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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

WA H : 2021-11-05; &[5 H H: 2021-11-30.

FEUH: EEREARRERESTITH (81630107); H E R R B BHE A# LA EBIIH (C12021A01508).
*JHIE # Tel: 86-10-64014411-2869, E-mail: 80979984@qq.com; linna888@163.com

DOI: 10.16438/j.0513-4870.2021-1585



ZEPRPEE: M VEGF/VEGFR2/PI3K/AKT 5 5 il T 5 (1) 1L 97 A 1 42 B 4R 4R 2R

1IR3 T 0 XA 26 75 R IR R AR T B HL L - 1045 -

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.
Key words: Baihu-Guizhi Decoction; rheumatoid arthritis; hot syndrome; excessive synovial angiogenesis;

transcriptomics; network analysis
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4060T) - i i H i % i ZUFF (GAPDH, 795 5174T) (3£
CST A #); 2 v B B B A L N R AR K A
T2 2 (p-VEGFR2, T 5 AP1095)- filf iR {4 1l A Bt L
B 3-1% 8 (p-PI3K, 1% 5 AP0854) (i Z {23 i AL W
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1 Reactome HUHE 22, 1% Bl k%007 s e K 33047 Th e
BN, 45 BRI, 59> BHGZD e W 4% 41 bR & 3
Z 51 L8 AR A DGR B, P R B B T T
RA #UIE I8 5 I 87 AR 18 e, H. VEGF.PI3K #1 AKT
% 08 br i 3 2 5 VEGFA-VEGFR2 5 S5l % (B
LR EM: P=00198, K1), £ FRA TR
ATA FAIE K BB DA K RA SE40 M, MIZME 5 R E0F
i BHGZD %} F RA #AIE 1 5 1 3 37 26 1 73 24 3 A
YEFMLHEI (B12).
2 BHGZD 7] R E&X AIA IF AR X T ig S
CD31 HIFRIA

5 IEH A b, ATA-H 4K BB OG0 g B 21 vp
CD31Jeth (Rt ) AR E I B £ (P<0.01); 5
AIA-H 40 # Eb, ATA-H-BHGZD 4 UL % ATA-H-MTX 41
KRR Mg B2 2R CD3 1 41 B 1 BH 4 3R IA A7 AE AN
A R B I (P < 0.01), 277 BHGZD 5 MTX % 2 3%
VI AR IE i BS I00LE 5% ) A  (B3)

3 BHGZD 1] £ Z %= AIA #iF KX R M5+ VEGF
FMESHEELUIK eNOSEEHMEENET

5 IEH 41/t , ATA-H 41 K & ifn i o VEGF &
& .eNOS i iif 4 LA &% VEGF/ES B Ul 8 % THE (P <
0.01), 1 ES 1 & & & & FFMIK (P < 0.01); 5 ATA-H 414
tt, ATA-H-BHGZD 41 L) J ATA-H-MTX 41K K i
VEGF % & . eNOS [ i 1% LA & VEGF/ES 1)t Af 2 %
FEAI (P < 0.05, P<0.01), T ES & & B ETHm (P <
0.05), $275 BHGZD 5 MTX ¥ fi i 3 03 AIA #GIF K
BUIMLIE 1 VEGF F1ES 5 & LA J& eNOS g P 1 57 5 2
(K 4).
4 BHGZD IR E X ZE AIAHIERR X THHLR
p-VEGFR2.p-PBBK U X p-AKT EH RS EHS

HIE® MM, AJA-H 4 K o9 4 4 p
p-VEGFR2.p-PI3K DL 2 p-AKT [ 2 [ Jii R ik 8= KA
BETFE (P<0.01); 5 AIA-H4LM Eb, AIA-H-BHGZD
H L Je ATA-H-MTX 20 K B 55715 44 44 rh p-VEGFR2.

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

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 ATA-H rats. n >3, ¥ £s. P <0.01 vs the control group; “P < 0.01 vs the ATA-H group. IOD: Integrated optical density

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 AIA-H group

p-PI3K LA K p-AKT [ 25 [ )5 %05 5 35 A [F 2 2 1)
&A% (P < 0.05, P<0.01), #&/x BHGZD 5 MTX #Jfit &
2= ) ATA #GIE K R 2% 15 41404 p-VEGFR2. p-PI3K
P p-AKT &5 1 ) 5 T ey (] 4).
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ZH MH7A 4 Jf T # 50 B ¥ B B3 2 (P < 0.01), &7~
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FHEE, BHGZD K H &1 77l & 2 HUVEC 40 f i # (1) %4
H ¥ & E D> (P<0.05 P<0.01), 5 TNF-a 2L/ Lk,
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VEGF #1 TNF-a 5 % 7} i I HUVEC 5 MH7A 4 fid it
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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: 100x, 200 pm); 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

Ferie )1, B2 A B (B5).
7 BHGZD % 3 %} VEGF i 5§ HUVEC 4 ffs LA &%
TNF-a %S MH7A 4HRERIR Z 8 D= HNHI1ER

51E% A0 EL, VEGF 40 HUVEC 41 ity L & TNF-a
H MH7A 4 ffi 2 22 20 H ¥ B R 3 £ (P < 0.01), #27R
VEGF (20 ng'mL") 5 TNF-a (20 ng-mL™") 7] 43 5l & &
14 39% HUVEC 5 MH7A 41 i1 12 2268 /1, 5 VEGF 44 4
kb, BHGZD =71 & 4 HUVEC 41 0 12 22 (5 H A4k 5
TR (P <0.01), H BHGZD ik . b 71 41 S A7 4]
LB G it 2 % R 5 TNF-a 400 th, BHGZD 5 &
PR A L LG ih % 2 57, 1 BHGZD H . & 7 &
41 MH7A 40042 28 50 H B2 /b (P < 0.05), DL 45
7R, BHGZD RER&A% i VEGF 1 TNF-a 43 511 S 7 5
" HUVEC 5 MH7A 4l fii 42 28 & /1, FC b 38 DL ) &=
HAE MR ALE (H6).
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P e
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(P <0.01), $#27~ BHGZD Re P& 1L 11 VEGF 5 3 T+ = 1
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B A R R I A — B R 2 T A K F .
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RA VI U OG5 98 o Je DR S50, 97 280 3, B HpL
il B 9T 22 Bl G 1 15 WL AR 98 E Jie I A 4 928 T R 55 7
1, Wil 4] Toll BE 52 4K 4 A~ S I NOD K32 Kk 5 11 3
2 PR/ B AT A 21 T RA @I AT, iR Lt
RA M o BB A ARG e il . DR, A5G
g S 20 32 0 V% BUHE 2 48 R0 AR W W 2% 1E R, WD R IR
BHGZD E A5 i1 RA FAIE 1 1 45 3k 5 3 A2 1) 785 i
S HAG AR F B b, I I8 T ATA RAE KRR S
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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: 100%, 200 um); 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

Figure 7 Effect of BHGZD on tube formation of HUVEC cells induced by VEGF. A: Tube formation in Matrigel (40%, scale bar: 400 um);
B, C: Quantitative analysis of tube formation of HUVEC cells in different groups. n > 5, ¥ +s. P < 0.01 vs the control group; “P < 0.05,

#P<0.01 vs the MOD group
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Fu &t R R W, BHGZD T il GE 2 2 P Ik ATA FlE K B
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VEGF 1 N Il 38 26 10 <8 A i, 8 3T VEGF 324K 1)
V R R AR KO AT (5 5 45 %, T VEGFR1
1 VEGFR2 #J 7] 5 VEGF 45 &, /2 VEGFR2 It VEGFR1
FL A B 1A AR IR A AT R B v D R R TS
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