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were resistant to Insulin could
neutralize the hypoglycemic action of
Insulin. Nevertheless one could
question whether the antagonist in the
sera responsible for neutralization of
Insulin was antibody, insulinase®,
antihormone” or some other

there was the fact that
of diabetics were receiving
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does not'®. This striking difference
between the two antisera is most likely
due to a difference in avidity or
combining tendency of antibody for
Insulin, since the slopes of the
:nﬂb?hdy-lnsulin neutralization curves
or the two sera are significantl
different!?, g
As noted above, the injection of pig
or ox Insulin into animals of certain
species, including man, can induce
antibodies which neutralize the
hypoglycemic action of Insulin of the
species injected. For example, a human
diabetic, receiving Insulin, can develop,
though it rarely happens, antibodies
which neutralize Insulin extracted from
human pancreas®~ '*. This phenom-
enon could indicate the termination of
immunotolerance to human Insulin. It
has been suggested that the induction of
antibodies effective against an antigen
to which an animal is immunotolerant,
by the injection of a closely related
antigen, represents a loss of
immunotolerance' ®. If this opinion is
valid, then immunotolerance to human
Insulin would be terminated for a
diabetic in whom ox Insulin has
induced antibody-resistance to human
Insulin. For such a case, treatment with
human Insulin might be expected to be
not only relatively ineffective but also
capable of maintaining the Insulin-
immunity state of the diabetic. Such a
conclusion is open to question.

The validity of the hypothesis that
immunotolerance to homologous
Insulin can be terminated by
immunizing an animal with heter-
ologous Insulin has not yet been
verified experimentally.

Sulphated Insulin

The neutralizing effectiveness of
Insulin antisera toward Insulins of
various species can exhibit marked
differences. For example, anti-insulin
induced in the guinea-pig by the
injection of ox Insulin in Freund’s
adjuvant showed equal neutralizing
capacity for Insulin of the ox, pig,
mouse, sheep, horse, monkey and
whale'*; but for cod-fish Insulin'* ten
times or more antibody per
hypoglycemic unit was required for
neutralization, and neutralization of
guinea Insulin could not be
detected® !5,

The use of Insulins such as cod-fish
or guinea-pig Insulins suggested itself
for the treatment of diabetics showing
marked antibody-type resistance to ox
or pig Insulin. However, cod-fish
Insulin, which could be made available,

is as antigenic in guinea-pigs' ® as ox or
pig Insulin and hence could be expected
to serve only for short term treatment.
The same could be said, most likely, for
any other naturally occurring Insulin.
A study of the effect of various
chemical alterations of the Insulin
molecule yielded some results of
interest. It was found that ox Insulin
altered by the introduction of sulfate
groups, required per hypoglycemic unit
more antibody for neutralization than
did unaltered ox Insulin' ®; in addition,
the sulfated Insulin showed the
surprising property of lowered
antigenicity in the guinea pig'® and in
man'”. These properties suggested that
sulfated Insulin might be of use in
certain cases of diabetes, and this has
pmvedwbeu‘e“seIQ-lo-zl -22

Induced immunotolerance to Insulin

Immunotolerance in an animal
implies that no immunity response, or
at most a low response, can be induced
by repeated injections of a given
antigen, and that the animal which is
immunotolerant to a given antigen will
produce antibodies to some other
antigens.

Immunotolerance to certain
antigens has been induced in adult mice
by treatment of the mice with antigens
which were non-immunogenic without
adjuvant or were weakly immunogenic
at certain dose levels? > 2425

In the study of the antigenicity of
Insulin, certain observations and
questions evoked an interest in the
problem of induced immunotolerance,
namely: anti-ox Insulin induced in the
guinea-pig shows a greater binding
tendency for ox Insulin than does
anti-ox Insulin induced in the horse® -
19; sulphated ox Insulin (chemically
altered ox Insulin) requires more
antibody for neutralization than does
unaltered Insulin, which indicates a
lowered combining tendency for
antibody ®; and sulfated Insulin is less
antigenic than ox Insulin'” 1'%
Sulfated Insulin which shows lowered
antigenicity has an average of about 6
prosthetic sulfate groups per molecule,
which is less than the maximum number
which can be introduced. What would
be the antigenicity of sulfated Insulin
(or other altered Insulin) if a maximum
number of sulfate groups (or other
non-haptenic groups) were introduced?
And what would be the characteristic of
antibodies which might be induced by
such altered Insulin? Since sulfated
Insulin has a low binding tendency for
antibodies, would it induce antibodies

of low avidity? Would the particular
immune system of an animal which had
been taught, by pre-treatment with a
chemically altered Insulin, to produce a
very low level of antibodies or
antibodies of extremely low avidity, be
capable of producing only this type of
antibody even when presented with
unaltered Insulin? An animal showing
such immune characteristics would be
judged to be immunotolerant toward
the species of Insulin in question.

These questions and speculations
were put to the test by investigating
first the immuno-properties of ox
Insulin altered by the introduction of
maleyl groups?® 27

It was found that no neutralizing
activity for either ox Insulin or for
Maleyl Insulin could be detected in the
serum of guinea-pigs which had received
a series of injections of Maley! Insulin,
whereas the serum of control
guinea-pigs injected with ox Insulin
showed a marked level of neutralizing
antibodies. Furthermore, guinea-pigs
pre-treated with Maleyl Insulin showed
only a weak immune response to
repeated challenge with unaltered ox
Insulin, whereas in respect of tetanus
toxoid, the immune response of the
pre-treated animals was the same as that
of guinea-pigs which had received no
pre-treatment 26 27,

Studies are under way on the effect
of dosage and of chemical alteration on
the immunogenic and immuno-
tolerance-inducing properties of Maleyl
and other chemically altered Insulins. It
is hoped that such studies will indicate
not only optimum conditions for
induction of immunotolerance to
Insulin, but will also throw light on the
problem of induction of tolerance to
other antigens.

Certain observations which bear on
the question of induced immuno-
tolerance are consistent with the
assumption that the mechanisms for the
induction of immunity and of
immunotolerance are basically the
same: for the induction of both
immunity and immunotolerance an
incubation period following the
injection of the antigen or altered
antigen is necessary; and the injection
of the antigen with Freund’s adjuvant
markedly favors the induction of
immunity and of inmunotolerance.

It goes without saying that the
ability to induce specific immuno-
tolerance to any antigen in an adult
animal would open new experimental
approaches to many interesting
problems such as acquired tolerance to
viruses, bacteria and malignant cells;
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