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ABSTRACT
Liver sinusoidal endothelial cells (LSECs) are highly specialized endothelial cells critically involved in liver regeneration, the transfer of substrates between blood and liver parenchyma, rapid internalization of blood-borne macromolecules as well as immune
tolerance. Despite their substantial contribution to liver homeostasis, LSECs are often overlooked during hepatotoxicity assays due to insufficient cell yields after isolation and a restricted proliferation capacity in vitro. To address these issues, we expanded
primary LSECs derived from 3 donors by lentiviral transduction with proliferation inducing genes (upcyte® technology). Transduced LSECs performed several additional population doublings, expressed typical endothelial cell and LSEC-associated markers and
revealed marked uptake of characteristic macromolecule ligands. Expanded LSECs were then used in toxicity assays including a perfused 3D liver chip system and an impedance-based cell monitoring device.
Taken together, our data suggest that upcyte® LSECs combine many characteristics of primary LSECs with the advantage of an extended lifespan, facilitating their use in hepatotoxicity assays under reproducible and standardized conditions.
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INTRODUCTION
Liver sinusoidal endothelial cells (LSECs) represent unique endothelial cells located
within hepatic sinusoids. In contrast to other endothelial cells, LSECs are characterized
by diaphragm-lacking fenestrae, arranged in so-called sieve plates and exhibit high
scavenging potential. In addition to their critical role in clearance of macromolecules,
they act as gatekeepers of liver homeostasis and contribute to immune tolerance
[Poisson et al., 2017].
Current in vitro models employed to predict drug induced liver damage (DILI) mostly
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Toxicity applications
Several reports in the literature have highlighted a high sensitivity of LSECs towards hepatotoxic drugs [DeLeve, 2013]. It has been suggested that LSECs act as an early direct target for APAP-induced toxicity, causing early swelling and loss of uptake activity
and fenestrations before effects on hepatocytes are observed [McCuskey, 2006]. LSECs are further important cellular targets during sinusoidal obstruction syndrome (SOS), a distinctive and potentially fatal form of hepatic injury that occurs predominantly, if
not only, after drug or toxin exposure. Typical agents that cause SOS include chemotherapeutic agents, particularly alkylating agents such as cyclophosphamide. In addition to conventional toxicity readouts such as formazan formation or ATP levels, expanded
LSECs have been successfully tested using chip- and impedance based systems.
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Cells were treated with 0.3 mM palmitate:oleate (1:2) for 7 days in order
to mimic nonalcoholic steatohepatitis (NASH). Increased CD31 & CD32b
expression was observed. CD31 is a capillarization marker and was
previously linked to the onset and progression of NASH, cirrhosis and
chronic hepatitis. CD32b indicates the progression to hepatic
inflammation as seen in NASH patients.
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co-cultured with LSECs were less sensitive than hepatocytes alone,
indicating a protective function of LSECs.

Normalized impedance values recorded after 7 days of treatment (240 h post seeding) were used for calculation of IC50 values using
GraphPad Prism. Data are illustrated as Mean ± SD summarized from one donor per cell type (LSECs: donor 462; white circles vs.
hepatocytes: donor 10-03, triangles) or a co-culture (donors 462+10-03; black circle) in technical duplicates.

SUMMARY & CONCLUSION
In summary, we developed a technique allowing extended expansion of primary human LSECs which retain an adult phenotype. Our data suggest that upcyte® LSECs combine many characteristics of primary LSECs
with the advantage of an extended lifespan, facilitating their use in hepatotoxicity as well as immunological assays. This technology allows for the generation of large batches of upcyte® LSECs enabling standardized
and reproducible experimental settings. Future applications include e.g. in vitro uptake assays of ADCs (antibody-drug conjugates), antigen presentation and screening for hepatotoxicity.
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