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Extended Abstract

Background and Purpose

This study investigates the intricate regulation of cholesterol biosynthesis, a vital metabolic
process governed by a network of genes central to cholesterol synthesis, lipid metabolism, and
cellular signaling. Focusing on four key genes—Idil, Fdps, Sgle, and Hmgcs1l—it examines their
regulatory mechanisms under different physiological and environmental conditions, including
high-fat dietary intake and physical exercise. Using computational modeling, the research
deciphers complex interactions within these gene regulatory networks, aiming to provide a
systems-level understanding of cholesterol biosynthesis regulation. In parallel, it explores
innovative therapeutic targets, particularly microRNAs, as strategies for managing dyslipidemia.
By integrating systems biology methodologies with bioinformatics tools, the study not only
deepens understanding of cholesterol metabolism but also evaluates the potential impacts of
exercise interventions and novel pharmaceutical approaches on lipid disorders. Ultimately, it
seeks to identify critical pathways and molecular targets to inform the development of effective
therapeutic strategies.

Materials and Methods

A computational systems biology design was employed to elucidate the regulatory mechanisms
that coordinate cholesterol biosynthesis under different conditions, such as high-fat diet
consumption and physical exercise. The analysis concentrated on the regulatory roles of Idil,
Fdps, Sgle, and Hmgcsl—genes known to play essential roles in lipid metabolism and cellular
signaling.
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Gene regulatory network construction and analysis were performed using advanced
bioinformatics pipelines and computational modeling techniques. Transcriptional data provided
the basis for mapping gene—gene interactions, permitting detailed characterization of their roles
within the dynamic regulation of cholesterol biosynthetic pathways. Simulations of regulatory
network behavior under diverse conditions, including high-fat diet exposure, were conducted to
examine their impact on gene expression profiles and pathway dynamics.

To ensure biological relevance, network topology clustering analyses were validated through
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses. Further, the study evaluated how high-fat dietary intake and physical
activity modulate these networks, with particular emphasis on mechanisms that restore lipid
metabolic homeostasis.

As part of the therapeutic exploration, potential microRNA regulators targeting network nodes
were identified. These computational predictions, integrated with available experimental findings,
refined the regulatory models and allowed identification of key nodes, hubs, and interactions that
represent promising intervention points for dyslipidemia management.

Results

Analysis of transcriptional activity confirmed that Idil, Fdps, Sqgle, and Hmgcs1 act as prominent
hub genes in cholesterol biosynthesis, lipid metabolism, and broader cellular signaling. The
regulatory network analysis revealed these genes as central mediators in controlling metabolic
flux within cholesterol biosynthetic pathways.

Clustering analysis of the networks, supported by GO and KEGG enrichment, validated the
biological coherence and functional significance of these pathways. These results highlighted
essential interactions and core modules critical for maintaining cholesterol homeostasis,
particularly in the face of environmental stressors such as high-fat diets.

Computational simulations demonstrated that exposure to a high-fat diet markedly alters the
expression patterns of the key regulatory genes, disrupting network stability. In contrast, physical
exercise interventions produced a counterbalancing effect, modulating the expression of hub
genes toward restoring lipid metabolic balance. The model thus provided clear evidence for the
potential of targeted exercise regimes to mitigate diet-induced dysregulation of cholesterol
metabolism.

A further significant outcome was the identification of multiple microRNAs with regulatory
influence over cholesterol biosynthesis networks. These microRNAs appear to modulate hub gene
activity, presenting themselves as novel and potentially powerful therapeutic targets for
dyslipidemia and associated metabolic disorders.

Integration of experimental datasets with computational models yielded an enriched systems-level
perspective on gene—gene and gene—microRNA interactions. This integration enabled the
pinpointing of pivotal regulatory nodes and feedback mechanisms that could be exploited for
future diagnostic and therapeutic innovations.

Conclusion

This study offers comprehensive insights into the regulation of cholesterol biosynthesis, detailing
the roles of the hub genes Idil, Fdps, Sqle, and Hmgcsl. Through computational modeling
supported by transcriptional profiles, it demonstrates dynamic regulation of these pathways under
high-fat diet and exercise conditions, emphasizing the modulatory benefits of physical activity in
maintaining lipid homeostasis.

Importantly, the research identifies regulatory microRNAs as promising therapeutic targets,
heralding new approaches for managing dyslipidemia and related cardiovascular-metabolic
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disorders. By integrating bioinformatics and systems biology frameworks, it systematically maps
the critical pathways and molecular interactions underlying cholesterol metabolism. The findings
not only advance mechanistic understanding but also offer a robust foundation for designing
targeted interventions—be they exercise prescriptions, microRNA-based therapeutics, or novel
pharmacological agents—to optimize cholesterol regulation and improve metabolic health
outcomes.

Keywords: Cholesterol Biosynthesis, Gene Regulatory Networks, Dyslipidemia, Exercise,
Bioinformatics

Article Message

By identifying and characterizing key hub genes in cholesterol biosynthesis and elucidating their
connections within gene regulatory networks, this study advances the understanding of
cholesterol metabolism and the involvement of the cellular endoplasmic reticulum. GO and
KEGG analyses confirm the inclusion of these genes in critical metabolic processes, suggesting
their value as diagnostic biomarkers for metabolic diseases. The demonstrated interplay between
physical activity and cholesterol biosynthesis underscores its potential as an effective strategy for
metabolic regulation, with therapeutic implications spanning exercise-based interventions to
targeted molecular therapies.
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Table 1- Ranking of hub genes identified in cholesterol biosynthesis using CytoHubba

My o) s gy PO 0F Oy
Rank Gene Ranking g
Method
1 FDPS l\l\ﬂﬁ(si E-loats oS Canl SSgipgpl Fiwgm 50 GoulS T sl Slindgn Jaws )b

@ 9 Ladsis)l5 dasS (J9o oy il abezsl (55900 slacadgilis
O30 Oosmdlnsd b sl img lsieds izeen FPPcol loggis
b1y olids e Jeiiysinl o o515 98 (o0 Jos aeDilys 5
Johy b e 5 Slindgrn I e 50 oSl laclindy
(Caled bl ) Slindy g Joud b 2l Jpazmo 4 Jol> Slands

&S oo LS
1 LSS mcC LO2L G JaesY ] o 55 55 (o1 34(S)2 w5z i Js s
MNS E-0.226
DEGREE Sl Bkl aesse hSas 1) oyl ats a5 L2iSTy S e
) adlads 5 00,8 mulasl 1) (wde Gufisn gead Canl (Soe Jg yiwsY
IREX ]
1 MVD MCC -0.787 L Lo pgn! mgn 50 daie pad (gl 1M )80 Slgllgegind (oo
MNS E 0.105 i . . .
Degree ol PS03 ,5 Dlgllgagind (65 oolgls 4y 3lae 5 w20 oo plol
1 DIl MCC 0.92 Jesiuanl LIV LTl Y Shegnl Wo olawd g0 Juiiingy!
MNS E -0.186 —_— -
Degree 6 Ol Uy SISy SCLIT jog3al @0 1y (IPP) S¥seg0 (sl g
S o 5615 DMAPP) clics oo T e
1 SQLE MCC -0.787 (S)- a1, sl Stereospecific ¢sewlacs! 5bisSlgge o JsSul
MNS E 0.105 ;
DEGREE caiiSdgamme w3l S olgied 9 wiS e JUIS 3-epoxysqualenec2

Dgd oo ai8)F IS )0 ads il Fiign )0 e p

E=nnExeccsse

(Sle> ladshe )0 a5 Cl gl oz 5 onuzmn (STl wnl)d (Jo S Jisn w53 a5 b lea
sl (plogd oo mulat >0 b 4 oyzp 213 law, )""L'“"’L' 9 MO o0 (59 039, § S )0 g
el A 0235155 ol adgl glaasly 51 aS” ol loadainy 5 5 oasdsi il s il (g 5imsse sl ymme Jolis
Sland (60 Juwd )b (IPP) Slawd g0 Jtngn! «oVlge plai goldS slaalawly g,k 5l g oo kel (CAA-
0z ol 5l b8 a5 olag] ehgt oz n I3 Glaw s, sdce e JgymdS adgi 4 Sl g (PPP)
5 Selpbie o oSl wimo o b8l 1) g dS peliins (05,5 L4 wiies () g S 5 gl

B o0 548 bees 81, o SHe0950 (8 Fs

70 O)Lo.{fa Y 0399 NF-¥F )LQJ‘ sw&})’ 635]54.}-:3



AY e o 50 (20559 Cllad (JeSdgo (sla )1l (oot Sl g 4 o

S iodem slousl s

S5 il (6 Fmogny AT 8 o i

S5 sl (390 )58 (S Fomga 9T 3

J9 s Sglio wiy] 59 Cao ol
J9rdS (6 3mga 9Ty pulais

ek 390 Jg punds’ JUi!

Joyuds 339

Olid (58 Sty g2 (5 3mwgar w59
Olid (60 S )6 (5 3mwgr w59

9 S99 Solid ey Sl 0T,
Olid (o 99 J950S g y Sl oo w13
S (5 3mgar ais 9 St poali

S9! (6 Fom gy a5 ol

o FE2 b g p g ©l)d S o 4 ok el
Sg (S ymg T 3

Ol (63 Jumw y 18 S golio wiaT 59

) (S g w9 i

Sgh § Sglio wigl )

Jg rds Sgalio w18 i

) g S galio wiyT 18

Oliwd il )l S galio w3

N N N N N NDNMNN

w w w w w ww

I NN

995y 93] (8 Fmgns Sl 9
S § g aul

ok Lo Sdgbio wiuf )3
JorlS (5 3mmga wuf 59
Jo ! (5 3mga aul 8
J9rils Sglio aiy 59

Sig yi] Sgalio wiyT 18

‘U‘I
[e)]
~
co oo
[y
o
[EEN
[N
[N
N
[y
w

o

2 4 6

[+]
=
o
[y
N
[y
=

ool oualice (45 olaxs

gt 35 b SUey3 ol s A 5 (Sl w1 B) (05 (ol b (53w si Jelond g a4 3ox8 —F S
(http://string-db.org) VY asews STRING jl coliccw! b Jg pwds

CAA- Jel Js50 99 o515 51 JgyimndS (g 5tmge aal)d 5 Jg il (s 5mge ol ~¥lge |45 il 5 lge
L CAA Ll o S350 50615 W1y 5] bt o5 55500 3,5 CAA Jialyind LS55 1,
303 0 J55 1, CAAGHGG -CAA)- o 5315 ot ¥ S5 ,308-T 5355 o S5 CAA il J5Se
HGG - vy &Y1ge 4 HGG -CAA jalS i s 0008 0 gume a5 0985 o0 5L sl HGG -CAA Lo gs a5

70 O)Lo.»}"a Y 099 NF-F )LQ_) 5‘5;4})3 ‘5}5.‘54).03


http://string-db.org/

olhKen g s lloue AY
dPP) wlawd g0 Juiingp! (6 hamgn anl 3 g Slawdgils )| Sdgilie ail)d o a5 cusl (HCCC R) jLsye, CAA

Jeos OPPP P) lind 65 Jllioss 5 IPP &y (g0l 51,53 5 (ygmmdls yind 325k 51 19 )l 25
Aliwd oo (PPP) wland (60 Jouws )18 S gilie 01,8 5 0si pg il (63w al 3 10 a5 00 o

Biological process

Positive regulation of steroid biosynthetic process
Steroid hormone biosynthetic process

Positive regulation of cholesterol metabolic process
Regulation of cholesterol biosynthetic process
Intracellular cholesterol transport

Cholesterol import

Isopentenyl diphosphate biosynthetic process
Farnesyl diphosphate biosynthetic process

Purine nucleoside bisphosphate metabolic process
Ribonucleoside bisphosphate metabolic process
Positive regulation of lipid biosynthetic process
Regulation of steroid biosynthetic process

Cellular response to low-density lipoprotein...

Terpenoid biosynthetic process

w W w w w w w

Farnesyl diphosphate metabolic process
Regulation of lipid biosynthetic process
Phospholipid biosynthetic process
Terpenoid metabolic process
Regulation of cholesterol metabolic process
Phospholipid metabolic process
Organophosphate metabolic process
Isoprenoid biosynthetic process

Cellular biosynthetic process

Cellular lipid metabolic process
Cholesterol biosynthetic process

Sterol biosynthetic process

Cholesterol metabolic process

=
w
=
N
=
[
=
o
o o
~
[9)]
(6]
|J>J>J>-l>

Steroid metabolic process

[y
H
[y
N

10 8 6 4
Number of observed genes

N
o

Figure 4- Gene ontology enrichment analysis (biological process) of the identified hub gene subnetwork in
cholesterol biosynthesis using STRING version 12 (http://string-db.org)
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Figure 5- Gene ontology enrichment analysis (cellular component) of the identified hub gene subnetworks in
cholesterol biosynthesis using STRING version 12 (http://string-db.org); ER= Endoplasmic Reticulum
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Table 2- Biological pathways identified based on the kyoto encyclopedia of genes and genomes (KEGG) for
hub gene subnetworks in cholesterol biosynthesis using STRING version 12 (http://string-db.org)
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Table 3- Summary of clusters (Rank 1) resulting from cluster analysis of hub gene subnetworks expressed in
cholesterol biosynthesis using the CytoCluster program
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Figure 7- Predicted interaction network between hub genes and miRNAs in Mus musculus, constructed using
Cytoscape
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