Journal of Cardiovascular Translational Research
https://doi.org/10.1007/512265-025-10637-8

ORIGINAL ARTICLE q

Check for
updates

Network Medicine-Based Repurposing of Mesalazine
for Atherosclerosis Treatment

Jianhui Jiang’ - Ziling Zheng' - Chongbo Jiang? - Tingbiao Wu' - Wei Shi® - Mengchen Liu' - Qing Fan? -
Guozhen Cui'

Received: 22 January 2025 / Accepted: 23 May 2025
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2025

Abstract

Atherosclerosis remains a leading cause of cardiovascular disease and mortality worldwide, despite advancements in statin
therapies. Here, we aimed to identify potential anti-atherosclerosis drugs by an integrated approach combining network med-
icine-based prediction with empirical validation. Among the top drugs predicted by the preferred algorithm, mesalazine—a
drug traditionally used to treat inflammatory bowel disease, was selected for in vivo validation in ApoE~~ mouse model
of atherosclerosis. After an 8-week treatment period, mesalazine significantly inhibited atherosclerosis progression by
reducing total cholesterol (TC), triglyceride (TG), and low-density lipoprotein cholesterol (LDL-C) levels, while increasing
high-density lipoprotein cholesterol (HDL-C) levels. Additionally, it decreased the plaque area and hepatic steatosis. Gene
expression analysis via RT-qPCR revealed that mesalazine downregulated key genes associated with atherosclerosis. These
findings highlight the potential of mesalazine as a repurposed anti-atherosclerosis drug and offer novel insights into drug
screening for atherosclerosis treatment.
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Introduction

Atherosclerosis, a chronic and progressive disease, is
characterized by the accumulation of lipids, cholesterol,
and inflammatory cells within arterial walls, leading to
plaque formation and vascular occlusion. This pathologi-
cal process substantially elevates the risk of cardiovas-
cular disease (CVD) such as myocardial infarction and
stroke, which are leading causes of global morbidity and
mortality. In 2019, the number of prevalent cases of total
CVD nearly reached 523 million, resulting in approxi-
mately 18.6 million deaths worldwide [1]. Currently,
statins remain the cornerstone of atherosclerosis therapy,
effectively reducing cholesterol and low-density lipopro-
tein (LDL) levels, thereby slowing disease progression
[2]. However, their use, particularly among older indi-
viduals with multiple comorbidities, can induce neuro-
muscular side effects, including myalgia, myopathy, and
cramps [3]. Statins have even been reported to potentially
aggravate insulin resistance [4]. All these facts under-
score the urgent need for the development of safer and
more efficacious therapeutics for atherosclerosis.
Network medicine, an emerging interdisciplinary
field, applies network science to elucidate the complex
interrelationships within biological systems and disease
mechanisms [5]. In drug discovery, it enhances the effi-
ciency of drug research and development by clarifying
the molecular interaction networks between diseases and
drugs. This approach facilitates the identification of new
indications for approved drugs, thereby accelerating the
drug discovery process [6, 7]. Central of network medi-
cine is the concept of disease modules, which are clus-
ters of interconnected genes or proteins that collectively
contribute to a disease phenotype. By identifying these
modules, researchers can pinpoint critical nodes that
may be targeted by approved drugs [8]. Network-based
proximity measures assess the relationship between drug
targets and disease-associated genes within the human
interactome, promoting the identification of repurpos-
able drugs [9]. Traditional drug discovery typically
focuses on a single molecular target, often overlook-
ing the broader functions of the biological network. In
contrast, network medicine analyzes complex networks
of molecular interactions, offering novel insights into
disease pathogenesis and therapeutic strategies [10].
This holistic approach is particularly valuable for
understanding complex diseases such as atherosclerosis,
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shifting the focus from individual molecular targets to
the broader network context [11, 12].

In this study, we applied the network medicine approach,
complemented by literature mining, to identify potential
anti-atherosclerosis drug candidates, as outlined in the
study flowchart (Fig. 1). Notably, our predictive analysis
indicated that mesalazine, a drug traditionally used to treat
inflammatory bowel disease, could be repurposed for ather-
osclerosis treatment. This predictive result was validated by
our experimental results, which demonstrated that mesala-
zine significantly modulated lipid profiles and reduced
atherosclerotic plaque formation. Our molecular analysis
revealed that the mechanisms underlying the effects of
mesalazine involve genes such as prostaglandin-endoper-
oxide synthase 1 (PTGS1), prostaglandin-endoperoxide
synthase 2 (PTGS2), peroxisome proliferator-activated
receptor gamma (PPARG), arachidonate 5-lipoxygenase
(ALOXY5), inhibitor of nuclear factor kappa-B kinase sub-
unit beta (IKBKB), and myeloperoxidase (MPO). These
findings position mesalazine as a promising therapeutic
candidate for atherosclerosis, highlighting the potential of
network medicine to identify novel treatments for cardio-
vascular diseases.

Materials and Methods

Collection of Atherosclerosis Genes, Drugs and Drug
Targets

To construct a comprehensive dataset, we integrated gene
data causally related to atherosclerosis from 4 databases:
Therapeutic Target Database (TTD) [13], Comparative
Toxicogenomics Database (CTD) [14], UniProt [15], and
DisGeNET [16]. To ensure high data quality, we performed
an extensive literature review using PubMed employing
keywords related to atherosclerosis, gene knockout, or
gene overexpression to extract genes that are experimen-
tally linked to atherosclerosis. Only genes with documented
effects on disease phenotypes following genetic intervention
were included in our dataset. This dual approach of database
integration and literature verification provided a compre-
hensive and reliable gene list for atherosclerosis research.
The Entrez gene ID for each gene was retrieved from the
National Center for Biotechnology Information (NCBI)
and archived in CSV format for subsequent data analysis.
Mesalazine-target information was acquired from the Drug-
Bank database [17].

Network Proximity Calculations

Network proximity calculations were performed in a pro-
tein—protein interaction (PPI) network consisting of 18,375
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proteins (nodes) and 485,412 interactions (edges) as pre-
viously described [18]. The network proximity between
atherosclerosis and all drugs in the DrugBank database
was calculated using three different methods as previously
described [9, 12]. All three methods employed the same
dataset of drug targets. For the disease genes, two meth-
ods utilized the complete set of disease-related genes in
Eq. 1 and Eq. 2, respectively. When comparing predictive
ability using the area under the curve (AUC), results from
Eq. 1 outperformed those from Eq. 2. To assess whether the
selection of disease-related genes could influence the prox-
imity results, the largest connected component (LCC) of the
disease-related genes in the PPI network was extracted and
applied in Eq. 1 as the third method.

1 .
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In Egs. (1) and (2), S represents the set of disease-
related genes, T represents the set of drug targets, d(s, 1)
is the distance between gene s and target ¢ in the PPI net-
work, and d (S, T) is the closest proximity between gene
set S and target set 7. To assess the statistical significance
of the network distance between drugs and atherosclerosis,
we formulated a reference distance distribution [9]. This
distribution mirrors the expected distance between any two
randomly chosen node sets in the PPI network, conserv-
ing the number of nodes and the degree of each node.
Using this reference distance distribution, we calculated
the relative significance of the proximity between drug
and disease as in Eq. (3), where Z-score represents the
relative significance, Hq (S, T) is the mean of the reference
distribution, and ad((S, T) is the standard deviation of the
reference distribution. A smaller Z-score signifies closer
network proximity, and a Z-score < 0 with P < 0.05 was
considered statistically significant [19]. Subsequently, the
corresponding genes (targets) in the PPI were extracted
and imported into Gephi 0.9.2 software for network visu-
alization analysis as previously described [20].

Area under the Curve Analysis

The ROC (Receiver Operating Characteristic) curve is a
commonly accepted performance measure for evaluating
ranking quality [9]. We employed the Area Under the
Curve (AUC) as a metric to assess the predictive ability

of the different methods used in calculating the proximity
d.(S, T) and the relative significance Z-score. Specifically,
we evaluated performance using all the disease genes as
inputs for Egs. (1) and (2), and by extracting the LCC of
the disease genes and using it as input for Eq. (1). Positive
drugs were obtained from FDA-approved indications data,
representing “known drug-disease associations,” while
“unknown drug-disease associations” served as negative
controls. True Positive Rate (TPR) and False Positive
Rate (FPR) were calculated at various thresholds for the
associations of the two types of samples and plotted to
generate ROC curves [21]. These ROC curves were used
to assess the ability of the methods to predict drugs with
therapeutic effects, with AUC values typically ranging
from 0.5 to 1. An AUC greater than 0.5 indicates better
performance, with values closer to 1 representing superior
predictive accuracy.

Drug Ranking and Literature Analysis

The network-predicted repurposable drugs were ranked in
ascending order according to their Z-score values. The top
10 drugs were then meticulously reviewed through compre-
hensive literature analysis to identify any existing research
reports linking these predicted drugs to atherosclerosis.

Animal Study

ApoE~~ mice and C57BL/6 J mice, aged 8—10 weeks and
weighing between 22 — 25 g, were obtained from Guang-
dong Medical Animal Experimental Center (Guangdong,
China). Both male and female mice were included. The
animals were maintained under controlled conditions as
previously described [22]. They were provided ad libitum
access to standard laboratory chow and water through-
out the study. The experimental protocol was conducted
in accordance with the Guide for the Use of Laboratory
Animals.

After a one-week acclimatization period, 32
ApoE ™"~ mice were randomly divided into four groups (n
=8 per group) with an equal 1:1 male-to-female ratio, as
recommended by the literature [23]. The groups were as fol-
lows: vehicle group, receiving a solvent treatment; positive
control group, treated with 5.3 mg/kg simvastatin; the low-
dose mesalazine group, administered 20 mg/kg mesalazine;
high-dose mesalazine group, given 60 mg/kg mesalazine.
The dose of mesalazine was determined based on a previous
report [24]. Additionally, a control group of C57BL/6 J mice
(n =8, with an equal 1:1 male-to-female ratio) was main-
tained on a standard diet. All experimental groups, except
for the control group, were fed a high-fat diet for the study
duration. After a 2-week dietary acclimation phase, the
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ApoE ™~ mice were subjected to daily oral gavage, and their
body weights were recorded weekly over an 8-week period.

Collection of Mouse Samples

After a 10-week feeding period, blood samples were
collected from the mice, followed by anesthesia for dis-
section as previously described [25]. The aortas were
carefully dissected from the aortic root to the branch
of the common iliac artery. For each group, four aor-
tas (with equal numbers of males and females) were
immersed in PBS for Oil Red O staining. Another four
vessels were sampled with equal tissue quantities from
the aortic arch and fixed in 4% paraformaldehyde (PFA)
for histopathological assessment of plaque formation,
while the remaining segments were homogenized for real
time-quantitative PCR (RT-qPCR) analysis. Additionally,
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liver tissues were collected, with liver lobes separated
and fixed in 4% PFA in preparation for pathological
examination.

Pathological Morphology Analysis, Lipid
Measurements and Atherogenic Index Calculations

Atherosclerotic plaques in the aorta were quantified using
Oil Red O staining, hematoxylin and eosin (HE) staining,
and Masson staining. Liver tissue was subjected to HE
staining to assess hepatocellular steatosis, employing semi-
quantitative grading scores as previously described [18].
Following the staining procedures, the aortic specimens
and liver tissues were examined and photographed under
a microscope. Subsequent analysis was conducted using
Image-Pro Plus 6.0 software, with the images being ana-
lyzed by a blinded observer. Serum samples were analyzed
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for total cholesterol (TC), triglycerides (TG), low-density
lipoprotein cholesterol (LDL-C), and high-density lipo-
protein cholesterol (HDL-C) using corresponding assess-
ment kits. The atherogenic index was then calculated using
the formula: atherogenic index =[TC (mmol/L) — HDL-C
(mmol/L)]/HDL-C (mmol/L).

Network Diagram Construction

The subnetwork of mesalazine targets and their directly
connected atherosclerosis genes in the PPI network was
extracted and imported into Gephi 0.9.2 software for visu-
alization. This approach enabled an in-depth exploration of
the underlying mechanisms governing drug action.

RT-qPCR Analysis

Total RNA was extracted from the carotid artery using
Trizol reagent (Beyond, Shanghai, China). The RNA was
then reverse transcribed into cDNA using HiScript IT Q RT
SuperMix (Vazyme, Shanghai, China). RT-qPCR was per-
formed using a StepOne Plus Real-Time PCR System as pre-
viously described [26]. Relative gene expression levels were
determined using the comparative Ct method. The primer
sequences are listed in Table 1.

Statistical Analysis

Statistical analyses were performed using Graph-
Pad Prism 8.0 software. Data are expressed as means
+ standard deviations (X +s). For comparisons involving
multiple groups, one-way analysis of variance (ANOVA)
followed by Tukey’s post hoc test was utilized for mul-
tiple comparisons. Statistical significance was defined
as P< 0.05.

Results

Accuracy Comparison of Predicting Positive Drugs
by the Three Methods

A comprehensive collection of 538 atherosclerosis-related
genes was assembled through database queries and exten-
sive literature reviews (Supplementary Table 1). From
DrugBank database, 6,696 drug entries with defined tar-
gets were retrieved (Supplementary Table 2). Filtering cri-
teria were set at P < 0.05 and Z-score < O for the results of
three calculation methods. The filtered results were ana-
lyzed in ascending order of Z-score values, yielding 11
identified drugs that have been approved for the treatment
of atherosclerosis. The network proximity calculation

method using Eq. (1) with all disease genes demonstrated
the highest performance achieving an AUC score of 0.80
(Fig. 2A). In contrast, the AUC scores for the other two
methods were 0.54 and 0.78, respectively (Fig. 2B and C).

Drug Screening Results Based on Network Proximity

The Z-scores from the optimal method were collected, with
Z-score < 0 and P < 0.05 indicating statistical significance.
The predicted drugs were prioritized in descending order
based on the Z-score values obtained through network
analysis (Supplementary Table 3). The top 10 drugs, listed
in Table 2, were selected for further scrutiny via litera-
ture review. Notably, a thorough literature search revealed
no existing reports or studies elucidating the relationship
between mesalazine and atherosclerosis, prompting its
selection as a novel candidate drug for further experimental
investigation.

Mesalazine Inhibits the Progression of Atherosclerosis
in Mouse Aorta

The experimental design is depicted in Fig. 3A. Oil Red
O staining of the mouse aorta revealed no noticeable red-
colored areas in the control group, indicating the absence
of atherosclerotic plaques. In contrast, the vehicle group
exhibited substantial increase in red coloration, indicat-
ing plaque formation. Mesalazine-treated groups showed a
marked reduction in red staining compared to the vehicle
group (Fig. 3B). Quantitative analysis showed that the area
of atherosclerotic plaques in the model group was signifi-
cantly higher than that in the control group (P < 0.0001),
and the percentage of atherosclerotic plaques in the low-dose
mesalazine treatment group (P = 0.0002) and the high-dose
treatment group (P = 0.0041) was significantly lower than
that in the vehicle group (Fig. 3C).

Mesalazine Inhibits the Formation of Atherosclerotic
Plaque in Mouse Aorta

HE staining of the aortic arch revealed an absence of vis-
ible plaques in the control group, whereas the vehicle
group exhibited substantial atherosclerotic plaque forma-
tion. Mesalazine treatment significantly reduced the extent
of atherosclerotic plaques compared to the vehicle group
(Fig. 3D). The vehicle group showed extensive blue col-
lagen staining within the plaques, which was absent in
the control group. Notably, mesalazine treatment mark-
edly decreased blue collagen staining in the arterial walls
(Fig. 3E). Quantitative analysis revealed a significant
decrease in plaque area following mesalazine treatment
(Fig. 3F, P < 0.05). Masson staining further demonstrated
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a significantly smaller area of blue collagen in the mesala-
zine-treated groups compared to the vehicle group, which
exhibited a notably larger collagen-stained area than the
control group (Fig. 3G, P < 0.05).

Mesalazine Mitigates Hepatic Steatosis in Mice

HE staining of liver tissue demonstrated that the control
group maintained normal liver architecture with orderly
hepatocytes and no noticeable swelling or fat vacuoles.
In contrast, the vehicle group displayed significant
structural disruption, characterized by widespread fat
vacuolation. Both the positive control and mesalazine-
treated groups displayed a substantial reduction in fat
vacuolation compared to the vehicle group (Fig. 4A).
Quantitative analysis of steatosis scores indicated a
statistically significant decrease in hepatic steatosis in
the mesalazine-treated groups, with a concentration-
dependent effect observed compared to the vehicle
group (Fig. 4B, P < 0.05).

Effects of Mesalazine on Lipid Levels and Atherogenic Index
in Mice

After 10 weeks on a high-fat diet, mice in the vehicle
group exhibited significantly higher body weights com-
pared to the control group. Although the mice in the
mesalazine-treated groups had lower body weights than
those in the vehicle group, the difference was not statisti-
cally significant (Fig. 5A, P> 0.05). Serum levels of TC,
TG, and LDL-C were significantly elevated in the vehicle
group (P < 0.05), while HDL-C levels were significantly
reduced (P < 0.05) compared to the control group. In
the high-dose mesalazine group, there was a statistically
significant reduction in TC, LDL-C, and TG levels com-
pared to the vehicle group (Fig. 5B-D, P < 0.05). Addi-
tionally, HDL-C levels were significantly higher in the
mesalazine-treated groups compared to the vehicle group
(Fig. 5E, P < 0.05). The atherogenic index also showed
a significant decrease in the mesalazine-treated groups
compared to the vehicle group (Fig. 5F, P < 0.05).

Table 1 Sequences of primers used for qRT-PCR

Analysis of the Potential Regulatory Network
of Mesalazine’s Anti-Atherosclerotic Effects and Detection
of mRNA Expression Levels of Related Genes

Network visualization analysis comprising 57 nodes and
82 edges, revealed that PTGS1, PTGS2, ALOXS, IKBKB,
PPARG, and MPO were both drug targets and disease-asso-
ciated genes, with CHUK identified solely as a drug target
(Fig. 6A). The results of mRNA expression levels revealed
that PTGS1, PTGS2, ALOXS, and IKBKB were downregu-
lated in mesalazine-treated groups compared to the vehicle
group. Notably, the high-dose mesalazine group exhibited a
statistically significant reduction (Fig. 6B-E, P < 0.05). Fur-
thermore, PPARG expression significantly increased (Fig. 6F,
P < 0.05), while MPO expression decreased, although this
change was not statistically significant (Fig. 6G, P> 0.05).

Discussion

In this study, we identified a novel potential use of mesala-
zine, a drug primarily used in the treatment of inflam-
matory bowel disease, as a treatment for atherosclerosis.
Using network-based approach, we mapped drug targets
and atherosclerosis-related genes onto a human PPI net-
work. By calculating network proximity, we quantified the
interactions between drugs and the disease, facilitating the
identification of potential therapeutic candidates. After a
comprehensive literature review, mesalazine was identified
as a promising candidate for its potential anti-atheroscle-
rotic effects. Subsequent animal experiments confirmed
its efficacy of mesalazine in inhibiting the development of
atherosclerosis. Histological analyses, including Oil Red
O, HE, and Masson staining, revealed a significant reduc-
tion in atherosclerotic plaque formation and hepatic stea-
tosis in mesalazine-treated mice. Additionally, mesalazine
treatment resulted in decreased serum levels of TG, TC,
and LDL-C, while increasing HDL-C levels.
Atherosclerosis, a chronic inflammatory disease, is char-
acterized by the accumulation of lipids and inflammatory
cells within arterial walls, leading to plaque formation.

Reverse Primer

Gene ID Gene symbol Forward Primer

16,150 Ikbkb CAGAATCACAGCGGGCAGGAAG
19,224 Prgsl GCCAGAAGATAGCAGGTGTTGACTC
19,225 Prgs2 CTGGTGCCTGGTCTGATGATGTATG
17,523 Mpo CGAGTTCAAGTCATCACCCTGTAGC
11,689 Alox5 GGTCGCTGCTGCCATGAGAAG
19,016 Pparg AGGAGCCAGAACCCACAGAGAAG

GAGAGCAGATACAGGACAGGAGAG
GTAGCCATCCGCAGTGACATTAGAG

GGATGCTCCTGCTTGAGTATGTCG
TGGAGAGTTGGAGGAGGCAATAGG
CAGTCGTCAGGAGGTGGTAGGAG
TCAACCACAGCACAGGACATTCAC
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Fig.2 The accuracy of predicting positive drugs using three different
calculation methods. A ROC curve for network proximity calculation
using Eq. (1). B ROC curve for network proximity calculation using

Inflammation plays a key role throughout the disease pro-
gression, making anti-inflammatory strategies promising
for treatment [38]. Clinical studies suggest that regulating
inflammation can mitigate the complications associated with
atherosclerosis, supporting the idea that anti-inflammatory
therapy could be effective for treating atherosclerotic cardio-
vascular and cerebrovascular diseases [39]. Mesalazine, a
well-established treatment for ulcerative colitis, inhibits the
synthesis of prostaglandins and leukotrienes, key mediators
of inflammation [40]. Its ability to reduce intestinal inflam-
mation suggests it may have therapeutic potential for athero-
sclerosis through its anti-inflammatory effects. It is worth
noting that the positive drug statin seems to display differ-
ent actions in the ApoE~~ mouse model of atherosclerosis.
Sparrow et al. reported that simvastatin did not significantly
alter lesion morphology in their mouse model, although it
exhibited anti-inflammatory effects [54]. In contrast, our
study observed a reduction in plaque area with statin treat-
ment. We believe the difference may stem from the stage of
atherosclerosis at the initiation of treatment. In their study,

False Positive Rate

False Positive Rate

Eq. (2). C ROC curve for network proximity calculation using the
LCC and Eq. (1)

statins were administered to ApoE~'~ mice at 16-20 weeks
of age, when lesions may have already been more advanced.
In our study, treatment began earlier, at 8—10 weeks of age,
which could explain the more pronounced effect on plaque
formation.

To further explore the mechanism underlying mesalazine’s
action against atherosclerosis, we mapped its drug targets
within the PPI network and identified disease-associated
genes that directly interact with these targets. Subsequently,
potential regulatory network was constructed for its therapeu-
tic effects, mRNAexpression analysis revealed that mesala-
zine treatment upregulated PPARG and the downregulated
PTGS1, PTGS2, ALOXS, and IKBKB. PPARs, including
PPARA and PPARG, are molecular sensors of fatty acids and
their derivatives, and are effective targets for treating lipid
metabolic syndromes such as obesity, atherosclerosis, and
dyslipidemia [41, 42]. Our findings suggest that mesalazine
possesses both anti-atherosclerotic and lipid-lowering effects.
PPARG, a transcription factor involved in lipid metabolism,
exhibits strong tissue-protective and anti-inflammatory

Table2 Top 10 drugs ranked by

. Rank DrugBank ID Drug name Z — score Related to AS  Reference
network proximity or not

1 DB06521 Ertiprotafib -8.71 Yes [27, 28]
2 DB02709 Resveratrol -8.09 Yes [29]

3 DB01017 Minocycline —8.06 Yes [30, 31]
4 DB00945 Acetylsalicylic acid -17.57 Yes [32]

5 DBO05187 Elafibranor -7.49 Yes [33]

6 DB09006 Clinofibrate —7.49 Yes [34]

7 DB00244 Mesalazine -7.11 NO -

8 DB09568 Omega-3 fatty acids —-6.92 Yes [35]

9 DB01393 Bezafibrate —6.79 Yes [36]

10 DB13873 Fenofibric acid —6.61 Yes [37]

T3

indicates that no similar correlation has been reported in the literature
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Fig.3 Effects of mesalazine on atherosclerosis progression in mice.
A The experimental design and drug administration method in
ApoE_/ ~ mice treated daily with solvent, simvastatin, or mesalazine.
B Aortic Oil Red O staining. White arrows indicate atherosclerotic
plaques. C The percentage of plaque area relative to the total arterial
area. D Aortic HE staining showing atherosclerotic plaques indicated

properties, playing crucial role in mediating the anti-ath-
erosclerotic effects associated with HDAC inhibition [43].
Additionally, PPARG activation suppresses the inflammatory
response in macrophages [44]. Therefore, we hypothesize
that mesalazine regulates lipid metabolism, promotes cho-
lesterol removal from macrophages, and reduces foam cell
formation by activating the PPAR pathway and increasing
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by black arrows. E Aortic Masson staining showing collagen fibers
indicated by black arrows. F Quantitative analysis of the plaque area
by aortic HE staining. G Collagen content was quantified by aortic
Masson staining. Compared to the control group, *P< 0.05; com-
pared to the vehicle group, “P < 0.05. Scale bar: 100 pm. Svt: simvas-
tatin, MS: mesalazine

PPARG expression, thereby ameliorating atherosclerosis in
ApoE ™~ mice fed a high-fat diet.

Furthermore, our results showed that mesalazine inhibited
the expression of PTGS1 and PTGS2 genes in ApoE ™~ mice.
Prostaglandins play significant roles in vascular inflam-
mation, smooth muscle cell proliferation, and the progres-
sion of atherosclerosis. PTGS1 and PTGS2, also known as
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prostaglandin-endoperoxide synthase 1 and 2, convert arachi-
donic acid into the prostaglandin precursor PGH2 [45]. Non-
steroidal anti-inflammatory drugs reduce prostaglandin syn-
thesis, and exerting anti-inflammatory and analgesic effects.
Knockout of PTGS1 has been shown to reduce atherosclerotic
plaque formation in ApoE~~ mice [46]. Additionally, simulta-
neous inhibition of PTGS2 and ALOXS significantly reduces
neointimal hyperplasia induced by vascular inflammation
and injury [47]. Based on these findings, we speculate that
mesalazine may interfere with the development of atheroscle-
rotic lesions by inhibiting PTGS expression and prostaglandin
synthesis.

Fig.6 Network visualization
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reduces the levels of the anti-inflammatory molecule nitric
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various inflammatory processes and promoting the develop-
ment of atherosclerosis [49]. The NF-kB signaling pathway,
regulated by the transcription factor NF-kB, is a key inflam-
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to reduce vascular inflammation and atherosclerosis progres-
sion [50]. Leukotrienes, abundant in atherosclerotic plaques,
promote monocyte adhesion to endothelial cells, facilitate the
transformation of monocyte to macrophages and foam cells,
and enhance the proliferation and migration of vascular smooth
muscle cells [51]. ALOXS, a rate-limiting enzyme in leukot-
riene biosynthesis, is highly expressed in the atherosclerotic
plaques of ApoE~'~ and Ldlr~’~ mice. ALOXS knockout has
been shown to significantly reduce plaque formation [52, 53].
Therefore, it is logical to speculate that mesalazine may reduce
the inflammatory response by decreasing the gene expression
levels of inflammatory mediators such as MPO, IKBKB, and
ALOXS, thereby inhibiting the development of atherosclerosis.
Mesalazine’s effects may involve modulation of the NF-xB
and LOX signaling pathways, in addition to regulating lipid
metabolism.

Despite these promising findings, several limitations
should be acknowledged. First, we observed gene expres-
sion changes (e.g., PTGS1, PPARG, ALOXS), but did not
conduct functional assays or protein-level validation, such
as Western blot analysis, to further validate the proposed
mechanisms. Second, although ApoE™~ mice are widely
used in atherosclerosis research, they do not fully repli-
cate human atherosclerosis, so clinical validation in human
studies is needed. Third, while mesalazine is known for
its anti-inflammatory effects, further research is needed to
understand its mechanism of reducing plasma cholesterol
level. Finally, we used both male and female mice in this
study, recognizing that sex is an important biological vari-
able. Future studies with larger sample sizes should explore
potential sex-specific differences in disease progression.

Conclusions

By combining network proximity calculations and experi-
mental validation, we identified mesalazine as a potential
therapeutic agent with anti-atherosclerotic properties. Ani-
mal studies confirmed that mesalazine effectively regulates
blood lipid levels and reduces the formation of atheroscle-
rotic plaques in ApoE~'~ mice fed a high-fat diet. Further-
more, mesalazine modulated the expression of key genes
involved in atherosclerosis, including PPARG, ALOXS,
IKBKB, PTGS1, and PTGS2. These findings provide new
insights into mesalazine’s potential as an anti-atherosclerotic
drug and demonstrate the use of network medicine in discov-
ering novel treatments for cardiovascular diseases.
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