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Abstract This study aimed to explore the intervention effect of Chuanxiong-Chishao herb pair ( CX-CS) on a myocardial
infarction-atherosclerosis ( MI-AS) mouse model and investigate its effect on the expression profile of circular RNAs ( circRNAs) /long
non-coding RNAs ( IncRNAs) in ischemic myocardium and aorta. Sixty male ApoE™'~ mice were randomly assigned to a model group
high— medium— and low-dose CX-CS groups (7.8 3.9 and 1.95 g*kg™") and a positive drug group ( metoprolol 26 mgskg™" and
simvastatin 5.2 mg*kg™') with 12 mice in each group. Male C57BL/6] mice were assigned to the sham group. The mice in the model
group and the groups with drug intervention were fed on a high-fat diet for 10 weeks followed by anterior descending coronary artery
ligation. After that the mice were fed on a highfat diet for another two weeks to induce the MI-AS model. The mice in the sham group
received normal feed followed by sham surgery without coronary artery ligation. Mice in the groups with drug intervention received CX-
CS or positive drug by gavage for four weeks from the 9th week of high-fat feeding and those in the model group and the sham group
received an equal volume of normal saline. Whole transcriptome sequencing was performed on the heart and aorta tissues of the medium—
dose CX-CS group the model group and the sham group after administration. The results showed that the medium—-and high-dose CX-
CS groups showed improved cardiac function and reduced myocardial fibrosis area and the medium-dose CX-CS group showed
significantly reduced plaque area. CX-CS treatment could reverse the expression of circRNA_07227 and circRNA_11464 in the aorta of
AS model and circRNA expression ( such as circRNA_11505) in the heart of the MI model. Differentially expressed circRNAs between
the CX-CS-reated mice and the model mice were mainly enriched in lipid synthesis lipid metabolism lipid transport inflammation
and angiogenesis in the aorta and in angiogenesis blood pressure regulation and other processes in the heart. CX-CS treatment could
reverse the expression of IncRNAs such as ENSMUST00000162209 in the aorta of the AS model and TCONS_00002123 in the heart of
the MI model. Differentially expressed IncRNAs between the CX-CS-reated mice and model mice were mainly enriched in lipid
metabolism angiogenesis autophagy apoptosis and iron death in the aorta and in angiogenesis autophagy and iron death in the
heart. In summary CX-CS can regulate the expression of a variety of circRNAs and IncRNAs and its intervention mechanism in
coronary heart disease may be related to the regulation of angiogenesis and inflammation in ischemic myocardium as well as lipid
metabolism lipid transport inflammation angiogenesis in AS aorta.

Key words coronary heart disease; Chuanxiong-Chishao herb pair; myocardial infarction; atherosclerosis; circular RNA; long non—
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Fig.2 Effect of CX-CS on the myocardium fibrosis area of the MI-AS joint mice model ( Masson staining X10; x+s)
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Fig.4 Effect of CX-CS on circRNAs expression in atherosclerotic aorta and ischemic myocardium
1 top circRNAs
Table 1 Top differentially expressed circRNAs of aorta tissues in atherosclerosis
circRNA log, FC
AM wvs AC circRNA_14619 1 Chr7: 19436938_19437518_- Mark4 8. 68
circRNA_114641Chr4: 31510612_31512064_~ - 8.62
circRNA_072271Chrl7: 34696537_34711024_+ Tnxb 8.43
circRNA_045391Chr13: 56083120_56084285_- H2afy 8.23
circRNA_09946 | Chr2: 119712009_119721252_+ Rifl 8.01
circRNA_08082 | Chr18: 53473421_53552389_+ Prdm6 7.86
circRNA_04653 | Chr13: 74180435_74184773_- Exoc3 7.77
circRNA_09014 | Chr2: 12386609_12410080_- Fam188a 7.76
circRNA_121661Chr4: 131897657_131897871_+ Srsf4 7.69
circRNA_00926 | Chrl: 149901100_149902442 - Pla2gda 7.67
circRNA_10273 1 Chr2: 154143755_154162657_+ Bpifal -12.58
circRNA_141201 Chr6: 90598186_90637001_+ Slc41a3 -11.96
circRNA_16893 | Chr9: 77164765_77190737_~ Mlip -9.60
circRNA_16490 1 Chr9: 50995608_50998616_- Sik2 -9.51
circRNA_173471Chr9: 121364001_121392051_+ Trakl -9.26
circRNA_073531Chr17: 51803431_51809287_- Sath1 -9.11
circRNA_10354 1 Chr2: 158382504 _158383163_+ Snhgl 1 -9.10
circRNA_16991 | Chr9: 86611853_86619834_-— Mel -8.92
circRNA_00994 | Chrl: 156900586_156907778_— Ralgps2 -8.92
circRNA_08952 1 Chr2: 10058996_10064311_~ Atp5cl -8.91
ACC vs AM circRNA_17422 | ChrMT: 15071_15220_~ - 9.97
circRNA_137141Chr6: 29361560_29361753_+ Calu 9.34
circRNA_16490 | Chr9: 50995608_50998616_- Sik2 9.19
circRNA_10354 | Chr2: 158382504 _158383163_+ Snhgl 1 9.18
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1
circRNA log, FC
circRNA_118331Chr4: 97956374_98020954_+ Nfia 9.13
circRNA_072461 Chr17: 35263839_35359525_+ H2-D1 9.01
circRNA_12987 | Chr5: 89084642_89179844_+ Slcdad 8.76
circRNA_00416 1 Chrl: 63148396_63148571_- Ndufsl 8. 54
circRNA_05574 1 Chr14: 78982236_78995163_+ Vwa8 8.40
circRNA_00014 | Chrl: 5095615_5101123_+ Atp6vlh 8.28
circRNA_00204 | Chr1: 38534906_38536946_~— Aff3 -8. 68
circRNA_114641Chr4: 31510612_31512064_- - -8.67
circRNA_082721Chr18: 79027924 _79087180_- Setbpl -8.5
circRNA_072271Chrl7: 34696537_34711024_+ Tnxb -8.48
circRNA_06473 1 Chrl6: 14200847_14201040_- Myhl1 -8.29
circRNA_045791Chrl3: 59512324 _59544451_- Agtpbpl -8.20
circRNA_074111Chr17: 64287001_64293024_- Pja2 -8.07
circRNA_03502 1 Chr12: 28859252_28867153_+ Tsscl -8.07
circRNA_107391Chr3: 68616440_68621066_+ Gm21949 =7.99
circRNA_08195 1 Chr18: 68064217_68064686_+ Ldlrad4 -7.98
1 P<0.01.
CX-CS circRNA o 880 716 4,
HM HC circRNA circRNA 2, HC
1 366 866 500 ; HCC HM  circRNA_11505
HM circRNA 1 596 CX-CS °
2 top circRNAs
Table 2 Top differentially expressed circRNAs in ischemic myocardium
circRNA log, FC
HM wvs HC circRNA_053271 Chr14: 54948081_54974066_- Myh6 9.40
circRNA_053311Chr14: 54949338_54975417_- Myh6 9.30
circRNA_00884 | Chrl: 139085883_139110485_+ Denndlb 8.75
circRNA_15954 1 Chr8: 88156462_88158265_+ Heatr3 8.17
circRNA_122811Chr4: 141167713_141170940_+ Fbxo42 8.09
circRNA_08965 | Chr2: 11760481_11763021_- Fbxol8 8.09
circRNA_00457 1 Chrl: 71074543_71089527_~ Bard1 8.01
circRNA_05962 | Chrl5: 40752896_40774146_+ Zfpm2 8.00
circRNA_029451Chrl1: 86661123_86665878_- Vmpl 8. 00
circRNA_02468 | Chr11: 53283529_53292314_- Hspa4 7.91
circRNA_10173 1 Chr2: 142648428_142690701_~ Kif16b -8.30
circRNA_05479 1 Chrl4: 66824345_66829982_- Dpysl2 -8.20
circRNA_13979 1 Chr6: 65869181_65928021_+ Prdm5 -8.04
circRNA_010111Chrl: 160700712_160740931_- Rabgap1l -8.04
circRNA_10069 | Chr2: 127284095_127284581_+ Stard7 -8.02
circRNA_029401Chrl1: 86532772_86535460_- Rps6kb1 -7.93
circRNA_088421Chr19: 53620589_53621906_+ Sme3 -7.91
circRNA_027631Chrl1: 76811695_76814913_~ Cpd =7.90
circRNA_115051Chr4: 40163719_40167191_+ Acol -7.89
circRNA_08849 1 Chr19: 53813248_53853635_+ Rbm20 =7.87
HCC »s HM circRNA_112541Chr3: 142303943_142314448_- Pdlim5 9.83
circRNA_128111Chr5: 57913156_57942262_+ Pedh7 9.06
circRNA_17383 1 ChrMT: 1680_1844_- - 8.62

3896



circRNA /IncRNA

2
circRNA log, FC
circRNA_16963 | Chr9: 82926397_82933067_- Phip 8.23
circRNA_17741 1 ChrX: 129801395_129825947_+ Diaph2 8.16
circRNA_02524 | Chr11: 58040391_58044050_+ Larpl 8.12
circRNA_11505 | Chr4: 40163719_40167191_+ Acol 8.05
circRNA_07004 | Chr17: 5040580_5127024_+ Arid1b 8. 05
circRNA_00881 | Chrl: 139060275_139110485_+ Dennd1b 8.03
circRNA_111801Chr3: 132705513_132752669_+ Thek 7.93
circRNA_141201 Chr6: 90598186_90637001_+ Slc41a3 -12.79
circRNA_053361 Chrl4: 54952246_54979562_- Myh6 -11.72
circRNA_02534 1 Chrl1: 59055377_59061107_- Obscn -9.99
circRNA_09676| Chr2: 76854150_76881839_— Tin -9.05
circRNA_058901 Chrl5: 33233664_33250133_+ Cpq -8.17
circRNA_10544 | Chr3: 27222668_27226142_+ Ncehl -8.06
circRNA_05037 | Chr14: 20604052_20607905_— Usp54 -7.94
circRNA_02803 | Chrl1: 78013171_78018229_+ Phf12 -7.93
circRNA_09815 | Chr2: 91805024_91810209_+ Ambral -7.80
circRNA_06308 | Chr15: 98075809_98087133_— Senpl -7.80
1 P<0.01.
3.5 circRNA “VEGF s “PPAR
GO ACC AM -TNF MAPK N
circRNA N 5.
N N 3.6 IncRNA
N 23452  IncRNA. [log,( fold change) |>1
N -12 P<0.05 AM AC .HM HC JACC
. AM +~ HCC HM
IncRNA .
TRP o
. VEGF .cGMP-PKG AM AC IncRNA 683
. “NF+«B - KEGG 233 450 ; ACC AM
circRNA IncRNA 671 459
N N 212 6.
. N IncRNA 3, AC AM  ENSMUST-
“VEGF . . 00000162209 NR_015473. 1.TCONS_
o 00029210
GO HCC NF«B .
HM circRNA CX-CS IncRNA o
s HM HC IncRNA 204
B . 88 116 ; HCC HM
IncRNA 244 130 110
N N N N 6.
ERK . KEGG IncRNA 4, HC HM  TCONS_
circRNA HIF- 00002123+ TCONS _ 00006285 TCONS _ 00009826+
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Fig.5 Enrichment analysis of differentially expressed circRNAs in aortic and myocardial tissues

6 CX-CS IncRNAs
Fig.6  Effect of CX-CS on IncRNAs expression in atherosclerotic aorta and ischemic myocardium
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3 top IncRNAs
Table 3 Top differentially expressed IncRNAs in atherosclerotic aorta tissue
IncRNA ID log, FC P
AM vs AC TCONS_00002558 Adgrgb 11. 15 <0.01
ENSMUST00000228223 Gdnf 9.22 <0.05
ENSMUST00000162209 Rnf214 8.77 <0.05
ENSMUST00000190028 Chd2 7.77 <0. 05
TCONS_00009833 Bdpl 7.70 <0.05
ENSMUST00000067618 Gm14461 7.38 <0.01
ENSMUST00000182537 Kenrg 7.32 <0.01
TCONS_00024690 Zfp37 7.17 <0.05
ENSMUST00000182517 Zfp949 6.93 <0.01
ENSMUST00000186717 Parn 6. 63 <0.01
TCONS_00029109 Sspo -23.01 <0.01
TCONS_00029237 - -21.94 <0.01
TCONS_00003885 Tted1 -21.53 <0.01
TCONS_00036705 - -11.58 <0.01
TCONS_00036710 - -10. 11 <0.01
TCONS_00029210 - -9.10 <0.01
NR_015473.1 Chpl -8.97 <0.05
ENSMUST00000134456 Actel -8.80 <0. 05
TCONS_00029216 - -8.67 <0. 05
NR_029382. 1 Gpe5 -8.46 <0.05
ACC vs AM TCONS_00008519 - 21.67 <0.01
TCONS_00029210 - 21. 04 <0.01
TCONS_00006637 Gsdma3 9.67 <0.05
TCONS_00002561 Adgrgb 8.68 <0.01
XR_881216. 1 Fam214b 7.77 <0.05
ENSMUST00000188611 - 7.27 <0.01
ENSMUST00000180804 Slc44a3 7.18 <0.01
NR_015473.1 Chpl 7.17 <0.01
TCONS_00008935 Zfp273 6. 83 <0.05
ENSMUST00000209429 Ehhadh 6. 66 <0. 05
TCONS_00013980 Cyyrl -21.56 <0.01
TCONS_00036728 - -15.25 <0.01
TCONS_00036726 - -9.30 <0.01
XR_001784540. 1 Gm12666 -9.26 <0.05
TCONS_00015128 Gm6712 -8.98 <0.01
TCONS_00035850 St3gald -8.95 <0.01
TCONS_00015039 Gm2808 -8.81 <0.05
ENSMUST00000162209 Rnf214 -8.53 <0.05
TCONS_00036739 - -8.27 <0.01
TCONS_00001195 Efhel =7.75 <0.01
TCONS_00031363.TCONS_00035850 N
XR_388755. 1.XR_873865.2
N N N N N B
CX-CS
o . KEGG
3.7 IncRNA IncRNA
GO ACC AM N N
IncRNA o
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4 top IncRNAs
Table 4 Top differentially expressed IncRNAs in ischemic myocardium
IncRNA 1D log, FC P

HM »s HC TCONS_00036736 - 10. 82 <0.01
TCONS_00021157 Sre 10. 55 <0.01

TCONS_00036709 - 8.36 <0.01

TCONS_00035766 Kank2 7.03 <0.01

XR_001784816. 1 Kmit2e 6.96 <0.01
ENSMUST00000211729 Zfp369 6.02 <0.01

XR_388755. 1 Map2k4 5.92 <0.01
ENSMUST00000160152 Zbth37 5.89 <0.05

TCONS_00029230 - 5. 86 <0.01

XR_873865. 2 Mrps27 5.77 <0.01

TCONS_00009826 Maplhb -23.27 <0.01

TCONS_00035850 St3gal4 -22.53 <0.01

TCONS_00021725 Lrba =21.77 <0.01

TCONS_00031363 Sertad3 -9.40 <0.05

TCONS_00006285 Polr2a -8.68 <0. 05

TCONS_00002123 Fasl -8.33 <0.05
ENSMUST00000161005 Zbtb37 =7.78 <0.01

TCONS_00002761 Sowahc -7.23 <0.01
ENSMUST00000225514 Hand2 -7.21 <0.05
ENSMUST00000190028 Chd2 =7.15 <0.05

HCC vs HM TCONS_00035850 St3gal4 20. 89 <0.01
TCONS_00014036 Hles 20.07 <0.01

TCONS_00031363 Sertad3 10. 52 <0.01

TCONS_00002123 Fasl 8. 46 <0.05

TCONS_00009826 Maplhb 8.23 <0.05

TCONS_00001195 Efhel 7.12 <0.05
ENSMUST00000230286 Ppara 6.96 <0.01

TCONS_00006285 Polr2a 6. 80 <0.05
ENSMUST00000162209 Rnf214 6.53 <0. 05
ENSMUST00000220889 Smek1 6.52 <0.01
ENSMUST00000163836 C330006A16Rik -22.19 <0.01

XR_877322.2 Gm38666 -21.44 <0.01

TCONS_00036710 - -9.83 <0.01

XR_001782197. 1 Ermard -7.09 <0.05

XR_388755. 1 Map2k4 -7.02 <0.01

XR_390587.3 - -6.96 <0.01

XR_873865.2 Mrps27 —-6. 86 <0.01

XR_881216. 1 Fam214b -6.75 <0.05
ENSMUST00000182656 - -6. 15 <0.05

NR_029382. 1 Gpce5 —-6.04 <0.01

HCC HM
IncRNA N N N FeegRI -PPAR
N N .cGMP-PKG To
—Ha 4
N N CHD
- KEGG -~ CHD
HCC HM IncRNA AS 2 o
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Fig.7 Enrichment analysis of differentially expressed IncRNAs in aortic and myocardial tissues
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