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Abstract

Insulin resistance, which may precede the development of non-
insulin-dependent diabetes mellitus in Pima Indians, appears to
result from a postreceptor defect in signal transduction in skele-
tal muscle. To identify the putative postreceptor lesion responsi-
ble for insulin resistance in Pima Indians, we investigated the
influence of insulin on the activity of casein kinase II (CKII) in
skeletal muscle of seven insulin-sensitive, four insulin-resis-
tant, nondiabetic, and five insulin-resistant diabetic Pima In-
dians during a 2 h hyperinsulinemic, euglycemic clamp. In sen-
sitive subjects, CKII was transiently activated reaching a maxi-
mum over basal activity (42%) at 45 min before declining. CKII
was also stimulated in resistant (19%) and diabetic (34%) sub-
jects. Basal CKII activity in resistant subjects was 40% higher
than in either sensitive or diabetic subjects, although the con-
centration of CKII protein, as determined by Western blotting,
was equal among the three groups. Basal CKII activity was
correlated with fasting plasma insulin concentrations, suggest-
ing that the higher activity in resistant subjects resulted from
insulin action. Extracts of muscle obtained from all three
groups either before or after insulin administration were
treated with immobilized alkaline phosphatase, which reduced
and equalized CKII activity. These results suggest that insulin
stimulates CKII activity in human skeletal muscle by a mecha-
nism involving phosphorylation of either CKII or of an effector
molecule, and support the idea that elevated basal activity in
resistant subjects results from insulin action. It appears that
the ability of insulin to activate CKII in skeletal muscle is not
impaired in insulin-resistant Pima Indians, and that the bio-
chemical lesion responsible for insulin resistance occurs either
downstream from CKII or in a different pathway of insulin ac-
tion. (J. Clin. Invest. 1991. 87:1017-1022.) Key words: insulin
signal transduction « protein phosphorylation « protein kinase

Introduction

The Pima Indians have the highest known prevalence of nonin-
sulin-dependent diabetes mellitus (NIDDM),! a disease that
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may be inherited as a single autosomal gene (1). Longitudinal
studies have demonstrated that subjects with normal glucose
tolerance, who subsequently develop NIDDM, first develop
impaired glucose tolerance, a condition that is characterized by
a reduced capacity of skeletal muscle to respond to circulating
insulin (2). Insulin-resistant subjects were found to have lower
rates of insulin-stimulated, nonoxidative glucose disposal (gly-
cogen synthesis) in skeletal muscle than did insulin-sensitive
subjects (3), a difference that can be explained by abnormal
activation of glycogen synthase in response to insulin in these
subjects (4). Because insulin resistance may be an expression of
the genetic lesion ultimately responsible for NIDDM, an un-
derstanding of its biochemical and molecular basis is critical
for understanding the cause and potential treatment of the dis-
ease.

Insulin resistance results from a failure in the mechanism of
insulin signal transduction. Although this mechanism is not
entirely understood, it is known that reversible protein phos-
phorylation is involved. The 8-subunit of the insulin receptor is
a ligand-activated tyrosine protein kinase (5-7). The hormone
promotes phosphorylation of several proteins on tyrosine and
alters the contents of phosphoserine and phosphothreonine in
other proteins (8). These latter effects result from changes in
activities of a variety of serine/threonine-specific protein ki-
nases (reviewed in reference 9) and phosphatases (10-12) in
response to insulin. Studies of insulin binding and stimulation
of the insulin receptor tyrosine protein kinase in skeletal mus-
cle have not revealed abnormalities that could account for in-
sulin resistance in the Pima Indians (13). Because the insulin
receptor cDNAs from insulin-resistant Pima Indians predict
normal protein sequences (14, 15), the defect in insulin signal
transduction that accounts for insulin resistance appears to oc-
cur after the receptor.

This postreceptor lesion affects the activation by insulin of
both glycogen synthase (4) and glycogen synthase phosphatase
(12) in skeletal muscle. Because glycogen synthase is activated
by dephosphorylation, it is likely that the defective activation
of the phosphatase accounts for the abnormal response of gly-
cogen synthase. Thus, the defect in the pathway of insulin sig-
nal transduction is either in the structure of the phosphatase
itself or in elements leading to the activation of the phospha-
tase. The insulin-stimulated glycogen synthase phosphatase in
human skeletal muscle is a type | enzyme (unpublished obser-
vations). One form of this phosphatase, PP,-I, is a complex
comprising a catalytic subunit and an inhibitor protein, inhibi-
tor-2 (16). PP,-1 is activated upon phosphorylation of inhibi-
tor-2 by glycogen synthase kinase 3, a reaction that is enhanced
by prior phosphorylation of inhibitor-2 by casein kinase II
(CKII) (17), an enzyme that in cultured cells is activated in
response to insulin (18, 19) and other peptide growth factors
(18-20) and to serum (21). Studies using isolated adipocytes
suggest that phosphorylation of the CKII site in inhibitor-2 is
enhanced in response to insulin (22). Thus, CKII may be in-
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Table 1. Patient Characteristics

OGTT?* results
Group Age Height Body weight Body mass index Fat FPG 2h PG
yr cm kg kg/m’ % mg/dl
Sensitive 26.7+1.4 167.2+1.8 81.0+8.4 28.9+2.9 23+4 92+4 11+7
Resistant 39.2+2.7% 170.0+3.6 129.6+9.3¢ 45.0+3.3¢ 4138 110+2¢ 179+15%
Diabetic 26.4+2.0 170.8+2.2 103.2+16.0 35.1£5.0 315 232417} 373+22%

* Oral glucose tolerance test; FPG, fasting plasma glucose; PG, plasma glucose. ¢ P < 0.05 compared with sensitive; ¥ P < 0.01 compared with

sensitive.

strumental in the mechanism of activation of type 1 phospha-
tase by insulin. Accordingly, we have examined the influence
of insulin on CKII activity in human skeletal muscle to deter-
mine if an abnormal response in insulin-resistant subjects
might contribute to the mechanism of insulin resistance.

Methods

Subjects. 16 Pima Indians (14 males and 2 females) were admitted to
the Clinical Diabetes and Nutrition Section, National Institute of Dia-
betes and Digestive and Kidney Diseases, National Institute of Health.
After written informed consent was obtained, subjects were given physi-
cal examinations including a 12-lead electrocardiogram. After an over-
night fast, routine blood chemical and hematological examinations
were performed. All subjects had normal physical examinations, elec-
trocardiograms, and blood tests and none was taking medications.
Each subject underwent a 75-g oral glucose tolerance test after receiv-
ing a diet containing 200 g carbohydrate for at least 2 d. Based on the
rate of glucose disposal during a hyperinsulinemic euglycemic clamp
and on criteria established by the National Diabetes Data Group (23),
the subjects were categorized as insulin-sensitive (n = 7; M value (glu-
cose disposal rate) > 8 mg/min - kg fat-free mass), insulin-resistant,
nondiabetic (n = 4; M < 8), and insulin-resistant diabetic (n = 5; M
< 8). Body fat was estimated by underwater weighing with simulta-
neous measurement of residual lung volume (24). The characteristics
of the patients and results of oral glucose tolerance tests are summa-
rized in Table I.

Hyperinsulinemic euglycemic clamp and muscle biopsy. After an
overnight fast, the euglycemic clamp was initiated by a primed continu-
ous high dose insulin infusion (600 mU/min per m?) for 120 min as
previously described (25). The plasma insulin concentration was mea-
sured by automated radioimmunoassay (Concept 4: ICN Pharmaceuti-
cals, Inc., Horsham, PA) before the start of the insulin infusion and at
12.5, 27.5, 55, and 90 min during the clamp. M value was determined
during the last 40 min of the clamp.

Percutaneous muscle biopsies were taken from quadriceps femoris
before and at 15, 30, 45, 60, and 90 min after the start of insulin

infusion. After local anesthesia of skin and muscle fascia, incisions
were made at intervals of at least 2 cm, 1-2 inches from the midline of
both midlateral thighs. The muscle specimens were collected using a
Bergstrom needle and frozen in liquid nitrogen within 5 s and subse-
quently stored at —70°C. Glucose disposal rates and concentrations of
glucose and insulin in plasma before and at steady states during the
clamp are summarized in Table II.

Preparation of muscle extracts. Frozen biopsy specimens were ly-
ophilized, dissected free of blood, fat, and connective tissue, and then
powdered using a mortar and pestle. Powdered muscle was mixed with
buffer comprising 80 mM B-glycerophosphate, 20 mM EGTA, 15 mM
MgCl,, pH 7.3, at a ratio of 0.25 ml/mg and disrupted at 4°C for 20 s
using an OMNI 1000 homogenizer (OMNI International, Inc., Water-
bury, CT) at high speed. The homogenate was centrifuged at 100,000 g
for 30 min at 4°C and the supernatant fraction was stored at —70°C.

Casein kinase II assay. CKII activity was assayed using a peptide
with the sequence Arg-Arg-Arg-Glu-Glu-Glu-Thr-Glu-Glu-Glu that is
a specific substrate for CKII (26) and that is useful for measuring CKII
activity in extracts of cells (27). Aliquots of muscle extract (12 ul) were
incubated in a final volume of 30 ul at 30°C for 20 min in the presence
of 50 mM Tris-HCI, pH 7.6, 10 mM MgCl,, 100 uM [y-**P]JATP
(1,500-4,000 cpm/pmol) with or without 2 mM peptide in duplicate.
Reactions were started by adding ATP and were stopped by applying
25 ul of the reaction mixtures on Whatman P-81 papers (Whatman
Inc., Clifton, NJ), which were then washed five times with 10 mM
H;PO, and once with 95% ethanol and dried. Radioactivity associated
with the papers was determined by liquid scintillation spectrometry.
The ratio of radioactivity incorporated in the presence of peptide sub-
strate divided by radioactivity incorporated in its absence was 4.5+0.15
(mean+SE; n = 18). Kinase activity was calculated on the basis of net
phosphorylation of peptide. Assays were linear with both the amount
of muscle extract (5-15 ug protein/assay) and with time up to 30 min
(data not shown).

Alkaline phosphatase treatment. Before treatment with alkaline
phosphatase, aliquots of muscle extracts (240 ul) were concentrated to
60 ul using Bio-Rad Ultracent-30 concentrators (Bio-Rad Laborato-
ries, Richmond, CA) and then diluted in 600 ul of buffer A (15 mM

Table II. Glucose Disposal Rates and Concentrations of Plasma Glucose and Insulin during the Clamp

Before the start of clamp At steady state of clamp
Group Glucose Insulin Glucose Insulin Glucose disposal rate
mg/dl uU/ml mg/dl nU/ml mg/min - kg-FFM
Sensitive 101+4 9.1£2.0 93+2 2382+162 10.3+0.7
Resistant 13145 41.3£6.0* 98+2 2845+123 4.4+0.7*
Diabetic 227+19% 20.6+8.6 115+9* 2310170 4.6+0.5%

FFM, fat-free mass. * P < 0.05 compared with sensitive; ¥ P < 0.01 compared with sensitive.
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Tris-HCl, pH 7.9, 5 mM KCl, 0.5 mM MgCl,, 0.5 mM dithiothreitol,
and 1 mM phenylmethylsulfonyl fluoride) (20). The diluted extracts
were again concentrated to 60 pl and diluted with 600 ul of buffer A
before being concentrated to ~ 100 ul. Two equal aliquots of each
resultant extract in buffer A were incubated in a total volume of 120 nl
with or without 1 U of alkaline phosphatase (equilibrated in buffer A),
in the presence of 100 uM ZnCl, at 23° for 15 min (20). Alkaline
phosphatase beads were then sedimented by centrifugation and CKII
activity in the supernatant fraction and in the reaction mix without
phosphatase was assayed as described above. For control reactions,
alkaline phosphatase beads were boiled for 20 min, which inactivated
the enzyme assayed with p-nitrophenylphosphate as a substrate.

Western blotting. Aliquots of muscle extracts that each contained
25 ug of protein were subjected to SDS-PAGE on a 12.5% gel. Proteins
were transferred from the gel to nitrocellulose using a Bio-Rad Labora-
tories blotting apparatus at 60 V for 4 h in a cold room. The nitrocellu-
lose blot was developed with antiserum to bovine thymus CKII and
'25I_protein A as described previously (27). After autoradiography, the
bands corresponding to the a- and B-subunits of CKII were cut out, and
associated radioactivity in each was determined by y-counting. The
radioactivity associated with both subunits was linear with the amount
of extract protein up to 50 ug (data not shown).

Materials. [y->*PJATP and '®I-protein A were purchased from
New England Nuclear, Boston, MA. Antiserum to bovine thymus
CKII was obtained from Dr. Michael Dahmus, University of Califor-
nia, Davis, CA. The peptide with the sequence Arg-Arg-Arg-Glu-Glu-
Glu-Thr-Glu-Glu-Glu was obtained from Peninsula Laboratories,
Inc., Belmont, CA. Immobilized alkaline phosphatase was purchased
from Sigma Chemical Co., St. Louis, MO.

Statistical analysis. The data presented are mean values+1 SE of
the mean. Comparisons of two sample means were made using Stu-
dent’s ¢ test. Statistical significance of the effect of insulin on CKII
activity during the insulin infusion (Fig. 1) was assessed by repeated
measures analysis of variance.

Results

Time course of insulin-stimulated casein kinase II activity. Fig.
1 shows the effect of insulin on CKII activity measured in ex-
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Figure 1. Activation of casein kinase II by insulin in human skeletal
muscle. Muscle biopsies were taken before and at various times
during a hyperinsulinemic, euglycemic clamp. The preparation of
muscle extracts and assays of CKII activity are described in Methods.
The data are means+SEM for seven insulin-sensitive (0), four insu-
lin-resistant, nondiabetic (x), and five insulin-resistant diabetic (m)
subjects. The effect of insulin on CKII activity in all three groups was
significant (P < 0.05) as assessed by repeated measures analysis of
variance. Basal CKII activity (t = 0) in resistant subjects was signifi-
cantly higher (P < 0.05) than in sensitive or diabetic subjects as as-
sessed by Student’s 7 test.

tracts of human skeletal muscle obtained during a high dose
insulin clamp. In sensitive subjects, CKII activity was rapidly
and transiently stimulated. The effect was essentially maximal
(37+8% over basal) by 15 min and persisted through 45 min
(42+11% over basal) after which activity began to decline. The
activation was biphasic in three subjects, which accounts for
the slightly lower activity at 30 min than at 15 and 45 min.
CKII activity was also increased in response to insulin in dia-
betics, however, in contrast to sensitive subjects, the activity
remained elevated over the 90-min period examined. The
maximum activation (34+7% over basal) was similar to that
seen in sensitive subjects, but it was not achieved until 90 min.
The time course of the response of CKII to insulin in nondia-
betic resistant subjects was similar to that in the diabetics, but
the magnitude of activation (19+10%) was only about one-half
that achieved in the other groups. The magnitude of the insulin
effect in resistant subjects may be limited because of a higher
basal CKII activity and a limit to the maximum obtainable
specific activity, which under our experimental conditions ap-
pears to be about 3 pmol/min per mg dry muscle.

Basal CKII activity. To determine whether differences in
basal CKII activity among the three groups could be explained
by different concentrations of CKII, three extracts from each
group were subjected to immunoblot analysis and quantitation
of both - and B-subunits of CKII. Fig. 2 shows an autoradio-
gram of the immunoblot. It is apparent from inspection that
the concentration of CKII is similar among the three groups.
An additional aliquot of one sample (number 3) from each
group that contained twice the amount of extract protein was
analyzed to demonstrate that the blotting technique can detect
small differences in CKII protein (see also reference 18). Bands
corresponding to a- and B-subunits of CKII were excised and
associated radioactivity was determined by y-counting. CKII
activity was not correlated with the amount of either a-subunit
(r = —0.21) or B-subunit (r = —0.19), indicating that the higher
basal CKII activity in resistant subjects does not result from
overexpression of CKII, but rather from elevated activity of the
enzyme. Because insulin-resistant nondiabetic subjects were
hyperinsulinemic, it is possible that the elevated basal CKII
activity is the result of insulin action. This possibility is sup-
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Figure 2. Immunoblot analysis of casein kinase II in extracts of
human skeletal muscle. Aliquots of extracts that each contained 25
ug of total protein were subjected to SDS-PAGE and electrophoretic
transfer to nitrocellulose. The blots were developed with CKII
antibody and 'ZI-protein A and an autoradiogram was prepared as
described previously (27). S1-S3 refer to samples from insulin
sensitive subjects, R1-R3 from resistant, nondiabetics, and D1-D3
are samples from resistant diabetic subjects. Lanes labeled 2 X 3
contained 50 ug of protein from extracts of sensitive, resistant, and
diabetic subjects.
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ported by the data in Fig. 3, which shows that among all sub-
jects, basal CKII activity was correlated with fasting plasma
insulin levels (r = 0.61; P < 0.02).

Mechanism of insulin-stimulated casein kinase II. The
mechanism by which insulin activates CKII is not known.
Previous studies have shown that insulin-stimulated CKII activ-
ity is stable to gel filtration (18) or ion-exchange chromatogra-
phy (19), suggesting that the kinase is covalently modified in
response to insulin. Ackerman et al. (20) provided evidence
that the mechanism by which epidermal growth factor stimu-
lates CKII involves phosphorylation of the enzyme or of an
effector protein. Treatment of extracts from EGF-stimulated
cells with immobilized alkaline phosphatase restored CKII ac-
tivity to control levels. Subsequent studies have shown that
EGF promotes phosphorylation of the 8-subunit of CKII and
that enzyme activity is tightly associated with the extent of its
phosphorylation (28). To determine if insulin activates CKII
by a mechanism similar to that of EGF, we treated extracts of
muscle, taken from all three groups before and after insulin
administration, with immobilized alkaline phosphatase. Fig. 4
shows that treatment with alkaline phosphatase reduced and
equalized CKII activity among the extracts. To verify that this
effect was the result of phosphatase activity, control incuba-
tions were done using phosphatase that was inactivated by
heating at 100°C, which eliminated the ability of the alkaline
phosphatase to reduce CKII activity in the extracts (Table III).
Thus, in all three groups, the mechanism by which insulin stim-
ulates CKII activity appears to involve phosphorylation of the
enzyme or of an effector molecule. Furthermore, because phos-
phatase treatment equalized basal CKII activities, the higher
basal activity of CKII in resistant subjects compared with the
other groups apparently can be accounted for by a similar
phosphorylation mechanism. This result lends further support
to the interpretation that higher basal CKII activity is caused by
the higher fasting insulin levels in resistant subjects.

Discussion

Studies of the mechanism of insulin-resistance in skeletal mus-
cle of Pima Indians have identified target enzymes and several

CK II Activity (CPM)
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Figure 4. Effect of alkaline phosphatase on casein kinase II activity in
extracts of muscle obtained before and after insulin administration.
Extracts were prepared from muscle of insulin-sensitive, insulin-re-
sistant, nondiabetic and insulin-resistant diabetic subjects either be-
fore (—) or after (+) administration of insulin. Extracts were assayed
for CKII activity before (open bars) and after treatment with immo-
bilized alkaline phosphatase (solid bars) as described in Methods.
Data are mean+SEM (n = 3).

potential elements of the insulin signal transduction pathway
that are affected. Glycogen synthase (4), glycogen synthase
phosphatase (12), phosphorylase phosphatase (unpublished
observations), and S6 Kinase (29) all respond more slowly and
to a lesser extent than is normal. However, one critical element
of the pathway, the insulin receptor, does not appear to be
affected in such a way as to contribute to insulin resistance (13).
Thus, the biochemical defect in insulin signal transduction ap-
pears to lie between the receptor and various downstream ele-
ments of the pathway(s) of insulin action. The simplest inter-
pretation of the results of our studies is that the ability of insu-
lin to activate CKII is not impaired in insulin-resistant
nondiabetic subjects. Results presented in Fig. 1-3 suggest that,
in the basal fasting state, CKII in muscle of resistant nondia-
betics is already activated by insulin to a level greater than that
in sensitive subjects. This may result from both the higher fast-
ing insulin concentrations in resistant nondiabetic subjects (Ta-

g 3-50'} ble II and Fig. 3) as well as the fact that the insulin receptor in
2 3.001 X skeletal muscle of resistant nondiabetic subjects is more sensi-
> E 7 X tive to insulin than is the receptor from sensitive subjects (13).
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(pU/mi plasma) Heated alkaline phosphatase 91.5+6.7 NS

Figure 3. Relationship between basal casein kinase II activity and the
concentration of insulin in plasma of fasting subjects. The prepara-
tion of extracts and assays of CKII and insulin are described in
Methods. Subjects were either insulin sensitive (0), insulin-resistant,
nondiabetic (x), or insulin-resistant diabetic (w). CKII activity was
positively correlated with the concentration of insulin in plasma (r
=0.61; P <0.02).
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10 muscle extracts were incubated for 15 min at room temperature in
the presence of 100 uM ZnCl, with either 1 U of alkaline phosphatase
or with the equivalent amount of heat-inactivated alkaline phospha-
tase or with neither (Control). After centrifugation, supernatant frac-
tions were assayed for CKII activity as described in Methods. Data are
means+SEM.



ity in muscles of resistant subjects is increased even further in
response to infused insulin during the clamp, and at all time
points, CKII activity in resistant subjects is higher than it is in
muscle of insulin-sensitive subjects. Thus, CKII apparently par-
ticipates in insulin signal transduction either before the lesion
responsible for insulin resistance or in a separate pathway of
insulin action that is not affected by the lesion. Evidence that
insulin signal transduction may involve more than one path-
way has been obtained from studies using either antibodies to
the normal insulin receptor (30) or mutated receptors trans-
fected into normal cells (31, 32). In these studies, manipulation
of the receptor impairs some aspects of insulin action but not
others. In particular, it appears that insulin may affect nuclear
events, such as stimulation of mitosis and possibly gene tran-
scription, by means other than those by which it influences
metabolic pathways.

The lower magnitude of increase in CKII activity in re-
sponse to infused insulin in resistant subjects likely results from
the fact that much of the potential activation has been realized
before the start of the insulin infusion. This may also account
for the slower rise of CKII activity in response to infused insu-
lin in these subjects than in sensitive subjects. The response of
CKII to insulin in resistant subjects is likely an approach to a
plateau, whereas in sensitive subjects, in which CKII activity
starts lower, the response may reflect an initial rate of activa-
tion.

The response of CKII to infused insulin appears to be ab-
normal in muscles of insulin-resistant diabetic subjects (Fig. 1).
The response is slower and at all but the 90-min timepoint,
CKII activity is lower than it is in muscles of insulin-sensitive
subjects. However, the magnitude of the increase, expressed as
a fractional increase over basal activity, was similar in the dia-
betics and normals (34 vs. 42%). It is possible that the slower
response of CKII in diabetics results from hormonal or meta-
bolic responses that are secondary to the development of dia-
betes. The response of CKII to infused insulin in resistant and
diabetic subjects differs from that in sensitive subjects in that it
is not a transient activation over the 90-min period studied.
Because the stimulation of CKII activity that occurs in re-
sponse to insulin is counteracted by the action of a phosphatase
(Fig. 4), it is possible that the decline of CKII activity in sensi-
tive subjects that occurs between 45 and 90 min of insulin
infusion involves dephosphorylation of CKII or of an effector
protein. The fact that CKII activity in both resistant and dia-
betic subjects does not decline after stimulation by insulin,
may reflect the abnormally low activation of protein serine/
threonine phosphatase activity by insulin in these subjects (12).
The lack of phosphatase stimulation also may allow CKII to
achieve a higher maximum activity in resistant subjects than in
sensitive subjects. Although the overall response of CKII to
insulin is different between resistant and sensitive subjects, the
difference probably does not result from a defect in getting the
signal to CKII to activate it, but rather from a defect in the
ability to activate a phosphatase, which could attenuate CKII
activation. Because the activation of CKII does not appear to
be impaired by insulin resistance, the basis of abnormal activa-
tion of type I protein phosphatase probably involves other
mechanisms that influence its activity. These may include gly-
cogen synthase kinase 3 (17), cAMP-dependent protein kinase
acting through inhibitor 1, or the interaction of the catalytic
subunit of the phosphatase with a variety of targeting sub-
units (33).

The magnitude of activation of CKII in muscle of insulin-
sensitive subjects in response to infused insulin was ~ 40%
over basal activity, which is consistent with results of our ear-
lier studies using 3T3-L1 cells and H4-1IE hepatoma cells (18).
This is a relatively modest activation compared with the two-
to tenfold stimulations of CKII in response to insulin, IGF-1,
EGF, and serum that have been reported (19-21). The magni-
tude of response depends of course on the activity of the en-
zyme in the basal state. We found that alkaline phosphatase
treatment suppressed basal CKII activity in extracts of human
skeletal muscle by 75% (Fig. 4). Thus, it appears that in the
basal state, CKII activity is already substantially influenced by
means involving the same mechanism by which it is activated
in response to insulin. This fact probably restricts the magni-
tude of response of CKII to hormonal treatment. If one con-
siders the CKII activity after phosphatase treatment as a theo-
retical basal activity, then the potential range of response of
CKII to insulin in human muscle is about six- to ninefold. In
contrast to our findings, Ackerman and Osheroff found no
effect of alkaline phosphatase on CKII activity measured in
extracts of hormone-naive A431 cells, suggesting that their pro-
tocol for handling cells before exposure to epidermal growth
factor was effective in suppressing basal CKII activity to a min-
imum. These cells likely had a much greater potential for CKII
activation, which achieved fivefold over basal activity in re-
sponse to EGF (20). Thus, the magnitude of CKII activation in
response to a hormone may be more a function of the basal
activity than it is of the maximum activity achieved in response
to the hormone. Differences in basal CKII activity may ac-
count for the considerable variation in the magnitude of re-
sponse of the kinase to various hormones or growth factors that
have been reported.
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