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Objective. The aim of the study: To evaluate the correlations between
Zn2+, Cu2+, Mg2+, Se2+ and Cr3+ and alteration in T cell subsets
during diabetic and normal pregnancy. Methods. The study involved
63 women with gestational diabetes mellitus (GD) and 16 pregnant
women with Type 2 diabetes and 48 healthy, non-pregnant women
were included as controls. Ten ml of whole venous blood from each
participant was analyzed for electrolytes by atomic absorption; total
antioxidant activity, individual enzymatic antioxidants by spectrophotometry; and lymphocyte sub-populations by flow cytometry. Results.
There were significant changes in lymphocyte sub-populations: Naïve T cells were decreased and memory T-cells and activated T cells
(CD4+HLA-DR+, CD4+CD29+) were increased in diabetes in pregnancy. Zn2+ and Cr3+ deficiency were observed in Type 2 diabetics
with an increase in Cu2+ in all pregnant cohorts. In healthy pregnant
subjects, CD4+-HLA-DR+ was increased in direct proportion to serum Mg2+ (p<0.05) and Se2+ (p<0.01). In insulin-treated GD patients,
CD4+CD29+ cells were increased proportionally to serum Zn2+
(p<0.05) while in diet controlled GD cohort CD45RO+/ CD45RA+ T
cells correlated directly with serum Mg (p<0.05) and Zn2+ (p<0.01)
while it correlated inversely with serum Cu2+ (p<0.01). Conclusions.
The results of the present study show a correlation between trace element deficiency and increased lipid peroxidation in diabetes in pregnancy and lymphocyte activation. Dietary manipulation may, therefore, point to improvement in existing approaches to management of
diabetes mellitus in pregnancy.
Key words: Gestational diabetes, Lymphocyte activation, Trace elements.

Introduction
In approximately 3% of pregnancies, there is
diminished insulin secretion, with varying
degrees of insulin resistance and diabetes in
pregnancy (1-4). Gestational diabetes melli-

tus (GDM) is carbohydrate intolerance that
begins or is first recognized during pregnancy (5). This could be newly diagnosed type
1, type 2 Diabetes Mellitus or secondary to
metabolic changes related to pregnancy (6).
In GDM, there is enhanced ability of glu175
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cose to cross the placenta, with resultant fetal hyperglycaemia, hyperinsulinaemia and
macrosomia. This may lead to a variety of
fetal pathologies postpartum and pregnancyassociated morbidity, such as preeclampsia (79) and susceptibility to development of GD in
subsequent pregnancies. Up to 90% of GDMafflicted women develop type 2 diabetes (10).
GDM may therefore, serve to unmask women
who are predisposed and destined to develop
type 2 diabetes later in life (11).
The pathogenic effect of high glucose in
concert with fatty acids is mediated via increased production of reactive oxygen species (ROS) and reactive nitrogen species
(RNS). These free radicals directly induce
tissue damage by activating a number of cellular stress sensitive pathways, such as nuclear factor kB (NF-kB), p38 mitogen-activated protein kinase and NH2-terminal jun
kinase/stress-activated protein kinase (12).
There is abundant evidence linking oxidative stress to insulin resistance (13). Oxidative stress has long been associated with the
etiology of late complications of diabetes
mellitus (14). Both insulin resistance and decreased insulin secretion are major features
of the pathophysiology of Type 2 Diabetes
mellitus (15) and GDM. Early diagnosis of
gestational diabetes minimizes the exposure
of the developing fetus to suboptimal conditions and prevents perinatal complications
and their sequelae (15).
There are increased percentages of HLADR+ and CD56+ activated T-cells during
the first trimester (16), increased soluble interleukin-2 receptor (sIL-2R) and CD8+ T
cell levels (17) and maternal serum factors
which down regulate B cell activity (18). Decreased absolute numbers of circulating T
helper and NK cells late in pregnancy have
also been suggested to play a role in maintenance of healthy gestation (19).
Iron, zinc, selenium and copper are necessary for the activity of the enzymes that
neutralize free radicals, in the form of super176

oxide dismutase, catalase and glutathione
peroxidase (20). Zinc deficiency is associated
with increased plasma glucocorticord levels,
which induces apoptotic loss of precursor
and immature G-cells in the bone marrow
and pre- T cells in the thymus (21, 22) and
an imbalance in T helper cytokine secretion
by PBMC (10, 23). A significant decrease in
Zn++ and Se++ levels in whole blood has
been reported in diabetic pregnancy (24, 25,
26), compared to normoglycemic pregnancy.
The potential beneficial effects of Zinc and
Chromium have been reported in patients
with type 2 diabetes mellitus (27-29).
The objective of the present study is to
evaluate the relationship of concentrations
of the trace elements and glycemic control
with insulin and diet in GDM, and establish
any correlation between the trace elements
and lymphocyte sub-population in diabetic
pregnancies. The Hypothesis of the study includes: (1) Correlations between use of diet
or insulin for glycemic control women with
GDM or Type 2 diabetes and serum levels of
electrolytes, including Zn++, Cu++, Se++,
Mg++ and Cr+++, would suggest a role for
these elements in the management of diabetes in pregnancy; (2) Correlation between
the elements and T lymphocyte subset status,
suggests an immunoregulatory role for the
trace elements. This would open the gate to
future innovative therapeutic intervention.

Patients and methods
Subjects
The study included 63 women with gestational diabetes (43 women controlled with
diet and 20 women controlled with insulin)
and 16 pregnant women with Type 2 diabetes (5 women controlled with diet and 15
women controlled with insulin), and, as the
control, 44 normal pregnant women and 48
healthy non-pregnant women were included. The diet-treated versus insulin-treated
groups were included to assess the severity
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of the diabetes and at the same time to afford the opportunity to assess the effect of
treatment on the level of trace elements and
the T lymphocyte subsets. In order to evaluate the effect of normal pregnancy on the
level of the trace elements and the T lymphocytes subset status, a control group of 48
healthy, non-pregnant women and 44 normal pregnant women were included. They
were matched for age and parity the diabetic
study patients, none of whom had a history of diabetes, preeclampsia, hypertension
or renal disease. All the patients had clinical evaluation confirmation of gestational
diabetes, Type 2 diabetes and the allocation
of patients, to dietary control or insulin,
was according to the practice guidelines of
the Hospital. About 10-15 ml of blood was
drawn from each patient without the use of
tourniquet, in the third trimester of pregnancy, for estimation of the trace elements
and electrolytes and lymphocyte sub-populations. Gestational diabetes was diagnosed
for the first time during pregnancy with a
75g glucose tolerance test (GTT). Type 2 diabetics were those women who had pregestational diabetes that had started a few years
before and had been on treatment before the
onset of the current pregnancy. The dietcontrolled groups managed their diabetic
condition solely through a diabetic diet. All
women had a blood glucose profile to determine the insulin requirement. The insulin
regimen included a combination of shortacting (Actrapid® and Monotard®) morning and evening doses. Participation in this
study was voluntary and conducted with the
informed consent of all participants. Approval for the study was obtained from the
Institutional Ethics for Safety of Human
Subjects for Research.
Lymphocyte analysis
Five ml of peripheral venous blood was
collected from each individual in EDTA

tubes and analyzed for the percentage of
immune activation-associated lymphocyte
subsets within 4-6 hours following phlebotomy. Lymphocyte subpopulations analyzed for included CD4+ T helper cells expressing CD25, HLADR, CD54, CD45RA
(naïve T cells), CD45RO (memory T cells),
CD29 (Helper/inducer T cells); CD8+ cytotoxic T cells expressing CD25, HLADR
or CD38; CD19+ B cells bearing the autoimmune-associated antigen CD5; and T
cells expressing natural killer cell antigens:
CD3+CD16+CD56+. Fifty µl of blood was
incubated for 30 min at room temperature
including death in utero, delayed organ
maturation, high birth weight and many
other abnormalities (10- 12). The disorder is
transitory, and insulin utilization and blood
sugar levels may return to normal with 5
µl of flourescein-isothiocyanate (FITC) or
phycoerythrin (RD1) conjugated monoclonal antibodies (mAb), to surface markers of interest. The cells were then treated
with Q-prep (Coulter Corporation, Hialeah, FL, USA) for hemolysis, stabilization
and amplification of the antigen-antibody
reaction and fixation, with paraformaldehyde. A two-color fluorescence analysis using an automated flow cytometer (Coulter,
Altra cell sorter, San Diego 92121, California, USA) was performed. Positive analysis
regions for cells expressing specific surface
antigens were set against isotypic controls
and specific binding of fluorophore-conjugated monoclonal antibodies was analyzed
by cytoflurograph according to standard
methods recommended by the manufacturer. Monoclonal antibodies specific for
human T-lymphocytes and subpopulations
(CD3, CD4, CD8), B-lymphocytes (CD19)
and lymphocyte activation (CD25, CD29,
CD38, CD45RA, CD45RO, CD54, CD62,
TCR-vB6, HLA-DR) were purchased from
Dakopatts, A/S, Copenhagen, Denmark and
from Immunotech, Coulter Corporation,
Hialeah, FL, USA.
177
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Trace element analysis
Ten ml of venous blood was collected from
each patient in metal-free tubes (BectonDickinson, New Jersey, USA), without any
anticoagulant. Serum was separated and analyzed for trace metal content using graphite
furnace atomic absorption. Briefly, Cu++,
Zn++, Se++ and Cr+++ in the serum samples were measured with the use of an atomic absorption spectrophotometer (model
2380, Perkin-Elmer, Oak Brook, IL, USA)
with a graphite furnace HGA 300 and analytical wavelengths of 324.8 nm for Cu++,
213.8 nm for Zn++, 196.0 nm for Se++ and
357.9 nm for Cr+++. Serum Mg++ levels
were measured in the same spectrophotometer, using an air-acetylene flame and
one-slot burner equipped with a deuterium
lamp and an analytical wavelength of 258.2
nm. Duplicates of each measurement were
made, with the use of both aqueous and serum quality controls. Results are reported as
µg/L of whole blood for Zn++, Cu++, Se++
and Mg++; and in ng/dl for Cr+++.
Measurement of malondialdehyde
Malondialdehyde (MDA) is a natural product formed in all mammalian cells as a product of lipid peroxidation. MDA is a highly
reactive three carbon dialdehyde produced
as a byproduct of polyunsaturated fatty acid
peroxidation, it is a marker of oxidative
stress, which is associated with hyperglycemia and insulin dysfunction. MDA readily
combines with several functional groups on
molecules including proteins, lipoproteins,
and DNA. In the present study malondialdehyde was measured by a spectrophotometric method as previously (30- 32).
Statistical analysis
All statistical analysis was performed using the SPSS for Windows statistical package (Norusis/SPSS, Inc.) version 17. Data on
178

trace elements, electrolytes and malondialdehyde are presented as mean±SD, while
values of T cell lymphocytes subsets were
presented as mean %±SEM. Statistical analysis between two groups was performed using a two-tailed student t-test, comparisons
involving multiple groups were performed
with regression analysis. Pearson correlation was used to measure the association
between variables. A value of p < 0.05 was
considered statistically significant.

Results
Lymphocyte sub-populations
The differences in profiles of activated cellular phenotypes between non-pregnant subjects, healthy pregnant women, gestational
diabetics treated with dieting and gestational diabetics treated with insulin are shown
in Table 1. The following lymphocyte subsets were higher in healthy pregnant women
compared to their non-pregnant counterparts; they included activated T-helper cells
(CD+CD25) (p<0.01), CD4+ HLA-DR+
(p<0.01), and CD8+HLA-DR+ (p<0.01).
There were significant increases in T cells
with NK markers, activated T-helpers cells
CD4 +CD25+ (p<0.01) and CD4+HLA-DR+
(p<0.01), memory cells CD4+CD45RO+
and activated T-cytotoxic cells CD8+HLADR (p<0.01) in the insulin controlled GDM
compared to the diet treated GDM and
healthy pregnant women. Generally, there
were much less activated cellular phenotypes in diet treated gestational diabetics
compared to insulin treated GDM. However,
while the frequency of CD4+HLA-DR+ and
CD45RO+CD45RA+ cells was significantly
elevated in the diet-treated Type 2 diabetes
cohort (p<0.05), while CD4+ CD25+ were
significantly elevated in the insulin treated
cohort (p<0.05) relative to the non-pregnant
cohort, no changes were observed compared
to the normal pregnancy cohort.
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Table 1 Trace electrolyte concentrations in peripheral blood of non-pregnant control subjects, healthy
pregnant women, and women with gestational diabetes being treated with dietary therapy alone or with
insulin at 3rd trimester of pregnancy
Serum
trace
element

Non-pregnant
subjects
(n = 40)

Healthy
pregnant
subjects
(n = 33)

Gestational diabetes
Dieting
(n = 26)

Gestational
diabetes
Insulin-treated
(n = 10)

Pregnant-Type 2
diabetes
Dieting
(n = 5)

Pregnant-Type
2 diabetes
Insulin-treated
(n = 10)

Zn (µg/l)

788.4 ± 30.2

645.9 ± 23.9**

671.6 ± 37.8*

664.5 ± 46.5

437.0 ± 22.7**¶

650.6 ± 91.4

Cu (µg/l)

1552.4 ± 86.2

2840 ± 102.6***

2672.2 ± 98.1***

3094.0 ± 112.0***

3067.0 ± 67.5***

2442.0 ± 157.5***

Se (µg/l)

75.2 ± 2.5

63.0 ± 3.3**

72.2 ± 3.5

78.1 ± 5.7

93.2 ± 4.7¶

71.0 ± 6.7¶

Mg (µg/l)

15917.5 ± 266.2

13139.0 ± 57.9**

15987.5 ± 288.0

14400.0 ± 50

16000.0 ± 110.7¶¶

16540.0 ± 423.9

Cr (ng/dl)

19.9 ± 6.3

24.2 ± 6.9

14.9 ± 5.9

6.0 ± 6.0*¶

29.0 ± 5.6

6.6 ± 32.4¶

* p<0.05, ** p<0.01 and *** p<0.001 relative to non-pregnant subjects, ¶ p < 0.05 as compared to healthy pregnant subjects at 3ed trimester, y
p < 0.05 as compared to healthy pregnant subjects at 2nd trimester.

Table 2 Malondialdehyde levels in peripheral blood of non-pregnant control subjects, gestational diabetes
patients and pregnant type 2 diabetes women at third trimester of pregnancy

Malondialdehyde
levels

Non-pregnant
subjects
(n = 30)

Healthy
pregnant
subjects
(n = 31)

Gestational
diabetes
Dieting
(n = 26)

Gestational
diabetes
Insulin-treated
(n = 10)

Women with
Type 2 diabetes
Dieting
(n = 5)

Pregnant women
with Type 2
diabetes
Insulin-treated
(n =10)

Malondialdehyde
(µmol/L)

0.38 ± 0.05

0.535 ± 0.18

0.411 ± 0.13

0.385 ± 0.27

1.10 ± 0.01**¶

0.72 ± 0.24*

Trace elements and diabetic pregnancy
As shown in Table 2, serum Zn++ levels
were significantly lower in normal pregnancy as compared to non-pregnant women
(p<0.01). No change in Zn++ levels was observed in GDM cohorts. However, a significantly lower level was observed in the diet
controlled Type 2 diabetes group compared
to the healthy pregnant cohort (p<0.05).
Conversely, Cu++ levels were elevated in
all the diabetic pregnant cohorts compared
to non-pregnant women (p<0.001) with no
significant difference between the diabetic
cohorts. Apart from the lower levels of Se++
and Mg++ in normal pregnancy compared
to non-pregnant women (p<0.01) there
were no other changes in the GD cohorts.
Compared to healthy pregnancy, in Type 2
cohorts both diet-controlled and insulintreated showed a significant increase in
Se++ (p<0.05) while only the insulin-treat-

ed showed a significant increase in Mg++. A
significant decrease in Cr+++ was observed
in both the gestational diabetes and the Type
2 diabetes cohorts controlled with diet, compared to normal pregnancy (p<0.05).
Correlations between immunophenotype
of lymphocyte subpopulations and serum
trace element concentration
As shown in Table 3, in normal pregnancy, Cu++ had a significant correlation
with CD4+CD25+; r=0.388 (p<0.05) and
CD3+CD16+CD56+; r=0.435 (p<0.01) but
an inverse or negative correlation with naïve T
cells (CD4+CD45RA+); r=-0.372 (p<0.05).
There was a highly significant correlation between CD4+HLA-DR+ and Se++; r=0.480
(p<0.01) and with Mg++; r=0.836 (p<0.01).
Among the diet controlled GDM, Cu++ had
a highly negative correlation with CD45RO+/
CD45RA+; r=-748 (p<0.05). Conversely,
179
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Zn++ and Mg++ had a strong correlation
with CD45RO+/CD45RA+; r=0.625 (p<0.01)
with Zn++ and r=0.550 (p<0.05) with Mg++.
In the insulin treated GDM group, Zn++ had
a positive correlation with CD4+CD29+; r=
0.997 (p<0.05). There were changes in HLADR+ cells that correlated with serum trace
element concentrations, with CD4+-HLADR+, but not CD8+HLA-DR+ increasing in
direct proportion to serum Mg++ (p<0.05)
and Se++ (p<0.01) in healthy pregnant and
with Mg++ in insulin-treated GD patients
(p<0.01). This may be a reflection of the role
of these elements in regulation of lymphocyte activation.
The CD4+CD29+ cells (as a percentage of
the total CD4+ population), were observed
to decrease significantly from the second to
third trimester in Type 2 diabetes treated
with insulin (p<0.01). Interestingly, these
cells exhibited an increase in percentage in
association with serum Mg++ in healthy,
pregnant subjects; and to serum Zn++ and

serum Se++ in insulin-controlled GDM patients. Another significant finding was the
association between CD4+ CD25+ and trace
elements. In Type 2 diabetic women treated
with insulin, Cr+++ had a strong correlation
with CD4+CD25+; r= 0.906 (p<0.05).
Analysis of the association between
memory/naïve and trace elements
There was an inverse correlation between
percentage expression of CD45RO+/
CD45RA+ T cells (reflecting immune activation) and serum Cu++ within the GDM
diet and GD insulin cohorts, which was not
observed in the healthy cohort. On the other hand, Zn++ correlated directly with this
cell population in the diet controlled GDM
cohort (p<0.01). A positive correlation between Mg++ and CD45RO+/ CD45RA+
T cells was also observed in healthy pregnancy, diet- and insulin -controlled GDM
cohorts (p<0.05).

Table 3 Frequencies of peripheral blood lymphocyte subpopulations in non-pregnant control subjects,
healthy pregnant subjects, and women with gestational diabetes being treated with diet therapy or insulin

Lymphocyte
subpopulation

Nonpregnant
subjects
(n = 48)

Healthy
pregnant
subjects
(n = 44)

Gestational
diabetes
dieting
(n = 43)

Gestational
diabetes
insulintreated
(n = 20)

Pregnant
Type 2
diabetes
dieting
(n = 5)

Pregnant
Type 2
diabetes
insulintreated
(n = 11)

CD3+CD16+CD56+a

5.9±1.0

6.4±1.5

4.8±2.0

10.3±2.8

5.4±2.0

8.7±2.8

CD4+CD25+b

3.4±0.5

6.5± 0.9

14.4±6.3*

CD4+HLA-DR+b

4.0±0.4

CD4+CD45RO+b

10.6±2.1

13.5±3.9

3.7±2.1

5.8±0.8*

5.5±0.8*

9.3±1.5**¶Y

8.6±2.8*

11.5±4.6

49.8±1.9

48.9±1.8

54.4±1.6*¶

56.2±3.1*¶

42.2±8.6

53.7±3.6

CD4+CD45RA+b

41.1±1.6

46.9±2.4*

36.8±2.1*¶

38.3±3.3*¶

44.8±4.1

43.3±5.7

CD4+CD29+b

40.4±8.9

44.5±3.4

59.5±1.8

62.4±5.1

46.7±7.4

44.9±6.5

CD8+CD25+d

0.96±0.3

1.8±0.6

3.8± 1.1

2.8±1.2

3.8±1.7

4.7±2.3

CD8+HLA-DR+d

7.9±1.3

17.4±3.1

CD45RO+/CD45RA+

4.5±1.2

7.1±3.8

**

**

**

***¶¶¶

**¶

**¶

***¶¶

*

10.7±1.8

12.7±2.5

10.7±2.8

16.2±5.5

8.2±1.8*

4.6±1.3

11.2±3.2*

6.5±2.0

*¶

*

Values (mean %±SEM) are given as percentage of lymphocytes in each major lymphocyte population (CD3, CD4, and CD8). ainCD3+, bin CD4+,
c
in CD8+. Pregnant women compared to non-pregnant controls, *p<0.05, **p<0.01, ***p<0.001. Pregnant women with diabetes compared to
healthy pregnant subjects, ¶p<0.05, ¶¶p <0.01, ¶¶¶p < 0.001. Diet-treated GD patients compared to insulin treated GD Yp<0.05.
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Table 4 Correlations between immunophenotype of lymphocyte subpopulations and serum trace element
concentrations in peripheral blood of healthy pregnant women, gestational diabetes patients and pregnant
Type 2 diabetes women at third trimester of pregnancy
Trace element

Immunopheno-type

Correlation coefficient

Cu

CD4+CD25+

0.388*

Cu

CD4+CD45RA+

-0.372*

Cu

CD3+CD16+CD56+

0.435**

Se

CD4+-HLA-DR+

0.480**

Mg

CD4+-HLA-DR+

0.836**

Cu

CD45RO+/ CD45RA+

-0.748**

Zn

CD45RO+/ CD45RA+

0.625**

Mg

CD8+CD25+

0.632*

Mg

CD45RO+/ CD45RA+

0.550*

CD4+CD29+

0.997*

CD4+CD25+

0.906*

NP

GD (Diet-controlled)

GD (Insulin-treated)
Zn
Pregnant with Type 2 diabetes (Insulin-treated)
Cr

Immunophenotypic values are listed as percentage of total peripheral blood lymphocyte population (mean percent ± SEM). Mean values for
trace element s± SEM are listed in ug/l for Zn, Cu, se and Mg, and in ng/l for Cr. Pearson correlation was used to measure the association between
with significance of each correlation assessed using Student’s 2-tailed t-test. * Correlation is significant at the 0.05 level (2-tailed). ** Correlation
is significant at the 0.01.

Oxidative stress and immune regulation
An inverse correlation of MDA with
CD4+CD25+ cells was observed in the present study. Conversely, MDA activity was
observed to increase in direct proportion to
CD45RO+ memory T cells in the blood of
women with diet-controlled GDM (p<0.05),
and in inverse proportion to memory
cells in diet-treated women afflicted with
Type 2 diabetes (p<0.05), a possible role of
MDA in immune regulation needs further
investigation. Malondialdehyde activity
showed an inverse correlation with CD4+HLA-DR+ (p<0.01) cells in insulin-treated
GDM patients but not CD8+HLA-DR+.
CD8+CD25+ cells frequency varied directly with MDA in healthy pregnant women
(p<0.05) as shown in Table 4. An inverse
correlation was observed between MDA

concentration and CD8+CD25+ in insulin
controlled Type 2 diabetes- in the third trimester.

Discussion
Lymphocyte activation
The percentage of CD4+CD25+ (presumed
suppressor-inducer cells) was higher in
blood of GDM versus healthy pregnant subjects, which was not observed in blood of
Type 2 diabetes-afflicted cohorts (Table 1).
A subset of T-helper (CD4+) cells expressing
IL-2R have been shown to constitute a population of “professional” suppressor T cells
(T-reg cells) that prevent induction of organ-specific autoimmune disease (33). Our
finding that these cells are elevated in GDM
versus healthy pregnant subjects may be an
181
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indication of the occurrence of a protective
mechanism mounted by the host immune
system in response to some fundamental
element of GDM pathogenesis. This study
also revealed the expansion of CD4+HLADR+ and CD8+HLA-DR+ activated T cells
in diabetic pregnancy which exceeds those in
healthy controls. Our observation that naïve T
cells, CD4+CD45RA+ (which may act as suppressors of immune activation (34) were present at lower frequencies in GDM blood with
a concomitant increase in the percentage of
memory T cells, CD4+CD45RO+ (which increase in immune activation) than in healthy
pregnant women (Table 1) was expected. An
increase in naïve T cells during late pregnancy
suggests a protective role. The lack of increase
in this population in the blood of GDM- or
Type 2 diabetes-afflicted women indicates an
increase in immune activation versus immunosuppression during late pregnancy in diabetic patients and may in turn correlate with
a greater risk to the pregnancy.
A higher number of CD4+CD29+ (presumed helper/inducer cells) activated T cell
subpopulations were also observed in GDM
patients than in the blood of women experiencing a normal pregnancy, and a previous
investigation showed this population to be
down-regulated in normal pregnancy (35).
These observations suggest that maternal
immunosuppression, which is normally increased during pregnancy to compensate for
the immunostimulatory activity of paternal
antigens, may not be as effective in GDM
patients as in healthy women. However this
subpopulation was not observed to vary
significantly from healthy control values
in the peripheral blood of Type 2 diabetic
women (Table 1). These cells are a T-helper/
inducer subset, observed to be increased in
the peripheral blood of patients with T cellmediated diseases, such as Guillain-Barre
syndrome (36). Their activity may or may
not contribute to the pathogenesis of GDM,
however, their increased frequency in pa182

tients may indicate a decreased capacity to
control pregnancy-induced immune activation. The fact that changes in activated lymphocyte sub-population were not observed
in Type 2-diabetic women is an indicator of
differences in the immunopathogenesis of
GDM versus Type 2 diabetes.
Mechanisms of immune modulation in
type 2 and gestational diabetes mellitus:
Trace elements and oxidative stress in
immune regulation
The effect of diabetes in pregnancy may
arise through two related mechanisms,
namely, the direct effect of trace elements
and oxidative stress on immune regulation.
A significant decrease in Zn++ was shown
in the diet–treated diabetic group relative to
healthy pregnancy (p<0.05) (Table 2), which
supports the hypothesis that Zn++ and
Cu++ may play a role in the mechanisms
regulating the immune response (30, 31). A
significant increase in Cu++ was observed
in all pregnant cohorts relative to nonpregnant women p<0.01), but not compared
with the diabetic groups. In previous work
we demonstrated a strong positive correlation between serum Cu++ and the size of
T cell (CD3+) populations expressing the
NK markers CD16 and/ or CD56 in Kuwaiti
women with normal pregnancy (31). Also in
the present study we found that serum Cu++
increased in direct proportion to the percentage of CD4+CD25+ T cells (Treg cells)
in healthy pregnant subjects (p<0.05) and
in GDM patients treated with diet (p<0.01)
(Table 3). Hence, increase of serum Cu++
may be a normal response in late pregnancy.
These findings support the hypothesis that
Zn++ and Cu++ may play a role in the mechanisms regulating the immune response
(23). Mg++ was significantly higher in the
Type 2 diet treated cohort relative to healthy
women (p<0.01) (Table 2). It is of interest to
note that CD4+CD29+ cells exhibited an in-
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crease in percentage proportional to serum
Mg++ in healthy, pregnant subjects; and to
serum Zn++ and serum Se++ in insulintreated GDM patients (Table 3). Similarly,
CD4+-HLA-DR+, but not CD8+HLA-DR+,
was increased in direct proportion to serum Mg++ (p<0.05) and Se++ (p<0.01) in
healthy pregnant and with Mg++ in insulintreated GDM patients (p<0.01) (Table 3).
Mg++ ions have been reported to specifically inhibit the antigen-presenting capacity of
human epidermal Langerhans cells, which
was associated with a reduced expression of
HLA-DR by these cells (37). Another study
found that deficiency of Mg++ is associated
with immunosuppression in athletes, suggesting that Mg++ has a role in immunoregulation (38, 39), which is consistent with
our findings in this study. Furthermore, an
inverse correlation was noted between percentage expression of CD45RO+/ CD45RA+
T cells (reflecting immune activation) and
serum Cu++ within the GDMM diet and
GD insulin cohorts, which was not observed
in the healthy cohort (Table 3). On the other
hand, Zn++ correlated directly with this cell
population in the GDM diet cohort (p<0.01).
These results reflect the role of these elements
in regulation of lymphocyte activation.
Relative to subjects with normal pregnancy, Cr+++ levels were observed in this
study to be significantly decreased in GD
and Type 2 women treated with insulin (Table 2). These results suggest that this element
also contributes at some level to the pathogenesis of GD and pregnancy in diabetes.
This is consistent with the role of this metal
as a regulator of carbohydrate metabolism in
pregnancy (40). Serum Cr+++ was observed
to vary in direct proportion to CD4+CD25+
T cells in the blood of insulin-treated Type
2 diabetes patients (p<0.05) (Table 3) suggesting that Cr+++ may also be involved in
immune regulatory mechanisms.
Oxidative stress is an immunological
hallmark of type 1 diabetes, therefore the in-

verse correlation of MDA with CD4+CD25+
cells observed in the present study, may suggest the involvement of some immunoregulatory mechanisms. This suggests that
increased levels of MDA in some subjects
of this group may be associated with apoptotic deletion of activated T cells expressing
HLA-DR, but the same was not observed in
healthy pregnant subjects. Although no statistically significant difference was observed
in serum Se++ between GDM women and
the healthy pregnant cohort, in type 2 diabetes, a significant increase in serum Se++
relative to healthy pregnancy was observed
(p<0.05). Se++ is an active oxygen species
scavenger (41) as well as being an integral
part of the antioxidant enzyme glutathione
peroxidase. Normal gestation induces an
increase of lipid peroxidation products, and
this process is substantially increased in diabetes. An inverse correlation was observed
between MDA concentration and this population in Type 2 diabetic women treated
with insulin in the third trimester however,
which suggests a possible apoptotic deletion
of CD8+CD25+ activated population in
some of the Type 2 diabetes women treated
with insulin, which may be induced by reactive oxygen species, as was described previously (42, 43).

Conclusion
In conclusion, this study also revealed the expansion of memory T cells CD4+CD45RO,
CD4+HLA-DR+ and CD8+HLA-DR+
activated T cells in diabetic pregnancy
and lower frequencies of naïve T cells,
CD4+CD45RA+, which act as suppressors
of immune activation. An increase in naïve
T cells during late pregnancy suggests a protective role. The present study has suggested
two mechanisms through which diabetes
in pregnancy causes adverse immunoregulation of T. lymphocytes. The results of the
present study reflect the role of deficiencies
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of trace elements Zn++, Se++, Cu++ in regulation of lymphocyte activation. Secondly,
in this study, increased lipid peroxidation
products, measured as malondialdehyde
concentration, were increased in diabetes in
pregnancy. Oxidative stress may cause apoptotic deletion of CD8+CD25+ activated
population in diabetic women in pregnancy.
Dietary manipulation of antioxidant status
with Zn++, Se++, Cu++, Mg++ and Cr++
may therefore allow substantial improvements to be made in existing approaches to
management of diabetes in pregnancy.
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