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Summary. Severe hypoglycaemia developed seven months 
after a bone marrow transplantation in a child with severe 
combined immunodeficiency. His serum exerted potent in- 
sulin-like activity: (a) it stimulated insulin receptor autophos- 
phorylation and kinase activity in cell-free systems, this effect 
being additive to insulin; (b) it increased glucose transport in 
isolated soleus muscle. These insulin-like effects were due to 
immunoglobulins against the insulin receptor. Indeed, the pa- 
tient serum immunoprecipitated human or murine insulin re- 
ceptors from different tissues and inhibited insulin binding to 

receptor on human IM-9 lymphocytes. After corticoids and 
immunosuppressive therapy by azathioprine, the patient 
hypoglycaemic episodes disappeared, and concomitantly, the 
antibodies to insulin receptor were no longer detected, as 
judged by both immunoprecipitat ion of  insulin receptor and 
stimulation of  glucose transport. 

Key words: Insulin receptor, tyrosine kinase, insulin-like activ- 
ity, antibodies to insulin receptor. 

A u t o a n t i b o d i e s  to insu l in  r e c e p t o r  have  first  b e e n  de-  
s c r i bed  in ra re  d i so rde r s  with,  in  m o s t  cases,  a c l in ica l  
h i s to ry  o f  ex t r eme  insu l in  res i s t ance  [1]. M o r e  recent ly ,  
the  p r e s e n c e  o f  such  a u t o a n t i b o d i e s  has  b e e n  f o u n d  in 
pa t i en t s  suf fe r ing  f r o m  h y p o g l y c a e m i a ,  in a con tex t  o f  
c o m p l e x  a u t o i m m u n e  s y n d r o m e  [2-4] o r  H o d g k i n ' s  dis-  
ease  [5, 6]. We  he re in  desc r ibe  the  case  r e p o r t  o f  a ch i ld  
w h o  p r e s e n t e d  severe  h y p o g l y c a e m i a ,  d u e  to  a n t i b o d i e s  
to insu l in  r e c e p t o r  a n d  w h o s e  c l in ica l  f ea tu res  d i f f e red  
f r o m  p rev ious ly  r e p o r t e d  cases.  F u r t h e r m o r e ,  this  ant i -  
b o d y  p resen t s  b i o l o g i c a l  charac te r i s t i c s  w h i c h  so far  
have  no t  b e e n  d e s c r i b e d  for  o the r  h u m a n  au toan t i -  
b o d i e s  to  insu l in  recep to r .  

Subject and methods 

Materials 

Radioactive substances were purchased from the Radiochemical 
Centre, Amersham, UK. All other agents were of the best grade com- 
mercially available and were from Sigma, St. Louis, Mo, USA. All 
reagents for SDS-gel electrophoresis were from Bio-Rad Labora- 
tories, Richmond, Calif., USA. 

Subject 

A seven month old child (P.S.) had severe combined immunodefi- 
ciency characterised by the absence of T lymphocytes with normal 
B lymphocyte counts [7]. He received a T-cell depleted HLA partially 
incompatible bone marrow graft from his mother without prior condi- 

tioning. T-cell depletion was performed using the CAMPATH I 
monoclonal antibody [8] and human complement. HLA incompati- 
bility concerned one full HLA haplotype [9]. No graft versus host dis- 
ease (GVHD) prophylaxis was given. There has been no detectable 
complication of the bone marrow graft and five months after the 
transplantation, his T and B cell immunodeficiency was corrected, 
During the 7th month post transplant, a severe hypoglycaemic state 
developed, with attacks leading to convulsions or coma. There was no 
ketosis, insulin levels were low and serum cortisol level was normal. 
There were no antibodies against insulin or pancreatic islet cells. Si- 
multaneously, other autoimmune manifestations occurred including 
haemolytic anemia, thrombocytopenia, and neutropenia. Further- 
more, liver enzymes were increased without manifestations of hepato- 
cellular failure. A liver biopsy showed an histologic aspect of active 
chronic hepatitis. No other serum antibodies were detected including 
antibodies to endocrine glands. The prevention of hypoglycaemia 
necessitated regular carbohydrate feeding. Corticotherapy (predni- 
sone, 2 mg/kg/24 tl) was begun to control the autoimmune manifesta- 
tions. Azathioprine (2 mg/kg/24 h) was added in a second phase 
because of the chronic hepatitis. Following treatment, the hypogly- 
caemic episodes disappeared progressively in 15 days. 

Insulin binding inhibition assays 

Binding of 125I-insulin was measured on human IM-9 lymphocytes or 
on fibroblasts transfected with human insulin receptor cDNA as pre- 
viously described [10]. Membranes were prepared from rat liver [11] or 
human placenta [10] and insulin binding measured as described [11]. 
Insulin receptors were solubilised from the same sources and insulin 
binding measured as follows: t0 ~tl of receptor preparations were in- 
cubated in 150 gl Hepes (50retool/I, pH 7.4), NaC1 (150retool/I) 
buffer in presence of P.S. or control serum at various dilutions. Fol- 
lowing this incubation (3 h, 15~ 125I-insulin binding was measured 
after 2 h at 15~ as described [12]. 
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Insulin receptor immunoprecipitation R e s u l t s  

Human insulin receptors from HIRc cells (rat embryo fibroblasts 
transfected with human insulin receptor cDNA [13]) and receptors 
from rat liver or mouse skeletal muscle were partially purified by 
Triton X-100 solubilisation and chromatography on wheat germ ag- 
glutinin agarose (WGA) [14]. The insulin receptor [~-subunit was la- 
belled by autophosphorylation as follows: WGA eluates were incu- 
bated for 120min at 20~ with insulin (llxmol/1). The 
phosphorylation reaction was initiated by addition of [y-32-P] ATP 
(15 ~mol/l), MnC12 (4 mmol/1), MgC12 (8 mmol/1) [15]. After 15 min 
at 20~ the reaction was stopped by adding ice-cold stopping solu- 
tion (NaF 100 mmol/l,  EDTA 20 mmol/1, final concentrations) and 
phosphoproteins were immunoprecipitated by P.S. serum (1/20 to 
1/100 dilution) or control serum (1/20 dilution) for 12 h at 4~ fol- 
lowed by addition of protein A. The pellets containing the immu- 
noadsorbed proteins were washed, and subsequently analysed by 
sodium dodecyl sulfate/polyacrylamide gel electrophoresis 
(SDS/PAGE) according to Laemmli [16]. 

Insulin receptor autophosphorylation and kinase activity 

The ability of P. S. serum to stimulate insulin receptor autophospho- 
rylation was studied by incubation of receptor preparations with 
serum in absence or presence of insulin for 2 h at 22 ~ C. Phosphoryl- 
ation was then carried out as described above and samples were 
directly analysed by SDS/PAGE. 

The effect of serum on insulin receptor kinase activity was 
measured as follows: WGA preparations were pre-incubated with 
serum and/or  insulin for 2 h at 15 ~ C. The substrate (poly[glutamate- 
tyrosine, 4-1], 0.25 mg/ml) was added for an additional 30 min. Phos- 
phorylation was then performed as previously described [171. 

Preparation of purified immunoglobulins 

Evidence for the presence of antibodies to insulin receptor 

The clinical picture of hypoglycaemic episodes without 
hyperinsulinaemia and with ketone levels below the 
limit of detection in a context of autoimmune disease 
suggested that the patient serum could contain anti- 
bodies to insulin receptor. We first tested P. S. serum for 
its ability to immunoprecipitate human insulin recep- 
tors, whose [~-subunit was labelled by autophosphoryl- 
ation with [7-32P] ATP. As shown in Figure 1, P.S. 
serum was able to precipitate a significant amount of la- 
belled receptors in a dose-dependent manner. At a 1/50 
dilution, it was as potent as serum from patient B7 
(a gift of Dr P Go,rden, NIH, Bethesda, Md, USA) used 
at a 1/150 dilution. This B7-patient suffered from a 
severe insulin resistance due to antibodies against the 
insulin receptor [2]. P.S. antibody was able to recognise 
insulin receptors not only from human sources (Fig. 1), 
but also from mouse skeletal muscle and from rat liver 
(data not shown). This antibody was specific for insulin 
receptor, since it did not recognise the EGF receptor 
also present in rat liver preparations (data not shown). 

Serum from P. S. was then examined for its ability to 
interfere with insulin binding to receptor. No inhibition 
was observed with solubilised receptors or plasma 
membranes. In contrast, the patient's serum was able to 
compete with 125I-labelled insulin binding to human 
IM-9 lymphocytes, half maximal inhibition being ob- 
tained at a 1/50 dilution (Table 1). Similar inhibition of 
insulin binding was observed with cells transfected with 

Immunoglobulins were purified as follows: serum was incubated for 
4 h at 4~ with protein A sepharose. Following washing with 100 vol 
of Hepes (30 mmol/1, pH 7.4), 30 mmol/l  NaC1 buffer, immunoglob- 
ulins fractions were eluted with citrate buffer (0.t mol/1, pH 3.5) and 
rapidly neutralised with Tris buffer (1 mol/1, pH 8). Fractions con- 
taining proteins were dialysed, concentrated by ultrafiltration and 
then used for receptor immunoprecipitation and autophosphoryl- 
ation as described above. 

Bioassay of insulin-like activity 
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Insulin-like activity of the patient's serum was tested by its ability to 
stimulate glucose transport in mouse skeletal muscle as follows. 
Soleus muscles were isolated and pre-incubated for 90 rain at 37~ 
with a normal serum or the patient's serum as previously described 
[18]. Thereafter, muscles were washed twice for 5 min at 20~ to 
remove all serum factors not tightly bound. Muscles were then 
incubated for 15 min at 37 ~ C, in presence or absence of insulin, with 
1-[14C]-2-deoxyglucose (0.5 mmol/1, 0.5 lxCi/ml), deoxyglucose up- 
take being an index of glucose transport and phosphorylation. Mus- 
cles were washed and radioactivity counted [18]. 

Statistical analysis 

Statistical significance in incubated muscles experiments was assessed 
using Student's t test for unpaired comparisons [19]. 
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Fig. 1. Immunoprecipitation of insulin receptors by P.S. serum. Par- 
tially purified human insulin receptors, prepared from HIRc cells as 
described in the methods, were labelled with [y 32p] ATP. The phos- 
phorylation reaction was stopped with NaF, EDTA. Serum was 
added for 12 h at 4 ~ C as follows: Control serum 1/20, lane A; Patient 
B7 1/150, lane B; Patient P.S. 1/20, lane C, 1/50, lane D, 1/100, 
lane E. After addition of protein A, the immunoprecipitates were 
analysed by sodium dodecyl sulfate polyacrylamide gel electro- 
phoresis (SDS/PAGE) under reducing conditions. The insulin recep- 
tor [3-subunit is indicated 
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Table 1. Effect of P. S. serum on 12~I-insulin binding to IM-9 lympho- 
cytes 

P.S. Serum dilution ~25I-insulin binding 
(percent of control serum) 

1/750 93.3 
1/500 92.6 
1/300 85.4 
1/200 82.0 
1/100 66.4 
1/ 50 47.5 
1/ 20 22.3 

Human IM-9 lymphocytes (106 cells/ml) were pre-incubated for 
120 min at 30~ with P.S. or control serum at indicated dilution. 
Thereafter, ~25I-labelled insulin was added for 180 rain at 15~ At the 
end of incubation, cells were centrifuged, washed and the radioactiv- 
ity bound to cells counted. Results of binding obtained with P.S. 
serum are expressed as a percentage of the binding observed with con- 
trol serum at the same dilution 

human insulin receptor cDNA (data not shown). Taken 
together, our results indicate that P.S. serum contained 
antibodies which were able to immunoprecipitate in- 
sulin receptors and to inhibit insulin binding in intact 
cells. 

Insulinomimetic effect of the antibodies to receptor 

To explain the hypoglycaemia of P. S., we next searched 
for insulin-like activities of these antibodies. We first 
studied the ability of this serum to stimulate glucose up- 
take in skeletal muscle, an important tissue for glucose 
utilisation. As shown in Figure 2, patient serum mar- 
kedly stimulated deoxyglucose uptake in basal condi- 
tion (no insulin). This insulinomimetic effect was very 
pronounced since, at a 1/50 dilution, its effect was simi- 
lar to that obtained with a submaximal insulin concen- 
tration. This stimulatory action could very likely not be 
accounted for by insulin or serum factors other than 
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antibodies to insulin receptor, since it prevailed after 
two washes of muscles and measurement of deoxyglu- 
cose uptake being performed in serum-free medium. 
The effects of serum and insulin were additive, but only 
when the hormone was used at a submaximal concen- 
tration. 

The insulin receptor [~-subunit is a tyrosine kinase 
whose autophosphorylation is stimulated by the hor- 
mone. A large body of evidence clearly indicates that 
this receptor enzymatic activity plays an essential role in 
insulin's biological actions [20, 21]. It was thus of inter- 
est to investigate whether the patient serum was able to 
activate the insulin receptor kinase on solubilised recep- 
tors. As shown in Figure 3, left panel, P.S. serum ob- 
tained during the hypoglycaemic period increased 32p 
incorporation in the 95K insulin receptor [3-subunit 
(lane C) compared to normal serum (lane A) or mother 
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Fig.2. Insulinomimetic effect of P.S. serum on glucose uptake in 
mouse skeletal muscle. Soleus muscles were pre-incubated with P.S. 
or control serum obtained before and after treatment (dilution 1/20) 
for 90 min at 37 ~ C. After 2 washes (5 rain each), they were incubated 
for 15 min at 37~ without or with insulin, and 1-[14C]2-deoxyglucose 
(0.5 retool/l, 0.1 lxCi/ml). Muscles were then treated as described in 
methods. Each value is the mean_+ SEM of 4-8 individual muscles. 
[] = No insulin; El= Insulin, 0.5 nmol/1; [] = ][nsulin, 33 nmol/1 
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Fig.3. Activation of the insulin receptor kinase 
by P.S. serum. Left panel: Receptor autophos- 
phorylation: partially purified human insulin re- 
ceptors, prepared from HIRc cells as described 
in the methods, were pre-incubated for 120 min 
with serum from the control (lanes A, D), P.S.' 
mother (lanes B, E) or P.S. (lanes C, F) at 1/20 
dilution, in absence (basal) or presence of insulin 
(1 lzmol/1). Then autophosphorylation was car- 
fled out as described in methods, and the sam- 
ples were analysed by SDS/PAGE. The 95K 
band corresponds to the insulin receptor [3-sub- 
unit. Right panel: The effect of patient ( � 9  ..... � 9  
or control ( O - - O )  serum on insulin receptor ty- 
rosine kinase activity towards the poly(glutamate- 
tyrosine) was measured at different insulin con- 
centrations and expressed in nmoles of 32p 
incorporated per 30 min as described in methods 
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Immunoprecipitation Autophosphorylation 
Fig.4. Immunoprecipitation of insulin receptors and activation of re- 
ceptor autophosphorylation by P.S. immunoglobulins. Immuno- 
globulins were purified from P. S. or control serum by protein A chro- 
matography as described in methods. Immunoprecipitation of 
labelled insulin receptors (left panel) and receptor autophosphoryl- 
ation (right panel) were performed as described in legends to 
Figures 1 and 3. IgG concentration was 6 ~xg/~tl 
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Fig.5. Parallel evolution of antibodies to insulin receptor and 
glycaemic state following the bone marrow transplantation to P.S. 
The titer of the antibodies against insulin receptor was measured by its 
ability to immunoprecipitate insulin receptor. Results are expressed 
as a percentage of the maximal titer observed just before corticother- 
apy 

serum, the bone marrow donor (lane B). This antibody 
was as potent as a maximally effective insulin concen- 
tration (1 ~tmol/1) in stimulating insulin receptor auto- 
phosphorylation (lanes D, E). Further, the effects of 
antibodies and insulin were additive (lane F). Similar 
results were obtained when the tyrosine kinase activity 
towards a synthetic copolymer of glutamate-tyrosine 
was measured (Fig. 3, fight panel). P. S. serum alone was 
as potent as insulin in stimulating this activity, and the 
effects of both agents were additive. 

To substantiate the nature of the serum factor which 
was responsible for the observed effects, immunoglobu- 
lins fractions were purified from control serum and P. S. 
serum by protein A chromatography. The fraction 
eluted from the patient serum was able to immunopre- 
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cipitate phosphorylated insulin receptor, while the con- 
trol immunoglobulins were without effect (Fig.4, left 
panel). More important, this fraction was also able to 
stimulate insulin receptor autophosphorylation in a 
dose-dependent fashion (Fig.4, fight panel). These re- 
sults indicate that the serum effects could be assigned to 
immunoglobulins of the IgG class. 

Antibodies to the insulin receptor are responsible 
for the patient's hypoglycaemia 

Analysis of serum samples obtained at different periods 
of the illness substantiated the role of the antibodies in 
the pathogenesis of the hypoglycaemic syndrome. First, 
a serum obtained from P.S. three months after the 
transplantation, before any sign of glycaemic disorder, 
fail to induce immunoprecipitation or autophosphoryl- 
ation of insulin receptors. More important, these ac- 
tivities disappeared after three weeks of prednisone 
therapy and the biological evolution of P. S. serum coin- 
cided with a marked clinical improvement of his gly- 
caemic control (Fig. 5). Moreover, the causal relation- 
ship between hypoglycaemia and antibodies was 
further established by the evolution of the insulin-like 
effect of patient serum on glucose uptake in muscle. As 
shown in Figure 2, P.S. serum obtained three weeks 
after the beginning of corticotherapy was no longer able 
to stimulate 2-deoxyglucose uptake in muscle. 

D i s c u s s i o n  

We describe here the appearance of antibodies to in- 
sulin receptor in a young immunodeficient child, who 
had received a bone marrow transplantation. The key 
interest in this case report comes from the fact that sev- 
eral biological and clinical features differed markedly 
from those described previously. The vast majority of 
autoantibodies to insulin receptor have been found in 
patients with insulin resistance [2]. In contrast to those 
patients, P.S. developed profound hypoglycaemia ex- 
plained by the very potent insulin-like activity of his 
antibodies. Indeed, at a 1/20 dilution, his serum was as 
potent as insulin in activating insulin receptor auto- 
phosphorylation and tyrosine kinase activity towards a 
synthetic substrate in a cell-free system (Fig. 3). Further, 
addition of insulin was still able to increase the level of 
insulin receptor kinase activity already obtained with 
P.S. serum alone.,. Such additive effect of insulin and 
antibodies on insulin receptor had not been reported 
with autoantibodies from patients [6] but has been re- 
ported only in the case of a polyclonal antibody raised 
in rabbit against a purified insulin receptor preparation 
[10]. Our observation, on solubilised receptors, of an 
antibody with additive effect to maximally effective in- 
sulin concentrations without inhibition of insulin bind- 
ing, suggests that this antibody binds to the receptor at a 
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locus distinct from the hormone binding site. Its inter- 
action with receptor is such that it leads to a powerful 
activation of the receptor tyrosine kinase. The decrease 
in insulin binding found solely in intact cells would in- 
dicate that an active cellular process is involved in this 
loss of binding. 

When the effect of P. S. serum was tested in skeletal 
muscle, an important organ for insulin action and 
glucose utilisation, a marked insulin-like activity was 
observed on glucose uptake and phosphorylation. At 
maximally effective concentrations, the effects of in- 
sulin and antibodies were not additive on glucose up- 
take, suggesting that the limiting step was glucose trans- 
port and not the stimulation of kinase activity. A similar 
observation has been reported for insulin-induced ef- 
fects in cells expressing a 100-1000 increase in receptor 
number. Thus, only the sensitivity to insulin was in- 
creased, while the maximal biological response to the 
hormone was unchanged [22, 23]. 

The striking parallelism between the evolution of 
the presence of antibodies to insulin receptor and the 
glycaemic episodes demonstrates the pathogenetic role 
of these antibodies in the clinical syndrome. Indeed, 
when hypoglycaemia was the most severe, antibody 
titer was maximal. Similarly after three weeks of treat- 
ment, antibody titer and insulin-like effects of serum 
progressively decreased in vitro, concomitantly with an 
improvement of the glycaemic status. 

At present, the mechanism responsible for occur- 
rence of antibodies to insulin receptor remains a matter 
of speculation. Evidence for selective molecular inter- 
actions between insulin receptors and the major histo- 
compatibility system antigens has been reported in 
human B lymphocytes [23]. Furthermore, polymor- 
phism at the insulin receptor locus has been found [24]. 
It is thus conceivable that the insulin receptors of 
mother (the graft donor) and child are sufficiently dif- 
ferent to lead to the generation of alloantibodies. Cur- 
rently, we are investigating whether the antibodies pres- 
ent in P.S. serum are produced by the child's or the 
mother's lymphocytes. However, since the antibodies to 
insulin receptor appeared together with several auto- 
antibodies, autoimmunity is the most likely hypothesis. 
Autoimmune manifestations have been described post 
bone marrow transplantation in patients with chronic 
graft versus host disease [26-291, but not uncommonly 
does autoimmunity appear to be independent of 
chronic GVHD in patients having received HLA in- 
compatible bone marrow transplantation (unpublished 
observation). Note that P.S. had no clear manifesta- 
tions of chronic GVHD. This autoimmunity process 
could also be related to the autoreactivity of engrafted 
T lymphocytes towards own HLA class II antigen 
potentially able to give non specific polyclonal help for 
B lymphocytes. 

The results reported in this paper re-inforce the idea 
that antibodies to insulin receptor should be considered 
in the differential diagnosis of patients with idiopathic 
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hypoglycaemia, particularly when autoimmune mani- 
festations are present. The search for antibodies should 
comprise a comprehensive series of detection methods 
including immunoprecipitation of receptors, hormone 
binding assays in different systems, and biological as- 
says. Indeed, some patients might develop antibodies to 
insulin receptor which are not directed against the in- 
sulin binding site but can, nevertheless, activate the re- 
ceptor kinase and induce insulin-like effects as also de- 
scribed for some polyclonal or monoclonal antibodies 
[10, 301. 
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