f-Adrenergic and cAMP-Stimulated Mitochondrial Uncoupling in Human Adipocytes

Einav Yehuda-Shnaidman!, Naresh Kumar!, Ben Buehrer?, Sheila Collins!?
L : r Institutes for Hea siences, 2Zen-Bio, Inc. Research Triangle Park, NC 27709
3Psychiatry and Behavioral Sciences, Duke University Medical Center, Durham NC 27710.

Abstract 3 0 Major Results B
Metabolic syndrome is a major public health problem; however,  FJGURE 1: Isoproterenol or Forskolin acutely increase oxygen consumption and FIGURE 4: Isoproterenol or Forskolin-induced OCR increase is inhibited by H89.

options are limited in treating obesity and dyslipidemia. Coaxing white roton production rates in human subcutaneous adipocytes
adipose tissue (WAT) to oxidize its fat stores during lipolysis would P! 3 pocytes.

decrease fat mass without raising circulating fatty acid (FA). In brown Al B = C o Al o —+-CONT C —+CONT
adlpocytes, FAs genernted during lipolysis are consumed by uncoupled T ;’; _o_;!g .
drial FA via pling protein UCP1, however it is 3 " -o-ISO+HEY _ —+-150+HEY F 18. 4. P“f'"e“‘mem of human
unclear to what extent liberated FA are oxidized in WAT. 2= éa g ol £ = ?d‘}_’(’_c)’lcs “_"lh H89 _(1 hour, 10pM)
Catecholamines are the major stimulators of lipolysis by B-adrenergic R g ° £ 3 f"h‘b“" the increase in 1SO or FSK-
receptors (BAR) and elevated cAMP. We examined the effect of BAR- = i S ZRET 4 S induced O_CR and PPR. A, C,
agonist isoproterenol (ISO) and cAMP elevating agent forskolin (FSK) i UVOHHEE00 < AEg30 Rep : e OCR L
on mitochondrial respiration and ing in human " CoNT of adipocytes pooled from 5 subjects.
adipocytes. ISO or FSK led to a rapid oxidative and glycolyti D p E[ = Fig. 1. A, Oxygen consumption B = . 2 D B, D, Average of 10 OCR/PPR
respiration increase. Th.e mcrease in msy.gen consumption rate (.OCR 25: mg‘ = rate  (OCR) and B, proton ; 135 n # measurements.
XF24 Analyzer) was and was by g production rate (PPR) were gi:: This implies the possible role of PKA
_m"f:t“-hond"al ldePglamatwn (TMRM staining, confocal microscopy), ju measured. At 0.0 min (dotted g in mediating 1SO and FSK-induced
lal P OCR-i was blocked by H89 ke vertical line), ISO (1uM, blue), o uncoupling.
(PKA mhlhltor) or FA-free BSA, suggesting uncoupling role for FA e FSK (10uM, green), or media W9 -+ -+ -+ 29 o0& o0
released by PKA-induced lipolysis. Evldenv.e exists in other tissues that 0l (CONT, red) were injected. Each CONT 10 P CoNT_ %0 P
FA induces mi ial of an i data point is the mean OCR/PPR . ) 3
protein per se. Our results suggest an ability of white adipocytes to | o 6.7 gifferent wells. Each well contains adipocytes pooled from 5 human subjects. C, D, Maximum | ~ FIGURE 5: Isoproterenol or Forskolin-induced OCR/PPR increase is lowered by BMI.
acutely  increase chol ial via PKA levels of OCR (C) or PPR (D) in response to ISO or FSK. Data is a mean of 5 experiments from 15
lipolysis. Moreover, preliminary results show a decreased response to | piects (BMI range of 21.7-35.5). Respective OCR or PPR levels in the control cells were set as 1.0. E, | [A] C = |6 .- o0 oo
ISO or FSK-induced OCR with increasing body mass index (BMD; Representative raw data of repeated oxygen consumption measurements from which OCR is calculated. —— = 53,
although ISO or FSK-induced glycerol release was actually increased - A - 5;
with BMI and PKA activation was unchanged. These data suggest an pA Hh
impaired ability of WAT to oxidize FA and/or uncouple respiration in FIGURE 2: Isoproterenol or Forskolin induce mitochondrial ling in I HE
response to PAR stimulation with obesity. Defining the signals (e.g. subcutaneous adipocytes. e i:w — -
calcium) and/or substrates (e. g ANT Bcl2, UCPs) mediating BAR- pocytes. o T TEAN oW OBESE
induced mi ial idation in WAT may provide B = = F — H
new routes to combat metabolic syndrome. A TMRM _Ph-Cont | B i Ol Kot S C i B 28, Poot pows  peoont e o ram P .
100- \ 150 75 A FSK. 25 175 Y - - _ o
. 150 2@ T esken s g : 23,
q . £z e i e i i
con 8 - 8. 1 g fsu iy K
ol = e N 520 2o g $3+
o] s 2 g
Adipose tissue is a key player in whole-body energy regulation. It T R L e R S e S s O 2 s l& .
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provide FAs as a fuel for other tissues in times of need. Since WAT has Fsk J-— =5 G 1SO-induced PKA activity (H). This may imply a reduced ability of white adipocytes to oxidize FA and/or uncouple
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The Seahorse XF24 analyzer is a relatively new instrument for increase, indicate mitochondrial uncoupling in response to increased cAMP. F%}?, However, work in rodent adipocytes has
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measurement, the small volume of media is re-equilibrated with the o ’ - adipokine production and the FA oxidation itself. The si »us mitochondrial depolarization might allow

measurement of adipocytes pooled from
5 subjects. B, Average OCR of 10
measurements.  This implies the role
of fatty acids in mediating ISO and
FSK-induced uncoupling.

larger volume of media present in the well and another 2-5 min
measurement is performed. This allows multiple samples to be
measured at once, each has a repeated OCR/PPR measurements over PR
time. Drugs can be injected to each well at user defined intervals via 4 & &

ports located on the cartridge. (http://www.seahorsebio.com)

this FA oxidation and ATP production with minimal generation of ROS. Thus the FA liberated from lipolysis may serve as
both substrate and uncoupler. In states of increasing BMI a progressive loss in this ability of adipocytes to promote
uncoupled mitochondrial respiration and FA oxidation could contribute to increasing adipocyte size, plasma free fatty acid
levels and oxidative stress: all of which exist in obesity and its metabolic complications.
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