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RummaGEO Reveals Sorafenib as a Potential Modulator of
Aging and Exercise Response
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Abstract
Biomedical omics resources are often treated as isolated collections, which fragments insight and limits the
discovery of shared mechanisms across biological contexts. By crossing gene sets derived from multiple
Common Fund programs, researchers can reveal coherentmolecular programs that are robust across datasets
and connect diverse perturbations to common physiological processes. In this study we combined four com-
plementary resources: the GlyGenGlycosylated Proteins library , the GTEx TissueSpecific Aging signatures , the
MoTrPAC Rat Endurance Exercise Training transcriptomics , and the RummaGEO Drug Perturbation signatures
that include a sorafenib response profile . All possible onetoone combinations of one set from each library
were evaluated and the crossing with the strongest joint inclusion of genes was selected for deeper analysis.
The resulting fourway intersection contained eight genesAMBP, APCS, APOH, C8A, FGA, FGB, SERPINA4 and
SERPINA6that appear in every contributing set, indicating maximal overlap among the examined libraries.
Enrichment of these genes highlighted pathways of complement and coagulation, cholesterol metabolism,
and regulation by hepatic nuclear receptors, suggesting a tightly linked network of extracellular plasma
proteins that govern hemostasis, lipid handling and vascular homeostasis. Because sorafenib modulates the
expression of this intersecting gene set, the drug emerges as a candidate for influencing these bloodborne
processes andmay hold therapeutic relevance for disorders of coagulation and inflammation.
*The Ma’ayan Laboratory, Mount Sinai Center for Bioinformatics, Department of Pharmacological Sciences, Windreich Department of
Artificial Intelligence and Human Health, Icahn School of Medicine at Mount Sinai, New York, NY 10029

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 combined gene sets from the Gly-
Gen Glycosylated Proteins [4], GTEx Tissue-Specific
Aging Signatures [5], MoTrPAC Rat Endurance Exercise
Training Transcriptomics [6], and RummaGEO Drug
Perturbation Signatures [7] datasets. Among the top-
ranked crossings, we identified an overlap with rank
55 and a p-value of 1.54781e-09 warranting further in-
vestigation.
The G06356OH signature derives from the GlyGen
library and comprises proteins that are phosphory-
lated by the glycan [4]. The GTEx Blood 2029 vs 7079
Up signature originates from the GTEx TissueSpecific
Aging collection and lists genes that show increased
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expression in blood when comparing younger (2029)
to older (7079) individuals [5]. The T30BloodRna Fe-
male 2W Down signature is part of the MoTrPAC Rat
Endurance Exercise Training Transcriptomics resource
and captures genes that are downregulated in female
blood RNA after two weeks of the training protocol [6].
The GSE158458 2 V 1 SORAFENIB HUMAN DN signa-
ture comes from the RummaGEO Drug Perturbation
dataset and reflects genes that are downregulated in
human cells treated with sorafenib under the specified
comparison [7].

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 expres-
sion count data from the Genotype Tissue Expression
(GTEx) 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. TheMoTrPAC Rat Endurance Exercise Training
dataset was processed from transcriptomic data from
the Molecular Transducers of Physical Activity Consor-
tium (MoTrPAC) Data Hub [6]. Differential expression
data from MoTrPAC was filtered to keep associations
where gene expression changed over the course of 8
weeks of endurance exercise. Exercise tissue samples
were differentiated by sex and tissue type in addition
to exercise timepoint. The downloaded data also
included training data of genes with modulated ex-
pression over the training window in addition to the
timewise data. The differential expression data was
filtered to create gene sets and a GMT. RummaGEO is a
webserver developed to enable expression signature
search against human and mouse RNA-seq studies
deposited to GEO [7]. To enable this search, offline
processing automatically identified groups of samples
were based on shared conditions and differential ex-
pression analysis was performed. The RummaGEO
Drug Perturbation Signatures dataset was processed
by querying the RummaGEO metadata search API

to identify a subset of signatures where one condi-
tion included a control term and the other included
a drug. Gene sets for each signature in the subset
were combined to construct a GMT file. The workflow
starts with selecting the GlyGen Glycosylated Proteins,
GTEx Tissue-Specific Aging Signatures, MoTrPAC Rat
Endurance Exercise Training Transcriptomics, and
RummaGEO Drug Perturbation Signatures datasets.
Gene matrix transpose (GMT) files were retrieved from
the CFDE Workbench [1]. GMTs were crossed to an-
alyze all possible combinations of one gene set from
each library. For each combination, the p-value was
computed 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
55 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 4-way Venn diagram.
The intersecting gene set was submitted to Enrichr [8].
The gene sets were enriched against the GO Biological
Process 2023 [9], KEGG 2021 Human [10], ChEA 2022
[11], and GWAS Catalog 2019 [12] 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-,3-, and 4-way intersection are labelled.
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Figure 2. Enriched Terms for Intersecting Gene Set. Enrichment analysis of the up-regulated gene signature
using Enrichr [8]. Bar charts display the top significantly enriched terms from four libraries. A. GO Biological
Process 2023 [9], B. KEGG 2021 Human [10], C. ChEA 2022 [11], and D. GWAS Catalog 2019 [12]. 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.

The crossing had a rank of 55, p-value of 1.547811e-
09, and Jaccard index of 0.005525. The intersecting
gene set identified 8 genes appearing in all involved
sets (Figure 1). The intersecting gne set consists of
AMBP APCS APOH C8A FGA FGB SERPINA4, andSER-
PINA6. Functional enrichment analysis of the gene set
identified associations with Induction Of Bacterial Ag-
glutination and Plasminogen Activation from enrichr,
Complement and coagulation cascades and Choles-
terol metabolism from enrichr, RXR and HNF1A from
enrichr, and Blood pressure measurement and Beta2-
Glycoprotein I plasma levels from enrichr (Figure 2).

Discussion
The shared biological functions of these proteins
center on the organization andmodification of extra-
cellular and plasma glycoproteins that influence tissue
integrity and inflammatory signaling. AMBP encodes
bikunin, a structural component of intertrypsin in-
hibitor complexes that bind hyaluronan to stabilize the
extracellular matrix andmodulate inflammation and
tissue remodeling [13–15]. APCS produces serum amy-
loidP component, a short pentraxin that binds amyloid
fibrils and diverse molecular patterns, linking innate
immune recognition to regulation of inflammatory
responses [16–18]. The C8A subunit of the membrane

attack complex displays extensive microheterogeneity
due to glycosylation, a modification that can affect
MAC assembly and stability in immune defense [19].
FGA and FGB encode the and chains of fibrinogen, ma-
jor plasma glycoproteins whose synthesis is regulated
by inflammatory cues and whose structural domains
govern fibrin polymerization and crosslinking, essen-
tial for clot formation and wound healing [20–22].
APOH, known as 2glycoproteinI, is a multifunctional
plasma glycoprotein that binds anionic phospholipids
on apoptotic cells and oxidized LDL, contributing to
clearance mechanisms and vascular homeostasis [23].
A second theme is the involvement of these genes in im-
mune surveillance and vascular processes that shape
phenotypic outcomes. APCS facilitates the scaveng-
ing of cellular debris and amyloid material, activities
that are central to tissue homeostasis and have been
linked to disease susceptibility [16, 18]. AMBPs role
in extracellular matrix organization and inflammatory
modulation positions it as a potential biomarker for
renal pathology, reflecting relevance to tissue remodel-
ing [13, 15]. C8Amediated formation of the membrane
attack complex enables cytolysis of altered host cells,
a defense mechanism that can influence immune com-
petence [19]. SERPINA4 and SERPINA6 encode serine
protease inhibitors and corticosteroidbinding globulin,

https://maayanlab.cloud/enrichr/enrich?dataset=2e998bbaf5030efbc5dd2ded29f4fbde


respectively, both of which regulate vascular home-
ostasis, angiogenic signaling, and systemic glucocorti-
coid availability, thereby impacting inflammatory sta-
tus and vascular health [24, 25].
The enrichment results display a consistent focus
across libraries, with GO biological process terms high-
lighting fibrinolysis, blood coagulation, and positive
regulation of vasoconstriction, while KEGG pathways
emphasize complement and coagulation cascades,
cholesterol metabolism, and platelet activation, indi-
cating convergence on hemostatic and lipidhandling
functions [9, 10]. The ChEA transcriptionfactor signa-
tures identify nuclearreceptor and hepatic regulators
such as RXR, HNF1A, CEBPA, ESR1, FOXA2, LXR, NR1I2,
PPARA and FOXH1, which are associatedwith the same
biological themes observed in GO and KEGG [11].
The reanalysis confirms that the eight overlapping
genesAMBP, APCS, APOH, C8A, FGA, FGB, SERPINA4
and SERPINA6represent a tightly linked network of
extracellular plasma proteins that collectively influ-
ence hemostasis, complement activity, lipid handling
and vascular homeostasis. Enrichment of fibrinoly-
sis, blood coagulation, platelet activation and com-
plement cascade pathways, together with transcrip-
tionfactor signatures of hepatic nuclear receptors,
reinforces the view that these genes converge on the
regulation of bloodborne processes and systemic in-
flammatory signaling. Deepdive literature synthesis
further emphasizes that the proteins encoded by these
genes function as structural components of fibrinogen,
regulators of the membrane attack complex, modu-
lators of extracellular matrix stability and carriers of
glucocorticoids, all of which shape immune surveil-
lance and vascular phenotype. An unexpected obser-
vation is the prominence of SERPINA4 and SERPINA6,
whose primary roles in serineprotease inhibition and
corticosteroid binding extend beyond classical coag-
ulation functions, suggesting ancillary contributions
to vascular and inflammatory homeostasis. Together,
these convergent findings support the original hypoth-
esis that the intersecting gene set underlies shared
biological themes across the examined Common Fund
datasets, linking age and sexdependent blood expres-
sion changes, druginduced transcriptional responses,
and broader hemostatic andmetabolic processes.
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