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Immune Reactions to Fractions of Crystalline Insulin

II. May Peri-insulitis be Produced by an Antigen Different from True Sanger Insulin 7*
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Summary. The immunization of mice with impure,
once crystallized, porcine insulin in different doses over
3 months led to a high antibody titre with 1 pyg mo-
nocomponent(-MC-)porcine insulin effected only a low,
antibody response after 3 months of immunization, thus
proving a low immunogenicity. A single insulin adjuvant
immunization differentiated between stimulated, nor-
mally reacting and tolerant animals. In stimulated
animals with high titre antibodies no insulitis was found,
but some animals tolerant towards insulin produced an
insulitis, suggesting that this cellular immune reaction

The active immunization of animals with crystal-
line insulin led to the production of insulin antibodies
and lymphocytic insulitis, first described by Renold
(1964) in the heifer. Toreson (1964) was able to produce
insulin antibodies, insulitis and diabetes by immuniz-
ing rabbits with crystalline insulin. Federlin (1968) saw
the insulitis in active immunized sheep. In this connec-
tion it is also of interest that granulocytic and mono-
cytic infiltrates within and around the pancreatic
isletg, as well as in the acinar tissue, can follow the in-
jection of antiserum against insulin and pancreatic
extracts in animals (Freytag, Kloppel, 1969). Chroma-
tographic methods for the purification of insulin
(Schlichtkrull, 1969) led to a higher degree of purity of
crystalline insulin, permitting the reinvestigation of
the participation of contaminating antigens in the
histopathological alterations induced by crystalline
insulin.

An experiment designed to produce an immuno-
logical tolerance to insulin (Jansen, 1971a, b), effected
with crystalline insulin and monocomponent insulin,
suggested that peri-insulitis might in part be produced
by impurities of the true Sanger insulin! (Frey-
tag, Jansen, Kloppel, 1973). However, it could not be
decided whether the responsible impurity is antigeni-
cally related to true insulin or a substance with no
antigenic resemblance i.e. an independent protein of the
islets of Langerhans. Therefore, in the same animals,
the insulin antibody content was examined in relation

* Published in part at the Congress of the European
Association for the Study of Diabetes, Madrid 1972.

Supported by Landesamt fiir Forschung des Landes
Nordrhein Westfalen, W. Germany.

1 True Sanger insulin = insulin corresponding exactly
to Sanger’s formula.

may not be induced by true Sanger insulin. The antigen
responsible for insulitis may be an antigenically indepen-
dent antigen contained in crystallized insulin, or an anti-
genically related derivative of insulin.
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to insulitis and periductulitis. The immunological part
was carried out by F.K. Jansen, the histopathological
part by G. Freytag.

Materials and Methods

Details concerning mice, the two insulin charges,
namely 1 X crystallized porcine insulin and monocom-
ponent (MC-) porcine insulin (kindly supplied by Dr.
Schlichtkrull, Novo, Copenhagen), and histopathological
methods were described in part I (Freytag, Jansen,
Kloppel, 1973).

For the determination of the antibody content, 0.1 ml
blood was taken from the orbit at different intervals
during the immunization period (Fig. 1). This was diluted
immediately in phosphate buffer, pH 7.4; 0.04 M, con-
taining 0.59%, EDTA. Blood pools of each group were
diluted 1:20, individual samples 1:50, centrifuged for
elimination of erythrocytes and stored at —25°C for
determination of the antibody titre by radioimmuno-
assay. As the serum dilution after the elimination of
erythrocytes could not be calculated accurately, all
dilutions were related to undiluted blood.

Prior to the immunization, blood samples were taken
and pooled to determine the non-specific insulin fixation
of serum (Fig. 1). 10 days after the 3 months immuniza-
tion period (3 X per week with 6 different doses of insulin
without adjuvant), pooled blood samples were examined
for antibody production. 2 days later, a single test im-
munization of all animals, including the controls, was per-
formed with 100 ug 1 X cryst. insulin, in complete Freund’s
adjuvant, to test the immunological tolerance to insulin.
The test immunization was essential to differentiate be-
tween normally reacting and tolerant animals, as only
normal animals are likely to produce insulin antibodies.
Blood samples were taken at 3, 5, 7 and 14 weeks after the
test immunization from all animals, pooled for each group,
to follow up the antibody production. 20 weeks after the
test immunization, half of the animals of each group were
sacrificed for histopathological examination, while the
other half of each group was re-immunized subcutane-
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ously with 100 pg insulin in complete Freund’s adjuvant
in order to intensify the histopathological lesions. They
were examined individually for their antibody content.
The antibody titre was determined 10 days after re-
Immunization, these mice being sacrificed 2 weeks later.

The insulin antibody titre was determined by radio-
immunoassay (Meade, 1962), utilizing **1 labelled insulin
{(supplied by Hoechst, Frankfurt, Germany) and amberlite
CG 400 T (from Serva Heidelberg, Germany). Amberlite,
provided in chlorine-form, had first been separated from
the chlorine with 2 N NaOH and thereafter adapted to the
phosphate form at pH 7.4; 0.04 M. Samples of 1 ml from
blood pool dilutions of 1/20 and 1/40 were incubated in
triplicate for 18 h at 4°C with 3 uU (about 111 pg) radio-
active insulin. Subsequently, 300 mg amberlite were
incubated for half an hour to adsorb the free radioactive
insulin, not bound by antibodies. 1% ml of the supernatant
was measured in a Gamma-counter (Packard). Tubes with
known antibody excess and those without antibodies
served as high and low controls, thus limiting the antibody
binding effect of our test system. The experimental sera
were first calculated as percentages of the antibody
activity between high control, set=100% and low
control, set == 0%,. We then converted these values into ng
antibody binding capaeity — ABC 50%, —, calculated for
1 ml undiluted blood at the point of 50%, antigen binding.
This was achieved by comparing experimental values
with a dilution curve established by a pool of high titre
antisera from these mice.

For determining the correlation between antibodies
and histopathological findings, all values were assessed
as+or—in a 4 square correlation. Antibodies of more
than 0.050 ng/ml ABC 509% were regarded as +. The
histopathological alterations were defined as 4 and — in
part I (Freytag, Jansen, Kloppel, 1973).

The equation of the 4 square correlation is:

Ve a-d—Db-e
Via+D) (a-+c) (b-+d) (c+d)
The value V varies between +1 and —1, indicating

high correlations near -1 and —1, and no correlation
near 0 (Lienert, 1962).
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period (a) various groups of mice received different
charges or doses of insulin. While stimulated animals
could be recognized by their high or low antibody titre,
normally reacting and tolerant animals did not produce
antibodies at all. They could only be distinguished by
a single test immunization of crystalline insulin in
complete Freund’s adjuvant (b),identical for all animals,
and producing a normal antibody titre for normally
reacting animals, or much fewer or no antibodies in
tolerant animals.
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Fig. 2. Development of the antibody titre in normally
reacting, stimulated and tolerant animals. The response
of the positive controls getting only the test immumization
is considered as a normal response and set = 100%,. The
dose of 1 pg erystallized insulin stimulated to much higher
titres, while the dose of 10 pg chromatographed insulin
produced tolerance with titres lower than 109, of the
controls
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Fig. 1. Immunization scheme demonstrating immunizations with different doses, 3 times per week over 3 months, the
single test immunization of 100 yg insulin in complete Freund’s adjuvant 13 days later, and the different blood collec-
tions before and after the test immunization for the determination of antibodies

Results

With the immunization producing a tolerance
against insulin, two different stages must be distin-
guished : a) the immunization period without adjuvant
and b) the test immunization with complete Freund’s
adjuvant (Fig. 1). During the 3 months’ immunization

Immunization period
In the first stage, the three months’ immunization
period, only one dose (1 pg) of erystallized insulin
led to a high antibody production of about 5.025 ng/ml
ABC, while all other doses effected no significant
amount of antibodies. With chromatographed insulin,
a minimal antibody production of 0.042 ng/ml ABC
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50 %, in the same dose range as for orystallized insulin
had been stated; however, this is a very low antibody
titre, as only concentrations of more than 0.010ng/ml
ABC 509, can be determined. These antibodies are
really directed against insulin, as they could be ab-
sorbed with. insulin. It would have been necessary to
immunize a longer time in order to obtain a higher
antibody production in this dose range. The great dif-
ference in the antibody titres after a 3 months’ im-
munization period proves that the chromatographed
insulin is considerably less immunogenic.

Testimmunization

During the immunization period without adjuvant,
the positive control group had not been immunized
with insulin and therefore had no antibodies before the
test immunization (Fig. 2). But after the testimmuniza-
tion, when this control group had received the same
immunization with insulin in adjuvant as the ex-
perimental animals, the antibody titre rose to a maxi-
mum within 7 weeks, remaining stable for about 20
weeks, after which all animals were sacrificed. In
stimulated animals, the antibody titre rose much more
rapidly, reached higher titres and decreased there-
after; yet the tolerant animals showed no antibodies
or else a slow rise of the antibody titre in the first few
weeks and then a rapid decline (Fig. 2). The best time
for comparing the different antibody production with
regard to the kinetics of their development was about
7 weeks after the test immunization, when partially
tolerant animals still possessed antibodies which, how-
ever, decreased rapidly.

7 weeks after the test immunization only one dose
of erystallized insulin (1 pg) was found to stimulate ani-
mals to produce a high antibody titre of about 50ng/ml.
This group is identical to the group of animals with
antibodies before the test immunization (Fig.2). Two
groups showed high dose tolerance with doses of 10 pg
and 100 pg. All the other doses induced a partial
tolerance with intermediate antibody titres. With
chromatographed insulin a dose of 10 ng effected a
normal reaction, comparable with positive controls.
Doses of 10 pg produced a complete high dose tolerance
and the other doses a partial tolerance with intermedi-
ate antibody titres. While the stimulated group with
crystallized insulin had shown a high antibody titre
over more than 6 months before sacrificing, the tol-
erant groups (10 pg and 100 pg crystallized insulin and
10 pg chromatographed insulin) did not show any
appreciable antibody content at any time. Both the
stimulated and the tolerant animals are, therefore,
very interesting when a comparison is made of the pro-
duction of insulitis. While the determination of the
individual antibody content in the stimulated animals
revealed a great heterogeneity, the tolerant animals,
as expected, showed no detectable antibodies. There-
fore, they may be regarded as homogeneous in regpect
to tolerance.
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Periductulitis

The comparison of insulin antibodies with periduc-
tulitis did not indicate any correlation (Fig. 3). After
immunization with crystallized insulin, groups with
high antibody titres (dose of 1 pg) also produced the
same periductulitis as tolerant (doses 10 pg and 100 pg)
and partially tolerant groups (doses 1 ng, 10 ng and
100 ng). The groups which received chromatographed
MC-insulin were almost devoid of periductulitis. Inde-
pendently of their antibody titre ie. high titre anti-
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Fig. 3. Distribution of animals with periductulitis depen-

ding on the dose and the charge of insulin, i.e. whether it

was impure, once crystallized, or pure, chromatographed

insulin. Only animals with one test immunization were

considered. A. Lymphocytic periductulitis. B. Antibodies
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bodies, intermediate titres or completely tolerant mice,
almost no periductulitis was found.

Accordingly, a coefficient of 0.10 was calculated in
a 4 square correlation for individually examined, re-
immunized miee, totalling 37 animals. 7 animals with
periductulitis had antibodies. 8 with periductulitis had
none, while 8 other animals without periductulitis
were found to have antibodies. It is important that
3 of 5 animals tolerant to insulin (10 pg and 100 yg
crystalline insulin), were{ able to produce the periductu-
litis, if only animals with one test immunization are
considered.
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Insulitis

Comparison of insulin antibodies with insulitis in
the group of stimulated animals (1 pg cryst. insulin)
possessing high titre antibodies over more than 6
months are significant because in 7 animals no insulitis
resulted, suggesting that high titre antibodies against
insulin are not responsible for the insulitis (Fig. 4). As
the insulitis is a cellular immune reaction, it may be
independent from insulin antibodies, though directed
against ingulin. Therefore, the behaviour of the tolerant
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Tig. 4. Distribution of animals with peri-insulitis depen-
ding on the dose and the charge of insulin (once erystallized
impure or chromatographed highly purified insulin). The
antibody titres 7 weeks after the test immunization are
set in relation to & normal response, as represented by
the positive controls. Higher antibodies represent stim-
ulated, lower antibody titres tolerant groups. A. Lympho-
eytic insulitis. B. Antibodies against insulin

animals is important. Although the tolerant groups
treated with crystallized insulin had no insulitis, the
tolerant group with a high dose (10 ug) of chromato-
graphed insulin showed an insulitis in 2 animals out
of 9 (=229%,).

A lack of correlation is apparent in the individually
examined, re-immunized mice, which showed a heter-
ogeneous antibody response. The statistical correlation
between the individual antibody content and appear-
ance of insulitis in a 4 square correlation revealed a
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coefficient of 0.001 for 37 animals, an indication that
no ecommon mechanism exists for insulin antibody
production and insulitis. This is best illustrated by the
insulitis found in 4 of the re-immunized animals of
which 2 possessed good antibodies, the other 2 being
without. 13 animals with good antibody titres had no
insulitis. '

Discussion

The successful production of insulitis, insulin anti-
bodies and diabetes in the rabbit by immunization
with crystalline insulin (Toreson, 1964) suggested that
all these alterations were due to the insulin molecule.
However, Mirsky (1966) showed that crystalline in-
sulin is heterogeneous and Schlichtkrull (1969) demon-
strated that it contains higher molecular-weight im-
purities, i.e. insulin dimer, proinsulin, intermediate
insulin and others, which are more immunogenic than
the true Sanger insulin. As immunizations with differ-
ent doses of impure crystallized and pure chromato-
graphed insulin induced the insulitis in considerably
different, dose ranges (part I) we proposed the hypo-
thesis that periductulitis and periinsulitis are not in-
duced by the true Sanger insulin molecule but by an
impurity of crystallized insulin.

Periductulitis

Periductulitis and insulitis were dissociated in the
experiment with chromatographed (MC-)insulin in
which the insulitis-producing antigen remained while
the periductulitis antigen had been eliminated, as de-
scribed in part I (Freytag, Jansen, Kloppel, 1973). These
two antigens may therefore be considered as antigens
with different physico-chemical properties, though a
weak crossreactivity cannot yet be excluded. The oc-
currence of periductulitis in groups tolerant to insulin is
highly suggestive of the presence of an antigen different
from insulin. The lack of correlation in individually
examined animals confirms this belief. Two arguments
are therefore in favour of the hypothesis that the
antigen responsible for periductulitis is different from
insulin:

1. it can be dissociated by chromatography from the
antigen responsible for insulitis,

2. tolerant animals towards insulin and those tolerant
towards the insulitis reaction (probably in high
doses of crystallized insulin) nevertheless developed
periductulitis.

Insulitis

In part T we were unable to decide whether the
antigen responsible for the insulitis was perhaps an
antigenically related impurity of insulin, i.e. an in-
sulin -oligomer, -polymer, or insulin as hapten, or
whether it may be a substance antigenically unrelated
to insulin. The behaviour of the insulin antibody titre
favoured the argument that the responsible antigen is
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probably independent from true Sanger insulin. The
individually examined animals showed no correlation
between. insulitis and insulin antibodies. In addition,
animals with high antibody titres persisting over more
than 5 months (1 pg crystallized insulin and 10 ng
chromatographed insulin) showed no insulitis. Be-
cause in cellular and humoral immunologic reactions
different mechanisms are involved — cellular reactions
are effected by thymus-derived and humoral reactions
by bone marrow-derived lymphocytes — a dissocia-
tion between both mechanisms may be possible. The
cellular reaction may have been inhibited by the anti-
bodies, a well known fact called enhancement phen-
omenon, which would have been probable in this case
if the tolerant mice had not produced an insulitis. Ac-
cording to the concept of Weigle cellular immune
reactions become more readily tolerant than the hu-
moral antibody-producing reactions, i.e. more rapidly
and with much smaller doses (Weigle, 1971). A high
dose tolerance against humoral immune -reactions
therefore implies a tolerance againgt the cellular reac-
tion. We presume that with a dose of 10 pg chromato-
graphed ingsulin a high dose tolerance against insulin is
achieved. Nevertheless, it produced an insulitis which
favours the hypothesis that the cellular reaction of the
insulitis may not be directed against the insulin mole-
cule, but against a protein antigenically different from
insulin, contained in erystallized insulin.

An objection may be raised against the interpreta-
tion of a high dose tolerance with 10 pg chromato-
graphed insulin, as it is surprising that the higher dose
of 100 pg insulin produced antibodies. But the develop-
ment of the tolerance after 3 months preceded a
transient antibody stimulation 2 weeks and 1 month
following the beginning of the immunization period,
decreasing to a partial tolerance later (Jansen, 1971D).
With the dose of 10 pg a complete tolerance is still
achieved. With. the dose of 100 pg it would have been
reached some time later.

Two arguments are now in favour of the hypothesis
that the ingulitis is not produced by the true Sanger
insulin:

1. the different dose-effect of pure and impure insulin
(part I,
2. the appearance of ingulifis in tolerant animals.

The last argument suggests, furthermore, that the
insulitis antigen may be a protein of the islets antigeni-
cally different from insulin. As this antigen is difficult
to separate from insulin by chromatography, it should
have physico-chemical properties similar to insulin,
While chromatographed insulin is almost free of the
periductulitis-inducing antigen, it nevertheless con-
tains traces of the antigen responsible for insulitis, but
it is already highly purified. Thus chromatography
seems to be the only way to eliminate contaminating
antigens from crystallized insulin responsible for peri-
ductulitis and insulitis.

Another possible explanation for our findings
would be the hypothesis that the true Sanger insulin is
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only slightly immunogenic with respect to insulitis but
becomes more immunogenic in the presence of the
crossreacting, higher molecular-weight impurities of
crystallized insulin. In chromatographed insulin lack-
ing these impurities the original low immunogenicity
of the true Sanger insulin is seen. But in this case
tolerance to insulin would not correspond to Weigle’s
hypothesis, that high dose tolerance to antibody-forma-
tion implies tolerance to the cellular reaction. Isola-
tion and purification of the different impurities of
crystallized insulin are now under investigation to
elucidate the underlying mechanisms.
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