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Abstract

Introduction—Endothelin 1 (ET1) promotes the growth of osteoblastic breast and prostate 

cancer metastases. Conversion of big ET1 to mature ET1, catalyzed primarily by endothelin 

converting enzyme 1 (ECE1), is necessary for ET1’s biological activity. We previously identified 

the Ece1, locus as a positional candidate gene for a pleiotropic quantitative trait locus affecting 

femoral size, shape, mineralization, and biomechanical performance.

Methods—We exposed TMOb osteoblasts continuously to 25 ng/ml big ET1. Cells were grown 

for 6 days in growth medium and then switched to mineralization medium with or without big 

ET1, for an additional 15 days by which time the TMOb cells form mineralized nodules. We 

quantified mineralization by alizarin red staining and analyzed levels of miRNAs known to affect 

osteogenesis. Micro RNA (miR) 126-3p was identified by search as a potential regulator of 

sclerostin (SOST) translation.

Results—TMOb cells exposed to big ET1 showed greater mineralization than control cells. Big 

ET1 repressed miRNAs targeting transcripts of osteogenic proteins. Big ET1 increased expression 

of miRNAs that target transcripts of proteins that inhibit osteogenesis. Big ET1 increased 

expression of 126-3p 121-fold versus control. To begin to assess the effect of big ET1 on SOST 

production we analyzed both SOST transcription and protein production with and without the 

presence of big ET1, demonstrating that transcription and translation were uncoupled.

Conclusion—Our data show that big ET1 signaling promotes mineralization. Moreover, the 

results suggest that big ET1’s osteogenic effects are potentially mediated through changes in miR 

expression, a previously unrecognized big ET1 osteogenic mechanism.

*Corresponding Author: Michael Johnson, William S. Middleton Veterans Hospital, GRECC D5209, 2500 Overlook Terrace, Madison 
WI 53719 USA. Phone: 1-608-256-1901 X11595. mgjohnson@medicine.wisc.edu. 

Declaration of Interests
All authors have no conflicts of interest.

HHS Public Access
Author manuscript
Connect Tissue Res. Author manuscript; available in PMC 2015 November 10.

Published in final edited form as:
Connect Tissue Res. 2014 August ; 55(0 1): 113–116. doi:10.3109/03008207.2014.923866.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

Osteogenesis; Signaling; Anabolic Activity; Osteoblasts; Mineralization

Introduction

Previously we identified a murine quantitative trait locus (QTL) bmd7 that is responsible for 

40% of the variance in bone biomechanical properties in HcB8 x HcB23 F2 intercross mice 

(1). Phenotypes include differences in bone size, shape and strength, suggesting that the 

responsible genes alter bone modeling during growth and development. Ece1, a gene within 

bmd7, encodes endothelin-converting-enzyme-1 (ECE1), a membrane bound protease that 

converts circulating, inactive, big endothelin-1 (big ET1) to biologically active endothelin-1 

(ET1) (1).

ET1 is a short-lived and potent paracrine/autocrine signaling molecule first recognized for 

its vasoconstrictive effect (2). Multiple studies have shown that big ET1 signaling occurs in 

many organ system (3, 4). Humans and animals with prostate cancer have increased levels 

of circulating big and active ET1. In bone, ET1 promotes osteoblastic progression of 

metastatic prostate and breast cancer. Nelson et. al. proposed that ET1 is responsible for 

disorganized bone formation characteristic of metastases of both breast and prostate cancers 

(5, 6). Prostate cancer cells cultured with osteoblasts increase mineralization (7), while 

inhibition of endothelin receptor A (EDNRA) slows or blocks the growth of osteoblastic 

bone metastases (8). Animal models of osteoblastic breast cancer metastases show constant 

ET1 secretion (8). The effect of ET1 on osteogenesis is well known, but it is not established 

whether osteoblasts are capable of cleaving big ET1 to yield active ET1.

To study the role of ECE1 in big ET1-mediated osteogenesis, we exposed TMOb cells (9) to 

big ET1, the circulating, biologically inert form of ET1 to demonstrate that ET1 signaling is 

ECE1 dependent. These experiments show that big ET1 signaling decreases sclerostin 

(SOST) secretion, a bone specific WNT inhibitor (10, 11) even though Sost mRNA is 

increased.

Micro RNAs (miRs) down-regulate gene expression posttranscriptionally by binding to the 

3′UTRs of mRNAs. Increased levels of a miR decrease protein expression and decreased 

levels of a miRNA lead to increased levels of protein expression (12). We hypothesized that 

changes in the expression of micro RNAs, molecules that act post-transcriptionally, are 

responsible for the effect of big ET1 on osteogenesis.

Materials and Methods

Cell Culture

TMOb cells were cultured in α-MEM (Invitrogen, Carlsbad, CA, USA), 10% fetal bovine 

serum (FBS) (Invitrogen, Carlsbad, CA, USA), and 1% penicillin-streptomycin (Invitrogen, 

Carlsbad, CA, USA) at 37°C with 5% CO2. Mineralization medium also contained 50 μg/ml 

ascorbic acid (Sigma-Aldrich, St. Louis, MO), and 10mM -glycerolphosphate (Sigma-
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Aldrich, St. Louis). The concentration of big ET1 (Sigma Aldrich, St. Louis, MO, USA) was 

25 ng/mL.

On day -6, cells harvested from four flasks were pooled in growth medium and transferred 

to 6-well plates with and without big ET1. The cells were grown for 6 days with one change 

of medium on day -3. On day 0, mineralization conditions were initiatied and big ET1 

supplementation was continued. At 15 days cell were stained with Alizarin Red.

Alizarin Red Staining

Wells were photographed at 1X magnification on a dissecting microscope. SigmaScan 

(Systat Software International, San Jose, CA, USA) was used to count the number of red 

pixels per field. Five random fields per well were counted and averaged for each well. 

Experiments were conducted in sextuplicate. StigmaStat (Systat Software International, San 

Jose, CA) was used to do statistical analysis. Mineralization was analyzed by Mann-

Whitney rank sum test. All data are reported as mean ± SEM.

MiR Analysis

RNA was collected at Day 0 and Day 15. The medium was aspirated and miR was isolated 

using the miRNeasy mini kit (Qiagen, Valencia, CA, USA) according to the manufacturer’s 

instructions. Levels of miR expression were analyzed with the mouse finder miScript miR 

PCR Array (Qiagen, Valencia, CA, USA) according to the manufacturer’s instructions.

Sost Transcriptional Analysis

Messenger RNA levels of Sost were measured by the ΔΔCt method using GAPDH as a 

reference. Real-time PCR reactions were performed in a StepOne RT-PCR instrument 

(Applied Biosystems) using a TaqMan (Mm00599890_M1 Applied Biosystems) assay 

according to the manufacturer’s instructions. Sost mRNA levels were measured at days 0, 3, 

6, 9, 12, and 15.

For analysis of RNA expression of Sost with or without big ET1, each time point was 

compared in a single experiment and then normalized so that the relative quantity of the 

control. The experiment was performed in triplicate and expression was compared by t-test 

at each time point. All data are reported as mean ± SEM.

ELISA

Protein levels of SOST in cell culture media were analyzed using a Quantikine HS kit (R&D 

Systems), according to the manufacturer’s protocol. For each arm, a time point consisted of 

media harvested from all wells of a six well plate, measured in duplicate. Results from all 

six wells were averaged to find the value for a time point. Results were analyzed by two-

way repeated measures ANOVA. All values are mean ± SEM

Results

Cells exposed to big ET1 (Figure 1) showed ~3-fold greater mineralization than controls 

(p<0.001). Table 1 summarizes the day 0 and day 15 levels of miRs that affect osteogenesis 
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(13, 14). The table shows the change in each miR’s level during normal differentiation and 

mineralization and the effect of exposure of TMOb cells to big ET1 on days 0 and 15 

relative to control.

Relative to control, big ET1 increases expression of miRs that down-regulate osteogenesis 

inhibitors. Big ET1 decreases expression of miRs that down-regulate proteins involved in 

the anabolic activity of mineralization. We observed a 121-fold increase in miR 126-3p 

relative to control in big ET1 treated cells (Table 1). Transcriptional data (figure 2A) show 

the normal expression of Sost during differentiation and mineralization. Figure 2B and 2C 

show that big ET1 exposure elicits discordant effects on Sost mRNA (p<0.05 on days 3, 6, 

9, 12 and 15) and SOST protein production (p<0.001).

Discussion

Breast and prostate cancer metastases cause formation of disorganized bone and both types 

of cancer are known to secrete ET1 constitutively (5, 6). Endogenous big ET1 signaling in 

bone has not been studied in detail and its mechanism of action has not been fully defined. 

Relative to control, we have shown that exogenous big ET1 causes significant changes in 

expression levels of miRNAs known to affect osteogenesis, always in favor of increased 

anabolic behavior, suggesting that big ET1 increases mineralization by regulating the 

miRNA environment of osteoblasts. As big ET1 is inert prior to cleavage by ECE1, our data 

demonstrate that TMOb cells are able to cleave big ET1 to active ET1.

We have demonstrated that treatment with big ET1 changes the production of SOST protein 

in a manner consistent with miR regulation. Big ET1 supplementation increases Sost 

transcription while simultaneously inhibiting SOST protein production. Inspection of the 

Microcosm miRNA database (15) revealed that miR 126-3p targets the 3′UTR of the Sost 

gene. It has been demonstrated that changes in Sost expression and protein production 

significantly impact bone mass by regulation of canonical WNT signaling (10, 11).

Furthermore, big ET1 regulates multiple miRs previously reported to impact osteoblast 

differentiation and mineralization. In each case, big ET1 induces changes in miR expression 

that favor increased osteogenesis. Future experiments include transfection of selected 

miRNAs and inhibitors to evaluate their effects on mineralization and protein expression, as 

well as the effects of blocking big ET1 signaling ex vivo in bone cores and in vivo in animal 

models.

Conclusions

Big ET1 is an important signaling molecule in osteogenesis and changes the miRNA 

environment of TMOb osteoblasts in favor of increased anabolic metabolism.
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Fig 1. 
A) Alizarin Red Staining of TMOb cells after 15 days in mineralization media ± big ET1 

supplementation. Cells exposed to big ET1 showed greater mineralization (p<0.001). B) 

Representative images of Alizarin Red staining of TMOb cells after 15 days of 

mineralization ± big ET1.
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Fig 2. 
Transcriptional expression and protein production of sclerostin (SOST) in TMOb cells 

during mineralization with and without big ET1. Panel A) Expression of Sost mRNA in 

TMOb cell during control mineralization. Sost has low expression until late in differentiation 

and mineralization of TMOb cells. Panel B) Expression of Sost mRNA with and without big 

ET1during TMOb differentiation and mineralization with SOST control expression 

normalized to one. Individual differences appear at days 3, 6, 9, 12 and 15 (p<0.05) with 

increased expression of Sost mRNA in the big ET1 treated arm. Panel C) SOST protein 

production during TMOb cell differentiation and mineralization with and without big ET1. 

Two-way repeated measures ANOVA finds significant differences between the control and 

big ET1 arm over time (p<0.001), between treatment (p<0.001), and time vs treatment 

(p<0.001). While the general production of SOST protein shown in panel C follows the 

transcription pattern of panel A, with increasing SOST over time, the protein expression in 

the big ET1 arm does not follow the transcriptional results shown in panel B which would 

suggest and increase in SOST production. This result shows that in the presence of big ET1 

production of SOST protein is uncoupled from transcription suggesting a post-

transcriptional regulation.
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