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Table 1: The IC50 of UA on human cancer cell lines (μM, from MTT assay, 48 h treatment)

Compounds MDA-MB-231 SW480 MG63 PC3 DU145 HCT116 143B MDA-MB-468

UA 2.669 8.058 19.616 6.026 4.283 5.297 6.220 4.054
ADR 0.294 5.782 7.061 0.416 0.150 0.702 0.435 2.323
5-Fu > 500 > 500 > 500 > 500 163.686 > 500 > 500 > 500
Carb > 100 > 100 > 100 > 100 > 100 > 100 37.629 > 100
CPT 1.226 5.569 0.265 0.025 0.03 0.147 0.022 0.027
Taxol 12.809 38.682 41.107 > 100 < 1E−5 4E−4 4E−4 2.381
VCR 8.718 > 100 29.669 > 100 6.27 E−5 1.34 E−4 1.30 E−5 1E−4

Figure 1: UA inhibits proliferation of breast cancer in vitro and in vivo. (A) MTT assay. Left panel: 4T1 or MDA-MB-231 cells 
were treated with different concentration of UA for 48 hours; Right panel: MDA-MB-231 cells were treated with different concentration 
of UA for 24, 48 or 72 hours. (B) Cell apoptosis assay. 4T1 or MDA-MB-231 cells treated with 30 μM UA for 24 h. Cells were collect 
with trypsin without EDTA, labeled with Annexin V-EGFP and PI and then analyzed on flowcytometer. Dual parameter dot plot of FITC-
fluorescence (x-axis) versus PI fluorescence (y-axis) has been shown in logarithmic fluorescence intensity. Quadrants: Q1 = live cells; 
Q2&Q3 = apoptotic cells; Q4 = necrotic cells. (C) Cell cycle analysis. 4T1 or MDA-MB-231 cells were treated with 10 μM UA for 48 h. 
Then cells were fixed and nuclear DNA was labeled with PI. Cell cycle distribution was analyzed by flowcytometry. Histogram display of 
DNA content (x-axis [PE-A]: PI-fluorescence) versus cell counts (y-axis) has been shown. (D) Left panel: Quantitative analysis of Xenogen 
imaging signal intensity (photons/sec/cm2/steradian) after 3 and 4 weeks treatment with UA; *P < 0.05. Right panel: UA reduced the 
primary tumor size (top panel, control; bottom panel, UA group). Tumor bearing mice was treated with 20 mg/kg UA and sizes of tumors 
derived from 4T1 cells were compared after 4 weeks.
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leukemoid reaction with profound granulocytosis [25]. We 
found that UA treated mice have less leukemoid reaction 
than control group (Figure 3D), the liver (Figure 3D, top 
panel) from tumor-bearing mice in control group revealed 
numbers of granulocytes in the liver blood vessels and 
sinusoids but less in the livers from UA treated mice. 
Otherwise, the WBC and PLT, but not RBC, in mouse 
peripheral blood also decreased (WBC: 363.49 ± 99.58 
10−9/L in control v.s. 225.88 ± 67.89 10−9/L in UA group, 
P < 0.05; PLT:1274.20 ± 58.29 10−9/L in control v.s. 1054.09 
± 179.89 10−9/L in UA group, P < 0.05). 

Furthermore, this model also displays extensive 
EMH in mice which also correlated with the expression 
of tumor-derived chemokines (Figure 3C). In EMH body, 
hematopoietic elements present in locations other than 
the bone marrow medullary space. EMH phenomenon 

may occur in many conditions, such as chronic anemias 
and blood dyscrasias (leukemia). Spleen and liver are the 
common sites of EMH. The H&E stained liver (Figure 3C, 
top panel) and spleen tissues (Figure 3C, bottom panel) 
indicated that UA could protect the liver and the spleen 
from the tumor-induced EMH (Figure 3C and 3D).

Ursolic acid inhibits multiple cell signaling 
pathways in reporter assay

We examined the effect of UA on 8 different 
signaling pathways related with cancer development, 
including ERK, Notch, Wnt, JNK, NFκB, Myc/Max, 
pRb-E2F and Hypoxia by reporter assay. When cells 
were treated with 10 μM UA for 2 h, we found that the 
luciferase signals of Wnt, Cell cycle, NFκB, Hypoxia 

Figure 2: UA inhibits tumor growth and metastasis in vivo. (A) Hemotoxylin & Eosin staining of 4T1 primary tumors (×200 
magnification). 4T1-Luc cells were collected and injected into the mammary fat pad of BALB/c mice (5 × 105 cells/injection; six animals 
per group). Animals were i.p. injected with 20 mg/kg UA for 4 weeks and sacrificed. Tumor samples were retrieved for H&E staining.  
C = new capillaries blood vessel in tumors. (B) Xenogen images of representative mouse in control group and UA group. Representative 
Xenogen images of the mice in 3 weeks and 4 weeks are shown. (C) UA reduced the number of lung metastasis in 4T1 tumor-bearing 
mice. Picture shown the number of lung metastasis sites on the lung surface for each mouse. The green line shows the average metastasis 
for each group. (D) Hemotoxylin & Eosin staining of lung tissues for 4T1 tumor-bearing mice and UA treated tumor-bearing mice (×200 
magnification). M = metastasis site.


