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CURRENT SURVEYS

Insulin antibodies
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THE STUDY of antibodies has advanced much since
Barral & Roux (1931) suggested that insulin might
be the antigen in an insulin-sensitizing system in
guinea-pigs and it now encroaches on many aspects
of diabetes, both academic and clinical. Early
reports that human cases of insulin resistance might
be explained on an immunological basis tended to
be tentative and of fifty-four cases collected by
Smelo in 1948 immune mechanisms were invoked
in only ten. In contrast Berson & Yalow concluded
in 1966 that 'most cases of chronic resistance appear
to be immunogenic in origin'. Now that the im-
munology of insulin is firmly established its rami-
fications encompass the immunoassay of insulin
and difficulties of interpretation in the presence of
endogenous antibodies or of proinsulin, the identi-
fication of insulin in various tissues of the body, the
production of acute reversible diabetes in experi-
mental animals or of biochemical effects in vitro,
and the understanding of insulin allergy and of some
types of insulin resistance with a tendency to delayed
hypoglycaemia. Antigenicity studies are of great
theoretical interest, have incidentally convicted a
murderer, and can explain important predictable
differences in susceptibility to the hypoglycaemic
action of different species insulins in man. Then
there is the wide field of the suggested role of insulin
or an antigenic variant in the causation of diabetes
by autoimmunity.
There is general agreement that immunoassayable

insulin corresponds closely to the free biologically
active insulin in plasma (Berson & Yalow, 1966a),
but difficulties arise when attempts are made to
measure insulin in, for instance, the plasma of an
infant recently delivered by an insulin-dependent
mother, for the latter's insulin-binding antibodies
(found in all patients after taking insulin for a few
weeks) readily cross the placenta although insulin
does not (Isles & Farquhar, 1967). Rubenstein, Cho
& Steiner (1968) have indicated how a biosynthetic

precursor of insulin, called 'proinsulin' has some
immunological cross-reactivity with insulin but a
very low biological potency, and this information
necessitates some re-evaluation of the specificity and
significance of previously reported levels of immuno-
reactive insulin.
Much work has been done on the antigenicity of

insulin which is one of the most completely studied
proteins. Wide variation exists in the amino acid
composition of insulins derived from different
species of animals and in two species at least there
is good evidence that two separate types of insulin
normally exist together, namely in the rat (Smith,
1966) and bonito fish (Yamamoto et al., 1960).
Mirsky & Kawamura (1966) have studied crystalline
insulins from eleven species of animals and demon-
strated multiple electrophoretic components all of
which had the biological and immunological pro-
perties of insulin. Thus crystalline human insulin
was shown to have no less than eleven components.
It was considered unlikely that the crystallization
procedure had fragmented the insulin because
multiple re-crystallizations of insulins produced no
significant change and studies in solutions of urea
did not favour an explanation of variable aggrega-
tions of the insulin molecule. It is, thus, quite
possible that other species than the rat and the
bonito fish normally produce more than one immuno-
logical type of insulin. Berson & Yalow (1966b)
have, however, pointed out that storage of insulin
at -15°C is associated with significant desamidation
and such components may account for some of those
studied by Mirsky & Kawamura (1966). It is
possible too that such desamidation of insulin may
help to account for the antigenicity of homologous
insulin, e.g. porcine insulin in the pig (Lockwood &
Prout, 1965). This explanation may also play some
part in understanding the reason why the insulins of
pig and sperm-whale, which have the same amino
acid sequences, are immunologically distinct, but at
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least as likely an explanation is the possibility that
these insulins have different stereic configurations
(Berson & Yalow, 1961). Apart from stereic con-
siderations the amino acid composition of the
various insulins is related to antigenicity, as might
be expected. Thus the guinea-pig, whose insulin has
no less than seventeen changes in fifty-one residues
when compared with porcine insulin (Smith, 1966),
seems best able to form antibodies which can differ-
entiate between other mammalian insulins and it
also differs in that its endogenous insulin cannot be
suppressed by the injection of large amounts of
antiserum to beef or pork insulin (Moloney &
Coval, 1955). There is evidence from various sources
that the A chain of the insulin molecule carries more
antigenic loci than the B chain (e.g. Wilson, Dixon &
Wardlaw, 1962; Wilson, Aprile & Susaki, 1967),
but the 1-8 positions in the B chain were also found
to be important (Wilson et al., 1967). Beef insulin is
more antigenic than porcine in man (Berson &
Yalow, 1959a, 1963), the beef variety differing in
respect of three amino acids and the pork in only
one, an alanine replacing a threonine in the terminal
position of the carboxyl end of the B chain. Yet
Berson & Yalow (1963) have shown that if the last
one or even the last eight amino acids are removed
from the C terminus of the B chain of pork insulin
the altered insulin will still react with human anti-
bodies to porcine insulin. Thus the antigenic
determinant of pork insulin must be in a part of the
molecule where the amino acid sequence is identical
with that of human insulin. This determinant is
likely to be stereic. Such considerations are of much
significance when the small size of the insulin
molecule with its many antigenic loci is considered
in relation to the large size of the y-globulin mole-
cules of which the main antibodies consist, for
insulin is thus probably forced by spatial factors to
behave as a univalent antigen (Berson & Yalow,
1962). Nonetheless there is good evidence that de-
salaninated porcine insulin (Faludi & Mehbod,
1965) or sulphated insulin (Maloney, Aprile &
Wilson, 1964) is less antigenic in man than the
parent insulin and both have been used successfully
in the treatment of patients with marked chronic
insulin resistance. This paradox could be explained
if the procedure used for the extraction and purifica-
tion of insulin made changes in the molecular
structure which were of antigenic significance and
which could be decreased for instance by sulphation.
As stated by Lockwood & Prout (1965) it is clear
that it would be an advantage to have a method for
the extraction of insulin which does not render the
product antigenic when re-injected into the same
species, as at present happens for the pig. It is
unfortunate that the common method of radio-
isotopic labelling of insulin with 131J or 125J happens

to involve tyrosines, probably in the A chain at the
14 and/or 19 positions, which are of importance both
for the immunological and biological properties of
the altered insulin, whereas labelling with fluorescein
involves less critical loci in the molecule (Arquilla,
Ooms & Finn, 1966).
The specificity of the insulin-antibody reaction has

allowed studies to be made of the distribution of
injected insulin in some of the main organs
of the body. Immunoassays were performed on
extracts of the organs and the results checked
by using tracer amounts of 1251-labelled insulin
so that radioactivity counts could be taken
over the organs under investigation (Beck et al.,
1966). The insulin was found to reach its highest
concentration in the kidneys of the injected mice. It
was by a similar immunoassay, as well as by other
tests, that a case of suspected murder was proved
after a woman had been found apparently drowned
in her bath. Suspicion was aroused by the finding of
injection marks on the buttocks, and it was in the
underlying tissues that large amounts of insulin were
identified (Birkinshaw et al., 1958).

Insulin antibodies have been assayed by many
different techniques, such as their binding properties
for insulin, agglutination of insulin-sensitized red
cells, reagin activity in skin, passive transfer (Praus-
nitz-Kustner) reaction, complement-fixation and
precipitation, the last being possible only under
particularly favourable conditions. By such tech-
niques several distinct antibodies can be identified,
the one producing skin allergy for instance being
different from the insulin-binding or neutralizing
antibody (Lowell, 1942). Much work has been done
too in defining the constituent plasma proteins
which have the features of insulin antibodies (see
discussion by Cerasi et al., 1966), and somewhat
different ones seem to appear in the primary as
compared with the secondary response (Devlin &
O'Donovan, 1966). Although allergy to insulin may
be troublesome, it is usually of minor degree. It may
be largely controlled by using preheated insulin
(Dolger, 1952) or several times re-crystallized insulin
(Jorpes, 1950), insulin from a different species
(Kreines, 1965) or by desensitization (Corcoran,
1938). A delayed cutaneous allergy of cellular type
has also been described against insulin even of
human origin (Frei, Cruchaud & Vannotti, 1965)
and has been demonstrated in leucocytes both by
these authors and by Kerp et al. (1965).
The insulin-binding antibodies can produce not

only the familiar features of insulin-resistant diabetes
in man but a dramatic and reversible type of diabetes
in normal experimental animals when injected intra-
peritoneally in gross excess (Maloney & Coval, 1955;
Wright, 1959, 1961). This method provides a valuable
system for the experimental study of acute diabetes
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and has been developed still further by Grodsky
et al. (1966) when they reported the onset of diabetes
in normal rabbits after injecting them with bovine
insulin and adjuvant so that the animals produced
their own antibodies capable of neutralizing endo-
genous as well as exogenous insulin. Belloff-Chain,
Catanzaro & Chain (1966) have shown that anti-
insulin serum has insulin-neutralizing effects on the
rat epididymal fat pad in vitro as well as in vivo.
For the clinician antibodies to insulin are most

likely to bring forth memories of cases of insulin
resistance, which were probably due to this cause if
the resistance was chronic. Berson et al. (1956),
using 131I-tagged insulin, showed how the adminis-
tration of insulin to diabetic patients is followed by
the development of insulin-binding globulins which
greatly delay the decay curve of the 1311 in the
plasma. Yet, as stated by Tchobroutsky (1966) 'for
the majority of diabetic patients treated with insulin,
the existence of antibodies does not have any clear
therapeutic disadvantages'. Berson & Yalow (1960)
have correlated the insulin requirement and the
insulin-binding capacity of their blood, expressed as
units per litre of plasma, of both normally insulin-
sensitive and insulin-resistant diabetics and showed
that a rough relationship does exist. Thus after a
few weeks of insulin treatment all diabetics (and
non-diabetics too for that matter) develop insulin-
binding antibodies, but in the vast majority the
insulin-binding capacity does not exceed 10 units/l
of plasma (Berson & Yalow, 1957). On the other
hand in a series of nineteen patients requiring
between 120 and 14,000 units/day the binding
capacity of the plasma varied between 57 and 4700
units/l. Insulin so bound is not sensitive to liver
insulinase in vitro (Yalow & Berson, 1957) and would
presumably have no access to cells if it got into the
extravascular spaces. However, insulin-antibody
complexes dissociate spontaneously (Berson &
Yalow, 1957), thus releasing free insulin to act at
the cellular level or become rebound to antibody.
In this way the initial binding and then the slow
release of large amounts of insulin can cause delayed
hypoglycaemia (Berson & Yalow, 1959b; Shipp
et al., 1961). Since many insulin-binding antibodies
have a very high affinity for insulin, elimination of
the complexes appears to account for the destruction
and waste of a large proportion of the administered
insulin and thus for very large insulin requirements
(Berson & Yalow, 1957). As mentioned already beef
insulin is more antigenic than the porcine type in
man, and there have been a number of reports of
the successful treatment of insulin resistance by
change from beef to pork insulin (Berson & Yalow,
1959a; Goldman & Kaye, 1962; Feldman et al.,
1963). In the experience of Berson & Yalow (1966)
about 50% of patients with chronic insulin resistance

can benefit from the change from beef to pork
insulin, and the results can be predicted on the basis
of in vitro studies with beef and pork insulin. This
point has been stressed in a number of publications
by Devlin (e.g. Devlin & O'Brien, 1965; Devlin,
Brien & Stephenson, 1966), who has shown that
the insulin requirement of non-resistant diabetics
may also sometimes be significantly reduced by a
change from beef to pork insulin, as predicted by
the measurement of the preferential beef insulin
binding factor. There have been clinical reports of
the development of severe hypoglycaemia in non-
resistant diabetics after the inadvertent change from
beef to pork insulin, e.g. de Mowbray (1966), so
that officers of the Medical Advisory Committee of
the British Diabetic Association wrote a letter to the
medical press advising that 'brand changes where
the shorter acting insulins are concerned should be
carried out only under supervision' until the situa-
tion is further clarified (Young & Kellock, 1966).
In cases of marked insulin resistance the types of
treatment so far mentioned have involved a change
in the type of insulin to be injected but another
important approach is the trial of adrenal cortical
steroids or ACTH. Howard (1951) was the first to
report the successful treatment of insulin resistance
with ACTH, the rationale being to suppress anti-
body formation. Since then there have been many
other reports dealing mainly with corticosteroids
(e.g. Shipp et al., 1965; Oakley, Jones & Cunliffe,
1967). These authors point out that steroids are most
likely to reduce the insulin requirement when the
patient has required a high dose of insulin for a long
time, has had marked fluctuations in blood sugar
level, has shown allergy to insulin, when the passive
cutaneous anaphylaxis test in a guinea-pig is
positive and when there are no associated patholo-
gical conditions known to be able to produce insulin
resistance. These and other studies have incidentally
cast considerable doubt on the original rationale,
since a dramatic decrease in insulin requirement may
occur in 2 or 3 days and the biological half-life of
y-globulin is known to be 2 or 3 weeks. The exact
mechanism of action of the steroids in reducing
insulin requirement in these circumstances remains
unknown, and there are cases where the resistance
to the action of insulin appears to be in the peripheral
tissues themselves (Leonards & Martin, 1959).
The possible role of autoimmunity in the aetiology

of diabetes is at present open and unproved. It is
certainly true that the changes of so-called 'insuli-
nitis' in the pancreas of infants of mothers with
untreated diabetes (Silverman, 1963) closely resem-
ble those induced by insulin antibodies in experi-
mental animals (Lacy, Wright & Silverman, 1963;
LeCompte et al., 1966) and in Renold's heifers the
response occurred to homologous bovine insulin.
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Another piece of circumstantial evidence is the
binding of fluorescein-tagged insulin to nodules of
glomeruloscerosis from patients whose diabetes had
not been known to be treated with insulin (Berns
et al., 1962). Penchev, Andeev & Ditzov (1968)
showed surprisingly the presence of insulin-precipit-
ating antibodies in 20% of 276 unselected diabetics
and more unexpectedly still the precipitation reaction
was more often positive in the group of diabetics
not treated with insulin and in so-called prediabetic
subjects. All control tests were reported as negative.
The authors have tended to support the thesis of
Blumenthal, Berns & Owens (1963) that auto-
antibodies may arise in response to an antigenically
active insulin secreted by the pancreas. Penchev and
his colleagues (1968) suggest that the secretion of
this abnormal insulin may decrease later in parallel
with the non-antigenic insulin, thus accounting for
the lower incidence of precipitation reactions in
long-standing diabetics.
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Virus infections in patients with malignant disease

R. B. HEATH
M.D.
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London, E. C. 1

IT IS THE purpose of this short review to discuss the
unusual manifestations of ordinary virus infections
which are sometimes seen in malignant disease. As
would be expected, these mainly occur in patients
with malignant disease of the reticulo-endothelial
system in which there is now abundant evidence
that humoral and cellular immunity are depressed
(Heath, Fairley & Malpas, 1964; Schier et al., 1956).
No attempt will be made to enter into the debate on
whether these or other malignant diseases can be
induced by viruses. However, should malignant
disease of the reticulo-endothelial system sub-
sequently be proved to have a viral aetiology, then
we shall have an interesting pathogenetic situation
in which a malignant disease is not only depressing
immune processes active against tumour specific
antigens, but is also depressing mechanisms con-
cerned with elimination or control of the inducing
agent. It is doubtful how important the latter will
prove to be, since current work on viral oncology
has generally indicated that persistence of virus in

an active form is not required for the maintenance
of the malignant process.

Pathogenesis of virus infections
In general, virus infections are of two main types.

Firstly, there are those which remain localized at
the portal of entry such as the common viral diseases
of the upper respiratory tract. Then there are the
infections where the virus first replicates at the
portal of entry and then spreads via the blood
stream causing further infection of distant organs.
These viraemic diseases are recognized by signs and
symptoms resulting from virus destruction of the cells
of specific target organs. Typical infections of this
kind are smallpox, poliomyelitis and yellow fever in
which cellular destruction occurs in cells of the skin,
anterior horn cells and liver, respectively.

Infection at the target organ, whether this be at
the portal of entry or elsewhere, is characteristic-
ally short-lived. Persistent active infection of a tissue
of the kind seen in bacterial diseases such as
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