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COLLAGEN CELL CARRIER® IN SUPERIOR INTESTINE-ON-CHIP SYSTEM   
Separating compartments and enabling cell interactions in an in-vivo-like intestinal barrier model 

THE NEED
The intestinal epithelial barrier (IEB) with its gastrointestinal mucosa is the key site of nutrient uptake, immune sen-
sing and pathogen defense. Complex cellular interactions and molecular signaling are orchestrated to fulfil these 
essential gastrointestinal tasks.1 As such, the gut barrier plays a fundamental role in health and in diseases like in-
flammatory bowel disease (IBD). Previous IBD research have been difficult to correlate across studies. The multifacto-
rial nature of the disease necessitates a reliable and practical experimental model to elucidate its etiology and patho- 
genesis, and to facilitate research on barrier-restoring therapeutics.

—	 Realistic in vitro models of the gut barrier are needed to facilitate research on inflammatory bowel disease (IBD) 
—	 The MultiU-Int is a multi-chamber intestine-on-chip system with the Collagen Cell Carrier® as central element that 

separates the apical and basal compartment and allows for cellular interactions and selected permeability
—	 The novel, controlled microphysiological system is a next-level in vitro research tool to comprehend immune- 

system-mediated disorders of IBD and to identify new therapeutic strategies
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THE SOLUTION
Scientists from the ETH Zurich have developed a novel, multi-chamber intestine-on-chip system (MultiU-Int) as a versatile 
in vitro intestinal barrier model to study the role of different immune cell populations and factors that contribute to the 
onset of intestinal inflammation in IBD.2

To model the intestinal microenvironment at the onset of IBD in vitro, it is important to incorporate relevant cellular and 
noncellular components before inducing stepwise pathogenic developments. The novel system includes an array of tight 
and polarized barrier models formed from intestinal epithelial cells on an in-vivo-like subepithelial matrix within one week. 
The Collagen Cell Carrier® (CCC) serves as a key element of the system by separating the apical and basal compartment, 
similar to in vivo subepithelial stroma in which intestinal fibroblasts and immune cells reside. 
Unlike inert plastic membranes, the CCC membrane enables cell migration and bidirectional cell interaction, thereby offe-
ring the potential for investigations of other IBD-associated complications, such as fibrosis. The dense collagen I fiber net-
work within the CCC features a selective permeability for the apical-basal passage of substances, which helps to separate 
the signaling milieus between basal compartments.

Left: Representation of the individual layers of the MultiU-Int microfluidic chip, their arrange-
ment, and materials. Top layer: Polystyrene multi-well slide. Middle layer: Sandwiched CCC strips 
between two pressure-sensitive adhesive (PSA) foils, with the upper foil  featuring oval areas 
where fibroblasts and, later, immune cells were allowed to interact with the IEB model (fibrob-
last seeding areas). The lower foil  featured the same pattern of channel structures that were 
hot-embossed into the bottom layer of the chip. Bottom layer: Hot embossed elastomer Flexdym.2

Right: Schematic representation of key structural and cellular components of the in vitro intes-
tinal epithelial barrier model formed within the MultiU-Int microfluidic chips.2
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Figure 1. Schematic representation of key structural and cellular components of a) the in vivo IEB and b) an in vitro IEB model formed within the
MultiU-Int microfluidic chip.

in Figure 2a – were fabricated from thermoplastic materials. The
top layer consisted of polystyrene plastic and featured a grid of
3× 6 wells (row× column). This grid of wells served two different
purposes: i) the two outermost columns on both sides were used
as cell culture medium reservoirs that were connected to the api-
cal compartments, and ii) the four middle columns were used as
the basal compartments of the on-chip IEB model. The rigidity
of the plastic material rendered the microfluidic chip mechani-
cally stable. The bottom layer was fabricated from a hot-embossed
thermoplastic elastomer, Flexdym,[42] and featured microfluidic
channels that interconnected the six wells within the same row
of the top layer. Flexdym enables fast and highly adaptable pro-
totyping of microfluidic components and its superior character-
istics over PDMS, including its low ad/absorption of small hy-
drophobic molecules have been documented.[42] Lastly, the mid-
dle layer was sandwiched between the top and bottom layers and
featured a collagen I membrane (branded as collagen cell carrier

(CCC)), which was formed from native, non-crosslinked collagen
fibers. While the CCC is permeable to most soluble factors in
the cell-culture medium and supernatant, it is impermeable to
cells, unless they are highly motile or secreting collagenase. The
on-chip IEB model was formed on the surface of this CCC and
separated apical (bottom layer) and basal (top layer) fluidic com-
partments. The detailed dimensions of the individual parts are
shown in Figure S1 (Supporting Information), and a schematic
of the bottom-up fabrication process is shown in Figure S2 (Sup-
porting Information).
As shown in Figure 2b-i,c-i, each microfluidic chip featured

three individual microfluidic channels in the bottom layer that
were arranged in parallel along the long axis of the chip. Each
channel constituted one apical compartment of an on-chip IEB
model (Figure 2b-ii,c-ii, depicted in red) that had a volume of
22 μL and was accessible through the fluidic reservoirs at both
ends. Each apical compartment was connected to four spatially
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Figure 2. a) Schematic representation of the individual layers of the MultiU-Int microfluidic chip, their arrangement, and materials. The top layer was a
commercially available, multi-well slide made from polystyrene plastic material (ibidi sticky-slide 18 well). The middle layer of the chip was fabricated by
sandwiching CCC strips between two pressure-sensitive adhesive (PSA) foils. The upper foil (①) featured oval areas where fibroblasts and, later, immune
cells were allowed to interact with the IEB model (fibroblast seeding areas). The lower foil (②) featured the same pattern of channel structures that were
hot-embossed into the bottom layer of the chip. The bottom layer was fabricated by hot embossing the elastomer Flexdym. b) Schematic cross-sections
of the MultiU-Int microfluidic chip showing details of the layer alignment: i) bottom view, and ii) side view. c-i) Top view, and c-ii) side view photographs
of the MultiU-Int microfluidic chip. For visualization, apical channels and their reservoirs were filled with red fluid, and the basal compartments were
filled with blue fluid. The cell seeding areas on the basal side are marked with white dashed lines. Scale bars: 10 mm.

separated basal compartments in the top layer (Figure 2b,c-ii),
depicted in blue) on the other side of the CCC. These four basal
compartments could be manipulated individually, meaning that
multiple stimuli or immune cell types could be tested simultane-
ously on the same IEB model. Such a design concept is particu-
larly beneficial for experiments with rare patient-derived materi-
als. All fluidic reservoirs had a working volume of 100-210 μL and
they all resided in the top layer of the microfluidic chip. There-
fore, manipulations, such as cell loading, medium exchange, su-
pernatant sampling, and cell harvesting, were straightforward
and could be performed using a multi-channel pipette.

2.1.2. Operation of the MultiU-Int Microfluidic Chip

Our MultiU-Int microfluidic chip had the size of a standard mi-
croscopy slide (25 mm width, 75 mm length), so that four chips
could be inserted in one standard slide holder or rectangular well
plate to conduct experiments in parallel. Perfusion through the
apical compartments was induced by gravity-driven flow. To start
the perfusion, we placed the chip holder on a tilting platform
and tilted the chip back and forth along its long axis by ± 4°, as
shown in Figure S3a (Supporting Information). Based on com-
putational simulations, a maximum flow rate of 134 μL min−1

and an average flow-induced shear stress of 0.025 Pa at the apical
surface of the IEB model were achieved at the indicated tilting
angle. The calculated shear stress in our system was within the
range of physiologically relevant shear stresses between 0.0002

and 0.08 Pa for in vivo IEBs.[21,43] Additionally, we included a rest-
ing period of 58 min between the tilting cycles to simulate the
quiescent period of the motility pattern during the interdigestive
period of the small intestine.[44] Figure S3b,c (Supporting Infor-
mation) shows the arrangement of the MultiU-Int chips on the
tilting device and a simulation of the average fluid shear stress at
the IEB.

2.2. Development of the On-chip Intestinal Epithelial Barrier
Model

2.2.1. Sequential Establishment of the IEB Model

Our IEB model was generated with multiple representative
cell types and required sequential cell-seeding steps to form
a functional barrier. We recapitulated not only the IEC layer
of the IEB but also its subepithelial stromal niche – which
consisted of stromal cells and ECM – as intestinal stromal cells,
particularly fibroblasts, have been shown to actively influence
the homeostasis of the IEB and intestine-resident immune
cells in vivo.[45,46] To establish the subepithelial stromal niche
of the IEB model, a thin coating of ECM protein-rich basement
membrane extract was first deposited on the apical face of the
CCC. This basement membrane extract was obtained from an in
vitro coculture of human fibroblasts and human epithelial cells
and contained collagens, laminin, fibronectin, tenascin, elastin,
a number of proteoglycans and glycosaminoglycans, and in vivo
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THE IMPACT
The new on-chip IEB model represents a physiologically relevant in vitro test system. Its design enables the introduc-
tion of various immune cell types and inflammatory stimuli at specific locations in the same barrier model, which 
facilitates investigations of the distinct roles of each cell type in intestinal inflammation development. 
The MultiU-Int can not only mimic inflammatory processes that manifest in an upregulated expression of inflammatory 
markers and cytokines (TNF-α), but also helps to demonstrate the neutralizing effect of the anti-inflammatory 
antibody Infliximab on levels of TNF-α and its inducible cytokines.2 

This controlled microphysiological system is a next-level in vitro tool to comprehend immune-system-media-
ted disorders of IBD and to identify new therapeutic strategies.

The CCC at the core of the multi-layer device is crucial for the establishment of the apical-basal polarity as well as 
for the in-vivo-like cellular interactions and signaling mileus of the IEB. The flexible collagen type I membrane repre-
sents a natural extracellular matrix scaffold that is suitable as a universal compartment separator in organ-on-chip 
models in general.

“The CCC is a remarkable material to work with. Its versatility in allowing for co-culturing of 
cells on both sides, while supporting cell migration and effectively maintaining separation 

between the cellular compartments, has been a game-changer for our project.“

Dr. Oanh T. P. Nguyen,  
Department of Biosystems Science and Engineering, ETH Zurich 

Transferable, sterile, collagen type I membrane as cell scaffold 
in a wide range of 2D & 3D applications. Suitable for the additi-
on of growth factors, antibiotics, signaling molecules, etc.

Variable parameters: 
•	 Thickness & format 
•	 Permeability
•	 Mechanical strength
•	 Elasticity
•	 Biodegradation time
•	 Swelling properties 
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