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A

receptor for insulin on the membrane and many tissues, such as fat, liver, cardiac, and skeletal
L muscle, has been well characterized.1"10 In
k these tissues, the hormone supports intermediary metabolism. Insulin receptors are also.present in tissues whose metabolism may not be altered by insulin, including fibroblasts,11-12 monocytes,13 erythrocytes,14 neural
cells,15 and leukemic lymphoblasts.16-17 Unstimulated, freshly
prepared, thymus-derived (T) and bursal-equivalent (B)
lymphocytes do not have a functional insulin receptor.18 In
contrast to other tissues, insulin receptors on lymphocytes
become detectable only after activation by antigen18"20
or mitogen.16-19"22 Thus, the lymphocyte provides a useful
model system for studying the emergence of hormone
receptors.
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There are at least two nonmutually exclusive hypotheses
which may explain the mechanism by which insulin receptors appear upon activated lymphocytes. First, inactive
cryptic insulin receptors may be present in the lymphocyte
membrane. Activation may produce only a change in membrane configuration, which permits hormone binding. Alternatively, lymphocyte activation may be linked to de novo
synthetic events culminating in the appearance of functional receptor units. Recently, evidence has been reported
which demonstrates that appearance of T-lymphocyte insulin receptors following mitogenic stimulation requires DNAdependent RNA synthesis and protein synthesis, although
de novo DNA synthesis and blast transformation are not
necessary.21-22
Nevertheless, cryptic receptors have been demonstrated
in membranes harvested from liver or fat cells. Treatment of
these tissues with phospholipase C or A, NaCI, LiCI, or
CaCI2 unmasked cryptic binding sites for insulin.5"7'23-24 It is
possible that cryptic lymphocytic insulin receptors are also
"blocked" by phospholipids, despite the fact that Krug and
co-workers16 found that phospholipase C did not reveal specific insulin binding sites on the unstimulated lymphocytes.
This study was undertaken to directly investigate the possibility that cryptic plasma membrane receptors are present
before or after lymphocyte activation and that hypertonic
salt solutions or enzymatic digestion can uncover these
sites and permit ligand binding.
EXPERIMENTAL PROCEDURES

MATERIALS
Hanks' balanced salt solution, RPMI-1640 medium, and fetal
calf serum (FCS) were purchased from Microbiological
Associates. 125l-insulin (90% monoiodinated) 100 Ci//ng was
purchased from New England Nuclear Corp. Unlabeled,
single-peak porcine insulin was a kind gift of Dr. Ronald
Chance of the Eli Lilly Co. Bovine serum albumin (BSA) was
purchased from Miles Laboratories, Inc. Concanavalin A
(Con A) was purchased from Sigma Chemical Co. Phospholipase A and C were purchased from Calbiochem.
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SUMMARY
Previous experiments have demonstrated that insulin
receptors emerge upon stimulated lymphocytes while
resting lymphocytes lack insulin receptors. The appearance of insulin receptors is totally dependent on
RNA and protein synthesis. The results suggest that
insulin receptors are synthesized de novo or that new
protein is synthesized that is responsible for activation of the receptor. In this study, we investigated the
possibility that cryptic membrane receptors are present before lymphocyte activation. As a precedent, hypertonic salt solutions or enzymatic digestion have
been reported to uncover cryptic insulin receptors in
liver and fat cell membranes. Similar treatment of
lymphocytes failed to reveal cryptic, stereospecific receptor sites, although nonspecific insulin binding did
increase. DIABETES 30:314-316, April 1981.
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RESULTS

Thymocytes harvested from postweaning rats lack insulin
receptors. In contrast, Con A-stimulated thymocytes develop
a high-affinity, low-capacity, stereospecific receptor for insulin (binding curve not shown) with properties identical to
those previously reported from this laboratory in studies of
other activated lymphocytes.19-20 After interaction of a saturating concentration of insulin (8.2 /ag/ml)17~19 with activated thymocytes, total 125l-insulin and nonspecific 1 2 5 Iinsulin binding were, respectively, 1256±14 and 784±2.
Aliquots of these mitogen-stimulated cells were then treated
TABLE 1
Influence of salt treatment on 1Ml-insulin binding to thymocytes
Exp. #
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Total binding
943 ±
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529 d
2,094 d
4,473 d
271 d 349 d
965 d
1,700 d

99
792
667
16
40
69
73
157 H 28
3,003 d - 801
1,035 d 319
405 d - 51
3,045 d - 131
3,948 d 53
731 d 53
3,423 ± 682
5,713 ± 535

TABLE 2
Influence of salt treatment on 125l-insulin binding to liver cells
Exp. #

Total binding

15,039
25,680
6,714
14,043

±
±
±
±

Nonspecific binding

1,233
2,416
748
238

6,239
19,808
3,134
10,688

±
±
±
±

1,322
6,514
82
93

Treatment

NaCI (2 M)
NaCI (2 M)

with 2 M NaCI solution in an attempt to reveal cryptic receptors. Salt treatment resulted in increased total binding. However, this increase (1256 ±14 to 4502 ±752) was due to
nonspecific binding that increased from 784±2 to
4112±1459 following NaCI salt exposure. Hence, specific
receptor site binding was essentially unchanged.
In addition, we tested the possibility that the insulin receptors present following stimulation are actually cryptic receptors present in an inactive form before stimulation. Resting thymocytes were subjected to several treatments. Five
representative experiments are shown in Table 1. NaCI and
CaCI2 treatment of resting thymocytes caused an increase
in total and nonspecific 125l-insulin binding but specific insulin binding was unchanged. Liver cells were also treated
with NaCI or CaCI2. As shown in Table 2, salt treatment of
liver caused an increase in nonspecific 125l-insulin but not
specific insulin binding. The effect of hypertonic salt treatment upon the insulin binding properties of thymocytes and
liver cells was reversed by sedimenting the cells at 450 x g
for 10 min and resuspending the cells in the Hanks' media
supplemented with 0.1% BSA (Table 3). Treatment of thymocytes with phospholipase A or C did not alter binding (Table
4). Cuatrecasas et al. 6 previously reported that hypertonic
salt solutions or phospholipase treatment of liver cell membranes expose specific insulin binding sites. Disappointingly, we found salt pretreatment of thymic membranes resulted only in increased nonspecific site binding (Table 5).
DISCUSSION
Krug, Krug, and Cuatrecasas16 first demonstrated that mitogen-activated lymphocytes express insulin receptors. Helderman and Strom have demonstrated that stimulated Tcells reveal a classic insulin receptor after antigen18-19 or mitogen19"22 stimulation. The appearance of the insulin
receptor does not require de novo DNA synthesis but is totally dependent on mRNA and protein synthesis.21 These results suggest that the insulin receptor is synthesized de

Treatment
—
NaCI (2 M)
CaCI2 (10 mM)
—
CaCU (5 mM)
CaCI2 (10 mM)
CaCI2 (20 mM)
NaCI (2 M)
CaCI2 (10 mM)
—
CaCI2 (20 mM)
CaCI2 (30 mM)
—
NaCI (2 M)
CaCI 2 (10mM)

TABLE 3
Effect of washing cells after salt treatment on

Thymus cells

Liver cells

125

Total binding

Nonspecific
binding

1,214 db84
2,225 dt 159
1,291 =t 451

820 dt 41
1,946 dt 41
827 dt 209

11,343 dt 589
24,692 dt 1,541
10,797 dt 397

5,292 dt 365
23,665 dt 1,814
7,963 dt 921

l-insulin binding
Treatment
CaCI2 (20 mM)
CaCI2 (20 mM)
washed
NaCI (2 M)
NaCI (2 M)
washed
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METHODS
Lewis x Brown Norway FT rat livers orthymi harvested from
3-mo-old rats were teased through 60-gauge steel mesh into
Hanks' balanced solution. The resultant preparation was
sedimented at 450 x g for 10 min and resuspended in fresh
media. Before enzymatic treatment, the cells were suspended in RPMI-1640 medium while cells prepared for hypertonic salt treatment or insulin binding studies were suspended in Hanks' balanced salt solution enriched with 0.1 %
bovine serum albumin (pH 7.4).
Lymphocyte activation. Thymocytes (107/ml) were cultured in vitro for 72 h in RPMI-1640 supplemented with 10%
heat-inactivated FCS and 20 /xg/ml Con A.
Salt treatment. Liver cells (5 x 106/ml) or thymocytes
(15 x 106/ml) were incubated 30 min at room temperature
with either 5-30 mM CaCI2 or 0.5-2.0 M NaCI.
Membrane preparation. Liver or thymic cell membranes
were prepared as previously described by Cuatrecasas.6
Insulin binding assay. A modification of the insulin binding
assay described by Gammeltoft and Gliemann25-26 has been
described extensively.18"22 The modification permits sedimentation of cells through phthalate oils. There is only
0.04% contamination of pellet by free ligand with recovery
of >90% of the cells. In brief, 5 x iO6/ml liver cells or
15 x 106/ml thymocytes suspended in Hanks' + 0.1% BSA
are incubated with 1Z5l-labeled insulin. The assay involves
a competitive binding reaction between 125l-insulin and unlabeled monocomponent porcine insulin. By such competition, both total and nonspecific isotopic binding may be
measured and specific (receptor site) binding can be
calculated.
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TABLE 4
Influence of phospholipase A and C treatment on
binding of thymus cells

Exp. #
1

2

3

Nonspecific
binding

Total
binding
609 :t 124
527 :t 44
489 :t 24
1,197 :t 24
843 :t 94
893 :t 273
376 dt 19
395 :t 138
470 :t 107
5 3 9 : b 192
438 :t 121

402
433
454
597
878
545
294
295
386
306
332

±
±
±
±
±
±
±
±
±
±
±

17
137
96
64
107
115
74
26
40
59
53
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125

l-insulin

Treatment
45 ' 37°C PLA-50 Atg/ml*
45 ' 37°C PLA-5 /xg/ml
5' 37°C PLC-0.5 /ig/mlf
5' 37°C PLC-1 /xg/ml
10'
10 '
30 '
30 '

37°C PLC-0.05 ng/m\
37°C PLC-1 Aig/ml
37°C PLC-0.05 /Ltg/ml
37°C PLC-1 /xg/ml

*PLA = Phospholipase A.

novo or a new protein is synthesized which is responsible
for the insertion of the receptors into the membrane. In this
report, we attempted to reveal cryptic insulin receptors
upon nonactivated thymocytes. To this end, we utilized
means used previously by others to detect cryptic membrane insulin receptors in other tissues. While NaCI and
CaCI2 caused increased total insulin binding in liver cells
and thymocytes, this increase was solely due to an increase
in nonspecific binding. These results stand in marked contrast to the finding of Cuatrecasas and co-workers,7'22-24 who
observed an increase in stereospecific insulin binding sites
after treatment of liver cell membranes with hypertonic salt
solutions. This apparent discrepancy cannot easily be attributed to differences in assay techniques, as only the
method of eliminating unbound insulin was variable. The
rise in nonspecific binding of 125l-insulin after exposure to
hypertonic salt solutions may be due to perturbations in the
configuration of molecules in the membrane which expose
new binding sites. For example, high cation concentration
shields charge-reduced repulsion, and electrodynamic
forces aggregate intramembranous particles on the membrane.27-28 Treatment of thymocytes with phospholipase A or
C did not alter 125l-insulin binding.
In summary, we find no evidence that resting lymphocytes
bear cryptic receptors present in the membrane before activation. It is likely that insulin receptors apparent upon activated T-cells result from de novo synthesis of the receptor
protein.
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TABLE 5
Influence of salt treatment on 125l-insulin binding to thymic
membranes
Total binding

Nonspecific binding

Treatment

440 ± 46
1,312 ± 244
1,987 ± 706

424 ± 45
1,329 ± 389
1,509 ±372

20 mM CaCI2
2 M NaCI
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fPLC = Phospholipase C.
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