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Objective:

2. Development of quantitative measures to assess barrier function in the
REALBarrier system
3. Development of standard operating procedures and definition of normal
values for the use of REALBarrier
4. Dissemination of the REALBarrier approach through open access
publications, presentations, workshops and shared expertise
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Figure 2: Seeding procedure. Schematic seeding procedure of capillary endothelial
(EC) and alveolar epithelial cells (EpC) to build a co-culture and subsequent culture
under static or perfused conditions.
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Figure 5: Barrier function of REALBarrier under pathophysiological
conditions. (A) Change of transepithelial/endothelial electrical resistance
(TEER) over time after stimulation with platelet activating factor (PAF) or
thrombin (Thr). PAF induced an increase in permeability and dextran
translocation across the co-culture for 10 kDa (B) and 75 kDa (C) dextrans,
whereas thrombin treatment only resulted in reduced TEER.

Endothelial-epithelial protrusions and junctional integrity of the
alveolo-capillary barrier
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1. Assembly of a system for versatile replacement of ex/in vivo analysis of lung
barrier function (REALBarrier) using commercially available components for
ease of reproducibility
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Specific aims:
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The present gold standard for studies of lung barrier function is the intact
lung which best recapitulates the correct anatomy of the alveolo-capillary
interface. In contrast, classic endothelial or epithelial monolayers are often
poorly reflective of barrier function in the intact organ as loss of epithelialendothelial crosstalk and the characteristic biochemical microenvironment
in cell culture causes a rapid phenotypic shift of both cell types. In line
with the 3R concept, we therefore aimed to develop a novel air-liquid
interface as a versatile replacement of ex/in vivo analysis of lung barrier
function (REALBarrier). REALBarrier is composed of a continuously
perfused vascular compartment and an air-filled alveolar compartment,
thus facilitating studies of lung barrier function across an intact,
multicellular air-liquid interface in vitro.

Qualitative measures of REALBarrier:
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Setup of REALBarrier:
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Figure 3: Characterization under baseline conditions. (A) Co-culture of
endothelial and epithelial cells showed an over additive effect on barrier function.
(B) & (C) Perfusion co-culture was not significantly different to static co-culture over
a culture period of 4 days. * p ≤ 0.05, Kruskal Wallis

Structure and quality of REALBarrier:

Figure 1: Setup of REALBarrier. (A) Perfused air-liquid-interface using Quasi
Vivo® QV600 (Kirkstall Inc.) cell culture chambers specifically designed for the
culture of in vitro barrier models under flow. (B) Schematic illustration of the setup
and the direction of flow from the pump (1) through the reservoir (2) into the basal
compartment of the culture chambers (3) where the commercially available
transwell inserts (Corning, 0.33 cm²) (4) are placed.

Experimental procedure:
• Alveolar epithelial cells: NCI-H441 (ATCC) in RPMI medium or
hPAEpC (Cell Biologics) in hPAEpC medium Capillary endothelial cells:
HPMEC in MV medium (PromoCell)
• Morphological assessment: immunofluorescent imaging (IF),
transmission electron microscopy (TEM)
• Barrier function: transepithelial/endothelial electrical resistance (TEER)
measurements, permeability assays
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Figure 4: Morphological characteristics of REALBarrier. Immunofluorescent
images of vascular endothelial and epithelial (E/VE-cadherin) adherens and tight
junctions (ZO-1) in co-cultures after 4 days in the perfused air-liquid interface.
Transmission electron microscopy (TEM) indicating intercellular barrier formation by
junctional connection through tight (TJ) and adherens junctions (AJ) and typical
morphological features for each cell type (MV = microvilli, LB = lamellar bodies, C =
caveolae).
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Figure 6: Transmission electron microscopy of REALBarrier. A Morphological characteristics of alveolar epithelial (B) and capillary endothelial cells (C)
growing in co-culture on a filter membrane (FM). Both cell types could be shown
to form protrusions (P) via the pores of the FM to establish focal contact points.
(D) Western blot analyses of endothelial (EC), epithelial (EpC) and isolated
protrusion (Prot) fractions (5 µg protein; isolation modified after Biwer et al.,
2017, J Vis Exp) reveal connexin 43 abundance in endo/epithelial protrusions
suggesting gap-junctional coupling of both celltypes.

REALBarrier allows for an in vitro replication of the alveolo-capillary
barrier that combines key features of the intact lung such as an airliquid interface, a multicellular co-culture system, and flow conditions.
As such, REALBarrier replicates essential anatomical and functional
aspects and allows for mechanistic studies as well as drug screening
under physiological and pathological conditions. REALBarrier may
thus replace in part the use of animals for evaluation of lung barrier
integrity in in vivo and ex vivo experiments of lung injury, sepsis, and
pneumonia. With these data, we provide a versatile platform to assess
relevant functional measures of alveolo-capillary barrier integrity and
failure, respectively, which can be applied to develop a better
understanding of intact, and novel treatment strategies for diseased
lungs. Of particular novelty is the identification of intercellular
protrusions that connect epithelial and endothelial cells, the functional
role of which will be addressed in future studies.

