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The purpose of this study was to evaluate upcyte® human hepatocytes (UHH) as an alternative in vitro system for Experimental workflow for expansion and culturing of Upcyte® human hepatocytes (UHH)

studying hepatic drug metabolism and for clearance prediction of metabolically stable compounds. Derived from

primary human hepatocytes (PHH) by lentiviral transduction of proliferation stimulating genes, UHH provide a / mprotein, mRNA \

virtually unlimited source of non-transformed primary hepatocytes. Differentiated UHH express adult hepatic -

markers and are responsive to prototypical inducers of cytochrome P450 enzymes!12l. Compared to immortalized s | \ ‘ Parent depletion/MetiD

cell lines, confluent UHH retain expression and functionality of nuclear receptors and drug metabolizing enzymes  ;;~ - \ -

with regard to major CYP, UGT and SULT at donor-specific levels!34, /M/ —

We assessed the metabolic capability of UHH in sandwich culture for up to 21 days, focusing on functional in C '

situ enzyme activity and relative mRNA expression of selected phase | and phase Il enzymes. Absolute enzyme ! !

protein expression was determined by LC-MS/MS quantification. In vivo hepatic clearance (CL,) was predicted for a expansion for 7 days sandwich culture for up to 21 days j

set of slowly and intermediate cleared reference drugs by scaling from in vitro intrinsic clearance (CL,,,). The in vitro

metabolite pattern was semi-quantitatively analyzed exemplarily for alprazolam and meloxicam. Data from the Analysis of enzyme activity, mRNA & protein expression, and metabolite pattern

above experiments were compared to those obtained from sandwich cultures of cryopreserved PHH. Activities of cytochrome P450, UGT and SULT enzymes were determined in situ via metabolite formation (LC-
. R MS/MS) after incubation with probe substrates!3l. Relative mRNA levels were determined by Tagman RT-PCRE!

2. ObJECtlves Protein quantification was performed from microsomal preparations by LC-MS/MS quantification of specific tryptic

fragmentsll. Metabolites for reference drugs were identified from supernatants by exact mass (LTQ Orbitrap)
according to literaturel®’l and relative abundance was determined semi-quantitatively by extracted-ion count (XIC).

Focus of the investigations was on the assessment of upcyte® human hepatocytes and comparison with standard
primary human hepatocyte cultures regarding:

¢ Activity-time profile for key P450s, UGTs, and SULT in sandwich culture In vivo CL,, prediction
Reference drugs with low to intermediate in vivo CL, .., @hd metabolism as primary elimination pathway were

\7 oge . . o
** Utility for CL,, prediction of slowly metabolized compounds incubated in 24-well format for up to 120 h. /In vivo CL, was scaled from in vitro CL ., applying the physiologically

int
\/

** Metabolite pattern for selected reference drugs based in vitro-in vivo direct scaling approach and the weII stirred model!3].

4. Results
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of sandwich culture until day 14 as study end. UHH in WME resulted in prediction

performance comparable to PHH Data for UHH represent Mean + SD of N=3 experiments for HPM and Mean % SD for triplicate determinations of N=1 experiment for WME
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Activity  mRNA  Protein Activity  mRNA  Protein Alprazolam (ALP; m/z = 309) PP P —— WME o Comparison of relative metabolite amounts for ALP (predominantly
u = .
CYP1A2 67.4+50.3 115+10 56.7+2.0  3.80+0.78 0.11+0.10 <1.0 metabolized by CYP3A4) and ME (CYP2C9) present after 120 h of
% parent remaining after 120 h 36.7+4.4 393+0.2 227%+10 34.0+35 59.8+2.1 | ; i —2) i
CYP2B6 AR RS EERE B eGE | GOnSES G5Omae incubation (n=3) in supernatants of PHH cultures from three donors
In vitro predicted CL,, (mL/min/kg) 0.96+0.07 0.83+0.01 1.27 +0.06 1.15+0.07 0.48+0.06| in WME and of UHH 151-03 cultured in either WME or HPM.
+ + + + + + . .
CYP2C8 elizll  25.223.5 315%1.72 11.2x60 49.5£19.1 3.13+105 Initial CYP3A4 activity (pmol/min/mio. cells) ~ 184+ 8 341+23  488+52 722+16 362+1 Metabolites analyzed were selected based on major phase | and Il
. . . . [6’7] .
CYP2C9 73.9+189 653+85 182+51 120+4.6 111+45 8.80+2.08 Biotransformation Relative metabolite abundance after 120 h bLotrz:\jnsformatlon rl)(a’;hways dr-epotrte:I |:. Ilte:ca:u;el : tREIzaI’F;ve
abundance was ranked according to fraction of total metabolites
CYP2C19 6.84+1.42 458+0.94 2.71+0.35 17.7+4.4 17.1+84 4.88+0.11 H Iati 325(1)/(2)/(3 o ,
ydroxylation [+O] WA2/B) +/+/(+) A A AN (+)/+/(+) A analyzed by XIC. Overall, similar metabolite patterns were observed
CYP2D6 12.0+3.6 62.6+843 7.88+0.70 3.18+0.56 6.87+4.95 1.26+0.29 Dihydroxylation [+20] 341 . ; - - - for ALP in the PHH and UHH cultures, however, detailed structural
CYP3A4 241+98  102+15 50.8+10.0 339+37 329+141 451+8.2 BenZOF{henone 378 (+) (+) N N N elucidation of metabolites is needed for confirmation. Turnover of
formation [-N, +H, +20] meloxicam was altogether lower in UHH cultures, and consequently
UGT1A1 65.0+0.1 347+60 42.5t4.3 111+17 508+ 106 96.2+2.7 o _ , .
[+Gluc] 485(1)/(2)  +++/(+) +/(+) + + + no significant levels of O- or acyl glucuronides were identified.
UGT1A3 36.3£7.8 1.9940.86 8.06£1.93 1.73£0.15 Phase Il  [+0, +Gluc] S0L(1)/(2)/(3) +++/++/++ ++[+[++  ++[+[++ +/+/+  ++/+/+ | Structures of reported metabolites are depicted below:
O-glucuronide
UGT2B7 768+93  221+33 7.04%0.15 426+18 39.4+2.8 1.86+0.30 [-N, +H, +20, +Gluc] 504 +++ +++ +++ +++ +++ Alprazolam!¢! I\H L vk e et
[+Gluc] [+Gluc] Benzophenone
UGT2B15 51.3+12.0 15920 4,05+1.00 2.19%0.15 (+): <1%, +: <10%, ++: >10%, +++: >25% of total metabolites analyzed, - : metabolite not detected \>j B / ¢/K. [Gluel (grL:J/cZursoglllc)le
SULT 20.6 £ 0.7 n.a. n.a. 15.4 £ 0.4 n.a. n.a. enzeohenone derivative
. PHH UHH (151_03) 4 OH ALP (m/2=325)N ?m/z=;)|2'18) d t
Na/K-ATPase 11.9+0.3 8.11 +0.43 Meloxicam (ME; m/z = 352) e " g
Hul601 HC3-31  BD371 WME HPM (m/2=309) o > ] w0 N
o o . . (+Gluc] / [+0] /'
4.2 Enzyme activity, protein and mRNA expression % parent remaining after 120 h 144+42 192+2.0 32.4+3.2 87.2+0.1 99.2+0.01 ogucuronige —— ) ) () )
. . (m/z=501) al al
PHH and UHH were assessed at culture day 7 in 24-well sandwich culture. In vitro predicted CL,, (mL/min/kg) 1.79+0.11 1.40+0.04 098+0.10 0.13+0.06 n.d. 5 o-OH-ALP (m/z=325) 0,4'-DIOH-ALP (m/2=341); minor metabolite
. . . . . . 3-
Enzyme activities are depicted as pmol/min/mio. cells, mRNA levels as 10 Initial CYP2C9 activity (pmol/min/mio. cells) 102+12 42.1+2.6 553+50  9.85+0.50 8.44+0.54 Meloxicam(”!

fold of endogenous control B-actin, and protein as fmol/ug of microsomal

iy e PSS
H3C/N\S\

protein. Na/K-ATPase was used as endogenous control for protein Slotransormation Relative metabolite abundance aiter 420 h e I %7% 5o

quantification. Activity values represent mean + SD (N=2-5 individual Hydroxylation [+O] 368 ¥ ¥ * T tH A 5'-OH-ME (m/2-368) 5 carbon e (v/-352
experiments), mMRNA and protein data mean * SEM (N=1). Non-specific Dihydroxylation, 382 ar o rar . . M (/23 l“G'”C] i lHGIUC]
UGT/SULT activity data was determined by 7-OH-coumarin glucuronidation dehydrogenation [+20, -2H] LY R T ™ N R I
and sulfatation, respectively. Overall, CYP1A2 and CYP2B6 data showed s | [+O, +Gluc] 544 + + + (+) - ”% e H%
most pronounced differences between PHH and UHH. [+20, -2H, +Gluc] 558 . ++ + - - ME-O-glucuronide (m/2=544) ME acyl glucuronide (m/2=558)
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