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Summary. Although the existence of precipi tat ing in- 
sulin antibodies (PIA) has been questioned by  many  
authors,  others have shown tha t  such antibodies can 
really be found in insulin-treated animals. The authors 
have studied the problem in insulin-treated and unt rea ted  
diabetic patients,  using the agar-precipi tat ion test  of 
OunlN. I t  has been possible to demonstra.te P I A  in 20% 
of the  276 unselected diabetics studied. All control exa- 
minations were negative. Unexpectedly,  the precipi tat ion 
reaction was more often positive in the group of diabetics 
not  t rea ted  with insulin. --  The da ta  of the authors dis- 
close systemat ical ly  for the first t ime the existence of 
P I A  in man, and the prevalence of such antibodies in 
diabetic pat ients  tha t  have never been t rea ted  with insu- 
lin and in prediabet ic  subjects. These findings raise the  
question of an autoimmune pathogenesis of some types  
of diabetes. 

Anticorps prdcipitant l'insuline chez des su]ets diabdti- 
ques traitds et non traitds par l'insuline 

Rdsumd. Bien que l 'existence d 'ant icorps pr@cipitant 
] 'insuline (PIA) air dt6 discutde par  beaucoup d 'auteurs,  
d 'autres  ont montr@ que de tels anticorps peuvent  rdelle- 
ment  @tre trouvds chez des animaux trait@s par  l 'insuline. 
Les auteurs ont 6tudi6 ce probl~me chez des diabdtiques 
traitds et non-trait~s par l'insuline, en utilisant le test de 
pr6cipitat ion h l ' agar  de Oudin. I1 a @t6 possible de dd- 
montrer  l 'existenee d 'ant icorps pr@cipitant l 'insuline ehez 
200/o des 276 diabdtiques non-s61ectiormds dtudids. Tous 
les examens de eontr61e ~taient ndgatifs. Fair  inattendu,  
la rdaction de prdcipitat ion 6tait  plus souvent positive 
darts le groupe des diabdtiques non trait6s par  l 'insuline. 
- -  Les donn@es des auteurs ddmontrent  systdmatique- 
merit pour la premiere lois l 'existenee de P I A  ehez l 'hom- 

me, et la prdvalence de tels anticorps chez des pat ients  
diabdtiques qui n 'ont  jamais 6t6 traitds par  l ' insuline et 
ehez les sujets prddiab@tiques. Ces r~sultats soul@vent la 
question d 'une pathogengse autoimmune de ccrtains 
types de diab@te. 

Insulin-praz@itierende Antik6rper bei Insulin-behan- 
delten und unbehandelten Diabetikern 

Zusammenfassung. Obwohl das Vorhandensein yon 
Insulin-pr~zipit ierenden AntikSrpern (PIA) yon m anchen 
Autoren er6rtert  worden ist, haben andere gezeigt, dal~ 
solehe Antik6rper  in Wirkl ichkei t  nur bei Insulin-behan- 
delten Tieren gefunden werden k6nnen. Die Autoren ha- 
ben diese Frage bei Insul in-behandelten und unbehandel- 
ten diabetischen Fa t ien ten  untersucht,  wobei sic den 
Agar-Pr/ izipi tat ionstest  yon OunlN verwendeten. Dabei  
konnten sic P I A  in 200/o yon 276 unausgewghlten unter-  
suchten Diabet ikern nachweisen. Alle Kontrol lunter-  
suehungen waren negativ.  Unerwarteterweise war die 
Fr/ izipi tat ionsreaktion in der Gruppe yon Diabetikern,  
die nicht mi t  Insulin behandelt  worden waren, 6fter posi- 
tiv. -- Die Ergebnisse der Autoren weisen erstmM syste- 
matisch die Existenz yon F I A  am Mensehen nach und 
das besonders h/~ufige u  solcher Antik6rper  be/ 
Diabetikern,  die niernals mit  Insulin behandel t  worden 
sind und bei pr/idiabetischen Personen. Angesichts dieser 
Befunde ergibt sich die Frage,  ob es eine auto-immuno- 
logische Pathogenese fiir manche Diabetes-Typen gibt.  

Key-words : Diabetes,  antibodies by, insulin-precipitat-  
ing antibodies by,  insulin-antibodies by  insulin-treated 
diabetics, by  insulin-untreated diabetics, by  prediabetes,  
au to immuni ty  to insulin. 

A l though  insul in  an t ibodies  of the  " reac t ing"  or 
"b lock ing"  t y p e  ce r ta in ly  exis t  [6, 13, 15, 17, 23], the  
exis tence of " p r e c i p i t a t i n g "  insul in ant ibodies  (PIA) is 
d isputed .  Many  au thors  [1, 2, 3, 8, 11, 13] have  found  
no evidence of the i r  presence,  and  conclude t h a t  insulin 
cannot  form large a n t i g e n - a n t i b o d y  complexes;  on the  
o ther  hand,  o thers  have  r epor t ed  evidence for the  
presence of P I A  in expe r imen ta l  an imals  t r e a t ed  wi th  
an  in su l in -ad juvan t  m ix tu r e  [10, 11, 12, 14, 16, 18, 19, 
21], the  p rec ip i t a t ion  being posi t ive  even wi th  animals  
in jec ted  wi th  homologous insulin p r e p a r a t i o n s / 2 0 ,  21]. 
I t  was of in te res t  therefore  to  examine  the  p rob lem of 
P I A  in the  sera of d iabe t ic  pa t ien ts .  

Methods and Material  

P I A  was de t e rmined  b y  means  of the  p rec ip i t a t ion  
tes t  of 0UDIN [8, 11]. l~ecrysta l l ized bovine  insul in 

(Hoechst  and  Novo prepara t ions)  was used. The agar-  
agar  was processed before use to free i t  of a n y  contami-  
nants .  The  p rec ip i t a t ion  reac t ion  was carr ied out  in 
the  following manner .  Three  med ia  were l aye red  in 
succession in glass tubes  (d iameter ,  5 mm) :  a t  the  
bo t tom,  0.3 ml of a m ix tu r e  of equal  pa r t s  of the  t es t  
serum and  of 0.8~ agar  ("Di fko")  in saline (9g/li tre),  
p i t  5 .6- -6 .0 ,  cooled to.  46 - -48~  in the  middle  layer  
0.4:0/0 agar  in saline (9 g/ l i t re) ;  and  finally, in  the  t op  
layer ,  0.3 ml  of an agar- insul in  m ix tu r e  conta in ing  2 U 
of insul in  per  ml  of a 0 .4% solut ion of agar  in saline 
(9 g/l i tre).  The  tubes  were sealed wi th  wax  or paraffin,  
and  then  i ncuba t ed  b y  sealing in larger  tubes .  The 
whole a r r a y  was p laced  in a re f r igera tor  a t  3 - - 5  ~ C. 
The tubes  were examined  af ter  the  second day.  I n  the  
posi t ive  eases the  p rec ip i t a t ion  r ing a p p e a r d  in the  
middle  l ayer  and  was d e a r l y  visible in t ransverse  l ight.  
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In  some cases the specificity of the precipitate was 
checked by  dissolving the precipitation ring in excess 
of the antigen (insulin), and by  staining for lipids with 
Sudan-Schwarz ]3. 

The sera from 276 unselected diabetic patients 
(129 males) and 15 patients with both diabetes and 
tuberculosis were examined. The sera from 50 healthy 
subjects and from 15 patients with tuberculosis but  
without diabetes were used as controls. The diabetics 
were grouped according to the type of diabetes as 
follows: 120 with growth-onset, 148 with maturi ty-  
onset diabetes and 8 with prediabetes, the last category 
being defined by  a high familial incidence of diabetes. 
Of the patients examined, 180 had been treated with 
insulin, and 96 had never received the hormone. None 
of the control subjects had ever received insulin. In  
terms of the severity of their diabetcs, evaluated by 
the mode of t rea tment  and the dose of insulin used, 
the patients were grouped as follows: mild diabetes 
(treatment by diet or oral hypoglyeaemie agents) 101; 
medium-severe diabetes (insulin dosage up to 60 U per 
day) 121; and severe diabetes (insulin dosage above 
60 U per day) 54. Five patients with a positive insulin- 
precipitation reaction were examined repeatedly over 
the course of a year using human insulin (a gift of Novo 
Research Institute) as the antigen. 

Results 

IPA were found in 55 (20 4- 5%) out of 276 dia- 
betic patients studied; none of the control sera show- 
ed positive precipitation. The incidence of positive 
precipitation in the different patient groups (Table 
1) revealed the following; a greater frequency in pa- 

Table 1 

Number % positive 
Material of precipita- 

cases tions 

1. Total number of the cases 276 19.9 
examined 

2. Maturity-onset diabetes 148 22.3 
3. Growth-onset diabetes 120 13.3 
4. Prediabetes 8 75.0 
5. Insulin-treated patients 180 12.8 
6. Insulin-untreated patients 96 33.3 
7. Mild diabetes 101 31.6 
8. Medinm-severe diabetes 121 12.4 
9. Severe diabetes 54 16.6 

10. Males 129 18.4 
11. Females 147 21.0 
12. Diabetes and tuberculosis 15 33.3 

tients with maturi ty-onset  diabetes than  in patients 
with growth-onset diabetes (22 4- 7% and 13 • 6% 
respectively); most frequent in cases of prediabetes 
(75 • 3%); considerably more frequent in patients not 
treated with insulin than  in those treated (33 4- 10% 

and 13 ~= 6 %  respectively, the difference being highly 
significant); more frequent in patients with mild dia- 
betes than in those with medium-severe or severe dia- 
betes (32 4- 9%, 12 ~= 6% and 15 4- 10% respectively); 
and a difference between males and females in respect 
to positive precipitation, which was not statistically sig- 
nificant (19 and 21% respectively). I t  was also found 
tha t  the incidence of positive precipitation was doubled 
for patients over 40 years of age, and showed a slight 
tendency to decrease after 10 years duration of dia- 
betes. The patients with tuberculosis and diabetes 
revealed positive reactions more often than  the dia- 
betics without this disease. All 5 patients repeatedly 
examined with human insulin as an antigen showed a 
positive precipitation reaction. 

Discussion 

These results demonstrate, for the first t ime to our 
knowledge, the presence of P IA  in the serum of dia- 
betics. Moreover they reveal a greater incidence of 
precipitation reactions in those subjects never treated 
with insulin. I t  has been objected [24] tha t  such 
precipitation reactions are nonspecific, based upon 
experiments using bacterial or tissue extracts as the 
antigen. Such criticisms do not apply to our experi- 
ments because: 1. a highly purified protein (insulin), 
and more especially human insulin, was used as the 
antigen; 2. there was an absence of positive precipi- 
tation in all the control subjects; 3. the precipitation 
rings dissolved completely in excess of the antigen; 
4. the absence of lipids was shown by staining with 
Sudan-Schwarz B. 

Thus it would appear tha t  the precipitation com- 
plex really is a product of the antigen-antibody reac- 
tion. The failure to establish P IA  using the method of 
BEaso~ and YALOW [2, 3], tha t  is using paper electro- 
phoresis with immune-serum to which lslI-insulin has 
been added, could be explained by  the precipitate 
remaining at the origin and thus not separated from 
the free 181I-insulin [10]. 

The fact tha t  P I A  were found not only in the sera 
of diabetics treated with insulin but  also in those not 
treated, introduces the subject of insulin autoanti- 
bodies. Until 1963 most authors rejected such a possi- 
bility [3, 5, 7, 15, 22, 25], but  recently there have been 
several communications tha t  indicate the possible 
existence of autoimmunity to insulin under certain 
conditions (in cows, [20, 21]; in guinea pigs and 
rabbits, [9]). These authors showed tha t  animals would 
produce antibodies when immunized with homologous 
insulin, tha t  would bind their own insulin. PAY et al. 
[17] and later CHETTY and WATSON [5] showed anti- 
body-like activity by  the complement-consumption 
method in diabetic patients not treated with insulin. 
They presumed tha t  either there was the production 
of such antibodies in connection with inflammatory 
processes in the pancreas [17] or complement was fixed 
to a complex formed by  insulin and its carrier-protein 
[5]. Our results add to these observations and raise the 
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ques t ion whe the r  d iabetes ,  or a t  leas t  cer ta in  forms of 
the  disorder ,  could be an  a u t o i m m u n e  disease. A num- 
ber of a rgumen t s  in f avour  of th is  v iew have  a l r eady  
been a d v a n c e d  [4, 9, 21]. 

The  higher  f requency  of pos i t ive  p rec ip i t a t ion  in 
cases of mi ld  m a t u r i t y - o n s e t  d iabetes ,  and  especia l ly  
in  p red iabe tes ,  t oge the r  wi th  the  occurrence of the  
reac t ion  wi th  d iabet ics  never  t r e a t e d  wi th  insul in could 
be exp la ined  b y  the  hypothes i s  t h a t  the  p roduc t ion  of 
the  h igher  t i t r e  of P I A  represen ts  a p e c u h a r i t y  of the  
ea r ly  phases  of diabetes .  Such an  a u t o i m m u n i t y  could 
arise because of the  p roduc t ion  and  secret ion b y  the  
pancreas  of an  immunolGgical ly-di f ferent  insul in  or 
insul in-complex,  which no t  being " recognized"  b y  the  
organism,  acts  as an  ant igen.  This  migh t  br ing  a b o u t  
an  increase in  t he  pe r iphe ra l  insul in resis tance,  ra is ing 
the  func t iona l  r equ i r emen t  of the  B-ceils, and  la te r  the  
deve lopmen t  of insul in deficiency. The  exis tence of 
P I A  in the  ear ly  s tage of d iabe tes  would  ind ica te  t h a t  
a t  th is  s tage the  pancreas  is secret ing "an t igcn iea l ly -  
ac t ive"  insul in;  l a te r  on, the  secret ion of the  ant igenic  
form diminishes,  poss ib ly  in para l le l  wi th  the  dimi-  
nu t ion  in the  secret ion of non-ant igenic  insulin,  leading  
to  a d i scon t inua t ion  of the  p roduc t ion  of P IA .  Thus  the  
lower incidence of p rec ip i t a t ion  reac t ion  in long-s tand-  
ing d iabe tes  could be accounted  for. 

A l though  this  hypo thes i s  is on ly  a specula t ion,  
s t imu la t ed  b y  the  resul ts  of our  inves t iga t ion  of P I A  
in d iabe t ic  pa t ien t s ,  bo th  t r e a t e d  and  n o n t r e a t e d  wi th  
insulin,  i t  m a y  be f rui t ful  in suggest ing areas  for 
fur ther  inves t iga t ion .  
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