Hepatocyte-like cells maintain metabolic
competence after bioenergetic adaptation
Joana S. RODRIGUES, Madalena CIPRIANO, Sérgio P. CAMÕES, Matilde CASTRO, Joana P. MIRANDA
Research Institute for Medicines (iMed.ULisboa), Faculdade de Farmácia, Universidade de Lisboa, Lisbon, Portugal
joana.s.rodrigues@campus.ul.pt

INTRODUCTION

MATERIALS AND METHODS
hnMSC differentiation

Days in culture

The drug development process is costly, time consuming and present
low success rates. Hepatotoxicity accounts for 21% of drug
withdrawals for toxicological reasons. Therefore, a lot of efforts are
currently focused on the development of pre-clinical assays capable
of mimicking human liver complexity (human hepatocyte-based in
vitro systems) eligible for the safety evaluation of new compounds [1].
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Great advances have been made in the generation of easily available
human hepatic alternative in vitro models. Particularly, our laboratory
has previously developed an in vitro model based on hepatocyte-like
cells (HLCs) differentiated from human neonatal mesenchymal
stem cells (hnMSCs) [2].
However, during differentiation, our system is under high
concentrations of insulin (1.72 µM) and dexamethasone (1 μM) in the
differentiation medium (DM), which may interfere with cells
metabolism regulation. As such, herein, HLCs were firstly adapted to a
medium
(maintenance
medium,
MM),
containing
lower
concentrations of insulin (1 nM) and dexamethasone (100 nM). To
increase the relevance of this model, HLCs characterization in terms of
biotransformation ability and energy metabolism was evaluated as
well.

AIM
To characterize the stem cell-derived HLCs in terms of:
1 - biotransformation competence, under low concentrations of
insulin and dexamethasone;
2 - energy metabolism, including their response to insulin, glucagon
and fasting.
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Media composition: DM - IMDM, 1% P/S/A, 8 ng/mL OSM, 1% DMSO, 1 μM dexamethasone, 1% ITS (1.72
µM insulin). MM - IMDM, 1% P/S/A, 8 ng/mL OSM, 1% DMSO, 100 nM dexamethasone, 1 nM insulin, 0.2%
BSA. Starvation medium (SM) - Low-glucose DMEM, 1% P/S, 4 mM of Glutamine, 1% DMSO, 8 ng/mL of OSM
and 0.2% BSA. Differentiation protocol: Based on Cipriano et al [2], comprising endoderm commitment,
foregut induction, hepatoblast and liver bud formation, hepatoblast differentiation and hepatocyte maturation,
with a total duration of 21 days. Insulin/Glucagon/Fasting assay was performed at D34 as described in
Correia et al [3]. Insulin stimuli - a 2-hour exposure to SM was followed by an 8h-incubation with 80 nM of
insulin in SM. Glucagon stimuli - an 8-hour exposure to 100 nM of glucagon in SM was performed. Fasting
stimuli - cells were maintained in SM. This condition corresponds to the negative controls. Human primary
hepatocytes (hHep) were manipulated as per manufaturer instructions and were used as control. qRT-PCR
was performed using PowerUp™ SYBR® Green Master Mix, as per manufacturer instructions.
Biotransformation (BT) Activity: For EROD assay, HLCs were incubated with 8 μM 7-ethoxyresorufin (90’)
followed by a 2-hour enzymatic digestion with β-Glucuronidase/Arylsulfatase and measurement of 7hydroxyresorufin concentration. For ECOD assay, HLCs were incubated with 0.8 mM 7-ethoxycoumarin (90’)
followed by the same digestion procedure as used for EROD and liquid-liquid extractions, as described in [1]
and measurement of 7-hydroxycoumarin. For UGT assay, substrate was measured before and after 1h
incubation with 100 μM 4-methylumbelliferone. PAS staining was performed as described in [1].
Immunocytochemistry (IC): Mouse anti-human CK-18 1:200, mouse anti-human OATP-C 1:50, rabbit antihuman MRP-2 1:50, rabbit anti-human ALB 1:50 and mouse anti-human HNF-4α 1:500 were used as primary
antibodies. Goat anti-rabbit Alexa Fluor 549 1:500 and donkey anti-mouse Alexa Fluor 488 1:500 were used as
secondary antibodies. Nuclei were stained with DAPI.

RESULTS AND DISCUSSION
AIM 1: HLCs ADAPT TO A MEDIUM WITH LOWER INSULIN
AND DEXAMETHASONE CONCENTRATIONS (MM)

AIM 2: HLCs IN MM REGULATE THEIR ENERGY METABOLISM
AS A RESPONSE TO FASTING/INSULIN/GLUCAGON STIMULI
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* p < 0.05, **p < 0.01 and *** p < 0.001
Significantly induced or repressed expression: # p<0.05, ## p<0.01 and ### p<0.001
Grid lines indicate a fold induction of 1 + 0.2

At D27 and D34, in both MM and DM, HLCs showed:
• Polygonal shape, presence of binucleated cells (white arrows) and lipid
droplets (black arrows);
• Glycogen storage ability and presence of hepatic markers such as
HNF-4α, ALB, MRP2, OATP-C and CK-18;
• No significant differences in biotransformation capacity.

• Overall insulin induced energy storage;
• 8h-fasting/10h-fasting/glucagon resulted in gluconeogenesis and fatty acid
oxidation activation (Purple rectangles represent the expected response);
• Gluconeogenesis is the most responsive pathway to these stimuli. This may be
due to the decrease of glucose concentration from 25 mM during differentiation to
5 mM during the insulin/glucagon/fasting assays.

CONCLUSION
HLCs showed biotransformation competence, glycogen storage ability and presence of hepatic markers up to two weeks in culture with MM.
Responsiveness to insulin/glucagon/fasting stimuli was also observed, with special emphasis in the gluoconeogenesis pathway.
Overall, these results support the potential of our system not only as a human in vitro hepatic system for toxicity studies but also for modelling
metabolic disorders.
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