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Figure 2. Protein IDs for plasma (A) and serum (B) for di erent setups. Measurements are color coded by time points. Median number of protein IDs

per set up is shown as label.

termed “plasma protein profiling” in which large cohorts of
plasma proteomes are analyzed at the greatest possible depth
with streamlined and high-throughput technologies in contrast
to measuring a small number of samples and controls in great
depth with relatively low-throughput methods.**°

The CLINSPECT-M consortium together with its MSCor-
eSys partner sites including the MSTARS, DIASyM, and
SMART-CARE consortia and their respective proteomics
laboratories initiated a longitudinal round-robin study to
evaluate the performance of measuring clinically relevant
samples such as plasma and serum over time and to monitor
intra-, as well as interlaboratory reproducibility. Key perform-
ance indicators included number of identifications (IDs), data
completeness (DC), as well as quantitative precision. In
addition, special focus was on highlighting proteins consistently
detected on each platform across all sites to access a baseline for
detectable plasma and serum proteins, which were acquired
without any enrichment, depletion, or fractionation workflow. In
total, eight proteomic study centers distributed over Germany
received proteolyzed plasma and serum samples ready for MS
injection and measured each clinical specimen on their
respective LC-MS/MS platforms including DDA- and/or
DIA-based methods at three time points spanning over 9—12
months. Only the injection amount was standardized. No
additional guidelines, protocols, or restrictions were placed on
the measurements. All generated raw data were analyzed
centrally by a common pipeline using MaxQuant as software
and the R package mpwR.**7*° DIA data was additionally
processed with DIA-NN.*’

1020

2. EXPERIMENTAL PROCEDURE

2.1. Study Design

Pooled samples of plasma and serum were obtained from
anonymized leftover material of clinical patient diagnostics at
the Institute of Laboratory Medicine, LMU Hospital, LMU
Munich. The Ethics Committee of the Medical Faculty of LMU
Munich has provided a waiver for the procedures involving
human materials used in this study (Reg. No. 23-0491 KB).
Study centers received tryptically digested sample replicates
derived from pools of plasma and serum. Each partner was asked
to measure five replicates per setup. The sample input amount
per injection was restricted to 200 ng for nanoflow setups and to
5 ug for microflow setups. In addition, all partners were asked to
measure Hela standard samples (Pierce HelLa, Thermo
Scientific; 50 ng for nanoflow setups; 400 ng for microflow
setups) as quality control before and after the round-robin study
measurements (see Supporting Figure S1). Also, indexed
retention time (iRT) peptides (PROCAL, JPT Peptide
Technologies GmbH) were spiked into the samples by each
laboratory.*® No other restrictions were imposed on the study
centers. Samples were measured at three di erent time points,
each 12—16 weeks apart. A complete description of sample
preparation and all LC-MS/MS methods can be found in
Supporting sections 7—8.

2.2. Software Analysis

All MS data was collected and analyzed centrally. The DDA data
analysis was performed for every measurement batch separately
(5 technical replicates per batch) using MaxQuant (version

https://doi.org/10.1021/acs.jproteome.4c00644
J. Proteome Res. 2025, 24, 1017-1029
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Figure 4. Data completeness based on absolute numbers [abs.] of proteins for plasma (A) and serum (B) for di erent setups. Only full profiles, which
refer to the presence of an identification in each technical replicate run per time point, are displayed and color coded by di erent time points. Mean and

standard deviation as error bars are plotted in black.

2.4. Data Availability

The mass spectrometry proteomics data have been defosited to
the ProteomeXchange Consortium via the PRIDE?® partner
repository with the data set identifier PXD054073.

3. RESULTS

The longitudinal round-robin study included 132 data sets
generated in eight study centers for both serum and plasma
samples and combined across all time points. A depiction of the
study design is shown in Figure 11. In detail, a range of state-of-
the-art mass spectrometers were utilized, including models from
ThermoFisher (Orbitrap Exploris 480, Q Exactive HF, Q
Exactive HF-X, Orbitrap Fusion Lumos) and from Bruker
(timsTOF Pro, timsTOF Pro2). The measurements were
performed using nanoflow HPLC systems from various
manufacturers, including ThermoFisher (Ultimate 3000,
EASY-nLC 1200), Evosep (Evosep One), and Waters
Corporation (nanoACQUITY). Additionally, microflow LC-
MS/MS systems from ThermoFisher were incorporated into the
multicenter study. Overall, 11 LC-MS/MS setups were utilized,
with the majority of measurements using an Ultimate 3000
connected to a Q Exactive HF setup and an Ultimate 3000
connected to a Q Exactive HF-X system and data were
predominantly acquired with DDA methods (60%) (Figure
111). In addition, a high-level overview of LC-MS parameters is
shown in Table 1 and a detailed overview provided in
Supporting Table S1. The similarity and divergence between
the di erent setup types and approaches were systematically
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explored by a variety of PCA plots. In detail, the results were
highlighted in three variations: (a) Lab-LC-MS, (b) Laboratory,
and (c) MS considering all data sets, all orbitrap MS data sets or
all timsTOF MS data sets for plasma and serum, respectively
(see Supporting Figures S4—S21). In conclusion every
laboratory/setup/instrument type separated, and replicates
measured at the same time point clustered together. A clear
separation between Orbitrap and timsTOF MS instruments was
most evident.

The performance of the setups was monitored over time in
crucial characteristics such as the number of IDs, data
completeness, as well as quantitative precision. The boxplots
in Figure 2 show the number of IDs on protein-level for plasma
(A) and serum (B) including all time points, while dots
correspond to individual analyses colored by time point. For
both serum and plasma, the setups yielded between 300 and 400
protein 1Ds, while the majority evolved to around 300 IDs. Also,
no tendency for a specific time point is observable, but rather
setup specific patterns are visible. For example, if the
performance of a setup is best for a specific time point in
plasma, in many cases the same trend applied for serum (see e.g.,
LabA_Ultimate 3000+Q Exactive HF, Figure 2A,B). Further-
more, protein group, peptide and precursor 1Ds showed similar
results (see Supporting Figures S22—S24).

Focusing further on the performance of individual MS
instruments and on the variability of the measurements per
setup, Figure 3 shows the median and interquartile-range (IQR)
on protein-level per setup for both plasma and serum. For both
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Figure 5. Data completeness based on absolute numbers [abs.] on protein-level for plasma (A) and serum (B). Results of each time point are merged
resulting in 15 runs per setup. Complete profiles refer to proteins present in all replicate runs (15), shared with at least 50% to be at least present in 50% of
the replicate runs, sparse to be present in more than one run and less than 50% of the runs, and unique to be only present in one replicate run.

sample types, the same trend is observable for the achieved
number of protein IDs, with timsTOF Pro, Orbitrap Exploris
480 and Q Exactive HF-X being among the top performers, and
with Q Exactive HF as well as timsTOF Pro2 being among the
lowest performing instruments. The variability is highest for
timsTOF Pro and Q Exactive HF instruments with an IQR over
50 IDs in case of Q Exactive HF and over 100 IDs in case of
timsTOF Pro for both sample types.

Data completeness is presented on protein-level in Figure 4
for plasma and serum. For each time point only full profiles were
considered. Full profiles refer to 1Ds, that were detected in each
technical replicate. The mean and standard deviation as error
bars are plotted in black. The achieved ID numbers range
between 200 IDs and around 340 IDs. This coincides with a
relative data completeness of over 90% for most setups (see
Supporting Figure S25). Also, similar MS-specific tendencies
regarding the intralaboratory reproducibility are noticeable as
shown in Figure 3 with the Orbitrap Exploris 480 and Q Exactive
HF-X achieving most full profile 1Ds on average for both plasma
and serum (see Supporting Figure S26). In addition, data
completeness for protein group-, peptide-, and precursor-level is
shown in Supporting Figures S27—S29.

The overall data completeness for proteins, which are present
in each technical replicate per setup and in all time points
combined, is shown in Figure 5. For both sample types, these
detected IDs range between 150 IDs to 200 IDs per setup.
Accordingly, the overall relative data completeness is reduced
from over 90% per time point to around 25—50% data
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completeness for all time points combined (see Supporting
Figure S30).

Monitoring quantitative precision over time was a key aspect
to evaluate the performance of the di erent setups. In general,
the median quantitative precision of label-free quantification
(LFQ) ranges between 2—12% for plasma and between 2—15%
for serum for the respective setups (see Supporting Figures S31
and S32). In addition, by binning the intensity range as well as
the peptide per protein group distribution into quartiles,
respectively, clear tendencies are observed. The highest
precision is achieved in the highest intensity range as well as
in the range with protein groups based on the highest number of
peptides (see Supporting Figures S33—S58). For a closer focus,
the number of protein group IDs with a CV under 20% was
analyzed for the di erent time points and setups, respectively
(Figure 6). Most setups achieve around 150 IDs with a CV lower
than 20% irrespective of the sample type. In detail, Orbitrap
Exploris 480 and Q Exactive HF-X MS instruments are among
the top performers and the highest variability is demonstrated by
timsTOF Pro and Q Exactive HF MS instruments (see
Supporting Figure S59).

As qualitative indicator for interlaboratory reproducibility the
data completeness was assessed by compiling all available data
sets across setups and including every time point per sample
type, respectively. The overall overlap results in 83 and 80
protein IDs for plasma and serum, respectively (Figure 7).
Details are provided in Supporting Figure S60. Interestingly,
reducing data completeness per data set has no major e ect on
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Figure 6. Quantitative precision coe cient of variation (CV) LFQ < 20% on absolute numbers [abs.] on protein group-level for plasma (A) and serum

(B). The di erent time points are color coded.

Figure 7. Interlaboratory reproducibility - overlapping protein IDs
[abs.] for plasma and serum with di erent levels of data completeness
[%] based on all available data sets per sample type, respectively. For
plasma 62 data sets and for serum 63 data sets are considered.

the detected overlapping protein IDs. For example, in the case of
=20% data completeness, the number of protein IDs increases
for plasma by 2 and for serum by 6 protein IDs. Moreover, the
total number of detected protein IDs considering 100% data
completeness per data set but combining all data sets results in
612 IDs for plasma and 653 IDs for serum (see Supporting
Figure S61). Similar tendencies are observable at peptide-level
(see Supporting Figures S62 and S63). Of the proteins, which
are identified in each technical replicate across all data sets, 71
IDs overlap between plasma and serum (see Supporting Figure
S64). In addition, highlighting intensity profiles per data set
shows that overlapping protein identifications are predom-
inantly detected in a higher intensity range in each setup and for
both plasma and serum (see Supporting Figures S65—S76).
However, focusing on one-to-one comparisons between setups,
the overlap [%] for both sample types and both on protein- and

1024

peptide-level is mostly above 60% (see Supporting Figures S77—
S80).

These overlapping 71 protein IDs were compared to FDA-
approved biomarkers, which were listed by Anderson et al.?* In
total, 22 of the 71 protein IDs are reported to be FDA-approved
biomarkers. A detailed list is provided in Supporting Table S2
and an overview of the CVs for all these proteins per set up is
displayed in Supporting Figures S81 and S82 for plasma and
serum, respectively. Highlighting the clinical utility of the LC-
MS/MS workflows, the quantitative precision based on LFQ
intensities of the determined 22 biomarkers is displayed for each
time point for plasma in Figure 8 and for serum in Figure 9. For
both sample types most proteins across all setups have a
quantitative CV of less than 20%, which resembles a cuto
commonly used for in vitro diagnostic assays. Occasionally,
individual proteins show a higher CV than 20% in specific data
sets, for example in T2 for LabH_Easy-nLC 1200+timsTOF
Pro2_DIA retinol-binding protein 4 (P02753) with a CV of 38%
and o-1-acid glycoprotein 2 (P19652) with a CV of 51% (Figure
9). Also, this is accompanied by a general shift toward higher CV
values of all proteins for the respective time point and setup.

4. DISCUSSION

The major objective of the round-robin study was to evaluate the
performance of measuring plasma and serum samples over time
with a particular emphasis on the variability observed across
time points for essential performance characteristics such as
number of IDs, data completeness, and quantitative precision.
Additionally, the study focused on interlaboratory reproduci-
bility by highlighting proteins consistently detected on each
platform across all sites to determine a baseline for detectable
plasma and serum proteins without utilizing any enrichment,
depletion, or fractionation workflow.
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