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SUMMARY

We calculated the percentage of Th1, Th2, Th0 cells and the Th1:Th2 cell ratio of peripheral blood from

normal pregnant subjects and preeclampsia patients using ¯ow cytometry which can analyse both the

surface marker, CD4, and intracellular cytokines, interleukin (IL)-4 and interferon (IFN)-g. In normal

pregnancy, the percentage of Th1 cells was signi®cantly lower in the third trimester, and the ratios of

Th1:Th2 were signi®cantly lower in the second and third trimester than in nonpregnant subjects. In

contrast, the percentage of Th1 cells and the ratios of Th1:Th2 in preeclampsia were signi®cantly higher

than in normal third trimester pregnant subjects. The percentage of Th2 cells in preeclampsia was

signi®cantly lower than in third trimester of normal pregnancy. Additionally, peripheral blood mono-

nuclear cells from these subjects and patients were cultured with phytohemagglutinin stimulation, and

IL-4 and IFN-g concentrations were determined in the supernatant by enzymed linked immunosorbent

assays. The percentage of Th1 and Th2, and the ratios of Th1:Th2 were correlated with cytokine (IFN-g

and IL-4) secretion level. These results demonstrated that Th2 cells were predominant in the second and

third trimesters of normal pregnancy, but Th1 cells predominated in preeclamptic patients.
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INTRODUCTION

T cells may be classi®ed as Th1 cells, which synthesize interleukin

(IL)-2, interferon (IFN)-g, and tumour necrosis factor (TNF)-b,

and induce cellular immunity, or Th2 cells, which synthesize IL-4,

IL-5, IL-6 and IL-10, and induce antibody production [1]. Wegman

et al. [2] suggested that in pregnant women, cytokines produced by

Th2 cells predominate over those produced by Th1 cells, resulting

in the maintenance of pregnancy. This hypothesis has been tested

by consecutive experiments using mice [3±7]. There are different

reports indicating that, in normal pregnant women, production of

Th2 cell-derived cytokines by peripheral blood mononuclear cells

is increased and that of Th1 cell-derived cytokines decreased [8].

On the other hand, there are various reports demonstrating that

in normal pregnant women both circulating IFN-g-producing

(Th1) cells and IL-4-producing (Th2) cells are increased [9],

while Russell et al. [10] reported that the synthesis of Th1

derived cytokine, IL-2, was reduced, but the synthesis of the Th2

derived cytokine, IL-10, did not change in normal pregnancy.

Ekerfelt et al. [11] reported that in the second and third trimester

of pregnancy, signi®cantly large numbers of circulating IL-4

secreting cells (Th2) were induced by paternal leucocytes as

compared to unrelated leucocytes in a one way mixed lymphocyte

reaction (MLR), but the numbers of circulating IFN-g secreting cells

(Th1) were unchanged. Thus, there is little consensus among the

®ndings in peripheral blood Th1 and Th2 cells in normal pregnancy.

Previous reports have maintained greater amounts of plasma

levels of IL-2 (a Th1 type cytokine) [12,13] and IL-12 which

stimulate the production of Th1 type cytokine; IFN-g [14,15], but

other studies have yielded opposing ®ndings, such as elevation in

IL-4 or IL-6 (Th2 type cytokines) [16±18] and lack of an increase

in serum IL-12 in patients with preeclampsia [19]. Recently, we

demonstrated the increased secretion of Th1 cell-derived cytokine,

IL-2 and IFN-g and the decreased secretion of Th2 cell derived

cytokine, IL-4 in preeclamptic patients [20].

Before the present study, the de®nitions of the Th1:Th2 cell

dichotomy in humans came from studies of cell culture super-

natants of complex mixtures of lymphocytes [8,10,21], frequency

analysis by ELISPOT assays [9,11], and studies using T cell clones

[22]. The production of cytokines by such cells may be studied on

the protein level by measuring the bulk production of cytokine

production. Th1 cell-derived IFN-g is also synthesized by natural

killer (NK) cells [23,24], and IL-6 and IL-10 are also synthesized

by B cells and monocytes, as well as by Th2 cells [1,25]. Based on

these considerations, it must be presumed impossible to obtain an

accurate evaluation of increases or decreases in the levels of Th1

and Th2 cell numbers in the peripheral blood of pregnant women

using ELISPOT assay. T cell clones are long-term in vitro
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propagated lines, so studies in fresh ex vivo T cells may reveal

differences in cytokine pattern. To study fresh, ex vivo cytokine

production at the single cell level, we performed recently developed

technique of ¯ow cytometry for intracellular cytokines [26,27]. This

method has the capacity for rapid analysis of large numbers of cells

which are required for making statistically signi®cant measure-

ments. Thus, in the present study using ¯ow cytometry, we were

able to investigate changes in the numbers of Th0, Th1 and Th2

cells, as well as in the Th1:Th2 cell ratio in the peripheral blood of

normal pregnant women and women with preeclampsia.

MATERIALS AND METHODS

Subjects

Peripheral blood mononuclear cells were collected from 29 non-

pregnant women, 26 normal pregnant women in the ®rst trimester

(gestational age at sampling: 9´7 6 2´3 weeks, mean 6 s.d.), 31 in

the second trimester (gestational age at sampling:

24´7 6 3´4 weeks, mean 6 s.d.) and 30 in the third trimester (gesta-

tional age at sampling: 35´7 6 3´3 weeks, mean 6 s.d.), 26 post-

partum women 4 weeks after delivery, and 11 women with

preeclampsia (gestational age at sampling: 34´1 6 3´6 weeks,

mean 6 s.d.). Normal pregnancy was de®ned as one in which the

women remained normotensive and nonproteinuric, delivered at

between 37 and 42 weeks and in which the pregnancy was not

complicated by foetal growth retardation or maternal problems. All

subjects of postpartum group were breast feeding. Preeclampsia

was diagnosed when the diastolic blood pressure was greater than

90 mmHg on two or more consecutive occasions greater than 4 h

apart and when there was more than 300 mg of protein in a 24-h

urine collection or 2� proteinuria detected on reagent strip on two

occasions more than 4 h apart. Preeclampsia was characterized

as severe because of blood pressure $ 160/110 mmHg in all

patients. Preeclamptic patients were matched individually with

normal pregnant women in the third trimester of similar age, and

gestational age at sampling. None had histories or showed signs

of autoimmune diseases, as judged by clinical examination.

Staining for intracellular cytokines and cell surface antigens for

¯ow cytometric analysis

Peripheral whole blood diluted with 1:2 RPMI-1640 was stimu-

lated for 4 h with phorbol 12-myristate 13-acetate (PMA) (50 ng/

ml) and the calcium ionophore A23187 (250 ng/ml) in the presence

of 10 mM brefeldin A, which blocks intracellular transport pro-

cesses resulting in the accumulation of cytokine proteins in the

Golgi complex. The Fc receptors on the mononuclear cells were

pre-blocked with an excess of puri®ed murine immunoglobulin

(Ig)G. These mononuclear cells were stained with Peridinin

chlorophyll protein (PerCP)-conjugated monoclonal antibody

speci®c for the cell surface antigen CD4 (Becton Dickinson,

Mountain View, CA, USA) and washed twice with phosphate

buffered saline (PBS). After adding FACSTM Lysing Solution

(Becton Dickinson) for 5 min to lyse the erythrocytes, cells were

centrifuged at 500 g for 5 min, and the supernatant was removed.

FACSTM Permeabilizing Solution (Becton Dickinson) was added

for 10 min at room temperature to make cell permeable. The cells

were washed twice with PBS. These permeabilized cells were

stained with ¯uorescein-isothiocyanate (FITC) labelled anti-

human IFN-g monoclonal antibody (Becton Dickinson), and

PE-labelled anti-human IL-4 monoclonal antibody (Becton

Dickinson). Fluorochrome-conjugated, isotype-muched IgG1 and

IgG2a were used as controls for detecting nonspeci®c binding.

After two washes with PBS, ¯ow cytometry was performed using

a FACScan (Becton Dickinson). Fifty thousand cells were aquired

in the list mode and analysed with CELL Quest software (Becton

Dickinson). Analysis gates were set for CD4� cells (Fig. 1, upper

left). CD4� mononuclear cells are composed of T-lymphocytes

and monocytes. CD4� T lymphocytes were identi®ed by charac-

teristic side scatter parameters (Fig. 1, R1). CD4� T lymphocytes

were further identi®ed by characteristic forward and side scatter

parameters (Fig. 1, R2). Correlated PE (IL-4) and FITC (IFN-g)

¯uorescence were displayed in the panel (Fig. 1, lower right).

The data used ¯uorochrome-conjugated, isotype-muched IgG1 and

IgG2a and are also shown in Fig. 1(lower left). CD4�IFN-g�IL-4ÿ

cells as Th1 cells, CD4�IFN-gÿIL-4� cells as Th2 cells and
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Fig. 1. Percentage of Th1, Th2, and Th0 cells in nonpregnant women, normal pregnant women, and preeclamptic patients. Peripheral blood

mononuclear cells were stained with Peridinin chlorophyll protein (PerCP)-conjugated CD4 monoclonal antibody, ¯uorescein-isothiocyanate

(FITC)-conjugated anti IFN-g monoclonal antibody and PE-conjugated anti-interleukin (IL)-4 monoclonal antibody, as described in Materials

and Methods. A gate was set on the CD4� lymphocytes by characteristic forward and side scatter parameters (R1 and R2). The FITC (anti-

interferon (IFN)-g) and PE (anti-IL-4) ¯uorescence data were analysed. Isotype muched ¯uorochrome-conjugated IgG1 and IgG2a were used

as control. The horizontal bar shows FITC ¯uorescence and the vertical bar shows PE ¯uorescence. Fluorescence intensity is determined on a

logarithmic scale.
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CD4�IFN-g�IL-4� cells as Th0 cells were examined. Cell viabi-

lity was assessed by assaying for the presence of the activation

marker CD69 [28] on the CD4� T cells using ¯ow cytometry.

When less than 90% of the CD4� T cells expressed CD69 antigen,

samples were excluded from the study. Thus, more than 90% of the

CD4� T cells expressed CD69 antigen in this study.

IFN-g and IL-4 production by PHA-stimulated peripheral blood

mononuclear cells

Heparinized peripheral blood samples were obtained from 10 non-

pregnant women, 19 normal pregnant women, 11 postpartum women

and 12 preeclamptic patients. Mononuclear cells were isolated by

Ficoll±Hypaque (Amersham Pharmacia Biotech AB, Uppsala,

Sweden) gradient centrifugation. Peripheral blood mononuclear

cells suspended at 1 ´ 106/ml in RPMI-1640 medium supplemented

with 10% foetal calf serum were stimulated for 1 day with 5 mg/ml of

PHA (Difco Labs, Defroid, MI, USA) at 378C in a moist atmosphere

with 5% CO2. Supernatants were harvested and IFN-g and IL-4

concentrations were evaluated with commercially available enzyme

linked immunosorbent assays (R&D Systems, Minneapolis, MN,

USA).

Statistical analysis

The data were analysed by ANOVA, Fisher's protected least

signi®cant difference, and Fisher's Z-transformation test. P < 0´05

was considered statistically signi®cant.

RESULTS

Percentage of Th1, Th2, and Th0 cells and the Th1:Th2 cell ratio in

the peripheral blood CD4� T cells of nonpregnant women, normal

pregnant women and postpartum women

The percentage of Th1 cells was signi®cantly decreased in normal

pregnant women in third trimester than in nonpregnant women

(Figs 1 and 2). The percentage of Th2 cells was signi®cantly higher

in normal pregnant women in ®rst trimester than in nonpregnant

women (Fig. 2). The percentages of Th2 cells in second and third

trimester pregnant subjects were rather high but not signi®cantly

higher than in nonpregnant subjects (Fig. 2). The percentages of

Th0 cells in second trimester pregnant subjects and postpartum

women were signi®cantly higher than in nonpregnant women (Fig.

2). The ratios of Th1:Th2 in second and third trimester pregnant

subjects were signi®cantly lower than in nonpregnant women. The

Th1:Th2 ratios returned to the same levels as in nonpregnant

women 4 weeks after labour (Fig. 3).

Percentage of Th1, Th2, and Th0 cells and the Th1:Th2 cell ratio in

the peripheral blood CD4� T cells of preeclamptic patients

In preeclamptic patients, the percentage of Th1 cells and the

Th1:Th2 cell ratio were signi®cantly higher than in third trimester

pregnant women (Figs 1±3). On the other hand, the percentage of

Th2 cells in preeclamptic patients was signi®cantly lower than in

normal late pregnant women (Fig. 2).
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Fig. 2. Percentage of Th1, Th2 and Th0 cells, and Th1:Th2 cell ratio in nonpregnant women, normal pregnant women, postpartum women,

and preeclamptic patients. The data were analysed by ANOVA and Fisher's protected least signi®cant difference.



Correlation between percentage of Th1 and concentration of

IFN-g, percentage of Th2 and concentration of IL-4, and the

ratios of Th1:Th2 and the concentration of IFN-g and IL-4

A signi®cant, positive correlation was observed between percen-

tage of Th1 cells and IFN-g concentration in culture supernatant

(r� 0´628, P< 0´0001). Similarly, signi®cant correlations were

noted between the percentage of Th2 cells and IL-4 concentration

in culture supernatant (r� 0´616, P< 0´0001), and between the

ratios of Th1:Th2 and IFN-g concentration/IL-4 concentration in

culture supernatant (r� 0´796, P < 0´0001) (Fig. 4).

DISCUSSION

The results of the present study using ¯ow cytometry elucidated

the numbers of peripheral blood Th1 and Th2 cells and the

Th1:Th2 ratio in both normal pregnant women and those with

preeclampsia, and demonstrated that, in normal pregnancy, Th1

cell levels were decreased in the third trimester, Th2 cell levels

were increased in the ®rst trimester, and, in relation to Th1:Th2

ratios, Th2 cells were more predominant in the mid- and third

trimesters compared with non-pregnant women. Furthermore, the

present study also demonstrated that peripheral blood Th1:Th2

ratios returned to the same levels as in non-pregnant women

4 weeks after labour. The percentage of Th1 and Th2, and the

ratios of Th1:Th2 were correlated with cytokine (IFN-g and IL-4)

secretion levels in this study. These results are in agreement with a

report that the pattern of cytokines secreted by spleen cells from

pregnant mice indicated a predominance of Th2 cells [3,4,6]. The

present study also suggests that the predominance of Th2 cell-

derived cytokines observed in the peripheral blood mononuclear

cells of pregnant women [8,10,11], can be explained by changes in

the Th1:Th2 cell ratio in the peripheral blood. Ekerfelt et al. [11]

performed a one-way MLR analysis using paternal leucocytes as

stimulators, and identi®ed both IL-4 and IFN-g synthesizing cells

using the ELISPOT technique. The results showed no difference in

the level of IFNg-producing cells throughout the overall gestation

period, but revealed increased levels of IL-4 positive cells during

the mid- and third trimesters. In contrast, the results of the present

study demonstrated reduced numbers of IFN-g-positive cells in

the third trimester in pregnant women, with increased numbers of

IL-4-positive cells in the ®rst trimester. Thus, our ®ndings differ

from those of Ekerfelt et al. [11], although the Th1:Th2 ratios

observed in the two studies are in agreement. Ekerfelt et al. [11]

showed a selective bias in normal pregnancy toward Th2 selec-

tively for paternal allo-antigen. It might be useful to know how

many Th1, Th2 and Th0 cells were induced by paternal lympho-

cytes by utilizing the ¯ow cytometry. Wegman et al. [2] hypo-

thesized that in the mid- and third trimesters of pregnancy, Th2

cells were predominant, allowing maintenance of the pregnancy.

Nevertheless, in the ®rst trimester of pregnancy, the Th1:Th2 cell

ratio did not changed in this study. Piccini et al. [22] also reported

that there was no signi®cant difference in the production of IL-4,

IFN-g, IL-10, TNF-b and leukaemia inhibitory factor (LIF) by T

cell clones generated from peripheral blood by women with

unexplained recurrent abortions and normal women. This raises

the question of why the foetus and placenta are unaffected by

maternal lymphocytes. One possible reasons for this is that Th2

cells may be more predominant in the maternal immune system at

the decidua than in the peripheral blood during the ®rst trimester of

pregnancy. Piccinni et al. [22] demonstrated a decreased produc-

tion of LIF, IL-4 and IL-10 by decidual T cell clones of women

with unexplained recurrent abortions in comparison with that of

women with normal gestation. They speculated that the defective

production of LIF and/or Th2 cytokines in the decidua may

contribute to the development of unexplained recurrent abortions.

Recently, we also reported that Th2 cells predominated in early

pregnancy decidua, while no signi®cant differences were found in

the percentages of Th1, Th2 and Th0 cells in the peripheral blood T
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Fig. 3. Th1:Th2 cell ratio in nonpregnant women, normal pregnant women, postpartum women, and preeclamptic patients. The data were

analysed by ANOVA and Fisher's protected least signi®cant difference.



cells of nonpregnant women and women in early pregnancy [29].

These indicate that Th2 type cytokines secreted by T cells in the

uterus might be necessary for maintenance of normal pregnancy

during the ®rst trimester of pregnancy. The microenviroment of the

uterus or hormonal enviroment in pregnant states might affect the

peripheral blood Th2:Th1 balance during mid- and third trimesters

of pregnancy. Progesterone may be responsible for a swich from

Th1 to Th2 at the feto±maternal interface [30]. It remains to be

clari®ed how and where Th1 and Th2 cells differentiate from Th0

cells in pregnant subjects.

In normal pregnancy the maternal immune system is favour-

ably regulated, and there is no foetal rejection, but in preeclampsia

the immunological regulatory mechanism appears to be disrupted.

It is also known that in sera from women suffering preeclampsia,

high levels of Th1 cell-derived cytokines, IL-2, and IL-12 which

induces the differentiation of Th1 cells from Th0 cells are observed

[12,13]. Although blood levels of IL-4 and IL-6 have similarly

been reported to increase in preeclampsia [16±18], this observation

has not been further investigated. The present study is the ®rst to

show that in the peripheral blood of women experiencing pre-

eclampsia, Th1 cell counts are clearly increased, and the number of

Th2 cells decreased, and that the Th1:Th2 ratio results in a clear

predominance of Th1 cells. We have been reported that more IL-2

and IFN-g were produced by unstimulate and PHA-stimulated

cultured peripheral blood mononuclear cells from preeclampsia

patients than by those from normal pregnant women, and concen-

tration of the Th2 type cytokine IL-4 in supernatants from cultures

of PHA-stimulated peripheral blood mononuclear cells was lower

in preeclamptic patients than in normal pregnant group [20]. This

suggests that increases in the Th1 cell count in preeclampsia cause,

increased levels of IL-2 and IFN-g in the culture supernatants, and

decreases in the Th2 cell count in preeclampsia cause decreased

level of IL-4 in the culture supernatants. It is also known that IL-12

induces the differentiation of Th1 cells from Th0 or Th2 cells [31],

and that in preeclampsia the concentration of IL-12 in the sera

increases [14,15] although another study reported the lack of an

increase in serum IL-12 in patients with preeclampsia [19]. This

leads us to suggest that IL-12 causes the predominance of Th1 cells

in preeclampsia. Independently, it has been reported that there are

relatively few trophoblasts in the myometrium in preeclampsia

[32,33]. We suggested that in preeclampsia, the predominance of

Th1 cells results in maternal NK cells and/or T cells attacking the

trophoblast [34,35]. In addition, we also observed positive correla-

tions between mean blood pressure and concentrations of the Th1

type cytokines IL-2 and IFN-g [20]. Further analyses are needed to

elucidate the mechanisms by which hypertension and proteinuria

that occur in preeclampsia are induced by a predominance of Th1

type cytokine.
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Fig. 4. Correlation between percentage of Th1 cells and interferon (IFN)-g

concentrations in culture supernatant, percentage of Th2 cells and inter-

leukin (IL)-4 concentrations, and the ratios of Th1:Th2 and the ratios of

IFN-g concentration/IL-4 concentration in nonpregnant women, normal

pregnant women, postpartum women, and preeclamptic patients. The data

were analysed by Fisher's Z-transformation test.
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