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Anti-37kDa antibodies are associated with the development of 
IDDM in individuals with islet cell antibodies 
J.-C. Ongagna, C. Levy-Marchal 

INSERM CJF 93-13, H6pital Robert Debr6, Paris, France 

Summary Antibodies directed against a beta-cell 
specific antigen with a molecular weight of 37 kDa 
have recently been described. These anti-37kDa anti- 
bodies were measured by the immunoprecipitation 
technique in individuals at risk for insulin-dependent 
diabetes mellitus (IDDM), with islet cell antibodies 
(ICA) greater than 20 Juvenile Diabetes Foundation 
units (JDFU). These subjects were recruited from 
large population-based cohorts at various degrees of 
risk for developing the disease before adulthood. 
Anti-37kDa antibodies were measured in 25 ICA-po- 
sitive first degree relatives with ICA greater than 20 
JDFU, identified from a baseline cohort of 1,185 rela- 
tives (age: 0-75 years). Four relatives were positive 
for anti-37kDa antibodies since the first determina- 
tion onwards. These relatives developed IDDM in a 
2-year follow-up period. We included 300 children 
with an IDDM parent, and aged less than 7 years, in 
a prospective survey for the prediction of IDDM. 
Five (1.6%) showed ICA greater than 20 JDFU. 
None of them were found to be positive for anti- 
37kDa antibodies, and none have progressed to dia- 

betes during a 2-year follow-up. Among a baseline 
cohort of 13,380 schoolchildren (age: 6-17 years), 28 
(0.2%) were found to have ICA greater than 20 
JDFU. One boy was positive for anti-37kDa antibod- 
ies on two consecutive occasions and developed 
IDDM after a 10-month follow-up. No other school- 
children with ICA greater than 20 JDFU were found 
to be positive for anti-37kDa antibodies. Altogether 
40 other ICA-positive sera (with titres < 20 JDFU) 
were found to be negative for anti-37kDa antibodies. 
With our assay, anti-37kDa antibodies were found to 
have a 76% sensitivity (95%CI: 68-92%) at the 
time of diagnosis in diabetic children. The current ob- 
servations are based on a short-term follow-up. An 
analysis based on a longer period will be extremely 
useful for the prediction of IDDM and the appear- 
ance of anti-37kDa antibodies. [Diabetologia (1995) 
38: 370-375] 
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Insulin-dependent diabetes (IDDM) in childhood is 
acknowledged as an auto-immune disease. A pre- 
clinical phase has been described in first-degree rela- 
tives, which is defined by detectable auto-antibody le- 
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vels for months or years before the clinical onset of 
the disease. Several auto-antibodies, such as islet cell 
antibodies (ICA) [1], insulin auto-antibodies [2], and 
anti-64kDa [3] appear to be involved in this long pro- 
cess. ICA represent the major risk marker used for 
identification of individuals at increased risk for sub- 
sequent development of IDDM [4-7]. High ICA tit- 
res ( ___ 20 JDFU) are associated with a positive pre- 
dictive value of 73 % over 8 years in first-degree rela- 
tives [9]. These observations have been made in first- 
degree relatives where the cumulative risk for the dis- 
ease is greatly enhanced, but who will provide only 
about 5 % of the future cases. This is in comparison 
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Table 1. Study populations 
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Parents and siblings Children from a 
diabetic parent 

Children from the back- 
ground population 

Initial cohort 1185 300 
ICA-positive n (%) 65 (5.5) 13 (4.3) 
ICA > 20 JDFU n (%) 24 (2.0) 5 (1.6) 
Maximal follow-up (years) 2 1.5 

13 380 
198 (]..5) 
28 (0.2) 

4 

wi th  the b a c k g r o u n d  p o p u l a t i o n  whe re  the  risk is low, 
bu t  whe re  the  large maj  or i ty  of  the  cases will develop.  
D a t a  a re  ve ry  se ldom avai lable  on  the  pred ic t ive  va-  
lue of  I C A  (or  o the r  au to -an t ibod ies )  in chi ldren 
f r o m  the b a c k g r o u n d  popula t ion .  

A nove l  an t igen  has  b e e n  descr ibed  as an  islet pro-  
te in  wi th  a m o l e c u l a r  weight  of  3 7 k D a  [10]. This p ro-  
te in  is a t rypt ic  f r a g m e n t  of  the 6 4 k D a  c o m p o n e n t .  
Trypsin  t r e a t m e n t  can  re lease  a f r a g m e n t  of  5 0 k D a  
and  one  of  37kDa,  which  is a beta-cel l -specif ic  com-  
p o n e n t  of  the  m e m b r a n e  [11]. An t ibod i e s  against  
this p o l y p e p t i d e  can  be  ident i f ied  using the  i m m u n o -  
p rec ip i t a t ion  t echn ique  [10]. They  have  b e e n  g iven 
an 80 % sensi t ivi ty in sera  f r o m  I D D M  pa t ien t s  at 
the  t ime  of  diagnosis  [10]. A posi t ive  pred ic t ive  va-  
lue of  100 % has  b e e n  r e p o r t e d  in subjects  at  r isk for  
I D D M  such as ident ica l  twins [12], po l yendoc r ine  pa-  
t ients  [13]. This  r e m a r k a b l e  va lue  has  only  b e e n  at- 
t r ibu ted  in subjects  a l ready  k n o w n  to be  pos i t ive  for  
I C A .  These  obse rva t ions  have  b e e n  m a d e  so far  in 
one  coun t ry  by  a single scientific g roup  tha t  identi-  
f ied an t ibodies  against  the  3 7 k D a  mo lecu l e  as the  
m o s t  specific k n o w n  risk m arke r .  

The  a im of the  p re sen t  s tudy was to test  for  the  
p r e s e n c e  of  an t i -37kDa  ant ibodies  in individuals  
wi th  I C A  g rea t e r  than  20 J D F U .  These  subjects,  who  
are  hypo the t i ca l ly  at inc reased  risk for  I D D M ,  were  
ident i f ied a m o n g  p o p u l a t i o n - b a s e d  cohor t s  of  sub- 
jects  at d i f fe ren t  risks for  deve lop ing  I D D M ,  such as 
pa ren t s  and  siblings, chi ldren  with  a d iabet ic  pa ren t ,  
and  chi ldren  f r o m  the  b a c k g r o u n d  popula t ion .  

Subjects and methods 

Reference populations 

Children with IDDM. Children refered to the Department of 
Diabetology at the Robert Debr6 Hospital (Paris) were used 
as a reference population. The group was composed entirely 
of children recruited consecutively over 2 calendar years 
(1989-1990). There were 65 boys and 51 girls. The mean age 
at diagnosis was 9.6 years (range: 1-14 years). A blood sample 
was drawn from each child within 10 days following initiation 
of insulin therapy. 

Control children. The last 69 ICA-negative children from the 
background population cohort were used as control subjects. 
The age range was 7-16 years. 

Populations at risk for progression to I D D M  (Table 1) 

Parents and siblings of diabetic patients. In France the cumula- 
tive risk for the disease in these subjects up to the age of 
22 years has been reported to be 6 % [7]. 

A large screening programme was initiated in March 1992. 
The aim was to identify first degree relatives (parents and sib- 
lings) of diabetic children eligible for a future therapeutic pre- 
vention trial. Thirty-eight Paediatric Departments in France 
were asked to invite the diabetic families to participate in the 
screening programme. A total of 1,185 relatives were tested 
between March 1992 and March 1994, comprising 262 broth- 
ers, 291 sisters, 287 fathers and 345 mothers. Ages ranged 
from 075  years at inclusion. 

Irrespective of the ICA titre, positive for ICA detection was 
verified on a second sample, and the individuals were subse- 
quently followed-up on a yearly basis. The ICA-negative rela- 
tives were not followed-up for ICA determination. 

Offspring of diabetic parents. The cumulative risk for develop- 
ing diabetes has been reported to be 5 % in children with an 
IDDM parent [14]. The risk markers, however, are poorly 
documented in this population. In 1992 a prospective study 
was initiated in France to identify immune risk markers in 
young children with at least one diabetic parent and aged less 
than 7 years at the time of inclusion. Seventeen diabetic clin- 
ics around the country were involved in this recruitment net- 
work for IDDM parents who volunteered to have their chil- 
dren followed-up on a yearly basis for 5 years irrespective of 
the presence of ICA. IDDM in the parent was defined as dia- 
betes permanently treated with insulin, with treatment having 
been initiated before the age of 36 years. The diagnosis was 
documented by the review of the detailed medical history and 
ascertained by two independent diabetologists. In December 
1993, we recruited 300 children for the project and are includ- 
ed in the present survey. They were born in 287 families, from 
115 diabetic mothers and 172 diabetic fathers. There were 158 
sons and 142 daughters with a mean age at inclusion of 
3.5 _+ 2.8 years. 

Schoolchildren. Sera from 13,380 children (6,747 boys and 
6,633 girls) aged 6-17 years, were anonymously screened for 
the presence of ICA. Sera were collected between October 
1989 and June 1991 at the Institut R6gional de Sant6 (IRSA, 
Tours) which is responsible for organizing and performing 
free health examinations on adults and their children with par- 
ental consent. 

Blood was drawn to determine the fasting glucose level 
among other usual parameters with 1 ml immediately being cen- 
trifuged and the serum kept at-80 ~ until ICA determination. 

Results of ICA-positivity and information on the research 
programme were given to the family practitioners who were 
responsible for the follow-up of these children. Each year 
they were sent a questionaire asking about the diagnosis of dia- 
betes or other autoimmune diseases. 
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After the first determination all the ICA-positive children 
were subsequently asked for one blood sample. Blood was 
drawn in dry tubes (5 ml) and sent directly to the central la- 
boratory where ICA were determined on each occasion. 

There is no follow-up information on the ICA-negative 
children. The protocol and design of the present research 
were approved by the Ethics Committee of the Medical 
School at Saint-Louis Lariboisi6re University, Paris, France. 
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Table 2. Anti-37kDa antibodies in diabetic children 

Age groups n anti-37kDa- anti-37kDa- 
(years) positive n (%) negative n (%) 

0-4 17 16 (94) 1 (6) 
5-9 33 28 (85) 5 (15) 

10-14 66 44 (67) 22 (33) 
0-15 116 88 (76) 28 (24) 

Differences in frequencies among age groups: p = 0.03 

Analytical methods 

Immunoprecipitation of the anti-37kDa antibodies. The meth- 
od originally described by Christie et al. [10] has been used. In 
summary, insulinoma cell proteins (Subclone RINm5F, IN- 
SERM U55, Paris, France) were radiolabelled with 35S-methio- 
nine (Amersham, Les Ulis, France) for 5 h at 37 ~ Radiola- 
belled insulinoma ceils (25- 10 6 cells) were then homogenized 
on ice and centrifuged at 10,000 g for 30 rain at 4 ~ 

After two additional washes, trypsin treatment was per- 
formed on the particulate fraction. Prior to immtmoprecipita- 
tion, trypsin extract was precleared overnight with normal hu- 
man serum. Aliquots of extract at 4,000,000 cpm of protein 
were incubated with 9 ~tl of serum tested or standard serum 37- 
kDa positive for 5 h at 4 ~ and immune complexes were isolat- 
ed on 25 ~tl of protein A-sepharose CL-4B. Immunoprecipitates 
were washed three times before denaturation. Immunoprecipi- 
tated proteins were separated according to molecular weight 
by SDS-PAGE technique. The 10 %SDS gel was stained with 
Coomassie Brillant Blue G-250. After destaining, the gel was 
dried and autoradiographed for 2 weeks using X-OMAT diag- 
nostic film (X AR-5, Kodak, Rochester, NY, USA). 

Analytical controls. In each assay a negative and a positive ser- 
um were run. Furthermore, three dilutions (1/4; 1/16; 1/32) of 
the positive sera were made up with the negative sera and 
stored in aliquots at -80 ~ These dilutions were used in each 
run. The 1/32 dilution was at the limit of detection of our as- 
say, and served as control of sensitivity in each run. No at- 
tempt was made to determine anti-37kDa antibodies titres in 
positive sera. 

Islet cell antibodies. All ICA determinations were performed in 
one laboratory by the same technician. ICA were detected by 
the indirect immunofluorescence method using group O pan- 
creata [15]. Titres were taken as the last serum dilution con- 
taining ICA positivity; each titre was then converted into JDF 
units as recommended by the 3rd International Workshop on 
Standardization of ICA [16]. Screening of all the sera from 
schoolchildren were performed on a single pancreas, on which 
the end-point dilution of the JDF standard serum was 1:64. 
The detection limit for an undiluted positive serum was 4 JDF 
units (JDFU). Another pancreas was subsequently used for 
follow-up and the family study. The detection limit was 3 
JDFU. During the screening procedure each positive serum 
was read by two independent observers; in case of discrepancy 
the sample was re-analysed in a further series. Any serum read 
at the limit of detection of the assay was always re-analysed in 
a second run. The assay was validated through our labora- 
tory's participation in several Workshops on Standardisation 
on Immunology of Diabetes. 

HLA DQB typing. HLA typing was performed by the identifi- 
cation of susceptibility alleles at the DQ region. The poly- 
morphism of DQB1 locus was studied by differential restric- 
tion mapping as already described [17]. 

Table 3. Islet cells and anti-37kDa antibodies in diabetic chil- 
dren 

ICA/37kDa n (%) 

Positive/Positive 79 (68) 
Positive/Negative 19 (16) 
Negative/Positive 9 (8) 
Negative/Negative 9 (8) 

Statistical analyses 

Data are expressed as means + SD or means and range. The 
chi-square test was used to compare frequency distributions in 
the different populations. 

Results 

Anti-37kDa antibodies in the reference populations 

A n t i - 3 7 k D a  an t ibodies  were  de t ec t ed  in 88 of  116 
(76 %)  d iabet ic  chi ldren  at  the  t ime  of  clinical onset .  
T h e r e  was a significant  and  inverse  assoc ia t ion  be-  
tween  age and  an t i -37kDa  posi t iv i ty  (Z z = 7.2; dr= 2; 
p = 0.03); an t i - 37kDa  an t ibodies  we re  de t ec t ed  in 
94 % of  the  chi ldren  in the  y o u n g e r  age g roup  (Ta- 
ble 2). 

I C A  were  de t ec t ed  in 85 % of  the  s a m e  diabet ic  
children.  O v e r l a p  in the  d e t e r m i n a t i o n  of  the  two an- 
t ibodies  is ind ica ted  in Table  3. On ly  8 % of  the  dia- 
be t ic  chi ldren  were  found  to  be  pos i t ive  for  anti-  
3 7 k D a  an t ibodies  and  nega t ive  for  ICA.  A n o t h e r  
8 % of  the  chi ldren  were  nega t ive  for  the  two anti-  
bod ies  at the  t ime  of clinical diagnosis.  

N o  significant  assoc ia t ion  was found  b e t w e e n  the  
p r e s e n c e  of  an t i -37kDa  an t ibodies  and  H L A - D Q B 1  
geno types  (da ta  no t  shown).  A n t i - 3 7 k D a  an t ibodies  
w e r e  not  f ound  in any  of  the  I C A - n e g a t i v e  school-  
ch i ldren  tes ted.  

Anti-37kDa antibodies in ICA-positive individuals 
from populations at various risks for IDDM (Table 4) 

Siblings and parents. F r o m t h e  initial cohor t  of  1,185 
f i r s t -degree  relatives,  65 (5.5 %)  were  found  to be  po-  
sitive for  I C A ,  a m o n g  w h o m  24 (2.0 %)  showed  grea t -  
er  t han  20 J D F U .  These  24 sera  we re  t es ted  for  anti-  
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Groups n-tested sera Age mean years 37kDa+ IDDM 
(range) n n 

Siblings and parents 25 21.5 (6-46) 4 4 
Children from a diabetic parent 5 3.4 (1-6) 0 0 
Children from the background population 28 10.3 (6-16) 1 1 

37kDa antibodies, which were detected in four sera at 
the first determination, and remained positive there- 
after. After  a maximal follow-up of 2 years, four sib- 
lings have progressed to clinical diabetes after an in- 
terval of 3-19 months. These four siblings had ICA 
greater than 20 JDFU at the first determination and 
this level remained unchanged on subsequent occa- 
sions. The four individuals who were positive for 
anti-37kDa antibodies were the four siblings who 
subsequently developed diabetes. 

Twenty-one sera, ICA-positive with titres less than 
20 JDFU, were found to be negative for anti-37kDa 
antibodies. 

Children with one diabetic parent. Among the 300 
children younger than 7 years included in this survey, 
13 (4.3 %) were found positive for ICA, of which 5 
(1.6 %) had ICA titres greater 20 JDFU. These latter 
ICA-positive sera were tested for the presence of 
anti-37kDa antibodies, and none were found to be 
positive. None of these children have developed dia- 
betes after a maximal follow-up of 18 months. Eight 
other sera, with ICA less than 20 JDFU, tested nega- 
tive for anti-37kDa antibodies. 

Given the strong association of anti-37kDa anti- 
bodies with the young age found in diabetic children, 
13 ICA-negative sera were analysed from children 
age- and sex-matched to the ICA-positive children. 
They were found to be negative for the detection of 
anti-37kDa antibodies. 

Children from the background population. From the 
initial cohort of 13,380 schoolchildren, 198 were 
found positive for ICA, and 28 had titres greater 
than 20 J D F U  at the first determination. The maxi- 
mal follow-up was 4 years in the ICA-positive chil- 
dren. One boy has developed IDDM after a 10- 
month interval; ICA were positive with 42 JDFU on 
two consecutive occasions and the genotype at the 
HLA-DQB1 locus was "0201/'0302. 

The 28 sera with high ICA titres were analysed for 
anti-37kDa antibodies. Only one was found to be po- 
sitive on two separate occasions, which was found to 
be the serum from the boy who subsequently be- 
came diabetic. 

Discussion 

Anti-37kDa antibodies were found in a very limited 
number  of individuals at risk for IDDM. These sub- 
jects were isolated from groups at various risk for 
the disease, but all were found to have high ICA tit- 
res ( >_ 20 JDFU).  The five children positive for anti- 
37kDa antibodies subsequently developed IDDM. 

The same immune marker  was given a sensitivity 
of 76 % (95 % CI: 68-92 %) in diabetic children at 
clinical onset. This sensitivity was of the same order 
of magnitude as that for ICA. The proportion of 
anti-37kDa antibodies-positive sera decreased with 
age. This is the first t ime that this association has 
been described for this antibody, but such an associa- 
tion has already been reported for other auto-anti- 
bodies involved in the diabetogenic process, such as 
insulin auto-antibodies ( IAA) [18]. 

The high predictive value of anti-37kDa antibodies 
and high-titre-ICA combined is particularly interest- 
ing in view of intervention programmes for the pre- 
vention of the clinical phase in subjects at risk for 
IDDM. So far the only marker  used in the design of 
clinical trials in first-degree relatives is high titre 
ICA. However  ICA, even greater than 20 JDFU, are 
associated with a positive predictive value of 73 % 
over an 8-year period in this population [9]. The addi- 
tion of I A A  seems to confer a higher predictive value 
on a short-term basis, but in this respect results are 
conflicting [19, 20]. The use of ant i -GAD antibodies 
has not yet been tested on a large scale and in a pro- 
spective analysis. From the preliminary data pub- 
lished they do not appear to confer a higher predic- 
tive value than ICA [21-23]. Anti-37kDa antibodies 
are therefore the first immune markers able to identi- 
fy the subjects who will progress to the clinical dis- 
ease among individuals with ICA greater than 20 
JDFU. This observation has been made on a short- 
term period only. 

More interestingly, this observation was confirmed 
in the present study not only in relatives of diabetic 
children, but also in schoolchildren. In surveys from 
several countries it has been reported that ICA 
alone would not be sufficient for the prediction of 
IDDM in children from the background population 
[24-27]. In France for instance, the cumulative risk 
of developing overt diabetes up to the age of 
22 years has been reported as being 6 % in first de- 
gree relatives [7]. The same risk in children from the 
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background population can be estimated at 0.1% 
from incidence data [28]. Very few epidemiological 
studies are dealing with the prediction of IDDM in 
children from the background population. Follow-up 
periods are too short in these population-based stud- 
ies to calculate the predictive value of ICA on a 
long-term basis. A longer follow-up period will be 
necessary for the development of intervention trials. 
It is already known, however, that the specificity of 
ICA in the background population is insufficient. It 
has been observed in the state of Washington, USA 
[25] and in different countries, such as France [24], 
England [26], and Germany [27] that ICA were de- 
tectable in a far greater number of children than ex- 
pected from incidence calculations for developing 
diabetes in subsequent years. 

Data reported here confirmed the observations 
made in England in first-degree relatives where a 
100 % positive predictive value was found for anti- 
37kDa antibodies in association with ICA [29]. In 
this country, a similar and very high predictive value 
was also found in schoolchildren for anti-37kDa anti- 
bodies towards the prediction of subsequent IDDM, 
on a short-term basis [30]. To our knowledge this is 
the only country so far where data have been pub- 
lished on anti-37kDa antibodies. It would be a prema- 
ture conclusion to extend these observations to any 
group at risk for IDDM prior to confirmation. 

There are some fundamental restrictions to the ob- 
served data. Firstly, a substantial number of children 
have been found to be negative for the two antibod- 
ies at the time of clinical onset of IDDM. This may 
be due to a lack of analytical sensitivity of both proce- 
dures. The ICA assay described here, however, was 
able to detect antibodies at 3 JDFU. The children 
with no antibodies may represent a peculiar entity. 
On the other hand, data in the literature have failed 
to consistently document tight associations between 
immunogenetics and clinical presentation of diabetic 
children at the time of diagnosis [31-33]. In the pre- 
sent survey the negativity for the two antibodies was 
not associated with a specific HLA-DQB pattern. 

All groups included in the present study have been 
followed for a short-term period. An analysis based 
on a longer period will be extremely useful for the 
prediction of IDDM. It would document the natural 
history of the appearance of anti-37kDa antibodies. 
Indeed, the groups studied for anti-37kDa antibod- 
ies were restricted to ICA-positive individuals 
(greater than 20 JDFU), known to be at increased 
risk for the disease. This choice was made given the 
powerful value of ICA as a risk marker, already used 
as the "reference" marker. It was also based on prac- 
tical considerations.The immunoprecipitation techni- 
que used for anti-37kDa antibodies is so far not appli- 
cable for large-scale screening. In the absence of in- 
formation on ICA-negative children from any risk 
population it is not possible to draw a conclusion as 
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to the remarkable specificity of anti-37kDa antibod- 
ies. 
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