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Abstract

Doxorubicin is one of the most effective chemotherapy agents widely used in the treatment of various
malignancies. However, the use of this drug is associated with several side effects such as cardiotoxicity and
disruption of the intestinal microbiome balance. The present study aimed to identify possible relationships
between intestinal microorganisms, doxorubicin, and its cardiotoxicity. The relationship between the intestinal
microbiome and doxorubicin cardiotoxicity was investigated by extracting and identifying important genes in this
process. Gene expression data were first normalized and filtered. Then, the distribution of samples and the
separation of genes in different experimental groups were examined through PCA plots. Gene clusters related to
each other were identified and a list of genes involved in the doxorubicin-microbiome, doxorubicin-cardiotoxicity,
and microbiome-cardiotoxicity relationships was extracted. In the next step, common genes were identified, their
interaction network was drawn, and functional enrichment analyses were performed for these genes. According to
the results, among the final 24 common genes, the Acta2 gene had a central role in the processes related to
microbial dysbiosis and doxorubicin-induced cardiotoxicity. Also, the Ccn2, Collal, Col3al, and Postn genes can
promote cellular processes in the heart tissue after doxorubicin administration. This study showed that the Acta2
gene can be studied as a candidate drug target to combat doxorubicin-induced cardiotoxicity. Although these
findings are derived from computational analyses, experimental validation in in vitro and in vivo models is
required to confirm the results.
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P S SR p1 4 S5 LY Jouo

Gene Average Betweenness Closeness Degree Neighborhood Stress Topological
Shortest Path Centrality Centrality Connectivity Coefficient
Length

Actal 1.3125 0.033333 0.761905 11 12.72727 24 0.795455
Acta2 1 0.091376 1 16 12.125 62 0.757813
Ccn2 1.0625 0.021932 0.941176 15 12.8 36 0.8
Collal 1.0625 0.021932 0.941176 15 12.8 36 0.8
Colla2 1.125 0.008043 0.888889 14 13.28571 18 0.830357
Col3al 1.0625 0.021932 0.941176 15 12.8 36 0.8
Dcn 1.25 0.001591 0.8 12 13.75 4 0.859375
Dusp23 1 0 1 1 1 0 0
Fitm2 1 0 1 1 1 0 0
Gstml 1 0 1 1 1 0 0
Gstm2 1 0 1 1 1 0 0
Itgav 1.25 0.003535 0.8 12 13.75 8 0.859375
Ltbpl 1.3125 7.58E-04 0.761905 11 14.09091 2 0.880682
Myh10 1.8125 0 0.551724 3 11.33333 0 0.708333
Myh7 1.5625 0.011111 0.64 7 12.85714 8 0.803571

Myoco
s 1 0 1 1 1 0 0
Plin5 1 0 1 1 1 0
Postn 1.0625 0.021932 0.941176 15 12.8 36 0.8
Sparc 1.3125 0 0.761905 11 14.09091 0 0.880682
Sppl 1.25 0.001591 0.8 12 13.83333 4 0.864583
Tgfb2 1.125 0.008043 0.888889 14 13.28571 18 0.830357
Tgfh3 1.125 0.008043 0.888889 14 13.28571 18 0.830357
Thbsl 1.1875 0.003182 0.842105 13 13.53846 8 0.846154
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Annotation Term ID Term description  Observed  Background  Strength  Signal False Matching proteins in  the
category gene  gene count discovery network
count rate
(FDR)
GO G0:0001568 Blood vessel 10 568 1.05 0.96 0.00018 Collal, Ltbpl, Ccn2, ltgav,
Process development Colla2, Thbsl, Acta2, Col3al,
Myh10, Tgfb2
G0:0072359  Circulatory system 12 993 0.89 0.82 0.00018 Collal, Ltbpl, Ccn2, Itgav,
development Colla2, Thbsl, Acta2, Col3al,
Myh10, Myh7, Sorbs2, Tgfb2
G0:0071363  Cellular  response to 9 498 1.06 0.95 0.00022 Collal, Ltbpl, Tgfb3, Sparc,
growth factor stimulus Ccn2, Colla2, Thbsl, Col3al,
Tgfb2
G0:0071560 Cellular  response to 6 157 1.39 1.08 0.00047 Collal, Ltbpl, Tgfb3, Colla2,
transforming growth Col3al, Tgfb2
factor beta stimulus
G0:0007179  Transforming growth 5 93 1.54 1.08 0.00076 Ltbpl, Tgfb3, Colla2, Col3al,
factor beta  receptor Tgfb2
signaling pathway
GO G0:0019838 Growth factor binding 7 144 1.49 153 147E-05 Collal, Ltbpl, Tgfb3, Iltgav,
Function Colla2, Thbsl, Col3al
G0:0050840  Extracellular matrix 5 59 1.74 1.39 0.00012 Sparc, Itgav, Thbsl, Sppl, Dcn
binding
G0:0050431  Transforming growth 4 24 2.03 1.42 0.00016 Ltbpl, Tgfb3, ltgav, Thbsl
factor beta binding
G0:0005178 Integrin binding 6 158 1.39 1.16 0.00022 Ccn2, ltgav, Ccn5, Thbsl, Sppl,
Col3al
G0:0050839 Cell adhesion molecule 7 312 1.16 0.95 0.00049  Ccn2, Itgav, Ccn5, Thbsl, Postn,
binding Sppl, Col3al
G0:0048407  Platelet-derived  growth 3 12 221 111 0.0013 Collal, Colla2, Col3al
factor binding
GO G0:0031012 Extracellular matrix 13 528 1.2 182 1.33E-09 Collal, Ltbpl, Tgfb3, Sparc,
Component Ccn2, Ccn5, Colla2, Thbsl,
Fgl2, Postn, Col3al, Dcn, Tgfb2
G0:0062023 Collagen-containing 11 397 1.25 181 1.11E-08 Collal, Ltbpl, Tgfb3, Sparc,
extracellular matrix Colla2, Thbsl, Fgl2, Postn,
Col3al, Dcn, Tgfb2
G0:0005576 Extracellular region 16 2609 0.6 0.57 0.0002 Collal, Ltbpl, Tgfb3, Gstmi,
Gstm2, Sparc, Ccn2, Ccnb,
Colla2, Thbsl, Fgl2, Postn,
Sppl, Col3al, Den, Tgfh2
G0:0099512 Supramolecular fiber 11 1064 0.82 0.76 0.0002 Collal, Ltbpl, Colla2, Actal,
Acta2, Ankrd23, Col3al,
Myh10, Den, Myh7, Sorbs2
G0:0005583 Fibrillar collagen trimer 3 12 221 1.29 0.00045 Collal, Colla2, Col3al
KEGG mmu04512  ECM-receptor interaction 5 86 157 136 9.36E-05 Collal, Itgav, Colla2, Thbsl,
Sppl
mmu04350  TGF-beta signaling 4 94 1.44 0.9 0.0023 Ltbpl, Tgfb3, Thbsl, Den
pathway
mmu04510 Focal adhesion 5 196 1.21 0.83 0.0023 Collal, Itgav, Colla2, Thbsl,
Sppl
mmu04933 AGE-RAGE  signaling 4 99 141 0.9 0.0023 Collal, Tgfb3, Colla2, Col3al
pathway in  diabetic
complications
mmu05146 Amoehiasis 4 102 14 0.89 0.0023 Collal, Tgfb3, Colla2, Col3al
Monarch MP:0000452  Abnormal mouth 9 323 1.25 134 125E-05 Collal, Ltbpl, Tgfb3, Sparc,
morphology Ccn2, Itgav, Postn, Dcn, Tgfb2
MP:0002127  Abnormal cardiovascular 17 2145 0.71 0.74 150E-05 Collal, Ltbpl, Tgfb3, Sparc,
system morphology Ccn2, Itgav, Colla2, Thbsl,
Acta2, Postn, Sppl, Col3al,
Myh10, Fitm2, Myh7, Sorbs2,
Tgfb2
MP:0003743  Abnormal facial 10 522 1.09 116 150E-05 Collal, Lthpl, Tgfb3, Sparc,
morphology Ccn2, Itgav, Actal, Postn, Dcn,
Tgfb2
MP:0005369 Muscle phenotype 14 1382 0.81 0.85 157E-05 Collal, Ltbpl, PIin5, Itgav,
Colla2, Actal, Thbsl, Acta2,
Postn, Sppl, Col3al, Myhl0,
Myh7, Tgfb2
MP:0005385 Cardiovascular  system 18 2947 0.59 0.59 8.20E-05 Collal, Ltbpl, Tgfb3, Sparc,
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MP:0005406

MP:0000266

TISSUES BTO:0001593
BTO:0000669

BTO:0001486

BTO:0001958

BTO:0000088

BTO:0000562

phenotype

Abnormal heart size

Abnormal heart
morphology

Osteoblast

Embryonic cell line
Skeletal system
Embryonic fibroblast cell

line
Cardiovascular system

Heart

10

11

14

11

731

1487

54

109

433

49

1080

967

0.94

0.75

2.03

1.67

1.9

0.92

0.86

0.88

0.7

4.05

2.58

1.73

2.46

1.16

0.88

0.00015

0.00018

7.89E-13

3.60E-09

1.41E-08

7.36E-08

8.13E-08

3.17E-05

Plin5, Ccn2, Itgav, Colla2,
Thbsl, Acta2, Postn, Sppl,
Col3al, Myh10, Fitm2, Myh7,
Sorbs2, Tgfb2

Collal, Sparc, ltgav, Colla2,
Postn, Sppl, Myh10, Myh7,
Sorbs2, Tgfb2

Collal, Ltbpl, Sparc, Itgav,
Colla2, Postn, Sppl, Col3al,
Myh10, Fitm2, Myh7, Sorbs2,
Tgfb2

Collal, Sparc, Ccn2, Colla2,
Thbs1, Acta2, Postn, Sppl, Dcn
Collal, Sparc, Ccn2, Ccnb5,
Colla2, Thbsl, Acta2, Sppl
Collal, Sparc, Ccn2, Colla2,
Actal, Thbsl, Acta2, Postn,
Sppl, Den, Myh7

Collal, Sparc, Ccn2, Thbsl,
Acta2, Sppl

Collal, Plin5, Ccn2, Gdpdl,
Stard10, Thbsl, Acta2, Sec31b,
Ldhd, Postn, Dcn, Fitm2, Myh7,
Sorbs2

Plin5, Ccn2, Gdpdl, Stard10,
Thbsl, Acta2, Sec31b, Postn,
Dcn, Fitm2, Myh7
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Abstract

Doxorubicin is one of the most effective chemotherapy agents widely used in the treatment of various
malignancies. However, the use of this drug is associated with several side effects such as cardiotoxicity and
disruption of the intestinal microbiome balance. The present study aimed to identify possible relationships
between intestinal microorganisms, doxorubicin, and its cardiotoxicity. The relationship between the intestinal
microbiome and doxorubicin cardiotoxicity was investigated by extracting and identifying important genes in this
process. Gene expression data were first normalized and filtered. Then, the distribution of samples and the
separation of genes in different experimental groups were examined through PCA plots. Gene clusters related to
each other were identified and a list of genes involved in the doxorubicin-microbiome, doxorubicin-cardiotoxicity,
and microbiome-cardiotoxicity relationships was extracted. In the next step, common genes were identified, their
interaction network was drawn, and functional enrichment analyses were performed for these genes. According to
the results, among the final 24 common genes, the Acta2 gene had a central role in the processes related to
microbial dysbiosis and doxorubicin-induced cardiotoxicity. Also, the Ccn2, Collal, Col3al, and Postn genes can
promote cellular processes in the heart tissue after doxorubicin administration. This study showed that the Acta2
gene can be studied as a candidate drug target to combat doxorubicin-induced cardiotoxicity. Although these
findings are derived from computational analyses, experimental validation in in vitro and in vivo models is
required to confirm the results.
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