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II. May Peri-insulitis be Produced by an Antigen Different from True Sanger Insulin ?* 
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Summary. The immunizat ion of mice with impure, 
once crystallized, porcine insulin in different doses over 
3 months led to a high an t ibody  t i t re  with 1 Bg mo- 
nocomponent(-MC-)porcine insulin effected only a low, 
ant ibody response after  3 months of immunization,  thus 
proving a low immunogenieity.  A single insulin ad juvan t  
immunizat ion differentiated between st imulated,  nor- 
mal ly  reacting and tolerant  animals.  In  s t imulated 
animals with high t i t re  antibodies no insulitis was found, 
but  some animals tolerant  towards insulin produced an 
insulitis, suggesting tha t  this cellular immune reaction 

may  not  be induced by  true Sanger insulin. The antigen 
responsible for insulitis may  be an antigenieally indepen- 
dent antigen contained in crystall ized insulin, or an anti- 
genieally related derivative of insulin. 
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The ac t ive  i m m u n i z a t i o n  of an imals  wi th  crys ta l -  
line insulin led to  the  p roduc t ion  of insul in an t ibodies  
and  l ymphocy t i c  insul i t is ,  first  descr ibed  b y  l~enold 
(1964) in the  heifer. Toreson (1964) was able  to produce  
insul in ant ibodies ,  insul i t is  and  d iabe tes  by  immuniz-  
ing r abb i t s  wi th  crys ta l l ine  insulin. Fede r l i n  (1968) saw 
the  insul i t is  in ac t ive  immunized  sheep. In  th is  connec- 
t ion  i t  is also of in te res t  t h a t  g ranu locy t ic  and  mono-  
eyt ic  inf i l t ra tes  wi th in  and  a round  the  panc rea t i c  
islets, as well  as in the  ac inar  t issue,  can follow the  in- 
jec t ion  of an t i s e rum aga ins t  insulin and  pancrea t i c  
ex t rac t s  in an imals  (F rey tag ,  K16ppel, 1969). Chroma- 
tograph ic  me thods  for the  pur i f ica t ion  of insul in 
(Sehl iehtkrul l ,  1969) led to a h igher  degree of p u r i t y  of 
c rys ta l l ine  insulin,  pe rmi t t i ng  the  re inves t iga t ion  of 
the  pa r t i c i pa t i on  of con t amina t i ng  ant igens  in the  
h i s topa tho log ica l  a l t e ra t ions  induced  b y  c rys ta l l ine  
insulin.  

An expe r imen t  des igned to  produce  an immuno-  
logical  to lerance  to  insul in (Jansen,  1971 a, b), effected 
wi th  crys ta l l ine  insul in  and  m o n o c o m p o n e n t  insulin,  
sugges ted  t h a t  per i - insul i t i s  migh t  in p a r t  be p roduced  
by  impur i t i e s  of the  t rue  Sanger  insul in 1 (Frey-  
tag,  Jansen ,  K16ppel, 1973). However ,  i t  could no t  be 
decided whe the r  the  responsible  i m p u r i t y  is ant igeni-  
ea l ly  r e l a t ed  to  t rue  insul in or a subs tance  wi th  no 
ant igenic  resemblance  i.e. an  i ndependen t  p ro te in  of the  
islets of Langerhans .  Therefore,  in the  same animals ,  
the  insul in a n t i b o d y  con ten t  was examined  in re la t ion  
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1 True Sanger insulin ~ insulin corresponding exact ly  
to Sanger's formula. 

to  insuli t is  and  per iductul i t i s .  The immunologica l  p a r t  
was carr ied  out  by  F . K .  Jansen ,  the  h i s topa tho log ica l  
p a r t  by  G. F r e y t a g .  

Materials and Methods 

Details  concerning mice, the two insulin charges, 
namely 1 • erystMlized porcine insulin and monocom- 
ponent  (MC-) porcine insulin (kindly supplied by  Dr. 
Schlichtkrull,  Nero ,  Copenhagen), and histopathological 
methods were described in par t  I (Freytag,  Jansen, 
K16ppel, 1973). 

For  the determinat ion of the ant ibody content,  0.1 ml 
blood was taken from the orbit  at  different intervals 
during the immunizat ion period (Fig. 1). This was di luted 
immediate ly  in phosphate buffer, p H  7.4; 0.04 M, con- 
talning 0.5~o EDTA. Blood pools of each group were 
di luted 1 : 20, individual  samples 1 : 50, centrifuged for 
elimination of erythrocytes  and stored at  --25~ for 
determinat ion of the ant ibody t i t re  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- 
t ion period (3 • per week with 6 different doses of insulin 
without  adjuvant) ,  pooled blood samples were examined 
for an t ibody production. 2 days later, a single test  im- 
munizat ion of all animals, including the controls, was per- 
formed with 100 tzg 1 • cryst, insulin, in complete Freund 's  
adjuvant ,  to test  the immunological tolerance to insulin. 
The test  immunizat ion was essential to differentiate be- 
tween normal ly  reacting and tolerant  animals, as only 
normal  animals are l ikely to produce insulin antibodies. 
Blood samples were taken at  3, 5, 7 and 14 weeks after the 
test  immunizat ion from all animals, pooled for each group, 
to follow up the ant ibody 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 subeutane- 
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ously with 100 ~g insulin in complete Freund's  adjuvan~ 
in order to intensify the histopathologieal lesions. They 
were examined individually for their antibody content. 
The antibody t i tre was determined 10 days after re- 
immunization, these mice being sacrificed 2 weeks later. 

The insulin antibody t i tre was determined by radio- 
immtmoassay (Meade, i962), utilizing ~25I labelled insulin 
(supplied by Hoechst, Frankfurt ,  Germany) and amberlite 
CG 400 I (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 i/40 were incubated in 
triplicate for 18 h at 4~ with 3 FU (about i i i  pg} radio- 
active insulin. Subsequently, 300 mg amberlite were 
incubated for half an hour to adsorb the free radioactive 
insulin, not bound by antibodies. ~ ml of the supernatant 
was measured in a Gamma-co,rater (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 
act ivi ty between high control, s e t =  i00}~ and low 
control, set = 0~o. We then converted these values into ng 
antibody binding capacity - 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 + o r -  in a 4 square correlation. Antibodies of more 
than 0.050 ng/ml ABC 50% were regarded as ~-. The 
histepathological alterations were defined as ~- and -- in 
part I (Freytag, Jansen, K15ppel, 1973). 

The equation of the 4 square correlation is: 
a . d - - b . e  

V - - - -  
V(a+b) (a+e)  (b+d)  (c+d)  

The value V varies between + 1 and - - I ,  indicating 
high correlations near + f and --1, and no correlation 
near 0 (Lienert, 1962). 

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 disting~shed 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. 

o--o 1 ~zg Crystallized Insulin "--" JO~xg Chromatogr. Insulin 
P'ositive Controls only Testimmbniz~tion 

. . . . . . . . . . . .   ooo 

? / 
S O, oIL :~ '3 20 S 

Months of [mmuni- after Testimmunizetion 
zcttion Periode 

Fig. 2. Development of the ant ibody titre in normally 
reacting, stimulated and tolerant animals. The response 
of the positive controls getting only the test immunization 
is considered as a normal response and set = 100%. The 
dose of 1 ~xg crystallized insulin stimulated to much higher 
titres, while the dose of 10 Fg chromatographed insulin 
produced tolerance with titres lower than 10% of the 

controls 

Tolerance-induction(i)with insulin in mice 
Immunizationsperiod [months] ~-Test immunization with adjuvant 

Insoiin/inj. I/2 2 3 3 tz; 20 
I00 I~g 

IO0 ng ~ 

JO ng -~ 

I ng r~ 

3 times/week [weeks] 

Fig. 1. Immunizat ion scheme demonstrating immunizations with different doses, 3 times per week over 3 months, the 
single test immunization of 100 Fg insulin in complete Fretmd'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- 
gnished: 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 Fg) of crystallized 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 crystallized insulin 
had been stated; however, this is a very low antibody 
titre, as only concentrations of more than 0.0i0 ng/ml 
ABC 50 % can be determined. These antibodies are 
really directed against insulin, as they could be ab- 
sorbed with insulin. I t  would have been necessary to 
immunize a longer time in order to obtain a higher 
antibody production hi 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. 

Periductuli t is  

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 ~g) also produced the 
same periductulitis as tolerant (doses 10 ~g and i00 Fg) 
and partially tolerant groups (doses 1 ng, 10 ng and 
t00 rig). The groups which received chromatographed 
MC-insulin were almost devoid of periductulitis. Inde- 
pendently of their antibody titre i.e. high ti tre anti- 

Zestiramunization 

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 ti tre 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 ti tre in the first few 
weeks and then a rapid decline (Fig. 2). The best t ime 
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 crystallized insulin (1 ~g) 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 ~g 
and 100 ~g. All the other doses induced a partial 
tolerance with intermediate antibody titres. With 
chromatographed insulin a dose of 10 ng effeeted a 
normal reaction, eomparable with positive controls. 
Doses of 10 ~g 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 ~g and 100 ~g crystallized insulin and 
10 ~g ehromatographed 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, gThile 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 respect 
to tolerance. 

A Ix CRYSTALLIZED INSULIN 

c controls 
"6 CHROMATOGRAPHED CRYSTALLIZED INSULIN 

ng ~ lOng lOOng 1~ug l()~g lOOug dose per mouse 

~Afj.-Immun.} insulitis or periduclulitis 

B I x CRYSTALLIZED INSULIN 

pos. controls 

g 
~ io-CHROI'fATOGRAPHED CRYST. INSULIN 

'i , - - 2  ~ . - - . ~ ' -  . . . . .  : pos. controls 

lng lOng lOOng lpg lOpg lO0~g dose per mouse 
- "~Ad}.-Irnrnun.~, insutit is or per iduc tu l i t i s  

Fig. 3. Distribution of animMs with periductulitis depen- 
ding on the dose and the charge of insulin, i. e. whether it 
was impure, once crystallized, or pure, ehromatographed 
insulin. Only animals with one test immunization were 
considered. A. Lymphocytic periduetulitis. B. Antibodies 

against insulin 

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 mice, 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. I t  is important  tha t  
3 of 5 animals tolerant to insulin (10 ~,g and 100 ~,g 
crystalline insulin)' Were.." able to produce the periductu- 
litis, if only animals with one test immunization are 
considered. 
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Insul i t i s  

Comparison of insulin antibodies with insulitis in 
the group of stimulated animals (1 ~g eryst, insulin) 
possessing high titrc antibodies over more than 6 
months are significant because in 7 animals no insulitis 
resulted, suggesting tha t  high titre antibodies against 
insulin arc 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 insulin. Therefore, the behaviour of the tolerant 

A 

E 
5 

E 

lx CRYSTALLIZED INSULIN 

t I I I I l 

CHROMATOGRAPHED CRYST. INSULIN controls 

Ing l'Ong lOOng i pg 1().g lO01Jg dose per mouse 

coefficient of 0.001 for 37 animals, an indication that  
no common mechanism exists for insulin ant ibody 
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 tha t  
all these alterations were due to the insulin molecule. 
However, Mirsky (1966) showed tha t  crystalline in- 
sulin is heterogeneous and Schlichtkrull (1969) demon- 
strated tha t  it contains higher molecular-weight im- 
purities, i.e. insulin dimer, proinsulin, intermediate 
insulin and others, which arc 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 tha t  periductulitis and periinsulitis are not in- 
duced by  the true Sanger insulin molecule but  by an 
impurity of crystallized insulin. 

B lx  CRYSTALLIZED INSULIN 

- ,oo I 

l_ 
H . 

i "~'" 

pos. controls 

& 
- 1o-CHROMATOGRAPHED CRYST. INSULIN 

]------ . ........... pos. controls 

t " J  J "  
. . . . , , 

lng tOng lOOng 1,ug lO/Jg lO0;Jg dose per mouse 

1Adj.-Immun.~,- insu[itis or periductulitis 
~ 2 - -  

Fig. 4. Distribution of animals with peri-insulitis depen- 
ding on the dose and the charge of insulin (once crystallized 
impure or chromatographed highly purified insulin). The 
antibody titres 7 weeks after the test immunization are 
set in relation to a normal response, as represented by 
the positive controls. Higher antibodies represent stim- 
ulated, lower antibody titres tolerant groups. A. Lympho- 

cytic insulitis. B. Antibodies against insulin 

animals is important. Although the tolerant groups 
t reated with crystallized i~sulin had no insnlitis, the 
tolerant group with a high dose (10 ~g) of chromato- 
graphed insulin showed an insulitis in 2 animals out 
of 9 ( = 2 2 % ) .  

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 

Periductulit is 

Pcriductuhtis 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, K15ppcl, 1973). These 
two antigens may  therefore be considered as antigens 
with different physico-chemieal 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 tha t  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. 

Insul i t i s  

In  par t  I 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 antigenieally ur~related 
to insulin. The behaviour of the insulin antibody titre 
favoured the argument tha t  the responsible antigen is 
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probably independent from true Sangcr 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 ~g crystallized insulin and 10 ng 
ehromatographed insulin) showed no insulitis. Be- 
cause in cellular and humoral immunologic reactions 
different mechanisms are involved - -  cellular reactions 
are effeeted 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 ease 
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 ha- 
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 against the cellular reac- 
tion. We presume tha t  with a dose of 10 ~xg ehromato- 
graphed insulin a high dose tolerauee against insulin is 
achieved. Nevertheless, it produced an insulitis which 
favours the hypothesis tha t  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 crystallized insulin. 

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

Two arguments are now in favour of the hypothesis 
tha t  the insulitis is not produced by the true Sanger 
insulin: 
1. the different dose-effect of pure and impure insulin 
(part I), 
2. the appearance of insulitis in tolerant animals. 

The last argument suggests, furthermore, tha t  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 ehromatographed insulin is almost  free of the 
periductulitis-indueing 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 tha t  the true Sanger insulin is 

only slightly immunogenic with respect to insulitis but 
becomes more immunogenic in the presence of the 
erossreacting, higher molecular-weight impurities of 
erystallized 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, tha t  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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