Vol. 201, No. 1, 1994 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
May 30, 1994 Pages 71-77

High Glucose Condition Activates Protein Tyrosine Phosphatases and
Deactivates Insulin Receptor Function in Insulin-Sensitive Rat 1 Fibroblasts

Rie Ide, Hiroshi Maegawa, Ryuichi Kikkawa, Yukio Shigeta
and Atsunori Kashiwagi

The Third Department of Medicine, Shiga University of Medical Science, Seta,
Ohtsu, Shiga 520-21, Japan

Received April 4, 1994

Summary To investigate the mechanism for the impairment of insulin receptor kinase activity
induced by high glucose (HG) in Rat 1 fibroblasts that expressed human insulin receptors
(HIRc), we measured protein tyrosine phosphatase (PTPase) activity in HG cells. Incubating
HIRCc cells for 4 days in 27 mM D-glucose (HG) stimulated cytosolic PTPase activities, but not
particulate PTPase activity as determined by two methods using the dephosphorylation of
insulin receptors. Furthermore, PTP1B, a major non-transmembrane PTPase in the cytosolic
fraction,was increased in HG cells according to Western blots. These results indicate that
desensitization of insulin receptor function by a high glucose condition is associated with the
activation of PTPase activity. ¢ 1994 academic press, Inc.

Non-insulin-dependent diabetes mellitus (NIDDM) is characterized by insulin resistance
in insulin-sensitive peripheral tissues, particularly the skeletal muscles (1). Several studies on
insulin receptor function of skeletal muscles in NIDDM have revealed a decrease in the kinase
activity of insulin receptors, which may be partially responsible for the decreased action of
insulin in patients with NIDDM (2-4).

Hyperglycemia per se induces insulin resistance in experimental animal models, based
upon the finding that the correction of hyperglycemia with phlorizin normalizes in vivo insulin
sensitivity in diabetic rats (5). The in vitro studies of Miiller et al.(6) have demonstrated that
the insulin receptor kinase activity in rat adipocytes was modulated by incubating the cells in
high glucose medium. Similarly we reported (7) that in NIDDM paticnts without
hyperinsulinemia, there was a reverse relationship between fasting plasma glucose levels and
the insulin receptor kinase activities of the skeletal muscles. Hyperglycemia per se may induce
in vivo insulin resistance by desensitizing insulin receptors in insulin-sensitive tissues. To
study how the high glucose condition affects insulin receptor function in cell culture system,
we used Rat 1 fibroblasts that over-expressed human insulin receptors (HIRc). We found that
high glucose induced the impairment of insulin receptor kinase activity (8). However, the
mechanism of glucose-induced insulin receptor dysfunction remains unclear.
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Protein tyrosine phosphatase (PTPase) is considered to be an important regulator for
insulin action and its activation may deaclivate insulin receptor kinase activity (9).
Furthermore, the abnormal regulation of PTPase has been reported in animals and pbaliems
resistant to insulin (10, 11). In this study, therefore, we investigated whether PTPase activity
is altered and whether it causes dysfunction in insulin receptors in HIRc cells cultured in high
glucose medium.

Materials and Methods

Materials: Purified porcine insulin was a gift from Novo-Nordisk Pharmacy and Eli Lilly
and Company. Pork insulin !125]-labeled at A14 (A14125L-insulin; 2200Ci/mmo}) was obtained
from DuPont New England Nuclear. [y-32P|ATP was purchased from Amersham
International plc. Protein A was obtained from Calbiochem-Behring Co. Wheat germ
agglutinin (WGA) agarose was purchased from Pharmacia PL Biochemical. Aprotinin,
phenylmethylsulfony{ fluoride (PMSF), and bacitracin were all purchased from Sigma. Anti-
insulin receptor antiserum (alR) was obtained from a Type B insulin-resistant patient.
Monoclonal phosphotyrosine antibody («PY20) was purchased from ICN and anti-protein
tyrosine phosphatase-1B (PTPI1B) antibody was purchased from UBL All other reagents were
of analytical grade {rom Nakarai Chemicals.

Cell culture: Rat 1 fibroblasts that expressed human insulin receptors (HIRc), provided by
Dr. J.M. Olefsky (University of California, San Diego)(12), were recloned to obtain cells
expressing about one-tenth the nuber of receptors as the original HIRc celis. Recloned HIRc
cells were maintained in Dulbecco’s modified Eagle’s medium supplemented with 10% fetal
calf serum. Subconfluent HIRc cells were cultured for up to 4 days with various
concentrations of D-glucose (5.5 mM: normal glucose, NG; 27 mM: high glucose, HG) or D-
raffinose. The medium was changed every other day. These culture conditions did not
influence the cell number and content of cellular proteins (data not shown).

Insulin binding assay: Insulin binding to purified receptors has been described (13). In
brief, 125I-insulin binding to solubilized receptors was assessed by polyethylene glycol
precipitation while insulin binding capacity was determined by Scatchard plots.

Measurement of PTPase activity using 32P-phosphorylated insulin receptors:
NG and HG cells were homogenized in buffer A (50 mM HEPES, pH 7.0, 5 mM EDTA,
0.5mM EGTA, 1 mM DTT, 0.2 mM PMSF, and 1000 KIU aprotinin) by polytron (setting 7
for two 20 sec periods), and centrifuged at 500 g for 10 min at 4°C. The resultant supernatant
was ultracentrifuged at 100,000 g for 60 min at 4°C. The final supernatant was designated as
the cytosolic fraction. The pellet was solubilized in buffer A containing 0.5 % Triton X-100
and designated as the particulate fraction according to the modified method of Begun et al.(14).
Partially purified insulin receptors were autophosphorylated in the presence of 100 uM ATP
(y-32P-ATP; 500 uCiftube), after overnight stimulation with insulin. A Bio Gel P6 spin
column was used to remove free labeled ATP. Aliquots of autophosphorylated insulin
receptors (100 fmol) were incubated with cytosolic (20 pg protein) or particulate (10 pg
protein) fractions at 30°C for 10 and 20 min, respectively. The reaction was terminated by
adding 0.5 ml of chilled stop solution containing 4 mM EDTA, 100 mM NaF, 5 mM Na;VO,,
1000 K1U aprotinin, 2 mM PMSF, in 50 mM HEPES buffer according to the procedure of
Hashimoto et al.(15). Insulin receptors were then immunoprecipitated with aIR and resolved
by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and the amounts of radioactivity in
the band corresponding to.the B-subunits were determined by Cherenkov counting.
Measurement of PTPase activity by an immuno-enzymic assay : PTPase activities
were also determined using an enzyme-linked assay system that utilizes a phosphorylated
insulin receptor (150fmol/well) and a monoclonal phosphotyrosine antibody (aPY20)
according to the method of Peraldi et al. (16). The dephosphorylation reaction was initiated by
adding 20 pg of protein from the cytosolic and particulate fractions obtained from NG and HG
cells. After a 30 min incubation at 22°C, PTPase activities were measured using «PY20 and
peroxidase-conjugated anti-rabbit antibody. Receptor dephosphorylation was calculated as the
ratio of A492 of dephosphorylated receptors (measuring by incubating insulin receptors in the
presence of phosphatases) over that of the control receptor (incubated in the absence of
phosphatases). PTPase activities measured by this assay system were time- and dose-
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dependent within the range between 15-45 min and between 10-50 pg of protein (data not
shown).

Western blots of PTPIB in the cytosolic and particulate fractions obtained
from NG and HG cells: Samples from NG and HG cells were separated into cytosolic and
particulate fractions as described above, and PTPIB was immunoprecipitated using anti-
PTP1IB antibody. Total cellular proteins and the immunoprecipitated proteins from both

fractions (20-40 pg protein) were resolved by SDS-PAGE and transferred to an Immobilon
membrane (Millipore) using standard procedures. Immunoblotting was proceeded using anti-
PTPIB antibody and proteins were visualized by means of an anti-rabbit antiserum, using
enhanced chemiluminescence (ECL kit, Amersham) according to the manufacturer's
specifications (17).

Results

Cells incubated for four days in high glucose medium (27 mM) showed a significant
decrease in both the basal and maximally stimulated tyrosine kinase activities in Rat 1
fibroblasts expressing human insulin receptors (HIRc) as recently reported (8). To investigate
the molecular mechanism of high glucose-induced receptor kinase dysfunction, we tested
whether PTPase activity would be altered in HG cells, because PTPase is thought to be an
important regulator for insulin action (9). After the cells were cultured in high glucose medium
for 4 days (HG), the PTPase activities of both cytosolic and particulate fractions from HG cells
were measured using 32P phosphorylated insulin receptors as a substrate. As shown in Figure
1, cytosolic PTPase activities in HG cells increased about 2-fold when compared with cells
cultured in normal glucose medium (NG). On the other hand, the particulate PTPase activities
were comparable among two groups. We also measured PTPase activities by an immuno-
enzymic assay system using phosphorylated insulin receptors and aPY20. As summarized in
Figure 2, the cytosolic PTPase activity in HG cells was significantly elevated, but the
particulate PTPase activity in HG cells was comparable with that in NG cells. These similar
results indicated that cytosolic PTPase activity in the cells cultured in high glucose medium for
4 days was elevated through two different methods.

We studied further mechanism for the increase in cytosolic PTPase activity in HG cells
by Western blotting, to test whether the PTP1B content is altered. This is because PTPIB is
considered as the most likely to be involved in insulin action. As shown in Figure 3, the
amount of PTP1B in the cytosolic fraction of HG cells was significantly elevalted, in
accordance with increased PTPase activity in the cytosolic fraction in HG cells. On the other
hand, high glucose condition did not induce any changes in the PTP1B content in the
particulate fraction, even though PTP1B was dominantly localized in the particulate fraction.

Discussion

To study hyperglycemia-induced insulin resistance, we measured both the in vitro
autophosphorylation and tyrosine kinase activities of WGA-purified insulin receptors obtained
from cells cultured in high glucose medium for 4 days, and found that relatively chronic
exposure of HIRc cells to the high glucose concentration in the medium led to impaired
autophosphorylation and tyrosine kinase activity as previously reported (8). This glucose
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Figure 1.

Protein tyrosine phosphatase (PTPase) activities using 32P-phosphorylated insulin receptors in
NG and HG cells.

(A) Autoradiogram of dephosphorylated insulin receptors treated with either cytosolic or
particulate fraction obtained from NG and HG cells. No treatment (lanes 1, 4 and 7); normal
glucose, NG (lanes 2 and 5): high glucose, HG (lanes 3 and 6); cytosolic fraction (lanes 2 and
3) and particulate fraction (lanes 5 and 6). (B) Cytosolic and particulate PTPase activities from
NG and HG cells. Normal giucose [T] High glucose ER.

Values are expressed as counts (cpm) and are the means + SE of six separate experiments.
Statistic significance was calculated by Student's ttest. * : p<0.01 vs. HG cells.

Figure 2.

PTPase Activities determined by an immuno-enzymic assay in NG and HG cells.

PTPase activities were determined using an immune-enzymic assay system that includes a
phosphorylated insulin receptor (150 fmol) and a monoclonal phosphotyrosine antibody
(aPY20). PTPase activitics measured by this assay system were time- and dose-dependent
within the range between [5-45 min and between 10-50 pg of protein (data not shown).
Dephosphorylation was initiated by adding 20 pg of protein of the cytosolic and particulate
fractions from NG and HG cells. After a 30 min incubation at 22°C, PTPase activities were
measured using aPY20 and peroxidase-conjugated anti-rabbit antibody. The receptor
dephosphorylation was calculated as the ratio of the A492 of dephosphorylated receptors
@neasuring by incubating insulin receptors in the presence of phosphatases) over that of control
receptor (incubated in the absence of phosphatases). Each value is presented as the means of
five separate experiments in quadruplicate (+ SE) and statistic significance was calculated by
Students t test. * : p<0.01 vs. HG celis.

effect depended on both incubation time and the concentration of D-glucose in the media.
Insulin receptor kinase activity was not affected by co-incubating cells with 5.5mM D-glucose
and 21.5 mM raffinose as a high osmotic control group, suggesting that the effect was specific
for D-glucose metabolism.

Concerning the molecular mechanism for dysfunction of insulin receptor kinase in HG

cells, it is possible that a short-term, high glucose concentration (within 24 h) can activate
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Figure 3.

Western Blotting of PTP1B in the cytosolic and particulate fractions from NG and HG cells.
Samples from NG and HG cells were separated to cytosolic and particulate fractions, and
PTPIB was immuno-precipitated by anti-PTP1B antibody. Total cellular proteins (cytosolic
fraction, 40 pg and particulate fraction, 20 ng)(A) and the immuno-precipitated proteins (B)
from both fractions were resolved by SDS-PAGE and transferred to an Immobilon membrane
(Millipore) using standard procedures. Immunoblotting was carried out using anti-PTP1B
antibody and visualized by anti-rabbit antiserum using enhanced chemiluminescence (ECL kit,
Amersham).

protein kinase C (PKC) [18], then impair the tyrosine kinase activity of insulin receptors as
found in rat adipocytes [6]. Furthermore Berti et al. [19] have reported that high glucose
medium induced insulin receptor dysfunction via the activation of PKC in Rat 1 fibroblasts that
overexpress human insulin receptors. They observed glucose effects within 30 min and they
were paralleled by the rapid translocation of several PKC isoforms (« & ¢ {) to the plasma
membrane within 1 min. This is in accordance with the direct activation of PKC by phorbol
ester leading to the serine and threonine phosphorylation of insulin receptors, resulting in the
impairment of receptor kinase activity (20, 21). However, we reported that co-incubating cells
with the new oral agent, pioglitazone, ameliorates the dysfunction of insulin receptor kinase
induced by a high glucose concentration and this agent had no effect on PKC activity [8].
Protein tyrosine phosphatase (PTPase) is considered to be an important regulator of
insulin action. Furthermore, its activation may produce insulin resistance (9), and abnormal
regulation of PTPase has been reported in animals and patients resistant to insulin (10, 11). In

this study, we found that PTPase activity in a cytosolic fraction of HIRc cells exposed to a high
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concentration of glucose was increased 2-fold compared to that of NG cells. An immuno-
enzymic assay for PTPase activity also demonstrated increased cytosolic PTPase activity in HG
cells. Also, the amount of PTP1B, a candidate of PTPase involved in insulin action, was
significantly increased in the cytosolic fraction in HG cells. On the other hand, both PTPase
activity and PTP1B content in particulate fractions in HG cells were unchanged. Thus, it is
possible that cytosolic PTPase activity is stimulated in the presence of high glucose, resulting
in decreased autophosphorylation of the insulin receptor and its kinase activity. In the cytosolic
fraction obtained from HG cells, increased PTPase activity was comparable to the PTPIB
content. However, it is unclear whether increased PTP1B content in cytosolic fraction is due
to translocation to the cytosol from the membrane fraction including the endplasmic reticulum
or to an increased de novo synthesis of PTP1B protein. Furthermore, it is possible that the
other types of PTPases are activated, as well as PTP1B.

Concerning the regulation of PTPase activity at high glucose concentration in the
medium, the activation of PKC induced by tetradecanoyl phorbol acetate (TPA) can stimulate
PTPase activity in the soluble fraction of human erythroleukemia cells (22). However, in rat
adipocytes, TPA treatments had no effect on PTPase activity, but accumulation of cAMP
inhibited PTPase activity (23). Thus, the regulatory mechanisms for gene expression of
PTPases are not completely understood. In the case of PTP1B, activation of PKC by TPA-
treatment, insulin and insulin like growth factor 1 can induce PTP1B expression (24, 25).
Currently, there is no clear explanation for the mechanism that may be responsible for the
stimulation of cytosolic PTPase activity in the cells cultured in medium containing high
glucose. Further investigation is required to clarify the regulation of PTPase activity, which

may be one mechanism of glucose-induced insulin resistance.
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