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Inhibition of angiogenesis by arsenic trioxide via TSP-1–TGF-
β1-CTGF–VEGF functional module in rheumatoid arthritis

SUPPLEMENTARY MATERIALS

Supplementary Figure 1: Results of transwell assay, tubule formation test and ex vivo aortic ring angiogenesis assay 
along with unconditioned media alone as well as supernatants of each FLS and HDMECs co-cultures. Normal human 
(NH) FLS and rheumatoid arthritis (RA) FLS were co-cultured with HDMECs for 48 h, respectively. (A and B) Transwell 
assay (A; n=3) and tube formation test (B; n=3) for 6 h demonstrated significant up-regulation in migration and capillary-
like structure formation of HDMECs respectively under treatment of supernatants from each FLS and HDMECs co-cultures 
(n=3, respectively) compared to those under treatment of unconditioned media (n=3, respectively; *p<0.05, **p<0.01), and 
migration and tube formation of HDMECs increased significantly with treatment of supernatants from RA-FLS and HD-
MECs co-culture (n=3) compared to those from NH-FLS and HDMECs co-culture (n=3; #p<0.05). (C) Mouse aortic rings 
were placed on GFR-Matrigel-coated plates and incubated in 1% FBS EGM-2. On 3rd day, the EGM-2 were exchanged with 
supernatants from FLS and HDMECs co-cultures and further incubated for 3 days. Ex vivo aortic ring angiogenesis assay 
showed significant up-regulation in microvessel sprouting under treatment of supernatants from each FLS and HDMECs 
co-cultures (n=3, respectively) compared to those in unconditioned media (n=3; *p<0.05, **p<0.01), and microvessel out-
growth increased significantly under application of supernatants from RA-FLS and HDMECs co-culture (n=3) compared 
to those from NH-FLS and HDMECs co-culture (n=3; #p<0.05). Bars = 300μm. Original magnification = ×5. Results are 
expressed as the mean ± S.E.M. UNC = unconditioned medium control. As shown in Fig.1, the migration, tube formation 
of HDMECs and microvessel sprouting increased significantly with treatment of supernatants from RA-FLS and HDMECs 
co-culture compared to those from NH-FLS and HDMECs co-culture.
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Supplementary Figure 2: Silencing efficiency of TSP-1, TGF-β1, CTGF and VEGF siRNAs in RA-FLS (n=3) was 
confirmed by real-time PCR and western blotting analysis. Significant decrease in the expression of TSP-1, TGF-β1, 
CTGF and VEGF were observed at both mRNA (Fig.2B) and protein levels (this picture) in TSP-1, TGF-β1, CTGF and 
VEGF siRNA-treated cells compared to scrambled siRNA-treated cells. Three sets of siRNAs for each gene have been ini-
tially checked and the results from most efficient ones are presented.
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Supplementary Figure 3: As2O3 attenuates the angiogenesis in vitro and ex vivo systems under treatment of media 
from RA-FLS and HDMECs co-cultures. Hereby we describe the effect of As2O3 at a dose of 1.0 μM, and other data 
were also demonstrated in Fig.3 in main text. RA-FLS and HDMECs co-cultures were respectively treated with As2O3 
alone or together with TNF-α (100ng/ml) for 48 h. (A and B) Transwell assay and tube formation test were performed 
by applying supernatants from RA-FLS and HDMECs co-cultures to HDMECs for 6 h respectively. HDMECs migration 
and tube formation were increased by supernatants from RA-FLS and HDMECs co-culture under TNF-α treatment (n=3; 
*p<0.05), while As2O3 at doses of 1.0 μM (n=3) and 2.0 μM (n=3) played a significantly opposite role in migration and tube 
formation with or without TNF-α (*p<0.05, **p<0.01, #p<0.05, ##p<0.01), which were also in a dose dependent manner. 
(C) Ex vivo aortic ring angiogenesis assay showed similar changes of microvessel sprouting as demonstrated in migration 
and tube formation of HDMECs in the transwell assay and tube formation test above (n=3; *p<0.05, **p<0.01, #p<0.05). 
Bars=300μm. Original magnification = ×5. Results are expressed as the mean ± S.E.M. *p<0.05, **p<0.01 versus Veh, 
#p<0.05, ##p<0.01 versus TNF-α. Veh = vehicle control under treatment of 1% FBS DMEM alone. TNF-α = control group 
under treatment of TNF-α (100ng/ml) only.
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Supplementary Figure 4: The effect of As2O3 treatment on TSP-1, TGF-β1, CTGF and VEGF expression in NH-FLS. 
NH-FLS and HDMECs co-cultures were treated with As2O3 alone or together with TNF-α (100ng/ml) for 48 h. (A) TSP-1, TGF-β1, CTGF 
and VEGF protein expression in the supernatants from NH-FLS and HDMECs co-cultures were analyzed by ELISA. Results showed that 
concentrations of TSP-1, TGF-β1, CTGF and VEGF increased significantly after treatment with TNF-α (100 ng/ml) (n=3) compared to 
vehicle control group (n=3; *p<0.05, **p<0.01), and then significantly decreased concentrations of TSP-1, TGF-β1, CTGF and VEGF were 
observed after the treatment of As2O3 at doses of 1.0 μM and 2.0 μM in a dose dependent manner (n=3, respectively; #p<0.05, ##p<0.01). 
However no significant decreased expression of those proteins were seen in supernatants from NH-FLS and HDMECs co-cultures under 
As2O3 treatment only (n=3, respectively). (B) TSP1, TGF-β1, CTGF and VEGF mRNA expression in co-cultured NH-FLS were performed 
by real-time PCR. Results showed similar changes of TSP-1, TGF-β1, CTGF and VEGF mRNA expression as demonstrated in protein 
regulation after treatment of As2O3 alone (n=3) or together with TNF-α (100ng/ml) (n=3; *p<0.05, **p<0.01, #p<0.05, ##p<0.01). Results 
are expressed as the mean ± S.E.M. *p<0.05, **p<0.01 versus Veh, #p<0.05, ##p<0.01 versus TNF-α. Veh = vehicle control under treatment 
of 1% FBS DMEM alone. TNF-α = control group under treatment of TNF-α (100ng/ml) only. 
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Supplementary Figure 5: The effect of As2O3 treatment on angiogenesis in vitro and ex vivo systems under 
treatment of media from NH-FLS and HDMECs co-cultures.  (A and B) Transwell assay and tube formation test 
were performed by applying supernatants from NH-FLS and HDMECs co-cultures to HDMECs for 6 h respectively. 
Results showed that migration and capillary-like structure formation of HDMECs significantly increased after TNF-α 
(100ng/ml) stimulation (n=3, respectively; **p<0.01), while subsequently As2O3 at doses of 1.0 μM (n=3) and 2.0 
μM (n=3) played a significantly inhibitory role in migration and tube formation (#p<0.05), which were also in a dose 
dependent manner. However, there was no significant decrease of migration and tube formation in supernatants from 
NH-FLS and HDMECs co-cultures under As2O3 treatment only (n=3, respectively). (C) Ex vivo aortic ring angiogen-
esis assay showed similar changes of microvessel sprouting as demonstrated in migration and tube formation of HD-
MECs above (n=3; **p<0.01, #p<0.05). Bars=300μm. Original magnification = ×5. Results are expressed as the mean 
± S.E.M. *p<0.05, **p<0.01 versus Veh, #p<0.05, ##p<0.01 versus TNF-α. Veh = vehicle control under treatment of 
1% FBS DMEM alone. TNF-α = control group under treatment of TNF-α (100ng/ml) only.



Oncotarget10www.impactjournals.com/oncotarget

Supplementary Figure 6: As2O3 inhibited body-weight loss of CIA mice. (A) Mean body-weight of CIA control group 
(n=6) decreased significantly compared to normal mice (n=6) from Day 34 to Day 40 (*p<0.05), however, mean body-
weight of groups under As2O3 and MTX treatment (n=6, respectively) showed no significant change compared to normal 
mice (n=6). (B) For better evaluation of As2O3 toxicity, the assessment for normal mice under different doses of As2O3 treat-
ment were performed. No significant body-weight loss was found among different treatments. Results are expressed as the 
mean ± S.E.M. Normal = normal mice. Control = CIA control mice. MTX = methotrexate.

Supplementary Figure7: The regulatory network among TSP-1, TGF-β1, CTGF and VEGF. 
The functional module of TSP-1-TGF-β1-CTGF-VEGF (TTCV) is up-regulated in RA-FLS, leading to the angiogenesis 
in synovium of RA. Our results and other labs’ reports [1-10] suggest that there may be a multiple feedback loop among those four 
functional proteins, and one simplified model is provided here. 
TGF-β1 is central in functional module, which leads to the up-regulation of TSP-1, CTGF and VEGF expression. 
VEGF, which may be induced by TGF-β1 and CTGF, could up-regulate TGF-β1, CTGF and TSP-1 production. Therefore, VEGF is the 
functional cytokine of the TTCV functional module, leading to the angiogenesis in synovium of RA. Furthermore, CTGF could promote 
TSP-1 expression. Surprisingly, the expression of TGF-β1, CTGF and VEGF showed no significant change with TSP-1 intervention. TSP-
1 may activate latent form of TGF-β1. And TSP-1 had a context-dependent effect on TGF-β1, CTGF and VEGF. TNF-α, which is shown 
in red, promotes the expression of TSP-1, TGF-β1, CTGF and VEGF in RA-FLS, while As2O3, which is shown in green, can effectively 
suppress the function of TNF-α, representing an anti-angiogenesis effect. Here fold lines indicate our original reports for the first time or 
results from our study corroborated in other labs; waved lines indicate results having difference between other labs’ observation in different 
tissues (or contexts) and our study. 
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