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Insulin Receptor Biosynthesis in Cultured Lymphocytes
from Insulin-resistant Patients
Jose A. Hedo, Victoria Y. Moncada, and Simeon 1. Taylor
Diabetes Branch, National Institute ofArthritis, Diabetes, Digestive and Kidney Diseases,
National Institutes of Health, Bethesda, Maryland 20892

Abstract

In some patients with genetic forms of extreme insulin resistance,
the cause of insulin resistance is a marked (290%) reduction in
the number of insulin receptors on the cell surface. In the present
work, we describe studies of insulin receptor biosynthesis in Ep-
stein-Barr virus (EBV)-transformed lymphocytes from three
patients (A-I, A-5, and A-8) with type A extreme insulin
resistance.

Insulin receptors are composed of two major glycoprotein
subunits (apparent molecular weight JMJ of 135 and 95 kD),
which are both derived from p commonprecursor molecule with
M, of 190 kD. In one patient (A-i), there was a marked reduction
in the biosynthesis of both the 190-kD precursor and the mature
receptor. Thus, in this patient, the defect appears to occur early
in the biosynthetic pathway (i.e., before the synthesis of the 190-
kD precursor). In contrast, in two sisters (A-5 and A-8) with
type A extreme insulin resistance, biosynthesis of the 190-kD
precursor proceeds at a normal rate. However, there appears to
be a defect subsequent to the biosynthesis of the 190-kD pre-
cursor, but before the insertion of the mature receptor in the
plasma membrane. Our observations suggest the existence of at
least two distinct types of biosynthetic defects which may give
rise to a marked reduction in the number of insulin receptors on
the cell surface.

In addition, for comparison, we have studied receptor bio-
synthesis in cultured EBV lymphocytes from a. fourth patient
(A-7) with type A extreme insulin resistance. Although the cells
of patient A-7 have a normal number of insulin receptors, we
have detected subtle abnormalities in the posttranslational pro-
cessing of the insulin receptor precursor, which may be a bio-
chemical marker for a postbinding defect that causes insulin
resistance in this patient.

Introduction

Cell surface receptors play a central role in mediating many
important physiological processes, including hormone action and
receptor-mediated endocytosis (1, 2). Defects in these cell surface
receptors contribute importantly to the pathogenesis of many
human diseases (1-5). In fact, in several rare genetic disease
states, the primary defect appears to be a marked reduction in
the number of receptors at the cell surface (3-7). The genetic
syndromes of extreme insulin resistance are among the best
studied of these diseases (3, 4, 8-10).
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Recently, we have reported that cultured lymphocytes trans-
formed with Epstein-Barr virus (EBV)' provide a powerful tool
for investigating genetic diseases affecting the insulin receptor
(4, 8, 10-15). In the present work, we have studied the biosyn-
thesis of insulin receptors in cultured lymphocytes from four
patients with the syndrome of type A extreme insulin resistance.
As compared with normal subjects, three of these patients have
a marked reduction (.-90%) in the number of insulin receptors
at the cell surface. In one patient (A- 1), the reduction in receptor
number results from a defect in receptor biosynthesis. In two
other patients (A-5 and A-8), the receptor precursor is synthesized
at a normal rate but there appears to be a block before the in-
sertion of the mature receptor in the plasma membrane. In con-
trast, cells from the fourth patient (A-7) possess a normal number
of insulin receptors. However, receptors from patient A-7 fail
to couple insulin binding to insulin action, possibly as a result
of a defect in the receptor-associated protein Icinase (16). Inter-
estingly, there appeared to be subtle defects in the posttransla-
tional processing of insulin receptors from cells of patient A-7.

Methods

Patients. Wehave studied four patients with the syndrome of type A
extreme insulin resistance (Table I). All studies were approved by the
Institutional Review Board of the National Institute of Arthritis, Diabetes,
Digestive and Kidney Disease. Informed consent was obtained in all
cases.

Cells. Lymphocytes were obtained from heparinized peripheral blood
samples and transformed in vitro with EBV, according to previously
established methods (8, 12). Cells were grown in RPMI-1640 medium
supplemented with 10% fetal calf serum (8). '25I-Insulin binding studies
were carried out as described elsewhere (8, 12). '25IInsulin binding is
presented as the ratio of bound to free '25I-insulin (B/F) at a cell density
of IO' cells/ml and an 1251I-insulin concentration of 0.1 ng/ml.

Pulse-chase labeling studies (method I). In some experiments (Figs.
1 and 2), cells were pulse-labeled according to minor modifications of
the method of Hedo et al. (21). In all experiments, a paired experimental
design was employed in which two cell lines (one from a normal subject
and one from an insulin~resistant patient) were studied on the same day
under identical conditions. Stationary phase cells (-2 X 109 cells) were
sedimented by centrifugation, washed, and resuspended at a density of

l07 cells/ml in glucose-free RPMI-1640 medium supplemented with
Hepes (25 mM)plus 10% dialyzed fetal bovine serum. After incubation
at 370C for 30 min, the cells were sedimented by centrifugation and
resuspended at a density of -4 X 107 cells/ml in fresh glucose-free me-

dium containing -0.75 mCi/ml of [2-3H]mannose, and then, incubated
at 370C for 45 min. At this point, the cells were sedimented by centrif-
ugation, resuspended at a density of 2 X 106 cells/ml in complete RPMI-
1640 supplemented with 10% fetal bovine serum plus unlabeled mannose

(2 mM), and incubated at 370C for 0-6 h.

1. Abbreviations used in this paper: B/F, ratio of bound to free 1251.
insulin; EBV, Epstein-Barr virus; SDS-PAGE, sodium dodecyl sulfate-
polyacrylamide gel electrophoresis.
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Table I. Characteristics of Patients

'251-insulin bound
(%/107 cells per ml)

Fasting Fasting
plasma plasma Cultured EBV Circulating

Patient glucose insulin lymphocytes monocytes References

mg/dt MU/mt

Type A insulin-resistant patients

A-1 200 125 2 0.5 8, 9
A-5* 210 330 2 0.7 18, 19
A-8* 315 110 4 0.6 18,19
A-7 111 45 33 6.4 1 7

Normal volunteers

A.R. 87 - 49 - 15
?.L. 82 6 62 15
Y.G. - 32 15

Normal range <105 <20 12-65 4-11

* Patients A-5 and A-8 are sisters who are both the product of a con-
sanguineous marriage between two cousins.

Pulse-chase labeling (method II). Cultured lymphocytes (-2 X 109
cells) were preincubated at 370C for 45 min in 100 ml of glucose-free
RPMI- 1640 supplemented with 10% dialyzed fetal calf serum. The cells
were sedimented by centrifugation, resuspended in 100 ml of glucose-
free medium containing [2-3H]mannose (0.25 mCi/ml), and divided
equally between two tissue culture flasks (75 cm2 surface area). After the
cells were incubated with [2-3H]mannose at 370C for 60 min, we added
1 ml of "stop" solution containing mannose (100 mM)and glucose (500
mM) dissolved in complete RPMI-1640 medium containing 10% fetal
calf serum to each flask. Thereafter, the incubation was extended for an
additional 1,5 or 4 h of "chase," At each time point, one flask of cells
was utilized. The cells were washed three times with phosphate-buffered
saline and the cell pellet was frozen at -20'C overnight. The following
day, each cell pellet was solubilized in 2.5 ml of NaCI (150 mM)/Hepes
(50 mM, pH 7.6)/Triton X-100 (2%, vol:vol) containing phenylmethyl-
sulfonyl fluoride (2 mM) and aprotinin (I trypsin inhibitory unit/ml).
The cell suspension was stirred for 60 min on ice. Insoluble material
was removed by centrifugation (45,000 rpm in Sorvall Ti865.1 rotor
[E. I. DuPont de Nemours & Co., Inc., Small Instruments Div., Newton,

CT]; 60 min; 40C). The supernatants were incubated with Pansorbin
(Calbiochem-Behring Corp., San Diego, CA) (0.15 ml of 20%suspension
of Pansorbin for each milliliter of supernatant) for 30 min on ice. The
Pansorbin was removed by centrifugation (45,000 rpm for 15 min at
40C). Aliquots of the supernatant fluid (1 ml) were incubated overnight
at 40C with either antireceptor antiserum B-2 (dilution, 1:200) or normal
human serum (dilution, 1:200). Pansorbin (0.2 ml) was added to pre-
cipitate immune complexes. The immunoprecipitates were analyzed by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
as described below.

Pulse-chase labeling with [355]methionine was carried out exactly as
with [2-3H]mannose with the following exceptions: (a) Methionine-free
RPMI-1640 was substituted for glucose-free medium; (b) During the
labeling period, cells were suspended in 40 ml of medium containing
[35S]methionine (62.5 MCi/ml); (c) To each flask, we added 100 ml of
"stop" solution which consisted of complete RPMI- 1640 supplemented
with methionine (1 mM)plus fetal calf serum (10%).

The pulse-chase studies using [35S]methionine and [2-3Hjmannose
were always carried out in parallel on the same day using the same batch
of cells.

Determination of incorporation of radiolabeled precursors into TCA-
precipitable material. In the pulse-chase labeling studies, we applied 0.02
ml of Triton extract of the cells (before ultracentrifugation) to a 15-cm2
piece of Whatman 1 filter paper (Whatman Laboratory Products, Inc.,
Clifton, NJ). The filter papers were washed for 3 d in 10% TCA with
three changes of the wash, The filters were allowed to dry at room tem-
perature, and then, they were placed into scintillation vials containing
0.6 ml of Protosol (New England Nuclear; Boston, MA) and 20 ml of
Econofluor 2 (New England Nuclear). After incubating the vials overnight
at 37°C, the radioactivity was determined with a scintillation counter.
In general, the radioactivity incorporated into TCA-precipitable material
was similar to that of cells from normal subjects and cells from insulin-
resistant patients studied the same day.

Cell surface iodination. The cell surface proteins of cultured lym-
phocytes were labeled by lactoperoxidase-catalyzed radioiodination, as
described elsewhere (11, 15). The receptors were solubilized and im-
munoprecipitated, as described for the pulse-chase studies (vide supra).

Analytical SDS-PAGE. The receptors were solubilized in Triton X-
100 and immunoprecipitated with antireceptor antiserum B-2, as de-
scribed elsewhere (15, 21, 22). The immunoprecipitates were analyzed
using SDS-PAGEelectrophoresis followed by fluorography, according
to previously described methods (15, 21, 22). The specific bands were
excised from the gel (Fig. 1) and the radioactivity was quantitated directly
by liquid scintillation counting (21). In Fig. 6, a scanning densitometer
was employed to estimate the intensity of each band on the autoradio-
gram. It was shown that under these conditions, the amount of radio-
activity in a band is proportional to the integrated area under the cor-
responding peak in the densitometric tracing.

NORMAL(P.L.) TYPE A (A-1) Figure 1. Pulse-chase labeling of insulin re-
ceptors in cultured lymphocytes (normal

|_ -,-, ,- subject vs. patient A-l). Cultured lympho-B̂
190K * * > f cytes were incubated for 45 min with [2-

135K- b 3H]mannose ("pulse") and then incubated

95K~~~!*w w F " ! 9~~~~~.X with unlabeled mannose for 0-6 h
'(chase") as described in method I (vide su-
pra). The insulin receptors were solubilized

-, _ -w - WW in Triton X-100. Immunoprecipitation was
- t W _ ww tte * $carried out with either antireceptor antise-

rum (Anti-R) or normal human serum. The
Anti-R I +-1+- l + -I JI+ - II + -1 .+ -J+ -1 + -11 + -11 + - + -1l + - I immunoprecipitates were analyzed by SDS-

0 1 2 3 4 6 0 1 2 3 4 6 PAGE. The figure isa fluorograph ofthe
slab gel. The 135- and 95-kD bands are not

TIME OF CHASE(Hours) well visualized on the photographic repro-
duction of the florograph of the gel from patient A- 1. However, these bands may be demonstrated more clearly using other labeling methods such
as cell surface radioiodination (15).

'25I-insulin binding to the cultured cells was B/F = 1.60 (normal subject P.L.) and B/F = 0.02 (patient A-1).
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Results

Cells from normal subjects. As shown previously in a number
of cell types, insulin receptor biosynthesis proceeds via a pre-

cursor with an apparent molecular weight (Mr) of 190 kD (21,
23-25). This precursor, a single-chain glycoprotein with N-linked
carbohydrate of the high mannose type, is processed to the ma-

ture receptor (135- and 95-kD subunits) by two steps: (a) peptide
chain cleavage and (b) maturation of the carbohydrate moiety
to the complex type of N-linked carbohydrate. To demonstrate
this pathway in the cultured lymphocytes, we have employed a

pulse-labeling technique in which the cells were incubated for
45 min with [2-3H]mannose ("pulse") followed by incubation
for varying periods of time with unlabeled mannose ("chase").
With this protocol, incorporation of 3H into the 190-kD pre-

cursor was maximal at 1-2 h into the chase (Figs. I and 2).
Consistent with a precursor-product relationship, incorporation
of 3H into the mature 135- and 95-kD subunits proceeded more

slowly and continued to increase as late as 6 h into the chase
period. Interestingly, in the EBV-transformed lymphocytes from
normal subjects, there were also two minor bands with M, of
174 and 158 kD. Although the 174- and 158-kD bands were

only labeled 10-20% as intensely with [2-3Hjmannose as the
190 kD band, the labeling of all three bands followed similar
kinetics (Figs. 1 and 2). The significance of the two minor bands
(i.e., 158 and 174 kD) is not known2.

Cells from insulin-resistant patients with decreased receptor
number. Previously, we have studied cultured lymphocytes from
several insulin-resistant patients with a decrease in receptor
number (8, 11, 15, 17). The receptor defects first observed in
fresh cells have been preserved in the cultured lymphocytes de-
spite transformation of the cells with EBVand growth in vitro
(8, 10). In the present studies, we have investigated the biosyn-
thesis of insulin receptors in three patients in whom extreme
insulin resistance resulted from a marked reduction (_90%) in
the number of insulin receptors at the cell surface (8, 15).

Patient A-l. In pulse-labeling studies with cells from patient

2. Cloning of the complementary DNAfor the insulin receptor has shown
that the unglycosylated precursor of the insulin receptor has a predicted
molecular weight of 152 kD (25). Thus, it is possible that the 158- and
174-kD forms are partially glycosylated forms en route to the 190-kD
precursor. However, one of us (J. A. Hedo, unpublished observations)
has demonstrated that tryptic digestion of the 190-kD precursor yields
fragments with Mi's of 160 and 175 kD. Consequently, it is also possible
that these minor bands represent partially degraded forms of the 190-
kD precursor.

Figure 2. Time course of receptor biosynthesis in cells
from a normal subject and patient A-1. Specifically
immunoprecipitated bands were excised from the slab
gel described in Fig. 1. The radioactivity in each band

4 5 6 is plotted as a function of the time after pulse labeling:
190 kD, - - 174 kD, *-o ... -; 158 kD, - - -E;
135 M --A

A- 1, there was a marked reduction in the rate of labeling of the
I 90-kD precursor as well as the mature 135- and 95-kD subunits
of the insulin receptor. Based on 1251I-insulin binding studies, we
have estimated that the number of receptors on the surface of
the cells from patient A-1 was reduced by >95% as compared
with the normal patient's cells (see legend to Fig. 1). There was
a comparable reduction of the incorporation of 3H into the 190-
kD precursor (Figs. 1 and 2) in cells from patient A-1. In these
studies, we have utilized [2-3H]mannose to label the carbohydrate
moiety of the insulin receptor. Clearly, the use of a labeled sugar
has technical advantages over the use of a labeled amino acid
in that the former approach minimizes the number of "non-
specific" radiolabeled bands visualized in the fluorograph of the
gel (Fig. 3). However, if the defect in receptor biosynthesis in-
terfered with glycosylation of the receptor, then our choice of
[2-3H]mannose as the source of the label might have compro-
mised our ability to detect an aglyco-form of the receptor.
Therefore, we performed pulse-chase studies using
[35S]methionine to label the protein moiety of the receptor (Fig.
3). There was a comparable reduction of the rate of receptor
biosynthesis irrespective of whether the receptor was labeled in
its carbohydrate moiety with [2-3H]mannose or its protein
moiety with [35S]methionine (Fig. 3). To interpret these labeling
studies, it is necessary to assume that the intracellular pools of
methionine or mannose are labeled to the same specific activities
in the two cell types. Two observations are reassuring in this
regard: first, similar amounts of radioactivity are incorporated
into TCA-precipitable material in both cell types (see Appendix
1), and second, studies with [2-3H]mannose and [35S]methionine
yield essentially identical conclusions.

Patients A-S and A-8. These two patients are sisters who
were the product of a marriage between first cousins (18). These
two patients exhibit a reduction in the number of insulin recep-
tors which is comparable with the decrease observed in patient
A- I (Table I). Nevertheless, a different biochemical mechanism
appears to explain the defect observed in patients A-5 and A-8.
Unlike our observations with cells from patient A- 1 (Figs. 1-3),
the rate of biosynthesis of the receptor precursor does not differ
from normal in patient A-8 (Fig. 4). Similar results were obtained
with cells from the sister, patient A-5 (data not shown). Therefore,
it seems reasonable to conclude that there may be a block sub-
sequent to the biosynthesis of the 1 90-kD precursor, but before
the insertion of the mature receptor subunits (i.e., 135 and 95
kD) in the plasma membrane. In fact, there does appear to be
a decrease in the radioactivity incorporated into the mature 135-
and 95-kD receptor subunits in cells from patient A-8 (Fig. 4).
However, because of the diffuse nature of these bands in pulse-
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Figure 3. Pulse-chase labeling of insulin recep-
tors (normal subject vs. patient A-1): compari-

- 190K son of [2-3Hjmannose and [35S]methionine.
Cultured lymphocytes from a normal subject

-136K (A.R.) and patient A-I were incubated with [2-
95K '3H]mannose (left panel) or [35S]methionine

(right panel) for I h. Thereafter, an excess of ei-
ther unlabeled mannose or methionine was
added and the incubation was extended for an
additional 1.5 or 4 h as described in method II
(vide supra). Immunoprecipitates were ana-
lyzed by SDS-PAGEas described in the legend
to Fig. 1.

Incorporation of [2-3H]mannose and
[35S]methionine into TCA-precipitable material
was similar in the two cell lines, see Appen-
dix 1.

chase labeling studies, it is difficult to obtain precise quantitation
of the magnitude of the decrease.

Cells from an insulin-resistant patient (A-7) with a normal
number of insulin receptors. While insulin receptors of patient
A-7 have been reported to have an impaired tyrosine-specific
protein kinase activity on the basis of studies with circulating
monocytes ( 17), this defect appears not to be expressed on the
patient's EBV-transformed cultured lymphocytes (17, 20). Nev-
ertheless, we have employed our methods to investigate the
structure and biosynthesis of insulin receptors in this patient's
cultured lymphocytes (Fig. 6). The 190-kD receptor precursor
appears to be labeled normally with either [2-3H]mannose or
[35S]methionine at 1.5 h into the chase period (Fig. 5). However,
the patient's insulin receptors exhibited at least one abnormality
in these biosynthetic studies. Although the mobility of the 190-
kD receptor precursor does not appear to change during the
chase period in cells from the norma

3H-MANNOSE

NORMAL TYPEA (A-8)

Il subject, the precursor in

35S-METHIONINE

NORMAL TYPE A (A-8)

19 0K

I 135K-I-

1134t *; I it
135K-~ ~

!+~~~~~-l +-I+ + -II+ - + I+-
1.5 4 1.5 4 1.5 4 1.5 4

Time of Chase (Hours)

Figure 4. Pulse-chase labeling of insulin receptors in cultured cells
from a normal subject and patient A-8. Insulin receptors on cultured
lymphocytes from a normal subject and patient A-8 were labeled as

described in the legend to Fig. 3.
Incorporation of [2-3H]mannose and [35S]methionine into TCA-

precipitable material was similar in the two cell lines, see Appendix 1.
Incorporation of [2-3Hjmannose into the insulin receptor and its

precursor was assayed by excising the bands followed by scintillation
counting, see Appendix 2.

cells from patient A-7 appears to be processed to a form with
an Mr of 10-20 kD higher than is observed in cells from the
normal subject at 4 h in the chase period (Fig. 5).

To pursue this question, we labeled the subunits of the insulin
receptor by lactoperoxidase-catalyzed radioiodination (Fig. 6).
Using this technique, we did not detect any major abnormality
in the Mr of the a-subunit (135 kD) or a-subunit (95 kD). How-
ever, cells from patient A-7 did appear to possess a markedly
increased number of uncleaved 2 10-kD insulin receptor mole-
cules (Fig. 6). Although comparable quantities of 1251 were in-
corporated into the 135-kD subunit in cells from patient A-7
and the normal subject, almost 10-fold more radioactivity was
incorporated into the 210-kD band in cells from patient A-7
(see Appendix 3).

Discussion
In three of the patients whomwe have studied, extreme insulin
resistance can be explained by a marked reduction in the number
of insulin receptors at the cell surface. Previously, we have studied
the rate of receptor degradation in cultured cells from these pa-
tients (15). In those studies, the cell surface receptors were ra-
dioiodinated and the rate of receptor degradation was measured
directly (15, 26, 27). Because we did not observe a major increase
in the rate of receptor degradation in cultured cells from the
insulin-resistant patients, we concluded that the reduction in
receptor number probably resulted primarily from defects in the
biosynthetic pathway (15). In the present work, we have studied
the rate of receptor biosynthesis directly. For all of our studies
of receptor synthesis and degradation, we have employed cul-
tured EBV-transformed lymphocyte cell lines derived from the
patients. Indeed, for technical reasons, such studies are not pres-
ently feasible with any other cell type which is readily available
from human patients. While one must be cautious about ex-
trapolating from such in vitro studies to the situation in vivo,
we have previously provided evidence that this cell type accu-
rately reflects the situation in cells which have been obtained
fresh from the patient (3, 4, 8).

Molecular mechanisms. Interestingly, in the three patients
with a decreased number of insulin receptors, we have obtained
evidence for at least two different types of biochemical defects
in the biosynthetic pathway for insulin receptors. In patient A-
l, the biosynthetic defect must be before the synthesis of the
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190-kD precursor. In contrast, with patients A-5 and A-8, the
receptor precursor is synthesized at a normal rate. Moreover, as
stated above, there is not a major abnormality in the rate of
receptor degradation once the receptor had been inserted in the
plasma membrane (15). Therefore, it seems likely that there
must be a defect in receptor biosynthesis subsequent to the syn-
thesis of the precursor, but prior to insertion of the mature re-
ceptor in the plasma membrane. However, our data do not allow
us to define the precise nature of the defect. It is possible that
there is a defect in the posttranslational processing of the receptor.
Alternatively, there may be accelerated degradation of either the
receptor or its precursors before insertion in the membrane. It
is also possible that there may be a defect in the mechanism
which anchors the receptor to the plasma membrane, as has
been described in a mutant form of the low density lipoprotein
receptor (7).

Although cells from patient A-7 have a normal number of
insulin receptors, we have detected a subtle abnormality in the

NORMAL A-7

go

.42 i

210K- In

135K-

95K-

ANTI-R - +
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Figure 6. Cell surface iodination of in-
sulin receptors in cultured cells from a
normal subject and patient A-7. Cul-
tured cells from normal subject Y.G.
(lanes a and b) or patient A-7 (lanes c
and d) were iodinated by lactoperoxi-
dase-catalyzed radioiodination. There-
after, receptors were solubilized, im-
munoprecipitated with normal serum
(lanes a and d) or antireceptor antise-
rum B-2 (lanes b and c), and analyzed
using SDS-PAGE.

The radioactivity (arbitrary units)
in the 210- and 135-kD bands were es-

+ _ timated using scanning densitometry
C D of the autoradiograph, see Appendix 3.

35S-METHIONINE

Figure 5. Pulse-chase labeling
of insulin receptors in cul-
tured cells from a normal
subject and patient A-7. Insu-
lin receptors on cultured lym-
phocytes from a normal sub-
ject (A.R.) and patient A-7
were labeled as described in
the legend to Fig. 3.

Incorporation of [2-
3H]mannose and

A7 N N A7 N A7 A7 N [3"S]methionine into TCA-

- + + + + - _ precipitable material was sim-
I ilar in the two cell lines, see

1.5 HOURS 4 HOURS Appendix 1.

posttranslational processing of the insulin receptor. Normally,
the receptor precursor undergoes two processing steps to yield
the mature receptor endopeptidase cleavage, and the maturation
of the carbohydrate moiety (Figs. I and 2). The 2 10-kD glyco-
protein which is immunoprecipitated by antireceptor antibodies
represents the small fraction of receptor molecules that have
escaped endopeptidase cleavage but nevertheless have undergone
maturation of the carbohydrate moiety and insertion into the
plasma membrane (21). This 21 0-kD species has previously been
shown to function normally at least to the extent that it is capable
of binding insulin and possesses insulin-stimulated protein kinase
activity (28). Interestingly, in cells from patient A-7, the amount
of the uncleaved 2 10-kD form of the receptor is increased almost
10-fold (Fig. 6). However, we do not yet understand either the
explanation or the pathophysiological significance of this ab-
normality.

Diversity of biochemical defects. In previous studies, we and
others have shown that there are multiple different types of re-
ceptor defects that may give rise to extreme insulin resistance
(3, 4, 8-17, 29, 30). Moreover, many patients with extreme in-
sulin resistance do not possess any detectable defects in their
insulin receptors (3, 4, 31, 32). In this work, we have shown that
even patients such as A- 1 and A-8 who appear to have similar
clinical syndromes (i.e., type A extreme insulin resistance) and
biochemical defects (i.e., a decrease in the number of insulin
receptors) may have diverse molecular explanations for the re-
duction in receptor number. In fact, investigations of genetic
diseases have generally shown that individual patients who have
clinical phenotypes suggestive of "homozygosity" for defective
genes may in reality be "genetic compounds"-i.e., patients who
have inherited two different abnormal alleles at the same locus
(5-7). Obviously, the possibility that patients may possess two
distinct populations of receptors, each of which is abnormal in
a different way, further complicates the interpretation of our
studies. (Patients, such as A-5 and A-8, whose parents share
genes in common because of consanguinity are more likely to
be true homozygotes rather than genetic compounds.) Fortu-
nately, as a result of the recent work by Ullrich et al. (25) to
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clone the complementary DNAwhich encodes the insulin re-

ceptor, it will soon be possible to determine directly whether
these patients have mutations in the genes which encode their
insulin receptors.

Appendices

Appendix 1: incorporation of labeled precursors into TCA-
precipitable material. Weassayed incorporation of [3HJmannose
and [35S]methionine into TCA-precitable material as described in
Methods. In this table, we present data obtained in the three
experiments described in Figs. 3-5.

3H-incorporation 35Sincorpora

1.5 h 4 h 1.5 h

cpm/O.02 ml cpm/O.02,
Experiment 1

(Fig. 3)
Normal 413,000 199,000 514,000
Patient A- 1 234,000 256,000 519,000

Experiment 2
(Fig. 4)

Normal 113,000 151,000 540,000
Patient A-8 184,000 201,000 445,000

Experiment 3
(Fig. 5)

Normal 361,000 356,000 2,340,000
Patient A-7 540,000 331,000 2,510,000

Appendix 2: incorporation of [2-3H]mannose into
receptor and its precursor. In the experiment describ
we excised the regions of the gels corresponding to ti
MTof 190, 135, and 95 kD. The 3H-content of the gc
determined directly using a liquid scintillation count

3H-incorporation (cpm)

190kD 135kD

1.5 h 4h 1.5 h 4h

Normal 11,680 2,420 9,130 3,030
Patient A-8 7,920 2,150 2,550 1,090

Appendix 3: 25 I-content of receptor subunits in cd
patient A-7. In the experiment described in Fig. 6, a
densitometer was employed to estimate the radioacti
in the regions of the gel corresponding to the bands N

210 and 135 kD.

'25I-content (arbitrary units)

210 kD

Normal
Patient A-7

9
73

135 kD

250
288
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