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SPECIFIC AIMS
Two of the major challenges in managing effective human cancer treatment strategies are the inability to (i)
predict clinical response of individual patients to specific therapies and (ii) control recurrence of drug-resistant
tumors. Recurring tumors often progressively become more aggressive and resistant to subsequent therapies
causing ultimate demise of patients - a common predicament facing different cancers. If one can predict
clinical drug response and identify recurrent tumor cell subpopulations in a patient-specific manner, it might be
possible to optimally treat and prevent or delay the recurrence in each patient. Because of the inevitable
evolution of more drug resistant cancers as therapy progresses, ideally a predictive assay should be applied to
patients before the first therapy begins so that the complexity of cancer treatment may be minimized.
However, there is currently no biomarker or assay that can accomplish both goals. Project 2 will begin to fill
this unmet need by developing physical science-based and analytical methods to functionally and
quantitatively define heterogeneity of patient tumor samples toward the goal of predicting therapy response
and identifying recurrence cell subpopulations in individual patients.

This project will specifically address multiple myeloma (MM), the second most
common and currently incurable hematological malignancy. We have
developed a novel microchannel assay platform (micro cis-co-culture, ȝ&��
Figure 1), in which both the MM cells and tumor-associated companion cell
types from the same patient are analyzed together. This incorporates
patient’s own tumor cell heterogeneity and “tumor cell ecology” in ex vivo drug
studies – a new concept in the field. This platform can be used with a number
of novel imaging and computational approaches to characterize cellular traits
such as cell-cell interaction, morphology, and metabolism. The following two
aims will test the overarching hypothesis that a functional characterization of
drug response of MM cells in the context of tumor cell ecology using
multiparameter quantitative assays can define drug fitness landscapes to
enable better definition of therapy response and recurrence in each patient.

Aim 1: To functionally define MM cell subpopulations with drug fitness
By quantifying key physical and biochemical features of individual MM tumor
cells before and after drug treatment in micro mono-culture (µMC) in the
absence of cancer companion cells, we will define the baseline drug fitness
landscape of cancer cells without the ecological influence of non-tumor cells.
This aim will elucidate a set of quantitative parameters that defines drug-
fitness sub-populations to begin to develop MM drug fitness landscapes.

Aim 2: To determine the impact of tumor-specific cell ecology in MM cell drug fitness
We will incorporate tumor-associated companion cell types in a patient-specific manner in the µC3 assay
platform to define their impact on drug fitness landscapes. We will also functionally compare the fitness
landscapes in µMC and µC3 versus those obtained from recurrent tumor cell populations surviving in vivo drug
selection in patients. This aim will define how tumor-specific cell ecology modifies drug-fitness tumor cell
subpopulations and how surviving cancer cells in vitro may correlate to those that emerge as drug-resistant
recurrent cell populations in patients. Thus, this aim will test the predictability of µC3 assay over µMC for
clinical recurrence of drug-resistant tumors in individual patients.

Given that drug-resistant tumor recurrence in patients likely arises from relatively small cell populations that
resist the lethal effects of therapies (minimal residual disease), small sub-populations of tumor cells are likely
the long-term resistant target cell populations in each patient. Functional assays can determine the biological
significance of tumor cell heterogeneity. This project will establish the first-of-its-kind drug fitness landscapes 
of patient MM cells by combining technical and conceptual innovations of PS-OC.  This concept of tumor
fitness landscapes may serve as a new model for translational research in general. 

Figure 1: The µC3 assay: the 
heterogeneity of MM tumor cells
and tumor companion cell types
(“tumor ecology”) is preserved while
enabling multi-parameter analysis of
limited primary patient samples.

   
                 

               
              
                 

                
                  
                 

                 
                    

             
              

         
 

           
         

         
            

           
             

                 
          

          
           
             

         
           

 
           

           
            

            
            

           
           

 
               

               
                

                 
               

                
                   

        
 

            
            

             
             

              
              

 
  

    
   

    
    

    

 

 

 

 

 

 

 

Key Points 

• Cancer & Clinical Decision Making

• “Organotypic” Models of Cancer 
➡“Better” biology via structure & 

microenvironment  
➡How much is enough? 
➡Progress towards the clinic 
➡Application to tox testing 

TAM activation by carcinoma  

• Closing Thoughts
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Genomics Alone is Not the Answer 

Hype 

Only ~10% are actionable 

However, the majority of genomic alterations remain 
undefined with regard to their clinical significance 

Reality 
Most cancers become resistant to first 

line treatment in a few months 
Kuo, 2016; Yuan, 2014; Dienstmann, 2015 



 

  
Hallmarks of Cancer Cancer is more than genetic mutations 

Hanahan & Weinberg, Cell 2011 
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Complex Interactions Regulate Cancer Progression 
Quantifying & manipulating these interactions in vivo is challenging 

Can organotypic models help? 

ECM Remodeling

Inflammation/Immune 
Response

Endothelial Signaling

Growth Factors

Proteases

Beyond genomics 

But how much is enough? 
Clinically useful? 

What has changed is we can now 

make models that incorporate 

“better biology” (structure/function, 

multiple steps, multiple levels) 

Dilemma - neither animal models nor in vitro/ 

ex vivo (e.g. PDX, organoids) adequately 

replicate human physiology, biology & disease 

Can new models improve 

toxicity testing? 



 
  

 
 
 

“Better” Biology Via Structure & 
Microenvironment (e.g. fibroblasts)  

Proliferation 
2D non-tumorigenic/tumorigenic  30-100% 

3D duct.                            3% 
Normal in vivo                    3% 

Proliferation rates 

same as in vivo 

Increased 
sensitivity 

Morgan, et al., Scientific Reports, 2018 

Tissue (pathology) 
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To The Clinic:  Patient-specific Models to Predict Response 
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types from the same patient are analyzed together. This incorporates
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of novel imaging and computational approaches to characterize cellular traits
such as cell-cell interaction, morphology, and metabolism. The following two
aims will test the overarching hypothesis that a functional characterization of
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selection in patients. This aim will define how tumor-specific cell ecology modifies drug-fitness tumor cell
subpopulations and how surviving cancer cells in vitro may correlate to those that emerge as drug-resistant
recurrent cell populations in patients. Thus, this aim will test the predictability of µC3 assay over µMC for
clinical recurrence of drug-resistant tumors in individual patients.

Given that drug-resistant tumor recurrence in patients likely arises from relatively small cell populations that
resist the lethal effects of therapies (minimal residual disease), small sub-populations of tumor cells are likely
the long-term resistant target cell populations in each patient. Functional assays can determine the biological
significance of tumor cell heterogeneity. This project will establish the first-of-its-kind drug fitness landscapes 
of patient MM cells by combining technical and conceptual innovations of PS-OC.  This concept of tumor
fitness landscapes may serve as a new model for translational research in general. 
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heterogeneity of MM tumor cells
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Predicting Patient Outcome 
Small volumes = small #s of cells per endpoint 

Enables testing with patient cells 

Young, Blood, 2012;  
Pak, Integrative Biology, 2015 
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Sometimes not much is enough 

Predicting Patient Outcome 
Small volumes = small #s of cells per endpoint 

Enables testing with patient cells 

Young, Blood, 2012;  
Pak, Integrative Biology, 2015 

JLABS 



      
  

  

   
       

  
        

        
         

         
     

 

 
 
 

 

Application to Tox Testing 

Do organotypic systems flag different chemical hits 
than a traditional in vitro platform? 

▪ Overarching questions: Does structure matter? How do mammary stromal cells 
regulate breast cancer cell responses to xenobiotics? 

▪ Premise: 
▪ Estrogen receptor signaling is important to breast cancer progression 
▪ The microenvironment regulates the behavior and ER signaling of breast 

cancer cells, so may be important when testing chemicals in vitro 

▪ Our understanding of how chemicals affect breast cancer is mostly from data 
collected using simple in vitro models (e.g. 2D) 



         

 
  
    
   

  Application to Tox Testing 

Approach 

Mammary stromal cells indirectly 
regulate ER-driven responses by 
producing aromatase, the enzyme 

responsible for estrogen production 

How complex do we need to make in vitro models to predict in vivo responses? 



  

  
 

       
     

 
     

     

 
      

 

 

 

 

 

Application to Tox Testing 

Methods/Approach 

▪ MCF7-derived duct responds to E2 similar to already 
established in vitro and in vivo systems; responses 
mirror what is framed in AOP 

▪ When stromal cells are included in the matrix 
surrounding the breast duct, MCF7-derived ducts 
exhibit: 
▪ Molecular level: a reduction in ER protein, an 

increase in maximal ER transactivation 
▪ Cellular level: a decrease in apoptosis and 

increase in cell density 
▪ Tissue level: an increase in estrogen-induced 

hyperplasia 
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Chemical responses differ in MCF7-derived duct co-culture model 

 

 

log[Fen], M log[TBT], M 

Organotypic model flags different chemical hits 



Fo
ld

C
ha

ng
e

E
R

E
A

ct
iv

ity
R

el
at

iv
e

to
R

es
ec

tiv
e

V
eh

ic
le

 
 

 
 

 
 

  

 
 

 

 

 

 

 

 

 

 

 

 

 
 

         

2D Monoculture 2D Co-culture Organotypic 

2.5 

2.0 

1.5 

1.0 

0.5 

0 

2 

4 

6 

p 

0 

Fo
ld

 C
ha

ng
e 

E
R

E
 A

ct
iv

ity
R

el
at

iv
e 

to
 R

es
pe

ct
iv

e 
V

eh
ic

le
 

0.0 
-12 -10 -8 -6 0 -12 -10 -8 -6 

log[TBT], M log[TBT], M 

      

  
  

 
 

 

  
  

  
 

   But how much is enough? 

Tributyltin chloride (TBT) induces ER transactivation in co-
culture, but not monoculture breast model 

Some endocrine disrupting 
compounds, such as TBT, have 

complex effects that are 
missed when evaluated in a 
traditional 2D monoculture 

Without testosterone 
With testosterone 
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But how much is enough? 

Tributyltin chloride (TBT) induces ER transactivation in co-
culture, but not monoculture breast model 

2D Co-culture 

2D Monoculture Organotypic 

Some endocrine disrupting 
compounds, such as TBT, have 

complex effects that are 
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Organotypic, but not 2D culture models 
personal susceptibly differences to 
aromatase inhibition 

Chemical-induced aromatase inhibition 
differs in lean and obese individuals 

Structure appears important 
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Outcomes 

In Vitro Models
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Outcomes 

In Vitro Models

Histology 
Treatment 

Ex Vivo Samples

Patient 
Stratification in 
Clinical Trials 

alidation 

M
icr

o 
sc

ale
 

Primary cells, iPSC, CRISPR, … 

Tissue 
Blood (CTC, CT DNA, Exosomes, …) 

Micro
 sc

ale
 

Companion Dx 

Moving beyond animal 

models with functional 

in vitro models that 

replicate key biology 

Improved models enable… 

Repeated dosing 
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And more… 
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