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Abstract: Wu-tou decoction (WTD) and Baihu-Guizhi decoction (BHGZD) as described in the Synopsis of
the Golden Chamber have been used extensively for the treatment of rheumatoid arthritis (RA) with apparent
therapeutic efficacy. However, characteristics of pharmacological effects and their underlying molecular
mechanisms have not been fully elucidated due to a lack of appropriate scientific methodology. In the current
study, we performed an integrative approach applying gene expression profiling and network analysis to examine
the therapeutic effects and molecular mechanisms of WTD and BHGZD based on adjuvant-induced arthritis
(AlA) animal model. Results demonstrated that both WTD and BHGZD could relieve the severity of arthritisin
AlA rats, while the significant differences were observed in the changes of the withdrawal response scores and
latency time of AlA rats treated with WTD and BHGZD. Mechanistically, our network pharmacology-based
investigation demonstrated that the major candidate targets of WTD and BHGZD were significantly associated

Wk H #9: 2018-06-01; &8l H #1: 2018-06-26.

BEWH: FXRBAREREE T ITH (81630107, 81673834); H Je gt A i PERHH [t JT 56 AR V.55 %% L % 4 % th (L2017018).
* @ L+ Tel: 86-10-64014411-2869, E-mail: ygzhang@icmm.ac.cn; nlin@icmm.ac.cn

DOI: 10.16438/j.0513-4870.2018-0519



+ 1388 -

2424244 Acta Pharmaceutica Sinica 2018, 53 (9): 1387 —1397

with several inflammation-immune regulatory pathways, such as Toll-like receptor signaling pathway, T cell

receptor signaling pathway, cytokine-cytokine receptor interaction, chemokine signaling pathway, B cell receptor
signaling pathway, antigen processing and presentation, Fc epsilon Rl signaling pathway, natural killer cell
mediated cytotoxicity, as well as leukocyte transendothelial migration.  In particular, the major candidate targets
of WTD were also involved in the regulation of hormone and energy metabolism, which might be imbalanced
during RA progression. In conclusion, the current study revealed differences and similarities regarding the
effects and network regulatory mechanisms of WTD and BHGZD. These findings may present a scientific
basisfor elucidation of mechanisms by which WTD and BHGZD alleviates RA.
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B RA SR FHIWE bt RA BEAR(E
SN PR $dfE U8 DrugBank 2451 (hitp://www.
drugbank.cal/, version: 3.0).OMIM 4 /& (http://www.
omim.org/, last updated: October 31, 2013) . GAD % ¥
£ (Genetic Association Database, http://geneticasso-
ciationdb.nih.gov/, last updated: August 18, 2013) 0
KEGG B ¥4E E (http://www.genome.jp/kegg/, last
updated: October 16, 2012) .

MEES D T String FIEE (http://
string-db.org/, version 10.5), #2EL LA C AT RA
FREER . RA RIFHREERR . &3kizbt RA &‘JZFE%
A SRR Z BT RA 08 58 K A BAE S B .
SEVIFN KR, SREUEE A (a0 AR FAE &, m%%ﬁ
B TSV g, 1B BAEH AT S FEVTF4r (combined
score) &5 T BOR T AH ELAE FH VT 43 A A £ 2 [ ]
MEAERE R, 75 A\ Cytoscape #f4 (version 3.4.0,
5% [ Cytoscape Consortium A &) #4% /X 48 31+ 5
FAEM S IE R (degree) . B HE (closeness)
FIAFE (betweenness) . LA _E i 9 48 31 AN R AE S 5010
AL E A RE, B3 NMRHESHUE Y R T RIEK)
TEEARIERNREMK L. XA Navigator
software (version 2.2.1, 3% [F Bentley Systems A #])
HEAT WX 28 AT AAL. .

ERINgEFBEREE S T GO %k E (Gene
Ontology, http://www.geneontology.org/, last updated:

po ——Mm
] ﬁ‘ T - e
g = -_— -
AIA-WTD AIA-BHGZD AIA-MTX
75 ke 214 gky 0.2 mg kg

March 28, 2018) 1 KEGG %4 % (Kyoto Encyclo-
pedia of Genes and Genomes, http://www.genome.jp/
kegg/, last updated: Oct 16, 2012) #I Database for
Annotation, Visualization and Integrated Discovery
(DAVID, http://david.abcc.nciferf.gov/home.jsp, version

6.7) 2EAT 5= DN Ty e RIS B 1) B AR AT
FIFESH K SPSS version 15.0 for Windows
At (RHE SPSSInc AH]) TG I F T THE T
BEHOA B £ bRifEZE (X+9) Rom. R HHIRIH
F] EE R R 7 A 56, 5015 28 P23 A G TR K P i 4
A LEECR AR g it ke 36 (Kruskal-Wallis 6 42);
FL A B b5 (1 2HL 18] EL R FH B R 3R 05 %2 73 M. P < 0.05
E NG B B EVEZ R KPR dE. A Microsoft
Office 2016. GraghPad Prism 6.0 1 Adobe Photoshop
CS6 - #EAT EIE HIAE

ER
1 SLAFBEMERZITEZRK AIA XR
ERE, BMEXTRTERE

AW TR FIEYE Lewis KR RINAE T AIA 1
B, JERE 11 RIFAR, AIA BRI R BROCTT 200, BT
SRR, TS Sk K A PR INEE R 7 16 9T 40 B A
AT pREIR, (E 7 R O R, 5 R
ST, (B 1A).

SERRY], IR 25 K, BRERLALA A A 100%,
Mk M AR A G G RIGES N TR T

60
40 1
20 4

0

(‘on ALA AIA-WTD AIA-BHGZD  AIA-MTX

30
20 I
10
0 i !

B

%
=

Arthritis incidence / %

Arthritis score

Con AlA AIA-WTD AIA-BHGZD AIA-MTX
D
1.5 9
T
55 104
=i
?' _,i 0.5 1
) 004
Con 1A AIA-WTD AIA-BHGZD AIA-MTX

Figure 1 Effects of Wu-tou decoction (WTD) and Baihu-guizhi decoction (BHGZD) on the severity of arthritis in adjuvant-induced

arthritis (AlA) rats.

A: Microscopic evidence of arthritis of AIA ratsin different groups; B: Arthritis incidence of AlA rats in different

groups, C: Arthritis score of AlA rats in different groups, D: The swelling degree of inflamed limbs of AIA rats in different groups.

##P <0.001 vs normal control group (Con); "P<0.05, "P<0.01,

"P<0.001 vsAIA group
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Figure 2 Effects of WTD and BHGZD on 50% paw withdrawal threshold (A), withdrawal response score (B) and the latency time (C)

of AlArats. *P<0.05, #P<0.01, P <0.001 vs normal control group; ‘P<0.05, "P<0.01,

AIA-WTD group

Tablel Key network target genelist of WTD acting on RA

""P<0.001 vs AIA group; “““P<0.001 vs

Gene symbol Degree Closeness Betweenness Gene symbol Degree Closeness Betweenness
A2M 14.000 4.575 0.464 IRF4 19.000 4.598 0.677
ADCY2 28.000 4.600 1.418 IRF5 16.000 4.603 0.685
ADCY7 27.000 4.592 1121 IRF7 13.000 4.582 0.399
ALOX15B 9.000 4.527 0.252 IRS2 11.000 4.561 0.470
ATIC 11.000 4.538 2.740 ITGA7 12.000 4.539 0.467
BDKRB1 27.000 4.594 0.337 ITGA9 13.000 4533 0.290
CACNA1S 11.000 4.506 0.663 ITGAL 8.000 4.525 0.124
CACNB1 7.000 4.491 0.324 ITGAV 19.000 4.564 0.896
CACNB3 7.000 4.491 0.324 ITGB2 12.000 4.547 0.430
CAMK2B 10.000 4.524 0.775 JUN 62.000 4.708 10.204
CAMK4 5.000 4.497 0.163 LCK 23.000 4.594 3134
CCL11 13.000 4572 0.212 LEP 29.000 4.636 1.849
CCL2 31.000 4.657 1.244 MMP1 22.000 4.622 0.661
CCL3 14.000 4.588 0.102 MMP13 12.000 4.600 0.440
CCL5 29.000 4.609 0.400 MMP2 41.000 4.672 3.899
CCR5 36.000 4.640 3.064 MMP3 11.000 4.575 0.317
CCR7 32.000 4.627 1.299 NCAM1 15.000 4.544 2.022
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Continued
Gene symbol Degree Closeness Betweenness Gene symbol Degree Closeness Betweenness
CD8B 8.000 4541 0.282 NCOA3 15.000 4.581 0.206
CDK1 18.000 4.579 6.422 NFKB2 9.000 4.570 0.282
CDKN1A 22.000 4.627 3.869 NOS2 12.000 4.613 1.144
CEBPG 5.000 4.526 0.125 OXTR 15.000 4.596 1.111
CHRM4 23.000 4572 0.418 PDLIM7 10.000 4.555 0.429
CHUK 24.000 4.622 1.867 PDPK1 10.000 4534 0.377
CIITA 14.000 4.570 0.670 PLA2G4A 10.000 4.543 0.471
COL1A1 15.000 4.548 0.578 PLAU 8.000 4.574 0.079
COL1A2 15.000 4.569 0.805 PPARD 9.000 4.558 0.111
CSF1 8.000 4.554 0.096 PPARG 34.000 4.637 3.096
CSF2 29.000 4.641 1.508 PRKACA 23.000 4.567 4.079
CTLA4 11.000 4.546 0.408 PRKAR1B 16.000 4.564 2916
EGR2 10.000 4.580 0.112 PRKCQ 13.000 4.550 0.356
ESR1 20.000 4.625 1.051 PTGS2 32.000 4.657 4.596
FCGR2A 8.000 4511 0.706 PTK2B 18.000 4.622 1.862
FGF2 35.000 4.651 6.558 RAC2 14.000 4.588 1.853
FGF7 12.000 4.561 0.760 REL 9.000 4571 0.123
FLNC 9.000 4.495 0.758 SAA1 29.000 4.581 0.441
GAL 23.000 4.597 0.138 SLC2A4 13.000 4.553 0.926
GNAO1 17.000 4.582 1.742 SPP1 16.000 4.584 0.659
HNF4A 9.000 4.564 0.185 SREBF1 14.000 4.556 2.587
ICAM1 43.000 4.686 5.173 STAT4 10.000 4.563 0.973
IL10 30.000 4.653 1.382 TEK 10.000 4.555 0.174
IL13 15.000 4.612 0.300 TGFB1 43.000 4.675 4.145
IL17A 20.000 4.621 0.630 TGFB2 14.000 4.609 0.866
IL18 16.000 4.622 11.137 TGFB3 10.000 4.566 0.066
IL1A 18.000 4.616 0.632 TLR2 18.000 4.604 0.272
IL1B 45.000 4.684 3.953 TLR4 18.000 4.622 0.684
IL1IR1 8.000 4.544 0.064 TLR9 10.000 4.565 0.401
IL2 34.000 4.655 2.379 TNF 42.000 4.657 3.097
IL23A 15.000 4.596 0.190 TNFSF11 14.000 4.605 0.819
IL3 11.000 4.596 0.198 TRAF1 11.000 4515 0.818
IL4 36.000 4.648 2.406 TRH 11.000 4.544 0.549
IL4R 15.000 4.569 0.261 VAV3 8.000 4.502 0.352
IL6 56.000 4.703 7.180 VDR 11.000 4.556 0.206
IL8 48.000 4.667 2.606 VEGFA 43.000 4.672 4.339
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Figure 3

network targets
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Interaction network of WTD key targets and rheumatoid arthritis (RA)-related genes, and its involved pathway and major
pathological changes during RA progression.

The sguare node refers to the herbal formula WTD and the round node refers to the key

Table2 Key network target gene list of BHGZD acting on RA

Gene symbol Degree Closeness Betweenness Gene symbol Degree Closeness Betweenness
AGTR1 85.000 0.474 0.009 IGF2 37.000 0.437 0.001
AGTR2 72.000 0.423 0.001 IL13 47.000 0.419 0.001
AKT1 142.000 0.534 0.043 INS 138.000 0.534 0.099
ALDOA 29.000 0.393 0.002 INSR 70.000 0.453 0.017
ANXA1 106.000 0.474 0.007 ITGB1 42.000 0.427 0.007
APLN 62.000 0.433 0.002 ITGB3 33.000 0.408 0.001
AR 41.000 0.457 0.007 KIT 46.000 0.451 0.003
ARRB1 43.000 0.434 0.002 LEP 57.000 0.459 0.004
ARRB2 40.000 0.432 0.002 LHCGR 37.000 0.410 0.003
AVP 92.000 0.476 0.020 MAP2K1 42.000 0.459 0.002
AVPR2 46.000 0.425 0.002 MC4R 33.000 0.412 0.001
BCL2 66.000 0.466 0.005 MCHR2 99.000 0.450 0.002
BDKRB2 101.000 0.462 0.003 MED1 29.000 0.403 0.003
C3 68.000 0.427 0.001 MTOR 57.000 0.471 0.004
CACNALC 41.000 0.423 0.006 MYD88 36.000 0.400 0.001
CACNA1D 37.000 0.422 0.004 NCOA1 32.000 0.407 0.004
CACNALF 32.000 0.393 0.004 NFKB1 91.000 0.483 0.008
CACNB2 28.000 0.415 0.002 NMUR2 99.000 0.450 0.002
CALCA 33.000 0.408 0.001 NOS1 33.000 0.421 0.008
CAMK2D 42.000 0.417 0.009 NOS2 30.000 0.419 0.002
CAMK2G 45.000 0.433 0.014 NOTCH1 46.000 0.438 0.004
CAT 39.000 0.433 0.012 NR3C1 32.000 0.464 0.002
CAV1 33.000 0.442 0.003 NTSR1 48.000 0.419 0.003
CCR7 83.000 0.436 0.003 PDGFB 48.000 0.437 0.001
CD34 29.000 0.419 0.001 PF4 89.000 0.444 0.007
CDC42 50.000 0.453 0.005 PIK3CA 156.000 0.528 0.035
CDKN1A 31.000 0.418 0.001 PIK3CB 92.000 0.492 0.008
CFTR 33.000 0.451 0.006 PIK3CD 83.000 0.489 0.005
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Continued
Gene symbol Degree Closeness Betweenness Gene symbol Degree Closeness Betweenness
CHRM1 60.000 0.440 0.005 PIK3CG 87.000 0.496 0.008
CHRM2 79.000 0.444 0.003 PIK3R1 111.000 0.487 0.013
CRH 45.000 0.439 0.004 PIK3R5 31.000 0.432 0.001
CRP 43.000 0.431 0.001 PLG 46.000 0.435 0.002
CTNNB1 57.000 0.457 0.007 PPARA 31.000 0.436 0.006
CXCR4 109.000 0.476 0.009 PPARG 49.000 0.453 0.004
CYP2E1 46.000 0.403 0.008 PPBP 87.000 0.447 0.006
DRD2 69.000 0.429 0.003 PPP2CA 45.000 0.441 0.005
DRD3 61.000 0.419 0.001 PPP2CB 40.000 0.436 0.004
DRD4 63.000 0.422 0.002 PPP2R1A 45.000 0.440 0.006
EDN1 94.000 0.490 0.009 PRKCA 64.000 0.472 0.011
EGF 111.000 0.503 0.017 PRKCB 46.000 0.460 0.006
EGFR 103.000 0.502 0.017 PRKCD 33.000 0.438 0.002
ESR1 53.000 0.475 0.007 PRKCG 37.000 0.446 0.005
F2 87.000 0.474 0.010 PTGER3 64.000 0.420 0.001
FGF2 72.000 0.458 0.004 PTGER4 34.000 0.414 0.001
FGFR2 28.000 0.418 0.001 PTGS2 68.000 0.484 0.010
FOXP3 35.000 0.426 0.001 PTK2B 32.000 0.427 0.002
FSHR 33.000 0.402 0.001 RAC1 62.000 0.447 0.007
GGT1 32.000 0.401 0.009 RAC2 30.000 0.402 0.001
GHRH 34.000 0.419 0.001 RPS6KB1 33.000 0.431 0.001
GNA15 58.000 0.441 0.002 SAA1L 103.000 0.458 0.004
GNAS 52.000 0.435 0.004 SERPINE1 64.000 0.456 0.003
GNAT3 67.000 0.425 0.002 SIRT1 33.000 0.435 0.001
GNG13 155.000 0.502 0.046 SOD2 30.000 0.414 0.007
GPER 69.000 0.438 0.003 SPP1 37.000 0.426 0.001
GRM5 55.000 0.430 0.003 SRC 111.000 0.512 0.032
GRM7 64.000 0.420 0.001 STAT5A 49.000 0.451 0.002
HDAC1 29.000 0.394 0.001 SYK 46.000 0.427 0.004
HGF 60.000 0.456 0.002 TAC1 56.000 0.438 0.002
HIF1A 48.000 0.468 0.004 TIMP1 46.000 0.420 0.001
HMOX1 31.000 0.445 0.001 TLR2 46.000 0.419 0.001
HPGDS 60.000 0.447 0.026 TLR4 65.000 0.454 0.004
HSPY0AA1 54.000 0.452 0.005 TNF 115.000 0.491 0.014
HTR1A 64.000 0.421 0.001 TP53 113.000 0.512 0.041
HTR2A 54.000 0.435 0.004 UTS2R 47.000 0.417 0.001
HTR2B 50.000 0.421 0.001 VCAM1 60.000 0.446 0.006
HTR2C 56.000 0.426 0.001 WNT5A 31.000 0.426 0.004
IGF1 98.000 0.488 0.014
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during RA progression.
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Interaction network of BHGZD key targets and RA-related genes, and its involved pathway and major pathological changes
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