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Abstract: Baihu-Guizhi Decoction (BHGZD), a prescription from "Synopsis of the Golden Chamber", has a
definite clinical effect in the treatment of rheumatoid arthritis (RA). However, the research on the mechanism of
this prescription mainly focuses on the regulation of inflammatory response and immune function, and its efficacy
and mechanism of inhibiting synovial angiogenesis have not been reported. In the current study, transcriptomics

data mining, biological network analysis and "in vivo-in vitro" experimental verification integrated research strategy
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to explore the potential and molecular mechanism of BHGZD in RA synovial angiogenesis with hot syndrome.
Animal welfare and experimental procedures follow the regulations of the Animal Ethics Committee of China
Academy of Chinese Medical Sciences. The results of network analysis showed that the candidate network targets
of BHGZD intervention in RA with hot syndrome were significantly involved in multiple angiogenesis regulation
related pathways. Among them, vascular endothelial growth factor A-vascular endothelial growth factor receptor 2
(VEGFA-VEGFR?2) signaling pathway contains multiple BHGZD candidate network targets, such as VEGF,
phosphatidylinositol 3-kinase (PI3K), protein kinase B (AKT), etc. Further experimental results showed that BHGZD
could effectively reduce the expression of CD31 in knee synovium, the expression level of VEGF in serum, the
activity of endothelial nitric oxide synthase (eNOS), phosphorylated VEGFR2 (p-VEGFR2), p-PI3K and p-AKT in
joint tissue of adjuvant-induced arthritis rats with hot syndromes, the migration and invasion activity of HUVEC
and MH7A cells, and the lumen formation activity of HUVEC cells and improve the expression level of endostatin
in serum. In conclusion, BHGZD has the potential to alleviate excessive synovial angiogenesis in RA with hot
syndrome, and its mechanism may be related to the intervention of VEGF/VEGFR2/PI3K/AKT signaling pathway.
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5190-2305, 3 [E Agilent Technologies /A #)); RNeasy
mini kit (5% %5: 74106, 8 [E QIAGEN A Al). 1E & 2
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Hik, KR W FRERE (6 m-s™) L E (37 °C) i &
(90%) M N T FRFA R, FFEL 15K, BR 2 he HA]%
B A DR R 2 T A I R AR 4 2R B R O AT 4
245101 BIANHIT I e 9% 24 R JF 46 45 245, BHGZD 4 7
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1 h G Ve 252, R Image T 5HE 23 A1 25 7 K FEAH,
PA-4 H B ER 12601 5 %41 N 2 GAPDH 2545 (1 2K 7%
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), FEABITE R 6 h )5, W/ E B T 4% 2 58 H g [
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FECR B R, H &R R eI RIG AR 4 L 55 ik
55 R DR 2 THI L BE 49 ) 298 100%43.56 . 10.95 ¢cm Al
33.65 °C, MU BIAE ¥4 I B AE « A8 5 [ B I ] J
A E 1) I 3 B AR, R B IE B A ), 11 BHGZD 1] {2 3% 24
O R R R, T K BRIk R A,
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H:T String 24 P2, M2 IR “BHGZD 28 HE K -ATA
FAIEFE R BLAE W 2%, JL6L 5 659 N5 s Fl 3 614 251015
28 W 2% P AN RFAE AR UH B, 07 196 N Z 0 1T RUE R
BHGZD T il AIA #GIE I B M 25 ¥ hR . 2E T KEGG
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1 Reactome HUHE J, T % bl 4% 005 55 FE K 3R 4T T RE
BT, G5 BRI, 59 BHGZD e [0 25 ¥ b i3
Z 5970 MU T AR M DGl B, M0 R Z O A T
RA #F 8 s 1M 88 248 1938 g, H VEGFPI3K fl AKT
S0 EURR B ¥ 2 5 VEGFA-VEGFR2 15 58 % (&
EREM: P=00198, B 1). 3T RAE5FH
ATA FAIE A BB DL K RA SE40 0L, MiZ {55 R G vF
Y BHGZD X} T RA FAE 18 5 L5 38 AR 1R 9 24 2% %
YER ML (2).
2 BHGZD 1] R Z& K AIA BRIF KRB LT igE s
CD31 HFRIE

5 IEH AL, ATA-H 20 K BB 56 1 18 i 41 43
CD31"4eth (f5ide h) A= W 2 (P<0.01); 5
ATA-H 4 L, AIA-H-BHGZD 4 DL & AIA-H-MTX 41
KRR S R4 21 CD3 140 L 1 B 1k Rk A7 AE A
[FFEE BEA% (P < 0.01), #£78 BHGZD 5 MTX ¥ fE i %
1) AR S 10 5 1) A B (B 3)

Shigao Guizhi

Isoliquiritigenin Timosaponin BII Anemarrhensaponin I Calciumsulfate ~ Citric acid

3 BHGZD 7] R F X ZE AIA #E AR 5+ VEGF
FMESHISE UK eNOSESE N R E T

5 1E H 4LAR L, ATA-H 241 K R I 5% # VEGF &
. eNOS i i 7 LA N2 VEGF/ES [ FAE i 2 T+ (P <
0.01), 11 ES )£ & 2. 3 P (P < 0.01); 5 ATA-H ZHAH
Eb, ATA-H-BHGZD 41 DL & AIA-H-MTX 41K i 1L i
VEGF % & . eNOS R % 1% PL & VEGF/ES ¥ bt {8 & 3%
FEA% (P <0.05, P<0.01), ESH & EEZETm (P<
0.05), #&75 BHGZD 5 MTX ¥J Rt . 2 20 ATA #GIE K
BRI 1 VEGF #1ES 7 2 LA J eNOS B P4 18 57 5 2
T (E4).
4 BHGZD AR E N EAIARIERR X HHELA G
p-VEGFR2,p-PIBK L X p-AKT EH R FEHS

HIEHAME, AIAHA KR HHF
p-VEGFR2.p-PI3K UL & p-AKT {1 & (1 Jii K1k &R IE
BEFE (P<0.01); 5 AIA-HZ1AH L, AIA-H-BHGZD
4 LA J ATA-H-MTX 41 K B 5% 45 20 21+ p-VEGFR2.

Zhimu  Gancao

Glabrolide Anemarsaponin E

liquiritigenin Cinnamic acid Glycyrrhizic acid Formononetin Neoisoliquiritin Isoliquiritin Xilingsaponin B
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il rGp SERPINCI THBS1 PTGSI AREYS
SDC4 NFKB1
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IL6 EGF IGF1 SPR SELP ADCY2
ITGAL ANXAS PLAT  HKI COLIAL  PTGS?
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Figure 1 Interaction network of Baihu-Guizhi Decoction (BHGZD) key targets, AIA-hot syndrome (AIA-H) related genes and its involved

pathway. The hexagonal nodes refer to the herbs from BHGZD, the rectangle nodes refer to the composition from herbs, the round nodes

refer to the key network targets and the square node refers to the pathway
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Figure 2 Illustration of regulatory mechanism of BHGZD against synovial angiogenesis in rheumatoid arthritis (RA) with hot syndrome.
VEGF: Vascular endothelial growth factor; eNOS: Endothelial nitric oxide synthase; VEGFR2: Vascular endothelial growth factor receptor 2;
PI3K: Phosphatidylinositol 3-kinase; AKT: Protein kinase
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Figure 3 Effects of BHGZD on the expression of CD31 in knee joint synovium of AIA-H rats detected by immunohistochemistry. A:

Representative images of immunohistochemical staining from different groups; B: Quantitative analysis of CD31 expression levels in knee

joint synovium of AIA-H rats. n >3, X £ 5. P < 0.01 vs the control group; P < 0.01 vs the AIA-H group. IOD: Integrated optical density
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Figure 4 Effects of BHGZD on the expression of VEGF (A), endostatin (ES, B), eNOS (C) and VEGF/ES (D) in serum of AIA-H rats
detected by ELISA and the expression of phosphorylated VEGFR2 (p-VEGFR2, E), phosphorylated PI3K (p-PI3K, F) and phosphorylated
AKT (p-AKT, G) proteins in joint tissues of AIA-H rats detected by Western blot. n > 5, X £ 5. "P < 0.01 vs the control group; “P < 0.05,

#P <0.01 vs the ATA-H group
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Figure 5 Effect of BHGZD on the migration of HUVEC and MH7A cells. HUVEC and MH7A cells were treated with the different doses

of BHGZD and the cell migration was measured by using transwell assay. A: Representative photos of cell migration from different groups

(scale bar: 100%, 200 um); B: Quantitative analysis of cell coculture migration abilities of HUVEC cells; C: Quantitative analysis of cell mi-

gration abilities of HUVEC cells; D: Quantitative analysis of cell migration abilities of MH7A cells. n > 5, ¥ £ 5. "P < 0.01 vs the control

group; P < 0.05, P < 0.01 vs the different model (MOD) groups
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Figure 6 Effect of BHGZD on the invasion of HUVEC and MH7A cells. HUVEC and MH7A cells were treated with the different doses of
BHGZD and the cell invasion was measured by using Transwell assay. A: Representative photos of cell invasion from different groups (scale

bar: 100x, 200 pm); B, C: Quantitative analysis of cell invasive abilities of HUVEC (B) and MH7A (C) cells in different groups. n > 5, X + s.

P <0.01 vs the control group; "P < 0.05, P < 0.01 vs the different MOD groups
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Figure 7 Effect of BHGZD on tube formation of HUVEC cells induced by VEGF. A: Tube formation in Matrigel (40%, scale bar: 400 pum);

B, C: Quantitative analysis of tube formation of HUVEC cells in different groups. n > 5, X 5. P < 0.01 vs the control group; P < 0.05,

#P <0.01 vs the MOD group
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