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CLINICAL RESEARCH

Autoantibodies against human insulin

TERENCE J WILKIN, SARAH NICHOLSON

Abstract

Sera from 680 non-diabetic subjects with suspected
autoimmune disease were screened for 13 different
antibodies. Of the 582 sera found to contain these anti-
bodies, nine bound insulin in an IgG specific enzyme
linked immunosorbent assay (micro ELISA). Four of the
sera bound human, porcine, and bovine insulins and five
bound exclusively human insulin. "Cold" human,
porcine, and bovine insulins each displaced, in a dose
dependent manner, the four sera which bound all three
insulins, but only human insulin displaced the remain-
ing five, porcine and bovine insulins having little or no
effect in concentrations up to 1000 U/1.
These observations point to the existence of auto-

antibodies specifically against human insulin in some
subjects with established autoimmunity.

Introduction

Over the past 20 years numerous reports claim to have identified
autoantibodies against insulin,1-4 but in most either the speci-
ficity of the assay, the exact nature of the binding factor, or
insulin naivety in the subjects has been in doubt.5 While the
antibodies against commercial insulin commonly found in the
sera of diabetics are usually of minor clinical importance, those
arising spontaneously might be of greater potential interest as
markers for autoimmunity, analogous to the thyroglobulin
antibodies in thyroiditis and antibodies against intrinsic factor
in gastritis. Autoimmune disorders tend to cluster within
individuals,6 so that the search for insulin autoantibodies might
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logically be concentrated on people already subject to auto-
immunity. We have therefore looked for antibodies against
insulin in the sera of a large number of patients with auto-
immune diathesis.

Subjects and methods

We examined sera from 680 consecutive non-diabetic patients
(238 men, 442 women; mean age 53 (SD 28) years) with suspected
autoimmune disease referred to the autoimmune profile laboratory
in our department. Tests included in the profile were for antibodies
against thyroid microsomes, thyroglobulin, gastric parietal cells,
renal glomerular basement membrane, striated muscle, smooth
muscle, mitochondria, reticulin, keratin, nuclear factor, DNA, skin,
and rheumatoid factor. Based on the results the patients were divided
into 582 subjects who were found to have one or more of these
antibodies (group 1) and 98 subjects found not to have any of them
(group 2). We also studied the sera from a control group of 94 healthy
adults (mean age 38 (SD 7) years) with no history or suspicion of
autoimmune disease (group 3), 31 randomly selected non-insulin
dependent diabetics (mean age 64 (SD 11) years), and 19 insulin
dependent diabetics (mean age 57 (SD 17) years).

ASSAY

We devised an enzyme linked immunosorbent microassay7 similar
to the system for measuring thyroglobulin antibodies.8 Briefly, test
serum diluted 1/10 in phosphate buffered saline (pH 7 2) was in-
cubated in a polystyrene microtitre plate (Kontron Analytical, St
Albans) precoated with pure human, pork, or bovine monocomponent
insulin crystals (Novo Research Institute, Copenhagen) in carbonate-
bicarbonate buffer, pH 9 6. The reaction was measured on a spectro-
photometer (Dynatech MR 580 Micro Plate Reader) after adding
antihuman IgG (Dakopatts, Mercia Brocades Ltd, Weybridge)
conjugated to horseradish peroxidase (Sigma Chemicals, Poole),
which produced a quantitative colour change (absorption) in the
substrate, o-phenylene diamine (Sigma Chemicals). The assay was
thus a solid phase binding system specific for IgG antibodies. The
interassay coefficient of variance (mean/standard deviation x 100)
was less than 10o/ for all three insulins at widely spaced points on
the reference curves, and the reaction was shown to be specific for
insulin. Antibodies against pure human (Eli Lilly Company, Indian-
apolis) and pork and bovine (Novo Research Institute) C peptide were
measured in a similar microassay.
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Results were derived from the reference curve for the appropriate l0- Human Porcine Bovine
species of insulin, obtained from serial dilutions of the diabetic serum 5 -. -
containing the highest antibody titre encountered in this laboratory, 50 -

and incorporated into the microtitre plate. Each result is a dilution
equivalent-that is, the percentage dilution of the reference serum 20 -

(100%-1/10) giving the same colour change as the test serum 10. Da
diluted 1/10.. I D

5-.

100 -

Results 50

BINDING STUDIES
20-

Reference curves and controls (fig 1)-Mean binding of human
monocomponent insulin by the 94 controls (group 3) was 0 054 10 - 6 -6 - 6
(SD 0-021) absorption unit, giving a range of 0-012 to 0-096, equivalent Dilution L,
to a less than 5% dilution of the reference serum. A pool of 20 normal equivalent

5

sera (10 male, 10 female) gave a binding of 0-052 absorption unit, reference 100

serum (%J 50
0700L

20 -

0600 102 - 2 -2
\ 5 L

* *- _

0500\ 100-
50 -

0-400- 20 -

X490nm 10-5 -5 5
0 300\ --

5 L=i L L w

0200- 0 101 102 103 0 d 102 103 0 1d 102 03
Insulin (U/I)

0100 ..FIG 3-Representative patterns of binding and displacement behaviour::::::::::::::::::-::::::::::::-::::::::::::::::::::: displayed by diabetic serum (from subject D1), non-specific insulin auto-........................... ..............................:::::::::::::::........ immune serum (from case 6), human insulin specific autoimmune serumNm range :::::::::::::::: (from case 2), and incompletely human insulin specific autoimmune serum
.................. (from case 5). Left hand column: binding was to human insulin. Middle

100 50 2 10 5 2 colunm: binding was to porcine insulin. Right hand column: binding was to
Dilution of reference serum(o) bovine insulin. Human insulin added in displacement studies.

----- Porcine insulin added in displacement studies.. Bovine insulin
FIG 1-Reference curve for human insulin (from insulin dependent diabetic added in displacement studies.
D1 in table II) expressed as percentage dilution (100%=1/10). (Normal
range (stippled area) derived from values in 94 healthy adults.)

equivalent to less than 2%. Corresponding results using pork and
bovine monocomponent insulins were similar.

100- .Diabetics-Figure 2 shows the results of insulin binding by sera
from the non-insulin dependent and insulin dependent diabetics.
Binding was less than 5% in 28 of the 31 non-insulin dependent
diabetics and less than 6% in all of them. Of the 19 insulin dependent
diabetics, 11 showed binding greater than 5%, the strongest (100%)

50- providing the reference serum for all assays.
40- Patients tested for autoimmune profile-None of the sera from

patients with a negative autoimmune profile (group 2) bound insulin,
Dilution 30 * whereas sera from nine of the 582 patients in group 1 (1-5%) did
equivalent

* bind insulin (fig 2). None of these nine was a known diabetic and so

ef 2ae far as we and their general practitioners knew none had received
reference insulin.
serum (°/ ) : When the binding studies were repeated after separation of gamma-

* .o globulins by precipitation with ammonium sulphate all the insulin
binding activity resided in the gammaglobulin fraction and none in

10 . the supernatant. Antibodies against C peptide were found only in
sera from the insulin treated diabetics and were restricted to bovine
C peptide.

In order to check whether any particular autoantibody in the
5- . . autoimmune profile was causing false positive results for insulin

binding we checked on the relation between the distribution of
antibodies tested in the profile and that in our nine patients. The
relation was random (table I).
Four of the nine insulin binding sera (from cases 6-9) bound all

Controls NIDDS I DDS Insulin Al three species of insulin, while five of them (from cases 1-5) bound
(n= 94) (n=31) (n =19) (n=9) exclusively, or virtually exclusively, human monocomponent insulin

FIG 2-Insulin binding capacities (percentage dilution equivalent of reference (table II). Thus serum from case 2 bound human insulin but showed
serum) of control subjects, non-insulin dependent diabetics (NIDDS), no avidity for porcine and bovine insulins. Serum from case 5 bound
insulin dependent diabetics (IDDS), and subjects with insulin auto- human insulin more strongly than the laboratory reference serum

immunity (AI). but had only very weak avidity for porcine and bovine insulins.
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TABLE I-Distribution of autoantibodies in sera of nine subjects positive for insulin autoantibody

Case No Thyroid microsomes Gastric parietal cells Striated muscle Smooth muscle Antinuclear factor Rheumatoid factor DNA

1 + +
2 + + + +
3 + + +
4 +
5 + +
6 + +
7 + + +
8 +
9 + +

TABLE li-Results of binding and displacement studies in nine test subjects and two insulin dependent diabetic subjects (DI and D2). Binding expressed as 0% dilution
of reference serum (D1) giving same ELISA result. H, P, and B refer to human, porcine, and bovine insulins as assay ligands, and h, p, and b rcfer to same insulins
added in increasing concentrattion to assay mixture

Concentration of "cold" insulin in assay (U/I)

Case No Age and sex Coating h p b
insulin

0 101 102 103 0 10' 102 103 0 10' 102 103

F H 10-2 10-1 5-3 <5 10-2 11-4 10-2 11-1 10-2 11-3 11-4 13-2
1 56 M P <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5

LB <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
CH 1449 13-7 10-2 <5 14-9 14-5 13-0 13-3 14 9 13-9 14-5 15-1

2 20 F {P <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
tB <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
CH 16-7 16-2 15-6 10-5 16-7 16-4 16-1 16-1 16-7 16-1 16-7 18-5

3 62 M q P <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
HB <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
H 222 24-9 24-2 18-5 22-2 25-1 25-0 2-8 -222 26-3 25-1 31-1

4 60 M P 9-1 9-2 9-4 9-8 9-1 11-2 10-5 10-2 9-1 9-5 11-8 11-8
HB 81 6 10 0 10-8 10-9 81 6 1002 9> 8 118 81 6 1106 1009 1246
H >100 > 100 3181 774 >100 > 100 > 100 49 8 5100 > 100 > 100 47-6

5 44 F P 8-7 <5 <5 <5 8-7 6-3 5.1 <5 8-7 7-2 7-1 <5
LB 6-2 <5 <5 <5 6-2 5-0 <5 <5 6-2 <5 <5 <5
F H 31-2 28 6 22-2 13-9 31-2 25-1 22-0 13-9 31-2 27-0 23-8 13-9

6 75 F L P 23-8 19-2 15-9 11-9 23-8 18-5 17-4 12-3 23-8 19-4 16-7 18-2
t 28-6 25-1 21-3 12-9 28-6 27-0 21-1 16-4 28-6 24-9 21-7 18-2
H 17-5 20-4 17-9 907 17-5 19-2 17-2 9-4 17-5 18-2 18-3 12-3

7 37 F q P 16-7 16-5 14-9 9-7 16 7 15-2 14-7 8-7 16-7 15-2 14-5 9-6
B 16-4 16-3 14-3 6-7 16-4 16-6 15-2 7-2 16-4 17-5 16-3 10-2
H 15-4 12 5 <5 <5 15 4 12-6 <5 <5 15-4 14-1 <5 <5

8 40 F q P 17-2 12-5 <5 <5 17-2 12-2 <5 <5 17-2 12-5 <5 <5
B 17-9 18-2 <5 <5 17-9 11-6 <5 <5 17-9 12-0 <5 <5

F H 20-0 21-7 19-6 15-4 20-0 21-7 22-7 15-2 20-0 24-1 22-2 14-5
9 24 F P 21-7 21-4 20-4 14-9 21-7 21-4 20-3 15-4 21-7 23-1 20-8 14-9

B 62-5 47-6 40-0 30-1 62-5 45-5 43-5 31-3 62-5 45-3 41-7 27-8
H 100 38-4 18-5 7-7 100 34-5 18-2 7-7 100 32-3 15-6 6-2

D, 73 M q P 100 43-5 20-1 12-8 100 41-7 23-8 8-6 100 52-6 17-5 9-1B 100 62-5 26-3 11-8 100 50-1 23-8 11-7 100 45-4 19'2 101
F H 26-3 20-4 9-1 <5 26-3 20-5 9-1 <5 26-3 16-1 8-8 6-2

D, 42 F P 23 3 16-7 9-5 <5 23-3 15-2 8-7 <5 23-3 15-3 7-6 <5
tB 23 3 19-2 12-8 7-4 23-3 21-3 11-5 6-9 23-3 19-2 10-1 7-4

F H <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Normal pool(1OM+10 F) { P <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5

( <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5

DISPLACEMENT STUDIES

Attempts to inhibit antibody binding imnmunospecifically were
made by adding increasing amounts of "cold" insulin of different
species to the incubation mixture so as to obtain final concentrations
of 0-1000 U/l. Figure 3 shows the displacemrnt patterns observed
and table II gives the full results. Displacement was dose dependent
and highly species specific: it occurred only when the species of
insulin added was the same as that to which the antibody had been
shown to bind on the plate. Thus sera containing antibodies specific
against human monocomponent insulin (for example, case 2) were

displaceable only by human insulin, even when concentrations of
porcine and bovine insulin reaching 1000 U/I were present. Con-
versely, sera capable of binding all three insulins (for example,
case 6) were displaceable by all three insulins. Serum from case 5
was of particular interest on account of the very close correspondence
between its binding and displacement behaviour. It bound strongly
to human insulin but weakly to porcine and bovine insulins and was

readily displaceable by human but poorly by porcine and bovine
insulins.

Discussion

Doubts have frequently been raised in the past over claims for
autoimmunity to insulin, particularly in relation to antibody9
or ligand"° specificity in the assay and to insulin naivety in the

patient. Even in well documented cases,'1 uncertainty over
self administration of insulin must remain; modern insulins
contain little if any species marking C peptide, so that in the
absence of C peptide antibodies it has become exceedingly
difficult to distinguish immunologically between induced
immunity and autoimmunity.

In the present series, however, none of the nine patients with
insulin antibodies was diabetic, all denied contact with insulin,
and none had antibodies against animal C peptide. The assay
used did not employ an iodinated ligand and it identified
immunoglobulins immunospecifically, effectively ruling out
interference from non-immunoglobulin binding factors. The
detection of antibodies exclusively against human insulin in sera
which were drawn before human insulin was available in Britain
tends to remove suspicion of its self administration. Further-
more, all nine patients had independent evidence of auto-
immunity, and insulin antibodies were not found in the sera of
normal controls, non-insulin dependent diabetics, or patients
suspected of autoimmune disease who turned out to be sero-
negative in tests for their autoimmune profile. Autoimmunity to
insulin therefore appears to exist only in the context of poly-
autoimmunity.

This report points strongly towards the existence of auto-
immunity to insulin and suggests that the response may be
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specific for human insulin. Human insulin differs from porcine
by a single amino acid substitution, so that a response exclusive
to human insulin implies autoantibodies of considerable homo-
geneity directed against a very limited number of antigenic
sites (epitopes). Three important questions arise: How restric-
ted is the clonal response in insulin autoimmunity-might the
antibodies be monotypic or even monoclonal ? Out of all the
possible antigenic sites on an insulin molecule, why is the auto-
immune response in more than half of the sera directed against
the single or very limited number of epitopes unique to human
insulin ? Put alternatively, why-apparently against all laws
of chance- is the immunoreactive epitope in these responses
also the species defining epitope ? Finally, what are the clinical
implications of our findings ?
We are currently studying the clonality of insulin auto-

antibodies, but it is interesting to note that the autoantibodies
found in patients with systemic lupus erythematosus are not only
clonally restricted,'2 but also share the same idiotypes (antigen
binding shapes) with unrelated sufferers from the disorder."3
Whether the epitopes against which these antibodies respond
show evidence of species restriction, similar to that which we
have shown in insulin autoimmunity, is unknown.
The trigger for insulin autoantibodies and their role, if any,

in the pathogenesis of disease are also unknown, but recent
data from virus infected animal models are intriguing.'4 15
For example, mice infected with passaged reovirus developed
insulin dependent diabetes associated with the appearance of
antibodies not only against cytoplasmic antigens within the islet
cells but also against cell surface antigens and insulin.14 The
response, furthermore, was polyendocrine, with antibodies
against anterior pituitary cells, growth hormone, and thymo-
cytes."5 The relation of this viral induced polyendocrine response
in animals to the human polyendocrine syndromes, in which
multiple autoantibodies are typical16 1 and from which our test
sera were drawn, is likely to provide an area of intense and fruit-
ful study.

TJW was generously supported by the Wellcome Trust and SN
by Nordisk-UK and Eli Lilly Co Ltd. We thank Novo Industries
(Copenhagen) and Eli Lilly Company (Indianopolis) for their kind
gifts of purified insulins and C peptides, Mrs C Casey for technical
help, and Mrs L Scott-Morgan for making available the autoimmune
sera.
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ONE HUNDRED YEARS AGO In reference to the loss of
Woolveridge's Speculum Matricis, published in Dublin in 1670,
and the earliest original work on midwifery written in the English
language, we have learnt, since our article on the subject last week, the
following particulars from Dr. Godson, who informs us that the per-
son intrusted with the volume, for the purpose of copying it, has not
been proved to have absconded with the volume. Dr. Fordyce
Barker, in a letter to Dr. Godson, dated May 15th, 1883, gives a full
account of the transaction. Dr. Barker possessed a copy of the book in
question, and about five years ago, at the request of the Obstetrical
Society of London, took steps to find a man who could make a copy
of it for the Society. Two American librarians referred Dr. Barker
to a well-known and learned dealer in old books, named Sabine,
now deceased. Mr. Sabine recommended an eccentric Frenchman,
who lived in constant penury, but was a good copyist, much employed
by collectors in New York, London, Paris, and Rome. This man,
whose name was Emile Bourgeaud, undertook to copy the specimen
of Speculum Matricis, which was at once lent to him for the purpose
by Dr. Barker, who could not get him to fix on any sum to be paid for
his services. Dr. Barker lost sight of Bourgeaud for a long time,
but in April, 1881, he brought back the book, repaired with great skill,
but only a part of the copy. Starvation had evidently prevented him
from completing his task. Dr. Barker has never seen since then this
poor copyist, who took away the book once more to complete the copy.
He wrote once to Dr. Barker, saying that he had been invited to Brazil

by the Emperor, in order to do some work for the Imperial Library,
but hoped to be back in New York by November, 1881, with the book
completely copied. Bourgeaud never returned the work. Dr. Barker
communicated with the United States Legation at Rio de Janeiro,
and was informed that Bourgeaud had really been at work in the Im-
perial Library, and he had never asked for any remuneration, though
his work had given great satisfaction. A steerage-passenger in a steamer
which sailed from Rio in November, 1881, was entered in the ship's
list as "A. Boojo." Dr. Barker then discovered that the ship's cook, a
Frenchman, named Quinquinet, had taken great interest in this
passenger. On landing in New York, he took his unhappy countryman,
who was in very bad health, to a low French tavern in Worcester Street.
In May, 1883, Dr. Barker found out this tavern, and discovered from
the landlady that the sick Frenchman had brought with him a box,
and asked for ink, but used to sit still in his room doing nothing, and
his reckoning was only once paid, and then by some friend, who took
him and his trunk away. This is the last news that Dr. Barker could
obtain about poor Emile Bourgeaud. It is very unlikely that he de-
stroyed either the original book or his copy, and it is to be hoped that
it was found in the box by the friend, if Bourgeaud really died soon
after leaving the French tavern, as appeared to be highly probable.
If the friend and the box could be traced, the ultimate fate of the book
may yet be known. Possibly some of our readers may find the missing
work on this or on the other side of the Atlantic. (British Medical
Journal 1884;i:426.)
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