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Introduction

The advantages of microfluidics have been difficult to fully realize in drug discovery and biomedical research because highly 
parallel operation requires complex networks of tubing and pumps.  An alternative approach, using the surface tension in 
droplets to create and control fluid flows in microchannels, is presented.  Arrays of these microchannels are operated by standard 
automated or manual liquid handlers.  We show here that complex biological models can be recapitulated in these devices.  Acinar 
morphogenesis of mammary epithelial cells occurs normally.  Furthermore, laminar flow patterning was used to create separate 
stromal and epithelial compartments.  Under these conditions, mammary fibroblasts were shown to delay growth arrest of 
mammary organoids, resulting in larger clusters, more representative of terminal ductal lobular units in vivo.   

Figure 1.  Passive Pumping to Drive Fluid Exchange

Passive pumping allows placement of a droplet to drive fluid exchange in 
microchannels.  

A)  The foundation of passive pumping is described by the Young-LaPlace equation, 
which indicates that for similar conditions, a smaller drop will have a greater internal 
pressure than a large droplet.

B)  Schematic of a microchannel showing placement of a small droplet on the input 
port resulting in fluid replacement in the channel, with excess liquid being forced out 
the other end, or output port. 

Figure 2.  Multicompartment Coculture Device 

A coculture device designed specifically for deposition of two cellular compartments in 3D matrices, or one cellular 3D 
compartment and one open aqueous channel for reagent access and antibody staining.  All aspects of device operation including 
cell loading, media changes, drug treatment and immunostaining can be delivered by the addition and removal of small droplets 
using pipettors and/or liquid handlers.  A) Schematic drawing of a single coculture device showing dual input ports and predicted 
laminar flow.  B)Photograph of dual channel device  demonstrating laminar flow of two droplets of dye.  C)  Fibroblasts (Hs578Bst) 
and epithelial cells (HMT3522 S1) were stained respectively with CellTracker Red and Green (Molecular Probes – Invitrogen).  Cells 
were then loaded by passive pumping into separate input ports of the same microchannel device.  Simultaneous addition of 2 µl 
cell-collagen droplets led to passive pumping and laminar flow, resulting in the creation of 2 discrete cellular compartments.  D) 
MCF10A cells embedded in lrECM alongside a non-gelling viscosity-matched solution.  Once the lrECM had gelled, the viscous 
solution was passively pumped out of the channel and replaced with growth media.  Cells are shown at 4 days post plating..
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Figure 3.  3D Cell Patterning for Coculture of Fibroblast and Epithelial Cells

Effect of fibroblast coculture on epithelial 
cells embedded in 3D matrix in microchannel 
devices. HMT3522 S1 cells embedded in 
matrigel were plated either alone (A, D); 
with human primary carcinoma-associated 
fibroblasts (CAF) (B, E); or with normal 
breast-associated fibroblasts (NAF) (C, F) in 
microchannels using passive pumping.  7 
days after plating, cells were immunostained 
for the proliferation marker Ki67 (A-C) and 
counterstained with the nuclear stain DAPI 
(D-F).      
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Figure 4.  Angiogenesis Model with Primary Stromal Cells 
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Stromal cells involved in angiogenesis play an important role in tumor 
progression.  To incorporate the effects of vascularization into this 
tumor model, a mixed coculture model of angiogenesis was adapted to 
microchannels.  Primary dermal fibroblasts and primary umbilical vein 
endothelial cells (HUVEC) were grown as a mixture at a 1:4 ratio without 
any additional extracellular matrix components.   Cell were stained using 
standard immunocytochemistry methods.  A) At 7 days of culture, a 
network of well-defined tubules has formed.  B) As early as 3 days after 
plating, endothelial cells began to organize into tube-like structures and 
basement membrane protein deposition is detected.   PECAM-1 (CD-31) 
was used as a marker for the endothelial cells.  The endothelial tubules 
were found to be sheathed in collagen IV, a major component of the 
basement membrane. 

Figure 5.  Acinar Morphogenesis of Mammary Epithelial

Biology specific to 3D matrix culture can be recapitulated in microchannel devices.  
Mammary epithelial cell lines (MCF10A and HMT3522 S1) embedded in 3D lrECM 
were introduced into microchannel devices using passive pumping.  Cells were 
cultured for up to 14 days.  Key events associated with acinar morphogenesis were 
detected by immunocytochemistry.  When embedded in 3D lrECM (A), but not 
in monolayer (B), cells undergo growth arrest and begin to deposit a basement 
membrane by day 6.  MCF10A cells in 3D lrECM were loaded into microchannels.  
After 7 days, cells were immunostained for the proliferation associated marker Ki67; 
Collagen IV, a component of the basement membrane; and the nuclear stain DAPI.  
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As a control, cells were allowed to adhere to the bottom prior to 
addition of 3D matrix.  These cells grew as a monolayer instead of 
the ordered clusters observed in 3D lrECM.  C)  Apoptosis of cells 
in the cluster interior occurs during morphogenesis.  MCF10A 
cells grown as above were stained for the apoptotic marker p85 
PARP (red) and DAPI (blue).  D)  MCF10A cells at day 18 show 
hollow center as viewed by DAPI staining.  E)  Tumorigenic T4-2 
cells, which are tumorigenic, do not form polarized, hollow 

structures, and instead grow into a disordered solid mass 
of cells.  Shown are cells at day 14 stained with DAPI.   F-H)  
Polarity and basement membrane deposition can be detected 
during acinar morphogenesis.  Mammary epithelial cell line 
HMT3522 S1 cells were cultured for 8 days in microchannels.  
Immunocytochemistry revealed basal polarization of β4-
integrin (F), apical localization of prosecretory granules 
evidenced by the trans-Golgi marker golgin97 (G), and 
secretion of laminin5, a basement membrane component (H).  
Laminin V antibody is human-specific, and does not recognize 
the mouse laminin V present in lrECM.



Abbreviations:  
lrECM – laminin-rich extracellular matrix, commercially available as Matrigel™ (BD Biosciences) or Basement Membrane Extract 
(Trevigen)

Conclusions
Passive pumping can support cellular assays in micro-conduit arrays, operated by pipettors or standard liquid handling robots.  

Microchannel arrays can be designed and optimized for the needs of specific assays:

 By keeping the height of the channel small, the entire 3D cellular compartment can be  accessed by microscopy without   
 the need for cryosectioning. 

 Laminar flow can create discrete cellular compartments in 3D matrices.  Deposition of epithelial and stromal cells into   
 different subcomparments was illustrated.

 Liquid channels can be maintained alongside cellular compartments made of 3D matrices.  This enables antibody-based   
 staining in situ.  

Highly differentiated multicellular structures, such as those of mammary acinar morphogenesis, and angiogenesis can be formed 
in microchannels.  Key features of this complex biological process were preserved, including growth arrest, apoptosis, polarization 
and deposition of basement membrane proteins.

Paracrine signaling can be observed in microchannel assays.  Fibroblasts were shown to delay growth arrest of epithelial cells in a 
three dimensional matrix.
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