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Abstract: The proteomic analysis of plasma holds great promise to advance precision medicine and
identify biomarkers of disease. However, it is likely that many potential biomarkers circulating
in plasma originate from other tissues and are only present in low abundances in the plasma.
Accurate detection and quantification of low abundance proteins by standard mass spectrometry
approaches remain challenging. In addition, it is difficult to link low abundance plasma proteins
back to their specific tissues or organs of origin with confidence. To address these challenges, we
developed a mass spectrometry approach based on the use of tandem mass tags (TMT) and a tissue
reference sample. By applying this approach to nonhuman primate plasma samples, we were able to
identify and quantify 820 proteins by using a kidney tissue homogenate as reference. On average,
643 ± 16 proteins were identified per plasma sample. About 58% of proteins identified in replicate
experiments were identified both times. A ratio of 50 µg kidney protein to 10 µg plasma protein, and
the use of the TMT label with the highest molecular weight (131) for the kidney reference yielded
the largest number of proteins in the analysis, and identified low abundance proteins in plasma that
are prominently found in the kidney. Overall, this methodology promises efficient quantification of
plasma proteins potentially released from specific tissues, thereby increasing the number of putative
disease biomarkers for future study.

Keywords: proteomics; mass spectrometry; tandem mass tag (TMT); biomarker; plasma proteomics

1. Introduction

The promise of precision medicine for improved patient care and disease management
critically depends on early disease biomarker signatures that predict health outcomes, facil-
itate early diagnosis, and inform treatment [1]. Ideally, individual biomarkers or biomarker
signatures composed of multiple biomarkers can be assayed accurately, quickly, and cost-
effective using minimally invasive approaches. It is for this reason that biomarker studies
have often focused on the analysis of blood or other easily collected body fluids. Examples
of commonly used clinical plasma biomarkers include the analysis of liver-specific enzymes
such as alkaline phosphatase (ALP), alanine transaminase (ALT), aspartate transaminase
(AST), or gamma-glutamyl transferase (GGT) for liver function and dysfunction [2–7], or
the detection of troponin I as a biomarker for myocardial damage [8–10]. Nonetheless,
protein concentrations in plasma span many orders of magnitude, and many proteins that
are released from tissues and organs into the circulation are only present in low concentra-
tions [11,12]. In addition, the tissue or cell type of origin for these “tissue leakage proteins”
is often difficult to ascertain, challenging the usefulness of these proteins as biomarkers for
early disease or tissue damage caused by disease progression.

Biomolecules 2023, 13, 215. https://doi.org/10.3390/biom13020215 https://www.mdpi.com/journal/biomolecules

https://doi.org/10.3390/biom13020215
https://doi.org/10.3390/biom13020215
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomolecules
https://www.mdpi.com
https://orcid.org/0000-0002-2943-6612
https://orcid.org/0000-0002-8836-3783
https://orcid.org/0000-0003-1632-1063
https://doi.org/10.3390/biom13020215
https://www.mdpi.com/journal/biomolecules
https://www.mdpi.com/article/10.3390/biom13020215?type=check_update&version=2


Biomolecules 2023, 13, 215 2 of 10

Over the past two decades, liquid chromatography-coupled tandem mass spectrom-
etry (MS) has become the primary methodology for untargeted proteomics analysis, in-
cluding biomarker discovery. In a standard workflow, peptides go through two levels of
MS analysis [13–15]. The initial MS scan (MS1) determines the mass to charge proportion
(m/z) for each ion that is detected in the sample. Subsequently, individual peptide ions are
fragmented and a fragment MS spectrum (MS2) is collected that aids in the determination
of the amino acid sequence of the initial peptide [16]. Low abundance peptide ions often
generate MS2 fragment spectra that make identification of the original peptide challenging.
This challenge in identifying low-abundance proteins is further exacerbated in samples
such as plasma where extremely highly abundant proteins impede the MS detection of
lower abundance proteins. About 55% of the total protein mass in plasma is attributable to
albumin alone, and the most abundant seven proteins together account for 85% of the total
protein mass [17]. Therefore, depletion methodologies have been developed to reduce the
fraction of these abundant proteins, such as the MARS-14 columns (Agilent) or the High
Select Top 14 Abundant Protein Depletion Mini Spin Columns (Thermo) that both reduce
the target protein abundance by up to 95%, without affecting the global protein expression
patterns of the samples [17]. These depletion approaches facilitate the detection of lower
abundance proteins by mass spectrometry.

Tandem mass tag (TMT) labeling is a widely used technique in proteomics for the
identification and quantification of proteins [18,19]. TMTs are isobaric labeling compounds
that create unique reporter ions during mass spectrometry. The labels are comprised of a
MS/MS reporting group, a spacer arm, and an amine reactive group. The amine reactive
group is attached to the N-terminus or lysine side chain of a peptide [20]. In relative
quantitation analyses, diverse isobaric labels are utilized to label proteins from individual
samples with different tags. Once labeled, individual samples are combined and run in a
liquid chromatography-mass spectrometry (LC-MS) analysis [20]. Since the isobaric labels
have essentially identical properties, all peptides from different samples with different
labels co-elute during LC separation. Peptides are identified as a single precursor ion
peak in MS1, and the reporter ions are released during MS2 fragmentation, allowing the
relative quantification of each peptide in the different samples. These reporter ions are
detected with much higher sensitivity than peptide ions, and it is this property that has been
exploited in the analysis of extremely low abundance proteins in single cell proteomics. In
the SCoPE-MS (Single Cell ProtEomics by Mass Spectrometry) approach, proteins isolated
from individual cells are labeled with specific TMT tags, and mixed with a reference sample
consisting of proteins isolated from a pool of several hundred cells, labeled with a different
TMT tag [21]. The abundance of individual proteins and peptides in a single cell is mostly
below the detection limit of mass spectrometers, and do not generate a sufficient number
of fragment ions during MS2 to ensure confident identification of the peptide. During MS
analysis in SCoPE-MS, the peptide identification and characterization is driven by the more
abundant proteins in the pool of reference sample; however, TMT reporter ions can be
detected for each peptide for both the pool of reference sample and the individual cells.

In this study, we describe an adaptation of this approach for the identification of low-
abundance tissue leakage proteins in plasma. With this approach, any peptide identified
during MS analysis in a tissue reference sample can subsequently be quantified in individual
plasma samples using the TMT reporter ions, and would be detected even if present in
low amounts. This mass spectrometry plasma proteomics methodology to discover novel
disease markers will expand our ability to detect proteins from specific tissues in plasma
samples, and expand the list of putative tissue-derived biomarker proteins for many
diseases and tissues.

2. Materials and Methods
2.1. Samples

All samples used in this study were collected from female olive baboons (Papio hamadrayas)
that were part of a pedigreed baboon colony from the Southwest National Primate Research
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Center at the Texas Biomedical Research Institute, San Antonio, Texas [12]. Plasma and
kidney samples were collected under a protocol approved by the Institute’s Institutional
Animal Care and Use Committee (IACUC).

2.2. Methods

Sample Preparation: Baboon kidney medulla and cortex biopsies were collected and
flash frozen in liquid nitrogen and stored at −80 ◦C. Frozen tissue aliquots were isolated
under a sterile laminar flow hood using sterile scalpels and tweezers. Aliquots of approxi-
mately 2 mg were collected on a frozen aluminum plate in dry ice and transferred to bead
tube with 500 uL Tris HCl on ice for homogenization. Homogenization was completed
by bead beating in a frozen metal tube holder for 30 seconds at 2000 rpm. About 10 uL of
plasma was used with the Thermo Scientific High-Select Top14 Abundant Protein Depletion
kit (Catalog number: A36369, Thermo Fisher Scientific, Waltham, MA, USA) for removal of
the 14 highly abundant proteins.

Both plasma and homogenized tissues were precipitated using acetone. For unla-
beled proteomics (label-free proteomics, LFQ), 100 µg of the resulting tissue proteins were
dissolved in 100 mM ammonium bicarbonate (ABC) (Catalog number: BB-2603, Boston
BioProducts, Ashland, MA, USA) buffer and followed by three major steps: 25 mM dithio-
threitol (DTT) (Catalog number: A39255, Thermo Fisher Scientific, Waltham, MA, USA)
for reduction, 13.875 mM iodoacetamide (IAA) (Catalog number: A39271, Thermo Fisher
Scientific, Waltham, MA, USA) for acetylation, and 2.5 µg trypsin for overnight digestion.
The digested samples were further fractionated using the Thermo pH fractionation kit
(Pierce High pH Reversed-Phase Peptide Fractionation).

Mass Spectrometry: For TMT proteomics, 100 µg of total precipitated proteins from
kidney cortex, medulla, and plasma in 100 mM TEAB were processed using 200 mM TCEP,
375 mM IAA, and 2.5 µg trypsin digestion. Cortex, medulla, and plasma digests were
labeled with the designated TMT10plex channel (TMT10plex™ Isobaric Label Reagent Set,
3 × 0.8 mg, Catalog number: 90111, ThermoFisher Scientific, Waltham, MA, USA) reagents
(see Supplementary Table S1 for specific information) and combined according to ratios
of kidney to plasma protein concentrations outlined in Table 1. For example, a ratio of
5:1 (kidney tissue to plasma) contains 50 µg peptides from each tissue sample to 10 µg
peptides from each plasma sample. A blank TMT channel was placed following the kidney
tissue prior to the channels containing plasma to limit interference of reporter ion intensities
abundant proteins from the kidney samples. Multiplexed samples were processed further
using Thermo pH fractionation kit (Pierce High pH Reversed-Phase Peptide Fractionation,
Catalog number: PI84868, ThermoFisher Scientific, Waltham, MA).

Table 1. Description of the TMT mixtures of kidney and plasma proteins for the various methods
tested in this study.

Method Name Protein Amount
Kidney

Protein Amount
Plasma

TMT Reporter for
Kidney Samples

TMT 5:1 50 µg 10 µg 126 + 127N
TMT 5:2 50 µg 20 µg 126 + 127N

TMT 10:1 100 µg 10 µg 126 + 127N
TMT 5:1 reverse 50 µg 10 µg 130C + 131

After fractionation, eight fractions were pooled to four (fraction 1 to 5, 2 to 6, etc.,)
and 1 µg of each sample was loaded on a PepMap RSLC C18 easy-spray column (3 µm,
100 A, 75 µm × 15 cm) using Easy-nLC 1200 coupled to an Orbitrap Lumos Tribrid Mass
Spectrometer (ThermoFisher Scientific, Waltham, MA, USA). Peptides were separated using
a 2-h gradient of Mobile phase A (0.1% formic acid in 95:5 water: acetonitrile) and Mobile
Phase B (0.1% formic acid in 80:20 acetonitrile: water). The following gradient program
was used for peptide elution: 2–30% B in 85 minutes, 30–95% B in 30 minutes, and 95% B
in 5 minutes. Data were acquired in MS1 scan mode (m/z = 400–1600) at a resolution of
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120,000 with automatic gain control (AGC) of 1× 106 and maximum injection time of 50 ms.
MS/MS data acquisition was done using higher-energy C-trap dissociation (HCD) mode in
Orbitrap detection at a resolution of 50,000 with an AGC target of 1.25× 105 and maximum
injection time of 86 ms. All data acquisition was carried out using Thermo Scientific
Xcalibur software (software version Xcalibur 4.3, ThermoFisher Scientific, Waltham, MA,
USA) and data analysis was completed in MaxQuant (software version MaxQuant 2.1.1.0,
https://www.maxquant.org/, accessed on 9 January 2023 ) against P. anubis proteome
database (P. anubis Uniprot Reference Proteome ID UP000028761, 43,406 protein entries)
using the default parameters for TMT or LFQ analysis. Modifications were set to the default
variable modifications (oxidation (M) and acetyl (protein N-term)) and fixed modifications
(carbamidomethyl). Individual peptide mass tolerance was selected to filter peptides
according to individual peptide mass tolerances. False discovery rates (FDR) were set to
0.01 at both the PSM and the protein level. MaxQuant output files (proteingroups) were
manually curated, and contaminant matches or protein identifications with no measured
reporter ion intensities across all samples were removed. All results files can be found in
the Supplementary Tables S2–S11.

3. Results

As described in the Methods section, we used nonhuman primate baboon (Papio
hamadrayas) samples for development and optimization of our method. Seven plasma
samples were collected as part of a recent study [22] and kidney cortex and medulla samples
from a healthy animal were collected at necropsy. An initial label-free analysis using mass
spectrometry identified on average 106 proteins in a plasma sample (range 79–135), and
489 and 1780 proteins from the kidney cortex and medulla, respectively (Table 2). A
complete list of the identified proteins can be found in Supplementary Tables S10 (for
plasma samples) and S11 (for kidney samples).

Table 2. Number of protein groups identified in the analysis of each sample. Detailed results for each
experiment can be found in the Supplementary Tables S2–S11.

Sample TMT 5:1
R1

TMT 5:1
R2

TMT
10:1 R1

TMT
10:1 R2

TMT 5:2
R1

TMT 5:2
R2

TMT
5:1rev R1

TMT
5:1rev R2 LFQ

15286 cortex 392 524 491 522 417 389 702 589 489
15286 medulla 392 524 491 515 411 379 704 597 1780

15562 6wk plasma 389 524 491 514 416 390 702 583 135
15562 12wk plasma 386 524 487 498 415 383 697 582 108
15286 6wk plasma 390 523 489 509 416 389 698 589 79
15286 12wk plasma 391 524 491 518 416 391 700 593 85
15122 6wk plasma 391 523 491 498 411 384 700 586 120
15122 12wk plasma 391 523 491 507 415 387 697 586 103
17174 6wk plasma 390 524 491 508 416 388 701 593 109

* R1, R2: Replicate experiments; LFQ: Label-free quantification.

We implemented an isotopic labeling strategy using tandem mass tags (TMT) to iden-
tify and quantify tissue-derived proteins. In this approach, a tissue homogenate sample is
used as a reference sample and labeled with one TMT, and then combined with plasma sam-
ples labeled with complementary TMTs. We used the Thermo Scientific TMT10plex Isobaric
Mass Labeling Reagent Set for the experiments described here. To optimize our methodol-
ogy, we focused on the putative use of kidney homogenate samples (cortex and medulla)
to identify additional proteins in plasma samples. Proteins from tissue homogenate and
plasma proteins were mixed in different ratios to assess the optimal protocol to maximize
protein identification in plasma samples, and maximize reproducibility between replicate
experiments. For example, a ratio of 5:1 (kidney tissue to plasma) contains 50 µg peptides
from the kidney tissue homogenate for medulla and cortex (labeled with 126 and 127 N
reporter ions), and is combined with 10 µg peptides from each plasma sample (Table 1).

https://www.maxquant.org/
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Since it is anticipated that a significant fraction of peptides identified in this analysis will
be present in much higher concentration in kidney homogenate compared to plasma, we
always left one of the TMT reporter ion channels as a blank between the two kidney samples
and the plasma samples to prevent interference of the reporter ions.

As shown in Table 2, the use of a medulla and cortex reference sample significantly
increases the number of proteins identified in the analysis for all kidney to plasma protein
ratios tested (p = 7 × 10−11–2 × 10−23). The method TMT 5:1 identified on average
457 ± 19 proteins, the 10:1 ratio 499 ± 3 proteins, and TMT 5:2 401 ± 4 proteins. We also
reversed the sample order in additional experiments where the cortex and medulla peptides
were labeled with the highest molecular weight reporter ions (130C and 131). In this
reversed experiment (method TMT 5:1 reverse), we identified on average 643 ± 16 proteins
per plasma sample. Figure 1 summarizes the total number of proteins identified across all
plasma samples and replicate experiments. Method TMT 5:1 reverse identifies the largest
number of total proteins across all plasma samples (820), all other methods identify fewer
proteins (649 for TMT 5:1, 522 for TMT 5:2, and 749 for TMT 10:1).
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Figure 1. Number of proteins identified across all seven plasma samples for each methodology. The
light-colored left bar depicts the total number of unique proteins identified across the two replicate
experiments, and the darker right bar for each method depicts the number of proteins identified in
both replicate experiments. Data can be found in Supplementary Tables.

When only proteins are considered that are identified in both replicate experiments,
method TMT 5:1 reverse identified 477 proteins compared to 266, 288, and 261 for TMT
5:1. TMT 5:2, and TMT 10:1 experiments, respectively (Figure 1). Clearly, method TMT
5:1 reverse identified the most proteins in the plasma samples, the most proteins for each
individual plasma sample, and the highest number of proteins identified in replicate
experiments. It is important to note that the data highlight the depletion of abundant
plasma proteins such as albumin. As shown in Supplementary Tables S2 and S3, the
method TMT 5:1 reverse identified only 48 peptide spectral matches (1.17% of the total
PSMs in the experiment) that match to albumin, a significant reduction for a protein that
constitutes about 55% of the total plasma protein mass.

As shown in Figure 2, 313 proteins are identified in all four different methods and
experimental setups. TMT 5:1 reverse identified the highest number of unique proteins (182)
that are not identified by any of the other methods. Of these 182 unique proteins, 117 are
detected in the kidney samples with at least ten-fold higher intensity compared to the
plasma samples, highlighting that the approach can detect low abundance plasma proteins
that are more abundant in the tissue reference sample. There are 19 proteins found in the
kidney samples that are only identified by the TMT 5:1 reverse. By comparison, all other
methods find at most a single unique protein identified in kidney samples, highlighting
that the TMT 5:1 reverse method identifies the largest number of proteins present in kidney
and plasma. As expected, the overall reporter ion intensity for proteins detected only in
the TMT 5:1 reverse method is also significantly lower than the intensity of the 313 proteins
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identified by all methods (p = 0.00165), suggesting that this method enhances the ability to
detect low abundance proteins in plasma that may be derived from the kidney.
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The Human Protein Atlas (http://www.proteinatlas.org, accessed on 4 January 2023)
identifies 452 genes that have at least four-fold higher mRNA expression levels in the
kidney compared to any other tissues. We used this gene set to annotate the proteins
identified by the different methods described above. About 50 of the proteins identified by
the method TMT 5:1 reverse are annotated as kidney-enriched. These five proteins (ACAA1,
LGALS2, SLC4A4, SLC2A6, and TPMT) are only detected by the method TMT 5:1 reverse.
All of these proteins are expressed in the proximal tubules of the kidney. In contrast, only
one protein identified by the LFQ analysis of the plasma samples (GPX3) is included in the
list of kidney-enriched proteins. This annotation demonstrates that a high proportion of the
additional proteins identified by the TMT labeling approach are kidney-enriched, and may
serve as potential biomarkers for kidney function or dysfunction. For example, the gene
solute carrier family 4 member 4 (SLC4A4) encodes a sodium bicarbonate cotransporter,
and the gene has been associated with renal tubular acidosis [23].

The reproducibility of protein identification between replicate experiments is variable
across methods. When we compare the proteins identified across all seven plasma samples
for each of the two replicate experiments (Figure 3), 58% of the proteins identified in
method TMT 5:1 reverse were shared between replicates, similar to the 55% shared between
replicates for TMT 5:2. However, the other methods share fewer proteins between replicates
(41% for TMT 5:1, 35% for TMT 10:1).

Taken together, our data demonstrate that the use of a kidney reference sample in
a TMT quantitative proteomics analysis of plasma samples significantly increases the
number of proteins identified as well as the number of kidney-enriched proteins. A
ratio of 5:1 with the kidney reference sample labeled with the heaviest reporter ion (TMT
5:1 reverse) results in the largest number of unique proteins identified, the highest number
of proteins per plasma sample, and the results are most reproducible between replicate
experiments, suggesting that this is the best experimental design to enhance the discovery
of putative tissue leakage proteins in plasma samples using TMT-labeled proteomics
mass spectrometry.

http://www.proteinatlas.org
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4. Discussion

Analysis of tissue leakage proteins in plasma samples using untargeted mass spec-
trometry approaches remains a challenge. Only a small fraction of proteins account for
over 95% of the total protein content in plasma, and these highly abundant plasma proteins
impede effective detection and quantification of the remaining, less abundant proteins
(REF). However, low abundance proteins may oftentimes be the very proteins that are
indicative of disease processes in particular tissues and organs. As tissue deteriorates,
tissue-derived proteins are released into the blood stream in small quantities, particularly
during early stages of disease development. Such proteins are of particular interest as
potential disease biomarkers, especially if they are likely released as part of the disease
process. However, they remain challenging to identify and quantify. While some recent and
more sensitive (e.g., targeted) mass spectrometry approaches improve the detection and
quantification of low abundance proteins, linking them to particular pathophysiological
processes in tissues or organs remains difficult.

Recent adaptations of tandem mass tag (TMT) labeling in proteomics have shown that
a TMT labeling approach can be used to effectively identify proteins at very low abundance
if the analysis also includes a reference sample. In single cell proteomics, the SCoPE-MS
approach uses a reference sample of proteins extracted from several hundred cells for
protein identification in MS1 and MS2, and then uses proteins labeled with other TMT
reporters to quantify those proteins in individual cells [21]. In our study, we adapted
this approach to the analysis of plasma samples, using protein extracted from a tissue
homogenate as a reference sample. In this study, we used kidney homogenates as a
reference to analyze plasma samples from a recently published study on sodium exposure
and hypertension in baboons. Both sodium exposure and hypertension have been reported
to affect kidney function, and gene expression analysis of kidney biopsy samples has
revealed substantial changes in the kidney in response to even a relatively short sodium
exposure [22].
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Our mass spectrometry data clearly demonstrate that the use of a kidney protein
extract as a reference sample in a TMT experiment dramatically increases the number of
proteins identified in plasma samples. The optimal methodology uses the heaviest TMT
reporter ion for the reference sample. This likely minimizes reporter ion interference with
other reporter ion channels, and leads to the identification and quantification of 820 proteins
in these plasma samples. A substantial fraction of the proteins only identified by the optimal
methodology (that we named TMT 5:1 reverse) is also identified in the kidney homogenate,
but is much more abundant in the kidney, supporting our hypothesis that this approach
will identify kidney proteins (leakage proteins) that are much less abundant in plasma.

Obviously, not all proteins identified in our analysis are exclusively expressed in the
kidney. In fact, analysis of GTEx data suggests that some proteins are significantly enriched
in particular tissues, but very few are exclusively expressed in one or only few tissues [24].
As we discuss above, our optimized methodology identified 50 proteins that are defined
as kidney-enriched in the Human Protein Atlas database. Therefore, the methodology
we present here clearly not only identifies more proteins in plasma samples compared to
standard label-free quantification approaches, but also a substantial fraction of the proteins
identified in plasma using this novel approach are likely derived from kidney tissue, and
therefore may be useful as markers for kidney function or dysfunction.

Our analysis only included a small set of four animals from the initial study. Given our
sample size and the short duration of the experiment, we would not expect to detect any
proteins that are associated with sodium exposure or blood pressure variation at this point.
Clearly, future studies will explore the usefulness of the approach described here to identify
sets of protein biomarkers that are associated with particular kidney diseases. Given a set of
over 800 proteins that can be monitored and quantified using our TMT labeling approach,
this significantly increases the probability of finding kidney-derived biomarkers using this
untargeted mass spectrometry approach.

There are other technologies being promoted for plasma proteome analysis such as
Somascan, an aptamer-based affinity analysis [25,26], and Proteograph, a nanoparticle-
based enrichment strategy [27,28] that promise to increase the ability to identify and
quantify low abundance proteins in plasma. Both methods report a much larger number
of quantified proteins compared to our methodology. However, these approaches do not
“preselect” for proteins that are also present in the kidney, so it remains to be seen whether
the sheer number of quantifiable proteins will yield better biomarker signatures using these
approaches. Any protein discovered using our approach is expressed in the kidney (since
it is identified using kidney homogenate), and therefore may be related to organ-specific
pathologies when found at elevated levels in plasma.

Overall, our pilot work has allowed us to quantify proteins that are in low abundance
and difficult to detect using standard label-free proteomics strategies and even more
difficult to link back to an organ or tissue. The innovation of introducing TMT-labels with
tissue reference samples in multiplexing enables us to explore the biological significance
of specific tissue proteins in plasma, and extend the number of putative biomarkers for
diseases. Clearly, this work can be performed with reference samples from other disease
tissues as well (liver, heart, lung, etc.,), opening the door to future discoveries of early
disease biomarker signatures that are tissue- or organ-specific and link to the underlying
pathophysiology of a disease.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/biom13020215/s1. Supplementary Tables S1–S11. Table S1:
TMT channels; Table S2: 5 × 1rev Replicate1 MQ; Table S3: 5 × 1rev Replicate2 MQ; Table S4:
5 × 1 Replicate1 MQ; Table S5: 5 × 1 Replicate2 MQ; Table S6: 5 × 2 Replicate1 MQ; Table S7:
5 × 2 Replicate2 MQ; Table S8: 10 × 1 Replicate1 MQ; Table S9: 10 × 1 Replicate2 MQ; Table S10:
Plasma LFQ MQ; Table S11: Kidney LFQ MQ.
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