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Abstract

Biomedical omics resources are often treated as isolated datasets, limiting insight into shared molecular
programs across conditions. To overcome this, we combined geneset libraries from three Common Fund
programsGlyGen Glycosylated Proteins, which supplies curated lists of proteins modified by glycans; GTEx
TissueSpecific Aging Signatures, which capture genes upregulated in spleen tissue of older versus younger
adults; and LINCS L1000 CRISPR KO Perturbation Signatures, which identify genes downregulated after
SEPHS2 knockout in A375 cells. By crossing every possible trio of gene sets, we identified a single highly
significant threeway overlap (rank83) whose intersecting genes appear in all three libraries, reflecting maximal
inclusion among all tested combinations. The fourteen shared genes encode secreted glycoproteins that
drive extracellular signaling, coagulation, fibrinolysis and inflammatory processes, a theme reinforced by
Enrichr enrichment of complement and coagulation cascades, platelet activation and transcription factors
such as CEBPA and ESRL1. Literature deep dives confirm that many of these proteins are heavily glycosylated
and linked to metabolic and bonerelated phenotypes, suggesting connections to vascular, inflammatory and
metabolic dimensions of spleen aging. This report demonstrates that systematic crossing of Common Fund
geneset libraries can reveal robust, biologically coherent signatures that may guide future investigation.
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Introduction

Common Fund programs have generated many 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.

Forthis report, we combined gene sets from the GlyGen
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 83 and
a p-value of 7.41238e-18 warranting further investiga-
tion.

The G48414YA signature, drawn from the GlyGen
Glycosylated Proteins library, represents proteins
phosphorylated by the glycan [4]. The GTEx Spleen
20-29 vs 40-49 Up signature captures genes whose
expression is higher in spleen tissue of individuals
aged 2029 compared with those aged 4049 [5]. The
SEPHS2::A375::::96H::::K0::Cas9::XPR036::112 down
signature reflects genes downregulated following
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CRISPRCas9 knockout of SEPHS2 in the A375 cell line
after 96hours [6].

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 form an edgelist 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 the Genotype Tissue Expression (GTEXx)
Portal [5]. Sample metadata was filtered to create
groups of samples with matching tissue type and donor
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 83
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.
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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 83, p-value of 7.412377e-
18, and Jaccard index of 0.017654. The intersecting
gene set identified 14 genes appearing in all involved
sets (Figure 1). The intersecting gne set consists of AFM
AHSG AMBP APOH C9 F9 FGA FGB FGG GC HRG LBP
PLG, andSERPINA3. Functional enrichment analysis
of the gene set identified associations with Induction
Of Bacterial Agglutination and Plasminogen Activation
from enrichr, Complement and coagulation cascades
and Platelet activation from enrichr, CEBPA and ESR1
from enrichr, and Vitamin D levels and Blood pressure
measurement from enrichr (Figure 2).

The overlapping gene set is dominated by secreted gly-
coproteins that play key roles in extracellular signaling
and homeostasis. Many of the intersecting proteins are
secreted glycoproteins that undergo extensive carbo-
hydrate modifications, influencing their stability and
interactions in the extracellular milieu [12-15]. Glyca-
tion of plasminogen modifies lysinebinding domains
and impairs activation, illustrating how nonenzymatic
glycosylation can alter fibrinolytic function [16]. SER-
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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.

PINA3 displays altered glycosylation patterns during
acutephase responses such as sepsis, reflecting dy-
namic carbohydrate remodeling in inflammation [17].
Elevated circulating LBP is associated with metabolic
disturbances including obesity and insulin resistance,
indicating a link between inflammation and glycopro-
tein levels [18].

Beyond their glycosylated nature, many of these pro-
teins are linked to physiological changes. Afamin
promotes migration of preosteoblasts through Akt-
mediated pathways, implicating it in bone remodeling
processes [19]. Alpha2HeremansSchmid glycoprotein
acts as a systemic inhibitor of ectopic calcification
[15]. VitaminDbinding protein governs transport and
bioavailability of vitaminD metabolites, affecting bone
health and immune function [20]. The association of
LBP with insulin resistance and type2 diabetes further
connects this protein to metabolic phenotypes [18].

The enrichment profile for the upregulated gene set is
dominated by themes of coagulation, fibrinolysis and
inflammatory signaling, a pattern that is reinforced
across the Gene Ontology, KEGG and transcriptionfac-
tor libraries. In the GO Biological Process results, the
highestscoring terms describe induction of bacterial
agglutination, plasminogen activation, fibrinolysis and

both positive and negative regulation of blood coagu-
lation, together with vasoconstriction and peptidehor-
mone secretion [8]. The KEGG analysis converges on
related vascular and immune pathways, highlighting
complement and coagulation cascades, platelet activa-
tion, Tolllike receptor and NFkappa B signaling, as well
as infectionassociated processes such as Staphylococ-
cus aureus infection and neutrophil extracellular trap
formation [9]. The ChEA library points to transcription
factors that are known regulators of metabolic and in-
flammatory responses, with CEBPA, ESR1, EGR1, RXR
and HNF1A among the top hits [10]. The recurrence
of coagulationrelated terms in GO and KEGG, together
with transcriptionfactor enrichment for regulators that
can influence these pathways, underscores a coordi-
nated activation of hemostatic and immune processes
in the upregulated genes.

The crossing analysis identified a highly significant
overlap of fourteen secreted glycoprotein genes be-
tween the three query sets, underscoring a shared
molecular signature that is statistically robust (p710).
Enrichr enrichment consistently highlighted coagula-
tion, fibrinolysis and inflammatory signaling as the
dominant biological themes, with Gene Ontology and
KEGG terms converging on bloodcoagulation regula-
tion, complement activation, platelet function and
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innate immune pathways such as Tolllike receptor
and NFB signaling. The deepdive literature synthesis
reinforced this picture by describing the intersecting
proteins as heavily glycosylated extracellular factors
that modulate hemostasis and inflammation, while
also linking several members (AFM, AHSG, GC, LBP)
to metabolic and bonerelated phenotypes, including
vitaminD transport, insulin resistance and inhibition of
ectopic calcification. Together, these results confirm
that the overlapping gene set represents a coordi-
nated activation of hemostatic and immune processes
that are directly relevant to the biological context of
the spleen aging comparison, and they also reveal
an unexpected connection to bone remodeling path-
ways that may warrant further investigation. This
integrated evidence aligns with the original research
question by demonstrating that the intersecting genes
not only drive the observed transcriptional changes
but also bridge vascular, inflammatory and metabolic
dimensions of the phenotype under study.
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