2015 4F 11 H | 4540 555 21 )

- IR -

D FETHRE

HINA JOURNAL OF CHINESE MATERIA MEDICA

Vol. 40, No. 21 | November, 2015

TR A2 B0 7] S B T 5%

Wi B, B, R
(1. P EHFE AHLFRA, b7 100190; 2. PE P EHFE P AL, L5 100700)

(FE] PR RNA ™ B X R ARG YT B RS R A O R ™ 6 v BRI R 2 A0 HAE AR A HIL ] v
ARAFEN AR O T Rb AR G RE T BOBL IS R T BB 0 S AR L I A B T R AT AR MR 2 i
PRI — I AR Coi b 1), %8 RO [l ™ HLA AT TR A2 Ao I AN 25 HEAR 3l B P 22 B2, 488 B ]
FRBAE G, TR SCRIZ A LR 0 26 LR 6 S 70 B D7 12 PR3O i 65005 8] B PR A IR AR Ak L S HAT * [R)36 ™ T RE A 24
PrsYE , NI Z A K-8 ™ IO AR AT AEAL A

[RBR] M FNA s BBk s i K e

Mechanism of "treating heart and brain with same methods” based on data science

CHEN Di', TANG Shi-huan®, LU Peng'* , YANG Hong-jun**
(1. Institute of Automation, Chinese Academy of Science, Beijing 100190, China;

2. Institute of Chinese Materia Medica, China Academy of Chinese Medicine Sciences, Beijing 100700, China)
[ Abstract] The traditional Chinese medicine (TCM) theory of "treating heart and brain diseases with same methods ( Nao Xin Tong
Zhi; NXTZ)" has great significance to the treatment of cardiovascular and cerebrovascular diseases. It has been proven effective by a
great deal of clinical researches. However, the underlying mechanism for this theory is still unclear. To provide insights into the poten-
tial mechanism of "NXTZ", this study attempts to deeply investigate the mechanism from two representative cardiovascular and cerebro-
vascular diseases, coronary heart disease (CHD) and cerebral apoplexy. First, various data resources were integrated to obtain differ-
ent types of biomedical entities including drugs, targets, pathways and diseases. Then, three different approaches including text min-
ing, biological network and enrichment analysis were utilized to recognize the potential common features between CHD and cerebral ap-
oplexy, and the corresponding functions of drugs which could treat both diseases, thus unveiling the mechanism of NXTZ.
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Table 1  Atherosclerosis risk factors and their associated genes
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Table 2 Drugs for both CHD and stroke
No. 254 ATC 415 No. 254 ATC #it%

1 Clopidogrel BO1ACO4 9 Pravastatin CI0AAO03
2 Warfarin BOIAAO3 10 Amlodipine C08CAO01
3 Atorvastatin CI0AAO5 11 Acetylsalicylic acid A01ADO5,B01ACO6, NO2BAO1
4 Ticlopidine BO1ACO5 12 Simvastatin CI0AAO1
5 Prasugrel BO1AC22 13 Estradiol GO3CAO01,G0O3CA03, 1.02AA02, 1.02AA03
6  Heparin CO5BAO1, CO5BA03, SO1XA09, SO1XA14 14 Candesartan C09CA06
7 Rosuvastatin CI10AAQ7 15 Niacin C04ACO1, C10AD0O2
8  Chlorthalidone CO03BA0O4 16 Nifedipine CO8CAO05
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Table 3  Functional annotations of drug targets based on atherosclerosis risk factors

BIBKRREREA G R 3% PR 2R AN 2 P2 A B bR AR LA ()
PRz Sk S0 ACE PTGS2 ITGB2 % 12 ACE PTGS2 HMGCR PTGSI 0.15(9)
WXl NOS2 NFKBI ACE % 24
EEAE S RN dgll) S0 CBS PDXP PPARA % 10 CACNAIC HMGCR ACE 0.1(6)
fRisFX,  ADA NFKB1 ACE % 18
GRERARAL LM AHR ITGAL PPARA PTGS1 % 11  PTGS2 AHR PTGSI DPP4 0.15(9)
JigiX. NFKBI PTGS2 AHR % 25
il S avli] S0 HMGCR ABCAl PPARA % 16 HMGCR PTGS2 ACE ADRB2 DPP4 SLC6A4 0.18(11)
fisFX,  HMGCR NFKBI ILIB % 28
AR RS %% PPARA PTGS2 HMGCR %5 12 PTGS2 HMGCR ACE PTGSI 0.12(7)
X, NFKBI F2 CA9 % 21
o =] B 0P = 9y S0 ADRAID AGTRI PTGS2 4 10 ACE PTGS2 ADRB2 0.15(9)
fisFX,  ELN NOS2 F2 % 20
MAEEKR RS 0% AGTRI ACE ADRB2 % 13 ACE ADRB2 ADRBI 0.12(7)
fRisFX,  ADRB2 SLC6A3 ADRBI %% 20
ik avi] 50M%  PPARA DPP4 ACE %5 14  DPP4 ACE ADRB2 PTGS2 HMGCR 0.18(11)
iR DPP4 NOS2 ACE % 25
MARTE AL 50 P2RYI2 PTGS2 ACE % 20 P2RY12 PTGS2 ACE PTGSI HMGCR 0.23(14)
i XU SERPINCI F10 F2 % 25
A EHT LA AL 5% PAH ACE ADRAID 4 8  ACE PTGS2 SLC6A4 ADRB2 0.15(9)
fisFX,  ELN ACE NOS2 % 21
FHoAth L GUCYIA2 ADRA2A % 64  ADRA2A ADRAIA ADRAIB CACNBI % 0.58(35)
X, PDEIOA HTR4 HTR2B % 75
e FT BN KA LR LL O P 2R A A DG BE R D BE R R
Table 4 Functional annotations of disease genes based on atherosclerosis risk factors
NIRRT G PR HH MR P S AL I (A5
P e SEL  TNF ICAMI KDR PECAM1 HBA1 RHOA 136 TNF PECAMI HBA1 MMP9 AGT SRC  0.38(47)
IL1B MMP9 NFKBI 25 REN ACE F2R VWF F2 %
Ml TNF NOS3 AKTI PECAMI HBAl AN- 72
GPT1 NOSI %
IR 2 R A s LR MTHFR CBS MTR CRP BHMT MTRR 63  MTHFR CBS MTR CRP APOB TNF  0.19(24)
APOB ADA TNF % APOA1 APOE PON1 LPA MMP9 %
XL MTHFR CBS MTR CRP SERPINE1 APOB 41
NOS3 TNF APOAI %
GPEFIARAE 50 TNF 116 IL10 ILIB IFNG NFKBI 114 118 178 TNF TLR4 CRP CD40 CD14 MMP9  0.38(47)
TLR4 CCI2 IL17A TGFBI % HMGBI SELL TNFRSFIA LTA %
Xl TNF TLR4 CRP CD40 CD14 CCI3 ITGB2 66
TH DCX C5AR1 AKTI %
RS AINE 2 A 5%  LPL LPA HSD11BI APOB APOAl APOE 153  ABCAI ABCC6 APOAl APOB APOE  0.35(44)
LDLR HMGCR CD36 % CETP FABP2 LPL %
Jig R LPL LPA APOB APOAl APOE LDLR 64
HMGCR CETP CRP %
AR RS 50 ROSI SODI NFKBI CYPIA2 TNF GSTPI 95 TNF SOD2 APOE AKR1BI CP NFE2I12  0.22(28)
SOD2 APOE MPO % HSPA4 NR3C2 APOB AGT APOA1 %
Xl CYCS GSR MB CYP2B6 TNF NOS1 SOD2 51
RYR1 APOE AVP %
SR ELMMAMAMNLE  FC MMP2 MMP9 TIMP1 MMP1 TIMP2 MMP3 86 MMP9 MMP3 TNF MMP7 MMPI2 0.20(25)

TGFB1 ABCC6 ITIH3 %5

MMP8 AGT ADAM17 CXCL12 CXCR4 %5
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IR X MMP9 MMP3 MMPI3 TNF MMP7 SER- 46
PINEI MMRN1 MMPI2 %
MERKERS S REN AGT AGTRI ACE NPPA TGFBl 65 REN AGT AGTRI ACE NPPA  0.22(28)
NR3(C2 TNF PPARG ADIPO() 25 NR3(C2 TNF AGTR2 F2 %
Mt REN AGT AGTRI ACE NPPA NR3C2 TNF 41
AGTR2 AVP F2 %%
bR G 0% LEP IGF1 ADIPOQ TNF GCK PPARG IRSI 99 TNF CRP LPL AGT REN GHRL  0.23(29)
CRP 116 % AKRI1B1 APOB LPA APOAIl ACE IG-
B XL GHI SLC2A1 AKT1 TNF CRP LPL AGT 53 FBPl1%
REN GHRL AKRIBI 2
AT AR, 505 TF APC TNF F8 VWF LPA CRP APOH FGA 133 TNF F8 VWF LPA CRP APOH FGA  0.41(52)
APOA1 F5 ILIA LTA % APOA1 F5 MTHFR %
Jigfx,  SERPINE] SERPINC1 PLAT PLG TNF TH- 86
BD F8 VWF PF4 LPA %
TG LA SE0M%  AGT REN TGFBI FGF2 MMP2 TNF SPP1 108 AGT REN TNF ACE MMP9 PE- 0.19(24)
VCAMI ACE TNC % CAMI HBA1 NPPA ACTA2 ADM
s XL AGT REN NOS3 AKT1 NOTCH3 TNF ACE 64 AGTRI 4
ANGPT1 ENG MAPK3 2
Hofil S0 AR CYPI7A1 CYPI9AI ESRI ESR2 SHBG 114 ADD1 ADORA3 C4B CHITI EPHX2  0.06(8)
ADORA3 % FABP3 HLA-B HTR2A %
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Fig. 1  Gene network for CHD and stroke
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Table 5 Enriched pathways for genes associated with CHD

No. KEGG & (P) Wiki Pathway 18 #%(P) Pathway Common i % ( P)
1 Cytokine-cytokine receptor Selenium Pathway (9. OF -36)" Integrin family cell surface interactions(1. 1E —107) "
interaction(7. 7E —44)"
2 Complement and coagula- Statin Pathway(2. 3E -35)" Proteoglycan syndecan-mediated signaling events(4. 8E - 102) "
tion cascades(1. 1E —42)"
3 Malaria(5.8E -39) Complement and Coagulation ~ Glypican 1 network (4. 8E —102)"
Cascades(4. 6E —35)"
4 Metabolic pathways Adipogenesis(3. 58E -33) Betal integrin cell surface interactions(7. 2E - 102) "
(1.3E-29)"
5 Pathways  in  cancer Senescence and  Autophagy Glypican pathway (1. 6E —101)"
(4. 6E -26) (8.1E-29)
6 PPAR  signaling pathway Integrated Pancreatic  Cancer Thrombin/ protease-activated receptor (PAR) pathway(3.2E —100)"
(1.4E-22) Pathway (3. 1E -24)"
7  Chagas disease(1. 7E -22) SIDS  Susceptibility Pathways Alpha9 betal integrin signaling events(5. OE - 100)
(3.1E24)"
8 Rheumatoid arthritis Focal Adhesion(1.5E —20) ErbB receptor signaling network (9. 9E - 100)
(2.7E-21)
9  Amoebiasis(5. 1E -21) Blood Clotting Cascade (1. 6E — PAR1-mediated thrombin signaling events(2.4E -99) D
20)"
10 Focal adhesion(9. 0E -21) ACE Inhibitor Pathway (8. 2E - VEGF and VEGFR signaling network (3. 9E —99)

19)V

T2 P A OGS R 4 B A K (3 6 7)) .

F6 I rF AURE OGS B

Table 6 Enriched pathways for genes associated with stroke

No. KEGG @ i#%(P) Wiki Pathway i % ( P) Pathway Common i {#( P)
1 Complement and coagulation cas- Selenium Pathway (2. 2E —28) " Integrin family cell surface interactions(4. OE —51)"
cades(3.5E -30)"
2 Cytokine-cytokine receptor inter- Complement and  Coagulation ~ Glypican 1 network (1. 3E -45)"
action(9. 0F. —20) " Cascades (6. 9F. —26) ")
3 Neuroactive ligand-receptor in-  Blood Clotting Cascade (1.0E - Proteoglycan syndecan-mediated signaling events(1. 5SE —45) 1
teraction( 1. 2E - 19) 21)"
4 Metabolic pathways(3. 6E —14)!)  Alzheimers Disease (4. 2E - 15) Betal integrin cell surface interactions(2. 1E —45) 1
5 Toxoplasmosis(8. SE —14) GPCRs, Class A Rhodopsin-like  Glypican pathway (1. 1E —44) D
(7.1E-14)
6 Calcium  signaling  pathway SIDS  Susceptibility Pathways PARI-mediated thrombin signaling events(1. 6E —43) D
(4.8E -13) (3.4E-13)"
7 Alzheimer's disease(2. 6E —12) ACE Inhibitor Pathway (1. 1E - Thrombin/protease-activated receptor (PAR) pathway(1. 7E —
12) 1) 43) 1)
8  Malaria(6. 1E -11)" Statin Pathway(1.3E -12)" Endothelins (2. 5SE -43)
9 Arachidonic acid metabolism Integrated Pancreatic Cancer TRAIL signaling pathway(7. 71E —43)
(2.5E-10) Pathway (6. OF —11)"
10 MAPK  signaling  pathway Corticotropin-releasing hormone EGFR-dependent Endothelin signaling events( 1. 0E —42)
(2.2E-10) (9.9E-10)

AW 51D BE AR B AL 3 A3 X A
IREHEA TR o BT & 42 4017 1. 2 WebGestalt 3k
PR LR AR P AUTE 3 26 GO 4% H s A HES 1T 10
GO 2 H WL 7,8, X Lb 2 Bl AH Ok [H] a4

1) GO 2% H n] LA & B, 17 £ ¥ it 7 ( Biological
Process) Jr T HE£4 1 10 (19 GO 5 HHA 7 ZA[H,
VB K ENRE QI A 0 me) 137 X6 2 S IR P e 7 5 A ik
2 75T 268 ( Molecular Function) 77 1R HE4 1y 10
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1 GO 5 HH A 5 MR Y, ¥ K B2 K55G R
FIBZS & AR T 25 G 45 51 D RE s T AE 40 B 28
( Cellular Component ) J7 i fE42 77 10 )& 5 GO %
H bR 7 S, 05 K B 20 oh 25 8] 4

RT ORI GO FELIR
Table 7 Enriched GO terms for genes associated with CHD

TS5 PR 73 o R M RT L, 2 B A Ok I A 2
REIFIRE HAT — 2ot o 6 U 0 v XU AR DG PRI e
IRE_ LB — BN T 2 B B35 )T 5 2 T
HAT MR T RE A EE A

AW (P)

T IHECP)

AR (P)

1 Response to wounding( 1. S6E - 113) D
Response to chemical stimulus(1. 0E —112)"
Response to stress(1. 3E —102) D
Regulation of biological quality (7. 1E -92)1

Response to organic substance(2. 3E —85)

2
3
4
5 Response to external stimulus (1. 4E -88)"
6
7 Response to stimulus(8. SE -81) "

8

Regulation of multicellular organismal process

Receptor binding(2. 9E -39) 1
Protein binding(8. 6E -38)"

Cell surface binding (8. 1E -21)"
Tetrapyrrole binding (2. 9F - 18)
Enzyme binding(9. 6E - 18) "
Binding (1.0E -17)"

Heme binding (2. 4E -17)
Cytokine activity (3. 8E -17)

Extracellular space(9. SE -88)"
Extracellular region part(5.9E -80) "
Extracellular region(2. 6E —67) "

Cell surface(4.2E -41)"

Plasma membrane part (3.7E -34) D
Plasma lipoprotein particle( 1. 9F —24)
Protein-lipid complex (4. 8E —24)
Platelet alpha granule(3.5E —23)

(2.8E-78)
9 Single-multicellular organism process (7. 8E — Carbohydrate  derivative  binding Extracellular side of plasma membrane
77)0 (4.1E-16) (9.6E-22)"
10 Cellular response to chemical stimulus( 1. 1E — Cytokine receptor binding(9. 2E —16)  Secretory granule(1.5E -21)
76)
V2 PG LR B AR 1D GO 2 H (%8 ) .
£8 BT BUEEG GO bR
Table 8 Enriched GO terms for genes associated with stroke
No. AR (P) T IIRECP) AR (P)

Response to wounding( 1. 80E -58) 1

Regulation of biological quality (1.2E -57)"
Response to chemical stimulus (9. 8E -51)"
Multicellular organismal process (7. 1E —92)
Response 1o stress (1. 0E —46)"
Single-multicellular organism process (2. 9E —46)"
Regulation of body fluid levels(1. 5E -43)

Response to stimulus (1. 1E —42) 1
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Response to external stimulus (7. 8E —42)"
Wound healing(7. 6E —41)

—_
(=]

Receptor binding(6. 9E -23)
Protein binding(9. 8E -23)"
Binding (8. 1E -11)"

Cell surface binding (2.3E -10)"
Protease binding(4. OF - 10)
Hormone activity (8. 4E —10)
Endopeptidase activity (3.0E -9)
Identical protein binding (1.2E -7)
Carboxylic acid binding(2. 6F -7)
Enzyme binding (9.9E -7)"

Extracellular space (1. 1E -43)"

Extracellular region part (8.4E -40)"

Extracellular region( 1. 4E -35)"

Cell surface(1. 8E -22)"

Plasma membrane part (7.2E -21)"

Plasma membrane (4. 0E -20)

Cell periphery(1. 1E -19)

Intrinsic to plasma membrane (2. OE —16)
Extracellular side of plasma membrane(4.2E —16)"

Intergral to plasma membrane (1.9E - 15)
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Table 9  Associated diseases of CHD or stroke

No. TR IR i P R IR
1 Myocardial infarction Hypertension')
2 Diabetes mellitus'’ Atherosclerosis'’
3 Atherosclerosis!’ Protein ¢ deficiency
4 Vascular disease Diabetes mellitus"’
5 Hypertension") Sickle cell anemia
6 Type 2 diabetes mellitus Hemorrhagic disease
7 Coronary stenosis Vasculitis
8 Ischemia Essential hypertension
9 Carotid artery disease Rheumatoid arthritis
10 Acute myocardial infarction  Antiphospholipid syndrome
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