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Summary To investigate the impact of diabetic moth- 
ers on the maturation of the immune system in their 
offspring, immunophenotypic markers of major 
lymphocyte subpopulations were evaluated by two- 
colour flow cytometric analysis in 160 healthy chil- 
dren of diabetic mothers (100 with insulin-dependent 
diabetes mellitus (IDDM); 48 with gestational dia- 
betes), including 22 neonates, 45 infants aged 8- 
12 months, 46 children aged 1-2 years, 29 children 
aged 3-6 years and 18 children aged 7-17 years. Re- 
sults were compared with 21 neonates of healthy 
mothers from our hospital and with 110 paediatric 
subjects of a reference population. In neonates of dia- 
betic mothers, percentages of total lymphocytes 
(p ; 0.044), T and B lymphocytes (p = 0.004, respec- 
tively) were significantly decreased compared to our 
neonates of healthy mothers. By subdividing the 
group of neonates in offspring of mothers with 
IDDM (n = 15) or gestational diabetes (n = 7), differ- 
ences compared to normal neonates were mainly ob- 
served in neonates of mothers with IDDM (T lym- 
phocytes: p = 0.006; B lymphocytes: p = 0.008). In 
cord blood, 45.5 % of neonates had antibodies to islet 
cells, insulin or glutamic acid decarboxylase, most 
likely transmitted through the placenta of the diabet- 
ic mother. No association was found between altera- 

tions of lymphocyte subsets and antibody-positivity 
in cord blood, nor was there any correlation of lym- 
phocyte counts and mean HbA 1 during pregnancy, 
maternal age at delivery, diabetes duration, or neona- 
tal birth weight, respectively. Comparisons among age 
groups from newborn infants through adolescents re- 
vealed higher percentages of total lymphocytes and 
lower percentages of activated T cells in children of 
diabetic mothers compared to children of the refer- 
ence population between the age of i to 6 years (67- 
73 % of the cases above and 62-77 % below the inter- 
quartiles of the reference range, respectively). No sig- 
nificant differences in lymphocyte subpopulations be- 
tween children of mothers with IDDM diabetes and 
gestational diabetes have been detected. In addition, 
there were no abnormalities of lymphocyte subsets in 
children who are at high risk for the development of 
IDDM. In summary, we suggest that the observed 
changes in children of diabetic mothers may reflect a 
cellular immune reaction to the particular maternal 
environment, characterized by both an abnormal 
metabolic state and persisting autoimmunity in the af- 
fected mother. [Diabetologia (1994) 37: 1132-1141] 
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Accumulating evidence suggests that insulin-depen- 
dent diabetes mellitus (IDDM) is an autoimmune 
disease which is both genetically determined and ex- 
ternally stimulated by environmental factors [1]. 
Very little is known about the influence of an auto- 
immune disease in the mother on the maturation of 
the immune system in the fetus. Based on studies 
about the risk of IDDM developing in the offspring 
of a parent with IDDM, Warram and co-workers [2] 



U. Roll et al.: Lymphocyte subsets in children of diabetic mothers 

Table 1. Antibodies and reagents used for antigen identification of lymphocyte subsets 
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Antibody; fluorochrome Antigen Cellular distribution 

Anti-Leu 4; FITC 
Anti-Leu 12; PE 
Anti-Leu 3; FITC 
Anti-Leu 2; PE 
Anti-Leu 4; FITC 
Anti-Leu 11 + Anti-Leu 19; PE 
Anti-Leu 4; FITC; HLA-DR; PE 

CD3 (Leu 4 + 12 - ) 
CD19(Leu4 12 +) 
CD4 (Leu 3 + 2 - ) 
CDS(Leu3 2 +) 
CD3; CD16 + and/or CD56 + 
(Leu 4 -/11 + and 19 + ) 
CD3; HLA-DR (Leu 4 +/DR + ) 

T lymphocytes 
B lymphocytes 
T helper/inducer cells 
T suppressor/cyt0toxic 
natural killer cells 

activated T lymphocytes 

have  descr ibed  a lower  risk of I D D M  in chi ldren of 
mothe r s  with I D D M  than  of  fa thers  with I D D M ,  
and similar findings have been  r epo r t ed  by investiga- 
tors in G e r m a n y  [3]. A l though  the under ly ing  fac tor  
responsible  for  that  lower  risk remains  unknown,  it 
has be e n  suggested that  the exposure  to ma te rna l  
diabetes  in u te ro  pro tec ts  offspring f rom diabetes  
during the first two decades  of  life [4]. This is sup- 
po r t ed  by the observa t ion  that  chi ldren bo rn  be fo re  
the onset  of  d iabetes  in the m o t h e r  have  a higher  
risk of  developing  the disease than  chi ldren exposed  
in u te ro  to her  diabetes  and bo rn  in the first or 
second pregnancy  af ter  the onset  of ma te rna l  dia- 
betes  [5]. 

In a prospect ive  s tudy f rom birth, we have  pre-  
viously shown that  islet cell ant ibodies  ( ICA)  and in- 
sulin au toant ibodies  ( IAA)  are c o m m o n  in cord  
b lood  of  neona te s  of  mothe r s  with I D D M  suggesting 
that  they are t ransplacenta l ly  acquired,  but  they nor- 
mally d isappear  af ter  birth. A few offspring, how- 
ever,  deve loped  au toant ibodies  to insulin or islet 
cells as first markers  of humora l  immune  react ions  
at 9 months  or 2 years  of age [6]. It has been  suggest- 
ed that  the cel lular  immune  system part icipates  in 
the a u t o i m m u n e  des t ruc t ion  of  pancrea t ic  be ta  cells 
[7], but  cont rovers ia l  da ta  have  been  publ ished on 
the pheno typ ing  of lymphocy te  subsets in new-onse t  
and long- te rm diabet ic  subjects [8-14]. In contrast  to 
studies abou t  humora l  a u t o i m m u n e  markers  in pre-  
diabet ic  subjects, da ta  about  cellular changes in first- 
degree  relatives or in offspring of  diabet ic  mothers  
are scarce [10, 11, 15, 16]. 

To invest igate  age-re la ted  changes of lymphocy te  
popula t ions  in chi ldren of diabet ic  mothers  in corre-  
lat ion with humora l  immune  markers  and clinical 
variables, five d i f ferent  age groups of  paedia t r ic  sub- 
jects were  rec ru i ted  and charac te r ized  for lympho-  
cyte subsets and ant ibodies  to pancrea t ic  islets, and 
c o m p a r e d  to normal  neona te s  and to an infant  refer- 
ence  popula t ion  [17]. 

Subjects and methods 

The study population consisted of 160 healthy children of dia- 
betic mothers, including 22 neonates, 45 infants aged 8 to 
12 months, 46 children aged 1 to 2 years, 29 children aged 3 to 
6 years and 18 children aged 7 to 17 years. All diabetic moth- 

ers attended the outpatient unit of the Third Medical Depart- 
ment of the City-Hospital Schwabing during pregnancy every 
4 weeks and were hospitalized at the obstetric department of 
our hospital at delivery. Blood samples for determination of 
lymphocyte subsets and sera for measurement of autoanti- 
bodies to islet cells (ICA), glutamic acid decarboxylase 
(GAD-ab) and insulin (IAA), respectively, were obtained 
from all children, with parental consent. All children were 
healthy at the time of blood drawing and had no episodes of re- 
cent infections or other diseases in the past. Of all children 
studied, 100 were born to mothers with IDDM, 48 to mothers 
with gestational diabetes and 12 to healthy mothers who later 
developed either IDDM or gestational diabetes (n = 6, respec- 
tively). Of all mothers with gestational diabetes (50 % White 
classification type A, 50% White classification type Bg), 
47.8 % had a body mass index less than 25.5 kg/m 2, and 29.5 % 
were ICA + and/or IAA + positive. Altogether, 67.4% had 
either normal weight and/or were antibody-positive. At deliv- 
ery, the maternal age of all diabetic mothers ranged from 19 
to 45 years (mean _+ SD: IDDM: 29.0 _+ 4.0 years; gestational 
diabetes: 32.4_+4.6years), diabetes duration from 1 to 
27 years (mean + SD: IDDM: 13.1_+ 6.9 years), the mean 
HbA~ during pregnancy from 5.3 to 9.4% (mean_+SD: 
IDDM 6.82 1.4%; gestational diabetes 7.1+0.8%; normal 
range < 8.0 %). The gestation duration was 36 to 42 weeks 
(mean_+ SD: IDDM 39.2 _+ 1.3 weeks; gestational diabetes 
38.9 _+ 1.5 weeks) and the neonatal birth weight 2005 to 5100 g 
(mean+SD: IDDM 3433 +586 g; gestational diabetes 
3464 _+ 726 g). 

Results were compared with 21 neonates of healthy 
mothers from our hospital (mean maternal age_+SD: 
24.4+5.4years; range 17-33 years; mean gestation dura- 
tion+SD: 40.0_+ 1.3 weeks; mean birth weight_+SD: 
3271 + 1044 g) and with t10 paediatric subjects of a reference 
population from the literature. The children in this population 
were derived from the UK and Belgium and were attending 
the hospital for minor trauma or surgical procedures (age 0 to 
17years; divided into four different age groups: birth, 1- 
11 months, 1-6 years and 7-17 years, respectively [17]). All 
normal newborn infants were delivered at term with normal 
weight for age and had no evidence of infection or congenital 
abnormalities. 

Sample preparation and FACS-analysis. A minimum of 1 ml 
fresh cord or peripheral venous blood was collected into tubes 
containing ethylenediaminetetra-acetic acid and stored at 
room temperature for no longer than 6 h before staining. A 
complete blood cell count, including an automated differen- 
tial count was performed with a microcellcounter CC-170 
(Sysmex Diagnostica AG, Hamburg, Germany). Immunophe- 
notyping of lymphocytes was performed by a lysed whole- 
blood method using matched combinations of murine mono- 
clonal antibodies directly conjugated to fluorescein isothiocya- 
nate (FITC) or phycoerythrin (PE) as shown in Table 1. 
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Table 2. Lymphocyte subsets (%; median, 25. and 75. percentile) in cord blood of children of normal and diabetic mothers with ei- 
ther IDDM or GDM and with either positive or negative cord blood antibody titres (AB + neonates with at least one detectable 
antibody of ICA, IAA, or GAD; AB - antibody negative neonates) 

Cell population Normal Total DM IDDM GDM Ab + DM Ab - DM 
percentage (%) offspring offspring offspring offspring offspring offspring 
median (p 25-75) n = 21 p n = 22 p n = 15 p n = 7 n - 9 n = 13 

Total lymphocytes 30 (27-33) 27 (22-30) 
/ 0.044 I 
I 

CD3 + T lymphocytes 62 (55-66) 51 (33-60) 
[ - -  0.004 I 
[ 

CD19 + B lymphocytes 19 (14-23) 13 (10-18) 
0.004 

t 

C D 3  - / C D 1 6  § , C D 5 6  + 18 (13-24) 18 (9-23) 
Natural killer cells 

CD4 + helper/ 41 (34-50) 34 (28-44) 
inducer 
T lymphocytes 

CD8 + suppressor/ 31 (26-36) 28 (25-35) 
cytotoxic 
T lymphocytes 

CD4 § : CD8 + 1.4 (1.1-1.8) 1.2 (0.9-1.5) 
Ratio 

CD3 § HLA-DR § 1,0 (1.0-1.0) 1.0 (0.0-1.0) 
Activated 
T lymphocytes 

0.006 

0.008 

27 (24-32) 22 (17-29) 27 (24-38) 25 (19-32) 

0.041 - ]  

54 (33-59) 

13 ( lO-18 )  

20 (9-24) 

33 (23-44) 

50 (43-65) 49 (364-41) 50 (33-65) 

12 (9-19) 11 (9-18) 12(9-15) 

14 (6-17) 23 (9-27) 15 (8-23) 

35 (3046) 33 (29-42) 35 (23-46) 

28 (25-39) 27 (19-31) 28 (25-41) 27 (19-31) 

1.2 (0.8-1.3) 1.3 (1.1-2.1) 1.1 (0.8-1.2) 1.3 (1.1-2.1) 

1.0 (0.0-1.0) 1.0 (0.0-1.0) 0.5 (0.0-1.0) 1.0 (0.0-1.0) 

Ten microlitres of each antibody-combination was added to 
50 bd of whole blood, gently vortexed and incubated at room 
temperature for 20 rain in the dark. FACS brand lysing solu- 
tion (1 ml; 1 : 10) was added, vortexed again and incubated 
for exactly 10 min in the dark. After centrifugation at 250 g 
for 5 min at room temperature, the pellet was resuspended in 
2 ml phosphate buffered saline. After repeated vortexing and 
centrifugation, the pellet was resuspended in 500 btl phosphate 
buffered saline and analysed within 24 h by using a FACScan 
flow cytometer. A minimum of 10000total events was ac- 
quired to establish an analysis gate that included at least 95 % 
of the lymphocytes and was contaminated by no more than 
5% of the monocytes in the sample. A minimum of 
2000 lymphocyte events was acquired from each tube. Immu- 
nophenotyping results were then obtained with SimulSET 
software automatically (all from Becton Dickinson Immuno- 
cytometry Systems, San Jose, Calif., USA). The sum of per- 
centages of T cells, B cells, and natural killer (NK) cells was 
used as an internal process control, by verifying that 
%T + %B + %NK approximates 100 % + 5 %. 

Antibody-assays 

(Anti-)GAD-antibodies (GAD-ab). An immunoprecipitation 
assay with crude cytosolic extracts of Wistar rat brains was 
used to determine (anti-)GAD-antibodies as described pre- 
viously [18, 19]. Sera were regarded as positive if the GAD ac- 
tivity in immunoprecipitates was above 45 % (mean + 4 SD) of 
the activity in 81 non-diabetic control sera. 

Insulin-autoantibodies (IAA). Sera were tested for I A A  as pre- 
viously described [20, 21] with a competitive fluid phase radio- 

binding assay and expressed in nU/ml of insulin precipitated. 
The cutoff for insulin autoantibodies in cord blood was calcu- 
lated from determinations in normal neonates of healthy 
mothers (n = 29; mean • SD: 87 + 63 nU/ml) and defined as 
positive above 213 nU/ml (mean + 2 SD). For children from 
i year to adulthood, 49 nU/ml (mean + 4 SD) as upper limit 
of normal was utilized [6]. 

Islet cell antibodies (ICA). Sections of blood group 0 cryofixed 
human pancreas were used for screening sera with peroxidase 
conjugated protein A. Results were expressed in Juvenile Dia- 
betes Foundation Units (JDF-U) with a detection limit 
of _> 20 JDF-U [22]. HbA 1 was measured by affinity chroma- 
tography (Testkit Boehringer Mannheim GmbH, Mannheim, 
Germany). 

Statistical analysis 

Significant differences between age groups were calculated by 
using a Mann-Whitney U test (non-paired Wilcoxon test; 
SPSS Inc., Chicago, Ill., USA). Differences were considered 
significant ifp was less than 0.05. Distributions were asymmet- 
ric for most of the lymphocyte subsets. Hence, the median and 
interquartile ranges were used as quantitative descriptors of 
lymphocyte cell population distributions. 

Results 

Lymphocyte subsets in cord blood. Tota l  l y m p h o c y t e s  
and  l y m p h o c y t e  subse ts  w e r e  e v a l u a t e d  in c o r d  b l o o d  
f r o m  n e o n a t e s  f r o m  b o t h  d iabe t ic  and  h e a l t h y  m o t h -  
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Table 3. Lymphocyte subsets (absolute counts and percentages) in children of diabetic mothers from birth to adulthood 
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Cell population Cord blood 8-12 months 1-2 years 3-6 years 7-17 years 
Absolute count (103/ram 3) n -- 22 n = 45 n = 46 n = 29 n = 18 
Percentage (%) median (p25-75) median (p25-75) median (p 25-75) median (p 25-75) median (p 25-75) 

Total lymphocytes 

CD3 + T lymphocytes 

CD19 + B lymphocytes 

CD3 -/CD16 + , CD56 + 
Natural killer cells 
CD4 + helper/inducer 
T lymphocytes 
CD8 § suppressor/cytotoxic 
T lymphocytes 
CD4 + : CD8 + Ratio 
CD3 + HLA-DR + 
Activated T lymphocytes 

4.0 (3.1-5.7) 4.9 (4.1-6.3) 5.2 (4.6-7.1) 4.2 (3.2-5.4) 3.7 (3.2-5.4) 
27 (22-30) 66 (59-71) 62 (54-70) 55 (45-64) 40 (34-47) 
1.9 (1.7-2.5) 3.2 (2.9-4.1) 3.2 (3.1-4.1) 2.6 (2.2-3.9) 2.6 (2.1-3.9) 
51 (33-60) 63 (57-70) 64 (60-67) 67 (61-71) 67 (63-73) 

0.6 (0.5-0.8) 1.3 (0.8-1.6) 1.5 (0.9-1.7) 1.2 (0.7-1.7) 0.7 (0.5-1.7) 
13 (10-18) 25 (21-32) 25 (20-29) 22 (18-25) 16 (13-18) 
1.1 (0.4-1.3) 0.4 (0.3-1.0) 0.5 (0.3-0.7) 0.4 (0.2-0.5) 0.4 (0.2-0.6) 
18 (9-23) 8 (6-10) 9 (7-13) 9 (6-16) 12 (8-19) 

1.6 (1.3-1.8) 2.4 (2.2-2.4) 2.1 (1.7-2.7) 1.5 (1.3-2.2) 1.5 (1.3-2.2) 
34 (28-44) 43 (36-50) 42 (36-45) 42 (34-45) 38 (34-40) 
1.5 (0.9-2.0) 1.1 (0.8-1.6) 1.2 (1.1-1.8) 1.3 (0.8-1.4) 1.3 (0.8-1.4) 
28 (25-35) 22 (21-27) 24 (22-27) 26 (24-31) 30 (27-35) 
1.2 (0.9-1.5) 1.7 (1.4-2.3) 1.6 (1.2-2.0) 1.5 (1.1-1.9) 1.3 (0.8-1.6) 
0.0 (0.0-0.1) 0.2 (0.1-0.3) 0.2 (0.1-0.4) 0.2 (0.2-0.4) 0.2 (0.2-0.4) 
1.0 (0.0-1.0) 3.0 (2.0-4.5) 4.0 (3.0-5.3) 5.0 (3.0-6.5) 6.0 (4.0-7.0) 

ers. A significant decrease of percentages of total 
lymphocytes (27 % vs 30 %; p = 0.044), including 
T lymphocytes (51% vs 62%; p = 0.004) and B lym- 
phocytes (13% vs 19%; p = 0 . 0 0 4 )  was observed 
(Table 2). By subdividing children of diabetic moth- 
ers into neonates of gestational diabetic or of I D D M  
mothers, offspring of mothers with I D D M  accounted 
for the significant differences in T lymphocytes 
(p = 0.006), and B lymphocytes (p -- 0.008), whereas 
neonates of mothers with gestational diabetes 
showed significant changes in total lymphocytes 
(p = 0.041; Table2).  Neither maternal age, mean 
H b A  1 during pregnancy, diabetes duration nor neo- 
natal birth weight could explain these differences 
(correlation coefficient for H b A  1 and total lympho- 
cytes: r = 0.146, T cells: r = 0.111, B cells: r = 0.264; 
H b A  1 < median vs H b A  1 _> median [ = 6.9 %] for to- 
tal lymphocytes: p = 0.522, for T cells: p = 0.567, for 
B cells: p = 0.460; correlation coefficient for diabetes 
duration and total lymphocytes: r = 0.226, T cells: 
r = 0.304, B cells: r = 0.286; diabetes dura- 
tion < median vs diabetes duration _> median 
[ = 8.5 years] for total lymphocytes: p = 0.351, for 
T cells: p = 0.663, for B cells: p = 0.860). 

Age-related development of lymphocyte subsets. The 
results of our cross-sectional study in children of dia- 
betic mothers at different ages are shown in Table 3 
(absolute numbers and percentages of lymphocyte 
subsets). Compared to a reference population of pae- 
diatric subjects ( F i g . I A - H ,  left, median and 25.- 
75.percentile), percentages of total lymphocytes 
were markedly higher in children of diabetic moth- 
ers at the age of 8-12 months and 1-6 years and 
were above the 75th centile in 73 % and 67 % of the 
cases, respectively (Fig. l A ) .  In addition, percent- 
ages of activated T cells were reduced at the age of 

8-12 months, 1-6 years and 7-17 years and below the 
25th centile in 62 %, 77 % and 89 % of the cases, re- 
spectively. No differences, however, were observed 
between children of mothers with I D D M  and chil- 
dren of mothers with gestational diabetes through- 
out all age groups, regarding absolute numbers and 
percentages of all lymphocyte subpopulations (for 
percentages: F i g . I A - H ,  left, median and 25.- 
75. percentile). 

Lymphocytes in antibody-positive children of diabetic 
mothers. In all children of diabetic mothers, the influ- 
ence of antibody-positivity on lymphocyte distribu- 
tions was determined ( F i g . I A - H ,  right: antibody- 
positive children vs antibody-negative children). At  
birth, 8 of 22 children of diabetic mothers were 
I (A)A + with titres of 261-1225 nU/ml, 4 of 22 were 
ICA + and 3 of 22 had GAD-ant ibodies  between 127 
and 416 %. Neonates with at least one detectable an- 
t ibody (n = 10) showed no differences in their lym- 
phocyte subsets to neonates without antibodies 
(n = 12) except for a slightly higher absolute count of 
total lymphocytes (p = 0.046). Persisting antibodies 
which had developed at different ages were found in 
7 of 93 children aged 1-17 years (Table 4) [19] and 
are considered to be at high risk for the development 
of IDDM. No significant alterations compared to an- 
tibody-negative low-risk children were observed in 
any of the tested lymphocyte subsets as demonstrat- 
ed in Fig. 1 A - H  (right). One of these children devel- 
oped overt I D D M  after 5 months. 

Lymphocytes in children born prior to the onset of 
maternal diabetes. Twelve children (two children 
aged 1-6 years and 10 children aged 7-17 years) had 
healthy mothers at birth, who later on developed ei- 
ther I D D M  or gestational diabetes (n = 6, respective- 
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Fig.  1. (A-H) Percentages (median and 25.-75. centiles) of to- 
tal lymphocytes (A) and subsets (B-H) from birth to adult- 
hood. Left column: Comparison between offspring of mothers 
with IDDM (solid lines; closed triangles) and of mothers with 
gestational diabetes (thin line; closed squares). Dashed lines 
represent the median (and centiles: small dots) of a non-dia- 
betic reference population. Right column: Comparison be- 
tween antibody-negative (closed triangles) and antibody-posi- 
tive (open squares) children of diabetic mothers Dab +; 
Aab - 
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ly) during their  next pregnancy. No significant differ- 
ence was observed between offspring of mothers  
with ei ther  I D D M  or gestat ional  diabetes and off- 
spring born prior to the deve lopment  of materna l  dia- 
betes in this small cohort.  

Discussion 

In the present  study we were able to demonst ra te  dif- 
ferences in the distr ibution of lymphocyte  subsets be- 
tween offspring of diabetic and of normal  mothers,  
indicating an existing influence of the materna l  dia- 
betic envi ronment  on the development  of the fetal 



U. Roll et al.: Lymphocyte subsets in children of diabetic mothers 

Table 4. Characterization of antibody-positive children 

No. Sex Age Diabetes ICA IAA GAD-ab 
(years) in mother (JDF-U) (nU/ml) (%) 

1 female 2 IDDM 0 96 1 
2 female 2 IDDM 0 1174 7 
3 male 2 GDM-A 20 182 57 
4 a female 4 IDDM 160 1278 90 
5 female 7 later-GDM b 0 109 20 
6 female 8 later-IDDM b 0 34 193 
7 female 16 IDDM 0 150 0 

a Development of overt IDDM 5 months later; b later-GDM 
or lateMDDM: onset of gestational diabetes or IDDM in the 
mother after the first pregnancy. 
Upper limit of normal: ICA < 20 JDF-U; IAA 49 nU/ml; 
GAD-ab 45 % 

immune system. In cord blood, percentages of total 
lymphocytes, T lymphocytes and B lymphocytes 
were significantly reduced in children of diabetic mo- 
thers compared with children of healthy mothers. 
This reduction was mainly seen in cord blood of neo- 
nates of mothers with IDDM and to a lesser extent 
in neonates of mothers with gestational diabetes 
(Table 2). In addition, thoughout our cross-sectional 
study from birth up to the age of 17 years a marked 
increase in percentages of total lymphocytes (at the 
age of 8 months to 6 years) and a notable reduction 
in percentages of activated Tcells  (at the age of 
8 months to 17 years) have been observed in chil- 
dren of diabetic mothers compared to a paediatric 
reference population (Fig.IA,  H, left). The refer- 
ence range was derived from a group of children, hos- 
pitalized in the UK and Belgium for minor trauma 
and surgical procedures. We are aware, that this po- 
pulation may not be totally representative for Ger- 
many and differences in coulter counter, FACSscan, 
and observer may influence the significance of our re- 
sults. Nevertheless there was a general concordance 
in percentages of lymphocyte subsets between our 
population and the reference population, except for 
total lymphocytes and activated T cells. We there- 
fore suggest that this indicates true divergence. 

No characteristic differences were detected be- 
tween offspring of mothers with IDDM and gesta- 
tional diabetes (Fig. 1). It is unclear why offspring of 
mothers with gestational diabetes in part exhibit simi- 
lar abnormalities :in the first years of life than off- 
spring of mothers with IDDM. Gestational diabetes 
consists of a heterogenous group of women with an 
increased risk for non-insulin-dependent or insulin- 
dependent  diabetes later in life. In our population, 
67.4 % of gestational diabetic mothers had either nor- 
mal weight and/or were positive for beta-cell anti- 
bodies and two gave birth to children who developed 
persisting ICA later in life (Table 4). This indicates 
that a section of our patients including their off- 
spring are more at risk of developing IDDM [23]. 
Consequently, this may imply that the observed chan- 
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ges in children of mothers with gestational diabetes 
paralleled the changes in children of mothers with 
IDDM, since they were due to interactions with the 
maternal autoimmune disease. This is supported by 
the fact that no association was found between altera- 
tions of lymphocyte subsets and clinical variables 
such as diabetes duration or HbA1, respectively, and 
most of our diabetic mothers exhibited HbA 1 levels 
within the normal range during pregnancy (mean 
HbAI: 6.5 %, normal range < 8 %). Nevertheless, it is 
beyond doubt that blood glucose levels of diabetic 
subjects frequently exceed those of non-diabetic indi- 
viduals. In addition, 32.6 % of gestational diabetic 
women were overweight without any sign of autoim- 
munity and rather at increased risk for non-insulin- 
dependent  diabetes. Therefore, it has to be consid- 
ered that the unstable metabolic control of diabetic 
mothers itself substantially contributes to the ob- 
served alterations of lymphocyte counts in their off- 
spring. 

In cord blood, 45.5 % of neonates of diabetic moth- 
ers were found to have at least one antibody, most 
likely transmitted through the placenta from the dia- 
betic mother  [6]. Antibody-positivity in cord blood is 
a transient phenomenon in the majority of children 
of mothers with IDDM, and it is still to be evaluated 
whether  and in which way this has some bearing on 
the occurrence of IDDM in the offspring. By analys- 
ing differences in cord blood of antibody-positive 
and antibody-negative neonates, only minor changes 
were observed in the absolute counts of total lympho- 
cytes (p=0.046),  suggesting that placentally-ac- 
quired antibodies have no major influences on the 
maturation of the cellular immune system (Table 2). 

Considering the reported low risk of IDDM in 
children who have been exposed to the IDDM of 
their mothers in utero [24], or in offspring of diabetic 
mothers compared to those of diabetic fathers or to 
siblings [2], one could speculate that alterations of 
lymphocyte subsets in these offspring might reflect 
protective mechanisms of the fetal immune system 
in response to the mother 's  autoimmune disease [4]. 
If so, one would expect that children with a higher 
risk for IDDM, as for example children with positive 
anti-islet antibodies or children born before the on- 
set of the mother '  disease [5], lack these "protective" 
abnormalities. Therefore, lymphocyte subsets of chil- 
dren with persisting antibodies (n = 7) and of chil- 
dren born prior to their mother 's  diabetes onset 
(n = 12) were independently analysed. However, no 
consistent and significant abnormalities were ob- 
served in these two small cohorts of children com- 
pared to "low-risk" antibody-negative offspring or to 
age-matched children born after the manifestation 
of the disease, respectively (Fig. 1 right). 

A number  of studies have described alterations in 
lymphocyte subpopulations in newly-diagnosed 
IDDM subjects, but conflicting reports concerning 
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the nature of these changes have been published [8- 
14]. In antibody-positive first-degree relatives, Faust- 
man et al. [11, 16] reported an elevation in suppres- 
sor/inducer cells (T4 + 2H4 + ), whereas helper/in- 
ducer cells (T4 + 4B4 + ) were reciprocally depressed. 
In contrast, Johnston and co-workers [10] studied 
pairs of identical twins discordant for IDDM and 
demonstrated a reduction of CD8 + suppressor/cyto- 
toxic cells in both the affected diabetic and the non- 
diabetic twin, suggesting that this reduction appears 
to be genetically determined. One very recent report 
investigated lymphocyte subsets in siblings and par- 
ents of IDDM subjects, and described a reduced 
number of CD4 + helper cell counts in siblings and a 
decreased percentage and number of CD3 + T lym- 
phocytes in their parents compared with age-mat- 
ched controls [14]. In addition, siblings and parents 
had significantly increased levels of activated CD4 + 
T lymphocytes. 

To date, we are not aware of any publication of 
lymphocyte subsets in children of mothers with 
IDDM or with other autoimmune diseases, except 
for one report from DiMario and colleagues [25], 
who examined lymphocyte subsets in pregnant wom- 
en and their neonates, including unreported num- 
bers of women with non-insulin-dependent, insulin- 
dependent, and gestational diabetes. In contrast to 
our findings, no differences have been described be- 
tween neonates of diabetic and of normal mothers in 
this population. The heterogeneity of the type of dia- 
betes, and the use of a different immunofluorescence 
technique might account for these differences. 

In conclusion, we suggest that the observed altera- 
tions of lymphocyte subsets in children of diabetic 
mothers symbolize a cellular immune reaction to the 
particular maternal environment, characterized by 
both an abnormal metabolic state and persisting au- 
toimmunity in the affected mother. This may be re- 
sponsible for the reported low risk of these offspring 
of developing IDDM later in life. 
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