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Abstract

 

Anti-insulin antibodies have been described in two contexts: in insulin-naive individuals (so-called ‘insulin autoimmune
syndrome’) and in patients with insulin-treated diabetes, in whom antibodies are rarely of clinical significance. We report
the case of an 68-year-old woman who exhibited a local allergic reaction to subcutaneous insulin followed by severe
insulin resistance, evidenced by poor glycaemic control despite treatment with 

 

>

 

 3.5 U/kg of insulin per day. She was
found to have circulating polyclonal anti-insulin antibodies of the IgG subtype and responded clinically to a course of plasma
exchange and immunosuppression with mycophenolate mofetil and, subsequently, intravenous immunoglobulin. Falling
titres of antibodies on this regimen correlated with improved glycaemic control. This case suggests that clinicians should
be alert to the possibility of insulin resistance due to anti-insulin antibodies and that immunosuppression in this situation
may be a valuable therapeutic option.
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Introduction

 

The development of antibodies to endogenous insulin in insulin-
naive patients (Hirata’s disease) is a rare autoimmune phenomenon,
first described in 1970 [1]. The majority of cases have been
described in Japanese populations [2]. The condition classically
presents with postprandial hyperglycaemia (insulin bound to
antibody) and late post-absorptive or fasting hypoglycaemia (dis-
sociation of bound insulin from antibodies when insulin secretion
should be suppressed) [3]. It has been reported in association with
other autoimmune diseases, particularly Graves’ disease [2], as a
paraneoplastic phenomenon [4] and in patients taking
sulfhydryl compounds, most commonly methamizole [2]. It
has been suggested that specific HLA genotypes [HLA-DR4
(DRB1*0406)] are dominant in susceptible patients [2].

The appearance of antibodies in insulin-treated patients was
first described in 1956 [5]. Insulin antibodies were detected in

 

>

 

 95% of patients treated with bovine and porcine insulin [6].
In recent years, the prevalence of anti-insulin antibodies in
insulin-treated patients has decreased due to improvements
in insulin purity and the introduction of human insulin and
insulin analogues [6]. Antibodies are usually polyclonal IgG [7].
There is poor correlation between antibody titre and both insulin
dose and glycaemic control, so that immunological insulin
resistance resulting in insulin requirements 

 

>

 

 1.5 U kg

 

–1

 

 day

 

–1

 

is rarely reported [8]. Specific HLA types, particularly
HLA-DR7, have been reported to confer susceptibility to the
development of antibodies to exogenous insulin [9].

 

Case report

 

A White 68-year-old woman (body mass index 34.5 kg/m

 

2

 

)
with a 20-year history of Type 2 diabetes mellitus was referred
to our Institution in 2005. Insulin therapy (NovoMix 30®;
Novo Nordisk, Crawley, UK) had been commenced 12 months
prior to referral due to poor glycaemic control [glycated
haemoglobin (HbA

 

1c

 

) 10.0%]. Diabetes was complicated
by bilateral ischaemic diabetic maculopathy and cataracts.
Shortly after starting insulin, the patient experienced a severe

 

*J.R.G. and A.T. contributed equally to this paper

 

Correspondence to

 

: Professor S. O’Rahilly, Institute of Metabolic Science, 
Addenbrooke’s Hospital, Cambridge CB2 OQQ, UK. 
E-mail: so104@medschl.cam.ac.uk

 

dme_2621.fm  Page 79  Thursday, December 25, 2008  2:32 PM



 

© 2009 The Authors.

 

80

 

Journal compilation © 2009 Diabetes UK. 

 

Diabetic Medicine

 

, 

 

26

 

, 79–82

 

DIABETIC

 

Medicine Severe insulin resistance due to insulin antibodies

 

 

 

• 

 

J. R. Greenfield et al.

 

local allergic reaction at the injection site lasting 6 months,
despite changing to alternative insulin preparations [insulin
detemir (Levemir®; Novo Nordisk), insulin lispro (Humalog®;
Eli Lilly, Basingstoke, UK) and insulin glargine (Lantus®;
Sanofi-Aventis, Guildford, UK)]. This reaction settled
spontaneously and the patient was continued on a basal-bolus
regimen, comprising insulin lispro and glargine. Despite
using 

 

>

 

 300 U/day of insulin along with metformin, glycaemic
control remained poor (HbA

 

1c

 

 9.5–12.4%). There was no
history of irregular menses and no evidence of acanthosis
nigricans or skin tags. The patient had no known existing
autoimmune conditions. There was no history of fasting or
postprandial hypoglycaemia.

Laboratory data are summarized in Table 1. Electrolytes, renal
and liver function tests were within range, with the exception
of total bilirubin (24 

 

μ

 

mol/l, 0–17). Serum adiponectin was
consistent with the degree of insulin resistance. An autoantibody
screen (antinuclear antibody, extractable nuclear antibody,
dsDNA, rheumatoid factor, anti-neutrophil cytoplasmic
antibody, anti-cardiolipin) was negative and immunoglobulins
(IgG, IgA, IgM) were within normal limits. The patient
possessed HLA-DR7. Following precipitation with polyethylene

glycol (PEG), recovery of plasma insulin was 16% (three control
samples had recoveries of 

 

>

 

 68%), suggesting the presence
of circulating high-molecular-weight insulin complexes. Gel
filtration chromatography, however, suggested that nearly
all insulin detected in the patient was in the high-molecular-
weight fraction (data not shown). Anti-insulin antibodies
of IgG type were detected in high titre by enzyme-linked
immunosorbent assay. Insulin receptor antibodies were
negative. Serum electrophoresis confirmed that the antibodies
were of IgG type and that they were polyclonal.

The insulin binding characteristics of the antibodies were
determined in competition binding assays using radiolabelled

 

125

 

I-insulin. Plasma or serum was first stripped of endogenous
insulin using acid-dextran-coated charcoal. Stripped plasma/
serum (100 

 

μ

 

l; at a final dilution of 1:15) was incubated with

 

125

 

I-labelled insulin and increasing concentrations of unlabelled
insulin for 2 h at 37

 

°

 

C in a final volume of 250 

 

μ

 

l of binding
buffer [50 m

 

M

 

 Tris (pH 7.4), 120 m

 

M

 

 NaCl, 15 m

 

M

 

 Na acetate,
1.2 m

 

M

 

 Mg

 

2

 

SO

 

4

 

 and 1% bovine serum albumin). Protein-bound
insulin was precipitated on ice by addition of ice-cold carrier
bovine gamma globulin (0.09% final concentration) and PEG
(12.5% final concentration) for 15 min, followed by centrifu-
gation at 10 000 rpm, for 5 min at 4

 

°

 

C. The pellet was washed
once with 10% PEG before determination of protein-bound
radioactivity.

The competition binding curve (Fig. 1) was shallow, indicating
the presence of multiple binding sites for insulin, consistent
with the presence of polyclonal insulin antibodies. Relatively
low concentrations of unlabelled insulin (1 n

 

M

 

) competed
for 

 

125

 

I-insulin binding, suggesting that a proportion of the
antibodies had a relatively high affinity for insulin. The Scatchard
plot (Fig. 1) was curvilinear as expected for the presence of two
or more binding sites and demonstrated the presence of a low
concentration of high-affinity antibodies with a much higher
concentration of low-affinity antibodies. However, due to the
polyclonal nature of the antibodies it was not possible to
determine their exact affinities.

The patient underwent a hyperinsulinaemic-euglycaemic
clamp. Insulin infusion rates of 2.5 and 5.0 mU kg

 

–1

 

 min

 

–1

 

 failed

Table 1 Laboratory data on referral

Biochemical parameter Result
Reference 
range

HbA1c 9.8 % 4–6
Total cholesterol 5.4 mmol/l < 5.0
HDL-cholesterol 1.2 mmol/l 1.0–2.0 
Triglycerides 5.0 mmol/l < 2.3
Thyroid-stimulating hormone 0.53 mU/l 0.35–5.0
Insulin 201 pmol/l < 60
C-peptide 326 pmol/l 174–960
Adiponectin 1.7 mg/l 2.6–17.1*
Leptin 46.9 ng/ml 14.9–60.2*
Albumin–creatinine ratio (urine) 0.8 mg/mmol < 3.5

*Sex and body mass index-adjusted 5th–95th centiles from a 
non-diabetic control population.

FIGURE 1 125I-insulin binding to acid-charcoal-
treated serum and Scatchcard plot.

 

dme_2621.fm  Page 80  Thursday, December 25, 2008  2:32 PM



 

© 2009 The Authors.
Journal compilation © 2009 Diabetes UK. 

 

Diabetic Medicine

 

, 

 

26

 

, 79–82

 

81

 

Case report

 

DIABETIC

 

Medicine

 

to lower blood glucose levels significantly. When the insulin
infusion rate was increased to 10.0 mU kg

 

–1

 

 min

 

–1

 

, euglycaemia
(5.4 

 

±

 

 0.2 mmol/l) was achieved. Despite achieving circulating
insulin levels of 30 700 pmol/l (recovery after PEG precipitation
39%), no intravenous glucose was required to maintain blood
glucose at this level, suggesting severe insulin resistance.

Due to persistently suboptimal glycaemic control (HbA

 

1c

 

12.4%), the patient was admitted for plasmapheresis. She
received four plasma exchanges and was discharged on
mycophenolate mofetil 1000 mg twice daily, which was
tolerated well. Ten weeks after discharge, there was a sig-
nificant improvement in glycaemic control (HbA

 

1c

 

 9.9%) and
a concomitant reduction in circulating antibody titre (to
approximately 40% of pretreatment values). As the improve-
ment appeared to plateau, the patient was treated with a 5-day
course of intravenous immunoglobulin, followed by monthly
single intravenous immunoglobulin treatments [dose 36 g
(0.4 g/kg)] for a period of 4 months. This was followed by a
further reduction in HbA

 

1c

 

, with a nadir of 8.0% in October
2006; however, insulin doses remained high (260 U/day).
Recovery of plasma insulin (following PEG precipitation) had
increased to 65%. The patient received extensive laser therapy
due to progression of retinopathy following the improvement
in glycaemic control.

Despite a maintenance regimen of monthly plasmapheresis
and intravenous immunoglobulin, HbA

 

1c

 

 increased to 9.4% in
December 2006; intravenous immunoglobulin was ceased.
Mycophenolate mofetil was ceased in March 2007 when
the patient was admitted to hospital with Gram-negative
septicaemia, complicated by a myocardial infarction. HbA

 

1c

 

increased to 10.1% in July 2007. The patient died at home in
December 2007 due to a presumed cardiac event.

 

Discussion

 

Few cases of coexistent insulin allergy and immunologically
mediated insulin resistance have been reported. Although
IgE is most commonly implicated in local allergic reactions
to insulin (type 1 hypersensitivity) [4], insulin has also been
reported to be responsible for the development of type III
hypersensitivity (or Arthus’) reactions [10]. We hypothesize
that the initial allergic response to insulin was the sensitizing
event that led to subsequent immunological insulin resistance
in our patient.

Although we are unable to prove definitively that anti-insulin
antibodies played an aetiological role in the development of
insulin resistance in this patient, the reduction in antibody
titre following treatment was contemporaneous with the
improvement in glycaemic control. It could be argued that
the lack of requirement for infused glucose during the
euglycaemic-hyperinsulinaemic clamp, despite high levels of
non-PEG precipitable insulin, may indicate intrinsic cellular
insulin resistance. However, direct comparison between PEG
precipitation and the gold standard gel filtration suggests
that PEG precipitation alone may have underestimated the

proportion of insulin present in high-molecular-weight
complexes. Furthermore, assessment of insulin binding in serum
may fail to recapitulate accurately the kinetics and degree of
binding in the extracellular fluid

 

 in vivo

 

.
Previous reports have suggested that plasmapheresis,

corticosteroids and azathioprine have a therapeutic benefit in
this clinical setting [11]. Cessation of insulin (removal of
antigenic stimulus) has also been used successfully to treat
patients with severe insulin resistance due to anti-insulin
antibodies [12]. However, these treatment modalities were
not used in our patient due to the risk of worsening glycaemic
control. Insulin lispro, which has been reported to be of lower
immunogenic potential compared with human insulin and has
been used for the treatment of generalized allergy to human
insulin [13], was already being used by this patient.

In summary, we report a patient with insulin allergy and severe
insulin resistance, presumably due to anti-insulin antibodies.
The patient demonstrated initial improvement in glycaemic
control following plasma exchange and immunosuppressive
therapy, in conjunction with a reduction in antibody titre.
Although rarely clinically significant, this report suggests that
anti-insulin antibodies should be considered in patients with
severe insulin resistance, as immunosuppressive therapy may
lead to some improvement in selected patients.
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