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Figure 1. Mitochondrial substrate overload is a result of nutrient Figure 4. PT-CrATHET cells exhibit more numerous lipid droplets

Introduction excess in metabolic disease and Type Il Diabetes Mellitus and more mitophagy as an early sign of tubular disease

Proximal tubular epithelial cells are highly energy-demanding, and they derive most of N .

their energy from mitochondrial fatty acid oxidation. Since mitochondrial dysfunction has been I e | 1.

suggested as a precursor to tubular damage, this lab has modeled mitochondrial overload by mq. l Positive for lipid droplet Lipid droplet totals

studying mice lacking the enzyme carnitine acetyltransferase (CrAT) in the proximal tubules. 4+ FA-CoA 100; i 5] . _

CrAT Is a mitochondrial matrix enzyme that removes excess substrates from the mitochondrial ~ Camiting F"”?"a‘e £ 5 157 . =

matrix by linking primarily short-chain acetyl-CoA products to carnitine, rendering them / E“' T iy T T

membrane-permeable. Ablation of CrAT mimics the mitochondrial substrate-overload aspect of 4 J gm' T ' £ . i

metabolic disease by causing acetyl-CoA accumulation in the mitochondrial matrix, resulting in  (p-oxidation 7? zz' s Il

an acetyl-CoA/CoA imbalance. This specific ablation of CrAT offers a useful model for diabetic AcetylCoA fin PT-CraT ! fif PT-CrAT

renal disease-induced lipotoxicity without the confounding factors of metabolic disease. B oncaton Carnitine \CTAT o
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This lab has previously shown that proximal tubule cell-specific homozygous knockout 3 jz E é‘ : T

of CrAT (PT-CrATHOM) js associated with energy deficit and impaired respiration before the Fig ure 2. PT-CrATHOM mice develop kid ney disease N : N e o i

onset of pathology, suggesting that mitochondrial dysfunction may be causative to chronic 0 |_I_| | 2l —

kidney disease (1). Respiratory and ultrastructural effects of heterozygous ablation of CrAT (PT- i Pr.CAT™ T PTeT ;

CrAT HET) seems to have as profound effects as homozygous ablation, as evidenced by recent 4- - - . <

functional and histological studies. This highlights the importance of even mild inhibition of o D 3" s
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CrAT observed in states of lipid stress in the progression of renal disease (2). Our analysis of 0 7 , g1o |. ImageJ analysis of these TEM

transmission electron microscopy (_TEI\/I) Images of F?T—CrAT'_*ET k_|dneys in mice ag(_ed 12-16 <L 3 5. ® ultrastructural changes.

months reveals more numerous lipid droplets, extensive deterioration of mitochondrial = 1 A

architecture, increased levels of mitophagy, and the presence of multilamellar bodies compared 1 500l s _

to control mice. Ongoing respiratory studies involve providing isolated PT-CrATHET segments A PLCAT - I1. Representative TEM

with pyruvate to investigate how the segments respirate differently with only 1 functional CrAT o R photographs of mitochondrial

allele using a X!:ZA_r Analyzer (Agilent Seahorse)_ (3). Since it ha_s been proposed that excess E ._~ - ultrastructural changes in fl/fl

acetyl-c?oA can inhibit pyruya}te dehydrogenase, it was hypothesized that these segments would S : and PT-CrATHET idneys

catabolize pyruvate less efficiently than control segments. =8 o35 mas _
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Methods Figure 5. PT-CrATHET cells exhibit greater basal OCR and
A: Representative photomicrographs of fl/fl kidneys showing normal histology. B: PT-CrAT kidneys show numerous protein casts in tubular lumen, tubular dilation (*), lipid droplets in tubular cells, trichrome-positive .
material/fibrosis (yellow arrows), and secondary glomerular disease ($) (18 months). C: Tubular injury area was evaluated semiquantitatively, and scores are expressed as minimal 1: ,5% of cortex, mild 2: 5-24%, d ecreas ed feserve C ap acCl ty

- Animals. Mice with targeted deletion of CrAT in PTC were generated using Cre-loxP KD and crinary alumin t-creatinine taios (ACR] males, n - 3-12).+4P.0,005, Staining poscve for oollagen IV (cyan: colgen 4 blues DAY - h oo oM SEining arrow peins a loumin, 107
recombination strategy. Homozygous CrATIoxP female mice created by Dr. Randall Mynatt at A Oligomycin FCCP B OCR Parameters
th_e Pennington Biomedical’s Transgenic Core were bred to miale v-glutamyl-transferase Cre i gure 3 PT-CrATHET mice exhibit simil arly severe kidn ey disease as 1000 . i 1000
mice (Tg-(Ggtl-cre)M3Egn/J, Jackson Laboratories). Offsprings heterozygous to CrATIloxP ) = PT-CrAT HET s o filf
were backcrossed to the CrATloxP mice. This cross produced offsprings of which 50% were PT-CrATHM mice - > Antimycin A _ : o PO HET
PTC-specific CrAT ablated, “PT-CrAT” mice. Littermate homozygous fl/fl, Cre-negative mice E 600- g 6004 -
were used as controls. To create the haploid insufficiency, homozygous PT-CrAT mice were A Fir+ _ PeGATHETIBUEs  RECIAT HETGlomEd)! B | ciommjuryindex | C Glomerularsize g g 1
crossed to wild type mice to create the PT-CrAT HET mice. | CREPTR T AG ’5"0’{ T ERI AP |5 N 150005 - % 4007 & :

 Histology. Paraffin embedded kidneys were cut into 5 pm cross-sections at the Pennington o TSN s WA B ‘ > < © © ’ :
Biomedical’s Cell Biology and Imaging Core Facility. Sections were mounted on charged L ARSIl Tesiodh 2 2- 3 100004 1 7 %‘ n D ’%

SuperFrost slides (Fisher Sci.), and deparaffinized before staining. Sections were stained with ! g o T 0 , , | , , oL ; @‘JI : %ﬁ%
a) Periodic acid-Shiff (PAS) staining to evaluate glomerular size, sclerosis and proteinaceous 3 101 g DY e & & &
casts; b) TriChrome staining for fibrosis and collagen deposits. At least 10 viewing areas per £ : < &
lide were evaluated on each section with 2 NanoZoomer Digital Pathology Virtual Slide o T - A Oxygen Consumption Rate (OCR) cta for frestly B, GraphPad analysis of OCR data

: < i isolated proximal tubules from a pair of male mice

« Primary PTC segments and mitochondrial respiration analysis. Kidneys from PT-CrAT o D Serum creatinine aged 17-19 months respirating on pyruvate
HET and fl/fl mice were harvested and placed into ice cold Krebs-Henseleit buffer for - 2.0-
primary proximal tubular epithelial cell isolation. PTCs were isolated using a collagenase . i CO nc | us | OoNns an d FU ture D| recti ons
digestion and sequential sieving method originally described by Vinay et al. Cells were grown %1-5'

In hor_monally defined DMEM media. Protein content was measured from the pellet and A. Representative photomicrographs of fl/+ kidneys showing normal histology, compared to Pt- 2 1.0- —p  Histological analysis of PT-CrATHET cells Indicates that intact mitochondrial substrate efflux is essential in
equalized then PTC segments were plated onto 24-well XF24e SeaHorse culture plates. CrATHET tubules and glomeruli. B. Glomerular injury index determined by signs of sclerosis, loss of £ the prevention of chronic kidney disease because having only one functional CrAT allele elicits robust
I\/I!tOChondrlaI oxygen consumption was measured in cells respirating on 5 mM pyruvate capillaries, and expanding Bowman space. C. Glomerular size determined by ImageJ analysis $ 05, _1_ ,L ultrastructural evidence for cellular damage.

|sing a SeaH_o ~¢ XF24 E_x_tracellular_Fqu Analyzer. . . encircling tuft. D. Serum creatinine - =  Contrary to the original hypothesis, our data suggest that PT-CrATHET mitochondria exhibit greater basal

e Serum creatlnl_ne. Creatinine levels in serum were measured using a mouse Creatinine kit R R T e OXygen consumption rate when respiring on pyruvate. Possible explanations include:

. Srcéli//lm?gic(i:nhei/r:@ilrse)fixe d in Karnovsky’s fixative from all experimental groups. The cortex ~  PT-CrATHET may exhibit greater basal proton leak, indicating a possible greater amount of uncoupled
was separated from medulla, and cut into 1 mm?3 sized cubes. Samples were analyzed using a Refe rences & AC k N OWI ed g emen tS » IrDe'IS'P(I:rr?At\EI?:E?r;gif()eéLuc)lﬁ:jIrrieafjlztl;\cl)ee?();m>i/gi(etrll:fsefe"sezr(\:/zrrrf:p:?rit?r;%gtgglirtr;t?r?gizgggg. they may not be able
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autophagic activity). We compared at least 20 viewing areas per sample, to determine the camitine acetyltransferase activity. Journal of Lipid Research 201455:635-644. h o o . The cummont studies. toon foether with this 1ib' rocent 2019gpublicétion 1) sugeest that nommalising
numbers and ratio of normal vs. abnormal mitochondria and number of lipid droplets in each 3. McCrimmon A, Domondon M, Sultanova RF, llatovskaya DV, Stadler K. Comprehensive assessment of mitochondrial respiratory function in freshly _ _ _ _ _ _ ..

: , isolated nephron segments. Am J Physiol Renal Physiol 2020;318:F1237-F1245. tubular cell mitochondrial function may serve as an important preventative strategy against chronic kidney
group. Total counts were compared using Student’s t-test, at p<0.05. «  We thank Dr. Daria llatovskaya for providing us with the TEM images and guidance for TEM ImageJ analysis. disease.




