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Insulin autoantibodies (IAA) are frequently found in newly diagnosed
untreated insulin-dependent diabetics. In this study, it was evaluated whether the
presence of insulin autoantibodies produced prior to insulin treatment affected the

insulin antibody response over the first year of treatment with insulin. Patients with

IAA were compared against those without IAA. One hundred and five previously
untreated type 1 diabetics were randomly assigned to treatment with either pure
porcine or mixed bovine/porcine insulin.

Twenty-one in each group had

detectable IAA at diagnosis. Percent binding rose in all patients after commencing
insulin therapy and was significantly greater in those with IAA irrespective of the

type of insulin administered. The elevated binding in the IAA positive patients at
all time points was equivalent to the binding that could be attributed to the insulin

autoantibodies. These data suggest that the greater insulin antibody found in the

IAA positive patients during insulin therapy is due to the summation of binding due

to insulin autoantibodies and binding due to insulin antibodies formed in response
to the exogenous insulin. Physiologically, the insulin antibody response in the IAA
positive versus negative patients is probably equivalent suggesting that different

clones of lymphocytes produced the IAA versus the insulin antibodies that
developed in response to insulin treatment.
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Insulin has been used clinically to treat the effects of diabetes since 1921
(1).

The first immunological problem was reported in 1922 when a patient

developed anaphylaxis after injection of the insulin (1). The insulins used were

impure as compared to today's insulins and the formation of antibodies to these
insulins was almost universal (2).

Even with the development of more pure,

refined insulins, immunological responses are still seen in most patients (3). The
pure human insulins still create an immunological response, although to a smaller

degree in most patients (4).

It has been found that some patients have insulin-binding autoantibodies
(IAA) even before the initial treatment with insulin (5). The function and effect of

these IAA in pre-treatment patients is still in question, but it has been suggested
that these antibodies could act as a buffer, storing insulin which when released

would thereby produce a more stable control of blood glucose (6).

But, what

would be the effect of these IAA once insulin treatment has been initiated?
In this study, the effect that these pre-treatment insulin autoantibodies on

the immunological response of patients to exogenous insulin has been analysed.
A large, random subject pool and an accurate and sensitive assay for the

presence of IAA has been utilized. Two comparison groups were used, those
patients who received pure porcine insulin and those patients who received a

mixed bovine/porcine insulin.

These groups were further divided into those

patients who had IAA (at diagnosis) and those who lack these IAA. The effect
these insulin autoantibodies have upon the immunological response to

exogenous insulin treatment was analyzed. Questions addressed were: (1) do

these IAA have an effect or not on the insulin antibody response, and (2) is this
effect significant and if so how significant?

2

TYF>E 1 DIABETES ^ELUTUS OVERVIEW

Diabetes mellitus is a metabolic disorder in which the ability to oxidize
carbohydrates is more or less completely lost.

This is usually due to faulty

pancreatic activity that involves the islets of Langerhans. The result of this is to
give a consequent disturbance of the normal insulin mechanism. This produces
•

hyperglycemia (an abnormally high content of glucose in the blood) with resulting
glucosuria (the presence of glucose in the urine) and polyuria (the passage of a

large volume of urine in a given period) giving symptoms of thirst, hunger,

emaciation, and weakness. Also, imperfect combustion of fats with resulting
acidosis (accumulation of acid within the blood and body tissues), sometimes

leading to dyspnea (difficult or labored breathing), lipemia (excess of fat or lipid in
the blood), ketonuria (ketone bodies in the blood), and finally coma are readily
associated with the disease.

Ketone bodies are a large class of organic

compounds containing the carbonyl group, C=O, whose carbon atom is joined to
two other carbon atoms. It is frequently associated with progressive disease of the
small blood vessels (microangiopathy), particularly by affecting the eye (diabetic

retinopathy) and kidney (diabetic nephropathy), and atherosclerosis (yellowish
3

plaques containing cholesterol, lipid material, and lipophages are formed within

the intima and inner media of large and medium-sized arteries). There may also
be pruritus (itching) and lowered resistance to pyogenic infections (pus producing

infections) (7). Type 1 diabetes mellitus is the juvenile type and is much more
severe. This type of the disease occurs before the age of 25 and is extremely

difficult to control. Oral hypoglycemics and diet are seldom effective, with daily
injections of insulin required in almost all patients. This is opposed to Type 2

diabetes mellitus that is a very mild form of diabetes that effects people usually
after the age of 40. The insulin reserve they have is diminished, but it is almost

always sufficient to handle their needs. This type of diabetes is almost always
easily controlled by the use of oral hypoglycemics and/or dietary control.
The current understanding of diabetes, as described by Eisenbarth, is

that it is a chronic autoimmune disease that occurs in six stages (8). Stage I is
genetic suseptibility with some of these genetically susceptible patients receiving

a unknown triggering event (Stage II). Active autoimmunity develops (Stage III) in
which, initially, even patients with immunologic abnormalities have normal insulin

secretion.

During

Stage

IV,

immunologic abnormalities

persist but

glucose-stimulated insulin secretion is progressively lost despite normal blood

sugar levels. In Stage V, when overt diabetes is first recognized, some residual

insulin secretion remains. At this time, as little as 10 percent of the beta cells
(insulin-secreting cells) remain. Within several years, essentially all beta cells are
4

destroyed (Stage VI). The following sections decribe Eisenbarth's work dealing
with these stages of diabetes development (8).

STAGE I: Genetic Susceptibility

The understanding of diabetes has been greatly enhanced by the use of
two animal models:

the non-obese diabetic mouse and the Biobreeding rat

(named for the Biobreeding Laboratories in Canada where the strain was
developed).

It has been found that both of these animal models as well as

humans have at least one gene in the major histocompatibility region that

contributes to the susceptibility to diabetes. Also, inheritance of diabetes in all
three of these species is multigenic and involves one or more genes outside the

major histocompatibility complex.

Genes within the major histocompatibility region are divided into three
classes: Class I genes, which code for classic transplantation antigens (HLA-A,

-B, and -C in humans); Class II genes (HLA-DP, -DQ, and -DR in humans) which
code for dimeric polypeptide, function at least in part as immune-response genes

and profoundly affect interactions between monocytes and various lymphocyte

subsets; and Class III genes, which code for complement molecules. All of these
classes of genes in the major histocompatibility region are conserved between
species, allowing for numerous cross-species studies to better understand the

5

genetic aspect of the disease.

Therefore, results obtained with mice and rat

studies can be used to study human diabetes because the genes that cause the
disease in humans are similar to the disease-causing genes in the rat and mouse.
Using the non-obese diabetic mouse model, many breeding experiments

have been completed. With these mice, susceptibility to diabetes has been found
to be determined by T cells (a type of cell within the immune system that help to
produce antibodies). Diabetes can be prevented in non-obese diabetic mice by
introducing

the

immunodeficiency.

nude

mouse

gene

which

produces

profound

T-cell

If these "nude" non-obese diabetic mice are reconstituted with

immunocompetent T lymphocytes from genetically "normal" non-obese diabetic

mice, susceptibility to diabetes is restored. When non-obese diabetic mice are
bred with normal strains, F1 animals (first generation animals) do not become

diabetic, whereas 2 percent of F2 (second generation animals) and 14 percent of

backcrossed animals (animals developed by mating F1 animals with an animal
with the same genetic make-up as the parents) become hyperglycemic.

In

breeding studies done thus far, all the animals that became diabetic were
homozygous for the histocompatibility region of the non-obese diabetic mouse

and have at least one other gene that contributes to diabetes. This gene is not
linked to the major histocompatibility complex.

With the Biobreeding rat, susceptibility to diabetes correlates with the
inheritance of an autosomal recessive gene that produces a deficiency of all
6

subsets of circulating T cells and also with an

independent major

histocompatibility complex gene or genes. When Biobreeding rats are crossed

with other rat strains, the incidence of diabetes in animals that are homozygous
for the major histocompatibility complex of the Biobreeding rat is 10 times higher
than it is in heterozygous animals. Also, diabetes only develops in those animals

that have at least one chromosome similar to that of the biobreeding strain at the

Class II gene. When the Biobreeding rats are crossed (mated) with either Brown
Norway or Lewis rats, 1 in 16 of the F2 rats is homozygous for the
histocompatibility complex and the lymphopenia gene (gene to decrease the

proportion of lymphocytes in the blood) of the Biobreeding rat. It was found that

diabetes develops in 30 percent of the homozygous animals, thus suggesting that

other "diabetogenic" genes are involved.

Therefore, diabetes may in fact be

caused by a number of genes.
In addition, studies with immunotherapy have reflected the multigenic
inheritance of susceptibility to the disease in Biobreeding rats.

Suppressing

immune functions by means of cyclosporine, neonatal thymectomy, lymphoid
irradiation, or inhibition of macrophage function have all shown to prevent

hyperglycemia. It has also been shown that diabetes can be prevented in the
Biobreeding rat by restoring T-cell function with bone marrow transplants or

transfusion of normal T cells.

Further studies have been done with the Biobreeding rat to test whether
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or not environmental factors influence the development of diabetes. To date, few

environmental factors have been found to contribute to the disease in either
Biobreeding rats or non-obese diabetic mice. Even rearing Biobreeding rats in a

"germ-free" environment has not shown to influence the age of onset of diabetes
or the percentage of animals that become diabetic. However, the possibility that
environmental factors do have an affect has not been ruled out.
One argument for the existence of a critical environmental factor or

factors as an influence in the development of diabetes is when a lack of complete,
100 percent concordance is seen in identical twins. This lack of concordance has

been seen in the non-obese diabetic mouse model. However, recent studies in
molecular biology have revealed that during

lymphocyte ontogeny, a

"semi-random" process of gene rearrangements and mutations occur in lymphoid
cells, resulting in the huge genetic diversity of both immunoglobulin molecules
and T-cell receptors.

Therefore, key immunologic genes are not identical in

identical twins and in inbred strains of animals, and although all the predisposing

genetic factors may be present, genetic disease does not always develop. Thus,
"identical" twins do not always develop the same disease symptoms.
The genetics of Type I diabetes in humans is not as well understood as it
is in the two animal models discussed above. However, it is clear that the genes

within the major histocompatibility complex do contribute to the development of
diabetes. Ninety-five percent of whites with Type I diabetes express the

8

histocompatibility alleles-DR3 or -DR4, or both. Studies have been undertaken to
see what the frequency of these alleles is in the families of diabetics as well as the

general population. It is known that the risk to a diabetic sibling is 20 percent if

both haplotypes (the group of alleles contributed by each parent) are shared, 5
percent if only one is shared, and 1 percent if neither haplotype is shared.

Currently, the theory about the number of genes involved and their mode
of inheritance in human Type I diabetes is that there is at least two genes (one of

which is recessive) within the HLA region (-DR3 associated and -DR4 associated)
that are necessary but not sufficient for diabetes to develop.

•

In addition, an

independent gene probably exists outside the major histocompatibility complex
(possibly on chromosome 11). However, the only bases for this theory are the

animal models and these may or may not mimic the human disease.

STAGE II: Triggering

Environmental factors that may trigger the development of beta-cell

autoimmunity are poorly defined. However, there are drugs and infectious agents
that do trigger the development of an autoimmune reaction. Amiodarone triggers
thyroiditis and Grave's disease; wheat protein gliadin triggers celiac disease;

streptococci trigger rheumatic valve disease; and mononucleosis triggers
hemolytic anemia. In many cases, removal of these environmental factors
9

abrogates the autoimmune response. However, this has only been seen in the

animal models.
Recent interest has been focused on the possible viral origin of diabetes

(because a number of viruses are known to be diabetogenic in animals). In fact,
many studies have suggested that a virus may trigger a latent or potential diabetic

state (8).

Coxsackievirus was obtained from a child who died from viral

encephalitis and diabetes, and when the virus was isolated from the child and

injected into mice, the animals became hyperglycemic. This finding suggests that
the virus infects the beta cells and directly causes diabetes. It is not known how or
*

why this occurs.

However, recent reports on the pathological findings in the

child's pancreas indicate that extensive beta-cell damage appears to have
preceeded infection by the virus (8). This suggests that the virus could have been
diabetogenic, but only in the context of a previously reduced beta-cell mass, or

alternatively, the virus could have been a nonspecific stress that hastened an
event that would have occurred anyway. The answer to this problem will require

new strategies to help us to understand how the virus acts.
One environmental trigger that is well-defined is the congenital rubella
viral infection. Approximately 20 percent of persons born with congenital rubella

have diabetes later in life. How the rubella virus does this is not known. However,
one hypothesis is that the rubella virus leads to tissue distruction by infecting

multiple target tissues (such as the islets and the thyroid). Evidence has shown
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persistant T-cell abnormalities in congenital rubella patients.

Such a T-cell

abnormality by itself may predispose to multiple autoimmune illnesses by

disrupting normal immunoregulation.

STAGE HI; Active Autoimmunity

Many immunologic abnormalities preceed the development of overt Type
I diabetes mellitus. Among these is the presence of antibodies that react with the

islets of unfixed sections of normal human pancreas (8). It has been found that 70

#

percent of patients with recent-onset diabetes and a similar proportion of those
with pre-diabetes had anti-islet-cell antibodies. The presence of the anti-islet-cell

antibodies may precede the development of overt diabetes by more than nine

years, and they rarely disappear before overt diabetes occur. The antigen or

antigens to which these anti-islet-cell antibodies are directed have not been
purified, but many studies are being done in an attempt to find them. It is also not

certain whether diabetes will develop in all persons with islet-cell antibodies.
Nevertheless, because the prodromal stage (the stage indicating the onset of the

disease) can last more than a decade and the majority of persons with islet-cell
antibodies have profoundly abnormal insulin secretion, it is likely that the majority

of such subjects will develop overt diabetes. Because of this, islet-cell antibodies
may be able to be used to predict future insulin dependence.

11
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Antibodies that immunoprecipitate insulin also appear before the onset

of Type I diabetes. It has been found that 30 percent of all patients who later
developed Type I diabetes had these antibodies (8).

Eighty percent of these

patients who had anti-insulin antibodies also had islet-cell antibodies.

In the

general population, these insulin antibodies are rare. Therefore, it appears that

these antibodies to insulin have diagnostic importance.
Despite the intense interest in islet-cell antibodies and the evidence that

they can react with the islet-cell surface to inhibit insulin secretion, it is uncertain
whether they are the major determinant of beta-cell destruction.

Most of the

islet-cell antibodies are not specific for beta cells (they bind to another portion of

the islet-cell), and no one has transferred diabetes by the use of antibodies.

There is mounting evidence that beta-cell destruction may be caused by
T lymphocytes.

In the Biobreeding rat, concanavalin A-activated lymphocytes

have transferred diabetes. Researchers have also shown that T lymphocytes from
patients with Type I diabetes can specifically inhibit the insulin secretion of rat islet
cells (8). In addition, when the pancreas of a normal identical twin is transplanted
into a diabetic identical twin, islet-cell destruction is associated with massive T-cell

infiltration.

Before transplantation, the pancreas was normal; however, after

transplantation the T cells within the pancreas expressed the DR or la antigen,
suggesting that the infiltrating T lymphocytes were activated.

elevated levels of la-positive cells circulating within the blood has
12

In addition, the

been shown to precede the development of Type I diabetes. However, it has been

shown that subsets of standard resting T cells show how consistent abnormalities
in Type I diabetes. Therefore, even though these studies point towards the T cells,

the effect of the islet-cell and anti-insulin antibodies cannot be denied at this time.

STAGE IV: Progressive Loss of Glucose-Stimulated Insulin Secretion
z
Diabetes is a disease that is detected by islet-cell antibody status, fasting

glucose levels, and first-phase insulin secretion (the peak insulin response one to
three minutes after an intravenous glucose injection). It has been found that Type

I diabetes mellitus patients develop islet-cell antibodies very early in the disease
development (up to nine years before overt diabetes develops).

During this

extended period, first-phase insulin release is usually initially stable and within the
low normal range. However, before the onset of hyperglycemia this release level
declines until it is well below any normal response.

In studies currently being conducted, first-degree relatives (brothers,

sisters for example) of diabetic patients are being screened for the presence of
islet-cell antibodies to determine if they are immunologically abnormal (8).

Preliminary results show that when these first-degree relatives with islet-cell
antibodies are given an intravenous glucose tolerance test, insulin secretion is

profoundly abnormal in half of the subjects. Despite their ability to secrete insulin
13
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in response to intravenous glucose, these patients are not yet overtly diabetic,
probably because their insulin response to secretagogues such as oral glucose,
tolbutamide, arginine, and glucagon is relatively preserved. This selective loss of

response to intravenous glucose may simply reflect a reduction in beta-cell mass,
because similar results can be obtained with a partial pancreatectomy in rats.
The use of immunological screening and assessment of insulin secretion
using glucose tolerance testing may enable persons at high risk for Type I

diabetes to be identified, and may also enable the prediction of when overt
diabetes will occur.

*

Using this information, treatments may be able to be

developed to retard or prevent progression of overt diabetes.

STAGE V: Overt Diabetes

By the time that hyperglycemia develops and the onset of Type I diabetes
has occurred (Stage V), extensive beta-cell distruction has already occurred. At

this stage, most islets have cells that contain glucogon, somatostatin, and

pancreatic polypeptide but have some beta cells.

Many pilot studies in

immunotherapy have been completed in order to find a treatment that may lessen

the autoimmune response seen in diabetes.

Most treatments, such as a

monoclonal antibody (T12) that reacts with human T cells and prednisone which

suppresses la-positive T cells, have shown to have only short-term or little clinical
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effect on metabolic control (cited in 8). However, one drug does seem to show

some promising results.

The drug, cyclosporine, which selectively blocks the

activation of T lymphocytes, was recently used to treat 50 patients with

recent-onset diabetes. The group treated within six weeks of diagnosis appears to

have had the best response to therapy, but several patients who were treated later
also responded.

One year after treatment was begun, approximately half the

patients treated within six weeks of the onset of the diabetes were no longer taking
insulin and had an improvement in glucose homeostasis. When this drug therapy

was discontinued in several patients, diabetes recurred, often preceded by the
reappearance of islet-cell antibodies. However, side effects to cyclosporine do
exist including gingival hyperplasia, hirsutism, increased suseptibility to infection,
and a small decrease in hematocrit and creatinine clearance. Also, it must be

realized that this trial was not randomized and the use of cyclosporine on humans
has only been occurring for approximately six years. Studies are now underway

to assess the true risks and benefits of cyclosporine with controlled, radomized
trials (8).

STAGE VI: Diabetes

Stage VI is characterized by the classic symptoms of diabetes. At this

stage, all beta cells are destroyed and no endogenous insulin is being produced.
15

e
The patient is entirely dependent upon exogenous insulin treatments.

CONCLUSION

Even though there has been a remarkable amount of information

obtained about the immunology of Type I diabetes, remarkably little of this
information is understood. It is obvious that certain topics must be focused on in
order to more fully understand the disease.

Putative target antigens must be

biochemically characterized; T-cell lines that are capable of transferring diabetes
in animal models must be made; and the actual gene within the major
histocompatibility region that contributes to susceptibility to diabetes must be
isolated. In addition, all of the factors that influence and contribute to the onset of
diabetes must be found. That is in part the focus of this thesis: to see if the

anti-insulin antibodies detected prior to diagnosis do indeed affect the progress of
the disease.
Once all of these topics are realized, perhaps an immunization against

the disease may be a reality. However, many years of research lie ahead.

16

SUBJECTS

One hundred and five patients participated in the study. All were newly
diagnosed insulin dependent diabetics seen at four separate centers between

December 1980 and March 1982. These sites were the University of Washington,

Seattle; University of Cincinnati, Cincinnati; University of Pennsylvania,
Philadelphia; and the University of Kansas, Wichita. Patients were asked whether

or not they had received prior insulin treatment in order to insure that the patients

did not have any exogenous insulin antibodies that would invalidate the study.
Blood was drawn immediately at the time of diagnosis of diabetes and this sample

was designated time zero. These patients were then randomly administered one
of two types of insulin for treatment. These two types were either pure porcine
insulin (pro-insulin content 7 ppm) (Nordisk, Gentoffe, Denmark) or mixed

bovine/porcine insulin (pro-insulin content 21-24 ppm) (Eli Lilly, Indianapolis, IN,
U.S.A.).

Each of these insulins was administered for a one-year period.

All

patients were treated with NPH (Neutral Protamine Hegedorn, a type of insulin
that is very long acting because protamine is attached to the insulin) and regular

insulins at 1 or 2 injections per day. Blood was drawn during one, two, four, six,
17
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nine, and twelve month follow-up visits and the serum subsequently assayed to
determine the immunological response to the insulin treatment. The nominal one

month clinic visit took place up to 1.5 months, the nominal 2 month visit at 1.5-3
months, the nominal 4 month visit was at 3-5 months.

The respective time

windows for the nominal 6, 9, and 12 month visit were 5-8, 8-11, and 11-14

months.

When the patient visited the clinic twice during any of these time

windows, only the visit closest to the nominal visit time was used. In addition, if the
patient was not present during the time window, no blood was drawn. Therefore,

the number of samples for each time window is different because of these missed

e

visits.
The assay for insulin autoantibodies (IAA) consisted of an acid charcoal
extraction minaturized from the methodology of Dixon (9). Each assay took a total

of two days to complete. Prior to the beginning of the assay, the Acid Charcoal

solution had to be made. The composition and instructions for the making of the
Acid Charcoal solution was as follows:

A.

12 grams of Charcoal was weighed out and added to 90 milliliters (mis)
of distilled water. This was mixed on a magnetic stirrer for 5 minutes.
With the stirrer going, the pH electrode was put into the solution and the
pH was brought to 6.5 with 2N HCI.

B.

This was left to stand for 1 hour, and the supernatant was decanted.

C.

100 mis of distilled water was added to neutralize the charcoal, and this
was stirred for 5 minutes.

D.

This was left to stand for 1 hour and the supernatant was decanted with a
pasteur pipette to ensure that all the supernatant was removed.
18
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E.

The charcoal was resuspended in 100 mis distilled water and 3.0 grams
Dextran T-70. This was mixed well on the magnetic stirrer. This was
placed in the refrigerator at 4 degrees Celsius while doing step F.

F.

0.1 grams of Methyl Cellulose 4000 counts per second (cps) (at 2%
solution) was then added to 100 mis of Assay-Buffer (see below for
contents). This was left to sit for one hour to dissolve. This was then
mixed on a magnetic stirrer for two hours at room temperature until it was
completely dissolved.

G.

100 mis of the Methyl Cellulose Buffer solution was placed into a 250 mis
graduated cylinder and 100 mis of stirred (to get all the Charcoal
resuspended) Dextran Charcoal solution was added to that.

H.

This was poured into a 250 mis Erlenmeyer flask and stirred for 5
minutes. One drop of octanol was then added to prevent frothing. This
solution could be kept in the refrigerator for up to two weeks.

The contents of the Assay-Buffer solution were as follows (this was made up daily
for each assay and kept on ice):
I.

50 mis of 0.04 M Sodium Phosphate (see below)

2.

0.25 grams of Bovine Serum Albumin Fraction V (BSA)

3.

0.125 grams of Bovine Gamma Globulin Fraction V

The contents of the 0.04 M Sodium Phosphate was as follows (made one liter at a
time and stored indefinitely at 4 degrees Celsius):
1.

975 mis distilled water

2.

4.60 grams Na2HPC>4

3.

1.05 grams Na H2PO4 H2O

4.

0.24 grams Na Azide

5.

3.7 grams Na2H2 EDTA
19

6.

8.77 grams NaCI

7.

pH to 7.4 with 2N HCI

8.

Water level up to 1000 mis with distilled water

When the serum was treated (the serum is the blood sample with the RBC's
removed), 100 microliters of serum was combined with 125 microliters of 0.085 N

hydrochloric acid and 50 microliters of the charcoal suspension. This was done in

a plastic, conical tube (Sarstedt) , vortexed and rotated for 10 minutes.

One

hundred twenty-five microliters of 0.116 M sodium phosphate buffer is then added

(see below), vortexed, and rotated for an additional 40 minutes. The contents of

the 0.116 M sodium phosphate buffer is as follows:
1.

16.75 grams Na2HPO4

2.

0.68 grams KCI

3.

60.0 mis 1N NaOH

4.

Distilled water up to one liter

The charcoal was then precipitated by two consecutive centrifugations at 2000
revolutions per minute for 10 minutes a piece. The insulin antibody assay was
now performed just as described (10) except that 80 microliters of the

acid-charcoal supernatant was used rather than 20 microliters of serum and the
amount of phosphate buffer was reduced accordingly.

The 80 microliters of

acid-charcoal supernatant mentioned above was then placed into two duplicate
20

glass serum test tubes. Two duplicate tubes were used to obtain an average
result, and also to ensure reproduceability. Eighty microliters of the Assay-Buffer

solution was then added to four non-specific binding (NSB) tubes only (that had

no supernatant). This is the only material in the NSB tubes. These NSB tubes
were necessary to detect any background radiation caused by the buffers. This
level was normally extremely low.

If the non-specific binding level was above

2.0%, then the assay was invalidated. This level was deemed too high a level of
background

radiation

because

it

interfered

with

the

assay.

One hundred forty microliters of tracer insulin (1^5| Monoiodinated A14
Human Insulin with a counts per minute reading of approximately 20,000) was
then added to ali tubes. Four tubes were assigned as total count tubes and thus

contained only the radioactive insulin. These tubes were used as the reference

tubes to measure how radioactive the insulin was. The average counts per minute
(cpm) of the four total count tubes was used as the 100% binding level (as if all of
the radioactive insulin molecules had bound to an insulin antibody). The actual

cpm from the readings from the patient's serum was then compared to this 100%
binding level and thus reported as a percent binding of the total. Radiation was
detected only if the radioactive insulin had bound to an insulin antibody.
Therefore, the more insulin antibodies a person's serum had, the more binding

that would occur, and thus the greater radiation reading detected. In this way, the
patients could be classified according to the relative amount of insulin antibodies
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they had.

All tubes were then vortexed for 40 minutes, covered with foil, and then
left in the refrigerator overnight. Before leaving the lab, the Polyethylene Glycol
(PEG) solutions were made. These two solutions consisted of the following (they
were made the day before the assay was to be taken down and stored in the

refrigerator at 4 degrees Celsius):
A. 15% Polyethylene Glycol (PEG) solution (109.8 mlsk

1. 18.7 grams PEG

2. 108.5 mis of 0.05 M Veronal buffer (see below)
3. Stirred with magnetic stirrer and added 1.3 mis of 10%Tween 20

e

B. 12% PEG solution (113.8 mis):

1. 15.6 grams PEG
2. 112.5 mis of 0.05 M Veronal buffer
3. Stirred with magnetic stirrer and added 1.3 mis of 10% Tween 20

The contents of the 0.05 M Veronal buffer was as follows (made one liter at a time
r
and kept for two weeks at 4 degrees Celsius):
1.

975 mis distilled water

2.

10.3 grams Sodium Barbital

3.

1.4 mis concentrated HCI

4.

pH to 8.0 with 2N HCI

5.

0.5 grams Na Azide
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6.

2.5 grams Bovine Serum Albumin Fraction V (BSA)

7.

Dissolve overnight in refrigerator and mixed with magnetic stirrer before
use.

On day two of the assay, the PEG solutions were stirred with a magnetic

stir bar in an ice bath. One and one-half mis of the 15% PEG solution was then
added to all of the glass assay tubes (except the total count tubes) and vortexed at

full speed for 15 seconds. The tubes were incubated in the refrigerator for 20
minutes and then centrifuged for 30 minutes at 3000 rpm. After centrifugation, the

radioactive supernatant was dumped off and the tubes were retained. Next, 1.5

mis of the 12.5% PEG was placed into all tubes (except the total count tubes
again). These tubes were vortexed again and the centrifuged for 30 minutes at
3000 rpm. The supernatant was dumped off and the tubes were then loaded into

the gamma counter machine to detect the amount of radiation the tubes contained.

The gamma counter was set to measure each tube for 3 minutes, and the reading
obtained was then divided by three to obtain the counts per minute reading. An

example of how this was calculated is as follows:

Example:

132 counts per minute
20,000 total counts

X 100 = percent binding= 0.66%

Other chemical solutions used were as follows:

A. 10% Tween 20 (emulsifier):
2 mis of concentrated Tween 20 in 18 mis distilled water

23

B. Buffer-Tracer for Acid Charcoal Insulin Antibody Assay:

Labelled insulin suspended in assay buffer to obtain approximately
20,000 cpm/140 microliters. Radioactivity: '2^l Monoiodinated A14 Human
insulin
C. Charcoal:

Purchased from sigma No. C5260 Charcoal, Activated, Untreated
Powder
D. Q.Q85..N HCI;

1 ml concentrated HCI in 134 mis distilled water

E. 1 N NaOH:
8 grams of NaOH to a volume of 200 mis distilled water

In expressing the results, those patients whose zero time sera had a
percent binding greater than the mean plus 2 standard deviations of 100
non-diabetic controls and which displaced when excess unlabelled insulin was
added to the assay were considered to be patients that had insulin autoantibodies

(IAA).
The accuracy of the assay was shown by an interassay coefficient of

variation at the 12 percent binding level (medium-level binding) of 6.4 percent. At

the 1 percent binding level (low-level binding), the coefficient of variation was 10.7
percent.

Statistical probability was reported at the 5% level for the two-tailed,

normal distribution z-test.
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RESULTS

Fourty-two of the 105 patients had insulin autoantibodies (IAA) at

diagnosis and they were equally divided, 21 in each insulin treatment group. As
previously reported (11), the antibody response to the mixed bovine/porcine
insulin was greater than to the pure porcine insulin. Consequently, data for the

two insulin treatment groups was analyzed separately.
It was found in this assay that in both cases of comparison between

patients who did have endogenous insulin autoantibodies (IAA) at diagnosis to
those who did not, the patients who had these IAA at diagnosis reached a higher
percent binding level at all levels and time frames (Figs. 1,2).

Also, the

immunological response in all four sub-groups (IAA positive-bovine/porcine, IAA

negative-bovine/porcine, IAA positive-pure porcine, and IAA negative-pure
porcine) was very rapid and intense, reaching a peak response level at the

six-month time window.
In the pure porcine group comparison, the mean initial percent binding

level at the zero time frame for the insulin autoantibody (IAA) positve patients (at

diagnosis) was 11.82%. For the IAA negative patients, the mean level was 2.71%,
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implying that an average of 2.71% of the insulin antibodies bound to the insulin
tracer and was detected on a radioactive counter. This difference, as obtained by

the z-test, has the probability of error by chance of 0.0038. Therefore, the event is

very significant.

The immunological response as treatment was initiated was

rapid, reaching a peak at the six month time frame. At this time, the percent
binding measured for IAA positive patients was 29.58% and for the IAA negative

patients it was 19.21%. The level remained significant throughout except at the 9
month time frame (Fig. 1) (Table 1).

In the bovine/porcine group comparison, the mean initial percent binding
at the zero time frame for the insulin autoantibody (IAA) positive patients was

•

9.61%. For the IAA negative patients, this mean initial level was 2.73%. The
immunological response for this group was more dramatic and intense than for the
pure porcine response. As with the pure porcine group response, the response

reached a peak at the six month time frame with a measured percent binding level

for the IAA positive patients of 65.83%. In the IAA negative patients, this peak

level was 52.23%. In this group's response, the probability of the event occuring

by chance ranged from p=.00003 to p=.O233 with three "not significant" time points
occuring at the second, ninth, and twelfth month time frames (Fig. 2) (Table 2).

When the data is analyzed with the initial, mean time zero percent
binding level subtracted from all subsequent time frame levels, then the probability
of significance that was seen between the time frame binding levels of the positive
26

and negative IAA patients becomes minimal at all time frames (Figs. 3,4). All

probabilities became "not significant". This was seen in both comparison groups

(Tables 3,4).
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FIGURE 1: Pure Porcine Patients - Unadjusted
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Degrees of Freedom=53
* = p<0.005
+= p<0.010
N.S. = Not Significant
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TABLE 1: Pure Porcine Patients ■ Unadjusted

A.

Autoantib©dly

IlnsuUn

Mean

Subgroup

Poshiv©

Time 6

Time 9

Pro©©rTm^

Time 12

TimeO

Time 1

Time 2

Time 4

11.82

14.55

25.32

27.18

29.58

24.02

26.82

19.64

14.52

15.43

10.51

14.29

3.33

3.45

2.55

3.28

Standard
Deviation

15.62>

15.86

Standard
Error

3.4 1

3.64

n =

•

B,

21

Autoantibodv

flnsuHm

Time 0

Timel

2.7

Mean

20

18

21

4.63

4.45

Time 2

19

18

Subgroup

Nsaativ©

Time 4

20

Time 6

Time 9

P’roportion

Time 12

12.81

18.10

19.21

20.75

18.51

9.10

10.39

10.80

12.30

6.76

1.72

1.87

2.11

2.41

1.33

Standard
Deviation

0.63

Standard
Error

o.r

n =

C.

P=

0.80

28

29

Comparative

D.F.=53

z=

4.46

25

23

Normal

24

26

z-fost

for

Time 0

Time 1

Time 2

Time 4

Time 6

3.4 1

3.35

2.93

2.57

2.68

.0038

.0034

.0087

.0057

29

.0052

25

Significance

Time 9

Time 12

0.90

2.60

N.S.

.0096

FIGURE 2: Mixed Bovine/Porcine Patients - Unadjusted
OHypothesis:
• Patients Without IAA

O Patients With IAA
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g 1=g2
Degrees of Freedom=48
* = p<0.005
+= p<0.010
$= p<0.025
N.S. = Not Significant

TABLE 2: Mixed Bovine/Porcine Patients - Unadjusted

©portion

TimeO
Mean

Standard
Deviation

9.61

7.88

Time 1
24.40

16.03

Standard
Error

1.72

3.78

n =

21

18

B.

Snsulin

Time 0

Mean

2.73

Time 4

Time 2

Time 6

Time 9

Time 12

62.85

65.83

61.31

57.19

18.53

18.54

16.98

18.31

17.81

4.14

4.05

4.00

4.20

3.98

51.89

20

21

19

18

Neaativ©

Autoantibsdv

20

Sub^rouo

Time 1

Time 2

Time 4

Time 6

Time 9

Time 12

12.60

45.20

51.78

52.23

52.11

47.51

20.52

Standard
Deviation

0.63

17.02

21.17

19.05

19.74

17.52

Standard
Error

0.12

3.22

4.41

3.81

3.87

3.58

4.10

28

23

25

26

24

25

Time 4

Time 6

n=

C.
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Com©arativ©

Time 0

Time 1

Time 2

z=

4.69

2.35

1.09

1.99

P=

.00003

.0087

N.S.

.0023

D.F.=48
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Time 9

Time 12

2.38

1.68

1.67

.0073
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FIGURE 3: Pure Porcine Patients ■ Adjusted
NOTE: Time zero was subtracted.
• Patients Without IAA

<X> Hypothesis: M-1 =g2

O Patients With IAA

Degrees of Freedom=53
N.S. = Not Significant
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TABLE 3: Pure Porcine Patients ■ Adjusted

A.

Insulin

TimeO

Autoaotsbodw

Time 1

Time 2

P^siW®

Subgroup

Time 4

Time 6

Time 9

19.28

17.37

11.26

Time 12

14.25

0

2.26

12.7E

Standard
Deviation

—

8.28

19.38

13.6C

15.95

15.30

18.14

Standard
Error

—

1.90

4.57

3.12

3.57

3.71

4.16

19

20

17

19

Mean

n=

B,

21

19

8nBuim

TimeO
Mean

0

18

Autoantibodv

Time 1

1.76

Subgroup

N®gativ<§

Pres>©rti©n

Time 2

Time 4

Time 6

Time 9

Time 12

10.19

15.38

16.44

18.01

15.71

Proportion

Standard
Deviation

—

4.30

8.85

10.14

10.51

12.09

Standard
Error

—

0.77

1.67

1.82

2.06

2.37

1.30

34

31

28

31

26

26

26

n=

C,

D.F.= 53
z=

P=

Comoarativ©

Time 0

Time 1
0.28
N.S.

z-test

Mormal

for

Signifmam<so

Time 2 Time 4

Time 6

Time 9

0.62

1.16

0.24

-1.61

N.S.

N.S.

N.S.

N.S.
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6.64

Time 12
-0.38

N.S.

FIGURE 4: Mixed Bovine/Porcine Patients ■ Adjusted
NOTE: Time zero was subtracted.
• Patients Without IAA
O Patients With IAA

(bHypothesis: ul=u2
Degrees of Freedom=48
N.S.= Not Significant

TABLE 4: Mixed Bovine/Porcine Patients ■ Adjusted

TimeO

Time 1

Time 2

Time 4

Time 6

Time 9

Time 12

51.37

47.38

0

14.05

42.16

53.24

56.81

Standard
Deviation

—

15.74

17.09

19.08

17.73

Standard
Error

—

3.71

3.82

4.16

21

18

20

21

Mean

n=

gj_______Unsulin

Time!D
Mean

Autaantibodv

Time 1

Time 2

20.20

19.41

4.18

4.63

4.34

18

19

20

Negative

Time 4

Time 6

Subgroup

Time 9

Time 12

9.85

42.47

48.99

49.43

49.26

44.64

—

16.98

20.98

18.72

19.46

17.28

20.23

—

3.21

4,37

3.74

3.82

3.53

4.05

28

23

25

26

24

25

0

Proportion

Standard
Deviation

Standard

Error

n=

C.

D.F.= 48
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Comparative

TimeC

z=
P=

—

Time 1

Nisurmall

Time 2

z-ftast

f@ir

Signifieans®

Time 4

Time 6

Time 9

1.28

0.37

0.84

-0.05

0.76

N.S.

N.S.

N.S.
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N.S.

N.S.

lime 12
0.46
N.S.

The antibody response to injected insulin in insulin dependent diabetics

is determined by many factors. Amino acid composition (species of origin) and

purity of the insulin are known to be major determinants with patient

characteristics such as age, sex, and HLA type also probably being important (12).
This study was designed to test whether the presence of insulin autoantibodies

prior to insulin therapy might identify individuals who would have a different
antibody response to injected insulin.

The study was expected to show an

exaggerated antibody response in the insulin autoantibody positive patients and
thus would have been interpreted as suggestive that the immune system had

been primed to recognize insulin as an antigen or that insulin autoantibodies

tended to develop in, and thereby identified, subjects more responsive to insulin
as an antigenic stimulus. However, the results obtained suggest that the insulin
antibody response to treatment with either insulin is equivalent in

patients

irrespective of whether they have IAA prior to commencing insulin therapy.

Percent binding is higher post treatment in patients with antibodies at diagnosis,
but this probably results from the binding due to the antibodies formed in response

36

e
to the insulin treatment being added to the binding due to the insulin
autoantibodies.

We would conclude therefore, that IAA at diagnosis is an

important determinant of the percent binding which results from insulin treatment,
but that physiologically, this does not appear to be due to a significantly different

antibody response in those individuals with, versus those without, IAA prior to
insulin therapy.

Although the assay is not specific for immunoglobulin binding of insulin,

and the presence in the patients' serum of substances causing nonspecific insulin

binding and which are precipitated by polyethylene glycol, could explain the

6

results, it has been previously shown by both gel filtration and by precipitation with

antibodies specific for IgG that the excess binding in these patients prior to insulin
therapy is due to insulin autoantibodies(13). In addition, insulin autoantibodies
have also been found by other workers using assays which are specific for IgG

binding to insulin (14,15).
Whether IAA and insulin antibodies formed in response to insulin therapy
are similar is unknown.

Insulin antibodies formed in response to exogenous

insulin customarily are not species specific (16), whereas Wilkin and co-workers

have reported that some insulin autoantibodies are specific for human insulin and
do not bind porcine or bovine insulin (17). These insulin autoantibodies were

found in patients with other autoimmune diseases besides diabetes. The IAA
found in individuals at or prior to diagnosis of insulin-dependent diabetes mellitus
37

(IDDM) are probably not specific for human insulin since prevalence rates for IAA
of 20 percent, 50 percent, and 37 percent have been found with assays using
porcine insulin tracer (18,19,20) but a definitive study has not been published.
Possibly the IAA in subjects with other autoimmune diseases besides diabetes are
different from the IAA found in insulin dependent diabetics. Although binding in

the current assay from insulin autoantibodies or antibodies to exogenous insulin

would be indistinguishable, the data obtained allows the speculation that the
insulin autoantibodies present in the patients at diagnosis may, in addition, be

distinct from those antibodies which develop in response to insulin treatment. If

the clones of T-helper lymphocytes providing help for the B-lymphocytes
producing the IAA recognized the porcine or bovine-porcine insulin the patients
received, one would have expected a more rapid and exaggerated antibody

response in the IAA positive subjects, this suggests that different clones of
lymphocytes produced the IAA versus the insulin antibodies that developed in
response to insulin treatment. A definite answer to this question and examination
of whether insulin autoantibodies decline over time post diagnosis similar to

islet-cell antibodies will require insulin antibody assays that can selectively
measure different types of insulin antibodies.
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