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Abstract
Type II diabetes and its complications are a tremendous health burden throughout the world. Our
understanding of the changes that lead to glucose imbalance and insulin resistance and ultimately
diabetes remain incompletely understood. Many signaling and transcriptional pathways have been
identified as being important to maintain normal glucose balance, including that of the peroxisome
proliferator activated receptor gamma coactivator (PGC-1) family. This family of transcriptional
coactivators strongly regulates mitochondrial and metabolic biology in numerous organs. The use
of genetic models of PGC-1s, including both tissue-specific overexpression and knock-out models,
has helped to reveal the specific roles that these coactivators play in each tissue. This review will
thus focus on the PGC-1s and recently developed genetic rodent models that have highlighted the
importance of these molecules in maintaining normal glucose homeostasis.
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1. Introduction
Peroxisome proliferator activated receptor gamma coactivator alpha (PGC-1α) was first
identified in a yeast two-hybrid screen looking for factors that interact with the PPARγ
transcription factor in brown adipocyte cells but not in white adipocyte cells [1]. The other
members of the family, PGC-1β and the more distantly related PGC-1 related coactivator
(PRC), where later identified based on primary sequence homology to PGC-1α [2, 3]. These
transcriptional coactivators do not bind to DNA directly, but instead are brought to DNA by
interacting with a wide array of transcription factors, including most nuclear receptors[4, 5].
All three of the PGC-1s can induce a core program of mitochondrial biogenesis and
oxidative phosphorylation (OXPHOS) in a variety of tissues and to varying degrees[1, 6–10,
2]. Much of this programmatic induction is achieved by binding to members of the nuclear
respiratory factor (NRF) family and to the estrogen related receptor (ERR) family of
transcription factors[11–13]. Binding sites for NRFs and ERRs have been identified in most
of the genes involved in mitochondrial biogenesis and OXPHOS [12]. In addition to
regulating the expression of nuclear-encoded genes, the PGC-1s can also induce and
coordinate the expression of mitochondrial-encoded genes, at least in part by regulating the
nuclear-encoded expression of the mitochondrial transcription factor A mitochondrial
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(Tfam) and transcription factor B (TFB) [11, 14]. In addition to the regulation of genes
involved in mitochondrial biogenesis and OXPHOS the PGC-1s also regulate the expression
of genes involved in fatty-acid oxidation (FAO) by interacting and coactivating members of
the peroxisome proliferator activated receptor (PPAR) family of transcription factors [15].
While all three coactivators can activate similar programs of mitochondrial biogenesis and
OXPHOS, numerous tissue-specific roles have also been identified (Figure 1). In the liver
for example PGC-1α interacts with hepatocyte nuclear factor 4 alpha (HNF4α) and forkhead
box O1 (FOXO1) to activate a gluconeogenic program while PGC-1β or PRC do not [6, 16,
17] (Figure 1). Important differences are also apparent in the variation of stimuli to which
the PGC-1s respond in different tissues. For example, glucagon in the liver induces
expression of PGC-1α, via activation of cAMP signaling and the CREB transcription
factor[7], while having no apparent effect on PGC-1β or PRC expression.

2. PGC-1s and diabetes
Human genetic variants exist in PGC-1α that correlate with the onset of diabetes and insulin
resistance[18–20], implicating PGC-1α in the development of glucose intolerance.
Moreover, mitochondrial dysfunction has been repeatedly implicated in the development of
insulin resistance, suggesting that defects in the PGC-1s may do the same. The observation
that many PGC-1α target genes are down-regulated in human diabetes further supports this
idea [21]. However, the physiological contribution of PGC-1s to the development of insulin
sensitivity and glucose tolerance remains unclear, in large part because of their complex and
differing roles in different tissues. Whole body deletion of either PGC-1α or PGC-1β gives
rise to viable off-spring [22–25], but characterization of their metabolic phenotype has been
complicated by many systemic effects (Table 1). Surprisingly, mice with whole-body
deletion of PGC-1α (PGC-1α−/−) are insulin sensitive, even on a high fat diet[22]. Why this
should be is not clear, and is complicated by the fact that the mice are also lean and
hyperactive, both of which would be predicted also to lead to insulin sensitivity.
Understanding the role of PGC-1α in glucose homeostasis therefore requires understanding
its role in each relevant tissue. Work over the past few years with tissue-specific deletions of
PGC-1α has begun to address this question. There is also significant functional redundancy
between PGC-1α and β. Whole-body PGC-1β knockout animals (PGC-1β−/−), for example,
reveal no signs of glucose intolerance or insulin sensitivity on either regular or high fat diet,
despite signs of severe hepatic steatosis [23] (Table 1), which may reflect redundancy with
PGC-1α. New genetic models, involving tissue-specific and both gain- and loss- of function
of the PGC-1s, have now begun to paint a more clear picture of how the PGC-1s affect
glucose homeostasis in each tissue.

3. PGC-1s in skeletal muscle
Skeletal muscle is the primary organ for insulin-stimulated glucose clearance from the
bloodstream, and is a major contributor to the development of insulin resistance and type II
diabetes (T2D). In both humans and rodent models of diabetes PGC-1α expression is
repressed in skeletal muscle [26, 27]. PGC-1α drives the expression of glucose transporter
type 4 (GLUT4) [28] and of mitochondrial genes, which has led to the suggestion that
decreased PGC-1 activity may contribute to insulin resistance in muscle by decreasing
glucose transport and mitochondrial FAO, and thus causing the accumulation of
incompletely oxidized fatty acid intermediates that are thought to trigger insulin resistance
(Figure 1). This role for PGC-1 remains controversial, however [29, 30], and the generation
of muscle-specific PGC-1 gain and loss-of-function mouse models from different groups has
provided significant insight (though not simplicity) into this issue.
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The most widely studied PGC-1 mouse model is the muscle-specific overexpression of
PGC-1α (MCK-PGC-1αTg)[31], which uses the muscle creatine kinase promoter to drive
PGC-1α. These animals exhibit increased mitochondrial biogenesis and oxidative capacity
in skeletal muscle, leading to improved endurance exercise capacity [31, 32]. Initial baseline
characterization of the MCK-PGC-1αTg animals revealed no differences in glucose
tolerance and insulin sensitivity, despite the marked increases in mitochondrial content [31].
One possibility for the absence of phenotype was that the mice needed to be metabolically
challenged in order to elicit the beneficial effects of PGC-1α. Surprisingly, however, when
challenged with a high fat diet the MCK-PGC-1αTg mice proved to be insulin resistant, as
assessed by hyperinsulinemic-euglycemic clamps [33](Table 1). The increased insulin
resistance was likely caused by a higher content in muscle of fatty acid intermediates, in turn
thought to be caused by higher PGC-1α-mediated fatty acid import into muscle. Elevation of
PGC-1α in skeletal muscle, in the absence of other changes, thus surprisingly worsens
glucose homeostasis. Interestingly, however, subjecting these animals to endurance exercise
reverses the phenotype: the animal improve their glucose homeostasis so much so that the
animals were now more insulin sensitive than wildtype controls [34]. Exercise, particularly
endurance exercise, has been proven to improve glucose homeostasis [35, 36]. Thus, even
though elevation of PGC-1α in skeletal muscle worsens glucose homeostasis at baseline, the
same elevation strongly potentiates the beneficial effects of exercise. The mechanism for
this is not clear, though it may reflect the increased capacity for fatty acid consumption once
activated by an exercise stimulus. Interestingly, MCK-PGC-1αTg mice also show improved
insulin sensitivity and glucose tolerance with age [37], again showing that elevation of
PGC-1α in skeletal muscle is beneficial in certain contexts.

Recent work has additionally uncovered significant complexity in the transcription of the
PGC-1α locus in skeletal muscle. A normally dormant alternative promoter exists 14kb
upstream of the regular PGC-1α promoter. Adrenergic and other stimuli can potently
activate this alternative promoter in muscle leading to transcripts containing an alternative
exon1 [38, 39], and a number of alternatively spliced products [40]. Muscle specific
overexpression of one of these splice products, PGC-1α4 (Myo-PGC-1α4Tg) induces
muscle hypertrophy and mimics some effects of resistance exercise [40]. The Myo-
PGC-1α4Tg animals at baseline have no effect on glucose homeostasis; however, when
stressed with a cancer burden, these animals show improved glucose tolerance. The
improvement seen in the Myo-PGC-1α4Tg animals with glucose tolerance may be due to
increased insulin-like growth factor-1 (IGF-1) signaling, and decreased muscle wasting in
the face of cancer (Table 1). Whether this protection would be seen in other contexts such as
with high fat diet or aging is not yet known.

Analysis of skeletal muscle-specific PGC-1α knock-out (Myo-PGC-1α−/−) models has also
suggested an important role for PGC-1α in maintaining normal glucose homeostasis,
although genetic subtleties have complicated the interpretations of the data. Mice in which
one PGC-1α allele is deleted in the whole body, while the other allele is deleted only in
skeletal muscle [41], reveal a mild glucose intolerance on regular chow, which is further
exacerbated when animals are placed on high fat diet. The mice were also lean and revealed
increased physical activity and oxygen consumption, reminiscent of the PGC-1α total
knockout animals [41]. How deletion of PGC-1α in skeletal muscle affects volition for
mobility is not clear. Even more interestingly, the Myo-PGC-1α−/− animals showed signs of
increased peripheral insulin sensitivity, despite the glucose intolerance, which is again
divergent from the hypothesis that decreased PGC-1α in skeletal muscle contributes to
insulin resistance. The glucose intolerance in these animals was in fact ascribed to
inappropriately low insulin release from pancreatic islets. This observation suggests the
existence of a PGC-1-mediated feedback pathway from muscle to the pancreas, but the
identity of this pathway remains uncertain. More recent studies with strictly muscle-specific
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deletion of PGC-1α (without the total body deletion of one allele) revealed few effects on
glucose homeostasis: the absence of PGC-1α blocked mitochondrial biogenesis in response
to calorie restriction (CR), but had no impact on baseline glucose homeostasis, or on the
marked improvements afforded by CR [42]. This observation suggests that total body
deletion of one allele of PGC-1α somehow potentiates a PGC-1α-dependent cross-talk with
the pancreas, although how this occurs is not known.

PGC-1β may have redundant roles with PGC-1α. The contribution of muscle PGC-1β to
glucose homeostasis is less well understood, however. A muscle-specific PGC-1β mouse
(MCK-PGC-1βTg) has been generated [43], but no glucose homeostasis data was reported.
Analysis of a skeletal muscle-specific PGC-1β knock-out (Myo-PGC-1β−/−) animal
revealed no signs of a glucose imbalance or insulin sensitivity on either normal or high fat
diet [44]. Furthermore analysis of muscle-specific PGC-1β−/− in the context of a whole-
body PGC-1α hypomorphic allele (Myo-PGC-1β−/−;PGC-1αKO) also did not reveal any
impairment in glucose homeostasis[44] (Table 1). Conclusive evaluation of the redundant
roles of PGC-1α/β in muscle homeostasis will thus require complete and muscle-specific
PGC-1α/β double knock-out [45]. Finally, the role of PRC in muscle glucose homeostasis, if
any, is entirely unknown. Mice lacking PRC are embryonically lethal with a placentation
defect [46], and no floxed alleles have been generated.

In summary, the roles of PGC-1α and β in glucose homeostasis in the muscle remain
surprisingly poorly understood, although studies in mice with muscle-specific genetic
modifications are beginning to clarify the picture. PGC-1α has widely been assumed to be
beneficial to insulin sensitivity in muscle, but this may be true only in the context of specific
environmental stimuli, such as exercise and aging.

4. PGC-1s in the liver
Gluconeogenesis in the liver is the primary source of systemic glucose production. PGC-1α
(though not PGC-1β) has been identified as being an important regulator of hepatic
gluconeogenesis [17]. PGC-1α expression is relatively low during fed conditions, and
increases in response to fasting and glucagon, suggesting a role in gluconeogenesis. Liver
PGC-1α levels are also increased in genetic models of insulin resistance and diabetes, states
of high hepatic glucose output [47, 48]. Early in vivo experiments, using primarily
adenoviral delivery to the liver of PGC-1α or si-PGC-1α, showed that PGC-1α activates
gluconeogenesis by inducing the expression of gluconeogenic enzymes, including
phosphoenolpyruvate carboxykinase (PEPCK) and glucose 6-phosphatase (G-6Pase) [47,
6]). Induction of these genes occurs via coactivation of key transcription factors, including
HNF4α and FOXO1, and can be modulated by numerous post-translational modifications,
including phosphorylation by Akt [49]; and S6K [50], acetylation/deacetylation by GCN5/
Sirt1 [51].

Loss of function studies in rodent models were initially somewhat puzzling, in that total
body PGC-1α knockout animals had constitutively elevated hepatic gluconeogenic gene
expression [22]. This likely reflected compensatory elevation of other gluconeogenic
factors, including CEBPβ. As noted above, however, the phenotype of the PGC-1α KO mice
is complicated by effects in numerous other tissues, thus necessitating studies with liver-
specific genetic alterations in order to address liver-specific roles. More recent studies using
a liver-specific PGC-1α heterozygote mouse, in which Cre recombinase was under the
control of rat albumin promoter (LS-PGC-1α+/−), showed that LS-PGC-1α+/− animals,
despite being able to induce PGC-1α from one allele, showed clear signs of
haploinsufficiency. Hepatic fatty acid oxidation was blunted, and the livers of fasted LS-
PGC-1α+/− mice showed significant increase in triglyceride and cholesterol, with a trend
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towards increased fatty acid accumulation that was inversely proportional to the amount of
PGC-1α mRNA. The LS-PGC-1α+/− mice also showed impaired glucose release after a
pyruvate tolerance test, showing that hepatic gluconeogenesis was impaired (Table 1).
Interestingly, the heterozygote mice developed insulin resistance on a chow diet [52], but
were protected from worse insulin resistance on a high-fat diet [53]. The latter likely occurs
in part because PGC-1α, via heme synthesis and rev-erbA, inhibits hepatic fibroblast growth
factor 21(FGF21), a potent circulating insulin sensitizer [53, 54]. A relatively mild but
chronic decrease in hepatic PGC-1α thus blunts both gluconeogenesis and fatty acid
oxidation, and has significant effects on insulin homeostasis. Interestingly, FGF21 also
induces PGC-1α in a negative feedback loop, although the induction of gluconeogenic genes
by FGF21 appears to be independent of PGC-1α [55]. Glucose homeostasis in these mice
with homozygous liver-specific deletion of PGC-1α was not reported.

The role of PGC-1β in liver function is much less well studied. PGC-1β does not appear to
coactivate the transcription factors involved in PGC-1α-driven gluconeogenesis
(HNF4alpha and FOXO1) or induce the expression of gluconeogenic genes [17]. However,
the generation of liver-specific PGC-1β mouse (LS-PGC-1β−/−)[56], has suggested an
indirect role of PGC-1β in contributing to hepatocyte glucose homeostasis. Similar to what
was observed with the LS-PGC-1α+/−, the LS-PGC-1β−/− showed increased liver
triglyceride accumulation associated with a decrease in fatty-acid oxidation genes. The
mitochondria from the LS-PGC-1β−/− also revealed decreased expression of OXPHOS
genes and respiration capacity. Effects on the gluconeogenic response to fasting or to
pyruvate tolerance test were not reported. Recently a liver-specific PGC-1β transgenic, in
which PGC-1β was under the control of the apolipoprotein E promoter (LS-PGC-1βTg) has
been described [57], but the effect on glucose homeostasis were also not reported (Table 1).

Taken together these models highlight the important role that PGC-1s play in maintaining
normal hepatic function. PGC-1α uniquely regulates gluconeogenic genes directly, while
both PGC-1s control fatty acid handling in the liver (Figure 1), with likely indirect effects on
insulin sensitivity. The use of single knockouts as well as heterozygotes for the case of
PGC-1α raises the question as to whether some of the mildness of the phenotypes is due to
compensation by the other isoform. To truly address this question a liver-specific PGC-1
double knock-out (LS-PGC-1DKO) mouse will be required.

5. PGC-1s in Adipose Tissue
The role of adipocytes in the development of systemic insulin resistance has garnered
increasing attention over the past few years, in particular as a depot of inflammatory
cytokines [58]. The increase in adipose mass in obesity is associated with a decrease in
mitochondrial function within the adipocytes that has also been proposed to contribute to the
development of insulin resistance[59]. Patients with obesity and T2D also show decreased
levels of PGC-1α mRNA in fat [60]. However, the relationship between decreased levels of
PGC-1α in adipose tissue and the onset of insulin resistance is not clearly understood.
PGC-1α has been well studied in brown fat, where it coactivates PPARγ to strongly induce
uncoupling protein 1 (UCP1), thereby activating the thermogenic response to cold [1]
(Figure 1). The role of PGC-1α in white fat has been studied less extensively. The
generation of PGC-1 knockout models has recently provided increased understanding into
the contribution of adipose tissue to the development of T2D and glucose imbalance.

Adipose tissue specific PGC-1α knockout (Adipo-PGC-1α−/−) were generated using an
adiponectin-driven Cre recombinase [61], deleting PGC-1α in both white and brown adipose
tissue. At baseline the Adipo-PGC-1α−/− are indistinguishable from control animals and
exhibit no change in glucose homeostasis or insulin sensitivity. However, when challenged
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with a high fat diet the Adipo-PGC1α−/− animals develop excess glucose intolerance and
insulin resistance, accompanied by elevated circulating lipids and cholesterol (Table 1). In
hyperinsulinemic-euglycemic clamps the Adipo-PGC1α−/− exhibited decreased glucose
infusion rates confirming the decreased insulin sensitivity. Interestingly, however, the
Adipo-PGC1α−/− primarily had impaired insulin-stimulated hepatic glucose output,
suggesting that the glucose intolerance was largely secondary to hepatic insulin resistance
(rather than muscle insulin resistance). This observation suggests the existence of a
PGC-1α-regulated cross-talk between fat and liver, although the molecular nature of this
crosstalk is not known.

Many questions remain unanswered with regards to adipocyte-specific models of PGC-1.
The use of a white and/or brown adipocyte-specific PGC-1α−/− might be informative in
separating the contribution of white and brown adipose tissue to the development of the
T2D. In addition, the generation of adipocyte specific overexpression of PGC-1α would also
provide some insight into whether increased PGC-1α within adipocytes would increase
insulin sensitivity, as might be predicted. Lastly, the contribution of PGC-1β within
adipocytes in vivo is largely unknown and therefore applying similar genetic models to
PGC-1β will be informative.

6. PGC-1 in the brain
The brain while not an endocrine organ in the classical sense is critical to the regulation of
appetite and whole body energy homeostasis. PGC-1s have been implicated in maintaining
normal brain function, and decreases in PGC-1α have been associated with Parkinson’s and
Alzheimer’s [62, 63]. Epidemiological studies have also suggested that patients with
Alzheimer’s have a higher incidence of diabetes [64, 65]. PGC-1α is expressed in various
parts of the brain including the olfactory bulb, cerebral cortex, the substantia nigra,
hippocampus and striatum [66]. Whole-body PGC-1α knockout animals are hyperactive and
exhibit signs of neuronal disorders [22]. The animals are also sensitized to Parkinson
disease-inducing agents [67], and have strikingly abnormal circadian rhythms [68]. These
pathological effects are likely the result of large lesions in the striatum, cortex and substantia
nigra of the WB-PGC-1α−/− animals [22] that may result from improper handling of
reactive oxygen species.

Again, the generation of a brain-specific PGC-1α knockout (BS-PGC-1α−/−) animal, using
a calcium/calmodulin-dependent protein kinase II alpha (CaMKIIα) promoter, has provided
a useful tool in assessing the contribution of PGC-1α specifically in the brain to glucose
homeostasis [69]. The BS-PGC-1α−/− animals develop lesions in the striatum, similar to
what is observed in the total body PGC-1α. As expected, the BS-PGC-1α−/− animals
maintain a normal core body temperature and have a normal thermogenic response with a
cold challenge [69]. Surprisingly, however, no significant effect on locomotor activity or
diurnal activity are seen in the mice, suggesting either that PGC-1α in tissues other than the
brain regulates activity (reminiscent of the total-body heterozygote / muscle-specific deleted
animals discussed above), or that some neurons are spared deletion of PGC-1α in the
CaMKIIα transgenic animals. Equally interestingly, the BS-PGC-1α−/− animals are
hypermetabolic and exhibit a significant resistance to weight gain and hepatic steatosis in
response to high fat diet, despite being hyperphagic. The BS-PGC-1α−/− animals had
decreased insulin levels, suggesting increased peripheral insulin sensitivity (Table 1). These
studies suggest that PGC-1α in the brain regulates systemic metabolic rate (Figure 1), and
can thus confer protection against high fat diet, but the mechanism remains unclear. The
hypothalamus houses most of the critical neuroendocrine pathways that regulate feeding and
systemic energy expenditure, including the melanocortin (MC4R) system. The fasting-
induced transcriptional expression of some satiety peptides, including Agouti-related peptide
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(AgRP) and neuropeptide Y (NPY), was blunted in BS-PGC-1α−/− animals, implicating
PGC-1α in hypothalamic function. Interestingly, in a very different context, PGC-1α and β
have been demonstrated to mediate signaling in response to MC1R, the analogous system in
melanocytes to MC4R in the hypothalamus [70], suggesting that the PGC-1s may play a
similar role in the hypothalamus.

In summary, PGC-1α in the brain appears to be important for the regulation of feeding and
systemic metabolic rate, with likely secondary effects on glucose homeostasis. PGC-1α
likely acts in part in the hypothalamus, although the mechanistic specifics remain unclear.
Many of these observations might also reflect the expression of CaMKIIα that was used to
drive Cre expression; the use of other neuronal Cre drivers, especially targeting the
hypothalamus, will be of interest. The role of PGC-1β in the brain is understudied, but
whole-body deletion of PGC-1β exhibits circadian rhythms defects [23], suggesting that
there may also be a role for PGC-1β in the brain. Brain specific PGC-1β−/− animals have
not been reported. The generation of brain-specific PGC-1α overexpressing transgenic
animals has provided a useful tool for addressing the function of PGC-1 in the brain[71], but
glucose homeostasis and insulin sensitivity was not reported. Transgenic overexpression of
either PGC-1β or PRC in the brain has also not been reported.

7. PGC-1 in the pancreas
The pancreas is the primary producer of insulin in the body. Increased levels of PGC-1α
protein and mRNA are observed in the pancreas of obese and diabetic rodent models [72].
Increased levels of PGC-1α have also been implicated in β cell dysfunction. Adenoviral-
mediated overexpression of PGC-1α in isolated rodent islets markedly suppresses glucose-
stimulated insulin release, likely by reducing glucose-induced changes in ATP
concentration[72]. Moreover, transplantation of PGC-1α-overexpressing islets into
streptozotocin-treated animals reveal a severe hypoinsulinemia and glucose intolerance
compared to transplantation of control islets [72].

The contribution of PGC-1α to islet biology was tested most recently with the generation of
an inducible pancreatic PGC-1α overexpressing mouse (Ins-PGC-1αTg) in which the
expression of PGC-1α is controlled by the insulin promoter [73]. This Ins-PGC-1αTg
animal overexpresses PGC-1α specifically in β-cells and the expression can be regulated by
administration of doxycycline, a tetracycline analog. When PGC-1α was induced during
development and up to 6 months after birth, the Ins-PGC-1αTg animals showed signs of β-
cell dysfunction, including decreased β-cell specific gene expression as well as decreased β-
cell size. In addition, the Ins-PGC-1αTg animals showed glucose intolerance and impaired
glucose-stimulated insulin release (Table 1). Interestingly, induction of PGC-1α during
gestation only, i.e. switched off after birth, was sufficient to induce β-cell dysfunction in the
adult Ins-PGC-1αTg animals, suggesting that PGC-1α over-expression affected β cell
development in addition to the physiological response to glucose (Figure 1). In contrast,
when the transgene was induced only during adulthood, the animals exhibited normal
glucose tolerance as well as normal glucose-stimulated insulin release. These results suggest
that the effect of PGC-1α is more pronounced during development, and that expression in
the adult pancreas may have little impact on glucose homeostasis. On the other hand, the
expression of β-cell specific markers was decreased in the adult-induced animals, suggesting
that a longer period of PGC-1α overexpression within the adult β cells might ultimately lead
to glucose imbalance.

In summary, gain-of-function studies suggest that PGC-1α suppresses pancreatic glucose-
induced secretion of insulin in vivo. Loss-of-function studies would be helpful to support
this conclusion, but they have not been reported. As with other organs, the potential role of
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PGC-1β in the pancreas has received much less attention. Knock-down of PGC-1β in a cell
culture model led to an increase in glucose-stimulated insulin release[74], raising the
question whether the PGC-1β would play a specific role in maintaining normal pancreatic
function. β-cell specific PGC-1β models would be needed to fully address this question.

8. Conclusion
Despite more than 10 years and over 1000 articles since the discovery of PGC-1α, its role in
the regulation of glucose homeostasis remains incompletely understood. The roles of
PGC-1β, and especially PRC, are even less well understood. A major challenge has been to
understand the different effects that the PGC-1s exert in different tissues. The recent use of
tissue-specific genetic models has proven immensely useful on this point. Overall, from the
standpoint of glucose tolerance, PGC-1α appears to be harmful in liver, potentially
beneficial in muscle (as long as either exercising or aging), beneficial in fat, and potentially
harmful in pancreas. It is therefore not at all clear what the net consequences might be of
therapeutically targeting PGC-1α. Total-body PGC-1α knockout mice, which might reflect
the consequences of aggressive therapeutic inhibition of PGC-1α, do not fare well, in large
part due to effects on the brain[22]. Total-body PGC-1α heterozygotes, which might reflect
a milder therapeutic inhibition, have not been studied extensively. Total-body
overexpressing transgenic mice, on the other hand, encouragingly reveal improved glucose
handling [75], although of course it can still not be said at this point precisely why.
Identifying activators of PGC-1α [76] could therefore prove useful.
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Figure 1.
Multisystem Function of PGC-1 Transcriptional Coactivators. PGC-1s interact with various
transcription factors (in red) and with varying tissue specificity to activate gene signature
programs to regulate glucose and energy homeostasis. See text for details.
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