UE de M1 « Signalisation cellulaire normale et pathologique »
ED n°1 du 5 avril 2007
Module 1 : Mécanismes moléculaires de la résistance a I’insuline (Dr C. Vigouroux)

Vous lirez le document issu de I’article « Mitochondrial dysfunction in the elderly : possible
role in insulin resistance» par Petersen et collaborateurs, publi¢ dans Science en mai 2003,
puis vous répondrez par écrit aux questions proposées, de fagcon breéve et synthétique. Le
devoir sera rendu en début de séance. Une épreuve écrite de 15-20 minutes portant sur
I’article et son interprétation terminera la séance d’ED.

Glossaire :

Oral glucose tolerance test : en francais, hyperglycémie provoquée par voie orale ; ce test
consiste a administrer 75g de glucose par voie orale a des sujets le matin a jeun, et a
déterminer les concentrations plasmatiques de glucose, d’insuline et d’acides gras libres aux
temps 0 (c’est-a-dire juste avant I’administration de glucose), puis 30, 60, 90 et 120 minutes
apres la prise de glucose.

Dual-energy x-ray absorptiometry (absorptiométrie bi-photonique) : Il s’agit d’un balayage
lent de I’ensemble du corps par un faisceau de rayons X a deux niveaux d’énergie. Le rapport
des atténuations de ces deux rayonnements étant dépendant de la composition de la maticre
qu’ils traversent, cet examen permet d’évaluer la quantité de la masse osseuse, la masse
grasse, et la masse maigre.

NMR spectroscopy : La spectroscopie RMN permet de mesurer par détection externe la
concentration de certaines molécules dans les tissus d’un organisme vivant, en utilisant les
mémes principes que ceux de I’IRM, reposant sur le magnétisme nucléaire de certains atomes
qui se comportent comme des aimants microscopiques et possédent donc un moment
magnétique nucléaire (spin). C’est le cas du proton, qui permet ici de mesurer les
concentrations de triglycérides intramyocytaires et intrahépatiques ; du phosphore 31 (*'P),
permettant dans cette étude d’évaluer la production mitochondriale d’ATP dans le muscle ; et
du carbone 13 (°C), utilisé par les auteurs pour mesurer I’activité oxydative mitochondriale
aprés perfusion d’acétate marqué par le °C. Le signal est obtenu aprés application d’un
champ magnétique, et son intensit¢ dépend de la concentration des molécules
correspondantes.

Questions :
1) Quels résultats permettent aux auteurs d’authentifier une résistance a 1’insuline chez
les sujets agés ? Quelles précautions ont été prises pour que les sujets soient
comparables ?

2) En vous servant de vos connaissances, expliquer pourquoi la surcharge lipidique
tissulaire identifiée par les auteurs pourrait étre la cause de 1’insulino-résistance.

3) Quelles sont les deux hypothéses initiales des auteurs pour expliquer la surcharge
lipidique tissulaire ? Quels résultats permettent d’écarter la premiere hypothese?

4) Proposer un schéma physiopathologique intégré permettant de comprendre les causes
de I’insulino-résistance du sujet agé.
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Mitochondrial Dysfunction in the
Elderly: Possible Role in Insulin
Resistance

Kitt Falk Petersen,” Douglas Befroy,"” Sylvie Dufour,’”
James Dziura,” Charlotte Ariyan,® Douglas L. Rothman,*
Loretta DiPietro,>® Gary W. Cline," Gerald I. Shulman7*

Insulin resistance is a major factor in the pathogenesis of type 2 diabetes in the
elderly. To investigate how insulin resistance arises, we studied healthy, lean, elderly
and young participants matched for lean body mass and fat mass. Elderly study
participants were markedly insulin-resistant as compared with young controls

. These changes were associated with increased fat accumulation in muscle
and liver tissue assessed by "H nuclear magnetic resonance (NMR) spectroscopy, and
with a ~40% reduction in mitochondrial oxidative and phosphorylation activity, as
assessed by in vivo *C/3'P NMR spectroscopy. These data support the hypothesis
that an age-associated decline in mitochondrial function contributes to insulin

resistance in the elderly.

Type 2 diabetes is the most common chronic
metabolic disease in the elderly, affecting ~30
million individuals 65 years of age or older in
developed countries (/). The estimated econom-
ic burden of diabetes in the United States is
~$100 billion per year, of which a substantial
proportion can be attributed to persons with type
2 diabetes in the elderly age group (2). Epidemi-
ological studies have shown that the transition
from the normal state to overt type 2 diabetes in
aging is typically characterized by a deteriora-
tion in glucose tolerance (3, 4) that results from
impaired insulin-stimulated glucose metabolism
in skeletal muscle (3, 6). Measurements of mus-
cle triglyceride content by biopsy (7) or in-
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tramyocellular lipid content (IMCL) by 'H nu-
clear magnetic resonance (NMR) spectroscopy
(8-10) have shown a strong relationship between
increased intramuscular fat content and insulin
resistance in muscle. Similar correlations have
been established for hepatic insulin resistance
and hepatic steatosis (//—13). Increases in the
intracellular concentration of fatty acid metabo-
lites have been postulated to activate a serine
kinase cascade leading to defects in insulin sig-
naling in muscle (/4-17) and the liver (18),
which results in reduced insulin-stimulated mus-
cle glucose transport activity (/4), reduced gly-
cogen synthesis in muscle (19, 20), and impaired
suppression of glucose production by insulin in
the liver (11-13).

To examine whether insulin resistance in the
elderly is associated with similar increases in
intramyocellular and/or liver triglyceride con-
tent, we studied healthy elderly and young peo-
ple that we matched for lean body mass (LBM)
and fat mass. All study participants were non-
smoking, sedentary, lean [body mass index
(BMI) < 25 m*/kg], and taking no medications.

Sixteen elderly volunteers (ages 61 to 84 years, 8
male and 8 female) were screened with a 3-hour
oral glucose (75 g) tolerance test and underwent
dual-energy x-ray absorptiometry to assess LBM
and fat mass (27). One elderly man was exclud-
ed from the study because of an abnormal glu-
cose profile. Thirteen young volunteers (ages 18
to 39 years, 6 male and 7 female), who had no
family history of diabetes or hypertension, were
matched to the older participants for BMI and
habitual physical activity, which was assessed by
means of an activity index questionnaire (22).
All participants underwent a complete medical
history and physical examination, as well as
blood tests to confirm that they were in excellent
health (23).

Young and elderly participants had similar
fat mass, percent fat mass, and LBM (Table 1)
(24). The elderly participants had slightly higher
plasma glucose concentrations (Fig. 1A) and
significantly higher plasma insulin concentra-
tions (Fig. 1B) during the oral glucose tolerance
test, suggesting that they were relatively insulin-
resistant as compared with the young controls.
Basal plasma fatty acid concentrations (Fig. 1C)
also tended to be higher in the elderly partici-
pants but were suppressed normally after glu-
cose ingestion.

To ascertain whether lipid accumulation in
muscle might be responsible for the insulin re-
sistance in the elderly participants, we used 'H
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Fig. 1. Plasma concentrations of glucose, insulin, and fatty acids before
and after an oral glucose tolerance test (24) in young and elderly
participants. (A) Glucose [P = 0.10 for the area under the curve (AUC) for
the elderly (16,978 * 656) as compared with the controls (14,495 =+

Table 1. Body composition of study participants.

801 B * *
70
60
50
40
30
20
104

Insulin (WU/mL)

& Young
-e-Elderly

0 30 60 90
Time (minutes)

120

versus the controls).

Age Body Fat mass % Fat mass LBM BMI
(years) W(‘“i('g)ht (kg) (% body weight)  (kg) (kg/m?)
Young 27 £2 714 199 £ 2.5 28 =3 54+5 23.8+ 1.1
Eld(:rl; 13) 702 70 =3 20.1+ 1.7 29*2 49 +3 25.1+£0.5
P \EZIL: ") <0.0001 0.69 0.93 0.77 0.28 0.28

Table 2. Metabolic rates and tissue lipid content of participants (24).

e(;ilart:lzpral Mitochondrial
penip . Mitochondrial ATP
glucose Intramyocellular  Intrahepatic .

. L . TCA flux rate synthesis
metabolism lipid content lipid (nmol/g of rate
rate E)r?g/kg (%) content (%) muscle/min) (pmol/g of

LBM/min) muscle/min)
Young 6.2+ 0.6 0.96 + 0.08 0.49 = 0.10 96 + 10 7.50 +0.77
Elderly 40*04 1.39 £ 0.15 1.61£0.38 62+5 4.06 = 0.65
P value <0.002 0.035 0.036 <0.006 <0.004

NMR spectroscopy to assess IMCL and hepatic
triglyceride content (24). The IMCL content in
the soleus muscle was increased by ~45% in the
elderly participants as compared with controls
(Table 2 ). Intrahepatic triglyceride
content was also increased by 225% in the el-
derly participants as compared with controls

Because increases in intramyocellular and
intrahepatic triglyceride content could occur sec-
ondarily to increased fatty acid delivery from
lipolysis, we also examined this process in vivo.
We assessed whole-body and subcutaneous fat
lipolysis by measuring the rates of [?H] glycerol
turnover in combination with microdialysis mea-
surements of glycerol release from subcutaneous
fat. Basal rates of whole-body glycerol turnover
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and insulin suppression of glycerol turnover dur-
ing the clamp were similar in the elderly and
control participants. Consistent with this finding,
the interstitial glycerol concentrations, assessed
by microdialysis, decreased by a similar degree
during the clamp in both groups.
these data suggest

hat in-
creased basal rates of peripheral lipolysis, and/or
defects in insulin suppression of lipolysis, do not
play a major role in causing the increased in-
tramyocellular and intrahepatic triglyceride con-
tent in the elderly.

We and others (25) have previously hypoth-
esized that defects in mitochondrial oxidative
and phosphorylation capacity might be a con-
tributing factor to the increased triglyceride con-
tent in muscle and the liver (26). To test this
hypothesis, we assessed in vivo rates of mito-
chondrial oxidative activity in skeletal muscle
by *C NMR and phosphorylation activity by
3P NMR (24, 27). Using this approach, we
found that rates of mitochondrial oxidative and
phosphorylation activity were both reduced by
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1,116)]. (B) Insulin [asterisks indicate P < 0.03 for AUC for the elderly
(6590 =+ 853) as compared with the controls (3986 + 519)]. (C) Fatty
acids (P = 0.08 for the basal concentration of fatty acids in the elderly

~40% in the elderly participants as compared
with the young controls. These in vivo results
are consistent with those of a previous in vitro
study, which found decreased state III (activat-
ed) mitochondrial respiration in isolated mito-
chondria from elderly participants (28). Howev-
er, the latter study was performed with muscle
strips, from orthopedic and chronic fatigue syn-
drome patients, under artificial substrate con-
centrations that do not reflect in vivo conditions.
Our results suggest that insulin resistance in
the elderly is related to increases in intramyocel-
lular fatty acid metabolites that may be a result of
an age-associated reduction in mitochondrial ox-
idative and phosphorylation activity (fig. S2).
The similarity in mitochondrial energy coupling,
assessed by the ratio between adenosine triphos-
phate (ATP) synthase flux and tricarboxylic acid
(TCA) cycle oxidation, suggests an age-associat-
ed reduction in mitochondrial number and/or
function, as opposed to an acquired defect in
mitochondrial energy coupling. These possibili-
ties are consistent with a recent study demonstrat-
ing an age-associated accumulation of mutations
in control sites for mitochondrial DNA replica-
tion (29). Because mitochondrial oxidative and
phosphorylation activity is the major source of
energy in most organs, including the brain, our
data add support to the hypothesis that a decline
in mitochondrial oxidative and phosphorylation
energy production may also have an important
role in aging (30, 31). Furthermore, because mi-
tochondrial energy metabolism plays a critical
role in glucose-induced insulin secretion (32),
similar age-associated reductions in pancreatic
beta cell mitochondrial function, in the setting of
peripheral insulin resistance, might help explain
the high prevalence of diabetes in the elderly.
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