Lessons learnt in establishing a reliable and low-cost assay for urea
production in human primary hepatocytes cultured in a Liver-Chip for the
study of drug hepatotoxicity
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Abstract Results and Discussion
Background: Liver-on-a-chip (Liver-Chip) is a microphysiological system * PHHs and primary human liver non-parenchymal cells (NPCs) including liver ~ 197 _mm
(MPS) designed to better maintain hepatic functions for liver cells cultured sinusoidal endothelium (LSEC), Kupffer, and stellate cells were cocultured in g
under in vitro conditions. Urea is synthesized exclusively by hepatocytes the Emulate S1-Chips®. =) Si k  +CE 2. 58
. . . . . . _g igma kit: + .

and is a proposed quality control marker for hepatocyte function » Cells were treated with APAP at a range of concentrations for 7 consecutive T 10 1.0- = CE
maintained in MPS. Purpose: This study aimed to investigate the sensitivity days. The vehicle control was cell culture medium. The APAP concentrations D ® . .
and specificity of two urea assay methods for cells cultured in a Liver-Chip included: g o —+ +CE Sl g Mad kl t: +CE 104.69
system for the study of acetaminophen-induced liver injury. Methodology: 1 0.1 mM - the human therapeutical pea.k blood level . 0 S
Primary human hepatocytes (PHHs) were co-cultured with three types of il. 1.0 mM - the human blood concentration that causes liver = g 0.5 BioChain kit 186 .22 Below
non-parenchymal cells (NPCs) including liver sinusoid endothelial cells, injury and needs clinical intervention N
Kupffer and stellate cells in Emulate S1-Chips®. The perfusing culture 1ii. 3.0 mM - the highest reported blood concentrations in G detection limit
medium, also called effluent, was collected every 24 h to measure urea humans who sutfered acute liver injury due to APAP overdose = 0.0 _ _ _ _
levels. Chemical and enzymatic methods, which have been reported for iv. 10.0 mM - the toxic concentration that causes massive cell 0 0.0568 0.1135 0.2270 Table 1. Comparison of urea levels detected using enzymatic and chemical method.
measuring urea in S1-Chips, were tested in parallel in the same samples. death to PHHs in vitro. Sodium pyruvate (mM) in assay buffer Th.e efﬂuenft from untregted PHH was evenly d|V|d§d and used to measure urea levels
Results: In the enzymatic method, culture medium alone led to a 6-fold * The perfusing medium, with or without APAP, was refreshed every 48 h. The using the Sigma and BioChain kit in parallel experiments. CE, converting enzyme
increase of signal in urea measurements compared to blank buffer controls. spent medium, also calleq efﬂuept, was f:ollected every 24 h after the first __ 0.8 = CE provided by the kit; *CE, urea level was calculated using the difference between signals
Such background signals were directly proportional to levels of sodium treatment for urea det(?ctlon until e>.<per1ments were terminated. | = ot_)talned with and without CE; +CE urea level was calculated using the signal obtained
pyruvate, a common component of many types of culture medium, - Two commercially available assay kits were used to measure urea levels in the (- -4 +CE with CE only. PHH _effluent. was collected two days after the perfusmg culture starte_d_.
including PHH cell cultures. This high background signal introduced large ettluent. The two kits represent two widely used approaches for urea _ 2 0.6 Effluents from 24 le.er—C.hlps were p_ooled .for ’.the study. The unit of urea was pg/ mlll!on
variations among replicates of the same sample, making it impossible to detection. Specifically, a Sigma kit (Catalog number: MAK006) was used for g Te) cells/day. The detection limit of the BioChain kit was 0.8 ug/mL Data are representative
accurately determine the relatively low levels of urea, which were about 10 the enzymatic approach and a kit from the BioChain Institute Inc. (Catalog o ® of PHH from one donor.
ug/mL, in the S1-Chips effluents. Effluents must be diluted by 5-fold to number: Z5030016) was used for the chemical method. w 804 APAP induced urea changes in hepatocytes
effectively reduce such interference, but this made it difficult to observe the * The same effluent was aliquoted for urea detection using different methods g %
percentage of reduction after drug treatment, as urea levels neared the limit : : D2 -o- APAP 0.0 mM
of detection (1.2 pg/mL). In contrast, the chemical method had ne.zghglble Res u Its an d D ISCUSSIion O 0.2 — 250 & APAP 01 mM
background signal for culture medium and a lower limit of detection (0.8 0 >
ug/mL). Additionally, the urea level could be accurately determined by L © 200 APAP 0.5 mM
chemical method at a fraction of the cost of the enzymatic method. As — |-CE - 01916 — 0.0 § APAP 1.0 mM
determined by the chemical method, the average urea production rate of Urea standard | | [Background urea signal=0.0430 0 1 2 3 4 = 150 APAP 3.0 mM
hepatocytes from three human donors was 203 (£ 29) ug/million cells/day, [(0HM) Fold-of-dilution of the PHH medium £ Um
and acetaminophen treatment (0.1 to 10 mM) led to a concentration- and _ [*CE - 02346 — o 100 APAP 10.0 mM
time-dependent reduction of 20% to 60%. Conclusion: These data may Figure 2. Sodium pyruvate was a possible source of the %
guide selection of appropriate assays and aid optimization of procedures for -cE .[06455] background signal in the enzymatic assay for urea =
urea detection in various liver cell culture platforms. Tanditated | — _ [Background urea signal=0.0222 detection using PHH medium. The Sigma kit (Catalog S 50

_ number: MAKOOG) was used to perform urea assay. In —

Slankmedium | _[*CE "9-0877 ]~ panel A, the assay buffer provided by the kit was - 0
Introduction for PHHs TcE o337l - supplemented with different concentrations of sodium o 1 2 3 5 7 9
- [5x diluted 3 _ [Background urea signal=0.1448 pyruvate and used fOI’ urea detection. The highest Days after APAP treatment
concentration of sodium pyruvate supplemented was equal (APAP was withdrawn on Day 7)
+CE ~[0.4820 | — to those in the PHH medium, that is 0.2270 mM. In panel

Liver-on-a-chip (Liver-Chip) is a microphysiological system (MPS) -

— B, the PHH medium was diluted using the assay buffer
from the kit and then used to measure urea signal. CE,

designed to culture hepatic cells in a three-dimensional environment on CE .[1.4468] — Figure 3. Effects of APAP on urea levels in the effluents of PHHs cultured in

microfluidic channels, enabling better maintenance of primary liver cells " [undiluted _ _ | Background urea signal=0.1085 . . . . _ Emulate® Liver-Chips. PHHs and NPCs were cocultured in the top and bottom

and thus improved prediction of drug-induced liver injury. Urea is +CE 18553 _ Convert! ng enzyme provided by the kit; ~CE, without CE; channels of Emulate® Liver-Chips, respectively. Cells were treated with APAP for 7
exclusively synthesized by hepatocytes and is therefore a proposed Effluents of _ - ' +CE, with CE. The value presentfd are means of two lo consecutive days and the effluent collected daily for urea measurement using the
endpoint reflecting the performance of Liver-Chip platforms in maintaining =~ Untreated PHHS e o7390] — four independent experiments (n=2 to 4). BioChain kit. Urea levels were normalized to the estimated number of PHHs in each
hepatic functions. Numerous assay kits are available for measuring urea [ . BTy M Liver-Chip, that is, 42,000 PHHs per Chip. Urea was undetectable (below 0.8 pg/mL)
levels in in vitro studies of DILI, but the reliability and reproducibility of e B in the effluents of NPCs cultured in the bottom channel (data not shown). Data are
the results for cells maintained in MPS need to be evaluated. In our study of _[+CE "[1.2336] — This presentation reflects the views of the authors and does the means of 2-4 Chips in each treatment group.

acetaminophen hepatotoxicity, we have been using an Emulate® Liver- Figure 1. Background signals in the enzymatic assay for urea detection using the not necessarily reflect those of the U.S. Food and Drug :

Chip, which cocultures primary human hepatocytes (PHHs) with liver non-  cylture medium for PHHs maintained in Emulate® Liver-Chips. The Sigma kit Administration. Any mention of commercial products is for COnCI usion

parenchymal cells (NPCs) consisting of sinusoidal endothelium, Kupfter, (Catalog number: MAKOO6) was used to measure urea level in the PHH culture clarification only and is not intended as approval

and Stellate cells. This project aims to (1) establish a reproducible and medium. The assay was performed by including different control groups following the endorsement. or recommendation | 1. The chemical method provided improved accuracy and enhanced sensitivity
sensitive assay to measure the urea level in the perfusing medium of manufacturer protocol. The blank medium and effluent were either undiluted or | | and was significantly less expensive than the enzymatic approach in

primary human hepatocytes (PHHs) cultured in Emulate® Liver-Chips (2) diluted by 5-fold using the buffer provided in the kit for the purpose of examining ACkn 0W|ed ge me nts detecting urea level in the spent culture medium of PHHs co-cultured with
observe the effect of acetaminophen (APAP) on urea production in PHHs possible interfering effects from medium ingredients. CE, converting enzyme NPCs in the Emulate® Liver-Chips.

maintained in the Liver-Chip. provided by the kit; —CE, without CE; +CE, with CE. The value presented are the This project was supported by a Cooperative Research and 2. APAP caused time- and concentration-dependent decreases of urea

means of two to four independent experiments (n=2 to 4). Development Agreement between U.S. FDA and Emulate, Inc. production in PHHs maintained in the Emulate® Liver-Chips
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