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Summary. Lymphocytes bearing surface antigens indicating
early and full activation have been evaluated, in addition to
T cell subsets, in blood samples from diabetic pregnant pat-
ients, neonates from diabetic mothers and control groups. The
type of diabetes and the trimester of pregnancy were taken in-
to account. Monoclonal antibodies were used to enumerate
total T cells, helper/inducer, cytotoxic/suppressor T lympho-
cytes and activated mononuclear cells using antibodies bind-
ing lymphocyte surface antigens as markers of early lympho-
cyte activation, and MHC ClassIl surface antigens as
markers of late activation. A decrease in T-helper cells during
the third trimester of pregnancy in Type 1 (insulin-dependent)
and gestational diabetic patiens (p < 0.02) and a decrease in T-
suppressor cells in Type2 (non-insulin-dependent) diabetic
pregnant patients during the third trimester (p <0.01) were
observed in relation to normal values. As in normal pregnan-
¢y, 4F2-positive cells were increased in 48% of diabetic preg-

nant patients during the second and third trimesters of gesta-
tion. Class II-positive cells were increased in almost 60% of
Type 1 and gestational diabetic patients during the last trimes-
ter of pregnancy in comparison with normal pregnant women
and control subjects. A decrease in T-helper cells (p <0.02)
and a clear increase in 4F2-positive cells (p < 0.001) and Class
IT-positive lymphocytes (p <0.005) were observed in the in-
fants of diabetic mothers in comparison with control subjects.
The maternal cellular immune system, actively alerted in preg-
nancy, is fully activated in a number of Type 1 and gestational
diabetic pregnant patients. Activated lymphocytes are even
found in the neonates of diabetic mothers, but these do not
trigger the events leading to the onset of diabetes in the short
term.

Keywords: Diabetic pregnancy, infants of diabetic mothers,
T cells, activated lymphocytes.

Pregnancy is one of the most fascinating immunological
models for studying the interaction of diverse immune
components in the recognition and tolerance of an anti-
genically different organism. Despite the importance of
immunological aspects in pregnancy, very little is
known even about basic immune parameters in normal
pregnancy; contradictory findings have been reported
in different studies [1, 2]. In particular, controversial da-
ta are available on the phenotyping of T cell subsets,
whereas information is scarce regarding the possible ex-
pression of surface antigens on activated T cells both
during pregnancy and in neonates [1-2].

Diabetes mellitus, on the other hand, is character-
ised by several immune abnormalities related to patho-
genetic events, metabolic derangement and insulin
treatment. Among others, an increase in activated
T cells and modifications in the helper/suppressor ratio
have been found in newly diagnosed Type1 diabetic
patients, whereas a decrease in Tcells with helper
phenotype together with a increase in T cells with sup-
pressor cytotoxic phenotype has been observed in long
standing Type 1 diabetes [3-4].

In diabetic pregnancy, the immunological abnor-
malities occurring in diabetes are superimposed on the
background immunological modifications characteris-
tic of pregnancy itself and may influence the course and
outcome of pregnancy and the development of the foe-
tus. In addition, the occurrence of gestational diabetes
provides us with the opportunity to study subjects dur-
ing the very first stages of the development of overt dia-
betes; some of these subjects may be potential Type 1
diabetic patients during the pre-clinical latency period
[5].

Despite the scientific interest, very few studies have
so far been reported on the cellular immune modifica-
tions of diabetic pregnancy and on the neonates of dia-
betic mothers [3].

In this study T cell subsets and activated T cells have
been evaluated in Type 1 and Type 2 diabetic mothers,
gestational diabetic patients, normal pregnant women,
in a number of their respective neonates and in normal
women. A panel of monoclonal antibodies against dif-
ferent T cell surface antigens has been used to evaluate
Iymphocytes in different stages of activation.
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Table 1. Clinical and metabolic data of subjects included in the study
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Type2
diabetic

Type1
pregnant

Subjects

Normal control
subjects

Normal pregnant
women

Gestational
patients

336+ 5.0
85 57

280+ 4.0
123+ 5.7

Age (years)

Duration of diabetes
(years)

Duration of gestation
(weeks)

C peptide levels
(pmol/1)

Insulin requirements
(U/day)

HbA (. (%)

Percentage of patients

body mass index (%)

< 80th percentile 28.6 -
80th~100th percentile 523 12.5
101st-120th percentile 143 87.5
> 120th percentile 48 -

380x 15 377+ 15

148 +45 698 194
76.0+16 62.0x£13

6.0+ 0.6 62+ 0.2

33.0+ 47 280+ 20 290+ 4.0

393+ 1.00 400+ 13

1368 +180 629 +140 645 =112

300+ 12

68+ 09

- 34
36.4 70.0
454 ‘ 222
18.2 4.4

Subjects and methods

Patients

Seventy-four samples from diabetic pregnant patients (38 Type 1, 19
Type 2 and 17 gestational diabetic patients; 27 during the first trimes-
ter, 19 during the second and 28 during the third trimester of pregnan-
cy) attending the Obstetric Clinic, Rome University, were included in
the study. The type of diabetes was stated according to the following
criteria: (a) presence of diabetes before pregnancy or impaired oral
glucose tolerance during pregnancy; (b) need of insulin and/or keto-
sis tendency before pregnancy; (c) residual B-cell function based on
circulating C-peptide levels. Since patients entered the study after
varying lapses of time from diagnosis, the presence of islet cell anti-
bodies and the body mass index were not considered satisfactory cri-
teria to group patients.

Type 1 diabetic pregnant patients were all ketosis-prone and insu-
lin-dependent before pregnancy and all had circulating C-peptide lev-
els below 200 pmol/1. Type 2 diabetic pregnant patients all suffered
from overt diabetes mellitus before pregnancy, were not ketosis-
prone, had circulating C-peptide levels above 200 pmol/l and were
treated with oral hypoglycaemic agents or diet before pregnancy.
Those women who presented an impaired oral glucose tolerance test
during pregnancy were classified as gestational diabetic patients.
Clinical and metabolic data concerning the patients included in our
study are shown in Table 1.

All patients were treated with human insulin during pregnancy.
Toxaemia occurred in 7% of patients during the third trimester of
pregnancy. The incidence of Caesarian section was 39% (60% in
Type 1, 25% in Type 2 and 35% in gestational diabetic patients).

Forty neonates were subjected to clinical examination. Eleven
cord blood samples from neonates of the above diabetic mothers were
also included in the immunological study. Their mean neonatal birth
weight was 3306+ 632g. Eighteen percent of neonates were over-
weight, 7% presented neonatal hypoglycaemia and 13% revealed hy-
perbilirubinaemia at birth. Of the infants subjected to clinical exami-
nation, one infant of a Type 1 diabetic mother died in the womb and
one of a Type 2 diabetic mother died after birth,

Sixty-three normal pregnant women were included in the study,
together with 18 normal neonates. Metabolic data are given in Table 1.
The mean neonatal birth weight was 3620+ 350 g.

Twenty-six adult healthy women were included in the study to act
as normal control subjects. Metabolic data are also shown in Table 1.

Samples were collected at the following stages of gestation: tri-
mester I, 12+t2weeks; trimester II, 2413 weeks; trimesterIII,
36+2 weeks
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Fig. 1. 4F2-positive cells in Type 1 diabetic pregnant patients

T cell subpopulations

T cell subsets were evaluated using OKT3, OKT4 and OKTS8 anti-
bodies (Ortho Diagnostics, Raritan, NJ, USA) to reveal the total T cell
population, the helper/inducer and the suppressor/cytotoxic T cell
subsets respectively.

Cell surface antigens were measured using an indirect immunoflu-
orescence technique. A sample of 200 cells were counted using a Ha-
mex chamber, which allows the use of very low initial concentrations
of cells [6], and a Leitz diavert fluorescence microscope with filters for
fluorescein. The same technicians counted all the samples.

Activated T cells

Activated T cells were enumerated using the following monoclonal
antibodies: 4F2 (which binds a 120 KD molecular weight glycopro-
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Fig.2. 4F2-positive cells in Type 2 diabetic pregnant patients
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Fig.3. 4F2-positive cells in gestational diabetic patients

tein present on monocyted and activated B and T cells and is a marker
of early activation) [7}; 1243 [8], DA6.164 and Da6.231 [9] (which bind
different antigenic determinants of the non-polymorphic epitope of
the beta-chain of Class I surface antigens). T cells bearing Class IT
antigens were detected using a double-staining immunofluorescence
method developed in our laboratory [10].

After having incubated lymphocytes with one of the Class IT an-
tibodies (1243, DA6.164 or DA6.231) and having added fluorescence-
labelled antimouse antibody, T cells were killed by adding an anti-
pan-T-cell cytotoxic mouse monoclonal antibody (OKT3, Ortho
Diagnostics) at a ratio of 0.1 pg per 3 x 10° cells, and freeze-dried rab-
bit complement. Cells were than incubated at 37 °C for 30 min. After
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Fig.4. 4F2-positive cells in diabetic mothers and in their neonates

adding 10 pl of ethidium bromide (50 ug/ml), the cells were washed
once and counted. Class II antigen-positive T cells show a red nucleus
with a rim of green fluorescence, B cells show the rim of green fluores-
cence alone and T cells show only the red nucleus.

Since activated T cell values are positively skewed in the normal
population, the limit of positivity for this assay was taken as above the
90th percentile (8% for 4F2-positive cells and 2.8% for Class II-posi-
tive cells).

Statistical analysis

Student’s t-test and Mann-Whitney U-test for unpaired data were
used to evaluate the results. A p value of less than 0.05 was considered
significant.

Results

Diabetic mothers

Type I diabetic patients. The percentage of OKT4-posi-
tive cells was significantly decreased in the second and
third trimesters of pregnancy (p <0.01 and p <0.02 re-
spectively, Table 2 A) in comparison with control sub-
jects. A significant increase in 4F2-positive cells was
found in the second (p <0.001) and third (p <0.01) tri-
mesters of gestation when compared to the normal con-
trol group (Fig.1). Class II-positive T cells were found,
with at least one of the monoclonal antibodies, in the
second and third trimesters of gestation, respectively, in
60% and in 57.1% of patients studied (p <0.01 vs. nor-
mal pregnant women) (Fig. 5). When only the 1.243 pos-
itivity was considered, the percentages were 41% and
38% respectively.

Type 2 diabetic patients. OKT8-positive cells were signif-
icantly decreased in the third trimester of pregnancy
when compared to normal control subjects, Type 1 dia-
betic and normal pregnant women (p <0.01, Table 2 B).
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A significant increase in 4F2-positive cells was found in
the third trimester (p < 0.01 vs. normal control subjects,
Fig.2). No statistically significant modification was ob-
served in Class II-positive T cells (Fig.5).

Gestational diabetic patients. Total Tcells were de-
creased in the third trimester of pregnancy when com-
pared to the control group and to Type 1, Type 2 diabet-
ic and normal pregnant women. OKT4-positive cells
were decreased in the third trimester in comparison
with Type 2 diabetic pregnant women and with normal
control subjects (Table 2C). An increase in 4F2-positive
cells was found in the first trimester of gestation (Fig. 3).
Class II-positive T cells were found with at least one of
the monoclonal antibodies used in the third trimester of
gestation in 60% of patients studied and in 40% when
only the 1.243 positivity was considered (p <0.005 vs.
normal pregnant women, Fig.5).
80
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Fig.5. Class II-positive T cells expressed as percentage of positivity in
Type 1, Type 2 and gestational diabetic pregnant patients, and in nor-
mal pregnant women
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Neonates of diabetic mothers

OKT4-positive cells were significantly decreased in in-
fants of diabetic mothers (p <0.02, Table 3). 4F2-posi-
tive cells were increased in neonates of diabetic mothers
(p <0.001 vs. normal control subjects, Fig.4). Class I1-
positive T cells were found in 55% of neonates of dia-
betic mothers (p <0.005 vs. normal control subjects)
with at least one of the monoclonals, whereas the posi-
tivity was 40% when only the 1.243 positivity was con-
sidered. No correlation was found between the pres-
ence of class II-positive T cells and neonatal complica-
tions and/or labour stress (length of labour, type of
delivery, anaesthesia, etc.).

Normal control subjects

. Pregnant women. Total Tcells were significantly de-

creased in the first trimester of pregnancy when com-
pared to normal control subjects (p <0.05, Table 2D). A
significant increase in 4F2-positive cells was observed
in the second (56%) and third (48%) trimesters of preg-
nancy (p<0.002) when compared with the control
group.

No statistically significant modification was ob-
served in Class II-positive T cells (Fig. 5).

Normal neonates. The percentages of OKT3- and
OKT4-positive cells were significantly decreased (p <
0.02 and p <0.01 respectively) in comparison to normal
control subjects (Table 3). 4F2-positive cells were signif-
icantly increased (p <0.001) in comparison to normal
control subjects. Class II-positive T cell levels were not
statistically different from those observed in the control
group (11% vs. 5%).

Non-pregnant adult subjects. The mean and standard
deviations, in percentages, of OKT3-, OKT4- and

Table2. Circulating T cell subsets expressed as percentages of mononuclear cells

OKT3 OKT4 OKT38 T4/T8
Type 1 diabetic pregnant patients
I trimester 56.2 (£10.6) 384 (% 94 20.6 (£8.3) 2.20 (£ 1.06)
II trimester 57.0(x 8.7) 34.6 (£ 4.5) 213 (£3.5) 1.69 (£ 0.41)f
111 trimester 614 (x 7.9) 364 (x 6.3)° 21.6 (£6.7) 1.81 (+0.65)
Type 2 diabetic pregnant patients
I trimester 569 (£ 9.0) 409 (£ 9.0) 15.5(£5.6) 2.97 (£0.86)
II trimester 562 (+ 5.6) 40.7 (= 1.0) 18.1 (£5.6) 2.56 (£1.07)
ITI trimester 586 (% 5.5) 44.5(x 17.5) 14.1 (£ 4.6)¢ 375 (£ 1.58)
Gestational diabetic women
1 trimester 56.8 (= 4.6) 37.0(x 92) 20.1(x3.7) 1.87 (£0.51)
I trimester 56.0 (+ 4.2) 433 (% 2.3) 164 (£2.4) 2.70 (£ 0.48)
I1I trimester 48.6 (+ 8.9) 36.2 (% 6.3) 16.7 (£5.0) 246 (£1.449)
Normal pregnant women
I trimester 52.7 (£ 7.8)¢ 37.1 (£ 6.5) 17.7(+6.3) 2.45 (£1.15)
IT trimester 578(x 7.0 39.2 (X 6.9) 18.6 (£3.8) 2.23(£0.72)
IT1 trimester 571(x 89) 39.3(£10.9) 18.6 (+£7.2) 2.65(+1.68)
Normal control subjects
57.8(x 7.2) 414(x 7.3) 194 (£5.4) 2.32 (£0.65)

2p<001vs.B,C,D,E;?p<0.02vs. B, E; °p<0.01vs. A, D, E;4p<0.02vs. A,B,D, E; ¢ p<0.05vs. E; {p<0.01vs. C, E; r<0.02 vs. D;

ep<0.01vs.AE
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Table 3. Circulating T cell subsets expressed as percentages of mon-
onuclear cells in neonates of normal and diabetic mothers

T cell subsets

OKT3 OKT4 OKTS8 T4/T8
Infants of dia- 55.1+12.3  348+10.5* 194+56 1.89+0.75
betic mothers
Infants of 49.6+13.0¢0 347+f 99* 174+71 235+138
normal mothers
Control 578+ 72 414+ 73  194+54 2321065
subjects

2 p<0.02 vs control subjects

OKTB8-positive cells are reported in Table 2; means and
standard deviations were 4.3+2.8, 1.1£0.9 and 1.2+
1.0, respectively, for 4F2 positive cells, 231- and
L243-positive T cells.

Discussion

The maternal immune status in diabetic pregnancy may
be regarded as the superimposition of diabetic immune
abnormalities on the immunological modifications
which normally occur during pregnancy. It is of interest
to distinguish between these interrelated events in order
to evaluate the possible consequences on the course and
outcome of pregnancy and the normal development of
the foetus.

Diabetic pregnant women may reveal humoral im-
mune abnormalities such as circulating islet cell autoan-
tibodies, insulin antibodies and immune complexes. It
has been reported that the first two abnormalities may
be transferred to the neonate and, while islet cell anti-
bodies have not been correlated with the development
of diabetes in the neonate [5, 11, 12], insulin antibodies
have been found to correlate with some neonatal clini-
cal complications [13, 14]. Circulating immune com-
plexes have been correlated with complications during
the course of pregnancy [14-16] and are thought to be
also deposited or formed in the placenta [17], thus possi-
bly contributing in a number of cases to the develop-
ment of tissue damage. Even if insulin does not cross
the placenta, and insulin antibodies do not induce sig-
nificant insulin transfer, the passage of maternal insulin
antibodies across the placenta may lead to the forma-
tion of insulin-anti-insulin complexes [13, 18]. Indeed,
these complexes have been found in the circulation of
neonates, with characteristics which differ from those of
their mothers, and are thought to play a role in neonatal
hypoglycaemia [18].

This study underlines the presence of several cellu-
lar immune abnormalities in the diabetic pregnant
woman. These modifications differ according to the
type of diabetes.

Type 1 diabetic pregnant women showed a signifi-
cant reduction in helper/inducer T cells. This reduction
was also found in long standing Type 1 diabetic pat-
ients. Thus, the reduction in cells bearing the T4 pheno-
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type seems to be related to the immune abnormalities
linked to diabetes rather than to the events occurring in
pregnancy.

Type2 diabetic pregnant women revealed a de-
crease in the OKTS8-positive T cell population. Type 2
diabetic patients included in our study had previously
been treated with diet or oral agents; on entering the
study at the beginning of pregnancy they were thereaf-
ter treated with heterologous insulin. The explanation
of the T cell modification is not clear, and the finding
may reflect events linked either to Type 2 diabetes of
long duration or to metabolic and therapeutic modifica-
tions in pregnancy.

A decrease in helper/inducer cells in T cell subsets
has been found in gestational diabetic patients in the
third trimester of pregnancy and is comparable to that
in Type 1 diabetic patients.

The modifications of T cell subpopulations reported
above do not seem to reflect adequately the complex
and fascinating sequence of immunological events
which occurs in pregnancy. The failure of the maternal
immune system to respond to the antigenically foreign
foeto-placental unit must involve complex immunologi-
cal mechanisms. Monoclonal antibodies defining
T cells during activation and differentiation have there-
fore been used for further studies.

A clear increase in 4F2-positive cells is present both
in normal and diabetic pregnant women and in their in-
fants. It is conceivable that during pregnancy resting
T cells are activated or induced to enter the first phase
of the cell cycle (GO—GT1 transition) and that this coin-
cides with the expression of the 4F2 antigen on the cell
surface. Further progression through the cell cycle,
leading to mitosis and expression of the Tac antigen,
Class II antigens and functional maturity, appears to be
blocked. A possible interpretation of the increase in
4F2-positive cells is in line with the concept that preg-
nancy does not represent a state of immunodepression,
but conversely a state of immuno-activation [1}. Mater-
nal lymphocytes are alerted by the presence of non-self
components, but lymphocytes do not reach the stage of
full activation and thus the immunological aggression
of the foetus is prevented. It is worth nothing that this
increase in 4F2-positive cells appears during the second
and third trimesters of pregnancy when maternal expo-
sure to the foreign antigen is maximal. Similarly, the
4F2-positive cells present in the neonate may reflect the
tolerance of the foetal immune system to maternal anti-
genicity. An alternative explanation of this finding is
that 4F2-positive cells are in fact immature foetal lym-
phocytes which are present in both neonatal and mater-
nal circulations. It is known that foetal lymphocytes are
found in the maternal circulation in a high percentage
of cases [19, 20}, a fact which has led to practical appli-
cations in tissue typing studies. Thus, 4F2-positive foe-
tal lymphocytes enter the maternal circulation during
the latter part of pregnancy and are likely to be impor-
tant factors in the complex materno-foetal immunologi-
cal symbiosis.
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In diabetic pregnancy, in addition to the increase in
the 4F2 antigen on mononuclear cells, there is an in-
crease in MHC Class II-positive lymphocytes in Type 1
pregnant diabetic patients and in gestational diabetic
women.

While the increase in Class II-positive Tcells in a
number of Type 1 diabetic women is likely to reflect the
immune abnormalities pre-existent to pregnancy, the in-
crease in Class II-positive T cells in gestational diabetic
patients is unexpected. Attention has been recently fo-
cused on this form of diabetes, in which an increased
presence of islet cell antibodies has been already report-
ed [4, 21]. The finding of class II-positive cells in some
gestational diabetic patients reinforces the concept of
the immunopathological similarities of these cases to
Type 1 diabetes. Indeed, gestational diabetes is a valu-
able model which allows the selection of some individu-
als prone to develop Type 1 diabetes in the pre-clinical
period.

In diabetic pregnancy the cellular immune factors
are simultaneously influenced, as expected, by phe-
nomena related to diabetes and to pregnancy. It re-
mains to be shown whether the superimposition of dia-
betes on normal pregnancy represents the “final straw”
in immunological terms with consequent influences on
the development of the foetus [17]. Indeed, the increase
in Class [I-positive cells in the blood of infants of dia-
betic mothers is intriguing. Fully mature, activated and
potentially dangerous T lymphocytes are known to be
present in the early stages of Type 1 diabetes. The find-
ing of these cells in the neonatal circulation raises ques-
tions concerning their presence and potential role.
Since these cells are not present in the circulation of
normal neonates, it is possible to infer that activated T
lymphocytes are passively transferred from the mater-
nal to the neonatal circulation. Their possible role is less
clear. These cells may simply either be an epipheno-
menon of maternal disorders or have a physiopatholog-
ical influence on foetal and neonatal development. It is
worth noting that despite the possible presence of islet
cell antibodies, insulin antibodies, insulin-anti-insulin
complexes and Class IT-positive T cells in their circula-
tion, infants of diabetic mothers, including those in our
studies, are not reported to develop clinical diabetes
early in life. The possibility of sub-clinical metabolic or
tissue modifications predisposing a long-term islet B-
cell failure cannot be disregarded.
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