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Parameters Measuring OncoCilAir™ Airway Functionality

SUMMARY

OBJECTIVE

 Lung cancer remains the single most devastating cancer worldwide, still without
any effective therapy. New models that better reflect the patient situation are
required to improve preclinical predictability.

Our goal was to bioengineer, in a convenient reproducible in vitro format, a human threedimensional lung cancer model that incorporates both a functional airway epithelium and
developing tumors in order to mimic the in vivo progression of the disease and to
subsequently test the efficacy and toxicity of drug candidates.

Trans Epithelial Electrical Resistance

Figure 2. Schematic representation of the different cellular components present in the OncoCilAir™
airway cancer model.

Figure 5: High trans-epithelial electrical resistance
(>300 Ω•cm2) was maintained for up to 40 days as
observed in a control in vitro airway epithelium
(MucilAir™).

 We have developed a 3D human in vitro lung cancer model, OncoCilAir™,
which incorporates both a functional airway epithelium and developing tumors,
mimicking key aspects of a human non small cell lung carcinoma (NSCLC).
 The model recapitulates in vitro human tumor - human stroma interactions,
and in contrast to monolayer cultures, tumor cells extend forming nodules into the
tissue, a hallmark of human lung cancer.
 Tumor growth and tissue viability analysis showed that OncoCilAir™ allows to
test simultaneously the efficacy and the toxicity of drug candidates.

PROCESS OVERVIEW

Ciliary Beat Frequency

Figure 6: The OncoCilAir™ epithelium displays
an average ciliary beat frequency (CBF) of 7.4 Hz
(n=6), like a control in vitro airway epithelium
(MucilAir™), which is in the range for the human
airway.

Electrophysiology

 The model remains functional for several months making possible chronic
treatments, tumor resistance and tumor recurrence studies.

Figure 7. Similar electrophysiological responses
to ion channels inhibitors and activators were
obtained between OncoCilAir™ and the control
in vitro airway epithelium (MucilAir™).
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Efficacy and Toxicity evaluation of the MEK inhibitor Selumetinib (AZD6244 )

Figure 1. Cultured at the air-liquid interface in a convenient 24-wells format (A), the 3D OncoCilAir™
cell culture model mimics in vitro the lung airway of a patient with characteristic tumor nodules (B,
enlarged in C).

BACKGROUND

OncoCilAir™: A human 3D in vitro NSCLC model
Ciliated

Current lung cancer preclinical models and their limitations
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Figure 3. Hematoxilin Eosin histological staining revealed the proper differentiation of the airway with a
pseudostratified columnar epithelium containing ciliated cells, goblet cells positive for Alcian blue
coloration and basal cells closed to microporous membrane. In the center, a cluster of non-polarized A549
tumor cells is invading the normal airway epithelium.

Figure 7. OncoCilAir™ treated for 10 days with 2.5 µM Selumetinib showed tumor growth impairment
compared to control (DMSO treated). However, concurrent high levels of cytotoxicity were observed for this
compound , as well as for Trametinib, another MEK inhibitor (Figure 8). These results suggest that blocking
KRAS constitutively activated lung tumors using MEK inhibitors will also be detrimental to normal airway
functions.
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Figure 4. Upper panel: The GFP
reporter transgene allows monitor
the growth of the tumor over time
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Lower panel: Ki67 staining
confirmed
the
proliferative
property of the tumor nodules.
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Some attempts to develop in-vitro alternative have been explored, among them
organotypic cultures, 3D artificial matrix scaffold, 3D spheroids and Ex Vivo 3D lung
model using decellularized matrix, but they all have strong limitations (short term growth,
artificial substrate, no stroma, limited production) and poorly reproduce the in-vivo
situation of the disease.
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In vitro alternatives
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Genetically engineered mice and xenotransplantation of tumours into immunodeficient
mice are the main models currently used to evaluate drug candidates before clinical
testing. But it becomes clear that the physiology of cancer in rodents as well as their
genetic situation remain far below that of humans, making these approaches too limited
and poorly predictive to design efficient cancer therapies. Indeed, the success rate in
predicting drug efficacy using xenograft models remains under 30%. These observations
highlight the need for more clinically relevant and predictive models.
Patient Derived Xenograft mouse represents to date the most advanced model because in
this model patient’s tumour morphological characteristics are preserved over time, in
contrast to 2D cultures of tumour cell lines that have lost their original properties through
passages in plastic dishes. However, PDX’ tumours has to be maintained through
successive passages into mice, resulting in the loss of original human stroma environment
and in the sacrifice of a lot of animals.
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Lung cancer is the first leading cause of total cancer deaths in both men and women, with
more than 1 million deaths worldwide each year. Unfortunately, the overall drug approval
rate in this therapeutic area has not exceeded 2% over the last ten years and hitherto, there
is no effective treatment for patients with lung cancer. This drug attrition may be the
result, in part, of the lack of relevant preclinical models.
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Lung cancer, an unmet medical need

Figure 3. In vitro engineering of a human airway epithelium with developing tumors. Primary human
bronchial epithelial cells were combined with A549 GFP+ lung adenocarcinoma cell line on the
microporous membrane of a transwell insert to setup a tri-dimensional tissue model. After 2 days of initial
submerged culture, differentiation was induced by switching cells to air/liquid interface.

CONCLUSION
OncoCilAir™ heralds a new generation of integrated in vitro models that combine both
healthy and compromised tissues in order to accurately simulate in vivo situation. Such models
should be valuable tools to increase the quality of preclinical research, while reducing animal
testing.

