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Uptake, subcellular localization, bioenergetic effects and antiproliferative properties of 
triphenylphosphonium-linked nitroxides in breast cancer cells.

Mito-Carboxy Proxyl11 (Mito-CP11) is a triphenylphosphonium-linked
nitroxide which has been used as mitochondria-targeted superoxide
dismutase (SOD) mimetic.

SOD mimetics have been shown to inhibit tumor proliferation in in
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SOD mimetics have been shown to inhibit tumor proliferation in in
vivo models.

We thus hypothesized that Mito-CP11 would inhibit proliferation in
breast cancer cells.

In this study, we synthesized Mito-CP11, its short-chain analog Mito-
CP4 and the simple nitroxide CP, and treated the breast cancer cell
line MCF-7 and the non-cancerous epithelial cell line MCF-10A with
these compounds.

Figure 3: The effect of Mito-CP11 on the extent of cell death in 
MCF-7 and MCF-10A cells (A) MCF 7 and MCF 10A cells
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MCF-7 and MCF-10A cells.   (A) MCF-7 and MCF-10A cells 
were treated with Mito-CP11 (0.1 - 20 µM) for 24 h, and dead 
cells were monitored by staining with Sytox Green. To measure 
the total cell number, cells were treated with digitonin (120 
µM) when staining with Sytox Green. Fluorescence intensity 
from cells grown in 96-well plate was measured using a plate 
reader (excitation wavelength, 485 nm and the emission 
wavelength 535 nm) and (B) fluorescence microscopy pictures 
were obtained using FITC filters under the same experimental 
cell culture conditions as in (A). 
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Figure 1: Structures of Mito-CP11, Mito-CP4 and CP. (A) Chemical structures oft he compounds used.
(B) HPLC analyses oft he synthesized compounds with the determined mass to charge values.
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Figure 4: The effect of Mito-CP11 on the extent of cell death in MCF-7 and MCF-10A cells.   MCF-7 and MCF-10A cells were 
treated with Mito-CP4 (0.1 - 20 µM) (A) or CP (0.1 - 20 µM) (B) for 24 h, and dead cells were monitored by staining with Sytox 
Green. 

Figure 6: The effects of Mito-CP11 on the bioenergetic
functions in MCF-7 and MCF-10A cells. 
(A-F) Mitochondrial Function Analysis Assay. After 
establishing baseline OCR and ECAR readings, test 
compounds (1-15 µM) were injected.  Changes in OCR 
and ECAR were monitored for 2 h. Then, using 
sequential injections of oligomycin, FCCP, and antimycin
A, mitochondrial functions were determined. Mito-CP11 

inhibits mitochondrial oxygen consumption  Rate and 
induces a compensatory increase in ECAR in both MCF-7 
(A, C) and MCF-10A (B, D) cells. Changes in of Mito-CP4

(E)and CP (F) were negligible in MCF-7 cells as compared 
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These data suggest that the selectivity of Mito-CP11 towards MCF-7 cells is not 

Conclusions

Figure 2: Seahorse XF24 Analyzer technology. Panel A shows a schematic depiction of the measurement
chamber utilized in this technique. The first well shows the optics in the resting position. For
measurements, the cartridge is lowered in all wells. The red and blue dots att he tips oft he sensor probes
are representative oft he fluorescent sensors quenched by either oxygen or protons. The Oxygen
Consumption Rate (OCR), and Extracellular Acidification Rate (ECAR) is determined from the slope oft hese
measurements, and is shown in B. Data shown are the means ± sem. n=3.

to the changes of Mito-CP11.
(G) The effect of Mito-CP11 on intracellular ATP level in 
MCF-7 and MCF-10A cells.   MCF-7 and MCF-10A cells 
were treated with Mito-CP11 (0.1 - 20 µM) for 24 h, and 
intracellular ATP level were monitored using luciferase-
based assay.
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due to differential uptake or subcellular localization.

However, this differential cytotoxicity may be mediated by the control of ATP 
synthesis in MCF-7 cells as compared to the MCF-10A control cells.

Further experiments will test the mechanism by which ATP levels are 
maintained in MCF-10A, and whether this mediates the cytoprotection from 
Mito-CP11

Figure 5b: Intracellular distribution of nitroxides. MCF-7 and MCF-10A cells were treated with Mito-CP4 (5 µM), Mito-CP11

(5 µM) and CP (5 µM) for 2 h.  After treatment, cells were fractionated to isolate mitochondria, nuclei and cytosol. Mito-CP4, 
Mito-CP11 and CP distributions in nuclei, cytosol, mitochondria as well as in whole cell lysate were determined using EPR. 

Figure 5a: Uptake of nitroxides from the medium. EPR spectra of the media were collected before and after 
treatment of MCF-7 and MCF-10A cells with Mito-CP4, Mito-CP11 and CP for 2 h. 


