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Abstract

Tenofovir disoproxil fumarate (TDF) is a high potency of anti-HIV and anti- hepatitis B virus drug.
Currently, the limited use of this drug in the clinical setting is nephrotoxicity. The incidence of tenofovir-induced
nephropathy is 10 - 22 percentand 5 - 18 percent in Europe and Thai population in respectively. The inhibition
properties of mtDNA polymerase Y encoded by POLG gene has been proposed to play a central role in
tenofovir-induced mitochondrial toxicity which contributed to nephropathy. Although tenofovir has not been
studied, admittedly theory is supported that this drug was induced proximal tubular apoptosis by leading to
caspase-9 activation as similar as another drug in the classification of nucleotide-analog reverse transcriptase
inhibitors such as adefovir and cidofovir. This theory is supported by the observation that Fanconi’s syndrome
is the most common renal manifestation of mitochondria cytopathies, there are presented in the most reported
cases of tenofovir- associated nephropathy. Moreover, the histopathology that observed under electron
microscopy was attest the supported theories because it showed the identical data of mitochondrial
enlargement, depletion and dysmorphic changes. However, there is no study was performed to demonstrate
the exactly mechanism of tenofovir-induced nephrotoxicity at cellular level, in our reviewed during 2006 - 2016,
then the further study to demonstrate this effects should be employed. In summary, the most encouraged
mechanism of tenofovir- induced nephropathy at cellular level is associated to the inhibition of mtDNA
polymerase Y enzyme which conduce towards to induced proximal tubular cell apoptosis by leading to caspase

- 9 activation.
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e lulvidef (Tenofovir) tluendinulafadednatlungu nucleotide analogue reverse transcriptase
inhibitor lAFun1s3unzidauainesAniseuisuazanvestssinAanigewdsnalull w.a. 2544 uaziidin
wnadneluldszmalnadaslanat w.A. 2549 (BOE, 2016; Mocroft and Lundgren (2004); WHO, 2016)
e luIWiAe (Tenofovir disoproxil fumarate, TDF) HlAsaas1aniainiinanat]lungu acyclic nucleotide analogs
WulAgaiueneza lWiles (Adefovir) TnalAlanuuansnaiud alkyl side chain winiiu Taseags1an1aiataesen
Alulnidaf 4 alkyl side chain 1{lu propyl adenine luanisianasalnilasil alkyl side chain 1lu ethyl adenine
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(NN 1)(Delaney et al., 2006) F;I’W](l:u(l:wL’JEI?’a’aﬂE]V]ﬁEI‘]_IEI\‘iL'auVL"MJ reverse transcriptase NG RIGELRE
(De Clercq, 2003; Lyseng-Williamson et al., 2005; Ray et al., 2006; Ray, Fordyce, & Hitchcock, 2016) UATLTR
ToFasudniay alind vinliin1sdnassanamifueannlofaanfifiue (viral RNA) 1unenad wananiganudien
ulWiRefdeannisndanisvineuaaiaulasd DNA polymerase 13 ¥, OL uaz 3 (De Clercq, 2003; Gitman
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et al., 2007; Moyle, 2000) Tdandae Tnatanizuaannnisdudaianwlad DNA polymerase 14n Y Anulu
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Cidofovir R = H: Adcfovir (PMEA) R = H: Tenofovir (PMPA)
(HPMPC) R = (CH;),C-CO-0-Cll;-: R = (CH;),CH-0-CO-O-CH,-:
Adefovir dipivoxil Tenofovir disoproxil
Bis(POM)-PMEA Bis(POC)-PMPA
NH, NH, NH,
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,o-g_\,o\‘) )oko"mg\,o]) ©_°"sv°\‘)
< NH
TFV o °°<: TDF $=o TAF
Ho My ~ >—o
o

nNINA 1 Tmmaé’mﬂﬂumim acyclic nucleotides Wag prodrug ester form v lulnings (Delaney et al.,
2006; Ray et al., 2016); TFV = tenofovir, TDF = tenofovir isoproxil fumarate, TAF = tenofovir
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g lulnsandulslln anTadse@nsua (bioavailability) Uszunadasay 27 (Gitman et al., 2007)

al

F1BNIMINNINTZANELYINTL 0.813 ARTAANIANSNUNMINGY RANATTIA TUNAN AN WINGTL 12.0 - 14.4 Falug

?.I’]ﬁ‘l:utwLﬁﬂ?ﬁlﬁuiﬂiﬁuﬁ@yjﬁu (albumin) l&%asiaz 7.2 (Fernandez-Fernandez et al., 2011) THTuAUaATN

o

MFURIW CYP450 (Fung et al., 2002) anituinides Sasaz 70 - 80 duaanainieniariiunislalugiins(parent

o

compound) ftnszuaunisnsasninaiagia (glomerular filtration) $axiunisdusanivialndusiulnaidadon
dsrunnibaaay 20 - 30 (Fernandez-Fernandez et al., 2011; Fung et al., 2002; Gitman et al., 2007) TINT
Tuaananieansenunnavialngausiuavunsruaunisi N9 (active tubular secretion)

e lulneinldlunendtinag lugilinaeaesiesinafaadnsayuian (ester form of fumaric acid salt)

o ' ¥

NTaa33tyn198191 Tenofovir disoproxyl fumarate (TDF) T4 1#iAnGa1ss@niuaninninuazd tissue penetration

= P s A = 3 = - A
AN21 (Taneva et al., 2015) LLmﬂElq\ibLiﬂﬁLﬂﬂﬂqqﬂ@ﬂaﬁﬂlﬂlqﬁ‘q\?ﬂqﬂ ﬂqiugﬂlﬂ@@l@@LWﬂ?qzqﬂLﬂ@ﬂuLLﬂ@\iiu

=)

nazuaiden naeulsliaamaisa (esterase) Wiagflugiendaas (free tenofovir) fiddszaauimliuana (i
2 upper panel) 817 Tulniaslugdd@asslunarantazgninidinguaad (uptake) faeldsfiuauas (uptake
transporter) 2 a7im lHwA human organic anion transporter 1 (hOAT1) Wunalnuan way human organic anion
transporter 3 (hOAT3) (Fernandez-Fernandez et al., 2011; Fung et al., 2002; Gitman et al., 2007) Wunalnas
(i 3) Wesnitulidefluglaassdinguadaziinszuauninduvsneamingn 2 a3t foneulnlenia
wnlalug (adenylate kinase) 1%Lﬂumﬂiﬁﬁqw§WﬂaLnﬁmﬁwmq #ABandn tenofovir diphosphate #4R1Asaa319NNs

o o

wilifuayWugans deoxyadenosine 5'- triphosphate (NN 2 lower panel) mmfumﬁiu‘llwﬁﬂ%@zgﬂﬁm@n
annutaaLznse ladausivdingvials (proximal tuoule) Aaalilshuauds 2 9l (apical efflux transporter) 4w
Multi-drug resistance protein 4 (MRP4)(Fernandez-Fernandez et al., 2011; Fung et al., 2002; Gitman et al.,
2007) W@ Multi-drug resistance protein 7 (MRP7)(Pushpakom et al., 201 1)(mwﬁ' 3) %xﬂﬁ?ﬁu‘l}umwg\im@d
‘ﬁﬁmfjﬂgﬂuﬂﬁjm ABCC transporter proteins (Dean, 2005; Dean & Annilo, 2005; Kelly et al., 2010; Lyseng-

Williamson et al., 2005; Ray et al., 2006; Rodriguez-Novoa et al., 2009; Stefkova et al., 2004)
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NINF 2 NIZLAUNNTINENLeATNUAZNTN1S e lulniRe S (De Clerca, 2003; Ray et al., 2006) (Upper panel)

nsvLaunsRnTuluna i wasnnasuuacnnenituln@eSluglaeanideeamesgn hydrolysis Wi
enlugldasziilszaauunluiana (Lower panel) nszuaunisimadulumadndeanniionilulndesdlugaas:
16N uptake i lutgaduds a1lugi@aszazgn double phosphorylation Aaataulidaniiatan lalus
(adenylate kinase) 1881 tenofovir diphosphate %QL‘]GJLL active form ﬁmmmﬁu&maﬁwmwﬂmL@uisnﬁ viral

reverse transcriptase VL@]’LL@xETQﬁE]W%EI‘LImLﬂuVLBﬁﬂ DNA polymerase B Y, Qe B (De Clercq, 2003; Gitman

et al., 2007; Moyle, 2000) lFuLugaws dngiae

-
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Lumen of proximal tubule Proximal convoluted tubule cell Bloodstream

TFV

l

N9 3 nraudesniluinitasannnssiaiaandinuazaanannimasia lnaauiunwllsAumgs OAT1, OATS,
MRP4 WAz MRP7 ANNANAL (Rodriguez-Novoa et al., 2010; Rodriguez-Novoa et al., 2009;

Rodriguez-Novoa et al., 2009)
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atnnsumsiiaiemalarasenitulndaes
= = % a a Al o Ao & ° ' P Aay ey A o o
enfiuiWide s Ansnana luneaine HensnishesAindienaiingu Addesildneaii Anadu
Tadfalszavatian oA luinBaiiugnldlunisadinduetinaundvane (Gallant et al., 2004) 8101913

Uszasrnnuliwn an1viaads pauldaniasu Uoadias Heasanuwaziesaln (Gallant et al., 2005; Gallant et al.,

o

2004; Rodriguez-Novoa et al., 2010; Verhelst et al., 2002) d1uiuivesialntiulutaqiunanedudiedaninindify

o

203019 e TuWiReslunendtin Wesandnanisiafivsie lniuingaauninivdesay 10 - 22 (Fernandez-

A

Fernandez et al., 2011; Pushpakom et al., 2011; Ray et al., 2006; Ray et al., 2016) WHALAEUAUTE9TUAINNA

=®K a

NNINARBNNNARTENTZELT 3 (clinical trials Phase IIl) inufissialatiasniniasas 1 (smwazrm”l,mﬁuﬁl,ﬁmm@m
19 AFRZATU (creatinine clearance) L‘ﬁlngﬁg’uuﬁﬂﬂdﬂ 0.5 mﬂmﬂﬂﬂﬁmmifu) (Marcellin et al., 2008) 18471
Fselnannen Tt F e BuT 11U U091 LANNE Y TansdiAnE (case report) NadiAnEsialiiad (case
series) (Buchacz et al., 2006; Buchacz et al., 2006; Gallant et al., 2005; Gitman et al., 2007; Krummel et al.,
2005; Labarga et al., 2009; Madeddu et al., 2008; Rodriguez-Novoa et al., 2010; Scott et al., 2006; Winston

et al., 2006) WATNIIANHAINELLLIL randomized control trial W& cohort study (Cooper et al., 2010) AINANTANEN

¥
Y o a

Vfammmmma@ﬂ%gaimmu
1) Arsidsesmaiisfinselnasingeduingraefiee iualunguinulafaunneulaaannz
n1sldansanduanlungy protease inhibitors Tael@W e indinavir, ritonavir A e liponavir
(Barditch-Crovo et al., 2001; Hall et al., 2011; Herlitz et al., 2010; Jafari et al., 2014; Rodriguez-

Novoa et al., 2009; Zimmermann et al., 2006)
2) fwsalnainenflulnitelnadaulug Ae ngueaIn1sa89 Fanconi's syndrome (Del Palacio

et al., 2012; Gitman et al., 2007; Herlitz et al., 2010)
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3) nmzﬁwiﬂmﬁgmm 1Eun naglnanedeunausesas 0.5-1.5 (Lyseng-Williamson et al.,
2005; Ray et al., 2006) mew"'mwmﬁmmmm?\lyuﬁuﬂﬁumLﬂuﬂﬂﬁuﬁw’muqmmiﬂuﬁq
BENNDY 2 - 4 LHDU (Buchacz, Brooks, et al., 2006; Cooper et al., 2010)

4) naRnfRsse g n g U iluindef il snanGuia (onset) Fausl 5 daniaud 16
LADL (Buchacz et al., 2006; Izzedine et al., 2004; Madeddu et al., 2008)

5) AINNTE19TATRYATY SuanauddlEuandoud 6 1Bauda 37 (Cooper et al., 2010; Gupta
et al., 2008)

6) fa”m'mfmﬁmﬁwi@imLﬁm@;ﬁyumm:ﬂmmmﬂ’-ﬁmLL@:mmgumwmﬁwi@immnm
AlutiFefaurunirazangesanflullBe s luaadvelngaudu (Gitman et al., 2007; Hall
et al., 2011; Jafari et al., 2014)

TutlszmalnelfdnsAnmfnasasnunuiinugianisainnsfafssie lniadulszannbeasy 5 - 18

(Kiertiburanakul et al., 2011) Talen319175N190I8NN91 5 - 18 win WensuAuAnL T 89 uaNnNsANEINIG

q

'
o a

AaRNluszeLh 3 (Phase Il clinical trial) fannanaluwdnludinefiv

o

nalnnisiiafinnalavassnilulwiladssauidas
Tnadnfaituinilefinesemaduyeda1uniiiasanien selectivity index (S1) siataulmsd viral
reverse transcriptase ﬁzgq (Selectivity index, SI = 324.8)(Balestrieri et al., 2005) n17uiAR LA AN TN
PeasHAMNdNRuS IR iU N azantese lumadvia I daufiuasnadnLa (Barditch-Crovo et al., 2001;
Hall et al., 2011; Jafari et al., 2014; Rodriguez-Novoa et al., 2009; Zimmermann et al., 2006) WAna NN1FAANS
' = A o on to 1 a _a | .
s lnreseniluinne Siudslunauwidadndnalnnnsniaieeenels (Abraham et al., 2013; Gitman et al., 2007;
Jafari et al., 2014; Lebrecht et al., 2009; Mandikova et al., 2013) ieuanguiimelidrdnalnnisiiaisste
Iniuenaazmieuiuenau lunguineaiy iu ezhlnilefuardlininidas (Bendele & Richardson, 2002;
Fernandez-Fernandez et al., 201 1; Gitman et al., 2007; Moyle, 2000; Ortizet al., 2005; Tanjiet al., 2001)
\asanilgmslassainmiaainedneiu tnaevalWnesuasdlaindaswudnvinliifafusievia ladousiudasnaln
nsdudangrinanuaediewltsd mtDNA polymerase 1%in Y (Birkus et al., 2002; Martin, Brown, Matthews-Davis
A = P o aa a = a a a o
et al., 1994) lwrnuzAenulne i luiaqiuinguifineanesuietnalnnisfiaiese lnanaiatiniet 2
aly o % 1
noedfcaiu I
ala

1) a1 uW@asIALUY direct toxic effects AatmaaLizLauYe lnduAun lEdudaa (Hall et al.,

2011; Ortiz et al., 2005)

£
o o

2)  nilulwideddudenisinaunesienlsd mDNA polymerase 18in Y 299 aaa13iavia lndausiv
(Bendele & Richardson, 2002; Gitman et al., 2007; Hall et al., 2011)
dd‘ VYar o 1 v a o -dl A = = & ©° v a a 1 v o :/I
o lfiunsatuayuannguinideninianne eanlutiteiinlinaieseladasnalndudsnig
f9ura9Lawlas] mDNA polymerase L Y (.ﬂﬂ‘wﬁ 4A) (Bendele & Richardson, 2002; Gitman et al., 2007;
Hall et al., 2011) tH@4a1n Fanconi's syndrome tiunguannisniaiwsalannuldueangaainnisléfuean

= N & o ! " a ° Aa a A ' -
‘VﬂuIWLQE?LL@:T@HWJiﬂﬂQNmm‘? Fanconi’s syndrome qzl,ﬂﬂ"ﬂWﬂﬂq‘i"ﬂq\‘mu'ﬂﬁ\lﬁﬂﬂ[ﬂuﬁ‘ﬂ'ﬂﬂ‘v‘lﬁ‘@\?sﬂﬂﬂ Lﬂuvl,sﬁll
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MtDNA polymerase 18a Y lululnaaulssaaasiaadizianvialadaufiu (proximal tubular epithelium)(Del
Palacio et al., 2012; Gitman et al., 2007; Herlitz et al., 2010) geanflusanszuaunig oxidative phosphorylation
Tuszauitag (Bendele & Richardson, 2002; Moyle, 2000; Tanjietal., 2001) VaNT2U31NNT oxidative
. a My & a % 1 1 ' & o 1 a a o v oa olz
phosphorylation iAalslveialfus lianysal imadaanainaziinaauwesen(stress) aunn liiian1suasans
naneiln sulAun Cytochrome C wae Apoptotic inducing factor (AIF) Faifluansinelfiiannsmievesitaduuy
apoptosis thuﬂ@iﬂmiﬂizﬁumiﬁwﬁwﬂmL@uisnﬁ caspase - 9 (NMW# 4B) (Fernandez-Fernandez et al.,

2011; Ortiz et al., 2005)
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dria, morphological
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Caspase activation ™ DNA damage
AERE S smac AIF

5 x b
> ac_ A

~ Mitochondrial stress_Apopiotic protein release

t & o

| Respiratory

- chain proteins
~
Transcription
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S .

@ o

-
1

B

mIDNA LUy
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/7* P
DNA
MIDNA polymerase ¢
N
f oy a

m.m%_* *X
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Oxidative Phosphorylation
Complex Subunits

£
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Mwi 4 nalnnisiaiesielnane N uinefiieaazeengnaduginisminnueesieulsd mDNA

polymerase 1 Y 1eitadLFnnvie lndausiuuaznisnaziuliiinnisniavesisaduuy apoptosis

A) nalnpaseniluiReslunnsdudiniamnauaasienlssd DNA polymerase Y Tululnaauissasinlinig
asnapaueeslulnpeussaiinUnill (Bendele & Richardson, 2002; Moyle, 2000; Tanji et al., 2001)

B) ﬂ@vl,ﬂmiﬂix@ju cellular apoptosis H11 caspase - 9 activation (Fernandez-Fernandez et al., 2011)

uBNAINUEIHUAN 1IN EINeNatuaungwAinaiadnesiu Ineinddaanntiesjimnimiediin
wesanenredlnli Columbia University (Herlitz et al., 2010) fnn1sansnensannreasasvialalnenismsie
dgl d” 1 7 dl a = 1 = al o 1 = o 1 |
Tutereitasvialnannfiheniiaiesielnananuinnesudeell a.A. 2001-2010 A9u9u 13 978 wiaflugne
7 auazuile 6 918 AalfindesqanssAminndsrensquuazniesqanssAidianmsan nuddNIALIBILTAR
7alnaNuIUNIN (NN 5a) Lasny infiltrate 1e9TadLindan11938a eosinophil lwiiaitiaaasvialngdausiu
(proximal tubular region) uanliBdndnszuaunisanauiuAnIY (MMWHA 5¢, 5d) Tuunemaiaiduseaunaiiu
a | | % a o A A P e a A p~ . A
tsnvialadauiiu (nwi 5b) uazdanuansesluinpausandauauanseiu lulnpauesainu sl

o

Aadnflianysaluaziaruauanasatnedniau wulularausse aginnziuilunguunuiazeguanilugass

o

(MW7 6A, 6B uag 6C) atalaingadnudduans anudnmzlulnaeunsanlautalnfiniuauazgin

EAeniuiunisAnEIT (Cote et al., 2006; Kohler et al., 2011; Kohler et al., 2009)
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Normal

Histopathology of tenofovir-induced renal toxicity

il 5 nensan naestuiemasviala lugiianiniaiesiale (Eeile) Wisumeudunazilng nalfindes
qang9A1iNIARN8449 500 11 (a) Nnwansnsvgaaentediagitey luvialndausiv
(tubular epithelium cells) (b) uamsnisfiawaaiuuuvialngusiu (c,d) waninig infiltrate 2alniaen

91%m eosinophil (Herlitz et al., 2010; Perazella, 2010) (gﬂmwﬁic’-ﬁummﬂmmn ANINANN

Elsevier W&2 H1uUszUL RightsLink)

mMwil 6 nMnduieanvialadausiuttaninsaaniesaanssmiBiannsaunnddaeng 500 Wi aasijihanininy

a '

Awsialpiin Fanconi's syndrome anenTutvines (A) uaasawinaasluinaewssaiayglseiialng

(B) NWLB0IQNAST WALIAUDN cristae disruption uaz (C) uansn waeslulnasussanawinlun

fminf (Herlitz et al., 2010; Perazella, 2010) (sUnmiiliFuaymyman dr1iniad Elsevier wia

NAUTZLL RightsLink)
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