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SUMMARY

We studied the pattern of type 1 diabetes-associated autoantibodies during pregnancy and the

transplacental transfer of these autoantibodies to the fetal circulation and searched for possible signs of

prenatal induction of b-cell autoimmunity in newborn infants. The population comprised 208 mothers

and their newborn infants. Seventy-four of the mothers (36%) had type 1 diabetes and 134 (64%) of

the infants had an affected father or sibling. Blood samples were obtained from the mother at the end of

the first trimester and at delivery, and from the cord blood of the newborn infant. Close to 40% of the

mothers with type 1 diabetes had antibodies to islet cells (ICA), 55% to glutamic acid decarboxylase

(GADA) and 54% to the IA-2 protein (IA-2A) in early pregnancy, whereas the corresponding

frequencies in the nonaffected mothers were 5´2%, 5´2% and 3´0%. No significant changes could be seen

in autoantibody levels during pregnancy, and there was a close correlation between the two maternal

samples. One third of the infants of mothers with type 1 diabetes tested positive for ICA, 50% for GADA

and 51% for IA-2A. Six percent of the infants of nondiabetic mothers had ICA, 2´2% GADA and none

had IA-2A. None of the infants of the antibody negative mothers had antibodies in their cord blood.

These observations indicate that the immunomodulatory effect of pregnancy on signs of b-cell

autoimmunity is weak, but if diabetes-associated autoantibodies are present in the mother, most of them

are transferred to the fetal circulation. Our data do not provide any support for fetal induction of b-cell

autoimmunity.
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INTRODUCTION

There is clinical and experimental evidence that maternal immune

responses during pregnancy are biased towards antibody-mediated

and away from the cell-mediated. A majority of women with

rheumatoid arthritis, a cell-mediated autoimmune disorder, experi-

ence a temporary remission of their symptoms during gestation [1].

Systemic lupus erythematosus (SLE), in which the principal

pathology is mediated by excessive autoantibody production,

tends to flare up during pregnancy [2]. Contradictory results have

been reported on the effect of pregnancy on humoral immune

responses; autoantibody levels have been reported to decrease [3],

increase [4] or remain unchanged [5] depending on the

autoimmune disorder studied.

Two of the primary hormones increasingly produced during

pregnancy, i.e. corticosteroids and progesterone, are capable of

polarizing the cytokine balance towards a Th2 dominance [6].

The shift towards antibody-mediated immune responses during

pregnancy implies that the cell-mediated immune function and the

Th1 cytokine production (e.g. IL-12, interferon-gamma) are

suppressed, and humoral immunity and Th2 cytokine production

(e.g. IL-4, IL-10) are enhanced [6,7]. The Th2 type cytokines

down-regulate the Th1 type ones and may thereby protect the

fetus from a harmful immune rejection [1].

A Th2 biased immune response leading to increased antibody

production may be useful to the fetus, since antibodies are

transferred across the placenta, providing the newborn infant with

protective immunity against infectious agents before the endo-

genous immune system develops [1]. This active transport of

antibodies to the fetus, which involves exclusively immuno-

globulin G (IgG) antibodies, is well documented by 12 weeks

of gestation and continues at a low but steady rate until

16±22 weeks, after which the rate increases, so that IgG con-

centrations in the fetus often exceed at birth those in the maternal

circulation [8±10]. Most of the autoantibodies associated with

type 1 diabetes are of the IgG class [11,12], and the newborn

infants of affected mothers have been shown to have insulin
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antibodies (IA), islet cell antibodies (ICA) and other disease-

associated antibodies in their circulation as a consequence of

transplacental transfer from the maternal circulation [13±16]. The

autoantibodies associated with type 1 diabetes act as predictive

markers of b -cell destruction in the prediabetic period, and

accordingly the presence of such autoantibodies in the cord blood

from a newborn infant could be an indicator of prenatal b -cell

damage if the mother tests negative for these autoantibodies.

The present work was aimed at investigating the pattern of

diabetes-associated autoantibodies during pregnancy, and whether

there would be any signs of immunomodulation of the Th1/Th2

balance of b -cell autoimmunity towards a Th2 profile in pregnant

women. We wanted to assess further the transplacental transfer of

these autoantibodies to the fetal circulation, and in addition we

wished to search for any signs of prenatal induction of b -cell

autoimmunity in the newborn infant.

SUBJECTS AND METHODS

The population comprised 208 mothers and their newborn infants

from families with type 1 diabetes who had entered the second

pilot study of the Trial to Reduce IDDM in the Genetically at

Risk (TRIGR), which aims at evaluating the possible effect of

elimination of cow's milk proteins in early infancy on the risk

of the infant to progress to type 1 diabetes later [17]. The

infants were born between March 1995 and September 1996 in 15

hospitals around Finland. Seventy-four (36%) of the 208 mothers

had type 1 diabetes. One hundred and two of the 208 infants were

born into a family with an affected father and 38 into one with an

affected sibling. In two families the mother and one of the siblings

had type 1 diabetes, in three families the father and one of the

siblings were affected and in one family both parents were affected.

Altogether there were 74 mother±infant pairs with maternal type 1

diabetes and 134 (64%) without. The mean age of the mothers at

delivery was 31´0 1 5´4 (SD) years (range 18´9±46´7 years). The

severity of type 1 diabetes in the pregnant women was classified

according to White [18], 21 being in class B, 15 in class C, 28 in

class D and 10 in class F. The mean duration of diabetes at

delivery was 14´4 ^ 7´2 years (range 2´0±29´0 years) The mean

individual HbA1C levels throughout pregnancy varied from 4´6%

to 8´0% (mean 6´3% ^ 0´7), with a range of 4±6% in nondiabetic

subjects [19]. Slightly more than half of the infants were boys

(108/208; 52%). The mean gestational age was 39´1 ^ 1´5 weeks,

mean birth weight 3703 ^ 627 g (range 1695±5600 g) and mean

birth length 50´3 ^ 2´3 cm (range 41±56 cm). Blood samples for

the analysis of diabetes-associated autoantibodies were obtained

from the mother at the end of first trimester and at delivery, and

cord blood samples were taken from the newborn infant. Serum

samples for the antibody assays were stored at 2 208C or 2 708C
until analysed. All three samples from each mother±infant pair

were analysed in the same assay. Written informed consent was

obtained from the mother before enrolment. The study was

approved by the Ethics Committees of the participating hospitals.

Islet cell antibodies (ICA)

ICA were determined by a standard indirect immunofluorescence

assay on sections of frozen human group O pancreas [20] using goat

antihuman IgG (Sigma, St Louis, MD, USA) for the detection of

ICA. End-point dilution titres were examined for the ICA-positive

samples, and the results were expressed in Juvenile Diabetes

Foundation (JDF) units relative to an international reference

standard. The detection limit was 2´5 JDF units. Our laboratory

has participated in the International Workshops on Standardiza-

tion of the ICA assay, in which its sensitivity was 100% and

specificity 98% in the most relevant round.

Antibodies to the 65 kD isoform of glutamic acid

decarboxylase (GADA)

GADA were analysed by a radioligand method as described

previously [21,22]. The results were expressed in relative units

(RU) representing the specific binding as a percentage of that

obtained with a positive standard serum. The cut-off limit for

GAD65 antibody positivity was 6´6 RU (99th percentile in 372

subjects without type 1 diabetes). The disease sensitivity of the

present assay was found to be 76% and the disease specificity 99%

based on the 1995 Multiple Autoantibody Workshop [23].

Antibodies to the protein tyrosine phosphatase related IA-2

molecule (IA-2A)

IA-2A were analysed with a radiobinding assay as described in

detail elsewhere [24,25]. The results were expressed in relative

units (RU) based on a standard curve run on each plate using

the MultiCalcTM software program (PerkinElmer Life Sciences

Wallac, Turku, Finland). The cut-off limit for IA22A positivity

was 0´43 RU, which represents the 99th percentile in 374 Finnish

subjects without type 1 diabetes. The disease sensitivity of the assay

was observed to be 62% and the specificity 97% based on 140

samples included in the Multiple Autoantibody Workshop [23].

Statistical analysis

The data were evaluated statistically using the SPSS software

(SPSS Inc., Chicago, IL, USA), by means of cross-tabulation and

chi-square statistics or Fisher's exact probability test, the unpaired

Student's t-test in the case of normally distributed variables, and

the Mann±Whitney U-test and Wilcoxon test for paired samples

in the case of an unequal distribution. Correlation analyses were

performed with the Spearman rank correlation test (rs).

RESULTS

Frequencies and levels of single antibodies

More than one-third of the mothers with type 1 diabetes (28/74;

38%) tested positive for ICA at the end of the first trimester, 55%

(41/74) were positive for GADA and 54% (40/74) for IA-2A. Two

of the mothers who were initially ICA-positive became negative

during pregnancy, while three mothers became positive for GADA

and eight initially positive ones turned negative, and one became

positive for IA-2A and four negative. Seven out of the 134

mothers without type 1 diabetes (5´2%) had detectable ICA at the

end of the first trimester, 5´2% (7/134) tested positive for GADA

and 3´0% (4/134) for IA-2A. One unaffected mother became

positive for ICA during pregnancy, two became positive for

GADA and three initially positive ones became negative and the

Fig. 1. ICA levels in ICA positive cases (a) and GADA (b) and IA22A (c) levels in all cases in samples taken from the mother at the end

of first trimester (p) and at delivery (A), and from the infant's cord blood (o). Each box plot represents the median (±) and the 25th and

75th percentiles. The error bars represent the smallest and largest observed values that are not outliers. The dotted line indicates the cutoff

limit for antibody positivity.
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same occurred for IA22A. No significant differences in ICA

levels could be observed between the two maternal samples and

the cord blood samples when all the maternal±infant pairs with

detectable ICA on at least one occasion were included (Fig. 1a)

and the same held true for GADA (Fig. 1b) and IA22A (Fig. 1c)

in all the mother±infant pairs. There was a relatively close

correlation (rs � 0´79; P , 0´001) between the levels of ICA in

the first and second maternal sample in the mothers with type 1

diabetes and a weaker one in those without (rs � 0´63; P � 0´05)

when the women with detectable ICA on at least one of the

two occasions were included (n � 28 and 8, respectively). There

was also a close correlation between GADA levels (rs � 0´87;

P , 0´001) and IA-2A levels (rs � 0´96; P , 0´001) in the

samples from the affected mothers, whereas the correlations were

weaker among the unaffected mothers (GADA: rs � 0´27;

P � 0´002, IA22A: rs � 0´48; P , 0´001).

One-third of the infants of the mothers with type 1 diabetes

(25/74; 34%) tested positive for ICA, 50% (37/74) for GADA and

51% (38/74) for IA-2A in their cord blood, while 6´0% of the

infants of unaffected mothers (8/134) had ICA, 2´2% (3/134)

GADA and none IA-2A at birth. The ICA levels in cord blood

correlated closely with those in the maternal sample taken at

delivery in both pregnancies with (rs � 0´91; P , 0´001) and

without (rs � 0´94; P , 0´001) type 1 diabetes, when those with

detectable ICA in at least one of the samples were included

(n � 28 and 8, respectively) and a significant correlation was also

seen for GADA levels (rs � 0´87; P , 0´001) in the affected

mother±infant pairs but not in the unaffected ones (rs � 0´10;

P � 0´27). IA22A levels correlated closely (rs � 0´97; P , 0´001)

in the group comprising mother±infant pairs with type 1 diabetes,

while a weaker association was found in the unaffected group

(rs � 0´63; P , 0´001). There was a significant association

(P , 0´001) between antibody positivity in the maternal sample

taken at delivery and positivity in cord blood for all antibodies

studied.

Frequency of antibody combinations

Eighteen of the mothers with type 1 diabetes tested positive for

one antibody specificity in the sample taken at the end of first

trimester, 23 had two antibodies and 15 had all three, as shown in

Table 1. The corresponding numbers at the end of pregnancy were

19, 22 and 12, and those in the cord blood 18, 26 and 10. In the

group of unaffected mothers one antibody was observed in the

first sample in 12 cases and two antibodies in three. The numbers

at delivery were 11 and three in the maternal samples and seven

and two in the cord blood, and all three antibodies were not

detected on any occasion. The single antibody specificity detected

was more often ICA in the case of the unaffected mothers than

among the mothers with type 1 diabetes [5/11 (46%) versus 0/18

(0%); P , 0´01], and if two antibodies were detected, these

comprised ICA in combination with GADA or IA22A in all three

of the unaffected mothers and in 64% (14/22) of the mothers with

type 1 diabetes.

Autoantibodies in the cord blood of infants with antibody-negative

mothers

If the infant tested autoantibody-positive the corresponding

autoantibodies were always found in maternal samples taken

during pregnancy, i.e. none of the infants of antibody-negative

mothers had a positive cord blood sample.

DISCUSSION

Previous studies on diabetes-associated antibodies during preg-

nancy have focused mainly on insulin antibodies and antibody

complexes and their effects on the pregnancy or the outcome for

the infant [14,26,27]. We had the opportunity to explore the levels

and frequencies of ICA, GADA and IA22A with samples taken in

the first and last trimester of the pregnancy in a fairly large cohort

comprising 208 mothers, about one-third being affected by type 1

diabetes. In this context we did not analyse insulin antibodies,

since in insulin-treated women these antibodies represent a

humoral immune response to exogenous insulin and are accord-

ingly not true autoantibodies. About one-third of the mothers with

type 1 diabetes tested positive for ICA and approximately half had

GADA and IA22A in the two samples taken during pregnancy.

These results confirm our previous findings of ICA positivity in

37% of blood samples obtained from 20 mothers with type 1

diabetes at the end of the first trimester and GADA positivity in

42% [15], and they are also in accordance with our observation

that diabetes-associated autoantibodies persist for a long time after

clinical diagnosis [28]. Ziegler et al. [29] reported 20% of mothers

with type 1 diabetes to test positive for ICA at delivery, this lower

frequency most probably due to the higher detection limit used in

their assay (. 20 JDF-units). In another study, 13% of the

affected mothers were found to be positive for ICA, 31% for

Table 1. Number of cases (%) testing positive for one, two or three antibodies in early pregnancy, at delivery and in cord blood in mother±infant pairs

with type 1 diabetes and in unaffected mother±infant pairs

ICA GADA IA22A

ICA 1

GADA

ICA 1

IA22A

GADA 1

IA22A

ALL

3 AB

Mothers with type 1 diabetes

Pregnancy 0 (0) 10 (14) 8 (11) 6 (8) 7 (10) 10 (14) 15 (20)

Delivery 0 (0) 9 (12) 10 (14) 7 (10) 7 (10) 8 (11) 12 (16)

Cord blood 1 (1´4) 9 (12) 8 (11) 6 (8) 8 (11) 12 (16) 10 (14)

No maternal type 1 diabetes

Pregnancy 4 (3) 5 (4) 3 (2) 2 (1´5) 1 (0´8) 0 (0) 0 (0)

Delivery 5 (4) 4 (3) 2 (1´5) 2 (1´5) 1 (0´8) 0 (0) 0 (0)

Cord blood 6 (4´5) 1 (0´8) 0 (0) 2 (1´5) 0 (0) 0 (0) 0 (0)
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GADA and 35% for IA22A, but one-third of that population

comprised mothers with gestational diabetes, which most

probably contributed to the lower antibody frequencies observed

[30]. Approximately 5% of the unaffected mothers had detect-

able ICA and GADA and 3% IA22A at the end of the first

trimester in the present series.

Seroconversion from autoantibody positivity to negativity and

vice versa occurred during pregnancy only in cases with low

initial titres and with autoantibody levels close to the cut-off limit.

There was a tendency of lower levels of all the detected

autoantibodies in samples taken at the time of the delivery

compared to the samples taken at the end of the first trimester, but

none of the differences were statistically significant. Our obser-

vations indicate that even though diabetes-associated autoanti-

bodies can be detected in up to half of pregnancies of mothers

with type 1 diabetes and in less than 10% of normal pregnancies,

pregnancy itself does not have any strong modulating effect on the

prevalence and titres of these autoantibodies. Normal pregnancy

leads to enhanced humoral responses due to a shift in the Th1/Th2

cytokine balance favouring responses of Th2 type, but it does

not seem to enhance the production of diabetes-associated

autoantibodies.

All three antibody specificities were detected in cord blood at

largely the same frequencies as in the maternal circulation. Roll

et al. [30] detected ICA in 13% of infants of mothers with

diabetes, GADA in 37% and IA22A in 35%. As mentioned

earlier, however, one-third of those mothers had gestational

diabetes which probably reduced the observed prevalences. The

frequency of ICA positivity seen here in the infants of the

unaffected mothers represents a somewhat higher prevalence than

we found recently when studying 1002 cord blood samples from

infants of non-affected families (ICA 2´4%), whereas the present

frequencies of GADA and IA22A are closer to those observed in

the general population (1´8% and 0´4%, respectively) [31]. On the

other hand, 36 of the present unaffected mothers (27%) had a

daughter or a son with type 1 diabetes, and were accordingly first-

degree relatives who would be expected to have a higher fre-

quency of diabetes-associated autoantibodies than in the general

population. There was a significant correlation between the ICA

levels in the infants and those in the mothers with type 1 diabetes,

and also relatively close correlations between the levels of both

GADA and IA22A, but the correlations were weaker in the

unaffected mother±infant pairs, which could be related to the fact

that most of the readings were close to the detection limit. It can

thus be concluded that if autoantibodies were present in the

mother at the time of the delivery, most of them were transferred

to the fetal circulation.

We did not detect any autoantibodies in the infants of auto-

antibody-negative mothers. This is in conflict with the study by

Lindberg et al. [32], who reported the occurrence of at least one

diabetes-associated antibody in cord blood in 17% of children

(14/81) who subsequently developed type 1 diabetes by the age of

15 years, and the authors suggested that prepubertal diabetes may

often be a consequence of intrauterinely induced autoimmunity. In

that series 10% of the infants still had, however, an affected father

after the exclusion of the infants of mothers with type 1 diabetes,

and in addition the authors did not give the number of the affected

siblings. First-degree relatives are at greater risk of progressing

to clinical diabetes and would therefore be expected to have a

higher frequency of disease-associated autoantibodies. Moreover,

the authors did not observe the antibody-positive children to

assess their postnatal antibody pattern before the diagnosis of type

1 diabetes. Ivarsson et al. [33] found that ICA and GADA

positivity during pregnancy may predict diabetes in the mother but

not in the offspring. The infants of unaffected mothers in the

present series do not represent the normal population, as they have

an affected father or sibling. The risk of such an infant of con-

tracting type 1 diabetes during childhood is approximately 6%. No

antibodies were detected in the infants of the 120 non-diabetic

mothers testing negative for autoantibodies at delivery. If the

autoimmune events leading to type 1 diabetes start during fetal life

we would expect to find autoantibodies in 6%, i.e. seven of these

infants. Our observations support the view that b -cell autoimmu-

nity is, in most cases, induced in early infancy rather than during

pregnancy [17].

The present observations indicate that pregnancy does not

modulate the circulating levels of diabetes-associated autoanti-

bodies to any significant extent, and accordingly pregnancy does

not appear to induce a shift in the signs of b -cell autoimmunity

towards an enhanced Th2 response. Evidence of fetal induction of

b -cell autoimmunity could not be observed.
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