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Summary. Human sera were tested for insulin antibodies by 
fluid and solid phase assays. Radioimmune titres determined 
with 125-I Tyr A14 insulin were not correlated with those ob- 
tained using insulin coated microplates and enzyme linked 
immunodetection (n=60). Several reasons for this lack of 
correlation were found. Iodine substitution on the A14 
residue of insulin may significantly alter the avidity of some 
insulin antibodies for their ligand; hence, disclosing a hereto- 
fore unsuspected pitfall for antibody determination by radio- 
immunoassay. Specificity for bovine insulin was easily de- 
monstrable in fluid phase by comparing the binding of 
monoiodinated bovine, porcine and human insulin. By con- 
trast, in solid phase assay, titres obtained with microplates 
coated with bovine or human insulin were almost equal, re- 
gardless of the serum specificity for bovine insulin. This lack 

of specificity of the solid phase assay is not due to denatura- 
tion or unavailability of the bovine specific epitope because: 
bovine specificity could be demonstrated by competitive 
assay, after preincubation of the serum with insulin of the 
different species; and, coating with crosslinked insulin 
dimers or oligomers instead of monomers did not unmask 
bovine specificity. It is concluded that radioimmune 
methods are best suited to study specificity but may be 
biased by the presence of the radioiodine label whereas solid 
phase assay detects low avidity antibodies with great effi- 
ciency but is less appropriate to study specificity. 

Key words: Radioimmune assay, enzyme linked immunosor- 
bent assay, insulin antibodies. 

The immune response to exogenous insulin was first 
reported by Banting et al. in 1938 [1] and fully de- 
scribed by Berson and Yalow [2]. Since their pioneer- 
ing work, using 131-I-radioiodinated insulin and elec- 
trophoretic separation of free and bound hormones, 
various technical refinements have been developed re- 
garding the purity and specific activity of the tracer or 
the method employed to separate free from antibody- 
bound hormone [3-9]. 

Recently, the technique of enzyme linked immu- 
noassay first introduced by Engvall and Perlmann [10] 
was applied to insulin antibody determination. In this 
assay, the ligand is immobilised on a solid phase, 
usually microplates, and bound antibodies are de- 
tected by a human immunoglobulin antibody con- 
jugated to an enzyme. As a final step, the enzyme ac- 
tivity bound to the immune complexes is measured 
after addition of appropriate substrate [11, 12]. 

Detection of insulin antibodies is useful in insulin 
treated diabetic patients and is the mainstay of diag- 
nosis of autoimmune hypoglycaemic syndrome 
[13-15]. More recently, circulating insulin antibodies 
have also been reported in Type 1 (insulin-dependent) 
diabetic patients before any administration of exoge- 

nous insulin [16-20]; and their diagnostic and prognos- 
tic value with regard to ongoing, yet asymptomatic, de- 
struction of pancreatic B cells is open to debate. 

At the present time, it clearly appears that currently 
used methods in different laboratories yield different 
results of insulin antibodies for the same plasma 
sample. This is one of the most disturbing conclusions 
reached after analysis of the data produced by the re- 
cent workshop on insulin antibodies [21]. Results are 
usually expressed in the unit system of the end signal, 
i.e. percent binding for radioimmunoassay or optical 
density for enzyme linked immunosorbent assay and it 
is generally assumed that antibody concentration is di- 
rectly proportional to signal intensity. Tentative quan- 
titation of insulin antibodies by Scatchard analysis or 
the like is not only cumbersome but also frequently 
impossible because of heterogeneity of insulin anti- 
bodies in insulin-treated diabetic patients. 

We are therefore faced with two fundamental ques- 
tions: 

1. Is one of the 2 assays, performed in solid or liquid 
phase, better than the other with regard to sensitivity, 
specificity and precision? 
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2. In the presence of different insulin antibodies are 
the performances of the 2 assays identical or are there 
pitfalls? 

Materials and methods 

Insulin, proinsulin and derivatives 

USA) 20g and H20 ad 101; pH was adjusted to 7.2. Alter 2h in- 
cubation at 37~ and 3 successive washes, all the wells received a 
mouse monoclonal anti-human IgG. After a second 2 h incubation 
at 37~ followed by removal of unbound mouse monoclonal anti- 
body, the immune complexes were allowed to react with a rabbit 
anti-mouse Ig serum conjugated to peroxidase. After I h incubation 
followed by 4 washes with tap water, 2.2'-azino-di-3-ethylbenzthia- 
zolinosulfonat 6 (ABTS, Boehringer, Mannheim, FRG) was added 
and oxidised chromogen was measured by reading absorbance at 
405 nm. Control sera always were below 0.2 U optical density. 

Bovine, semisynthetic human, porcine, 127-I Tyr AI4 and 127-I Tyr 
A19 monoiodinated porcine insulins were generously provided by 
Drs K.Jorgensen and I.Jensen, Novo Research Institute, Copen- 
hagen, Denmark. The three species of insulin, bovine, porcine and 
human, were iodinated with cartier-free Na 125-I and the isomers 
monoiodinated on Tyr A14 were purified by reverse phase HPLC 
[22, 23]. Specific activity was 300 mCi/mg. Human proinsulin and 
des 31,32 human proinsulin were a generous gift of Dr. B.Frank, Eli 
Lilly Research Laboratories, Indianapolis, Ind, USA. Des-Ala-B30- 
porcine insulin was prepared by Dr. H.G.Gattner [24]. Human B 
[23-30] octapeptide was prepared by B.Vogt and F.Wedekind (Ger- 
man Research Institute, Aachen, FRG). 

Insulin dimers and oligomers were also used as coating material. 
It was indeed speculated that if all insulin molecules were coated in 
the same manner, some epitopes would systematically be hidden or 
distorted. Substitution of insulin monomers by a repetitive antigen 
with various crosslinking bridges would hopefully cope with this 
potential bias. Insulin dimers and oligomers were prepared as pre- 
viously described [25]. Briefly, crystalline porcine or bovine insulin 
was reacted with bis-(4-nitrophenyl) suberate. Gel filtration of the 
crude reaction product on Sephadex G 50 fine in 10% acetic acid 
(column 5 x 150 cm) gave 30% fraction 1 (oligomers), 15% fraction 2 
(dimers) and 45% fraction 3 (monomers). The oligomeric fraction 
contained mainly trimers. According to the known reactivities of the 
insulin amino groups with this reagent (A1 > B29>>B1) and the re- 
sults of disulfide cleavage by oxidative sulphitolysis, gel filtration 
and electrophoretic analysis of the resulting chains, dimers were 
mainly bridged between AI and B29. In the oligomer fraction, cross- 
linking had also mainly occurred between the A1 and B29 groups of 
different molecules, resulting in the formation of A-B, and only 
minor amounts of A-A, B-B and A-B-A. 

Anti-insulin sera 

Radioimmune titration (RIT) 

RIT was performed by mixing a constant amount of 125-I Tyr A14 
insulin, (20,000 cpm/100 ul) with duplicate 100 ttl samples of serial 
2-fold serum dilutions. Sera were diluted with phosphate buffered 
saline (PBS) (sodium phosphate: 0.015 mol/l, NaCI: 0.15 mol/1 and 
bovine serum albumin: 0.35 %, pH 7.4). After overnight incubation at 
4 ~ C, 0.4 ml of dextran-coated charcoal (1 volume of charcoal sus- 
pension, 50 mg/ml PBS and t volume of Dextran T70, 5 mg/ml 
PBS) and I ml of ice-cold PBS were added and the suspension thor- 
oughly mixed. Ten rain later, the tubes were spun at 2300 g for 
10 min in a refrigerated centrifuge, precipitates and supernatants 
were separated and their activity counted. Antibody bound hormone 
was estimated by calculating the percentage of activity in the super- 
natant. Blank values obtained by substituting buffer for serum 
ranged from 2 to 4% and were not subtracted from sample values. 
Control sera always were below 6% at the ~/5 dilution, 

Competitive inhibition of binding 

Insulin dilutions to be used as competitors were made from spectro- 
photometrically calibrated stock solutions in 0.01 N HCI. Molar ex- 
tinction coefficients (E) at 276 nm were 5.59.103 tool - ~cm -~ for in- 
sulin and proinsulin and 6.31-103 mo l - l cm  -1 for monoiodinated 
insulin [281. 

One hundred ~tl of 125-1 insulin of the different species, 100 al of 
buffer or competitor solution at increasing concentrations and 100 al 
of appropriate serum dilution were incubated overnight at 4~ 
Bound and free hormones were separated as described above. 

Over sixty human sera from unselected insulin-treated diabetic pa- 
tients immunised against therapeutic insulin were collected from 
various sources: Paediatric and Adult Diabetes Clinics (University 
of Lirge, Belgium), Scientific Institute San Raffaele (University of 
Milan, Italy), E.P.Joslin Diabetes Center (Boston, Massachusetts, 
USA), Department of Medicine, University of New Mexico (Albu- 
querque, New Mexico, USA) and Novo Research Institute (Copen- 
hagen, Denmark). One serum originated from a non-diabetic, non- 
insulin-treated patient suffering from severe hypoglycaemic 
episodes. Her clinical course has recently been reported [26]. 

Enzyme-linked immunosorbent assay (ELISA) 

ELISA of insulin IgG (AI-IgG) was performed as previously de- 
scribed [27]. Briefly, microplates were coated with 1 ~g/75 gl solu- 
tion of insulin monomers, dimers or oligomers or with an equimo- 
lar solution of insulin derivative. Fifty Ixl of patients sera previously 

1 1 1 diluted /5 were tested in serial 2-fold dilutions ( /5 to /5, 120). One 
well per row received buffer instead of serum and served as blank. 
Buffer contained NaH2PO4.2H20, 5.2 g, K2HPO4 3H20, 36.7 g, 
NaC1, 87.6 g, Tween 20 (Merck, Darmstadt, FRG) 5 ml, bovine 
serum albumin (BSA, fraction V, Sigma Chemical, St Louis, Mo, 

Statistical analysis 

Correlation between 2 parameters were calculated using standard 
least squares method. 

Results 

Correlation between titres determined in liquid and solid 
phase 

Serial dilutions of 60 human sera containing insulin 
antibodies were tested by ELISA using bovine insulin 
coated plates and a titre corresponding to 0.8 U of 
optical density was derived. Serial dilutions of the 
same sera were incubated with a constant amount 
( _  20,000 cpm) of 125-I labelled bovine insulin and a 
titre corresponding to tracer binding of 40% was 
similarly derived. In some instances, when apparent 
level of anti-insulin antibodies was low, titres were 
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Fig.2. Correlation between RIA (y) and ELISA (x) titres obtained with human ligand. The dashed line is the line of equality. Log y ~  0.199 
log x + 0.609 (n = 60); r 2 = 0.082; (p> 0.05) 
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Fig.3. Competitive inhibition of binding of 125-I Tyr A14 human insulin with native (A) or 127-I Tyr A14 monoidinated porcine insulin (*). 
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Fig.4. Competitive inhibition of binding of 125-I Tyr A14 porcine insulin with native (A), 127-I Tyr A14 (*) or 127-I Tyr A19 (ak) monoiodi- 
nated porcine insulin. The open circle (O) corresponds to tracer binding in the absence of competitor. This figure illustrates A14 iodine en- 
hancement of insulin antibody interaction 

calculated for an optical density of 0.4 U and tracer 
binding of 20%. As shown by Figure 1, there was no 
correlation (r2=0.02) between titres determined in 
solid (x axis) and liquid (y axis) phase. Closer exam- 
ination of Figure 1 shows that 8 out of 60 sera had 
greater RIA than ELISA titres. The same 60 sera 
were compared using human ligand, i.e. human in- 
sulin coated plates and 125-I labelled human insulin 
(Fig.2). Once again, no correlation was found 
(r2~0.08) but only 3 out of the 60 sere had greater 
RIA than ELISA titres. 

Effect of  iodine substitution on Tyr A14 

The relative potencies of native and 127-I Tyr A14 por- 
cine insulin to compete for 125-I porcine insulin binding 
were compared in fluid phase assay. Because of the 
scarcity of the purified 127-I Tyr A14 insulin, only 17 
sera could be tested. For 10 of them, the 2 competitors 
were equipotent (Fig. 3). Seven sera displayed a higher 
avidity for the monoiodinated than for the native ligand. 
The difference of potency was usually low, less than 10. 
In 2 instances, it was higher than 10,000-fold (Fig. 4). 
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Fig. 6. Competitive binding assay of the serum of a patient with autoimmune hypoglycaemic syndrome. 125-I Tyr A14 human insulin binding 
was measured in the absence (�9 or in the presence of increasing concentrations of competitors: Q human insulin, �9 porcine insulin, Othreoni- 
ne ,Ohuman B23-30 octapeptide, [] human proinsulin, Lx des 31,32 human proinsulin and ~ des B30 porcine ir~sulin 
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Fig.7. ELISA titration of the same autoimmune serum as in 
Figure 6 using microplates coated with human (Q), porcine (A) or 
bovine (I) insulins, des B30 porcine insulin (O) or human proinsulin 
(*) 

ELISA titres of 7 sera which, in liquid phase, 
equally bound native and 127 1 Tyr A14 insulin, were 
determined using microplates coated with native or 
127-I Tyr A14 porcine insulin. As shown by Figure 5, 
titres obtained with the monoiodinated hormone were 
slightly lower but well correlated (p< 0.001) with those 
obtained with the native hormone. The serum which, 
in liquid phase, displayed the most remarkable in- 
crease of avidity for insulin monoiodinated in position 
A14 was similarly tested and did not exhibit any pref- 

erence for binding iodinated insulin in solid phase 
assay (Fig. 5). 

Effect of specificity for human insulin 

One autoimmune serum was highly specific for human 
insulin. Indeed, in the radioimmune system, it bound 
human but not porcine or bovine 125-I labelled tracers 
(data not shown). In competitive assay, human 125-I 
insulin binding was inhibited by unlabelled human in- 
sulin and des 31,32 human proinsulin (i.e. proinsulin 
without residues 31,32) but not by human proinsulin, 
bovine or porcine insulin, des B30 porcine insulin, B 
(23-30) human insulin octapeptide or free threonine 
(Fig. 6). High specificity for human insulin was also ex- 
hibited in ELISA. Indeed, insulin antibodies were 
bound to human but not to bovine or porcine insulin 
coated plates (Fig. 7). 

Effect of specificity for bovine insulin 

Twelve sera were selected because they displayed spe- 
cificity for bovine insulin in liquid phase assay. As 
shown by Figure 8 (left panel), the ratio of radioim- 
mune titres determined with bovine and human tracers 
ranged from 3 to 65. When the same sera were assayed 
in solid phase, using human or bovine insulin coated 
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plates, species specificity could no longer be demon- 
strated (Fig. 8, right panel). Titres obtained with plates 
coated with bovine insulin were slightly higher than 
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Fig. iL ELISA of the same highly bovine specific insulin serum as 
in Figures 9 and 10. Plates were coated with monomers of human in- 
sulin (0), dimers of bovine (B) or porcine (1) insulin or with oligo- 
mers of bovine ([]) or porcine (A) insulin 

those obtained with human insulin, but for none of the 
assayed serum did the ratio between the 2 titres ever 
exceed 2. Furthermore, a highly statistically significant 
(r2=0.95; p<0.001) correlation existed between the 
2 sets of ELISA titres. 

Effect of insulin conjugates 

The serum with the highest specificity for bovine in- 
sulin was selected for further studies using crosslinked 
insulin conjugates. As shown by Figure 9 (left panel), 
in liquid phase assay, unlabelled bovine insulin was a 
60-fold better competitor for bovine tracer than unla- 
belled porcine insulin. In the presence of porcine 
tracer (Fig. 10, left panel), bovine and porcine insulins 
were almost equipotent competitors. Insulin dimers 
and oligomers were slightly less potent than the corre- 
sponding monomers. However, species specificity re- 
mained clearly demonstrable irrespective of the degree 
of insulin polymerisation (Fig.9 and 10, middle and 
right panels). 

Using plates coated with bovine or porcine insulin 
dimers, the same highly bovine specific serum as in 
Figures 9 and 10 repeatedly yielded titration curves 
which at the most differed by a factor of 2, i.e. one 
serum dilution. Similar results were obtained in the 
presence of coated bovine or porcine insulin oligomers 
(Fig.11). In solid phase, species specificity could only 
be demonstrated in competitive assay. Using bovine 
insulin coated plates and serum preincubation with 
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Fig. 12. ELISA of the same highly bovine specific insulin serum as in Figures 9 11. The serum was employed without prior incubation (0) or 
was preincubated with 200 ,ug/ml human insulin (*), bovine insulin (B) or porcine insulin (A). Microplates were coated with bovine (left panel) 
or human (right panel) insulin 
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equimolar amounts of the different competitors, it 
clearly appears that the inhibiting potency decreased 
from bovine to porcine and human insulin (Fig. 12, left 
panel). On the contrary, employing human insulin 
coated plates, the same amount of the 3 insulins com- 
pletely inhibited insulin antibody binding to the plate 
(Fig. 12, right panel). 

Discussion 

Radioimmune- and enzyme-linked-immunosorbent as- 
says of insulin antibodies are both based on insulin in- 
teraction with specific antibodies. Yet, surprisingly, re- 
sults obtained with both methods were not correlated. 

In an attempt to account for discrepancies between 
the two assays, we successively examined potential dif- 
ferences between them. Of course, RIA detects all anti- 
insulin immunoglobulins whereas, depending upon 
the choice of immune reagent, ELISA is restricted to 
one class or subclass of anti-insulin antibodies. In 
general, however, anti-insulin antibodies belong to the 
IgG class and, provided that anti-human IgG is used 
in ELISA, both assays should yield comparable re- 
sults. 

Native insulin is used in ELISA and 125-I Tyr A14 
insulin in RIA. Monoiodination of insulin is known to 
alter sensitivity to "insulinase" [28]. Furthermore, as 
more recently demonstrated, receptor affinity and bio- 
logical potency are modified according to iodine posi- 
tion [29, 30]. If monoiodination may modify insulin in- 
teraction with its receptors, it might likewise affect in- 
sulin interaction with other proteins, particularly with 
insulin antibodies. Among the sera examined by RIA, 
several displayed a higher avidity for 127 I-Tyr AI4 in- 
sulin than for the native hormone and the increase of 
avidity was as high as 10,000-fold for one serum. This 
suggests that residue A14 is sometimes included in an 
antigenic determinant and that monoiodination of this 
tyrosine residue, in some cases, improves the fit be- 
tween the epitope and the paratope. 

In other instances, one may speculate that iodina- 
tion rather impairs the antigen-antibody fit. A similar 
reasoning may probably be applied to monoiodination 
of the other tyrosyl residues of insulin, so that, there is 
little doubt that iodination of insulin may, sometimes 
to a great extent, bias determination of insulin anti- 
bodies by radioimmunoassay. Erroneous estimation of 
insulin antibody level may have clinical implications. 
Tremendous (more than 1000-fold) amplification of 
antibody binding by A14 monoiodination occurred in 
2 of our patients. One developed these peculiar anti- 
bodies after switching from conventional therapy to 
continuous subcutaneous pump infusion of human in- 
sulin. Apparent hyperimmunisation against insulin 
motivated cessation of pump treatment and return to 
conventional therapy. The other patient was treated by 
2 daily subcutaneous injections of purified porcine in- 

sulin. As her insulin requirement was higher than 
100 U per day and her level of insulin antibody was 
misdiagnosed as extremely high, she was considered as 
resistant, her resistance was attributed to immunisation 
against insulin and immunosuppressive therapy was 
contemplated but fortunately not initiated after correct 
characterisation of her antibodies. 

In solid phase assay, iodine substitution of Tyr A14 
had no significant effect, even in the presence of the 
serum containing antibodies which, in liquid phase, 
demonstrated an exquisite sensitivity to insulin mono- 
iodination. 

The human specific insulin antibodies described in 
this study are likely directed against one single epi- 
tope. For antibody binding, threonine B30 must be not 
only present but also free. Indeed, these antibodies do 
not bind bovine or porcine insulins in which threonine 
B30 is replaced by alanine. Removal of threonine B30 
(as in des B30 porcine insulin) or its engagement in a 
peptide bond (as in human proinsulin) completely 
abolished antibody binding. In addition, these anti- 
bodies do not bind threonine itself nor the carboxy ter- 
minal octapeptide of the human B chain. It is therefore 
postulated that they are directed against a single con- 
formational epitope which contains B30 and extends 
to nearby aminoacids of the B chain but possibly also 
of the amino terminal extremity of the A chain. These 
anti-insulin immunoglobulins belong to one single 
subclass of IgG (IgG3) and are made with only one 
type of light chain, suggesting that they are not only 
monoidiotypic but also "monoclonal (-like)" autoim- 
mune antibodies. Clearly, as shown by Figure 7, in 
coated insulin molecules, the conformation of the B30 
containing epitope is unaltered. This epitope is ex- 
posed to the solvent and readily accessible for anti- 
body binding. 

In solid phase, using direct anti-insulin IgG bind- 
ing, bovine specificity cannot unambiguously be dem- 
onstrated, even for sera which, in liquid phase, display 
over 50-fold greater avidity for bovine than for human 
radiolabelled insulin. A possible explanation is that 
the bovine specific epitope is no longer available for 
antibody binding because it is part of the coating sur- 
face or because, as already documented for other pro- 
teins [31], its conformation is altered in coated mole- 
cules. This implies that insulin adsorption does not 
occur at random but rather in an ordinate manner. De- 
pending upon the interactive forces between insulin 
and polystyrene, the same surfaces of all insulin mole- 
cules would be either "hidden" or "denatured" or "ex- 
posed to the ..solvent". 

Two lines of evidence indicate that the bovine spe- 
cific epitope is not hidden or distorted. Firstly, in 
agreement with Nell and coworkers [11], specificity for 
bovine insulin can be detected in solid phase by com- 
petitive binding assay. Secondly, to unmask "hidden" 
epitopes or ~o prevent conformational alteration of 
some epitopes, insulin should be pushed out by a 
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spacer molecule into the liquid phase. A similar ap- 
proach has recently been used to improve an immuno- 
capture assay in which monoclonal antibodies were 
linked to a carrier protein. This permitted antibodies to 
complex with the antigen at some distance from the 
plastic surface and increased 5 to 400-fold the binding 
capacity compared to that of antibodies directly ad- 
sorbed on plastic [32]. To avoid non-specific inter- 
ference with the spacer molecule, insulin itself served 
as "spacer" and suberoyl crosslinked insulin dimers 
and oligomers were used. In liquid phase, we verified 
that these covalent conjugates retain the properties of 
species specificity ( Fig.9 and 10). In solid phase, when 
these same conjugates were used as coated material, 
species specificity could not be demonstrated despite 
the reasonable assumption that statistically, all the epi- 
topes of the monomer are exposed at least once at the 
surface of these polymorphous polymers. 

Thus, instead of assuming that bovine specific anti- 
bodies are not detected in ELISA, we must consider 
the alternative hypothesis that they are almost equally 
detected with human and bovine insulin coated plates. 
In other words, ELISA would be much less sensitive 
than RIA to the affinity of the antigen-antibody inter- 
action, a hypothesis which is supported by the follow- 
ing considerations on amount and spatial distribution 
of ligand. Indeed, in fluid phase assay, 0.06 ng 125-I 
Tyr A14 insulin are dispersed in a volume of 200 ~1. In 
solid phase assay, we estimated that 140 ng insulin (i. e. 
2000-fold more than in RIA) were coated on each well, 
resulting in an extremely high concentration of ligand 
in the virtual fluid layer adjacent to the well wall [26]. 
Thus, although the law of mass action is not applicable 
in a straightforward manner, it is easy to understand 
that the tremendously high insulin concentration 
achieved at the water polystyrene interface will strong- 
ly favor binding of antibodies, even of low avidity. It is 
interesting to note than when our most bovine specific 
serum was submitted to affinity chromatography, bo- 
vine specific antibodies were retained by the human 
insutin-sepharose-column almost as well as by the bo- 
vine insulin-sepharose one. Thus, also in this system, 
species specificity was not demonstrable, probably be- 
cause the ligand was also in excess. 

The same reasoning could probably explain that 
insulin iodination may have an effect on antibody 
binding in liquid and not in solid phase assay. 

In conclusion, ELISA seems to be less sensitive 
than RIA to the avidity of the antigen-antibody inter- 
action. As an advantageous consequence, ELISA 
would detect with greater efficiency insulin antibodies 
which display a low avidity for insulin, a property 
commonly found in insulin autoantibodies. Actually, it 
is not exceptional that insulin autoantibodies are de- 
tectable by ELISA only and fully escape detection by 
the most sensitive RIA method. In addition, as it is 
a "capacity" assay, ELISA could probably be stan- 
dardised by means of a reference serum or pool of 

sera. As a disadvantageous consequence, ELISA does 
not allow detection of small differences between close- 
ly related structures such as the bovine or porcine and 
human A chain loops. By contrast, RIA is better suited 
to study high avidity antibodies and their specificity. It 
should, however, be kept in mind that, in some instan- 
ces, iodination of the ligand may alter its interaction 
with specific antibodies. Finally, an interesting charac- 
teristic of ELISA is its versatility. Indeed, by selecting 
appropriate immune reagents, insulin antibodies can 
not only be detected but also characterised with regard 
to their heavy or light chains [27]. 
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