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INTRODUCTION:  
 
Breast cancer is a complex disease that develops from epithelial lesions confined to 
breast ducts and lobules and progresses rapidly to become locally invasive and finally 
metastatic. Our recent studies show that cancer cells undergo a series of asymmetric 
events during cell division that generate different daughter cells (Gromley et al, Cell, 
2005). We have shown this is also the case for breast cancer cells (MDA-MB-231, MCF-
10A CA1a). Remarkably, one daughter inherits the midbody (MB), an organelle that 
assembles between the two dividing daughter cells. We call this post-division MB, the 
midbody derivative (MBd). Remarkably, the cell with the MBd accumulates additional 
MBds with each subsequent cell division. In human breast tumor sections, we observed 
rare cells adjacent to the basal layer--the position of putative breast cancer stem cells 
(CSCs)--that stain for MBds. In the breast cancer cell line MDA-MB-231 MBds were 
present in high numbers. High MBd numbers were also found in several stem cell 
compartments and in human embryonic stem cells (hESCs, H9, iPS), and they 
dramatically decreased when stem cells were induced to differentiate. MBds were not 
detected in normal and near normal breast epithelial cells (e.g. HMECs, MCF10A), 
dividing hepatocytes in regenerating liver, activated T cells or transit amplifying cells in 
all tissues studied. These results suggest that MBds are present in normal SCs and breast 
CSCs in vivo and in vitro. Our work is consistent with the emerging view that breast 
cancer develops from transformation of stem cells (Dontu et al, 2005; Ponti et al, 2005). 
We propose that MBds 1) will serve as markers for breast CSCs, 2) may have 
diagnostic/prognostic value for breast cancer progression and 3) could directly contribute 
to breast carcinoma. To test this, we propose the following aims: 1) Quantify MBds in 
breast tumors and cell lines and compare them with normal breast epithelial cells. 2) Test 
MBd-containing breast cancer cells for CSC properties in vivo and in vitro. 3) Test MBds 
for the ability to confer breast cancer stem cell properties by disrupting MBd inheritance 
or by RNAi.  
 



Figure 1. Breast cancer cells accumulate midbody derivatives 

BODY:  We have made key discoveries in MBd function in cancer and stem 
cells in this funding period. These are described below. 
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A         B            C
  

Figure 2. A-C. Lysosome inhibition (chloroquine, E64d/PepA) 
increases MBds in RPE-1 cells (A), but not in stem cells (B, H1, H9) or 
cancer cells (C, MCF-7). D. NBR1 depletion by shRNA treatment 
elevated MBd levels in human fibroblasts compared to controls (shNT).
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Figure 3.  MBds are degraded by NBR1-mediated autophagy. A. NBR1 localizes 
to MBds. B. NBR1 depletion by shRNA in MCF7 cells increases MBd numbers 
(shNBR1) over control (shNR). C.  Inhibition of autophagy in MEFs from the 
Atg5 knockout mouse (Atg5-/-) causes an increase in the % of MBd+ cells 
compared to wild type (Atg5+/+). D. Activation of autophagy in MCF-7 breast 
cancer cells (BECN1-Flag) causes MBd loss.
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Figure 4. Breast cancer cells with MBds have enhanced  tumor-like properties. 
A. MBds are found in the cancer cell side population (SP) compared to the 
main population (MP). B. MBd+ cells show increased growth in soft agar (up 
to 4-fold higher)
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Figure 5. A. Scheme for fibroblast reprogramming into pluripotent stem cells 
(iPS). B. Depletion of the autophagic receptor for MBds (B, NBR1) decreases 
the level of MBd+ cells (Fig. 3) and increases the number of stem cell colonies 
(B). C. Myotubes form in control (left) but not in NBR1 depletion (right) 
showing retention of stem cell characteristics in MBd-high NBR1 depleted cells.
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Figure 6.  Model for MBd fate in cancer cells and normal cells. A. In normal 
differentiating cells, NBR1 mediates encapsulation of MBds by autophagosomes, 
which fuse with lysosomes to degrade MBds. B. In cancer cells and stem cells, 
MBds are not degraded and accumulate.
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KEY RESEARCH ACCOMPLISHMENTS:  
 
*Our work during the last funding period (below) suggests that MBds contribute to the function 
   of stem cells and cancer stem cells.
*We identified an autophagic protein (NBR1) that targets MBds to the autophagic pathway 
   in breast epithelial cells but not breast cancer cells.
*Normal breast epithelial cells (MCF10A) lose MBds by release from cells in addition to autophagy
*MBds in breast cancer cells evade NBR1-specific degradation and release from cells.
*The MBd protein, Cep55, binds NBR1 and targets MBds to the autophagic pathway in breast epithelial 
   cells but not breast cancer cells. 
*MBd-positive MCF7cells are enriched in cancer cell side populations (SP).
*MBds in human fibroblasts accumulate when NBR1 is depleted by siRNA and they form more
   stem cell colonies when reprogrammed to form induced pluripotent cells (iPS). 
 
REPORTABLE OUTCOMES: 
 
* Manuscript: Tse-Chun Kuo, Chun-Ting Chen, Desiree Baron, Cara Weismann, Jean-Marie Houghton and Stephen 
Doxsey. Midbodies accumulate in stem cells through asymmetric inheritance and evasion of NBR1-
mediated autophagy. Nature Cell Biology, in revision.   
*Abstract: Tse-Chun Kuo, Chun-Ting Chen, Desiree Barron, Stephen Doxsey. Selective accumulation of
midbodies in stem cells. American Society of Cell Biology, Dec. 5-9, 2009, San Diego, CA 2009.   
* Based in part on the work in this proposal, I continue to serve as Chair of the search 
committee for a Director of UMass Medical School’s Stem Cell and Regenerative Medicine Institute. 
* Based on work in this proposal, I received several invitations to give seminars: 
2009-2010:
07/2009    Little People of America Meeting, Brooklyn, NYC  
10/2009    Memorial Sloan-Kettering Cancer Center, NYC  
11/2009    Worcester Polytechnic Institute, Worcester, MA   2010
01/2010    ASCB Course, Dar Es Saalam, Tanzania, Emerging Roles of Centrosomes  
03/2010    Keystone Symposium, Monterey, CA, Cilia protein function in mitosis and aneuploidy  
05/2010    Polycystic Kidney Disease and cancer, Harvard, Boston, MA 
08/2010    UMass Amherst, Microtubule meeting, Amherst, MA  
08/2010    Woods Hole, MA, Ellison Medical Foundation Annual Meeting  
09/2010    Cell Cycle, Mitosis and Cancer, Roscoff, France  
10/2010    Cell cycle and cancer meeting, Loutraki, Greece  
11/2010    Plenary Lecture, Cell Cycle and Cancer meeting, Sydney, Australia  
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CONCLUSION: We have made progress on the aims of our proposal and 
made important progress into the role of MBds in cancer-like properties of breast cancer cells.
We have shown that MBds are not degraded or released from cells in breast cancer cells as they 
in normal breast epithelial cells. Flow cytometric separation of MBd+ and MBd- cells showed 
that MBd+ cells form more and larger colonies in soft agar and are found primarily in cancer 
'stem cell' side populations. These restuls indicate that the MBd+ cells have stem cell like 
properties. Consistent with this is the observation that stem cells induced to form from 
fibroblasts after reprogramming show greater numbers when extra MBds are present. Morover, 
we identified a new pathway for autophagic degradation that involves the autophagic protein
NBR1 coupled to the MBd protein Cep55. This protein pair directs MBds to the autophagy 
pathway for degradation in breast epithelial cells. In breast cancer cells, this pathway if evaded. 
We also found that MBds can be lost from cells by being jettisoned from the cell into the 
media or extracellular space. These results have important implications for targeting 
MBds for therapeutic purposes.
 
REFERENCES: 
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