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Abstract

Aims: Calpain-10 and calpain-3 and the diabetes ankyrin repeat protein
(DARP) have all been linked to insulin resistance and type 2 diabetes. We set
out to measure the expression of these genes in human skeletal muscle and
relate them to functional measurements of insulin action during fasting
(which induces insulin resistance) and refeeding (which reverses it).
Methods: Ten healthy male volunteers underwent 48 h of starvation fol-
lowed by 24 h of high carbohydrate refeeding. On three occasions, before
and after starvation and after refeeding, subjects underwent a 16 min insulin
tolerance test to quantify insulin sensitivity. Muscle biopsies were obtained
before and after fasting and after refeeding for the analysis of calpain-10 and
calpain-3, GLUT4 and DARP expression by Western blotting and real-time
PCR.

Results: Fasting led to a marked reduction in whole body insulin sensitivity
by approx. 45% (P < 0.01) and skeletal muscle GLUT4 gene expression by
approx. 40% (P < 0.05). However, fasting had no effect on calpain-10 and
calpain-3 mRNA or protein levels, or DARP mRNA expression. Refeeding
only partly restored insulin sensitivity and GLUT4 gene expression to their
pre-fast values, but did not effect the expression of calpain-10, calpain-3 or
DARP.

Conclusions: These findings demonstrate that in healthy non-diabetic
humans induction of insulin resistance by fasting and its reversal by refeeding
with a high CHO diet is mirrored by changes in skeletal muscle GLUT4 but
not calpain-10 and calpain-3 expression.

Keywords  calpains, diabetes ankyrin repeat protein, GLUT4, insulin
resistance, skeletal muscle.

The original members of the calpain family were
identified as calcium dependent non-lysosomal cysteine
proteases. At present, there are 15 members of the
calpain superfamily and these can be further subdivided
into typical and atypical forms; the typical calpains are
characterized by a C-terminal calcium-binding domain,
whilst the atypical calpains lack this domain and instead
possess additional domains that are distinct from those
of the typical members (Goll et al. 2003).

© 2007 The Authors

Calpain-10 is an atypical calpain consisting of
approximately eight variants (Horikawa ez al. 2000).
Using positional cloning techniques, Horikawa and
colleagues (Horikawa et al. 2000) demonstrated that
variants in the calpain-10 gene (CAPN10) were associ-
ated with type 2 diabetes in Mexican American and
Northern European populations. Meta-analyses have
confirmed the association of variants in the calpain-10
gene with type 2 diabetes especially for two single
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nucleotide polymorphisms SNP-43 and SNP-44
(Weedon et al. 2003, Song et al. 2004). In humans,
calpain-10 mRNA has been shown to be upregulated by
insulin following 24 h of lipid infusion (Carlsson et al.
2005) and, in Pima Indians, reduced skeletal muscle
calpain-10 mRNA is associated with reduced glucose
disposal as a result of lower rates of carbohydrate
(CHO) oxidation (Baier et al. 2000). Recent in vitro
data suggest a role for calpain-10 in GLUT#4 trafficking
in adipocytes (Paul et al. 2003).

Genetic analysis revealed that the calpain-10 gene
interacts with a chromosomal region containing the
gene for calpain-3 (CAPN3) to further increase suscep-
tibility to diabetes in Mexican-Americans (Cox et al.
1999). Lower levels of calpain-3 mRNA in human
skeletal muscle have also been associated with pheno-
types related to insulin resistance (Walder ef al. 2002).
Calpain-3 is part of stretch-sensitive complex in the
N2A region of the giant myofibrillar protein titin
(Sorimachi et al. 1995), and within this region cal-
pain-3 is closely associated with the diabetes ankyrin
repeat protein (DARP) (Miller et al. 2003, 2004, Ojima
et al. 2006). It has been suggested that calpain-3 activity
may be regulated by DARP, which has been shown to
be upregulated by a change in energy supply induced by
excess fatty acid treatment in vitro and downregulated
by fasting in mice (Ikeda et al. 2003).

Although collectively these in vitro, animal and
genetic association studies indicate that calpain-10 and
calpain-3 and DARP play an important role in the
regulation of glucose utilization in skeletal muscle, no
study to date has examined the functional role of these
genes in the in vivo setting of a human intervention
study in which insulin resistance is induced and
reversed. The aim of the present study was to investigate
the association between calpains and DARP and insulin
action in humans during fasting and refeeding, a
metabolic condition of altered energy supply which
provides an excellent means of examining the factors
underlying the development of transient insulin resist-
ance in healthy humans. We hypothesized that the shift
in substrate use from CHO to fat, and the reduction in
insulin sensitivity normally observed with fasting
(Mansell & Macdonald 1990) would be associated
with reduction in the expression of both calpain-10 and
calpain-3, DARP and GLUT4, whereas refeeding with a
high CHO diet would reverse insulin resistance and the
underlying molecular changes.

Subjects and methods

Subjects and experimental design

Ten  healthy 26 + 1 years, BMI
25.5 + 1.2 kg m™?) gave a written informed consent

males (age
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and volunteered to participate in this study. All proce-
dures used were performed according to the Declaration
of Helsinki and approved by the University of Notting-
ham Medical School Ethics Committee. Subjects under-
went a 48-h period of fasting followed by 24 h of
refeeding with a high CHO diet (total energy
3086 + 19 kcal of which 75% as CHO, 10% fat and
15% protein).

During fasting, subjects refrained absolutely from
food but were allowed water, electrolytes, non-sugared
carbonated drinks and, except on study days, black
non-sugared decaffeinated coffee and tea. Subjects
consumed 80 mmol of sodium and 40 mmol of potas-
sium daily as slow release tablets to minimize the
potentially confounding effects of fluid deprivation and
intravascular volume depletion on cardiovascular
reflexes and sympathetic nervous system activity. Sub-
jects were required to continue with their normal daily
activities but to refrain from formal heavy exercise
sessions during the period of starvation. The high CHO
diet was designed after analysing the subjects’ diet with
Microdiet software (Downlee Systems, High Peak, UK)
using dietary figures produced by the subjects who were
requested to weigh and record their normal food intake
for 3 days before the trial. On three occasions, before
and after 48 h of starvation and after 24 h of refeeding,
subjects underwent a 16 min insulin tolerance test (ITT)
to quantify insulin sensitivity (Bonora et al. 1989). On
the first day of the study, before the commencement of
fasting, and on day 4 (after 20 h of refeeding), subjects
consumed a standardized breakfast (providing 1 g
CHO kg™ body mass) 4 h before they arrived at the
laboratory, at which point baseline measurements were
taken. Muscle biopsy samples were obtained from the
vastus lateralis before and after 24 and 48 h of
starvation, and after 24 h of refeeding and snap frozen
in liquid nitrogen until further use.

Whole body insulin sensitivity (KITT) was calculated
as the percentage decline in blood glucose concentra-
tions per minute (% min~') from 4 to 16 min after
insulin injection, since no changes in blood glucose
concentration were observed within the first 4 min of
the ITT test (Bonora et al. 1989). The ITT has been
used widely to assess insulin sensitivity and the results
from this test have been shown in direct comparison
studies to correlate closely (r between 0.81-0.86) with
results from the hyperinsulinaemic—euglycaemic clamp
technique (Bonora et al. 1989, Akinmokun et al. 1992).

RNA extraction and real time polymerase chain reaction
(RT-PCR)

Total RNA was extracted from approx. 20 mg of
muscle tissue using Trizol reagent (Invitrogen, Paisley,
UK) and Tagman real-time RT-PCR was used for
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Table | Sequences for primers and dual-labelled fluorescent Tagman probes used for real-time PCR

Gene Accession number  Primer/probe Sequence

Calpain-10 NM_023083 Forward primer 5-GTGCCTTGCAGGGAGACTCT-3’
Tagman probe  §5’-(FAM)-TGTTCTGGCTCCCCTTACTGGAAAAGGTCTAC-(TAMRA)-3’
Reverse primer  5-CGTAGGACCCATGGACCTTG-3’

GLUT4 NM_001042 Forward primer 5-GCTGTGGCTGGTTTCTCCAA-3’
Taqman probe  5’-(FAM)-CAACTTCATCATTGGCATGGGTTTCCA-(TAMRA)-3
Reverse primer  5-CCCATAGCCTCCGCAACATA-3’

Calpain-3  NM_000070 Forward primer 5-GGCGGAAGGACCGGAAGCT-3’
Tagman probe  §5’-(FAM)-TCGCCATCTACGAGGTTCCCAAAGAGAT-(TAMRA)-3’
Reverse primer  5-TCCTTCTGCAGGTGCTGC T-3’

DARP NM_144994 Forward primer 5-CAGCATTCAGCAGTTGGTAAGTG-3’
Tagman probe  5-(FAM)-AGAGTTGAAGGGAAAGTGTTGGGATT-(TAMRA)-3’
Reverse primer  5-CCAGGGTCAGGAACTCCATGT-3’

o-Actin NM_001100 Forward primer 5-GAGCGTGGCTACTCCTTCGT

Tagman probe
Reverse primer

5"-(FAM)-ACCACAGCTGAGCGCGAGATCGT-(TAMRA)-3
5-GTAGCACAGCTTCTCCTTGATGTC-3/

quantification of mRNA levels as described previously
(Parr et al. 2001). Following reverse transcription, the
c¢DNA pool was diluted fourfold. Quantification of
reverse transcribed cDNA was performed in real time
using an ABI 7700 Sequence Detection System (Applied
Biosystems, Warrington, UK). Human cDNA sequences
were obtained from GenBank and primers and dual-
labelled fluorescent oligonucleotide probes (5’-FAM and
3-TAMRA) were designed (Table 1) using Primer
Express version 2.0 software (Perkin-Elmer, Norwalk,
CT, USA). Real-time PCR was performed using PCR
Universal Master Mix (Applied Biosystems, Warring-
ton, UK). Each reaction contained 5 ul cDNA template,
12.5 ul PCR Universal Master Mix, 300 nM primers
and 125 nm Tagman probe in a reaction volume of
25 pl. Each RT-PCR reaction was performed in tripli-
cate and all results were normalized to a-actin mRNA
expression using the standard curve method (Parr et al.
1999).

Western blot analysis of skeletal muscle protein extracts

For the determination of calpain-10 protein expression,
30 ug of insoluble skeletal muscle protein was loaded
onto 10% polacrylamide gels and transferred electro-
phoretically to hydrophobic polyvinylidene difluoride
(PVDF) membranes (GE Healthcare Life Sciences, Little
Chalfont, UK). Membranes were probed overnight with
a 1:1000 dilution of a rabbit polyclonal anti-calpain-
10 antibody raised against a synthetic peptide corres-
ponding to amino acids 35-50 of human calpain-10a
conjugated to KLH. Visualization of the bound anti-
body was carried out using Enhanced Chemilumine-
sence plus (ECL+) (GE Healthcare Life Sciences).
Western blot signals were quantified by scanning
densitometry and analysed with Multi-Analyst software

© 2007 The Authors

(Bio-Rad, Hertfordshire, UK). For calpain-3 quantifica-
tion, 30 ug of insoluble muscle protein was run on 10%
SDS-PAGE gels and transferred to nitrocellulose mem-
branes. The same procedure was used as described
above for calpain-10 except that membranes were
blocked overnight before incubating with a polyclonal
antibody raised against a recombinant protein corres-
ponding to domain-III of porcine calpain-3 (Parr et al.
1999), diluted 1 : 500 for 1 h. For the quantification of
calpain-3 autolysis products, the densities of the 60 and
58 kDa band were added to the density of the 55 kDa
band. Due to limited tissue, GLUT4 protein was
analysed on two subjects using an anti-GLUT4 antibody
(Santa Cruz Biotechnology, Santa Cruz, California,
USA). All results were normalized to the levels of
desmin protein, which was quantified on each blot using
a polyclonal anti-desmin antibody diluted 1 : 500
(D-8281; Sigma, Dorset, UK).

Verification of calpain-10 antibody

The specificity of the calpain-10 antibody used in this
study was verified on Western blots of whole brain
lysates from wild type and calpain-10 KO mice and
through the use of in vitro transcribed and translated
full length human calpain-10 using the rabbit TNT®
Coupled Reticulocyte Lysate Transcription/Translation
System. Briefly, the entire human calpain-10 open
reading frame was cloned into the TNT® vector
(Promega, Southampton, UK) and 0.5 pg of this was
transcribed and translated in a 25 ul reaction using the
rabbit TNT® Coupled Reticulocyte Lysate Transcrip-
tion/Translation System according to the manufactur-
ers’ instructions (Promega). Reactions were run in
duplicate in the presence or absence of [**S] methionine.
Both reactions were loaded onto 10% polyacrylamide
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gels and transferred to PVDF membranes. Confirmation
of the expression of the full length protein was initially
determined by the detection of the [>°S] labelled protein
using a phosphoimager. The specificity of the calpain-10
antibody was then assessed on a Western blot of the
non-labelled TNT® reaction as described above.

Statistical analysis

Data were analysed by one-way analysis of variance for
repeated measures, with Bonferroni multiple compari-
sons post-hoc tests to detect differences between indi-
vidual time points. Correlations were analysed using
Pearson’s correlation coefficient. A P value of <0.05 was
considered statistically significant. Data are presented as
means + standard error of the mean (SEM).

Results

Insulin sensitivity and skeletal muscle GLUT4 expression

Fasting reduced whole body insulin sensitivity by
approx. 45% compared with basal values (5.2 + 0.4
vs. 2.9+ 0.3% min™', P <0.01) and this partially
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Figure | Skeletal muscle GLUT4 mRNA expression (a) before
and after starvation and after 24 h refeeding (n = 9), and (b)
glucose disposal (% decline in blood glucose min™") following
fasting and refeeding (7 = 10). Two Western blots of GLUT4
protein are shown in (a). Values are mean & SEM. Significant
difference between pre-fast and 48 h post-fast, at *P < 0.05
and **P < 0.01.
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recovered to basal values following refeeding
(52+04 vs. 40403 refed% min™', P < 0.05)
(Fig. 1b). Similarly, GLUT4 mRNA levels were reduced
following 48 h of fasting (P < 0.05) and failed to
recover fully to basal values with refeeding (4.7 + 0.5
pre-fast vs. 2.8 + 0.2 post-fast vs. 3.5 + 0.7 refed)
(Fig. 1a). These changes in GLUT4 mRNA were
matched by similar changes in GLUT4 protein content
(Fig. 1a).

Calpain-10 expression

Total  calpain-10 mRNA  expression  remained
unchanged by fasting and refeeding (3.9 + 0.5 pre-fast
vs. 3.2 £ 0.3 post-fast vs. 4.2 + 0.9 refed, Fig. 3a),
despite the changes in GLUT4 expression. Because it is
difficult to accurately quantify individual calpain-10
mRNA isoforms (Yang et al. 2001), the probe and
primers used in the present study hybridized to an area
common to multiple isoforms of calpain-10 mRNA, and
therefore these data represent the summative expression
of five potential calpain-10 mRNA transcripts (10a to
10e). It is likely that isoform 10a represents the majority
of the mRNA in skeletal muscle as has been previously
demonstrated (Yang et al. 2001).

Western blot analysis of human skeletal muscle
protein revealed a major band for calpain-10 at
75 kDa, but also demonstrated the presence of smaller
bands at 60 and 31 kDa (Fig. 2¢). The abundance of
these observed bands was considerably lower in the
water soluble fraction of skeletal muscle, which is
consistent with previous reports (Ma et al. 2001,
Marshall ef al. 2005) (data not shown). The intensity
of the 75, 60 and 31 kDa bands was unchanged by
fluctuations in insulin sensitivity (Fig. 3b). Confirming
the specificity of the calpain-10 antibody, the same
antibody detected 31 and 25 kDa proteins in whole
brain lysates from wild type, but not calpain-10 knock-
out mice (data not shown), and also recognized a
75 kDa in vitro translated protein (Fig. 2b).

Calpain-3 and DARP expression

Calpain-3 (2.4 £ 0.2 pre-fast vs. 2.3 &+ 0.1 post-fast vs.
2.5 + 0.3 refed, Fig. 4a) and DARP (4.2 + 0.4 pre-fast
vs. 4.7 £ 0.5 post-fast vs. 5.8 + 0.6 refed) (data not
shown) mRNA expression were unaffected by fasting
and refeeding. Western blot analysis of calpain-3
revealed a major band at approx. 94 kDa correspond-
ing to the full length protein, and some smaller well
documented autolysis products at approx. 60, 58 and
55 kDa (Kinbara et al. 1998, Murphy et al. 2005)
(Fig. 4b). It has been suggested that the activation of
calpain-3 is a result of autolysis of the full length
protein; therefore, an increase in the band intensity of
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Figure 2 Full length human calpain-10 was expressed in vitro
(a) and verification of the calpain-10 antibody was confirmed
on Western blots of the unlabelled in vitro translated protein
(b). The antibody detected the 75 kDa in vitro translated
protein when the calpain-10 containing vector was present (+),
but not absent (-) (b). Also shown is a representative
calpain-10 Western blot of human insoluble skeletal muscle
protein showing immunoreactive bands at 75, 60 and 31 kDa
(c). The positions of molecular weight markers (solid bars) and
immunoreactive bands (arrows) are shown.

the autolysis products might be an indication of calpain-
3 activity. We observed no significant effect of fasting
and refeeding on the expression of the full length
calpain-3 protein or on the accumulation of calpain-3
autolysis products (Fig. 4b) suggesting that there was no
significant activation of calpain-3 throughout the study.
Although baseline calpain-3 mRNA was correlated
with measures of insulin sensitivity (r = 0.81,
P < 0.01) (data not shown), no such relationship was
observed with either baseline calpain-3 protein expres-
sion or starvation-induced changes in insulin sensitivity.

Discussion

The present data shows that in humans induction of
insulin resistance by fasting and its reversal by refeeding
with a high CHO diet was mirrored by changes in
skeletal muscle GLUT4 expression but had no effect on
the expression of three diabetes linked genes — calpain-
10, calpain-3 and DARP. This is the first intervention
study in humans to measure the expression of these
genes in skeletal muscle and relate them to functional
measurements of insulin action under conditions which
induce and reverse insulin resistance.

© 2007 The Authors
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Figure 3 The effects of fasting and refeeding on calpain-10
mRNA (7 = 10) (a) and full length (75 kDa) protein expres-
sion (7 = 9) (b). Shown is a representative Western blot for full
length (b) calpain-10 (75 kDa). Values are mean + SEM.

Fasting involves a number of physiological adapta-
tions including a notable reduction in insulin sensitivity
and reduced CHO oxidation. In this study, fasting
reduced insulin sensitivity by approx. 45% and, for the
first time in humans, we have shown that this was
associated with a reduction in skeletal muscle GLUT4
expression. The incomplete reversal of insulin sensitivity
after 24 h of refeeding was accompanied by an incom-
plete restoration of muscle GLUT4 content. We are
confident that the results from the ITT reflect the
changes in skeletal muscle insulin resistance in the
present study. A previous study from our laboratory
using an identical fasting protocol demonstrated a
comparable (approx. 40%) reduction in whole body
glucose disposal in humans, when quantified using the
hyperinsulinaemic-euglycaemic clamp technique, and
was associated with a marked reduction in forearm
glucose disposal (Mansell & Macdonald 1990). In the
present study, the starvation-induced reduction in
skeletal muscle GLUT4 content would also suggest the
presence of significant insulin resistance in skeletal
muscle as GLUT4 levels have been shown to closely
correlate  with insulin-mediated glucose disposal
(Ren et al. 1994).

However, contrary to our hypothesis these adapta-
tions to fasting occurred despite any change in calpain-
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Figure 4 The effects of fasting and refeeding on calpain-

3 mRNA (7 = 10) (a) and protein expression of full length
calpain-3 (94 kDa) and calpain-3 autolysis products (55-60
kDa) (n = 9) (b). Shown is a representative Western blot for
calpain-3 (b). Values are mean + SEM.

10 mRNA or protein levels. In human skeletal muscle,
we observed bands for calpain-10 at approx. 60 and
30 kDa in addition to the full length 75 kDa protein.
We quantified the expression of all of these observed
calpain-10 bands to determine the potential role of each
isoform of calpain-10 and found no difference in the
expression of either band with fasting and refeeding.
This is important because some studies have indicated
that smaller calpain-10 isoforms may be more physio-
logically relevant (Logie et al. 2005, Marshall et al.
2005, Aganna et al. 2006). Based on the present
findings, however, the expression of alternative iso-
forms of calpain-10 does not appear to play a significant
role in the adaptive response to fasting and refeeding.
Recent in vitro data suggest that calpain-10 may
interact with GLUT4 to influence CHO metabolism.
Indeed, specific inhibition of calpain-10 expression
reduced GLUT#4 translocation and actin reorganization
in adipocytes (Paul et al. 2003). Studies in transgenic
mice have shown that overexpression of the specific
calpain inhibitor calpastatin resulted in a threefold
increase in GLUT4 protein despite a decrease in GLUT4
mRNA (Otani et al. 2004). This prompted the authors
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to suggest that GLUT4 protein may be a substrate for
calpains and that the increase in GLUT4 protein under
those conditions was mediated by decreased proteolysis
as a result of inhibition of calpain activity by calpastatin
(Otani et al. 2004). Whilst there is currently little
evidence supporting a direct interaction between cal-
pain-10 specifically and GLUT4 in vivo or in vitro, our
data combined with this previous work suggest that any
potential interaction between the two may be post-
translational in nature.

To date, only a single study has described an
association between insulin resistance and calpain-3
expression (Walder et al. 2002). In this study, skeletal
muscle calpain-3 mRNA was negatively correlated with
fat mass and fasting glucose in non-obese human
subjects, and with circulating insulin and glucose levels
in Psammomys obesus. Whilst we did find an associ-
ation between baseline insulin sensitivity and calpain-3
mRNA, we did not see any effect of fasting-induced
insulin resistance and its reversal on the calpain-3
mRNA or protein levels. This observation highlights the
difference between the presence of a nutrient—gene
association, which might not necessarily imply a cause
and effect relationship, and a functional nutrient-gene
interaction under conditions of altered nutrient supply.
Interestingly, Western blot analysis revealed no signifi-
cant increase in the appearance of calpain-3 autolysis
products throughout the intervention. Given that there
is strong evidence supporting the notion that these
autolysis products are indeed markers of activity, we
expected significant accumulation of these products if
calpain-3 activation was evident. Kinbara et al. (1998)
documented the appearance of autolysis products at 60,
58 and 55 kDa, which, using N-terminal sequencing,
were shown to originate from a unique insertion
sequence (IS1) region of calpain-3, which is thought to
be responsible for calpain-3 instability (Kinbara ez al.
1998). More recent analysis in skeletal muscle myo-
blasts has shown that autolysis is critical for the activity
of calpain-3 (Taveau et al. 2003). In that study,
expression of wild-type active calpain-3 in myoblasts
led to profound morphological changes as a result of a
disorganization of the actin cytoskeleton and of focal
adhesions (Taveau et al. 2003). Removal of the IS1
encoding region (exon 6) completely prevented the
degradation and disorganization of the actin cytoskele-
ton and focal adhesions indicating that calpain-3
autolysis is required for calpain-3 function (Taveau
et al. 2003). In porcine skeletal muscle in situ, our
laboratory has previously shown that the presence of
full length calpain-3 is reduced 24 h postmortem (Parr
et al. 1999). In human (Murphy et al. 2005) and toad
(Verburg et al. 2005) skeletal muscle, addition of
calcium leads to the accumulation of autolysis products.
Collectively, these data suggest that calpain-3 autolysis
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238 Journal compilation © 2007 Scandinavian Physiological Society, doi: 10.1111/1.1748-1716.2006.01639.x



Acta Physiol 2007, 189, 233-240

is linked to its activation and in the present study a lack
of accumulation of calpain-3 autolysis products
on Western blots indicates that calpain-3 was not
significantly activated. This finding is consistent with
recent evidence from exercise studies supporting the
idea that calpain-3 may not be important for glucose
uptake into skeletal muscle (Murphy et al. 2005).

The finding that the mRNA content of DARP, a
proposed regulator of calpain-3, was unchanged by
fasting-induced insulin resistance and its reversal further
supports the notion that calpain-3 was not activated in
the present study. However, it also highlights the
difficulties in extrapolating findings from rodents to
humans. Indeed, in 48-h fasted mice, unlike humans,
DARP mRNA was significantly reduced, and then
increased following refeeding suggesting that DARP
might be regulated by energy supply (Ikeda et al. 2003).
Clearly, more work is needed to examine the precise
functional role of DARP and calpain-3 in human
skeletal muscle.

In conclusion, the present data show, for the first time
in humans, that induction of insulin resistance by
fasting and its reversal by refeeding with a high CHO
diet was mirrored by changes in skeletal muscle GLUT4
expression but had no effect on the expression of three
putative diabetes linked genes — calpain-10, calpain-3
and DARP. It is possible that post-translational mech-
anisms, yet to be studied for calpains and DARP, may
be important for glucose uptake into skeletal muscle,
and this remains an important area for future research.
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