Injury via mtDNA Depletion Pathway

Shailendra B. Tallapaka, Nader Hamzavi, Yeshitila Gebremichael, Scott Q. Siler, Jeffrey L. Woodhead

DILIsym Services, Inc., a Simulations Plus company, Research Triangle Park, NC, USA

Lo ASSTRACT ... MEWODS ... .. (CONCWUSON ___

Objective: Treatment of chronic viral infections like HIV, Hepatitis B etc.,

necessitates long-term administration of powerful antivirals like . RENAsym, currently under development, is a QST model Mito  mMtDNA depletion has been Iincorporated
nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs). Several of drug induced AKI that integrates mechanistic in vitro data I..Im:nup-lur ETC inhibitor into the mitochondrial dysfunction sub-
NR'Ll’s are _pnr_rp_snly l:)excretgd renally and _hﬁve b_eben rsporte_d t(;] cadu_s.eI with in vivo drug exposure to predict nephrotoxicity. ‘L model of RENAsym.
nephrotoxicity. The observed toxicity is partially attributed to mitochondria . - - TN
P IrOLICIty U OXILIy IS pattiSy - . Mitochondrial dysfunction, oxidative stress and crystal In the baseline simulated individual, model

dysfunction caused by iInhibition of mitochondrial DNA (mtDNA) " : Hlt-uchnndnnl redicts decline in ATP but not PTC viabilit

. - L : nephropathy are represented within RENAsym as potential &| Mwoh p _ y
synthesis[1l]. We are developing a guantitative systems toxicology (QST) . e Gradient uoon adefovir treatment

® - - - mechanisms of toxicity. Production p -

model called RENAsym® that can potentially predict drug-induced acute o S o
kidney injury (AKI) in humans and pre-clinical species by leveraging in « Mitochondrial dysfunction sub-model in RENAsym T ‘ Sensﬂn_nty an_a_lys_ls |r_1d|cates model IS likely
vitro mechanistic toxicity data. The objective of this work is to develop a representing proximal tubule cell bioenergetics and to predict toxicity in simulated populations.
mechanistic model to represent drug-induced mtDNA depletion in proximal substrate utilization was adapted from DILIsym [4]. Tﬁgf;ﬂ“‘;;" * These results show that RENAsym shows
tubular cells and subsequent downstream toxic effects in the kidney. . PBPK model of adefovir was constructed in GastroPlus Hﬂt:ﬂm‘ FA prom?se In being a useful tool to predict
Methods: The mtDNA depletion model was built within the mitochondrial using data available in literature . turnover T drug induced AKI

. ) ® . . . . .
dystunction sub-model of RENAsym®. The current representation of . Kidney concentration of adefovir predicted by PBPK model * Model will be refined by collecting more in
kidney bloener_getlcs Includes e_quatlons that describe mtDNA and electron was used as input for toxicity simulations. Proximal vitro data and representing more exemplar
transport chain (ETC) protein turnover, and substrate uptake and | o - compounds.
utilization by mitochondria to produce ATP. The model was parameterized * Invitro data of adefovir induced mtDNA depletion in primary ATE
based on human and rodent kidney bioenergetics data reported in human PTECs was used to derive RENAsym parameters
literature. A physiologically based pharmacokinetic (PBPK) model
Including kidney exposure of IV administered adefovir was developed In Utilization _
GastroPlus™ 9.7 as an input for RENAsym. Toxicity parameter inputs into 1.Lewis, W., Day, B. & Copeland, W.
RENAsym for adefovir were derived from in vitro studies where changes in Figure 2 Summary of mitochondrial dysfunction sub-model in RENAsym Mltochondrlal toxicity of nrtl_ antiviral drugs: an
mtDNA content in primary human renal proximal tubule cells exposed to integrated cellular perspective. Nat Rev Drug

Discov 2, 812-822 (2003).
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adefovir were measured using RT-PCR[2].

Results: Simulations in human at 3 mg/kg QD dosing for 40 weeks
predicted a ~10% decrease in ATP level and minimal reduction in the
fraction of viable PTCs. Sensitivity analysis Indicated that a ~10-25%
Increase In either mtDNA destruction rate or kidney concentration of
adefovir would predict significant nephrotoxicity (Fig. 6), which is wel
within the expected variability in pharmacokinetic and toxicologica
parameters. This qualitatively agrees with clinical observation of elevatec
serum creatinine in ~60% of patients treated with 120mg QD adefovir for
24 weeks|3].

Conclusions: A QST model of drug-induced mtDNA depletion and
subsequent AKI has been constructed within RENAsym®. The model
reasonably predicts adefovir-induced nephrotoxicity and shows promise in
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being a predictive tool for drug-induced AKI. Simulation Time (h) g e anats 5 . | o | 2312.
- E Figure 6. Sensitivity analysis
Figure 3. Simulated plasma profile “\ | § —— Adefour 3mglig indicated that small increase in 4. Tallapaka, S.B. et al, Adapting a quantitative
of adefovir generally recapitulates ; ' 5 either kidney concentration of systems toxicology model of mitochondrial
D“'E Metabolism and D'““but'““ U"C““J“Eﬂt'ﬂd “Eﬂ““’e clinical data 0o g° adefovir or mtDNA destruction dysfunction in liver to kidney, ACoP10, Orlando
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nephrotoxicity which is within
the expected variability.
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[ s (_innate immune Response | Figure 4. In vitro like conditions Figure 5. Simulation of adefovir at 3 mg/kg dose for 40 | o
| were reproduced in RENAsym and  weeks predicted a modest decline in mtDNA/protein *The content is solely the responsibility of
Figure 1 Overview of RENAsym model MDNA destruction rate was content, ETC activity and ATP that did not result in tze athotrr? a][‘fd_ ldo_es ”0: tr?ec|\e|sts'ar”)1
optimized to fit experimental data significant loss of PTCs or increase in urinary biomarker present the otficial views ot the Nafiona
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