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Dasatinib as a Repurposing Candidate for
Alzheimer’s Disease: An Integrated In Silico
Network Pharmacology and Molecular
Docking Study

What is already known on

ABSTRACT . .
this topic?

Background: Alzheimer’s disease (AD) lacks broadly effective disease-modifying
therapy, and repeated failure of single-target approaches has increased interest in
multi-target drug repurposing strategies. Fyn kinase (FYN) is a mechanistic node in
the amyloid-p-tau-Fyn pathogenic axis, and dasatinib is an approved multi-kinase
inhibitor with potent Src-family activity and preliminary evidence of central nervous
system exposure in AD-related studies. The present study aimed to systematically

* Fyn kinase (FYN) is a pivotal
mechanistic node in Alzheimer’s
disease (AD), linking amyloid-f
(ApB) oligomeric signaling via
cellular prion protein (PrP<),

evaluate dasatinib as an AD repurposing candidate through an integrated in silico tau Tyri8 phosphorylation,

network pharmacology and molecular docking workflow. and NMDA receptor-mediated
excitotoxic signaling to synap-

Methods: An integrated in silico workflow was applied using SwissTargetPrediction- tic dysfunction and cognitive

based human target prediction, GeneCards disease-gene mining, STRING/Cytoscape impairment.

protein-protein interaction (PPI) network analysis with degree-centrality hub prioriti- . Saracatinib  (AZDO530), a

zation, STRING functional enrichment, and CB-Dock2/AutoDock Vina blind molecu-
lar docking to the human FYN domain (protein data bank: 2DQ7). Fyn kinase was
selected as the docking target based on pre-specified criteria combining AD-specific
mechanistic evidence, prior clinical precedent, and top-5 hub ranking.

selective  Src-family  kinase
inhibitor, achieved measur-
able cerebrospinal fluid (CSF)
concentrations and acceptable

Results: SwissTargetPrediction identified 100 putative human targets for dasat- tolerability in phase Ib/lla AD
inib, whereas GeneCards returned 13890 AD-associated genes; intersection anal- trials but failed to demonstrate
ysis yielded 83 overlapping targets. Degree-centrality analysis ranked epidermal significant slowing of cerebral
growth factor receptor (EGFR), erb-b2 receptor tyrosine kinase 2 (ERBB2), SRC metabolic decline on the phase

proto-oncogene non-receptor tyrosine kinase (SRC), ABL proto-oncogene 1 non-
receptor tyrosine kinase (ABL1), and Fyn kinase (FYN) as the 5 highest-degree hub
nodes. Mitogen-activated protein kinase (MAPK) signaling was the most significantly
enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway, followed by
PI13K-Akt signaling and axon guidance, while protein kinase activity was the domi-
nant gene ontology (GO) molecular function term. Blind docking suggested plausible

lla primary endpoint.

e Dasatinib is an FDA-approved
oral kinase inhibitor that inhib-
its BCR-ABL and Src-family
kinases, including FYN, at

accommodation of dasatinib in the Fyn ATP-binding pocket, with a best AutoDock nanomolar concentrations; in
Vina score of —9.7 kcal/mol and substantial residue-level overlap with the reference AD-relevant studies, dasatinib
compound saracatinib. has been investigated in seno-

lytic regimens with reported
Conclusion: Integrated network pharmacology, functional enrichment, and molecu- CSF presence and preclinical

lar docking support dasatinib as a hypothesis-generating AD repurposing candidate
with convergence on Fyn-centered kinase signaling. These findings remain com-
putational and require staged biochemical, pharmacokinetic, cellular, and in vivo
validation.

anti-inflammatory activity.
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What does this study add on
this topic?

e Systematic

Cytoscape

nodes.

* Functional enrichment of the
overlap set highlighted MAPK
signaling, PI3K-Akt signaling,
and axon guidance as the most
significantly enriched Kyoto
Encyclopedia of Genes and
Genomes (KEGG) pathways,
with protein kinase activity as
the dominant gene ontology

molecular function.

e Blind docking predicted plau-
sible accommodation of dasat-
inib within the Fyn ATP-binding
pocket, supporting a mecha-
nism-driven structural ratio-
nale for further experimental

validation.

IN

intersection  of
dasatinib’s predicted target
landscape with AD-associated
genes identified 83 overlap-
ping targets, and STRING/
protein-protein
interaction topology ranked
EGFR, ERBB2, SRC, ABL],
and FYN as the 5 primary hub

involving Ap oligomer toxicity, tau dysregulation, synaptic dysfunction, and neuroin-
flammatory signaling."*

The Src-family non-receptor tyrosine kinase Fyn (FYN) has been implicated as a
mechanistic mediator of Ap-related synaptotoxicity. Ap oligomers can signal through
cellular prion protein (PrP¢) to activate Fyn and impair neuronal function, while Fyn
has also been shown to phosphorylate tau at Tyr18 and participate in tau-related
pathogenic signaling. Therefore, Fyn represents a biologically plausible kinase node
linking Ap oligomer signaling, tau dysregulation, NMDA receptor-mediated excito-
toxicity, and synaptic dysfunction.'>” Genetic deletion of FYN prevents Ap oligomer-
induced hippocampal cell death in experimental models, and pharmacological Fyn
inhibition has been reported to restore synapse density and memory function in
transgenic AD mice.”®

Clinical investigation of saracatinib (AZDO0O530; AstraZeneca, Cambridge, UK), a Src-
family kinase inhibitor, confirmed measurable CSF concentrations and acceptable
tolerability in phase Ib/lla AD trials, but a phase Ila randomized trial did not demon-
strate significant slowing of FDG-PET metabolic decline.®® This outcome is consis-
tent with the hypothesis that inhibiting a single kinase may be insufficient against
AD’s complex, multi-nodal pathology and highlights the potential value of a broader
polypharmacological approach.

Dasatinib (BMS-354825; Bristol Myers Squibb, Princeton, NJ, USA; PubChem CID:
3062316) is an FDA-approved oral kinase inhibitor that inhibits BCR-ABL and Src-
family kinases, including FYN, at nanomolar concentrations." In AD-relevant stud-
ies, dasatinib has been investigated as part of a senolytic dasatinib-plus-quercetin
regimen, with CSF presence reported in early-stage AD pilot/phase 1 studies.?#
Preclinical evidence also suggests that Src-family kinase inhibition by dasatinib can
attenuate Ap-associated microglial activation.? Whether CSF concentrations achieve
pharmacologically meaningful target engagement in brain parenchyma under
steady-state conditions remains to be established.

Despite these converging signals, the degree to which dasatinib’s target landscape
maps onto AD-relevant molecular networks has not been systematically character-
ized. The present study applies an integrated computational workflow to provide a
hypothesis-generating systems-level evaluation of dasatinib as an AD repurposing
candidate, with Fyn kinase (FYN) as the pre-specified primary docking target based
on its dual-role AD mechanistic evidence and clinical precedent (Figure 1).

MATERIAL AND METHODS

Study Design

This study used an integrated in silico workflow combining target prediction, dis-
ease-gene mining, protein-protein interaction (PPI) network analysis, functional
enrichment, and molecular docking to assess dasatinib as a potential AD repurpos-
ing candidate (Figure 1).

Identification of Dasatinib Targets and Alzheimer’s Disease-Associated Genes
Dasatinib-associated human protein targets were predicted using
SwissTargetPrediction (Swiss Institute of Bioinformatics, Lausanne, Switzerland;
http:/www.swisstargetprediction.ch).® Alzheimer’s disease-associated genes were
retrieved from GeneCards (Version 5.21; Weizmann Institute of Science, Rehovot,
Israel) using “Alzheimer disease” as the search term and a relevance score threshold
of >1® Duplicate entries were removed. The intersection of predicted drug targets
and disease-associated genes was defined as the candidate drug-disease overlap
set. The principal source datasets and derived set sizes are summarized in Table 1,
and the overlap schema is illustrated in Figure 2.

Protein-Protein Interaction Network Analysis
The overlapping targets were submitted to STRING (https://string-db.org; version 11.5;
STRING Consortium, Zurich, Switzerland) to construct a Homo sapiens PPl network


http://www.swisstargetprediction.ch
https://string-db.org
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Integrated in silico workflow for dasatinib—AD target analysis.
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Figure 1. Integrated in silico workflow for dasatinib—Alzheimer’s disease (AD) target analysis. Sequential pipeline: compound identification
(PubChem CID: 3062316), target prediction (SwissTargetPrediction, Homo sapiens), AD gene mining (GeneCards, relevance score >1), Venn

intersection, PPl network construction and hub identification (STRING/Cytoscape), and molecular docking (CB-Dock2, AutoDock Vina). PPI,
protein—protein interaction.

using a minimum interaction confidence score of 0.400.”
The resulting network was imported into Cytoscape (ver-
sion 3.10; Cytoscape Consortium, San Diego, CA, USA)
for visualization and further analysis.’® Hub genes were
prioritized using degree centrality, with betweenness and
closeness centralities calculated from the STRING-derived
undirected edge list using NetworkX (version 3.6; https://
networkx.org). The main hub-ranking outputs are pre-
sented in Table 2 and visualized in Figure 3.

Functional Enrichment Analysis

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analyses were per-
formed using the STRING enrichment module with Homo
sapiens as the background.” False discovery rate (FDR)
correction was applied using the Benjamini-Hochberg
method, and enriched terms with FDR <0.05 were consid-
ered significant. The main KEGG enrichment outputs are
summarized in Table 3 and displayed in Figure 4, whereas
full GO results are provided in Supplementary Table 1.

Pre-Specified Fyn Kinase Target Selection Criteria
Among the 5 primary hub nodes identified by degree
centrality (EGFR, ERBB2, SRC, ABLI, FYN), FYN was

pre-specified as the molecular docking target based on the
following criteria defined prior to docking: (i) the strongest
AD-specific mechanistic evidence in the literature, includ-
ing direct support for the Ap-PrPc-Fyn signaling axis, tau
Tyrl8 phosphorylation, and NMDA receptor-mediated
excitotoxicity;">® (ii) existence of AD clinical trials with a
structurally related Src-family kinase inhibitor, saracatinib,
providing translational precedent;*'° and (iii) availability of
a human FYN domain crystal structure complexed with
staurosporine (protein data bank (PDB): 2DQ7; chain A/
auth X; resolution: 2.80 A) suitable for docking.® EGFR
and ERBB2, although higher in degree centrality, do not
have analogous AD-specific mechanistic depth, whereas
SRC and ABLT1 lack the same clinical precedent in AD. This
pre-specified prioritization is also reflected in Figure 3 and
Table 2.

Molecular Docking

The human FYN domain structure complexed with stau-
rosporine was retrieved from the RCSB Protein Data Bank
(Rutgers University, New Brunswick, NJ, USA: https:./
www.rcsb.org; PDB ID: 2DQ7; chain A/auth X; resolution:
2.80 A) and used as the docking receptor.”® Blind docking
was performed using CB-Dock2 (Computational Biology

Table 1. Summary of Data Sources and Derived Target Sets Used in the Integrated In Silico Workflow

Element

Output

SwissTargetPrediction (Homo sapiens)

100 predicted targets

GeneCards (Alzheimer’s disease; relevance >1)

13890 associated genes

Overlap (drug targets n disease genes)

83 overlapping targets

PPI network (STRING)

76 connected nodes; 7 isolated nodes

Docking receptor

Fyn kinase domain (PDB: 2DQ7)

Docking scores (AutoDock Vina)

Dasatinib: =9.7 kcal/mol; Saracatinib: =10.5 kcal/mol

AD, alzheimer disease; PDB, protein data bank; PPI, protein-protein interaction.

IO.)
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SwissTargetPrediction

(dasatinib targets)

n =100

GeneCards
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>

Overlap genes: 83

Figure 2. Venn diagram of overlapping targets between dasatinib predicted targets (SwissTargetPrediction; n=100; Homo sapiens) and

Alzheimer’s disease-associated genes (GeneCards; n=13,890; relevance score >1). Intersection: n=383 overlapping targets.

and Drug Design Group, Chengdu, China; https:/cadd.
labshare.cn/cb-dock?2), which integrates cavity detection
with AutoDock Vina scoring.?® Dasatinib (PubChem CID:
3062316) was docked to Fyn, and saracatinib (PubChem
CID: 10302451) was independently docked against the
same receptor as a reference comparator under identical
conditions. Protein-ligand contacts were visualized using
BIOVIA Discovery Studio Visualizer (version 21.1; Dassault
Systeémes, Vélizy-Villacoublay, France). Binding-site resi-
dues within 4.0 A and candidate polar contacts within
3.6 A were recorded. Vina scores were interpreted as in
silico binding energy estimates rather than experimental
potency measures. The main docking outputs are summa-
rized in Table 4, comparative residue-level interpretation is
provided in Table 6, and full residue-level contact data are
supplied in Supplementary Table 2; the structural overview
is shown in Figure 5.

Statistical Analysis and Reporting Standards

Network centrality outputs and AutoDock Vina binding
energies are reported as direct numerical values. STRING
enrichment FDR values are presented in scientific notation
where appropriate. As this was a purely computational

4
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study using publicly available computational and genomic
databases not containing human subject data, ethics com-
mittee approval was not required.

RESULTS

Computational Workflow

The integrated in silico pipeline proceeded sequentially
from compound identification through target prediction,
disease-gene retrieval, intersection analysis, PPl network
construction with functional enrichment, and structure-
based docking (Figure 1; Table 1).

Target Intersection Analysis

SwissTargetPrediction returned 100 putative human tar-
gets for dasatinib, all predominantly within the kinase
superfamily (Table 5). GeneCards returned 13890
AD-associated genes at a relevance score threshold >1.
Intersection analysis identified 83 overlapping targets
(Figure 2; Supplementary Table 3), predominantly kinase/
enzyme class, with 1 unclassified protein entry (EPHBG).
The kinase-enriched composition of this overlap set is con-
sistent with dasatinib’s established multi-kinase inhibitor


https://cadd.labshare.cn/cb-dock2
https://cadd.labshare.cn/cb-dock2

Table 2. Top 20 Hub Genes by Degree Centrality in the
STRING PPI Network of 83 Overlapping Dasatinib-
Alzheimer’s Disease Targets (Homo Sapiens; Confidence
Score >0.400)

Gene
Rank  Symbol Degree Betweenness Closeness
1 EGFR 46 01515 0.5965
2 ERBB2 40 0.0673 0.5532
3 SRC 39 0.051 0.5488
4 ABLI1 35 0.0737 0.5444
5 FYN 35 0.0470 0.5277
6 JAK2 27 0.0186 0.4935
7 LYN 25 0.0151 0.4764
8 SYK 25 0.0089 0.4698
9 PDGFRB 24 0.0197 0.4865
10 KDR 22 0.0327 0.4764
n MAPKI14 21 0.0528 0.4935
12 LCK 21 0.0095 0.4484
13 FGR 21 0.0063 0.4635
14 PDGFRA 20 0.0m4 0.4698
15 KIT 20 0.0086 0.4667
16 FGFR2 20 0.0078 0.4635
17 EPHA2 19 0.0170 0.4426
18 CSK 19 0.0080 0.4604
19 FLT3 19 0.0069 0.4573
20 HCK 18 0.0252 0.4426

Degree: number of direct interaction partners in the network. Between-
ness centrality: fraction of all-pairs shortest paths passing through a
given node. Closeness centrality: reciprocal of the mean shortest-path
distance to all other nodes.Centralities were computed on the exported
STRING PPI network (undirected edge list) using NetworkX v3.6.
Betweenness and closeness are unweighted shortest-path metrics.
Top-5 primary hub genes (shaded) were pre-specified hub candidates.
Fyn kinase (Rank 5) was selected as the molecular docking target
based on AD-specific mechanistic evidence and clinical precedent
(see Methods, Pre-Specified Fyn Kinase Target Selection Criteria). Full
centrality data for all 83 nodes are provided in Supplementary Table 4.
AD, Alzheimer disease; PPI, protein-protein interaction.

profile and should be considered when interpreting down-
stream enrichment results; KEGG and GO pathway enrich-
ments partly reflect this drug-class kinase composition.

Protein-Protein Interaction Network Analysis and Hub
Gene Prioritization

Degree-centrality analysis identified EGFR (degree=46),
ERBB2 (40), SRC (39), ABL1 (35), and FYN (35) as the 5
highest-degree primary hub nodes in the STRING PPI net-
work (Figure 3; Table 2). Among secondary hubs, MAPK14
(p38a; degree=21; betweenness=0.053) was the highest-
ranked serine/threonine kinase. ABL1 showed high-confi-
dence STRING connectivity with Ephrin receptor family
members (EPHAI-EPHASL, EPHB2, EPHB4), which may
suggest a role in cytoskeletal biology relevant to synaptic
architecture, though this connection requires direct exper-
imental verification in an AD context. Fyn kinase ranked
fifth by degree centrality (tied with ABL1) but was selected
for docking based on the Pre-Specified Fyn Kinase Target

Trends Pharm. 2026; 3: 1-11.

Selection Criteria section. Full centrality metrics for all 83
nodes are provided in Supplementary Table 4.

Functional Enrichment Analysis

Functional enrichment of the 83 overlapping targets
revealed extensive pathway associations (Figure 4;
Table 3). The most strongly enriched KEGG pathway was
MAPK signaling (28 genes; gene ratio 0.337; FDR=1.93 x
10 = 27), followed by PI3K-Akt signaling (20 genes), Ras
signaling, and axon guidance (15 genes; FDR=112 x 10 —
13). These enrichments are consistent with the kinase-class
composition of the 83-gene overlap set and partly reflect
dasatinib’s broad kinase inhibitory spectrum rather than
exclusively AD-specific biology. Protein kinase activity
was the dominant GO molecular function term (82 genes;
FDR=3.86 x 10 — 118). Full GO enrichment data are pro-
vided in Supplementary Table 1.

Molecular Docking of Dasatinib to Fyn Kinase

CB-Dock2 blind docking identified the FYN ATP-binding
pocket as the primary predicted cavity (Figure 5; Table 4).
The best-scoring dasatinib pose vyielded an AutoDock
Vina binding energy of —=9.7 kcal/mol. The combined struc-
tural figure summarizes the 3-dimensional docking pose,
CB-Dock2 cavity ranking output, and the 2-dimensional
interaction map of the dasatinib-Fyn complex. BIOVIA
Discovery Studio Visualizer analysis identified multiple
candidate polar contacts involving ASN19, LYS39, SERS50,
GLU54, and ASP148 (Figure 5). These structural observa-
tions are consistent with the Fyn ATP-binding site accom-
modating dasatinib, but do not constitute experimental
evidence of binding.

Comparison with the saracatinib reference contact set
(Table 6; Supplementary Table 2) identified 8 shared bind-
ing-site residues (ALA37, ASN19, ASP148, GLU54, LEU17,
LEU137, LYS39, and VAL25), suggesting that both com-
pounds may contact an overlapping region of the Fyn
active site. Dasatinib showed 14 residue contacts (<4.0 A)
and 7 candidate polar contacts (<3.6 A), compared with
19 residue contacts and 3 polar contacts for saracatinib.
The structural overlap supports the biological plausibility
of ATP-site engagement but does not establish functional
equivalence between the 2 compounds.

DISCUSSION

This integrated computational analysis provides a systems-
level, hypothesis-generating framework for evaluating
dasatinib as an AD repurposing candidate. The principal
findings of the present study—namely, the identification
of 83 overlapping drug-disease targets, the emergence of
EGFR, ERBB2, SRC, ABL1, and FYN as the highest-central-
ity hub nodes, the enrichment of MAPK signaling, PI3K-Akt
signaling, and axon guidance pathways, and the predicted
accommodation of dasatinib within the FYN ATP-binding
pocket—collectively support further experimental inves-
tigation (Figure 2-5; Table 2-6). However, these findings

5
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Schematic hub-centered subnetwork of top overlap genes (for visualization)

Figure 3. Hub-centered protein-protein interaction subnetwork of the 83 overlapping dasatinib—Alzheimer’s disease targets (STRING version
11.5; Homo sapiens; confidence score >0.400; Cytoscape v3.10). Node size is proportional to degree centrality. The 5 primary hub nodes (EGFR,

ERBB2, SRC, ABL1, FYN) and selected secondary hubs are labeled. Fyn kinase is highlighted as the pre-specified molecular docking target.

should be interpreted as exploratory and computational converges on this kinase as a biologically coherent node
rather than as evidence of therapeutic efficacy. in AD. Experimental and review studies position Fyn as

a key intermediary linking soluble Ap oligomer signal-
Fyn kinase was prioritized as the primary docking tar- ing to tau dysregulation and NMDA receptor-mediated
get because mechanistic and translational evidence excitotoxicity. In this framework, Fyn contributes to tau

Table 3. Kyoto Encyclopedia of Genes and Genomes Pathway Enrichment Analysis of the 83 Overlapping Dasatinib-
Alzheimer’s Disease Targets (STRING Enrichment Module; Homo Sapiens Background; Top 15 by FDR)

Rank KEGG ID Pathway Gene Count Gene Ratio FDR (p-ad))
1 hsa04010  MAPK signaling pathway 28 0.337 1.93 x 107%/
2 hsa04015  Rapl signaling pathway 18 0.217 2.05x 107
3 hsa04014  Ras signaling pathway 18 0.217 8.86 x 10716
4 hsa05230  Central carbon metabolism in cancer 13 0.157 117 x 107%
5 hsa04151 PI3K-Akt signaling pathway 20 0.241 2.93 x10™®
6 hsa01521 EGFR tyrosine kinase inhibitor resistance 13 0157 3.32x107"
7 hsa04360 Axon guidance 15 0.181 112 x 107
8 hsa05200 Pathways in cancer 20 0.241 218 x 107"
9 hsa04810  Regulation of actin cytoskeleton 14 0.169 1.77 x 107"
10 hsa04550 Signaling pathways regulating pluripotency of stem cells 12 0.145 6.01 x 10™"
N hsa04012  ErbB signaling pathway 10 0.120 1.44 x107°
12 hsa05161 Hepatitis B 12 0.145 1.75 x 10710
13 hsa04380 Osteoclast differentiation 1 0133 1.95 x 107°
14 hsa04068 FoxO signaling pathway N 0.133 2.97 x107°
15 hsa04664 Fc epsilon Rl signaling pathway 9 0.108 5.01 x107°

FDR (p-ad)), false discovery rate (Benjamini-Hochberg correction; STRING functional enrichment module; Homo sapiens background). Gene
ratio=gene count/83 overlap targets. Enrichments partly reflect the kinase-class composition of the overlap gene set (see Methods and
Discussion).

FDR, false discovery rate; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure 4. Functional enrichment overview of the 83 overlapping dasatinib-Alzheimer’s disease targets. Panels summarize the top enriched

terms identified using the STRING functional enrichment module (Homo sapiens background; Benjamini-Hochberg FDR). Bubble size reflects
gene count and color intensity reflects enrichment significance (FDR).

phosphorylation at Tyr18, postsynaptic dysfunction, and
synaptotoxic signaling, while genetic or pharmacologic
Fyn inhibition has been associated with attenuation of syn-
aptic loss, tau-related pathology, and memory impairment
in AD-relevant models.>#223 The network analysis, which
placed FYN among the top hub nodes (Figure 3; Table 2),
together with docking results showing a plausible ATP-site
binding mode (Figure 5; Table 4; Table 6), strengthens the
rationale for prioritizing Fyn as a focused structural target
within the broader dasatinib target space. Nevertheless,
the docking observations remain structural predictions
and do not establish biochemical target engagement or
kinase selectivity.

Table 4. Molecular Docking Summary for Dasatinib and
Saracatinib Against Fyn Kinase (PDB: 2DQ7, Chain X;
CB-Dock2, AutoDock Vina)

Docking Candidate
Score Residue Polar Shared
(kcal/ Contacts Contacts  Contacting
Ligand mol) (<40 A) (<36 A) Residues
Dasatinib -9.7 14 7 8
Saracatinib -10.5 19 3 8

Contact residue counts derived from uploaded complex PDB files
using a heavy-atom distance criterion (<4.0 A). Polar contacts are
distance-only candidates (<3.6 A; H-bond geometry not evaluated).
Vina scores are in silico binding energy estimates; they do not repre-
sent experimental IC,, values.

PDB, Protein Data Bank.

Interpretation of the enrichment results should also be
tempered by the breadth of the disease-gene input. The
GeneCards-derived AD gene set used here is intentionally
broad and likely captures genes with heterogeneous levels
of disease relevance, including many kinase-class genes
that overlap with dasatinib’s known pharmacological pro-
file.'® Accordingly, enrichments in pathways such as MAPK,
PI13K-Akt, Ras, and ErbB signaling should not be overinter-
preted as uniquely AD-specific signatures. Rather, they
likely reflect both AD-relevant biology and the kinase-
enriched composition of the overlap set. This interpreta-
tion is consistent with broader AD network and pathway
literature, in which PI3K-Akt and MAPK-related signaling
repeatedly emerge, while pathway specificity depends
strongly on the stringency of gene-set curation.?*?¢ Future
studies comparing GeneCards-based outputs with more
stringently curated AD gene collections, including GWAS-,
OMIM-, or multi-omics-derived target sets, would provide a
more granular assessment of network specificity (Table 3;
Supplementary Table 1).

The translational relevance of Fyn-centered targeting is
supported, but also constrained, by previous saracatinib
experience in AD. Saracatinib established an important
clinical precedent by demonstrating central nervous sys-
tem availability and acceptable tolerability in early-phase
AD studies. However, the subsequent randomized trial
did not show statistically significant slowing of cerebral
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Three-dimensional docking pose of dasatinib
within the Fyn kinase domain.

Interactions
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CB-Dock2 cavity ranking and docking scores for
dasatinib against the Fyn kinase domain.
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Two-dimensional interaction map of the
dasatinib—Fyn kinase docking complex.
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Figure 5. Structural and docking characterization of dasatinib within the FYN domain (PDB: 2DQ?7). Three-dimensional docking pose of
dasatinib illustrating its binding orientation within the FYN active site (CB-Dock2 best-scoring cavity C1; AutoDock Vina score: —9.7 kcal/mol;
cavity volume: 4455 A®); CB-Dock2 cavity detection output showing predicted binding pockets, volumes, and Vina scores; and 2-dimensional

interaction map of the dasatinib—FYN complex generated with BIOVIA Discovery Studio Visualizer (see Methods, Molecular Docking) depicting
key interactions, including hydrogen bonds, r-m interactions, and hydrophobic contacts with surrounding amino acid residues. Key polar
contacts involve ASN19, LYS39, SER50, GLU54, and ASP148 (full residue-level data: Supplementary Table 2).

metabolic decline on its primary endpoint, nor did it
improve secondary clinical or biomarker outcomes.®”
These results suggest that selective Src-family/Fyn inhi-
bition, although biologically compelling, may be insuffi-
cient on its own in a disease characterized by multi-nodal
and interacting pathogenic processes. Within that con-
text, dasatinib’s broader multi-kinase profile may be rel-
evant because it encompasses not only FYN but also SRC,
ABLI1, EGFR, and ERBB2-related signaling space (Table 2).
Still, any claim that this broader profile confers therapeu-
tic advantage over saracatinib remains speculative in the
absence of direct comparative network pharmacology or
experimental validation.

The high-confidence STRING connectivity between ABLI
and Ephrin receptor family members is a computationally
interesting observation. ABL2/Arg, a paralog of ABLIT, is
an established regulator of dendritic spine and dendrite
arbor stability through cytoskeletal control pathways.?’
Ephrin receptor signaling intersects with cytoskeletal
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remodeling pathways relevant to synaptic architecture.
Whether this network connectivity has direct func-
tional relevance in AD remains unexplored in the cur-
rent data and would require independent experimental
investigation. This observation should be considered
hypothesis-generating.

Another key translational issue is CNS exposure. Dasatinib
has been detected in the CSF of participants in AD seno-
lytic pilot/phase 1 studies, indicating that measurable CNS
exposure can be achieved under some dosing condi-
tions.”™* However, CSF concentrations do not necessarily
reflect free drug concentrations within brain parenchyma
or target engagement at synaptic sites. This limitation
is particularly important because dasatinib is a recog-
nized substrate of the efflux transporters P-glycoprotein
(ABCBT1) and breast cancer resistance protein (ABCG2/
BCRP), both of which substantially restrict brain accumu-
lation.?8° Thus, whether clinically achievable CNS expo-
sure is sufficient for meaningful Fyn inhibition in humans
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Table 5. Top 30 Putative Protein Targets of Dasatinib from SwissTargetPrediction (Homo Sapiens; Sorted by Probability)

Gene Relevance

Rank Symbol Protein Name Target Class  STP Probability Score
1 LCK Tyrosine-protein kinase LCK Kinase 0.7794 16.72
2 FGFRI1 Fibroblast growth factor receptor 1 Kinase 0.6956 35.20
3 MAPKI14 MAP kinase p38 alpha Kinase 0.6956 20.44
4 MAPKI1T  MAP kinase p38 beta Kinase 0.6956 6.74

5 EGFR Epidermal growth factor receptor erbBI Kinase 0.6788 50.66
6 KDR Vascular endothelial growth factor receptor 2 Kinase 0.6788 26.70
7 ERBB2 Receptor protein-tyrosine kinase erbB-2 Kinase 0.6705 4143
8 TNIK TRAF2- and NCK-interacting kinase Kinase 0.6454 4.71

9 BTK Tyrosine-protein kinase BTK Kinase 0.6370 26.88
10 JAK2 Tyrosine-protein kinase JAK2 Kinase 0.6035 3516
N SYK Tyrosine-protein kinase SYK Kinase 0.6035 27.49
12 FLTT Vascular endothelial growth factor receptor 1 Kinase 0.5951 18.88
13 CSFIR Macrophage colony stimulating factor receptor Kinase 0.5364 60.70
14 EPHB4  Ephrin receptor Kinase 0.5280 16.47
15 AURKA  Serine/threonine-protein kinase Aurora-A Kinase 0.5196 12.29
16 FLT3 Tyrosine-protein kinase receptor FLT3 Kinase 0.5028 22.63
17 FGFR2  Fibroblast growth factor receptor 2 Kinase 0.4945 29.29
18 ACVRL1 Serine/threonine-protein kinase receptor R3 Kinase 0.4693 28.32
19 BMPRI1A Bone morphogenetic protein receptor type-1A Kinase 0.4693 17.65
20 VRK2 Serine/threonine-protein kinase VRK2 Enzyme 0.4693 7.84

21 AURKB  Serine/threonine-protein kinase Aurora-B Kinase 0.4693 724

22 TAOK2  Serine/threonine-protein kinase TAO2 Kinase 0.4693 3.95
23 PKMYT1 Tyrosine- and threonine-specific cdc2-inhibitory kinase Kinase 0.4693 2.30
24 NEKT Serine/threonine-protein kinase Nekl1 Kinase 0.4693 2.06
25 RAF1 Serine/threonine-protein kinase RAF Kinase 0.4610 30.70
26 BRAF Serine/threonine-protein kinase B-raf Kinase 0.4442 48.07
27 MAP2K1 Dual specificity mitogen-activated protein kinase kinase 1 Kinase 0.4442 34.64
28 TNNI3K  Serine/threonine-protein kinase TNNI3K Kinase 0.4442 21.78
29 RET Tyrosine-protein kinase receptor RET Kinase 0.4191 69.61
30 CSK Tyrosine-protein kinase CSK Kinase 0.4191 913

Targets are ranked by SwissTargetPrediction probability (STP probability) with GeneCards relevance score shown for context.

Table 6. Comparative Binding-Site Analysis: Dasatinib Versus Saracatinib (CB-Dock2 Blind Docking, Identical Conditions) at
the Fyn Kinase Domain (PDB: 2DQ7, chain X)

Metric Dasatinib Saracatinib

Best docking score —-9.7 kcal/mol (AutoDock Vina) -10.5 kcal/mol (AutoDock Vina)
Residue contacts (<4.0 A) 14 19

Candidate polar contacts (<36 7 3

A)

Shared residues with comparator 8 8

Shared residues (identity)

LYS39, VAL25

ALA37, ASN19, ASP148, GLU54, LEU17, LEU137,

ALA37, ASN19, ASP148, GLU54, LEU17,
LEUI37, LYS39, VAL25

Interpretive note

Supports overlap within the ATP-site region;
not evidence of functional equivalence

Used as structural reference only

Both ligands were independently subjected to CB-Dock?2 blind docking against the same receptor structure under identical conditions. Contacts
are residue-level heavy-atom proximities (<4.0 A). Candidate polar contacts are distance-based assignments (<3.6 A) and do not establish
hydrogen-bond geometry. Contacts: heavy-atom distance <4.0 A (residue level). Polar contacts: distance-only candidates (<3.6 A: H-bond
geometry not evaluated). Full residue-level data: Supplementary Table 2. ATP, adenosine triphosphate.
ATP, adenosine triphosphate; PDB, protein data bank.
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remains unresolved and represents a central pharmacoki-
netic uncertainty for translational development.

In addition to its kinase inhibitory profile, dasatinib has
shown features that may be relevant to AD biology in
preclinical studies. Src-family kinase inhibition has been
reported to attenuate amyloid-associated microgliosis and
inflammatory signaling in AD-relevant experimental mod-
els, and dasatinib has also attracted interest in senolytic
frameworks aimed at reducing senescence-associated
inflammatory burden in the aging brain.?? These obser-
vations do not establish efficacy in AD, but they support
the biological plausibility of dasatinib as a multi-mechanis-
tic repurposing candidate.

Several limitations should be emphasized. First, disease-
gene selection relied on a broad GeneCards-derived AD
set, which may inflate overlap with kinase-class targets and
introduce drug-class confounding into enrichment results.
Second, SwissTargetPrediction provides probabilistic tar-
get inference rather than biochemical confirmation. Third,
the docking workflow used a static protein structure and
does not account for receptor flexibility, solvent effects, or
binding kinetics. Fourth, Vina scores are in silico estimates
and should not be interpreted as experimental potency or
selectivity measures. Fifth, no direct comparative network
pharmacology analysis of saracatinib was performed.
Finally, no experimental validation was undertaken in the
present study. The next logical steps include cell-free
FYN assays, selectivity testing across Src-family kinases,
sensitivity analyses with stricter AD gene sets, neuronal
or iPSC-based assays focused on tau Tyri8 and synaptic
signaling endpoints, CNS pharmacokinetic studies quan-
tifying unbound brain exposure, and in vivo validation in
AD-relevant models.

CONCLUSIONS

Using an integrated network pharmacology and structure-
pbased molecular docking workflow, this study identified
a plausible multi-target interface between dasatinib and
AD-related signaling and prioritized Fyn as a mechanism-
driven structural target within that network. The results
support dasatinib as a hypothesis-generating repurpos-
ing candidate rather than an efficacy-proven therapeutic
option. In particular, the convergence of network central-
ity, pathway enrichment, prior Fyn-centered AD biology,
and predicted ATP-pocket accommodation provides a
rationale for further validation. Because these findings
arise entirely from computational inference, their transla-
tional value will depend on rigorous biochemical, pharma-
cokinetic, and in vivo confirmation.
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Supplementary Table 1. GO Biological Process (panel A) and GO Molecular Function (panel B) enrichment analysis (top 15
by FDR; STRING module; Homo sapiens background)

A. GO Biological Process (Top 15)

Rank GO ID Term Gene count  Gene ratio FDR (p-adj)
1 GO:0006468 Protein phosphorylation 82 0.988 7.91x10°
2 GO:0016310 Phosphorylation 83 1.000 4.53x1071%*
3 GO:0046777 Protein autophosphorylation 44 0.530 1.45x10°°°
4 GO:0042327 Positive regulation of phosphorylation 53 0.639 5.96x10*®
5 GO:0007169 Transmembrane RTK signaling 43 0.518 5.77x10°*
6 GO:0007167 Enzyme-linked receptor signaling 49 0.590 6.30x10%
7 G0:0042325 Regulation of phosphorylation 54 0.651 1.62x10°%°
8 G0:0043549 Regulation of kinase activity 42 0.506 2.92x10°%%
9 G0:0043408 Regulation of MAPK cascade 40 0.482 4.73x107%3
10 G0O:0033674 Positive regulation of kinase activity 40 0.482 8.16x10-%®
n GO:0007166 Cell surface receptor signaling 56 0.675 1.76x10-%2
12 GO:0001934 Positive reg. protein phosphorylation 42 0.506 6.36x107%*
13 G0O:0023052 Signaling 75 0.904 1.41x10-*2
14 GO:00074M Axon guidance 15 0.181 112x10°"3
15 GO:0001932 Regulation of protein phosphorylation 46 0.554 215x10-%2
B. GO Molecular Function (Top 15)

1 G0O:0004672 Protein kinase activity 82 0.988 3.86x10°"®
2 GO:0016301 Kinase activity 83 1.000 9.31x10° "2
3 GO:0005524 ATP binding 83 1.000 7.48x10°%°
4 G0O:0004713 Protein tyrosine kinase activity 49 0.590 4.30x10°7¢
5 GO:0004674 Protein Ser/Thr kinase activity 41 0.494 5.52x10°*2
6 GO:0019199 Transmemlbrane receptor kinase activity 28 0.337 2.36x10°
7 G0O:0004714 Transmembrane receptor PTK activity 24 0.289 6.07x10-%¢
8 GO:0106310 Protein serine kinase activity 34 0.410 6.46x10%*
9 G0O:0004715 Non-membrane spanning PTK activity 21 0.253 1.04x10-%2
10 GO:0005005 Transmembrane-ephrin receptor activity 8 0.096 114x10°"
n GO:0005515 Protein binding 63 0.759 7.32x10°"
12 G0O:0019838 Growth factor binding 12 0145 8.21x10™"
13 GO:0004709 MAP kinase kinase kinase activity 8 0.096 2.06x107"°
14 GO:0051219 Phosphoprotein binding 9 0.108 4.74x10°8
15 GO:0097110 Scaffold protein binding 8 0.096 9.39x10°®

Gene ratio=gene count / 83 overlapping targets. FDR: false discovery rate (Benjamini-Hochberg). RTK, receptor tyrosine kinase; PTK, protein
tyrosine kinase; Ser/Thr, serine/threonine.




Supplementary Table 2. Comparative residue-level binding-site contacts for saracatinib and dasatinib at Fyn kinase (PDB:
2DQ7, chain X; heavy-atom distance criterion <4.0 A; shared residues highlighted)

Sara contacts Sara polar Sara min Dasa contacts Dasa polar Dasa min
Residue ResSeq (<4 (<3.6A) dist (A) (<4h) (£3.64) dist (A) Shared
LEU 17 15 1 3.315 7 1 3.593 v
GLY 18 1 0 3.877 — — —
ASN 19 1 0 3.999 5 3 3127 v
GLY 20 — — — 3 0 3.780
PHE 22 — — — 8 0 3.508
VAL 25 7 0 3.430 9 0 3.596 4
ALA 37 8 1 3.306 1 o] 3.644 v
ILE 38 1 0 3.943 — — —
LYS 39 8 0 3103 6 1 3.397 v
MET 46 — — — 5 O 3.568
SER 50 — — — 2 1 2.902
PHE 51 — — — 5 2 3116
GLU 54 1 0 3.925 4 1 3.475 v
ILE 80 2 1 3.431 — — —
THR 82 7 2 3.206 — — — H
GLU 83 2 1 3.367 — — —
MET 85 8 2 3129 — - — H
GLY 88 2 0 3.496 — - -
SER 89 1 0 3.826 — - -
ASP 92 3 1 3.467 — — —
ALA 134 1 0 3.731 — — —
LEU 137 8 o] 3.423 5 0 3.526 v
ALA 147 1 0 3.628 — — —
ASP 148 2 O 3.341 10 3 3.397 v
GLY 150 — — — 10 0 3.393

Contacts defined by heavy-atom distance criterion (<4.0 A, residue level). Polar contacts: distance-only candidates (<3.6 A; H-bond geometry
not evaluated). Saracatinib: 19 residues <4.0 A; 3 polar contacts. Dasatinib: 14 residues <4.0 A; 7 polar contacts. Shared: ALA37, ASN19, ASP148,
GLU5S4, LEU17, LEU137, LYS39, VAL25. Sara, saracatinib; Dasa, dasatinib.




Supplementary Table 3. Complete list of 83 overlapping
targets (SwissTargetPrediction probability and GeneCards

relevance score; sorted by relevance score)

Supplementary Table 3. Complete list of 83 overlapping
targets (SwissTargetPrediction probability and GeneCards
relevance score; sorted by relevance score) (Continued)

GeneCards GeneCards
Gene STP relevance Gene STP relevance
symbol Target class probability score symbol Target class probability score
RET Kinase 0.419 69.61 MAP4K4 Kinase 0.302 10.60
CSFIR Kinase 0.536 60.70 RIPK2 Kinase 0.310 10.55
EGFR Kinase 0.679 50.66 EPHA2 Kinase 0.302 10.37
PDGFRB Kinase 0.41 48.07 LIMKI Kinase 0.344 10.30
BRAF Kinase 0.444 48.07 EPHA3Z Kinase 0.302 9.79
ERBB4 Kinase 0.377 45.70 CSK Kinase 0.419 913
ERBB2 Kinase 0.670 41.43 EPHB2 Kinase 0.302 9.08
FGFR3 Kinase 0.277 38.45 GAK Kinase 0.226 8.62
KIT Kinase 0.402 35.83 WEET Kinase 0.327 8.61
FGFR1 Kinase 0.696 35.20 MAP2K5 Kinase 0.377 8.60
JAK2 Kinase 0.603 3516 EPHA4 Kinase 0.302 8.51
MAP2K1 Kinase 0.444 34.64 EPHAT1 Kinase 0.302 8.40
EIF2AK4 Kinase 0.360 3212 VRK2 Enzyme 0.469 7.84
RAF1 Kinase 0.461 30.70 FRK Kinase 0.302 7.76
FGFR2 Kinase 0.494 29.29 SLK Kinase 0.302 7.25
MAP2K2 Kinase 0.226 28.77 AURKB Kinase 0.469 7.24
ACVRLI Kinase 0.469 28.32 CDC42BPB Kinase 0.302 7.05
ABLI1 Kinase 0.402 28.08 MAPKTI Kinase 0.696 6.74
SYK Kinase 0.603 27.49 DDR1 Kinase 0.302 6.20
TGFBRI Kinase 0.377 2719 MINKI1 Kinase 0.302 6.12
BTK Kinase 0.637 26.88 FGR Kinase 0.302 5.67
KDR Kinase 0.679 26.70 ABL2 Kinase 0.302 517
JAK3Z Kinase 0.377 26.69 TNIK Kinase 0.645 4.71
SRC Kinase 0.402 23.67 YESI Kinase 0.302 4.62
COQ8A Enzyme 0.344 22.86 EPHAS Kinase 0.302 4.34
FLT3 Kinase 0.503 22.63 PTK6 Kinase 0.335 4.20
TNNIZK Kinase 0.444 21.78 TAOK2 Kinase 0.469 3.95
PDGFRA Kinase 0.302 2113 LIMK2 Kinase 0.344 3.47
FYN Kinase 0.226 20.98 MAP3K13 Kinase 0.226 3.32
MAPK14 Kinase 0.696 20.44 CDC42BPA Kinase 0.302 313
TYK2 Kinase 0.377 19.00 STK25 Kinase 0.226 2.93
FLTI Kinase 0.595 18.88 PKMYTI Kinase 0.469 2.30
BMPRI1B Kinase 0.226 17.98 NEKT Kinase 0.469 2.06
BMPRI1A Kinase 0.469 17.65 MAP4K5 Kinase 0.277 2.02
BLK Kinase 0.302 17.08 NLK Kinase 0.302 1.93
LCK Kinase 0.779 16.72 EPHB6 Unclassified 0.277 1.76
EPHB4 Kinase 0.528 16.47 STP, SwissTargetPrediction. Target class “Unclassified” EPHB6 is
MAP3K7 Kinase 0.302 15.43 annqtated as “Unclassified protein” in SwissTargetPrediction. All other

entries are Kinase or Enzyme class.

DDR2 Kinase 0.369 1513
LYN Kinase 0.377 14.21
TNK2 Kinase 0.318 13.50
HCK Kinase 0.318 13.09
STK4 Kinase 0.226 12.50
CSNKIE Kinase 0.226 12.40
AURKA Kinase 0.520 12.29
MAP3K20 Kinase 0.302 1n.27
MYLK2 Kinase 0.226 10.95

(Continued)



Supplementary Table 4. Network centrality metrics for all 83 overlapping targets (degree, betweenness, and closeness;
NetworkX v3.6)

Rank Gene Degree Betweenness Closeness Functional annotation
1 EGFR 46 0.1515 0.5965 Kinase / Enzyme
2 ERBB2 40 0.0673 0.5532 Kinase / Enzyme
3 SRC 39 0.05M1 0.5488 Kinase / Enzyme
4 ABLI1 35 0.0737 0.5444 Kinase / Enzyme
5 FYN 35 0.0470 0.5277 Kinase / Enzyme
6 JAK2 27 0.0186 0.4935 Kinase / Enzyme
7 LYN 25 0.0151 0.4764 Kinase / Enzyme
8 SYK 25 0.0089 0.4698 Kinase / Enzyme
9 PDGFRB 24 0.0197 0.4865 Kinase / Enzyme
10 KDR 22 0.0327 0.4764 Kinase / Enzyme
N MAPK14 21 0.0528 0.4935 Kinase / Enzyme
12 LCK 21 0.0095 0.4484 Kinase / Enzyme
13 FGR 21 0.0063 0.4635 Kinase / Enzyme
14 PDGFRA 20 0.0n4 0.4698 Kinase / Enzyme
15 KIT 20 0.0086 0.4667 Kinase / Enzyme
16 FGFR2 20 0.0078 0.4635 Kinase / Enzyme
17 EPHAZ2 19 0.0170 0.4426 Kinase / Enzyme
18 CSK 19 0.0080 0.4604 Kinase / Enzyme
19 FLT3 19 0.0069 0.4573 Kinase / Enzyme
20 HCK 18 0.0252 0.4426 Kinase / Enzyme
21 YESI 18 0.0001 0.3063 Kinase / Enzyme
22 BRAF 18 0.0000 0.2957 Kinase / Enzyme
23 RAF1 17 0.0000 0.3226 Kinase / Enzyme
24 FLTT 17 0.0000 0.3226 Kinase / Enzyme
25 EPHA4 16 0.0150 0.2903 Kinase / Enzyme
26 MAP2K1 16 0.0000 0.3135 Kinase / Enzyme
27 EPHB2 15 0.0255 0.2929 Kinase / Enzyme
28 TYK2 15 0.0016 0.3226 Kinase / Enzyme
29 CSFIR 15 0.0010 0.3425 Kinase / Enzyme
30 FGFRI 15 0.0000 0.3571 Kinase / Enzyme
31 ERBB4 14 0.0000 0.2929 Kinase / Enzyme
32 EPHAT 13 0.0003 0.2929 Kinase / Enzyme
33 MAP2K2 13 0.0000 0.2903 Kinase / Enzyme
34 MAPKI 12 0.0000 0.3135 Kinase / Enzyme
35 TGFBRI 12 0.0000 0.2929 Kinase / Enzyme
36 EPHA3 12 0.0260 0.2929 Kinase / Enzyme
37 EPHAS 12 0.0000 0.2714 Kinase / Enzyme
38 DDRI1 n 0.0000 0.2968 Kinase / Enzyme
39 AURKA n 0.0000 0.2968 Kinase / Enzyme
40 EPHB4 n 0.0000 0.2968 Kinase / Enzyme
41 JAK3 n 0.0000 0.3049 Kinase / Enzyme
42 EPHBG n 0.0000 0.2903 Kinase / Enzyme
43 BTK 10 0.0000 0.3049 Kinase / Enzyme
44 MAP3K7 10 0.0000 0.2957 Kinase / Enzyme
45 FGFR3 9 0.0000 0.2903 Kinase / Enzyme
46 BLK 9 0.0000 0.2714 Kinase / Enzyme
47 DDR2 6 0.0000 0.2968 Kinase / Enzyme
48 AURKB 7 0.0000 0.1970 Kinase / Enzyme
49 ABL2 8 0.0001 0.3008 Kinase / Enzyme

(Continued)



Supplementary Table 4. Network centrality metrics for all 83 overlapping targets (degree, betweenness, and closeness;
NetworkX v3.6) (Continued)

Rank Gene Degree Betweenness Closeness Functional annotation
50 LIMK1 6 0.0000 0.2714 Kinase / Enzyme
51 MAP2K5 6 0.0000 0.2714 Kinase / Enzyme
52 PTK6 7 0.0000 0.2714 Kinase / Enzyme
53 ACVRLI 5 0.0000 0.2714 Kinase / Enzyme
54 BMPR1B 5 0.0000 0.2714 Kinase / Enzyme
55 RIPK2 8 0.0000 0.2714 Kinase / Enzyme
56 MAP4K4 4 0.0000 0.2509 Kinase / Enzyme
57 MAP4K5 4 0.0000 0.2509 Kinase / Enzyme
58 BMPRIA 3 0.0000 0.2509 Kinase / Enzyme
59 TNK2 7 0.0000 0.2509 Kinase / Enzyme
60 TNIK 3 0.0000 0.2509 Kinase / Enzyme
61 TAOK?2 2 0.0000 0.2214 Kinase / Enzyme
62 FRK 7 0.0000 0.2214 Kinase / Enzyme
63 MAP3K20 3 0.0000 0.2214 Kinase / Enzyme
64 WEET 3 0.0000 0.2214 Kinase / Enzyme
65 LIMK2 2 0.0000 0.2214 Kinase / Enzyme
66 VRK2 2 0.0000 0.2214 Kinase / Enzyme
67 NLK 1 0.0000 0.1970 Kinase / Enzyme
68 GAK 1 0.0000 0.1970 Kinase / Enzyme
69 EIF2AK4 1 0.0000 0.1970 Kinase / Enzyme
70 MINKI1 2 0.0000 0.2214 Kinase / Enzyme
71 CDC42BPB 1 0.0000 01970 Kinase / Enzyme
72 CDC42BPA 2 0.0000 0.2214 Kinase / Enzyme
73 STK25 1 0.0000 0.1970 Kinase / Enzyme
74 STK4 1 0.0000 0.1970 Kinase / Enzyme
75 PKMYTI 2 0.0000 0.2214 Kinase / Enzyme
76 MAP3K13 0 0.0000 0.0000 Kinase / Enzyme
77 NEKT1 0 0.0000 0.0000 Kinase / Enzyme
78 MYLK2 0 0.0000 0.0000 Kinase / Enzyme
79 TNNI3K 0 0.0000 0.0000 Kinase / Enzyme
80 SLK O 0.0000 0.0000 Kinase / Enzyme
81 COQ8A 0 0.0000 0.0000 Kinase / Enzyme
82 CSNKIE 0 0.0000 0.0000 Kinase / Enzyme
83 RET 7 0.0004 0.3988 Kinase / Enzyme

Nodes with degree =0 (COQ8A, CSNKIE, MAP3K13, MYLK2, NEKI11, SLK, TNNI3K) are isolated in the STRING network at the applied confidence
threshold (>0.400) and therefore have betweenness=0 and closeness=0.




