Adefovir- and Tenofovir-related renal changes from 28-day oral
investigation on Sprague-Dawley rat:

histopathology, electronic microscopy, genomics and urinary kidney

biomarkers end-points
A.Piaia, Z. Dincer, E. Persohn, E.Tritto, D. Ledieu, V. Dubost, A. Mahl, A. Doelemeyer, U. Junker Walker, F. Pognan, P. Moulin, B. Kittel and M. Uteng
PCS - Novartis Institutes for Biomedical Research

INTRODUCTION Adenofovir-induced nephropathy
Nucleoside reverse transcriptase inhibitors (NRTIs) are the basis of clinically successful KIDNEY vehicle| TDF ADF gg;v:};rnc%orl::f;:?onnovi\’, ittt;‘b:iﬁ-:s:ﬁ‘c;?;ed genes
anti-retroviral therapy to control HIV-1 infections. Despite this distinct benefit, NTRI-based Dose (mg/kg/day) 0 300 | 11 28 ) Cp W |
therapies may have limitations due to potential organ toxicity such as kidney toxicity. “Nephropathy”, PCT 0 0 0 8 |- ot 1 e
Adefovir (ADF) and Tenofovir disoproxil fumarate (TDF) are two related NTRI drugs. . mid e | e | e | 3 |lg. g T s st so
: : : RPN T moderate, e | ° | ° | 4 g.. 9
* ADF is no longer used for HIV-1 infection because of the high incidence of renal toxicity, severel e . . 1 2, JUN——
«TDF has been occasionally linked to cases of proximal tubular dysfunction, Fanconi T an e s R i i | ( L E—
syndrome and acute tubular injury. = Of note, aiso TOF showed 2
ADF and TDF were tested in a 4-week oral study in Sprague-Dawley rats, to compare the 1 ey
nephrotoxic potential of the two compounds in a rodent model. e otopathology arade | changes correlated to this.

Doses (as base) were 11 and 28 mg/kg/day for ADF and 300 and 600 or 1000 mg/kg/day
for TDF (each dose selected according to ~5 or ~20X human exposure). Renal function
was assessed by a panel of urinary kidney biomarkers; renal lesions were characterized — (A Z i ey (B v
at histopathology, electron microscopy (EM) and gene expression profiling. Kidney cortex from control (A) or 28mg/kg/day ADF treated (B) animals

and basophilia of the epithelium in treated animals (20X)

. ADF at 28 mg/kg/day, resulted in
¢ tubular degeneration/ regeneration,
Sl e single cell necrosis and interstitial
Notethe atenuation  fibrosis/inflammation  (nephropathy),

T Eavir.i i tnal . . mainly affecting proximal convoluted
enofovir-induced gastrointestinal toxicity gy ST Up-regulation ~ of multiple | 4,5)les (PCTs) wunderneath the
B B - - : | Control 00 genes from the kidney cortex _ _
Tenofovir at 1000 or 600 -+ = N W oA e ] cortex. Consistently, genomic
' % Adefovir 28 mg/kg/day | ;l 2.33 | . . . ) .
mg/kg/day WaS not tOlerated : Protea.s-omgg);%t:;r:yos:?o%ecr;]zns;g:)a'iurescore Integir:))rze%irl?firlgrl?]:‘unrgee:)core |nveSt|ga.t|On .revealed . U.p regLJIatlon
(animals prematurely sacrificed | o it — 3 of classical kidney toxicity markers,
at day 6 or 7, respectively) due | e | | — L.l stress-response  induced  genes,
to severe  gastrointestinal | Bttt proteasome  associated genes,
tOXiCity: fOreStomaCh (a) and/or | TenofovirSOOmQEZ?dt:j; | 133 | | l‘If“q among Others, and down-mOdUIatlon
duodenal (b) ulcerations (10x) | o 3 ity | | — e — of tubule-associated genes.

| |
Numerous tubular injury markers and urine total protein were increased in urine

Control mucosa in the inlets

4 9 B 'y
e T e ——

Hyaline droplet accumulation in the kidneys sop1 avert/kim1 L ~ |with some markers [e.g.
. Tenofovir at 300 mg/kg/day | g=e o, % > T [ © |osteopontin/SPPT,  KIM-,
KIDNEY vehicle | TDF ADF esulted in- L co PREICIRES A I ~|Len2 (neutrophil gelatinase
Dose (mokgiday) O 300 11 28 | 1) an increase in severity of | £ o ° w .. ° |associated lipocalin)] having
Hyaline droplets, bright eosinophilic dropiets £ 2000 2% 1000 e a strong correlation with
........ pPCT 8 8 8 6 | J ZRUE L EPES i wmmmwa o ¢ w e » o = a | MRNA expression in the
...................................................................................................... minmal 6 | e |/ e | 3 P y . creatinine-normalized protein concentration in the urine (ng/ml) k|dney
................................................................................................................. sight 2 | 2 | 8 | 3 | cytoplasm of PCTs, stained \
ST Sl v owe . (consistent with the protein

i (autophagic vacuoles) filled with
. .. nature of the contents), and

L | | ; o, _
1 ‘ .‘;_,.‘1 . i, 9 B L & o' - " R |
Tl e -2l 5% A Y W R CZ | f)d lJ_[O b? l?oh posed.fq o ST s i c | <= = degradation, loss of cytoplasmic
L = 9 ) M, s = RS ot ML o d2- obulin with the specific b B BT e ey — N av e :
> Wi T e nlTRC. RREEPE A LD o t'Ll:I)g dv at IHC P 4 @ .« mitochondria and
5 ST T A ) { ) i . s 3 f'tg" A an I O a - SRR s - -.»f .
. [ y ' ; F & ) - ] PR )2
, T A y i pronounced alteration
PR e AR | RSSRRE i © 2) Increased number of large & in the appearance and
Proximal Convoluted tubules (PCT) from vehicle treated animals at (A) Hematoxylin/Eosin (H/E); (B) Chromotrope | I . 8
Aniline Blue staining (CAB); or (C) immunohistochemistry for a2-microglobulin (IHC for a2-uglobulin) — (60x) vacuolies was also Sseen In e dlstrlbutlon Of Other
TDF treated animals | “ cellular organelles
ADF 28mg/kg/day ' = L . were noted .
...L 4 -. $: .;;- i‘ p s "‘ j & L o S, Sl "dﬁ
Although  Adefovir at . e ”,-‘,-" In comparison with control (picture C) PCT epithelial cells from 28mg/kg/day ADF treated rats showed loss of superficial microvilli, resulting in lower cell height, associated with mildly larger nuclei
11mg/kg/day showed a » — and pronounced alteration in the appearance and distribution of cellular organelles, including loss of mitochondria. PCT and cortical colleting tubules showed also presence of enlarged
slight tendency towards a ” , odl = cytolysosomes (autophagic vacuoles) filled with mitochondria at different stages of degradation (picture D). In detail in picture E degenerating mitochondria within an autophagic vacuole
; , _ LR , » . hyaline droplets A s (mitopr_lagy). E,nlarged cytolysosome,:s ( black arrows); secondary lysosomes (white arrows) p= PCT, cc=cortical collecting tubule, d=distal tubule, m=mitochondria, v=apical vacuole, mv=microvilli.
% = Sty (1T (AN C da sy accumulation, this was not e it L4 ‘ Magnification 1°200x for C and D, 11°000x for E.
. 7 \ @Y DAT S Ve IR R Y e see at  28mg/kg/day, X Al
e M. & v T NS ANRDRSIRT Y .| o LA .' L. B where hyaline droplets /5 o . o and ADF nuc
PCTs from TDF-treated animals; increased number of droplet-congested tubule cells, positive to CAB (D) and to the ~ Weré reduced to aimost s e — — : _
: - - . : : missing from some PCT » s & BRI Y T e T TR PR e W 7 . s PRS- A S e RS R O T I Ki67 immunohistochemistry
antibody against a2-uglobulin (E); note the presence of large cytoplasmic vacuoles (yellow arrows) which were | G ] : - : P > 4 A, B (T W ST » ~ % g A\ .
variably stained with CAB (E) or with antibody to a2-uglobulin (F) — (60x) tubules. (G) — (100x) @ r e R R . . - L
) 2 ; .:.". Qe oo ® P s
Ca® n ) ‘_;. @' 7y /
‘ ‘ - .. .J - T A" e ) -
@ ¢ wiTLS g T
. . "‘:\' 2\ 0" ’? . '
VEHICLE TDF 300mg/kg/day At electron microscopy (EM) VL IPNNREY
AR ™ o GO s, VT Py A * g ey P& ¥ 7 . . . . N e & .- )
o/ » NN | . Iinvestigation, increased number of ¥one A
. Rl 55 A . Da‘o’-lt ¢ ,.g:“.‘t‘:‘o €% \
secondary lysosomes were seen in S e e

Animal 1004 (x40) * Animal 9018 (x40)

f: L .
Correlation between Mki67 mRNA expression

PCTS, appearing as variably Ox TDFat //d;/(1x) - Ab.FJa.t 25/;ﬁg)gy(100x) o S
enlarged, polygonal to irregular dark  ADF resulted also in prominent nuclear enlargement, correlating with up- |

0.152
0.130

Ly
(4]
B

e

sem 0.1095
: ¥

| 0.087 5
<

structures with a condensed, fibrillar  regulation of cell division-associated genes (not shown). C-Kit -
to  crystallod morphology,  examination revealed an increased expression in ADF-treated animals ;
suggestive of aggregated proteins i Syptle nuclear enlargement was also seen with TDF at 300mg/kg/day.
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» Treatment with ADF caused dose-dependent nephrotoxic effects mainly centered in

Urine analysis revealed creatinine-normalized increases in Ca (+86%) and P (+203%) vs the PCTs and suggested a mitochondrial-degeneration/depletion mechanism of toxicity.

controls. In genomics there were no toxicologically relevant changes attributable to TDF > Nuclear enlargement of the tubular epithelium was the only common finding
with the exception of minimal down-regulation of tubule-associated genes, but this gene ~ observed in the kidney of ADF- and TDF-treated rats.
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