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Severe Insulin-resistant Diabetes due to Insulin Antibodies
Associated with Eosinophilia
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Abstract

A 66-year-old man with type 2 diabetes on hemodialysis treatment was admitted due to poor glycemic

control. His serum insulin level and the 'I-insulin binding rate were extremely high with an increased
eosinophil count, although he did not have an allergic reaction to insulin or an elevation of specific IgE for
human insulin. A Scatchard analysis revealed that the patient’s insulin antibodies had a low affinity constant
and a high binding capacity. Prednisolone administration decreased the eosinophil count and "I-insulin bind-
ing rate; accordingly, the glycemic control improved. Corticosteroid therapy may be a potent therapeutic
strategy for insulin antibody-induced severe insulin resistance with eosinophilia.
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Introduction

Insulin antibodies in insulin treated patients generally do
not affect glycemic control (1). However, there have been
several reports of severe insulin resistance mediated by insu-
lin antibodies (2-4). We recently treated a patient with se-
vere insulin resistance due to a marked elevation of insulin
antibodies during insulin therapy. A Scatchard analysis
showed that the characteristics of the insulin antibodies were
similar to those of insulin autoimmune syndrome (IAS). The
patient also had a persistently elevated eosinophil count.

Case Report

A 66-year-old man with type 2 diabetes was admitted to
our hospital in October 2009 due to poor glycemic control
despite treatment with multiple daily injections of insulin
analogs. He was first diagnosed with diabetes in 1997 and
had been treated with oral hypoglycemic agents. In July
2008, insulin therapy was initiated with regular human insu-
lin and neutral protamine Hagedorn (NPH) insulin. Hy-
pereosinophilia (2,968/uL) was initially noted in January

2009 just before the insulin medication was replaced by in-
sulin aspart to improve the blood glucose control. The fast-
ing serum C-peptide level was 1.98 ng/mL and the urine C-
peptide level was 17 pg/day in January 2009. After starting
insulin aspart, the eosinophil counts and the blood glucose
level gradually increased. The patient had also received
hemodialysis for chronic renal failure caused by diabetes
since March 2009.

At the time of admission in October 2009, the patient had
been treated with voglibose (0.9 mg/day) and four daily in-
sulin injections: three of insulin aspart (48 U/day) and one
of insulin detemir (20 U/day). He had no previous history of
treatment with o-lipoic acid or any other drugs containing a
sulthydryl group. His height was 157.0 cm and body weight
was 49.8 kg (body mass index: 20.2 kg/m®). A physical ex-
amination revealed slight anemia in the palpebral conjunc-
tiva and pitting pedal edema. Lymphadenopathy and hepa-
tosplenomegaly were not present. Additionally, there was no
indication of a flare reaction or subcutaneous induration at
the insulin injection sites. The laboratory data showed a
white blood count (WBC) of 12,300/uL. with 62% eosino-
phils (7,626/uL), hemoglobin of 12.0 g/dL, platelet count of
152,000/uL, and glycated hemoglobin (HbAlc, NGSP) of
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Figure 1. A Scatchard analysis of insulin antibodies before and after corticosteroid therapy. k1 (I/U

insulin), affinity constant of high-affinity binding sites; b1l (U insulin/I), binding capacity of high-

affinity binding sites.

11.9%. The tests for anti-glutamic acid decarboxylase
(GAD) antibody, anti-insulinoma associated protein 2 (IA-2)
antibody, and anti-islet cell cytoplasmic antibody (ICA)
were all negative. The results of the liver function tests and
the levels of growth hormone, insulin-like growth factor-1
(IGF-1), adrenocorticotropic hormone (ACTH), and cortisol
were within the normal ranges. Thyroid stimulating hormone
(TSH) was slightly increased with normal ranges of thyroid
hormones. The serum total immunoreactive insulin (IRI)
concentration was 3,251.6 yU/mL, fasting serum C-peptide
was 5.24 ng/mL, and the ’I-insulin binding rate was 83.5%.
A Scatchard analysis showed that the patient’s insulin anti-
body had a low affinity constant and a high binding capacity
in the high-affinity binding sites (Fig. 1). Neither insulin re-
ceptor antibody nor specific immunoglobulin E (IgE) for hu-
man insulin was detected in his serum; however, soluble
interleukin-2 receptor (sIL-2) and interferon y (IFN-y) were
elevated (1,944 U/mL and 748.1 pg/mL, respectively). HLA
typing of the class II haplotypes were DRB1°04:05-DQB1’
04:01 and DRBI1'09:01-DQB1°03:03. Echocardiography
showed a preserved cardiac function with a 78.0% ejection
fraction.

After the insulin analogs (aspart and detemir) were
changed to human insulin (regular and NPH) or other ana-
logs (insulin lispro, glulisine or glargine), the eosinophil
counts gradually decreased (Fig. 2). However, refractory hy-
perglycemia persisted with an elevated '“I-insulin binding
rate (Fig. 2) despite the high-dose human regular insulin ad-
ministration (>150 U/day) and the high IRI titer (2,830.2
pU/mL) (Fig. 2). A reduction in dosage of insulin resulted
in an increase in the blood glucose level (Fig. 2). Accord-
ingly, we decided to initiate corticosteroid therapy for insu-
lin antibody-mediated insulin resistance. After the oral ad-
ministration of prednisolone (60 mg/day), the eosinophil

count rapidly decreased. Subsequently, the blood glucose
levels gradually decreased accompanied by the reduction of
the I-insulin binding rate (Fig. 2, 3), sIL-2 (1,314 U/mL),
and IFN-y (253.6 pg/mL). Meanwhile, the insulin antibody
characteristics (affinity constant and binding capacity) were
not affected by the corticosteroid therapy (Fig. 1).

The patient was discharged in January 2010 with good
glycemic control (Fig. 3) on 25 mg/day of prednisolone and
four daily insulin injections: three of insulin glulisine (28 U/
day) and one of insulin glargine (12 U/day). After discharge,
we tapered the prednisolone dose to 10 mg/day and the "I-
insulin binding rate has remained at <4% with stable glyce-
mic control.

Discussion

Eosinophilia is generally accompanied by allergic diseases
and adverse drug reactions (5). Hemodialysis treatment has
also been reported to cause eosinophilia through allergic re-
actions to dialysis equipment and anticoagulants (6, 7). In
the present case, the eosinophil count had increased with the
use of human insulin before initiating hemodialysis treat-
ment, suggesting that exogenous human insulin initially in-
duced eosinophilia. Subsequently, eosinophilia and the insu-
lin resistance became remarkable after hemodialysis treat-
ment with the use of insulin aspart. Thus, insulin aspart,
hemodialysis treatment, or both possibly exacerbated eosino-
philia and accelerated the insulin antibody production. To
the best of our knowledge, only one case of insulin
antibody-induced insulin-resistant diabetes with concomitant
hypereosinophilic syndrome (HES) has been reported to
date (4). HES is characterized by persistent eosinophilia
and/or end-organ damage without secondary causes of
eosinophilia. In the previous case, eosinophilia and hepa-
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Figure 2. Changes in the daily peak blood glucose (PBG) concentration, eosinophil count, and '*I-
insulin binding rate during the clinical course. The doses of prednisolone (PSL) and external insulin
are shown at the top.
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Figure 3. Representative daily profiles of the plasma glucose and serum insulin levels before (be-
fore PSL) or during corticosteroid therapy (on PSL 25 mg or PSL 50 mg). BB: before breakfast, AB:
after breakfast, BL: before lunch, AL: after lunch, BD: before dinner, AD: after dinner, 23°: 23:00,
3°: 3:00, PSL: prednisolone, IRI: serum total insulin
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tosplenomegaly had already been noted before initiating in-
sulin therapy and insulin antibody-induced insulin resistance
emerged with multiple organ damage by eosinophilic infil-
tration after insulin therapy. In contrast, in the present case,
exogenous insulin was strongly suspected as the cause of
eosinophilia, and no signs of organ dysfunction by eosino-
philic infiltration were observed even at the peak of the
eosinophil count (at the time of admission), indicating that
the present case has a different etiology of eosinophilia from
the previously reported case.

The cessation of insulin was reported to be a useful thera-
peutic option for patients with unstable glycemic control due
to insulin antibodies (2). In the present case, the fasting se-
rum C-peptide level was 1.97 ng/mL despite a decreased
urine C-peptide level (17 pg/day) before starting insulin ana-
log treatments and hemodialysis. The discrepancy between
the serum and urine C-peptide levels may be the result of
renal failure (8). In addition, probably due to interference by
insulin antibodies (9, 10), the serum C-peptide concentration
in the immunoassay had further increased (5.24 ng/mL) at
the time of admission. It was therefore difficult to evaluate
the endogenous insulin secretion capacity accurately during
the admission period; accordingly, we decided to continue
insulin therapy. Even after the change of insulin prepara-
tions, a high '*I-insulin binding rate and severe insulin resis-
tance persisted, and the reduction in the dosage of insulin
resulted in an increased blood glucose level. Hence, an addi-
tional treatment to suppress the insulin antibody production
was necessary to achieve acceptable glycemic control.

For the additional treatment, we selected corticosteroid
therapy because it is the mainstay treatment for eosino-
philia (5, 11). A few previous reports have suggested that
corticosteroid therapy has favorable effects on the insulin
antibody-induced insulin resistance (4, 12). As expected,
both eosinophilia and insulin resistance were ameliorated af-
ter the treatment with prednisolone. Corticosteroid therapy
was previously reported to modify the characteristics of in-
sulin antibodies, especially in the binding capacity (12). In
contrast, the characteristics of insulin antibodies were not
strongly affected by prednisolone in the present case; the
binding capacity remained high (b1=10.0x10® M) even after
the treatment. We therefore assumed that the reduction in
the insulin antibody concentration, reflected by the decrease
in the '"I-insulin binding rate, chiefly contributed to the im-
provement of glycemic control after the prednisolone treat-
ment.

Insulin allergy with marked eosinophilia has been re-
ported to accompany the elevation of specific IgE for human
insulin (13). However, in the present case, we could not de-
tect total IgE elevation or specific IgE for human insulin. In
this respect, the previous case of insulin antibody-induced
insulin resistance associated with HES was similar to the
present case (4). The interaction between eosinophilia and
insulin antibody-induced severe insulin resistance still re-
mains unclear. Activated T-lymphocytes may play a critical
role in eosinophilia (14). In the present case, persistent T-
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Iymphocyte activation may have induced the insulin anti-
body production since the '“I-insulin binding rate was re-
duced with the decrease in activated T cell markers sIL-2R
and IFN-y after corticosteroid therapy. In addition, the pa-
tient had HLA-DR4, which is relevant for a strong immune
response to insulin (15). These factors may trigger an immu-
nological disorder of producing insulin antibodies and con-
comitant eosinophilia.

In summary, we herein reported a case of insulin
antibody-induced severe insulin-resistant diabetes associated
with eosinophilia. Corticosteroid therapy ameliorated both
the insulin resistance and eosinophilia. Further accumulation
of such cases is warranted not only to elucidate the interac-
tion between eosinophilia and insulin antibody production,
but also to establish the efficacy and safety of corticosteroid
therapy for insulin antibody-induced insulin resistance.
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