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Advancing proteomic analysis for understanding
disease biology and biomarker discovery
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Advances in proteomics research have enhanced our understanding of disease biology. In a recent issue of
Cell, Malmstrom et al. constructed a comprehensive proteome atlas linking proteins to specific tissues and
blood cells to enable tracking of pathological changes and paving the way for broader applications in plasma
proteomics across diverse diseases.

Proteins are in most cases the relevant
effector molecules of biological pro-
cesses and central to disease pathophys-
iology. Therefore, there has been great in-
terest in recent years in studying the
proteome in health and diseases. In fact,
the number of published proteomic
studies has increased exponentially in
the last 10 years. This has been possible
due to recent advances in proteomic ap-
proaches that facilitate measuring thou-
sands of proteins in thousands of samples
in an easy and quantitative manner.

Proteomic studies can be very informa-
tive for understanding the biology of dis-
eases, identifying novel biomarkers as
well as potential targets for a myriad of
diseases, from cardiovascular diseases
to diabetes to neurodegenerative dis-
eases.' Most of the proteomic studies
have been performed in plasma or serum,
as it is a tissue easy to collect and store.
However, because plasma is derived
from blood, all organs of the body
contribute to the measured protein levels.
For this reason, it is complicated to deter-
mine where the protein was produced.
When studying proteins in the context of
a specific disease, this can lead to biased
results or difficulties in interpreting the
findings.

In order to address this problem,
several studies have leveraged tissue- or
organ-specific transcriptome data to
perform digital deconvolution and deter-
mine which cells and organs contribute to
the plasma protein levels. Other studies
have also used cell- and tissue-specific

RNA-seq data to identify organ-specific
signatures and analyze how those change
with age and disease.® However, those
studies are limited, as they are not able
to differentiate at the protein level the or-
gan or tissue of origin.

In order to address those limitations,
in a recent issue of Cell, Malmstrom
et al.° constructed an extensive prote-
ome atlas from 18 vascularized organs
and eight major cell types in blood.
They integrated these data with previous
RNA and protein atlases to quantitatively
link proteins to 29 different human tis-
sues and blood cells. The authors inte-
grated all these data to generate a
global label score (GLS), which repre-
sents how tissue-specific a protein is.
Even though only 5% of the proteins
had the highest GLS (GLS = 4), most of
the proteins showed some tissue speci-
ficity, as demonstrated by additional
pathway analyses (Figure 1). As could
be expected, the liver, due to its central
role in protein metabolism, showed the
highest number of tissue-enriched pro-
teins (n = 1,392). The organ with the sec-
ond most tissue-specific proteins was
the brain (n = 788), suggesting that there
is more protein trafficking between the
blood and brain than previously ex-
pected. These studies were done in
healthy individuals, where it was not ex-
pected that the blood-brain barrier
would be affected. This is an important
finding, as it supports the use of plasma
proteomic data to study neurological
traits and diseases.?®":®

The study also demonstrated that
the application of this approach to
plasma proteomics is well positioned to
identify and track proteomic pathological
changes associated with diseases. Specif-
ically, the authors applied this technique to
sepsis, pancreatitis, and myocardial injury
as a proof of concept. For example, by
focusing on those proteins that have a
high GLS for pancreas, it was possible to
separate out those individuals with pancre-
atitis. Applying this approach, it was
possible to identify individuals at risk for
the other two diseases. These results indi-
cate that this approach can be used for
more than just diagnosis, as by identifying
organ-specific proteins it is also possible
to identify novel biomarkers for these
diseases.

The protein quantification for this study
was performed using mass spectrom-
etry, which is a good approach to
perform unbiased proteomic studies on
a relatively small number of samples
and is therefore perfectly suited to iden-
tify organ-specific proteomic signatures.
However, it is important to determine if
this approach and the data from this
study can be applied to other platforms
such as Somalogic and Olink, which are
the platforms that are being using in bio-
bank-level proteomic studies.” Malm-
strém et al. did, in fact, perform some
analyses using Olink data from the UK
Biobank (UKBB), and they demonstrated
that individuals with liver dysfunction
show higher levels of 128 liver-enriched
proteins and that pulmonary surfactant
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Figure 1. Plasma proteomics: A window to personalize medicine
Plasma proteomics generated from large-scale studies such as the UKBB, Finngen, or GNPC or from smaller studies can be analyzed using novel approaches,
such as those presented in this study, to determine organ-specific proteins that can later be used to identify novel biomarkers as well as causal and druggable

targets for complex traits and diseases.

B, a highly lung-specific protein, was
significantly increased in patients with
respiratory dysfunction, highly support-
ing that this overall approach can be
applied to other platforms.

In addition, it is clear that this method-
ology can be applied to other diseases to
deepen the understanding of plasma
proteome dynamics. Newer proteomic
approaches and platforms are able to
measure more and more proteins (the
latest Olink panel, HT1, can measure
more than 5,000 proteins, Somalogic
can measure 11,000 proteins, and the
latest mass spectrometry methods allow
researchers to measure more than
20,000 peptides) in an easy manner,
democratizing proteomics to more
research groups, not only those with
high expertise in proteomics and mass
spectrometry, as was the case 10 years
ago. At the same time, there are several
large-scale proteomic efforts such as
the UKBB,® the Global Neurodegener-
ation Proteomic Consortium (GNPC),?
and Finngen'® that are generating
plasma proteomics for tens of thousands
of samples, as well as more individual
labs generating proteomics data in
their own datasets, which will translate
into a plethora of new datasets that will
cover many diverse diseases and traits.
Therefore, there is a need to develop
new analytical tools to analyze and
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interpret all these data. Compared to
other studies, this study offers greater
resolution of the tissues of origin of
plasma protein levels, making it a valu-
able resource for disease monitoring
and biomarker discovery.
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Transcription factors can form nuclear condensates at genomic sites, and condensates are thought to
enhance transcriptional activity. In this issue of Cell, Saad et al. suggest that DNA binding prevents rather
than facilitates condensate formation of particularly aggregation-prone transcription factors.

Transcription factors (TFs) play essential
roles in the conversion of genetic informa-
tion from DNA into RNA transcripts. Virtu-
ally all eukaryotic TFs contain a folded
DNA-binding domain that binds specific
DNA sequences and one or more “effec-
tor domains” that tend to be intrinsically
disordered, i.e., lack a stable secondary
structure. The intrinsically disordered re-
gions (IDRs) engage in dynamic multi-
valent interactions that contribute to the
recruitment of various cofactors and
RNA polymerase Il (RNAPIl)." Under-
standing how the many hundreds of TF
IDRs encode specificity of interactions
that ultimately converge on the same
RNA polymerase machinery in the abs-
ence of a stable secondary conformation
has been a major outstanding problem.
A recent model suggests that TFs and
their dynamic interaction partners form
biomolecular condensates that concen-
trate them around important genomic
sites (Figure 1A).>® Such models have
been useful for investigating sequence
features hidden in TF IDRs, but the contri-
bution of TF condensates to gene tran-
scription and the functional roles of con-
densates are still debated. New insights
into TF condensates are now emerging
from investigating TFs that contain unusu-
ally condensation-prone IDRs.

In this issue of Cell, Saad et al. set out to
investigate the mystery of the peculiarly
long glutamine repeat in the IDR of the hu-
man FOXP2 TF.* A few dozen human pro-
teins encode glutamine repeats, and the
expansion of glutamine repeats is linked
to the formation of pathological protein
aggregates. The repeat in the IDR of
wild-type FOXP2 consists of 40 gluta-
mines, a length that causes aggregation
of the HTT protein and Huntington’s dis-
ease, yet curiously, there is no evidence
for the aggregation of wild-type FOXP2.*
The authors took inspiration from human
genetics—namely, a known DNA-binding
domain mutation, R553H, which reduces
DNA binding and causes verbal dys-
praxia, a rare speech disorder. Remark-
ably, GFP-tagged wild-type FOXP2 was
found to exhibit diffuse localization in hu-
man cell nuclei, but the R553H mutant
formed large nuclear condensates. Dele-
tion of the glutamine repeat reduced con-
densation of the R553H FOXP2 mutant.
Moreover, fusing the DNA-binding do-
main of the SSO7D bacterial TF to
R553H FOXP2 forced DNA binding at
non-native DNA sites and suppressed
condensate formation.® As a proof-of-
concept for other proteins, fusing DNA-
binding domains to the HTT protein en-
coding pathological glutamine repeats

suppressed HTT aggregation. These re-
sults appear to be in conflict with and
necessitate revisiting earlier models of
TF condensates.

Early TF condensate models were an
attempt to reconcile observations from
various imaging and genomics approaches
and are supported by several lines of evi-
dence. For example, transcription factors
and their coactivators are typically visual-
ized as mesoscale (100-500 nm) puncta
in imaging experiments, and the puncta
significantly co-localize with clustered
enhancer DNA elements, RNAPII, and large
densities of nascent RNA.%° Second, mu-
tations in TF IDRs that reduce condensa-
tion in vitro or in cells reduce the TF’s tran-
scriptional activity,” while mutations that
enhance liquid-like features of TF IDR con-
densates enhance the TF’s transcriptional
ac’(ivity.6 In such condensate models, the
TFs’ DNA-binding domain contributes
interaction valence through DNA binding,
and the IDR contributes valence through
dynamic interactions with other TFs, coac-
tivators, or even RNA (Figure 1A). In vitro
reconstitution experiments indeed demon-
strated that mixing enhancer DNA, the
OCT4 TF, and the IDR of the MED1 Medi-
ator subunit indeed led to the formation of
heterotypic condensates that require all
three components.’
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