.

• Proteins in aqueous, vitreous, and tumor biopsies may serve as diagnostic 

and prognostic biomarkers that are substitutes or complementary to current 

prognostic genetic analysis.

• Biopsy of UM may be used to identify candidate therapeutic targets for 

adjuvant or metastatic therapies.
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Figure 1. Tissue protein expression and proteomic analysis as a tool for discovery.
A. Proteins from tumor cells migrate through the choroid, retinal pigmented epithelium, and 

retina. B. A subset of these proteins can be found in the vitreous due to intrinsic proteases. 

C. Proteins in the vitreous spread to the aqueous humor in the anterior chamber. D. Tumor 

associated proteins can also be found in the blood stream.
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Table 1.

Proteomic studies on uveal melanoma specimens.

Year Study Platform Tissue UM 
Sample 

Size

Differentially expressed 
proteins

Control group

2004 Pardo et al. Immunoblotting (9 proteins) Primary Tumor 
Cell Culture

1 cyclin D1, cyclin E, p16, 
p27

“high level” but no 
control documented

2006 Pardo et al. 2D-DIGE, LC-MS/MS Primary Tumor 
Cell Culture

2 Ezrin, HSP90, S100, 
PARK7, VIM, 

Cytokeratins 8 and 18

Invasive phenotype 
biomarker, no 

controls

2010 Coupland et al. 2D-Gel Electrophoresis, 
Multiplex MPLA

Primary Tumors 48 HSP27, vimentin, PDHB Chromosome 3 
status, no controls

2013 Yan et al. SILAC, 2D-LC-MS/MS Primary Tumor 
Cell Culture

1 Many Before and after 
irradiating cells

2013 Wang et al. SILAC, 2D-LC-MS/MS Primary Tumor 
Cell Culture

1 Many Before and after 
irradiating cells

2006 Zuidervaart et 
al.

2D-DIGE, LC-MS/MS Primary Tumor 
and Metastasis 

Cell Culture

1 HSP27, Galectin-1, 
Cofilin, GST, β-
hexosaminidase

Primary vs 
metastasis

2020 Slater et al. ELISA (17 proteins) Primary Tumor 
and Metastasis 

Cell Secretomes

2 IL-1B, IL-2, IL-6, IL-8, 
IL-10, IL12p70, IL-13

Before and after 
quininib treatment

2007 Pardo et al. 2D-DIGE, LC-MS/MS Cell Culture 
Secretomes

1 Cathepsin D, Syntenin, 
gp100, HGFR, IGF-2R

Normal 
melanocytes

2016 Angi et al. nano-LC-MS/MS Cell Culture 
Secretomes

14 PDIA3, VIM/HEXA, 
SELENBP1, ERP29, 

TPI1, PARK7, EIF2S1 
and RPSA

Normal 
melanocytes

2003 Missotten et al. Immunohistochemistry (4 
proteins)

Primary Tumors 38 Heat Shock Proteins; Did 
not compare to controls

Enucleated normal 
eyes or eyes 

without retinal 
problems

2012 Jmor et al. Immunohistochemistry (1 
protein)

Primary Tumors 99 HSP-27 Chromosome 3 
status, no controls

2021 Jang et al. LC-MS/MS Primary Tumor 100 CDH1, FYN, HLA-
DPA1, HLA-DPB1, 

HLA-DQB1, HMGB1, 
LYN, PPP2CA, 

PPP2R1A, PPP2R5C, 
and PTPN6

Primary vs 
metastasis

2012 Linge, et al. 2D-DIGE, LC-MS/MS Primary Tumors 25 FABP3, TPI1, PDIA3, 
VIM, SELENBP1, 
ENO1, CAPZA1, 

ERP29, PARK7

Primary vs 
metastasis

2015 Crabb, et al. iTRAQ Primary Tumors 15 Collagen alpha-3 (VI), 
HSP27, FABP3, β-

hexosaminidase

Primary vs 
metastasis

Abbreviations: LC-MS/MS = liquid chromatography-tandem mass spectrometry; 2D-DIGE = two-dimensional difference gel electrophoresis; 
iTRAQ = isobaric tags for relative and absolute quantitation.

Curr Opin Ophthalmol. Author manuscript; available in PMC 2023 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Heiferman et al. Page 14

Table 2.

Proteomic studies on serum from patients with uveal melanoma.

Year Study Platform UM Sample Size Differentially expressed 
proteins

Control group

2012 Suesskind et al. ELISA (1 protein) 188 GDF-15 Healthy controls

2002 Schaller et al. ELISA (1 protein) 137 MIA Primary vs metastasis

2005 Reiniger et al. ELISA (1 protein) 305 MIA Primary vs metastasis

2006 Reiniger et al. ELISA (1 protein) 27 Osteopontin Healthy controls

2009 Haritoglou et al. ELISA (2 protein) 32 Osteopontin, MIA Primary vs metastasis

2017 Shi, et al. Magnetic bead capture, MALDI-
TOF MS

18 Fibrinogen Healthy controls

2007 Song, et al. Multiplex ELISA (7 proteins) 48 Osteopontin, MIA, HSP7 Healthy controls

Abbreviations: MALDI-TOF MS= matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
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Table 3.

Proteomic studies on aqueous humor and vitreous in eyes with uveal melanoma.

Year Study Platform Tissue UM 
Sample 

Size

Differentially expressed 
proteins

Control group

2020 Chen et al. Multiplex ELISA (9 
proteins)

AH 18 VEGF-A, PLGF Before and after 
brachytherapy

2012 Lee et al. Multiplex ELISA 
(12 proteins)

AH 20 IL-6, IL-8, IFN-g, MCP-1, IL-2, 
IL-10, TNF-a

Before and after 
brachytherapy

2003 Missotten et al. SELDI-TOF MS AH 24 Two proteins (4543.43 and 
6853.30 kDa)

Age matched healthy 
controls

2019 Wierenga et al. Multiplex ELISA 
(92 proteins)

AH 108 Galectin-9, TRAIL, Fas-L, 
ADA, CD244, CD40, MCP-3, 

PD-L1

Prognostic 
biomarkers, no 

controls

2017 Usui et al. Cytometric bead 
array (35 proteins)

AH 13 Angiogenin, IL-8, MCP-1 Benign pigmented 
tumors

2010 Ly et al. Multiplex bead 
array (15 proteins)

AH 37 IL-6, MCP-1, MIF, bFGF, 
RANTES, GM-CSF, VEGF, 
ICAM-11, VCAM-1, IP-10

CEIOL healthy 
controls

2018 Cheng et al. Multiplex bead 
array (10 proteins)

AH 38 Primary Tumor Cell Culture CEIOL healthy 
controls

2020 Midena et al. Multiplex ELISA (8 
proteins)

AH 35 IL-6, IL-8, RANTES, EGF, 
bFGF, MIF, MCP

CEIOL healthy 
controls

2021 Velez, et al. Multiplex ELISA 
(1,000 proteins)

Vitreous 
and plasma

19 HGF, HGFR/c-Met, SCFR/c-
Kit, Autotaxin, Arginase-1, and 

KLK7

GEP/PRAME status, 
no controls

2012 Dunavoelgyi et al. Multiplex bead 
array

Vitreous 
and AH

34 Flt-3 ligand, IL-1a, IL-6, IL-7 
IL-8, (IFN-g IP-10), MCP-1, 
MIP-1a, PDGF-AA, VEGF, 

RANTES

Vitreomacular 
traction

2012 Nagarkatti-Gude et 
al.

Multiplex bead 
array (27 proteins)

Vitreous 33 IL-1ra, IL-6, IL-8, IP-10, 
MCP-1, MIP-1a, MIP-1b, TNF-

a, and RANTES

Healthy eyes

Abbreviations: SELDI-TOF MS: surface-enhanced laser desorption/ionization time-of-flight mass spectrometry
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