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Abstract

The chemokine RANTES plays a key role in inflammation, cell recruitment and T cell activation. 

RANTES is heterogenic and exists as multiple variants in vivo. Herein we describe the 

development and characterization of a fully quantitative mass spectrometric immunoassay (MSIA) 

for analysis of intact RANTES and its proteoforms in human serum and plasma samples. The 

assay exhibits linearity over a wide concentration range (1.56 – 200 ng/mL), intra- and inter-assay 

precision with CVs <10%, and good linearity and recovery correlations. The assay was tested in 

different biological matrices, and it was benchmarked against an existing RANTES ELISA. The 

new RANTES MSIA was used to analyze RANTES and its proteoforms in a small clinical cohort, 

revealing the quantitative distribution and frequency of the native and truncated RANTES 

proteoforms.
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Introduction

Chemokines are small proteins that chemo-attract different subsets of leukocytes and play 

complex roles in coordination of the immune response. Chemokines play important role in 

inflammation, although more diverse biological activities have been reported [1–5]. Based 

on the position of the two N-terminal cysteine residues, chemokines are classified in 4 

groups: C-, CC-, CXC- and CX3C [6].

RANTES (Regulated on Activation, Normal, T-cell Expressed and Secreted) is a member of 

the CC chemokine group (hence the alternative name - CCL5). It binds to four of the CC- G-

protein coupled receptors, CCR1, CCR3, CCR4 and CCR5 [7–9], and the DARC receptor 
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[10]. RANTES is released from activated macrophages and T-lymphocytes, endothelial and 

epithelia cells, dermal fibroblast and renal tubular epithelium [10–12]. RANTES functional 

role has been demonstrated in association with autoimmune diseases [13], arthritis [14], 

diabetes [15], obesity and metabolic syndrome [16] and breast and cervical cancer [17]. In 

recent years RANTES and its proteoforms have been associated with cardiovascular 

diseases, including unstable carotid plaque [18] acute coronary syndrome [19] and 

atherosclerosis [20, 21]. RANTES may also play a role in fighting viral infections, including 

respiratory syncytial virus [22], influenza virus [23–25] and indirectly contributes to 

targeting anti-HIV infection therapies [12].

RANTES bioactivity has historically been associated with the full-length protein form, 

which is composed of 68 amino acids, has two intact disulfide bonds and a molecular mass 

of 7,847 Da [14]. The biological activity is modulated by at least two pathways of 

posttranslational proteolysis [26]. The first is mediated by a regulatory enzyme, dipeptidyl 

peptidase-IV (DPP IV), present on surface of many cell types, including activated T cells. 

This enzyme catalyzes the removal of two N-terminal amino acids, producing a cleaved 

RANTES (3–68) variant [27, 28]. The second pathway results from cathepsin G activity in 

neutrophils and monocytes, which produces an additional proteoform (4–68) [26, 29]. It has 

been shown that such processing not only modulates RANTES activity, but it also 

introduces different protein properties [30, 31]. This structure-function relationship 

necessitates development and utilization of RANTES analysis methods that will provide 

information about both the qualitative and quantitative distribution of RANTES and its 

proteoforms.

The primary methods for quantification of RANTES are commercially available 

immunoassays (i.e., ELISA) [10, 32]. Other customized assays utilize epitope specific 

antibodies towards one of the two variants produced by enzymatic cleavage, truncated 

variants (3–68) or (4–68) [28]. These ELISA methods, however, don’t have the capability to 

unambiguously detect or differentiate other unanticipated (i.e., not known a priori) 

posttranslational modified RANTES variants, or simultaneously measure multiple 

proteoforms in a single assay. In the last few decades, mass spectrometry (MS) has emerged 

as a powerful analytical technique for protein analysis. Through combination of 

immunoaffinity enrichment and MS detection [33–37], several novel MS-based 

methodologies have been developed - SELDI-MS [38], SISCAPA [39, 40], iMALDI [41], 

SILAC [42], that can provide more detailed protein analyses.

The Mass Spectrometric Immunoassay (MSIA) is a top-down MS-based approach that 

combines micro-scale immunoaffinity separation with mass spectrometric detection [43]. 

Antibodies towards targeted proteins are attached to porous micro columns fitted at the 

entrance of a pipette tip, and enable for proteins affinity extraction directly from a biological 

sample. After the affinity capture, proteins are eluted either directly onto a target plate for 

MALDI-TOF MS analysis [44], or with a small volume of elution solution for subsequent 

LC-ESI MS analysis [45]. When optimized, MSIA can provide detailed insights into the 

intrinsic protein characteristics, and has thus far been incorporated in numerous qualitative 

and a handful of fully quantitative assays [46–50]. We have previously developed a 

qualitative RANTES MSIA assay for high-throughput analysis of RANTES and its 
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proteoforms [14]. The assay was used in screening a small population (~ 240 patients; 

healthy and diseased), in which the presence of previously identified variants was 

confirmed, and several new variants were discovered.

We now describe a quantitative MSIA for measuring RANTES and its variants in human 

plasma and serum samples, utilizing met-RANTES as internal reference standard for 

quantification. The method was characterized, verified, compared to commercially available 

ELISA, and employed in RANTES profiling of a small cohort of human plasma samples.

Materials and Methods

Reagents

Monoclonal mouse, anti-human CCL5/RANTES antibody, clone # 16411(Cat. No. 

MAB2781), recombinant human CCL5/RANTES protein (278-RN-010/CF), recombinant 

human CCL5/Met-RANTES protein (335-RM-025/CF) and Quantikine Human CCL5/

RANTES Immunoassay (ELISA) kit (DRN00B) were obtained from R&D Systems Inc. 

(Minneapolis, MN, USA). Protein calibration standard I (Cat. No. 206355) was purchased 

from Bruker (Billerica, MA). Phosphate buffered saline (PBS) buffer (Cat. No. 28372), 

MES buffered saline (28390), 1, 1’ Carbonyldiimidazole (97%) (CDI, 530-62-1), 

acetonitrile (ACN, A955-4), hydrochloric acid (HCl, A144-212), N-methylpyrrolidinone 

(NMP, BP1172-4) and affinity pipettes fitted with porous micro columns (991CUS01) were 

obtained from Thermo Scientific (Waltham, MA, USA). Tween20 (Cat. No. P7949), 

trifluoracetic acid (TFA, 299537), sinapic acid (85429-5G), sodium chloride (S7653), 

HEPES (H3375), ethanolamine (ETA, 398136), albumin from bovine serum (BSA, A7906), 

ammonium acetate (A7330) and octyl β-D glucopyranoside (NOG, 08001) were obtained 

from Sigma Aldrich (St. Louis, MO, USA). Acetone (Cat. No. 0000017150) was obtained 

from Avantor Performance Materials (Center Valley, PA, USA).

Human plasma samples

For the assay development and validation, human EDTA plasma samples were obtained 

from ProMedDX (Norton, MA, USA). For the collection matrix comparison, samples were 

obtained from single individuals, utilizing Na-citrate, Na2EDTA, K2EDTA and K3EDTA 

anticoagulants for plasma collection, and serum samples (Bioreclamation LLC, Westbury, 

NY, USA). Two-hundred and ninety-seven plasma samples (Na2EDTA) from middle-aged 

patients with type 2 diabetes were used for method comparison and protein profiling study 

(Arizona State University Bioscience IRB approval; protocol No. 0911004560, Study Title: 

Population-based proteomics investigation of type 2 diabetes mellitus). All samples were 

labeled only with a code, without any other identifiers. Prior to analysis, samples were 

aliquot in 96-well plates (V = 250 µL) and stored at −80°C.

Preparation of standards and analytical samples

Eight-point standard curves were generated by serially diluting RANTES standard solution 

(1 mg/mL) in sample buffer (10 mM PBS; 3 g/L BSA buffer) to concentrations of 200 

ng/mL, 100 ng/mL, 50 ng/mL, 25 ng/mL, 12.5 ng/mL, 6.25 ng/mL, 3.125 ng/mL and 1.56 
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ng/mL. The internal reference standard (met-RANTES) was diluted in the sample buffer to a 

final concentration of 50 ng/mL.

The analytical samples were prepared in 96 deep-well plates by combining 250 µL of each 

standard/undiluted plasma sample, and 125 µL detergent mix solution (4.5% Tween, 150 

mmol/L NOG, 1.5 mol/L ammonium acetate, concentrated PBS (0.67 mol/L sodium 

phosphate, 1 mol/L sodium chloride)). After incubating on a shaker for 5 min (room 

temperature, 500 rpm), 250 µL of met-RANTES (50 ng/mL) was added in each well. 

Additional incubation followed on a shaker (room temperature, 5 min, 500 rpm). The total 

sample volume was 625 µL per well.

Control standard sample was prepared in sample buffer with concentration of 40 ng/mL 

RANTES and was analyzed in triplicates with each run.

Affinity pipettes derivatization

The affinity pipettes (Cat.No. 991CUS01, Thermo Scientific) were initially activated using a 

Multimek 96 channel pipettor (Beckman Coulter, Brea, CA), as described previously [49]. 

The antibody solution for derivatization contained 7.5 µg anti-RANTES antibody, in 50 µL 

of 10 mM MES buffer. For the antibody coupling, 750 cycles of aspirations and dispenses of 

20 µL volumes were performed, followed by rinses with ETA (50 cycles, 100 µL aspiration/

dispense volumes) and twice with HBS-N buffer (50 cycles, 100 µL). The total time 

required for activation and derivatization of the affinity pipettes was 90 min for a total of 96 

pipettes. The antibody-derivatized pipettes were stored in HBS-N buffer at +4°C until used.

Mass spectrometric immunoassay

The antibody derivatized affinity pipettes were mounted onto the head of the Multimek 96-

channel pipettor. The assay began with an assay buffer rinse (PBS, 0.1% Tween 20), 10 

aspirations and dispense cycles, 100 µL volumes each. Next, the pipettes were immersed 

into the 96 deep-well plate containing the analytical samples and 750 aspirations and 

dispense cycles were performed (100 µL volume) allowing for affinity capture of RANTES 

and met-RANTES from the samples. The pipettes were then rinsed with assay buffer (100 

cycles), and twice with water (10 cycles and 20 cycles, 100 µL aspiration/dispense volume). 

The extraction of the RANTES protein and its proteoforms from the plasma samples was 

executed in approximately 30 min. For elution of the captured proteins, 6 µL aliquots of 

MALDI matrix (15 g/L sinapic acid in aqueous solution containing 33 % (v/v) acetonitrile, 

and 0.4 % (v/v) trifluoroacetic acid) were aspirated into the affinity pipettes, and after a 10 

second delay (to allow for the dissociation of the protein from the capturing antibody), the 

eluates were dispensed onto a 96-well formatted MALDI target. Following drying, linear 

mass spectra were acquired from each sample spot, using Bruker’s Ultraflex III MALDI-

TOF/TOF mass spectrometer (Bruker, Billerica, MA) operating in positive ion mode, in the 

mass range from 5 to 30 kDa, with 200 ns delay, ion source 1 and ion source 2 voltages of 

20.00 kV and 18.45 kV respectively, and signal suppression up to 500 Da. Approximately 

5,000 laser-shot mass spectra were averaged for each standard and sample.

Trenchevska et al. Page 4

J Proteomics. Author manuscript; available in PMC 2016 February 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Data analysis

For accurate mass assignment, the mass spectra were internally calibrated with protein 

calibration standard I (Cat.No.8206355, Bruker, Billerica, MA) and also with the IRS (mass 

accuracy up to 0.001 Da). Further, the mass spectra were baseline subtracted (Tophat 

algorithm) and smoothed (SavitzkyGolay algorithm; width = 0.2 m/z; cycles = 1), before 

peak integration with Flex Analysis 3.0 software (Bruker Daltonics). Peak intensities for the 

native RANTES, met-RANTES and RANTES proteoforms were plotted in an excel 

spreadsheet. Standard curves were created by plotting the ratio of the intensities of the 

RANTES standard signals and met-RANTES signals against the standard concentration. The 

linear equations obtained were used to calculate the concentrations of native RANTES and 

RANTES proteoforms in the analyzed samples, from the ratio of the intensities of each 

variant to the IRS. Total RANTES concentration was calculated from the sum of the ratios 

of each variant against the IRS using the generated standard curve equations.

Results and discussion

Assay development, performance and method validation

The first step in the assay development was choosing the internal reference standard (IRS) 

for quantitation. According to the recently established “fit-for-purpose” approach, it is 

important that the IRS is subjected to the same processing as the protein analyte, in order to 

experience the same matrix-induced suppressive effects [51]. Some targeted proteomics 

assays use isotope-labeled peptide and/or protein standards for quantification [52], however 

other possibilities exist too [46]. In top-down targeted protein assaying using MSIA we have 

reported using IRS that are homologues protein from different animal species [49], or 

protein derivatives that differ very little in the amino acid sequence from the targeted protein 

[53]. In this work, we employed methionine-derivatized RANTES as an IRS. The met-

RANTES sequence differs from native RANTES in one only amino acid – methionine in 

position 1. Met-RANTES is recognized by the anti-human RANTES antibody and when 

spiked into the analytical sample, can be retrieved together with human RANTES. In the 

resulting mass spectra met-RANTES presents a signal with mass shift of + 131.2 Da from 

human RANTES. In order to produce a constant response throughout the analyses, we 

spiked met-RANTES in the samples in constant concentration of 50 ng/mL (determined 

experimentally). In addition, we determined that met-RANTES is not subject to cleavage 

and/or interactions with the enzymes present in human plasma by spiking and recovering 

met-RANTES from plasma sample, and comparing RANTES and RANTES proteoforms 

signals in spiked vs. non-spiked plasma (data not shown). This is an important prerequisite, 

in order to utilize met-RANTES as an IRS. Moreover, the absence of met-RANTES 

cleavage under DPP IV enzymatic activity has previously been reported [26].

Following mass spectra acquisition, standard curves were created by plotting the ratio 

between RANTES standard and met-RANTES signal intensities (RANTES/met-RANTES) 

(y-axis) against the RANTES standard concentration (x-axis). Mass spectra from the 

RANTES standards (Figure 1a) together with the corresponding standard curve (Figure 1b) 

are presented. The fitted trendline shows linearity across the entire range, with a coefficient 

of determination (r2 = 0.9992) and standard error of estimate (SEE = 0.0278). The analytical 
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performance of the developed method was analyzed by determining the LOD and LOQ. 

There are numerous methodologies that suggest different approaches regarding the way of 

calculating these parameters [51, 54, 55]. In our work, the lower limit of detection (LOD) 

was calculated from the limit of blank (LoB) as a sum from the mean of blank and 1.645 

standard deviations from blank samples, and was found to be 0.727 ng/mL. The lower limit 

of quantification (LOQ), as determined from the LOD [54] was 1.56 ng/mL.

The intra-assay precision (within run) was determined by analyzing three samples in 

triplicates, within a single assay run (Table 1). The inter-assay precision (between-run) was 

determined by analyzing one sample in triplicates, in three different days. The results 

presented in Table 1 show CV values of <10%.

Derivatized affinity pipettes batch-to-batch variability was determined by analyzing a 

standard sample with known total RANTES concentration (expected mean concentration = 

40 ng/mL) in triplicates with each batch. The results show total CV = 9.81% with a SEE = 

0.89% (obtained mean concentration = 39.6 ng/mL) (Supplement Table).

In separate experiments, a narrower concentration range of 15 – 150 ng/mL (i.e., 

physiological RANTES concentration in normal plasma) was evaluated for linearity and 

accuracy of the assay. Two plasma samples were initially spiked with high concentration of 

RANTES standard (between 100 – 150 ng/mL). The plasma samples were then serially 

diluted (2×, 4× and 8×), and analyzed with the mass spectrometric immunoassay to 

determine the RANTES concentration. The results obtained were compared with those 

theoretically expected, and are reported in Table 2a, indicating standard error comparable to 

the broader working curves (SEE = 0.0355). Lastly, spike and recovery experiments were 

performed by spiking two plasma samples with RANTES standard in 3 increasing 

concentrations (25, 50 and 100 ng/mL respectively). Obtained recovery was within the 

expected range of physiological concentration (SEE = 0.0618), and resulted in > 90% 

efficiency in recovering RANTES from plasma (Table 2b).

Method comparison

The RANTES MSIA data was referenced to the Quantikine RANTES ELISA kit. In order to 

eliminate differences in antibody specificity, we have used RANTES ELISA that utilizes the 

same primary antibody as our RANTES MSIA. A subset of 40 plasma samples were 

analyzed in duplicates using the RANTES ELISA following the instructions provided by the 

manufacturer, yielding total RANTES concentrations between 3.6 – 84.7 ng/mL.

The native RANTES concentrations determined by MSIA correlated well with those 

obtained with the ELISA, with a Passing-Bablok fit [56] of 0.39 + 1.14×, and Cusum 

linearity p-value > 0.1. The Altman Bland plot [57] confirmed the correlation between the 

methods, as presented in the scatter plot (Figure 2a), with a positive bias of 11.3% (Figure 

2b). When total RANTES concentration was calculated using MSIA (to include all 

RANTES proteoforms), and the results were compared to the ELISA data, higher positive 

bias was noted (+ 29.1%, data not shown). The appearance of bias in such method 

comparison analyses is not unusual [53, 58, 59], and it can be linked to a number of different 

causes. One may be the possibility that the secondary (labeled) antibody used in the ELISA 
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does not recognize the truncated RANTES variants (this is only a speculation as we don’t 

have information about the epitopes of the RANTES antibodies used in the MSIA and the 

ELISA). Another possibility is the difference in sample processing. Human plasma handling 

can have a significant influence on protein concentration analysis [60, 61]. To minimize the 

effects of sample handling, the plasma samples that were analyzed with MSIA and ELISA 

were taken from a single batch, and were subjected to the same storage conditions. The only 

difference was the assaying time – MSIA takes a total of 40 min from sample preparation to 

data acquisition, whereas the ELISA method requires 3.5 h for analysis, during which time 

degradation in RANTES could occur.

RANTES protein profiling in human plasma and serum samples

Presented in Figure 3a is an example of a mass spectrum obtained from a human plasma 

sample using the quantitative RANTES MSIA. To identify the protein species in the mass 

spectra, two internal calibrations were performed – one using protein calibration standard I 

(Bruker, Billerica, MA), and second, using the IRS in the spectrum. Peaks were calibrated 

up to 0.001 Da in m/z, in order to accurately determine their mass and assign them to the 

corresponding RANTES proteoform. Using this approach, and accounting for the selectivity 

of the RANTES antibody to detect only RANTES proteoforms, we were able to identify 

several RANTES proteoforms. Observed in the spectrum are signals of full-length RANTES 

(1–68) (MW=7,847.9), met-RANTES (MW=7,979.1), and RANTES proteoforms denoted 

as RANTES (3–68) (MW=7,663.7; missing an SP- N-terminal dipeptide as a result of DPP 

IV enzymatic cleavage), RANTES (4–68) (MW=7,500.6; missing an SPY- N-terminal 

peptide), and both N- and C-terminal cleaved variant, RANTES (4–66) (MW=7,282.3). In 

addition, we were able to detect the following less abundant RANTES species: RANTES 

(7–66) (MW=6,993.1; missing six N-terminal and two C-terminal amino acids), RANTES 

(4–64) (MW=7,040.1; missing three N-terminal and four C-terminal amino acids), RANTES 

(4–65) (MW=7,153.2; missing three N- and three C-terminal amino acids), and RANTES 

(3–66) (MW=7,445.5; missing two N- and two C-terminal amino acids). The signal with 

MW=7,413.5 has multiple truncation possibilities: (2–65) (missing one N- and three C-

terminal amino acids); (4–67) (missing three N- and one C-terminal amino acids) or (5–68) 

(missing four N-terminal amino acids). For this study it was labeled as an M-RANTES 

species, and additional experiments are needed to confirm the actual truncation. The 

assignment of these signals was performed using the observed m/z values and comparison to 

the RANTES protein sequence and the previously published qualitative results [14]. The 

peak labeled with (*) could not be assigned to any RANTES sequence proteoform, and it is 

probably a plasma protein that binds to the RANTES antibody immobilized on the tips. This 

peak did not appear in negative controls when tips without RANTES antibody and/or 

antibodies specific to other protein were immobilized on the affinity pipette. More 

importantly, the peak remained constant when human RANTES standard was spiked in 

human plasma samples and incubated for specific period of times to allow for some 

RANTES degradation and increase in variants concentration (results not shown). The fact 

that this peak remained constant over time suggests that it is not a RANTES variant.

Testing different types of biological matrices is used to provide an evidence of the clinical 

utility of the assay [51]. Most of the assays utilized in routine clinical practice use plasma 
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and/or serum samples for analyses. The choice of the “right” media for a certain assay can 

significantly influence the outcome of the analysis. RANTES is a protein that exhibits 

differences in its distribution between different sample collection matrices. It has been 

reported that heparin plasma exhibits higher RANTES concentrations then EDTA plasma 

[62]. We have confirmed this finding, but also go a step further and provide information for 

the concentration of the RANTES variants in various biological matrices (with different 

types of anticoagulants used) from a single individual (Figure 3b). The mass spectra show 

significant differences in the distribution of native RANTES and its proteoforms between 

the samples, primarily between native RANTES and variant (3–68). In addition, RANTES 

shows a significantly different profile in serum (very low native RANTES signal, and high 

DPP IV cleaved variant). This is somewhat expected, because RANTES is expressed during 

platelet activation and, therefore, blood enzymes will influence the variant distribution 

during the clotting process [63]. Based on these results, EDTA plasma collection matrix was 

used for subsequent assays in human samples.

RANTES protein profiling in clinical samples

To assess its application in larger cohort analysis, we used the optimized RANTES MSIA to 

determine the profile and concentration distribution of RANTES and its variants in human 

EDTA plasma samples obtained from 297 individuals with type 2 diabetes (no DPP IV 

inhibitor medication use). We calculated the total RANTES concentration in all samples by 

summing the ratios between all identified variants signals with the IRS and using standard 

curves equations. The concentration distribution was slightly higher than the reference levels 

for RANTES in normal plasma samples, which is possibly due to changes in inflammatory 

responses that are common in patients with abnormal glucose metabolism [64].

Furthermore, we determined the RANTES protein variants profile in the samples. Full 

length native RANTES and the cleaved (3–68) variant were detected in all samples. The 

concentration distribution of the native RANTES (1–68) was in the range of 1.92 – 137.8 

ng/mL, whereas, the DPP IV cleavage product RANTES (3–68) was determined to be in a 

range of 0.138 – 34.4 ng/mL. The distribution of the other proteoforms, together with their 

frequency is summarized in Table 3. The majority of low abundant RANTES variants have 

concentrations that are lower than the LOQ. The concentrations of those variants were 

calculated as a percentage from the total RANTES concentration, using the variant/IRS 

signals ratio. The results indicate that there are significant differences in the RANTES 

profile between samples (Figure 4). Even though RANTES truncated variants are present in 

low concentrations, they may indicate physiological changes in RANTES metabolic 

pathways and, thus, deserve further investigation.

Conclusions

We have developed a MSIA method for quantitative analysis and profiling of the chemokine 

RANTES. The MSIA method was characterized and benchmarked against existing ELISA 

method. Moreover, the applicability in high-throughput assaying was tested by analyzing a 

cohort of human plasma samples. The method provides extensive information about the 

protein profile and concentration distribution of RANTES and its proteoforms. This assay 
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can be used in future studies of RANTES properties in vivo and could further contribute to 

better understanding of its clinical significance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

1. We present a quantitative mass spectrometric immunoassay for analyzing 

RANTES and its variants.

2. The method was characterized and benchmarked against existing quantitative 

immunoassay.

3. The results provide quantitative data for RANTES and its posttranslational 

modifications.

4. The method is fast, efficient, and offers insight into the intrinsic protein 

characteristics.

5. The assay was applied in RANTES profiling in human plasma samples.
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Significance

In the last two decades, RANTES has been studied extensively due to its association with 

numerous clinical conditions, including kidney-related, autoimmune, cardiovascular, 

viral and metabolic pathologies. Although a single gene product, RANTES is expressed 

in a range of cells and tissues presenting with different endogenously produced variants 

and PTMs. The structural variety and population diversity that has been identified for 

RANTES necessitate developing advanced methodologies that can provide insight into 

the protein heterogeneity and its function and regulation in disease. In this work we 

present a simple, efficient and high-throughput mass spectrometric immunoassay (MSIA) 

method for analysis of RANTES proteoforms. RANTES MSIA can detect and analyze 

RANTES proteoforms and provide an insight into the endogenous protein modifications.
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Figure 1. 
Quantitative RANTES mass spectrometric immunoassay (MSIA). a) Representative 

RANTES MSIA mass spectra for the eight standard RANTES samples containing met-

RANTES as an IRS; b) Representative standard curve generated with the RANTES MSIA, 

with an r2 = 0.9992, and standard error of estimate (SEE) of 0.0278.
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Figure 2. 
RANTES MSIA vs. ELISA method comparison. a) Scatter plot showing direct comparison 

between the RANTES concentrations for 40 human plasma samples obtained with the 

developed MSIA and a reference ELISA method; b) Altman-Bland difference plot showing 

slight positive correlation (bias =11.3%) between the RANTES concentrations obtained by 

MSIA vs. the reference ELISA method.
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Figure 3. 
a) Representative mass spectra of RANTES from human plasma sample, showing signals 

from met-RANTES, native RANTES and several RANTES variants (here you have to list 

and name all the variants shown on the figure); b) RANTES MSIA mass spectra from Na-

citrate, K3EDTA, K2EDTA, Na2EDTA plasma and serum samples obtained from a single 

individual. (*) denotes signal from a non-identified proteoform.
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Figure 4. 
Representative RANTES MSIA mass spectra from several human plasma samples, 

indicating different RANTES variants profiles.
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