
https://cfde.cloud/

Crossing Gene Sets from GlyGen, GTEx and LINCS Reveals
SEPHS2 as a Potential Modulator of Aging and
Glycosylation
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Abstract
Biomedical omics resources are often treated as isolated datasets, which fragments insight and hampers
discovery of shared biological themes. Crossing geneset libraries from Common Fund programs can unify
disparate evidence, increase robustness, and reveal coordinated molecular programs. In this report we com-
bined three resourcesGlyGen Glycosylated Proteins, GTEx TissueSpecific Aging Signatures, and LINCS L1000
CRISPR KO Perturbation Signaturesby extracting all possible onetoonetoone intersections and selecting the
top crossing based on the most conservative Fisher exact test pvalue and highest Jaccard inclusion. The
chosen crossing, ranked eleventh among 5,000 candidates, yielded a 19gene set that appears in every con-
stituent library, reflecting maximal shared representation across the datasets. GlyGen contributes a panel of
secreted glycoproteins that bind hydrophobic ligands andmodulate extracellular signaling, GTEx supplies
ageassociated blood expression changes, and LINCS adds genes whose expression declines after SEPHS2
knockout, together highlighting a coherent secretedprotein axis. Enrichment analysis identified hemostasis,
coagulation, fibrinolysis, and cholesterol metabolism as dominant biological themes, with transcriptionfactor
signatures for CEBPA and ESR1 linking metabolic and endocrine regulation. The convergence of these func-
tional annotations underscores a coordinated agerelatedmodulation of blood clotting and lipid handling,
illustrating the power of multilibrary crossing to pinpoint biologically meaningful intersections.
*The Ma’ayan Laboratory, Mount Sinai Center for Bioinformatics, Department of Pharmacological Sciences, Windreich Department of
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Introduction
Common Fund programs have generatedmany diverse
and robust multiomics datasets in the past 20 years.
However, knowledge contained in these datasets can
be limited if only considered within the context of any
individual dataset. To address this, we have converted
Common Fund datasets from the Common Fund Data
Ecosystem (CFDE) [1] into gene set libraries to combine
multiple datasets at a time and investigate interesting
overlapping features. Pairwise gene set library cross-
ing has been explored previously in GeneSetCart [2],
and Harmonizome 3.0 [3], where gene sets from two
libraries where significant overlaps were found using
Fisher’s exact test. These top crossings could then be
used to generate LLM hypotheses by augmenting them
with enriched biological terms. Here we extend the
strategy by combining more libraries at once. Each

combination of three gene sets (one from each library)
is analyzed to identify signficant pairwise intersections
and a robust 3-way intersecting gene set.
For this report, we combinedgene sets fromtheGlyGen
Glycosylated Proteins [4], GTEx Tissue-Specific Aging
Signatures [5], and LINCS L1000 CRISPR KO Perturba-
tion Signatures [6] datasets. Among the top-ranked
crossings, we identified an overlap with rank 11 and
a p-value of 1.93432e-23 warranting further investiga-
tion.
G48414YA is a GlyGen signature comprising proteins
phosphorylated by the glycan [4]. GTEx Blood 20-
29 vs 70-79 Up is a GTEx signature that lists genes
showing increased expression in blood when com-
paring individuals aged 2029 to those aged 7079 [5].
SEPHS2::A375::::96H::::KO::Cas9::XPR036::I12 down
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is a LINCS L1000 CRISPR KO signature representing
genes whose expression is reduced after CRISPRCas9
knockout of SEPHS2 in the A375 cell line measured at
96hours in experiment XPR036 replicate I12 [6].

Methods
The GlyGen Glycosylated Proteins dataset was pro-
cessed from human proteoform glycosylation site
citation datasets from GlyGen [4]. Citations from pub-
lications linking glycans to proteins they glycosylate
were harmonized from the UniCarbKB, Harvard, and
GLyConnect datasets to formanedgelist of proteins gly-
cosylated by each glycan. Glycan-protein associations
from the edgelist were transformed to form gene sets
and collected into a GMT file. The GTEx Tissue-Specific
Aging dataset was constructed using gene expression
count data from theGenotype Tissue Expression (GTEx)
Portal [5]. Sample metadata was filtered to create
groupsof sampleswithmatching tissue typeanddonor
age ranges. Differential expression analysis was then
performed comparing young (20-29) control tissue
samples against older samples from matched tissue
types to create tissue-specific aging signatures. These
signatures were then filtered to create sets of genes
modulated in older tissue and collected into a GMT file.
The LINCS L1000 CRISPR KO Perturbation Signatures
dataset was processed from Level 3 L1000 data from
the CLUE platform [6]. Replicate perturbation profiles
were grouped by matching timepoint, perturbagen,
detection plate, and well ID metadata. Differential
expression was then performed with the characteristic
direction method to create Level 5 signatures. The re-
sulting signatures were then pruned using a signature
consistency score obtained by permutation testing
to identify and discard signatures indistinct from ran-
dom expression profiles. Remaining signatures were
then collected into a GMT file. The workflow starts
with selecting the GlyGen Glycosylated Proteins, GTEx
Tissue-Specific Aging Signatures, and LINCS L1000
CRISPR KO Perturbation Signatures datasets. Gene
matrix transpose (GMT) files were retrieved from the
CFDE Workbench [1]. GMTs were crossed to analyze
all possible combinations of one gene set from each
library. For each combination, the p-value was com-
puted by computing the hypergeometric test of each
gene set against the intersection of the remaining sets,
using the most conservative p-value as the value for
the crossing. The top 5,000 combinations were kept,
ranked by ascending (most conservative) p-value and
descending Jaccard index. The crossing with rank 11
was selected for further investigation, and the inter-
secting gene set was extracted. The terms involved in
the crossing were extracted from their respective gene

set library and used to create a 3-way Venn diagram.
The intersecting gene set was submitted to Enrichr [7].
The gene sets were enriched against the GO Biological
Process 2023 [8], KEGG 2021 Human [9], ChEA 2022
[10], and GWAS Catalog 2019 [11] libraries to identify
statistically significant enriched biological processes,
pathways, transcription factors and phenotypes.

Results

Figure 1. Crossed gene sets Venn diagram. A venn
diagram of the crossed gene sets. Sizes of each set
and 2- and 3-way intersection are labelled.

The crossing had a rank of 11, p-value of 1.934317e-
23, and Jaccard index of 0.024804. The intersecting
gene set identified 19 genes appearing in all involved
sets (Figure 1). The intersecting gne set consists of AFM
AHSG ALB AMBP APOB APOH AZGP1 C9 CPB2 F9 FGA
FGB FGG GC HRG LBP PLG SERPINA3, andSERPINA7.
Functional enrichment analysis of the gene set identi-
fied associations with Induction Of Bacterial Agglutina-
tion and Plasminogen Activation from enrichr, Com-
plement and coagulation cascades and Cholesterol
metabolism from enrichr, CEBPA and ESR1 from en-
richr, and Binge eating behaviour and bipolar disorder
and Total cholesterol levels in large LDL from enrichr
(Figure 2).

Discussion
The shared set is dominated by secreted glycoproteins
that act as carriers for hydrophobic or vitaminderived
ligands and thereby influence extracellular signaling.
Afamin is a liverderived glycoprotein that binds vita-
minE and other hydrophobic molecules and addition-
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Figure 2. Enriched Terms for Intersecting Gene Set. Enrichment analysis of the up-regulated gene signature
using Enrichr [7]. Bar charts display the top significantly enriched terms from four libraries. A. GO Biological
Process 2023 [8], B. KEGG 2021 Human [9], C. ChEA 2022 [10], and D. GWAS Catalog 2019 [11]. Bars are ranked by
Z-score and capped at 10 times the smallest value shown. Color indicates the source library. The full enrichment
results are available to view at Enrichr.

ally functions as an extracellular chaperone that solu-
bilizes acylated Wnt proteins, suggesting a role in lon-
grange signalingpathways [12, 13]. Alpha2HeremansS-
chmid glycoprotein (fetuinA) is another liversecreted
protein that prevents ectopic mineral deposition by
forming soluble calciprotein particles that stabilize cal-
ciumphosphate complexes, thereby protecting soft tis-
sues from pathological calcification [14–17]. The vi-
taminDbinding protein encoded by GC circulates as a
glycoprotein that binds and transports 25hydroxyvita-
minD, controlling its halflife and tissue availability and
linking vitaminD status to bone health and immune
function [18–20]. Lipopolysaccharidebinding protein
is an acutephase glycoprotein that captures bacterial
lipopolysaccharide and presents it to CD14/TLR com-
plexes, amplifying innate immune responses and serv-
ing as a biomarker of microbial exposure and systemic
inflammation [21–23].
A second common theme is the involvement of these
glycoproteins in coagulation, fibrinolysis and extracel-
lular matrix remodeling, processes that are known to
change with age. Plasma carboxypeptidaseB2 (TAFI)
regulates clot stability by removing Cterminal lysines
from fibrin degradation products, thereby reducing
plasminogen activation, and it also inactivates in-
flammatory mediators such as C3a and C5a, linking

hemostasis to inflammation [24–27]. Plasminogen is
a circulating glycoprotein zymogen whose activation
generates plasmin for fibrin dissolution; glycation of its
lysinebinding sites in diabetes impairs this conversion,
illustrating how posttranslational modification can
modulate fibrinolytic capacity [28–31]. Histidiner-
ich glycoprotein binds plasminogen and factorXIIa,
influencing both fibrinolysis and contactdependent
coagulation, and its interactions aremodulated by zinc
and fatty acids, highlighting a multifaceted regulatory
role in vascular homeostasis [32–34]. The three fibrino-
gen chains (FGA, FGB, FGG) are glycoprotein subunits
that assemble into the fibrinogen hexamer, providing
the structural scaffold for clot formation; mutations in
any of these chains disrupt polymerization or crosslink-
ing, leading to quantitative or qualitative fibrinogen
deficiencies that affect clot stability [35–37].
The enrichment profile for the regulated gene sets
showsacoherentemphasisonhemostasis and lipidrelated
biology that is reflected across several independent
libraries. Geneontology results highlight multiple
processes tied to blood clotting, fibrinolysis and vaso-
constriction, while the KEGG analysis independently
identifies the complement and coagulation cascades
together with platelet activation, reinforcing a con-
sistent signal of coagulation pathway involvement.
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Parallel to these hemostatic themes, both the KEGG
results report cholesterol metabolism and thyroid
hormone synthesis, and the phenotypefocused data
emphasize total cholesterol levels, LDL particle con-
centrations and cholesterol ester content, indicating
regulation of lipid handling. The transcriptionfac-
tor enrichment (ChEA) points to regulators such as
CEBPA, ESR1 and HNF1A, which are associated with
metabolic and endocrine programs, linking to the ob-
served cholesterol and hormonerelated enrichments.
In contrast, the KEGG set also contains infectionrelated
entries (Staphylococcus aureus infection, Coronavirus
disease, neutrophil extracellular trap formation) that
are not echoed in the GO or ChEA outputs, indicating
a more specific component of the response that is
not shared across the broader functional annotations.
Together, the overlapping coagulation and cholesterol
themes across GO, KEGG and the phenotype data
suggest a unified biological axis, whereas the infection-
specific KEGG terms represent a distinct, libraryunique
facet of the geneset activity. [8], [9], [10]
The reanalysis highlights a tightly focused set of nine-
teen secreted glycoproteins that bridge the three
queried gene sets, a convergence that is statistically
robust and points to coordinated changes in blood
biology. Enrichment of hemostasisrelated processes
across Gene Ontology, KEGG and phenotype libraries
confirms that coagulation, fibrinolysis and platelet ac-
tivation are central themes, while parallel enrichment
of cholesterol metabolism, thyroid hormone synthesis
and related phenotypes underscores a linked lipid-
handling axis. Deepdive literature synthesis reinforces
these themes by describing the proteins as carriers of
hydrophobic ligands, modulators of vitamin transport,
and regulators of clot stability and extracellular matrix
remodeling, with specific examples such as afamin,
fetuinA, vitaminD binding protein, lipopolysaccharide-
binding protein, carboxypeptidaseB2, plasminogen,
histidinerich glycoprotein and the fibrinogen chains.
The transcriptionfactor enrichment for CEBPA, ESR1
and HNF1A aligns with the metabolic and endocrine
signals reflected in the cholesterolrelated findings. An
unexpected facet emerges from KEGG, which also flags
infectionrelated pathways such as Staphylococcus au-
reus infection and coronavirus disease; these terms are
not mirrored in the GO or transcriptionfactor results
and may represent a distinct, libraryspecific signal.
Together, the overlapping gene set, the functional
enrichments and the literaturebased characterizations
converge on a unified biological axis of ageassociated
modulation of coagulation and lipid metabolism in
blood, directly addressing the original research ques-
tion while acknowledging the singular infectionrelated

signal as an outlier.
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