Metabolic alterations following renal ischemia reperfusion in rats
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Background Early induction of tubular and endothelial injury leads to a late fibrotic response NAD* metabolism is dysregulated during IR-AKI

Acute kidney injury (AKI) is a major health issue, associated with high morbidity, mortality, C (C) Tubular injury denoted by F A em s d O0prt
fibrosis and CKD. Ischemia reperfusion (IR) injury during surgical procedures such as 107 e oresence of tubular necrosis and . .
coronary artery bypass grafting or transplantation can cause AKI. In this study, we sought to o e casts in parallel to initiation of . B - ns s
characterize the time course of molecular and cellular pathophysiological consequences of g- o oo o oo =< 200- repair mechanisms denoted by s * kS T
. . . . .« . . I ) — * * * —
|Schem|a reperfu5|on kldney |nJury N the rat. g . 5 - . — K|67+ prOXIma| tubular CE”S. Early § 1.0- *** ................ sescccccccctcnnnnns SPIPRPRP § ML T EEXEEEEEEERE R TIPS
o — o ol . . . . . il
Methods T o o oo @ 1507 '[ injury occurred within 10 minutes 2 T 55 © - T - T
s .. T . ee e o T of reperfusion for some rats, N e R . _ T
. . . . = O 100 . © * % @© g
Sprague-Dawley rats underwent 45-minute bilateral renal ischemia followed by _ . — v e . © -‘- T progressing through 24-72 hours, = i - T = T
_ . o -t
reperfusion for 10 minutes, 4, 8, 12, 24, 48, 72 hours or 14 days. Renal injury was > - — = . -l- and was sustained at 14 days. (D) =z = _L - z 1
. . . . : 5 —_ "’ . . . . . 0.0 - 0.0 T
characterized by plasma and urine biomarker measurements at all time points. Tubular - ”.S . o 2 % 1 Endothelial injury is evident by O0h  4h  8h 12h 24h 48h 72h 14d oh 4h 8h 12h 24h 48h 72h 1lad
injury and repair and subsequent development of renal fibrosis were evaluated by semi- ns E Y B J,‘ - reduced Vegfa with a concomitant Time Post Reperfusion Time Post Reperfusion
. . . . . . . . . [ [ [ . . . o]
guantitative scoring of H&E, Ki67 and Trichrome stained tissue sections. To delineate IR- o &8 S & & & increase in  VEGFA inhibitor Nmnatl Nadsyn 1
. . . . . . NP TP ST S
induced metabolic changes, gene expression of metabolic pathways including pyruvate oo T T T T T T D7 X AV D Adamts1 as early as 4 hours post
. . . . . . . . . . . . 1.5+ 1.5+
handling, fatty acid oxidation, oxidative stress, and mitochondrial homeostasis were e reperfusion. (E) Fibrosis was 3 3
] . ] ] ] ] ime Post Reperfusion . = ns = .
examined. NAD™* utilization and biosynthesis was evaluated using mass spectrometry and E established by 14 days post 5 = kS ns o
. . . . . . - . % * ns - -—p .
ELISA based methods. Statistics obtained from student’s t-test of time matched IR vs. D Vegfa Tgfb1 reperfusion, mediated by early S 1.0 Dt e e sk DS CE- R I o TOR i k0 RRECEEETRRPRPRTRS e
- 6 - . . . . * * k% * kK *x %
Sham. * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001. Lo ns transcriptional increases in Tgfbl O — - e e S -
T - J— - . *k k%
® ns - 9 and Collal as well as collagen 2 == 2 —
® = * % % S - . « . = 0.5 = - = 0.5 - -
Study deS|gn o 1o T L 5 4- deposition (Trichrome staining, < © -
O * % % S @) * . . - -
o _ S black arrows) in the kidney. S S =
-_ ()]
Reperfuginn E —  — T % s :i ns  ns * 0.0 T T T T T T T T 0.0 T T T T T T T T
° 0.5- T c 2- = - T Oh 4h 8h 12h 24h 48h 72h 14d Oh 4h 8h 12h 24h 48h 72h 14d
l g — 2 **_L-L_T_ e . Time Post Reperfusion Time Post Reperfusion
= T G H
0.0 T T T T T T T T 0 T T T T T T T T E . .
Day -2 Day -1 Day 0 Time post-reperfusion: ph 10°  4h 8h 12h 24k 48h 72h 14d Oh 4h 8h 12h 24h 48h 72h 14d Oh 4h 8h 12h 24h 48h 72h 14d ‘ol Cortical PARylation 4OO_NAD+ levels (F) I\/Iultlple genes encodlng
£ e — + . .
l l l l l, l l, l, l, l, l Time Post Reperfusion Time Post Reperfusion | 800 ns 2 = NAD™ biosynthetic enzymes
Bodyweight  Basal BUN \ j/ e . oo N -g - ) T o 3004 H are reduced during IRI. (G)
randomization and pCreat Y 15+ 301 l i ; % 600 = ;) | * % % IncreaSEd PARy|atIOn |S
o | i g %0 s E evident as early as 4 hours
Termination times post reperfusion = = —] - s = 2001 :
> 5 © 400 — T r_1|§ c post-IR suggesting
- — * K Kk % i X ns . ope .
© - s ° T - _T = I? increased NAD* utilization.
o N B _ ns + 100 .
@ Kxkk xk R ns o, X . _ < 200 - = S a (H) Reduced synthesis and
- - - . . . = T T ° T o T o' Ll S 2 KO FOOS revs AL < . :
Kinetic profile of Acute Kidney Injury biomarkers S s- = L 1 s & - H B o — - z increased  consumption
— ns
o —_ = = T =z 2 ns .. O 0 ! ! ! ! ! ! ! ! 0 v v : £
Z NS BRI~ =i T .............. <t Oh 4h 8h 12h 24h 48h 72h 14d & lead to a significant
A B ==y TIPS .. . i i —i | | (O\Q’?f o reduction of NAD* at the
0 l l l l l l l l T T T J J J J J Time Post Reperfusion < v o
Plasma Creatinine Plasma BUN Plasma NGAL Oh 4h 8h 12h 24h 48h 72h 14d Oh 4h 8h 12h 24h 48h 72h 14d q/b‘ peak Of renal |nJury (24h).
2:007 T 207 Time Post Reperfusion Time Post Reperfusion
—~ 1.75-
-BI ~—~ 100- — [ } @ o o o [ } [ } @ @ o o o [ } [ J @ @ @
S 1so- < 15 Gene expression analysis reveals persistent dysregulation of mitochondrial homeostasis, fatty acid oxidation, glucose utilization and anti-oxidant handling in IR-AKI
£ e 5 i i
o 1.25-9 \E/ 75 = =
S 1o0q e : < o- | In the renal cortex, reduced gene
o © - z f .
G 0755 : >0 : 2.0 Atpsgl 1.5+ Jacrisi 1.5+ Ppargcla - M oo N N adul expression of (I) Atp5qgl, Uqcrf51 &
£ 0.50- x| T 5 @ @ : ns @ . T Ppargcla indicate sustained
© 25 o g 1. 54 NS g ns T I g * 1.5+ 3 - . . .
O o5 8 T r-F . 8 1.0 .—..*.*.;;..;;.*.* ...................... ) ** 8 10_****;[; .......... ***T**-I- —_ - . ) . - redUCt|On Of m|tOCh0ndr|a|
0.00- 0- o- "W ERCR I T R SARIPEANES ma B MRRRE T i L T kS = T s = 1 T E homeostasis. Decreased expression
: ' . . . - ' . . . . - : . ' . . P = *é T T = ? = = T SO @ S 27 .
0 15 30 45 60 75 360 0 15 30 45 60 75 360 0 15 30 45 60 75 360 £ 05 - - % L £ 057 L J_ J_ £ > é — T J_ ® — = Of renal Ce” type SpeCIfIC genes (K)
rours PostReperiusion tours PostReperiusion nours PostReperiusion = = I = - = J_ TE 0.5+ prx FIEETE I - AU A = . | Agpl, Agp2 & Nphsl suggest loss of
£ T = S . :
R — oodtoarrm—m—b—r—— oodtvr—b r—"7-"T—T— E Iil S =S 0 = proximal, distal tubular cells, and
(A) Plasma biOmarkerS Oh 4h 8h 12h 24h 48h 72h 14d Oh 4h 8h 12h 24h 48h 72h 14d Oh 4h 8h 12h 24h 48h 72h 14d J_ J_ —_ % . .
B UNGAL HreiM . . Time Post Reperfusion Time Post Reperfusion Time Post Reperfusion 0.0 J J J J J J J J 0 ! ! ! ! ! ! ! T pOdOCyteS’ respeCtlvely' An Increase
3.5+ Sham 500 - creatinine and NGAL were Oh 4h 8h 12h 24h 48h 72h 14d Oh 4h 8h 12h 24h 48h 72h 14d in glycolytlc flux is indicated by
Time Post Reperfusion ime Pos eperfusion .
- - IR - peaked at 24 hours, K i Time PostReper upregulation of (L) Hk2 and Ldha,
S 5 7 Gclc . .
> E whereas the peak of BUN .. Aqp1 . Aqp?2 . Nphs1 cptia leading to reduced Mpc1 expression,
— g . . . 2.0- 0 - * % % .
5 = was at 48 hours. (B) | ) N ) 0 T suggesting reduced transport of
= = . . p= ns p= _ = n 2 ns 1% ns . . .
E g Urinary biomarkers NGAL |5 ' . T. %'° T T N N s || Sas{ 2 = 1s- Acetyl-CoA into the mitochondria.
£ E . . O % " O O . g * £ b o ns P . s ns .
Ei g 200 and KIM-1 had similar | J T s odi] ] S I y O T T L . y o T © .oy cor T (M) Cptla, a fatty acid transport
N = . . © s o v o 1.0 i R R RREEERE el SEETGE EERE [XTRRY (RRTRIuL IR PRpRNE Spy A2 5 NUUTITY FIN B ] ]
< 2- time-dependent profiles | 3 = - T L T e I3 T = L T 1 IS T T T T mediator, and the gene responsible
> Z 10092 . g 0-57 = T = J_ - e 057 T T s ok . - . . .
\ i peak|ng at 24-48 hours, E T ** % s 05 2 J_ S J_ % 5 057 am é T I S 0.5 L L T 4 J_ T J_ for fatty acid oxidation Acadvl, are
'y . L 1 1 L == = . .
0.0 ———————t ) —e o+ o | whereas urinary FABP-1 S ey | ol J- - oo = . = - reduced, as are key genes involved in
’ 15Hour:)OPostAI:25eperfzosion o0 0 > 30 4560 75 360 excretion pea ked at 4 Oh 4h 8h 12h 24h 48h 72h 14d Oh 4h 8h 12h 24h 48h 72h 14d Oh 4h 8h 12h 24h 48h 72h 14d Oh 4h 8h 12h 24h 48h 72h 14d | oh 4h 8h 12h 24h 48h 72h 14d the regulation of the antioxidant
ours Pos eperfusion
) H Post Rep hours fO”OWec by rap|d Time Post Reperfusion Time Post Reperfusion Time Post Reperfusion Time Post Reperfusion Time Post Reperfusion response’ (N) Catand GCIC.
60 - .
I coinemmrochock eunaent | decline. - The - rat [
—~ 304 1.0 * *
3 oo S T Nephrocheck equivalent H k 2 Ldha Mpoci
S 07T S 8 x % 4 1.5+
= £ 087 was  consistent  with ., "' 22 i ) 3 Acknowledgments
O 8- p p p p=
> S * 1 g m § . —- § T . . . . . . .
= 3 0.6- - human data, with an s ° » S i iy ) R e STERIEE [ETTPSTTPP RPN SRRE The authors thank Dr. Bruce Molitoris for insightful comments and suggestions, and the Mitobridge and Astellas teams for
S = increase from 4-24 hours s, T . T S, == = T s S = = - helpful discussions. Please refer to SA-PO561 for pre-clinical pharmacology work in this model with a PARP-1 inhibitor.
< 20 . - (Kashani, et al., Crit Care. E T | o ® T 1 ns S L L = Lo =
m i—D T S > NS J_ = : S 1-..*:#.*...% ...................... 'L — r:1 S ; T
S L o | 2013) 2| === 2 | = 2 I I & : o
g e
= i I 0 T T T T T T T T 0 T T T T T T T T 0.0 T T T T T T T T
0 0.0 T =T T T T Oh 4h 8h 12h 24h 48h 72h 14d Oh 4h 8h 12h 24h 48h 72h 14d Oh 4h 8h 12h 24h 48h 72h 14d ‘ ' . |to r| e
0 15 30 45 60 75 360 All Sham 4h 8h 12h 24h | )
Hours Post Reperfusion Hours Post Reperfusion Time Post Reperfusion Time Post Reperfusion Time Post Reperfusion




	Slide Number 1

