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Extended Abstract
Background and Purpose

This study aims to delve into the intricate regulation of cholesterol biosynthesis, a process
governed by a ‘network of genes critical to cholesterol synthesis, lipid metabolism, and
cellular signaling. By focusing on key genes such as Idil, Fdps, Sqle, and Hmgcsl, it
investigates their regulatory mechanisms under various conditions, including high-fat diets
and exercise. .The research employs computational modeling to unravel the complex
interactions within these regulatory networks, offering insights into the dynamic regulation
of cholesterol biosynthesis pathways. Additionally, the study explores innovative therapeutic
targets, such as microRNAs, to develop novel strategies for managing dyslipidemia.
Combining. systems biology approaches and bioinformatics tools, this research aspires to
enhance the understanding of cholesterol metabolism. It also seeks to assess the impact of
exercise and new pharmaceutical interventions on lipid disorders, ultimately aiming to
identify critical pathways and genes for effective therapeutic advancements.

Methods
This study employed a computational systems biology approach to investigate the regulatory

mechanisms governing cholesterol biosynthesis under different conditions, such as high-fat
diets and exercise. The research focused on key genes (Idil, Fdps, Sqle, and Hmgcsl),


https://spj.ssrc.ac.ir/

KL BETEN 2

O e

integral to lipid metabolism and cellular signaling. Bioinformatics tools and advanced

computational modeling were utilized to construct and analyze gene regulatory networks
involved in cholesterol biosynthesis.

The transcriptional data were used to identify and map interactions between these key genes,
revealing their roles in the dynamic regulation of cholesterol biosynthesis pathways. By
simulating regulatory network behavior under diverse conditions, including high-fat dietary
intake, the analysis offered insights into the mechanisms controlling gene expression and
pathway dynamics. Additionally, clustering analysis of network topologies«was performed,
and results were cross-validated using Gene Ontology (GO) and Kyoto Eneyclopedia of
Genes and Genomes (KEGG) pathway analysis.

To assess the broader implications, the study explored the impact of physical exercise and
high-fat dietary interventions on these regulatory networks. It also investigated potential
microRNA targets within the network to discover novel therapeutic strategies for managing
dyslipidemia and lipid metabolism disorders. Computational predictions were integrated with
experimental data to refine the regulatory network models.and identify key nodes and
interactions for potential interventions.

Results

This study thoroughly analyzed the regulatory mechanisms of cholesterol biosynthesis
pathways, focusing.on the transcriptional activity of key genes (ldil, Fdps, Sqgle, and
Hmgcsl). These genes are critical to cholesterol synthesis, lipid metabolism, and cellular
signaling. Using transcriptional data, the research identified specific hub genes that play
pivotal roles in these pathways, helping to illuminate their functional importance within the
broader regulatory network.

Network clustering analyses, conducted alongside GO (Gene Ontology) and KEGG (Kyoto
Encyclopedia. of Genes and Genomes) pathway analyses, validated the functional
significance of these pathways and provided a more robust understanding of the cholesterol
biosynthesis process. These analyses further revealed critical interactions and pathways
essential for maintaining cholesterol homeostasis, particularly under varying environmental
and dietary conditions.

A notable finding of the study was the dynamic regulation of cholesterol biosynthesis
pathways under high-fat dietary conditions. The computational modeling demonstrated how
high-fat diets alter the expression of regulatory genes, impacting the overall network
dynamics. Furthermore, the study assessed the modulatory effects of physical exercise on
these regulatory pathways, highlighting its potential to restore balance in lipid metabolism.
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Another key result was the identification of microRNAs as novel therapeutic targets. These

microRNAs were shown to interact with the regulatory networks of cholesterol biosynthesis,

offering potential strategies for managing dyslipidemia and related metabolic disorders. By

targeting these microRNAs, the study opens the door for innovative pharmaceutical
interventions.

Additionally, the integration of computational and experimental data provided a
comprehensive perspective on the intricate interactions within: cholesterol regulatory
networks. This approach allowed for the identification of critical nodes<and regulatory
mechanisms that could be leveraged for therapeutic purposes.

Overall, the findings provide a detailed map of cholesterol biosynthesis pathways, including
the identification of key hub genes, regulatory pathways, and novel therapeutic targets. The
study enhances the understanding of cholesterol metabolism and highlights the therapeutic
potential of exercise and targeted pharmaceutical approaches in managing lipid disorders and
improving liver function. These insights offer a foundation for the development of more
effective management strategies for cholesterol biosynthesis and lipid metabolism disorders.

Conclusion

This study provides significant insights into the regulatory mechanisms of cholesterol
biosynthesis by identifying key hub genes (Idil, Fdps, Sgle, and Hmgcs1) and their role in
lipid metabolism and cellular signaling. Using computational modeling and transcriptional
data, it uncovers the dynamic regulation of cholesterol biosynthesis pathways under varying
conditions, suchas high-fat diets and physical exercise. The findings emphasize the potential
of exercise to modulate lipid metabolism and restore balance within these networks.

Additionally, the study highlights microRNAs as innovative therapeutic targets, offering new
strategies for managing dyslipidemia and related disorders. By integrating bioinformatics
tools and systems biology approaches, it effectively maps critical pathways and interactions,
contributing to a deeper understanding of cholesterol homeostasis.

Overall, this research advances knowledge on cholesterol metabolism, identifies actionable
therapeutic targets, and proposes effective interventions, laying a foundation for innovative
treatment strategies and improved management of lipid disorders.

Keywords: Cholesterol Biosynthesis, Gene Regulatory Networks, Dyslipidemia, Exercise,
Bioinformatics
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This study, through the identification and analysis of five hub genes involved in cholesterol
biosynthesis, has deepened our understanding of gene regulatory networks and the role of the
cellular ER. GO and KEGG analyses revealed that these genes are integral to key metabolic
processes and hold significant potential for managing diseases associated with disruptions in
cholesterol biosynthesis. The dynamic interaction between cholesterol biosynthesis and
physical activity can serve as a strategy for effectively regulating this process, with the
identified genes emerging as promising diagnostic biomarkers for metabolic diseases. These
findings lay the groundwork for future research aimed at developing innovative treatments
and managing lipid disorders.
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Figure 3: Hub Genes and Subnetworks of Upregulated and Downregulated Genes
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Table 1: Ranking of Hub Genes Identified in Cholesterol Bios
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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)

35 50 plosil g e 5 (ER) (cousdlygail a1 S e &30 g0 (sla sl )0 JgindS gy a3
Ll ol 51 S s caalsl 5o .0,ls laalaly JG! g ey 31 oo lojl ;o (godS ik w)l.&s\.xﬂ Sl gl

(oS (o0 ()R (RS D30l )
lid Salail fpahed 08 0 g yedS 55y Lol 55 50 « (SMOOth ER) )T Glo i o35 «camdly sl aSiuss
(Mevalonate Pathway) ,ue odS slaps 3l )il e wad LSis atwgu eads slady) g bawS ;jl as

(3-5t550, HMG-COA (051 05 o0 yzmie JgyedS adgs @ g 05800 €575 A 0235155 Sl 511457 (6 0 1]
slid @ Wed o Do o (ol 00T dg0me al> 0 a5 Hydroxy-3-Methylglutaryl-CoA Reductase)

Glo ondlysi] as 05 oo pelasy Sl 5ld 33k Lawgs 335 jeb a4y il 5 ceul Jare GLLER

S 0ylos VB 0593 NPT (yboune) ¢ o395 58092 b dolibind


http://string-db.org/

KL BTN 18
OV St

JoyadS lajlo s a5 ol jnd (Olawdg s o35, aile) obeimen!l Jro guud sladawly fiw [0 uiomes

'(v.) P

5 00,5 ol |y Jg S g sloppl &5 S o Joe by gm0 plgieds (oowdlygasl oS las
515 ol slagnatyy g lardsinsd | aS Lid (nl aiS o Joped ) (2 50 Jslndl@lal g 4 o] (oo yiss
SER slad ol s odle ol (55558 570 ) (Selsilio la STy sl o5 w8 e @il 52,501 (aomo oy
Jate slogtisn (Jle sl w8 oo Slatiy 1) Gumed Seolins @2a5 5 bealauly JUdapss STy b Jolss 5250
WS oo et [y JgndS Sige b by slagny olo did 50 JgdS whas 0 S b SREBP L Lis

XY)

gl 30 a8 st jlonS] 168 el Jio slaes 31 (g5l eSalosl ol oiind  sowdlgail aSis o,Slos
ol ogdle S o cpaoli 1) (g yindS 00ijles anlg) ToS sl § 0 o oS ,Line Aty 0,503 b oy (sloaenl
Sy BL3,1 s G e lindy o Lol 4 SYlge b )3 0554 «00Ss gl (slaalaly siow ;5 by ST
JGsl a8 045 oo 41,8, (Membrane Contact Sites) Lié (wled bl 5, JIER 5 095 STy o 69 ,Shes 4

S5t b Lapgj oS ol (condlygail a8 5 po5oSln (2 Be8S (6510 S g rielS gy S 50 0l
Oloreas b ool i Jg S 15 el Sl 0S50 ol ol oS o aige |y Lo 3T oIS s sod oS 5
(Y’Yl) .\.»564 6)b wi.: LQLS’)} MJQJLA 9 ol J.:\.\.».: 69‘,0.»0 Lgl.@.\.uw‘ LY L: eé}w‘s‘o oolawl @LM){) (5[“9 9).>
2 1aSb pyslay; RS g rls Fmge 10 Joo oS (Soiglsm lo e g 10 Shos (o) jolaiens
Sglio sl s javass ] (ol 1l SO lgieas KEGG soloolSol .o solinwl KEGG  solsolSoly polos!
6o ,See Sledbl & | (omics) oSl glaools g 0iS o w2l )8 1 (DEGS) Sl o b sy sleog S 4 ol

50,5 ATy Jopads st jo (Silsibie slo s (55970 (i« llowi 9,505 ol R0 g0 Wiy SV o o
(VF) 0508 a1y olooslign laaiald g Loy (e eouzes lbls )|

Fge o oges Sglie (Slo pae Jold Jo nlS inogn 50 258 (Lol (6la jus 45 0ls (Lt (53l 28 Jelowi gl
s (sagi sl slosle iy adsi Jolpe o a4 e (ol ot sy il Siwg 5 laaSen 5 (Lol jLsle
# U5 53 S KEGG j (ite Jelodigan 125 5,05 o 2 53 1y Jg el 31m Toles 5 (509 il sloalanly @ o]
Loy ] ool 2 5 0B so Lialad 6y 90 |y B ence ol iy ol poilakes 5 60, Shae lbls ) wsl 0 a1

210 05T (s e lin 005 walas (sl pome olgicas

Fooylod IO 090 NPT Lo o))9 65992 38 aoliliad



et O G g g3 8 Byl pdh )3 a9 g (KA g
19

KEGG Pathways

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

g el Fmgn sledsse adsl Lobe piiwse Splie oo
g
W ous coline () olaws Bl o ead cdl o5 olass

2ol sl o) 4 sl o s, (KEGG) 5555 sl p955 5 b o %“3\%: ol 00l ololid (Sojslsn sl £ S5
(http:/string-db.org) \Y ases STRING ;I eoliiwl b Jg pdS jimge

Figure 6: 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: Conserved Motifs Identified in the Promoters of Hub Genes (DEGs) Based on MEME Analysis
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