University of Groningen

Liver X receptor in the cardiovascular system
Kuipers, Irma

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2010
Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Kuipers, I. (2010). Liver X receptor in the cardiovascular system. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverneamendment.
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 30-11-2022

5

LXR Activation Attenuates Cardiac Remodeling
Liver X receptor activation attenuates cardiac remodeling after myocardial infarction
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Department of Experimental Cardiology, University Medical Center Groningen (UMCG), University of
Groningen, Groningen, The Netherlands
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CHAPTER 5

ABSTRACT
Liver X receptors (LXRs) play a crucial role in lipid and cholesterol metabolism, but can also act as a
modulator of the cardiovascular system. We hypothesized that LXR activation reduces adverse cardiac
remodeling after a myocardial infarction. Male C57Bl/6j mice were subjected to myocardial infarction
(MI) by permanent ligation of the left anterior descending coronary artery. Three experimental groups
were studied; sham, MI, and MI treated with the synthetic LXR agonist T0901317 (T09). After 3 weeks,
myocardial function was assessed and animals were sacrificed hereafter. Ejection fraction, fractional
shortening and hypertrophic responses of the myocardium were significantly affected in MI mice compared to MI-sham mice. In MI-T09 mice, ejection fraction and fractional shortening were improved
and hypertrophic responses were attenuated compared to MI mice. In conclusion, LXR activation improves cardiac function after MI, confirming a cardio-protective role for LXR.
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INTRODUCTION
Cardiac (or ventricular) remodeling is the common term used for pathophysiological changes in size,
shape, and function of the heart after cardiac injury.1 Remodeling may occur after myocardial infarction, but also in response to chronic pressure overload (aortic stenosis, hypertension), volume overload (valvular regurgitation), inflammatory heart muscle disease (myocarditis), congenital heart disease (intracardiac shunting) or genetic cardiomyopathy. The initial remodeling response after cardiac
injury is considered beneficial and is aimed to cope with the increased loading and work load of the
heart. The cellular re-arrangement of the ventricular wall and activated neurohormonal systems results with maintained (or improved) cardiac output. However, the very adapative mechanisms that
are initially beneficial become adverse on the long term and progressive remodeling occurs, which
ultimately may lead to heart failure. The time course and the extent of remodeling are influenced by
many factors, such as the severity of the insult, secondary events (recurrent ischemia or infarction),
neurohormonal activation, hemodynamic load, and genetic factors.
The nuclear hormone receptor LXR plays a central role in reverse cholesterol metabolism, which stimulates cholesterol efflux from tissues.2 Endogenous ligands of LXRs are oxidized cholesterol particles
(oxysterols); intermediate metabolites of cholesterol.3 Activation of LXRs initiates the transcription of
downstream genes, which stimulate the cholesterol efflux. Therefore LXR has been proposed as a potential target in the treatment of atherosclerosis. Recently, it has been shown that the liver X receptor
(LXR)-α attenuates cardiac remodeling in models of pressure overload.4,5
Aside from their central role in cholesterol metabolism, LXRs modulate many other pathways of the
cardiovascular system. It has been shown that LXR activation leads to decreased activity of the reninangiotensin-aldosterone system (RAAS).6,7 In addition, increased LXR activity leads to diminished inflammatory responses.8 Macrophages are known to be critically involved in the inflammatory responses after MI.9 Interestingly, macrophages, which express LXR abundantly, show altered inflammatory
responses when treated with LXR agonists.10 Myocardial infarction (MI) remains to be the main reason
for left ventricular (LV) dysfunction in a clinical setting. This post-MI remodeling is highly influenced by
inflammatory responses.11
In summary, LXRs have been shown to play a protective role in the cardiovascular system. In addition,
they are capable of attenuating inflammatory responses. Therefore, we hypothesize that LXR activation would reduce adverse cardiac remodeling after MI.

METHODS
Animals and housing conditions
All experiments were approved by the local Committee on Animal Experimentation and were performed under international guidelines on animal experimentation. Male C57Bl/6j WT mice were obtained from Harlan (Netherlands) at the age of 9 weeks. During the entire experiment, animals were
kept on a 12 hour light:12 hour dark cycle with ad libitum access to food and water.
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Induction of MI
Mice (n=6-8) were anesthetized with isoflurane, and intubated using a 20-gauge intravenous catheter with a blunt end. Mice were artificially ventilated at a rate of 150 strokes/min, using a rodent
ventilator (Harvard Apparatus Rodent Ventilator Model 845) with isoflurane (2% in O2). The thorax
was opened in the third intercostal space and the left anterior descending (LAD) coronary artery in
mice was permanently ligated with a 6-0 non-absorbable prolene suture above the branching of the
LAD. Sham-operated controls underwent the same procedure, except for induction of MI. Immediately
after the surgical procedures, mice were fed either standard laboratory chow or chow supplemented
with the synthetic LXR agonist T09 (50 mg/kg/day) throughout the entire experiment. This dose was
previously shown to cause a strong, sustained activation of LXRs in vivo.12

Echocardiographic measurements
Three weeks after MI or sham operation cardiac dimensions were measured using transthoracic echocardiography with a 14 MHz transducer (Vivid 7, GE Healthcare, Diegem, Belgium). Mice were anesthetized as described above and body temperature was maintained by placing the mouse on a heating
pad. Short-axis view and M-mode tracings were used to determine end-diastolic LV internal diameter
(LVIDd), posterior wall thickness (LVPWd), and interventricular septal thickness (IVSd). From M-mode
tracings fractional shortening and ejection fraction (Teichholz’s formula) were calculated. Mitral valve
Doppler signals were used to establish heart rate (HR) and left ventricular cardiac output (LVCO), from
which the stroke volume was calculated.

Statistical analysis
Measured values are presented as means ± standard error of the mean (SEM), unless stated otherwise. Statistical analysis was performed using an analysis of variance (ANOVA) with post hoc comparisons (Tukey’s test). A p-value of <0.05 was considered statistically significant.

RESULTS
LXR activation attenuates MI-induced cardiac hypertrophy
Three weeks after MI, mice were sacrificed and the LV and liver were weighed. The T09 treatment
caused a significant increase in liver weights in the MI+T09 group (table 1). This is caused by accumulation of triglycerides in the liver; a known side effect of LXR agonism.13 These data confirm that the T09
diet stimulated LXR activation.

Table 1

LV weights were increased after MI compared to the LV weights of sham-operated mice (table 1).
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sham

MI

MI + T09

body weight (g)

30.0±0.8

28.5±0.5

26.9±1.5

LV weight (mg)

142±7

179±5 *

155±13

Liver weight (mg)

1310±55

1227±163

2077±124 *†
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However, LXR activation by T09 treatment attenuated the increase of LV weight after MI. The mean LV
weight of the MI+T09 mice was still higher than that of sham-operated mice, but the difference did not
reach statistical significance (p=0.53).
LV dimensions, assessed by echocardiography were increased after MI due to cardiac dilation (table
2): diastolic and especially systolic LV internal diameters were dramatically increased. Treatment with
T09 attenuated the increase of the LV diameters. Wall thickness of the anteroseptal wall (IVS) was substantially thinner in MI mice, due to scarring. Posterior wall was not hypertrophied, possibly because
of the increased wall stress due to the LV dilatation. Posterior wall thickness was actually significantly
thinner in MI mice, whereas treatment with T09 resulted in a posterior wall thickness equal to sham
operated mice.
Together, these data suggest that activation of LXRs results in attenuated cardiac hypertrophy after a
MI.

LXR activation improves cardiac function after a MI
From the cardiac dimensions assessed by echocardiography, the fractional shortening (FS) was calculated. MI caused a dramatic decrease in FS, but this was improved when animals were treated
with T09 (figure A). This is reflected in the calculated LV ejection fraction; MI caused a decrease in LV
ejection fraction compared to sham-operated mice, but treatment with T09 attenuated this decrease
significantly (figure B). Stroke volume, calculated from the HR and LVCO, was not altered by LXR activation; MI caused a significant decrease in stroke volume, in both MI and MI+T09 mice (figure C).
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DISCUSSION
In this pilot study we show that activation of LXR results in attenuated cardiac hypertrophy after a MI.
This was demonstrated by the attenuation of LV hypertrophy and LV dilatation observed in T09-treated
mice compared to the MI mice without T09 treatment. Also, the decrease in wall thickening after MI
was attenuated in MI+T09 mice compared to MI mice. In addition, it is suggested that the attenuated
cardiac hypertrophy and remodeling by LXR activation results in preserved cardiac function. Fractional
shortening and ejection fraction were higher in MI+T09 mice compared to MI mice. These data suggest a cardio-protective role for LXR.
This is the first study focused on the role of LXR in cardiac remodeling post-MI. A few other nuclear
hormone receptors have been shown to also exert a protective role in the heart post-MI. Activation
of PPAR-α and PPAR-γ reduced MI size and improved contractile dysfunction caused by ischemia/
reperfusion injury in rat models of cardiac failure14,15 and blocking the mineralocorticoid receptor has
been shown to improve LV function in experimental studies16 and to reduce morbidity and mortality in
patients with MI.17 In addition to these studies, we now propose LXR as a new target in the treatment
of cardiac remodeling after MI.
In this pilot study, we did not perform additional tissue analyses that would provide mechanistic clues
how LXR exerts its cardio-protective effects. It seems plausible that LXR attenuates the complicated
process of post-MI cardiac remodeling via various pathways, as LXR influences so many (pleiotropic)
processes. Recent studies form our group and others have reported the cardio-protective role of LXR
in the process of cardiac remodeling in pressure overload models. This was associated with decreases
in blood pressure, cardiomyocyte hypertrophy2 and inhibition of the NK-kB pathway.3 Because LXR
plays a crucial role in cholesterol and lipid metabolism, most studies have focused on its ability to
prevent atherosclerosis.18 LXRs are however also able to influence the cardiovascular system via other
means than by cholesterol and lipid metabolism. Direct actions on cardiomyocytes2, macrophages9,
and the RAAS5,6 enable LXRs to influence cardiac remodeling, inflammatory responses and blood pressure homeostasis. Because all these processes are critically involved in the process of cardiac remodeling post-MI, further research is warranted to establish through which mechanism(s) LXR influences
this process.
In conclusion, this pilot study showed that activation of LXR attenuates adverse cardiac remodeling
post-MI and improves cardiac function post-MI. The pathways through which LXRs exert these effects
are yet to be elucidated. These results provide further proof for a potential role for LXR activating
drugs with the aim to prevent cardiac remodeling.

ACKNOWLEDGEMENTS
The authors would like to thank Arjen Petersen, Annemieke Smit-van Oosten, and André Zandvoort for
their help with the microsurgical procedures. We thank Marcel Nederhoff for his assistance in the assessments of LV dimensions and cardiac function. This study was supported by the Netherlands Heart
Foundation; Grants 2004T004 and 2007T046.

74

LXR ACTIVATION ATTENUATES CARDIAC REMODELING

REFERENCES
1.

Cohn JN, Ferrari R, Sharpe N. Cardiac remodeling – concepts and clinical implications: a consensus paper
from an international forum on cardiac remodeling. Behalf of an International Forum on Cardiac Remodeling.
J Am Coll Cardiol 2000;35:569-582.

2.

Venkateswaran A, Laffitte BA, Joseph SB, Mak PA, Wilpitz DC, Edwards PA, Tontonoz P. Control of cellular
cholesterol efflux by the nuclear oxysterols receptor LXR alpha. Proc Natl Acad Sci USA 2000;97:12097-12102.

3.

Janowski BA, Willy PJ, Devi TR, Falck JR, Mangelsdorf DJ. An oxysterol signalling pathway mediated by the
nuclear receptor LXR alpha. Nature 1996;383:728-731.

4.

Kuipers I, Li J, Vreeswijk-Baudoin I, Koster J, van der Harst P, Silljé HHW, Kuipers F, van Veldhuisen DJ, van Gilst
WH, de Boer RA. Activation of live X receptor with T0901317 attenuates cardiac hypertrophy in vivo. Eur J
Heart Fail 2010;12:1042-1050.

5.

Wu S, Yin R, Ernest R, Li Y, Zhelyabovska O, Luo J, Yang Y, Yang Q. Liver X receptors are negative regulators of
cardiac hypertrophy via suppressing NF-kappaB signalling. Cardiovasc Res 2009;84:119-126.

6.

Kuipers I, van der Harst P, Kuipers F, van Genne L, Goris M, Lehtonen JY, van Veldhuisen DJ, van Gilst WH, de
Boer RA. Activation of liver X receptor-alpha reduces activation of the renal and cardiac renin-angiotensinaldosterone system. Lab Invest 2010;90:630-636.

7.

Morello F, de Boer RA, Steffensen KR, Gnecchi M, Chisholm JW, Boomsma F, Anderson LM, Lawn RM, Gustafsson JA, Lopez-Ilasaca M, Pratt RE, Dzau VJ. Liver X receptors alpha and beta regulate renin expression in vivo.
J Clin Invest 2005;115:1913-1922.

8.

Joseph SB, Castrillo A, Laffitte BA, Mangelsdor DJ, Tontonoz P. Reciprocal regulation of inflammation and lipid
metabolism by liver X receptors. Nat Med 2003;9:213-219.

9.

Hong C, Tontonoz P. Coordination of inflammation and metabolism by PPAR and LXR nuclear receptors. Curr
Opin Genet Dev 2008;18:461-467.

5

10. Lambert JM, Lopez EF, Lindsey ML. Macrophage roles following myocardial infarction. Int J Cardiol
2008;130:147-158.
11. Cohn JN, Ferrari R, Sharpe N. Cardiac remodelling – concepts and clinical implications: a consensus paper
from an international forum on cardiac remodelling. Behalf of an International Forum on Cardiac Remodeling. J Am Coll Cardiol 2000;35:569-582.
12. Grefhorst A, Elzinga BM, Voshol PJ, Plösch T, Kok T, Bloks VW, van der Sluijs FH, Havekes LM, Romijn JA,
Verkade HJ, Kuipers F. Stimulation of lipogenesis by pharmacological activation of the liver X receptor leads
to production of large, triglyceride-rich very low density lipoprotein particles. J Biol Chem 2002;277:3418234190.
13. Schultz JR, Tu H, Luk A, et al. Role of LXRs in control of lipogenesis. Genes Dev 2000;14:2831–2838.
14. Yue TL, Bao W, Jucker BM, Gu JL, Romanic AM, Brown PJ, Cui J, Thudium DT, Boyce R, Burns-Kurtis CL, Mirabile RC, Aravindhan K, Ohlstein EH. Activation of peroxisome proliferator-activated receptor-alpha protects
the heart from ischemia/reperfusion injury. Circulation 2003;108:2393-2399.
15. Wayman NS, Hattori Y, McDonalds MC, Mota-Filipe H, Cuzzocrea S, Pisano B, Chatterjee PK, Thiemermann C.
Ligands of the peroxisome proliferator-activated receptors (PPAR-gamma and PPAR-alpha) reduce myocardial
infarct size. FASEB J 2002;16:1027-1040.
16. Cittadini A, Monti MG, Isgaard J, Casaburi C, Strömer H, Di Gianni A, Serpico R, Saldamarco L, Vanasia M,
Saccà L. Aldosterone receptor blockade improves left ventricular remodelling and increases ventricular fibrillation threshold in experimental heart failure. Cardiovasc Res 2003;58:555-564.
17. Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, Bittman R, Hurley S, Kleiman J, Gatlin M; Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and Survival Study Investigators. Eplerenone, a
selective aldosterone blocker, in patients with left ventricular dysfunction after myocardial infarction. N Engl J
Med 2003;348:1309-1321.

75

CHAPTER 5

18. Li AC, Glass CK. PPAR- and LXR-dependent pathways controlling lipid metabolism and the development of
atherosclerosis. J Lipid Res 2004;45:2161-2173.

76

LXR ACTIVATION ATTENUATES CARDIAC REMODELING

5

77

