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1. Technologies for CTC capture 

 

2. Investigating CTC-clusters 

 

3. Ex vivo culture of CTC for individualized 

 testing of drug susceptibility 

 

4. What’s next 



10 mL Whole Blood 
50 billion RBCs 

50 million WBCs 
0-100 CTCs 



1. Microfluidic Capture of CTCs 
(iChip - collaboration with Dr. Mehmet Toner, Harvard) 

Ozkumur et al., Science Transl Med, 2013 
Karabacak et al., Nature Prot, 2014 



Dean Flow & Inertial Focusing 

inlet exit 

Inertial Focusing of Cells in Microfluidic Channel 

Mehmet Toner 



1. Microfluidic Capture of CTCs 
(iChip - collaboration with Dr. Mehmet Toner, Harvard) 

Ozkumur et al., Science Transl Med, 2013 
Karabacak et al., Nature Prot, 2014 



CTCs 

Deflected WBCs 



2. Clusters of CTCs in the bloodstream 

DAPI:     DNA 
FITC:      PSMA 
TxRed:   CD45 

Stott et al., Science Transl 
Med  2010 



   Are CTC-Clusters relevant for the 

metastatic process? 
 

2. Clusters of CTCs in the bloodstream 



CTC-Clusters in patients with metastatic breast cancer 

Aceto et al., Cell, 2014 



CTC-Clusters in patients with metastatic prostate cancer 

Aceto et al., Cell, 2014 



Mouse models 

Where do CTC-clusters come from? 

 

What is the metastatic potential of 

CTC-clusters, compared to single 

CTCs? 
  
 



Are CTC-Clusters clonal or oligoclonal? 

Mixed primary tumor MDA-LM2 
          (mCherry/GFP) 

Aceto et al., Cell, 2014 



Are CTC-Clusters clonal or oligoclonal? 

Mixed primary tumor MDA-LM2 
          (mCherry/GFP) 

CTC-clusters are mixed origin: 
          mCherry + GFP 

GFP 

 

 

mCherry 

 

 

GFP/mCherry 

 

 

GFP/mCherry 

Aceto et al., Cell, 2014 



Are CTC-Clusters clonal or oligoclonal? 

Mixed primary tumor MDA-LM2 
          (mCherry/GFP) 

GFP 
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mCherry/GFP 

 

 

 

mCherry/GFP 

Metastatic Lung foci 

Aceto et al., Cell, 2014 



Relative contribution of single CTCs and CTC-

clusters to metastatic lesions 

2.6% of all CTC events are  

    CTC-clusters 

 

91% of CTC-clusters are  

    multicolored 

 

53% of all lung foci are  

    multicolored 

 

CTC-clusters are ~50-fold 

more metastasis-competent 

than single CTCs  



Do CTC-clusters originate from a single tumor or from 

intravascular aggregation? 

Two single color primary 

    tumors (MDA-LM2) 

Aceto et al., Cell, 2014 



Do CTC-clusters originate from a single tumor or from 

intravascular aggregation? 

Two single color primary 

    tumors (MDA-LM2) 

CTC-clusters are derived 

 from only one tumor 

GFP 

 

 

mCherry 

 

 

 

GFP 

 

 

mCherry 

 
Aceto et al., Cell, 2014 



Do CTC-clusters originate from a single tumor or from 

intravascular aggregation? 

Two single color primary 

    tumors (MDA-LM2) 

    Lung metastases are primarily              

    derived from one tumor (92%) 

Cross-seeding of primary 

lesions: 3-5% 

(Massague/Norton) 

 

Re-seeding of metastatic  

lesions: 8% 
Aceto et al., Cell, 2014 



RNA profiling of single CTCs 

   RNA sequencing of single CTCs  

   vs CTC-Clusters from human breast                 

               cancer patients  
 



Single cell RNA sequencing of CTCs vs CTC-clusters 

CTCs from patients with breast cancers:  

   - Cell surface staining (EpCAM, HER2, CDH11)  

     for micromanipulator and RNA seq 

Aceto et al., Cell, 2014 









Single cell RNA sequencing of CTCs vs CTC-clusters 

Plakoglobin increased 

 ~215-fold in clusters vs 

Single CTCs 

Aceto et al., Cell, 2014 



Plakoglobin as component of desmosomes 
(and adherence junctions) 



Targeting CTC-clusters 

   Targeting cell-cell junctions to 

disrupt CTC-clusters and reduce the 

metastatic spread of cancer 
 



Plakoglobin knockdown in the primary tumor  

suppresses lung metastasis 

No change in growth of  

primary tumor xenograft 

    Reduced CTC-clusters, but not  

single CTCs, from primary tumor xenograft 

   Reduced lung metastases 

from primary tumor xenograft Aceto et al., Cell, 2014 



The Cluster-CHIP 

   Are we capturing all CTC-clusters?   
 



Cluster Traverse Through Capillaries 

Arteries 

Capillaries 

Vein 

Sarioglu*, Aceto* et al.,  
Nature Methods, 2015 



Microfluidic Capture of CTCs 
(iChip - collaboration with Dr. Mehmet Toner, Harvard) 

Ozkumur et al., Science Transl Med, 2013 
Karabacak et al., Nature Prot, 2014 



The Cluster-CHIP 

Sarioglu*, Aceto* et al.,  
Nature Methods, 2014 



The Cluster-CHIP 



EM on the Cluster-CHIP 

Sarioglu*, Aceto* et al.,  
Nature Methods, 2014 



3. Ex vivo Culture of CTCs 

Can we use CTCs to non-invasively 

monitor drug susceptibility in patients?   
 



Typical BC Patient History 

Yu, Bardia, Aceto et al., Science, 2014 



Ex vivo Culture of CTCs 

Yu, Bardia, Aceto et al., Science, 2014 



Mutation Analysis 

Yu, Bardia, Aceto et al., Science, 2014 



Mutation-based screening to identify drug 
susceptibility 

Yu, Bardia, Aceto et al., Science, 2014 



Validation of the best drug combinations in 
mouse models 

Yu, Bardia, Aceto et al.  
Science, 2014 



Take home 

1. Analysis of CTCs can be a powerful tool to dissect 

mechanisms of cancer metastasis and noninvasively 

monitor evolving drug susceptibility in patients  

 

1. Microfluidics devices are required to isolate CTCs from 

blood samples derived from patients with cancer  

 

2. Compared to single migratory CTCs, CTC-clusters are 

rare but highly metastasis-competent, and targeting 

cell-cell junctions may represent a valuable strategy to 

reduce metastatic spread 

 

3. Culturing CTCs may help identify the best therapies for 

individual cancer patients over the course of their disease 



4. What’s next  

The biology of CTC-clusters: 

 

  How/why/when are they generated? 

 

  What are their key signaling networks? 

 

  How can we suppress them in patients? 
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