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Abstract

Targeting tumor angiogenesis is a promising alternative strategy for improvement of breast cancer 

therapy. Robo4 (roundabout homolog 4) signaling has been shown to protect endothelial integrity 

during sepsis shock and arthritis, and inhibit Vascular Endothelial Growth Factor (VEGF) 

signaling during pathological angiogenesis of retinopathy, which indicates that Robo4 might be a 

potential target for angiogenesis in breast cancer. In this study, we used immune competent Robo4 

knockout mouse model to show that endothelial Robo4 is important for suppressing breast cancer 

growth and metastasis. And this effect does not involve the function of Robo4 on hematopoietic 

stem cells. Robo4 inhibits breast cancer growth and metastasis by regulating tumor angiogenesis, 

endothelial leakage and tight junction protein zona occuldens protein - 1 (ZO-1) downregulation. 

Treatment with SecinH3, a small molecule drug which deactivates ARF6 downstream of Robo4, 

can enhance Robo4 signaling and thus inhibit breast cancer growth and metastasis. SecinH3 

mediated its effect by reducing tumor angiogenesis rather than directly affecting cancer cell 

proliferation. In conclusion, endothelial Robo4 signaling is important for suppressing breast 

cancer growth and metastasis, and it can be targeted (enhanced) by administrating a small 

molecular drug.
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Introduction

In current breast cancer treatment, frequent somatic mutation and heterogeneity of cancer 

cells have often rendered aggressive tumors resistant to chemotherapy (Gascoigne and 

Taylor, 2008; Gerlinger et al., 2012). Given the important supportive function and the rarity 

of mutation of tumor blood vessel endothelium, inhibiting tumor angiogenesis by targeting 

tumor endothelial cells has been considered an alternative strategy to overcome drug 

resistance. Tumor angiogenesis is necessary for tumor growth and it also promotes 

metastasis (Horak et al., 1992; Weidner et al., 1991). Angiogenesis can be initiated by 

chemoattractive and proliferative cytokines in the tumor environment, such as Vascular 

Endothelial Growth Factor (VEGF), which induces endothelial cell migration and 

proliferation (Ferrara, 2002). In addition, tumor derived inflammatory cytokines, such as 

IL-1β and CCL2, causes leakage of endothelium by disrupting the tight junction molecules, 

such as ZO-1, and in turn promotes endothelial sprouting during angiogenesis (Bolton et al., 

1998; Salcedo et al., 2000; Stamatovic et al., 2003; Voronov et al., 2003). Moreover, 

defective endothelial integrity promotes breast cancer metastasis, especially when tight 

junction protein ZO-1 is degraded in tumor endothelial cells (Martin and Jiang, 2009; Zhou 

et al., 2014).

Robo4 is one of the cell surface receptors for the secreted signaling protein, Slit2 (Park et 

al., 2003). Its expression is restricted to endothelial cells and their progenitor, hematopoietic 

stem cells (HSCs) (Huminiecki et al., 2002; Smith-Berdan et al., 2011). Slit2-Robo4 

signaling counteracts VEGF signaling and IL-1β signaling in endothelial cells to inhibit 

angiogenesis during retinopathy and protect endothelial integrity during sepsis shock (Jones 

et al., 2008; London et al., 2010). It has also been shown that Robo4 regulates HSC homing 

to bone marrow during HSC transplant (Smith-Berdan et al., 2011), and is important for 

vascularization during mammary gland development (Marlow et al., 2010). However, a 

recent report showed that the genetic depletion of Robo4 in endothelial cells does not affect 

the Slit2 binding and proposed Robo1 and Robo2 as preferred receptors for Slit2 activity 

(Rama et al., 2015). Although, the interaction of Slit2 and Robo4 in pathological 

angiogenesis has been a controversy, the role of Robo4 in breast cancer angiogenesis is not 

very well understood.

Recently, it was shown that the main signaling event of Robo4 pathway is the deactivation 

of a GTPase, ARF6 (Jones et al., 2009). Deactivation of ARF6 could be achieved by 

pharmacologically inhibiting ARF6 activating proteins, guanine nucleotide exchange 

factors, with the small molecule drug SecinH3 (Grossmann et al., 2013; Zhu et al., 2012). 

This drug has been shown to be effective in enhancing Robo4 function in treating arthritis 

and endotoxemia (Davis et al., 2014; Zhu et al., 2012). Hence, we hypothesize that SecinH3 

also enhances Robo4 signaling in regulating breast cancer angiogenesis.

In the present study, we elucidated the role of endothelial Robo4 in breast cancer growth and 

metastasis by knocking out endothelial Robo4 and by enhancing Robo4 downstream 

signaling, and explored the possibility of using a novel small molecule drug to target Robo4 

in the development of treatment against breast cancer.
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Methods and Materials

Cells

PyMT cells were cultured in DMEM:F12 medium supplemented with 10% FBS and 1% 

dual antibiotics. E0771 and their subclones, E0.1 and E0.2, were cultured in complete RPMI 

1640 or DMEM medium as indicated. Human microvascular endothelial cells (HMVEC) 

were cultured in ECM medium (ScienCell, San Diego, CA). MDA-MB-231 was cultured in 

DMEM medium. Cancer cell supernatant was collected from sub-confluent cultures after 48 

h of serum starvation.

Animal study

Robo4+/− C57BL/6 mice (generated by Dr. Dean Li, University of Utah) were bred for 

Robo4+/+ and Robo4−/− genotyped female mice. At 8-week age, 2×106 PyMT cells, or 

0.2×106 E0771, E0.1, E0.2 cells in 50% Matrigel (Corning, MA) were injected into the right 

mammary fat pad of mice of all groups. For all animal studies, 5 to 8 mice were used in each 

group. For drug treatment experiments, mice were injected daily i.p. with 1mg/kg SecinH3 

in PBS with 5% DMSO, or vehicle control, from the 2nd day after tumor injection. Tumor 

size was assessed once a week using a caliper and tumor volume was calculated according to 

the formula: volume = length × (width)2/2. Mice were sacrificed at the end of study as 

shown in the figures or per the request of the veterinarian. All mice were kept in OSU’s 

animal facility in compliance with the guidelines and protocols approved by the IACUC.

Cell proliferation assay

Cell proliferation assay was performed using Cell Proliferation Kit I (MTT) from Roche 

(Indianapolis, IN) per the kit manual. Proliferation assays were done in triplicates. 5 × 103 

cells were plated in each well of a 96-well plate, and drug treatment was added to the cell at 

the time of plating. Cells were allowed to grow for 3 days, and cell numbers were quantified 

on each day. For quantifying cell number, MTT was added to the cells at day of measuring, 

and cells were lyzed with SDS solution after 12 hours. O.D. values were measured using 

Model 680 microplate reader from BIO-RAD (Hercules, CA).

Immunohistochemistry (IHC) and immunofluorescence staining

Tumor samples were fixed with 4% paraformaldehyde, processed and embedded in paraffin. 

Standard immunohistochemical techniques were used according to the manufacturer’s 

recommendations (Vector Laboratories) using antibodies against CD31 (Santa Cruz 1:100), 

Vectastain Elite ABC reagents (Vector Laboratories), avidin DH:biotinylated horseradish 

peroxidase H complex with 3,3′-diaminobenzidine (Polysciences) and Mayer’s hematoxylin 

(Fisher Scientific). For immunofluorescence staining, CD31 and Occludin primary 

antibodies and Alexa 488/568 secondary antibodies (Life Technologies, NY) were used for 

labelling.

Flow cytometry

Briefly, tumors isolated from the mice were chopped into fine pieces and digested into 

single cell suspensions at 37°C using Collagenase IV PBS solution (Life Technologies). 
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After passing through 0.45μm filters, cells were fixed in 4% paraformaldehyde in PBS. 

Surface proteins were stained with specific Alexa Fluor 488/568–conjugated Abs 

(Biolegend). Intracellular proteins were stained with specific primary Abs coupled with 

Alexa Fluor 488/568–conjugated secondary Abs (Life Technologies) after permeablization 

with Fixation/Permeabilization Solution Kit (BD Biosciences). Data were acquired using a 

FACSCalibur (BD Biosciences) and analyzed using CellQuest 5.0 software.

Western Blotting (WB)

WB was performed as previously discribed (Zhao et al., 2014). Briefly, proteins in cell 

lysates were separated by electrophoresis using NuPAGE SDS-PAGE Gel (Life 

Technologies). Proteins were transferred onto nitrocellulose membranes and blotted by 

specific primary and HRP-conjugated secondary Abs. Protein expression was detected by 

Thermo ECL reagents using X-ray films.

Quantitative-Reverse-Transcription-PCR (qRT-PCR)

qRT-PCR was performed as previously discribed (Zhao et al., 2014). Total RNA was 

extracted from cells using TRIzol reagent (Life Technologies) and purified with an RNeasy 

kit (QIAGEN). Total RNA was then reverse transcribed into cDNA using a High Capacity 

cDNA Reverse Transcription Kit (Life Technologies). Real-time PCR was then performed 

on an Eppendorf Mastercycler realplex using Power SYBR Green Master Mix (Life 

Technologies). Data analysis was performed using the standard “ΔΔCt method.”

Statistical analysis

Reported data for cell line studies are the means ± S.E.M. of three independent biological 

samples. Animal studies use n= 5–8 mice for each group. The statistical significance was 

determined by the Student’s t test or as specified. All the in-vitro experiments were repeated 

three times (N=3) and representative data have been presented.

Results

Endothelial Robo4 suppresses tumor growth and metastasis

In female C57BL/6 mice, orthotopic tumors of E0.2 (E0771 cell subclone generated in our 

lab) breast cancer cells developed significantly faster in Robo4−/− mice, compared to 

Robo4+/+ mice (Figure 1A, B). The numbers of lung metastasis were also significantly 

greater in Robo4−/− mice (Figure 1C). Importantly, the probability of distal metastasis is 

known to be positively correlated with the primary tumor size (Koscielny et al., 1984). Thus, 

to eliminate the factor of tumor size from the influences on the number of lung metastatic 

foci, we analyzed the tumors on the Metastasis-Log10Volume plot, in which the slope of 

linear regression indicates the aggressiveness of the breast tumors (Koscielny et al., 1984). 

On the Metastasis-Log10Volume plot, the tumors in Robo4−/− mice are more aggressive in 

generating distal lung metastasis (Figure 1D). This is reflected by the significantly 

prolonged relapse free survival (RFS) of breast cancer patients with high Robo4 expression 

in a large combined cohort (Figure 1E). Taken together, we showed that Robo4 expression 

on endothelial cells inhibits breast cancer growth and metastasis.

Zhao et al. Page 4

Mol Oncol. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Endothelial Robo4 suppresses tumor angiogenesis and protects vascular integrity

Robo4 is expressed only on endothelial cells and HSCs. Both endothelial cells and HSC-

derived leukocytes can affect tumor development. By comparing the peripheral blood 

leukocyte profiles between wildtype (Robo4+/+) and Robo4 knockout (Robo4−/−) mice, we 

showed that Robo4 knockout did not affect the HSCs differentiation or the relative 

composition of peripheral blood leukocytes (Figure 2A–B). In addition, Robo4 was not 

expressed on breast cancer cells (Figure 2C). Thus, we hypothesized that Robo4 deficiency 

in endothelial cells, rather than HSCs, affects breast cancer development.

Vascular staining showed that there was more angiogenesis in the tumors of Robo4−/− mice, 

compared to Robo4+/+ mice (Figure 3A). The increased vascular staining was coupled by a 

similar increase in the percentage of CD31+CD45− tumor endothelial cells (Figure 3B). 

Disrupted tumor endothelial integrity not only initiates neovascularization, but also directly 

promotes cancer cell vascular invasion and metastasis. In endothelial Robo4-deficient mice, 

there is significantly increased percentage of branching phenotype, in addition to the 

increased tumor blood vessel quantity (Figure 4A). As a characteristic of angiogenesis and 

disrupted integrity, the increased branching in Robo4−/− tumor blood vessels was 

accompanied by the reduced level of tight junction associated protein, ZO-1, in tumor 

endothelial cells (Figure 4B). Accordingly, tight junction protein Occludin, which is 

stabilized by ZO-1, was also downregulated in tumor endothelial cells with Robo4 knockout 

(Figure 4C). These data showed that endothelial Robo4 suppresses tumor growth and 

metastasis by protecting endothelial integrity and angiogenesis.

Pharmacological enhancement of Robo4 signaling downstream of Robo4 inhibits tumor 
angiogenesis, tumor growth and metastasis

The small molecule drug, SecinH3, can enhance Robo4 signaling through deactivating the 

ARF6 activating proteins downstream of Robo4. SecinH3 treatment did not inhibit the in 

vitro proliferation of a non-aggressive murine breast cancer cell line, PyMT (Figure 5A). 

However, SecinH3 significantly reduced tumor growth of PyMT-cell orthotopic tumors in 

vivo (Figure 5B–C), without affecting the body condition of the mice (Figure 5D). This 

showed that SecinH3, with low toxicity, reduced tumor growth by influencing the host, 

rather than tumor cells. To further analyze the effect of Robo4 enhancement by SecinH3 on 

breast cancer metastasis, we used the highly aggressive murine breast cancer cell line, E0.1 

(an E0771 subclone derived in our lab, Figure 6A–C). Again, SecinH3 significantly 

suppressed tumor growth of E0.1 cells (Figure 6D). More importantly, SecinH3 significantly 

inhibited lung metastasis of E0.1 tumors (Figure 6E). Judging by its Metastasis-

Log10Volume plot, SecinH3 reduced the aggressiveness (slope of linear regression) of E0.1 

tumors (Figure 6F). Moreover, SecinH3 treatment rescued breast cancer cell supernatant 

induced loss of ZO-1 protein and mRNA in endothelial cells (Figure 7A–B). And 

accordingly, in both PyMT tumors and E0.1 tumors, SecinH3 treatment suppressed tumor 

angiogenesis and the branching phenotype (Figure 7C–D). Taken together, these data 

showed that, in accordance with the functions of Robo4, enhancing Robo4 signaling using 

small molecule drug (SecinH3) can inhibit breast tumor growth and metastasis by reducing 

tumor angiogenesis.
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Discussion

Targeting tumor angiogenesis in breast cancer is considered an alternative treatment that 

may avoid problems of cancer cell heterogeneity and has long been investigated. Robo4 

signaling has been shown to protect endothelial integrity during sepsis shock and prevent 

pathological angiogenesis in retinopathy (Jones et al., 2008; London et al., 2010). Robo4 has 

also been shown to inhibit VEGF signaling during mammary gland development (Marlow et 

al., 2010). Thus, targeting Robo4 signaling seems promising in inhibiting tumor 

angiogenesis in breast cancer. Previous reports have implied the importance of Robo4 in 

regulating angiogenesis (Jones et al., 2008; Koch et al., 2011; Park et al., 2003). In the 

present study, we used immune competent Robo4 knockout mouse model to show that 

Robo4 is important for suppressing breast cancer growth and metastasis (summarized in 

Figure 8). Moreover, knocking out Robo4 in HSCs did not affect the HSC differentiation or 

the leukocyte profile of the mice. Thus, endothelial Robo4 should be responsible for the 

anti-cancer effects observed in our study.

Robo4 knockout led to enhanced tumor angiogenesis. This is in agreement with previous 

works showing that Robo4 counteracts VEGF signaling in endothelial cells (Jones et al., 

2008; Koch et al., 2011; Marlow et al., 2010). Importantly, more blood vessels showed the 

branching phenotype in Robo4−/− tumors. The sprouting induced branching of tumor blood 

vessels is caused by decrease of tight junctions and increase of endothelium leakage 

(Carmeliet and Jain, 2011). And reduced tight junction protein ZO-1 expression and 

increased leakage of endothelium have been shown to promote tumor angiogenesis and 

metastasis (Zhou et al., 2014). Indeed, we also observed a decrease of ZO-1 and its 

associated Occludin protein in Robo4−/− tumor endothelium, which should at least partly 

contribute to the enhanced angiogenesis and metastasis.

In this study, we used two subclones of C57BL/6 derived breast cancer cell line E0771, E0.1 

and E0.2. They were generated in our lab by culturing isolated E0771 tumor cells in RPMI 

1640 and DMEM media, respectively. E0.1 has less cell-to-plastic attachment, and generates 

bigger tumors and more lung metastasis in mice than E0.2 cells (Figure 6B, C). It has been 

suggested that lower environmental pH, increased glucose metabolism and less cell 

attachment favor cancerous progression of tumor cells. Comparing to DMEM, RPMI 1640 

has less pH buffering capacity, less glucose and less calcium. Thus, it is possible that RPMI 

1640 is more likely to promote cancerous progression (evolution) of tumor cells than 

DMEM. We chose to use E0.2 to study tumor growth and E0.1 to study lung metastasis for 

in vivo experiments. The reasons for increased aggressiveness of breast cancer cells in RPMI 

1640 may be due to its less pH buffering capacity and lower glucose and calcium 

concentrations.

To confirm the role of Robo4, we investigated the effect of enhancing Robo4 signaling with 

the small molecule drug (SecinH3) which targets downstream of Robo4. Similar to previous 

studies of sepsis and arthritis (Davis et al., 2014; Zhu et al., 2012), SecinH3 showed robust 

effects on enhancing Robo4 signaling. It rescued tight junction protein ZO-1 expression and 

inhibited breast tumor angiogenesis, tumor growth and metastasis. Interestingly, SecinH3 

did not inhibit the in vitro proliferation of PyMT and E0.1 breast cancer cells, except for 
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excessively high concentration. And Robo4 was not expressed in any of the breast cancer 

cell lines we used (Figure 2C). In addition, by using the analysis (Metastasis-Log10Volume 

plot) of cancer aggressiveness in lung metastasis study, we eliminated the factors of cell 

proliferation and tumor size in determining influences of metastatic potential. These findings 

confirmed that SecinH3 acts on the host not the cancer cells in vivo.

When considering the therapeutic application of targeting Robo4 signaling, although 

increased tight junction between endothelial cells can counteract with breast cancer 

angiogenesis and metastasis, it may also affect other vascular systems away from the 

cancerous lesions. Anti-VEGF therapy has been shown to pose threat to maintenance of 

normal microvasculature (Kamba and McDonald, 2007). So it is not impossible that globally 

increased tight junctions also affect normal endothelial functions. In addition, some also 

argue that increased tight junctions in the blood brain barrier may also affect the essential 

supplies to the brain.

In conclusion, endothelial Robo4 is important for controlling tumor angiogenesis and 

endothelial leakage, which suppresses the growth and metastasis of breast cancer. The small 

molecule drug, SecinH3, can inhibit breast cancer growth and metastasis by enhancing 

Robo4 signaling. Although targeting Robo4 has been shown to be promising in treatment of 

sepsis shock (London et al., 2010), to date, the quest for Robo4 targeting strategy has been 

limited to injection of large doses of recombinant Slit2 (~120 kDa) protein (London et al., 

2010), which is far from a good drug candidate. Hence, targeting ARF6 downstream of 

Robo4 with small molecular drug SecinH3 seems a promising alternative strategy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Endothelial Robo4 regulates breast cancer growth and metastasis.

• Robo4 modulates angiogenesis by controlling endothelial tight junctions.

• Targeting signaling downstream of Robo4 is a potential anti-angiogenic 

strategy.

Zhao et al. Page 10

Mol Oncol. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Endothelial Robo4 knockout enhanced breast cancer growth and metastasis
(A) Progression of tumor volumes of E0.2 tumors. (B) Left: Representative tumors of 

Robo4+/+ and Robo4−/− mice at the end of the experiment, before sacrificing. Right: Tumor 

weight of Robo4+/+ and Robo4−/− groups. (C) Number of lung metastasis in two groups 

(N=6 mice). (D) Metastasis-Log10Volume plot of tumor and metastasis in two groups. 

Formula of linear regressions (in the form of: y = ax + b) were labelled by the lines. Slope is 

the value of a. N = 6 mice in each group. (E) Kaplan-Meier plot of RFS probability of breast 

cancers in a combined cohort of 3458 patients (Györffy et al., 2010). Patients were separated 

by mean of Robo4 level. The two patient cohorts are compared by a Kaplan-Meier survival 

plot, and the hazard ratio with 95% confidence intervals and logrank P value are calculated. 

(*p<0.05)
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Figure 2. Host Robo4 knockout did not affect leukocyte differentiation and Robo4 is not 
expressed on tumor cells
(A) Gating strategy for analyzing peripheral blood leukocyte profiles by flow cytometry. 

Dot plots of flow cytometry analysis are shown, with the determined leukocyte population 

labelled on top. Polygonal areas in dot plots are the gates of selection. T cells: CD3+; CD4 T 

cells: CD3+CD4+; CD8 T cells: CD3+CD8+; activated CD4/8 T cells: 

CD3+CD4/8+CD44high; NK cells: CD49b+CD8−; B cells: B220+CD19+; Myeloid cells: 

CD11b+; Monocytes: CD11b+F4/80+Gr-1−; PMNs: CD11b+F4/80−Gr−1+. (B) Peripheral 

blood leukocyte profiling analysis. Peripheral blood of adult female Robo4+/+ and Robo4−/− 

mice was collected into heparin solution, and red blood cells were lysed. White blood cells 

were then stained with conjugated antibodies against cell surface markers (Biolegend, CA) 

and analyzed by flow cytometry. There was not any significant difference between the 

peripheral blood leukocyte profiles of Robo4+/+ and Robo4−/− mice. N = 6 mice were 

analyzed in each group. (C) Total DNA and RNA were extracted using TRIzol per the 

manufacturor’s instructions. Robo4 mRNA expression levels of breast cancer cells were 

analyzed by reverse transcription and PCR. Lung tissues from Robo4+/+ and Robo4−/− mice 

are used as positive and negative controls. Genotyping was performed using the extracted 

DNA.
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Figure 3. Endothelial Robo4 knockout led to increased tumor angiogenesis
(A) Left: H&E staining and IHC staining of tumor blood vessels (CD31) in E0.2 tumors of 

WT and Robo4−/− mice. Right: Quantitative analysis of the CD31 staining areas (n = 3). (B) 
Flow cytometry analysis of relative numbers of tumor endothelial cells. Tumors from each 

group were digested into single-cell suspensions using collagenase IV. Tumor endothelial 

cells (CD31+CD45−) were analyzed by flow cytometry. Statistical summary of 3 tumor 

samples from each group is shown in the bar graph of upper right panel.
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Figure 4. Increased angiogenesis in endothelial Robo4 knockout tumors is accompanied by 
perturbed endothelial integrity
(A) Upper: Representative vessel staining patterns of tumors in both groups. Patterns were 

isolated through adjusting color threshold of CD31 IHC images. Lower-left: Statistical 

summary of numbers of tumor blood vessels per field on IHC slides at 100x magnification. 

Lower-right: Percentage of branching tumor vessels of both groups. Branching is defined 

as the staining pattern with obvious lateral protrusions. (B) Flow cytometry analysis of 

tumor endothelial cell ZO-1 levels. Mean fluorescent intensity (MFI) is statistically 

summarized in the bar graph of lower left panel. (C) Representative immunofluorescence 

staining of tight junction protein, Occludin, on tumor blood vessels. CD31 is used as the 

endothelial cell marker, and DAPI is used as the nuclear marker. White arrows indicate 

blood vessels in the tumors. All images are to the same scale. (*p<0.05)
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Figure 5. SecinH3 inhibited tumor growth, but not tumor cell proliferation
(A) MTT cell proliferation assays of SecinH3 treatment in PyMT cells in 96-well plates. 

SecinH3 relative dosage of in vivo experiments is about 2.2μM. (B) Tumor volume of PyMT 

tumor in C57BL/6 mice with or without SecinH3 treatment. N = 5 mice were analyzed in 

each group. (C) Left: Representative PyMT tumors of vehicle and SecinH3 treatment 

groups. Right: PyMT tumor weight at end of study. (D) Body weight of mice bearing PyMT 

tumors, with or without treatment of SecinH3. N = 5 mice were analyzed in each group. 

(*p<0.05, N.S.: non-significant)
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Figure 6. SecinH3 inhibited breast cancer lung metastasis
(A) Generation of E0.1 and E0.2 cell lines is described in the flow chart. After 10 passages 

of in vitro culture, E0.1 and E0.2 showed significantly different phenotypes. E0.1 

proliferated faster, but had less attachment to the plate, comparing to E0.2. (B and C) When 

injecting same amount of E0771, E0.1 and E0.2 (0.2×106) cells into mouse mammary fat 

pads, E0.2 grew slower and E0.1 generated more lung metastasis than the other two (3 

weeks post-injection). N = 5 mice each group. So E0.1 cell is considered highly aggressive, 

and E0.2 cell is considered less aggressive. (D) Left: Tumor volumes of E0.1 tumors in 

C57BL/6 mice with or without SecinH3 treatment. Right: E0.1 tumor weight at end of 

study. N = 5 mice were analyzed in each group. (E) Left: Representative lungs of mice 

bearing E0.1 tumors. Lungs were fixed with Bouin’s solution so that metastatic foci 

appeared as white nodules (such as the ones pointed by arrows). All images are to the same 

scale. Right: Numbers of lung metastatic nodules of both groups. (F) Metastasis-
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Log10Volume plot of tumor and metastasis in two groups. (*p<0.05, **p<0.01, N.S.: non-

significant)
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Figure 7. SecinH3 inhibited angiogenesis in PyMT and E0.1 tumors
(A and B) HMVEC cells were treated with supernatant of breast cancer cell MDA-MB-231 

(BC sup.), with or without pre-treatment of 30μM SecinH3. ZO-1 protein (A) and mRNA 

(B) levels were analyzed by WB and qRT-PCR respectively. (C and D) Left: H&E and 

CD31 IHC staining of PyMT and E0.1 tumors. Middle: Quantification of CD31 staining 

area on slides of PyMT and E0.1 tumors. Right: Percentage of branching phenotype in 

tumor blood vessel staining. N = 3 mice were analyzed in each group. (*p<0.05)
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Figure 8. 
Schematic illustration of the proposed mechanism.
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