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Abstract
Objective: This study was to evaluate the relationship between changes in plasma adenosine concentration and T helper
(Th1:Th2) cell-immunity in the peripheral blood of women with nonpreeclamptic twin pregnancy.
Materials and Methods: Plasma adenosine concentrations and the percentage of Th1, Th2 cells and the Th1:Th2 cell
ratios in peripheral blood from 11 normal singleton pregnant women and 11 patients with twin pregnancies without
preeclampsia at 28-32 weeks’ gestation were measured using high performance liquid chromatography and flow cytometry.
The effect of adenosine-receptor blocker 8-sulfophenyltheophylline was also measured in vitro.
Results: In twin pregnancies, the plasma adenosine concentration and the percentage of Th1 cells were significantly lower
than those in singleton pregnancies. After adenosine receptor blockade, there were no measurable differences in the
percentage of Th1 cells between twin and singleton pregnancies.
Discussion: Our findings suggest the role of adenosine on Th1:Th2 balance toward Th2 dominance in nonpreeclamptic twin
pregnancy.
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Özet

Preeklamptik Olmayan ‹kiz Gebeliklerde Adenozinin Yard›mc› T-1 ve Yard›mc› T-2
Hücresel Ba¤›fl›kl›¤›n›n Düzenlenmesine Etkileri
Amaç: Bu çal›flmada, preeklamptik olmayan ikiz gebeli¤i olan kad›nlar›n periferik kan plazmas›ndaki adenozin konsantrasyo-
nunun yard›mc› T-1/yard›mc› T-2 hücresel ba¤›fl›kl›¤› (Th1/Th2) aras›ndaki dengenin de¤erlendirilmesi amaçlanm›flt›r.
Materyal ve Metot: On bir sa¤l›kl› tekil gebeli¤e ve 28.-32. gebelik haftalar› aras›nda olan 11 preeklamptik olmayan ikiz
gebeli¤e sahip kad›n çal›flmaya al›nd›. Yüksek performansl› s›v› kromatografisi ve ak›m sitometrisi olarak plazma adenozin
konsantrasyonlar›, Th1 ve Th2 yo¤unluklar› ve Th1/Th2 oran› periferik kandan ölçüldü. Ayn› zamanda, adenozin reseptör
blokeri olan 8-sülfofenilteofilinin etkisi de in vitro ölçüldü.
Sonuçlar: ‹kiz gebeliklerde, tekil gebeliklere göre plazma adenozin konsantrasyonlar› ve Th1 hücrelerinin yo¤unluklar›
anlaml› derecede daha düflüktü. Adenozin reseptör blokaj›ndan sonra ikiz ve tekil gebelikler aras›nda Th1 hücre yo¤unluklar›
aras›nda ölçülebilir fark saptanmad›.
Tart›flma: Bulgular›m›z, preeklamptik olmayan ikiz gebeliklerde adenozinin Th2 lehine olacak flekilde Th1/Th2 dengesin-
deki etkisini göstermektedir.

Anahtar sözcükler: adenozin, yard›mc› T hücreleri, ikiz gebelik
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Introduction
T helper (Th) cells can be divided according to the pattern of
cytokines that they release. Th1 cells, which release interleukin
(IL)-2, interferon (IFN)-γ, and tumor necrosis factor (TNF)-β,
induce cellular immunity, while Th2 cells, which
release IL-4, IL-5, IL-6 and IL-10, induce antibody production
(1). Recent studies have suggested that in normal pregnant
women, cytokines produced by Th2 cells predominate over those
produced by Th1 cells, resulting in the maintenance of preg-
nancy (2-4). In addition, in our previous study (5) we observed
that marked predominance of Th2 immunity occurs in nonpre-
eclamptic twin pregnancies because of a significant decrease in
the percentage of Th1 cells compared with singleton pregnancies.
To date, some possible mechanisms leading to this phenomenon
such as estrogen, which is a potent inhibitor of Th1 cytokine
production (6), have been discussed.

Adenosine is a vasoactive purine metabolite that is a potent va-
sodilator in many organs and a metabolic regulator in the cardio-
vascular system (7). Adenosine also exerts powerful influences
on immune-triggered cytokine production and may be speculated
to shift the Th1:Th2 balance toward Th2 dominance (8,9). In
our earlier study (10), maternal plasma adenosine concentration
in nonpreeclamptic twin pregnancy was significantly higher
than that in normal singleton pregnancy. In the current study,
therefore, we measured plasma adenosine concentrations and
the percentage of Th1, Th2 cells in peripheral blood from women
with nonpreeclamptic twin pregnancy. To clarify the role of
adenosine in regulating the Th1:Th2 ratio in twin pregnancy, we
also examined the effect of adenosine-receptor blocker 8-
sulfophenyltheophylline on Th cells in vitro.

Materials and Methods
In accordance with hospital policies on human research,
informed consent was obtained from all subjects prior to the
study.

Sodium heparin whole-blood samples were taken from left an-
tecubital veins of 11 patients with a singleton pregnancy at
30.4±2 (range: 28-32) weeks’ gestation and 11 patients with a
dichorionic twin pregnancy at 30.2±2 (range: 28-32; not signifi-
cantly different from the singleton pregnancy group by
Student’s t test) weeks’ gestation without avascularization. A
clinical description of the patients is given in Table 1. There were
no significant differences in the patients’ age by Student’s t test
between the two groups. All the samples were processed imme-
mediately after collecting. The eligibility criteria for patients
were nulliparity, no smoking, no caffeine intake, no evidence of
recent infection, negative C-reactive protein at study, normal
response to glucose tolerance testing, no development of preec-
lampsia during pregnancy, and no treatment with assisted repro-
ductive technology. The gestational age of the pregnancies were
established from maternal menstrual history, and confirmed by
ultrasonographic examination of the fetal crown-rump length at
9-11 weeks. Chorionicity of the twin pregnancies were diagnosed
based on ultrasonic findings and placental pathology. In each

pregnancy, neonatal and placental weights were measured at
delivery.

The first 2.0 ml of the blood sample was immediately added to an
equal volume of ice-cold stop solution erythro-9-(2-hydroxy-3-
nonyl) adenine hydrochroride, 120 µM; dipyridamole, 20 mM;
α,β methylene adenosine-5’-diphosphate, 60 mM; and ethylene-
diaminetera-acetic acid dipotassium salt, 4.4 mM) for measure-
ment of plasma adenosine concentration. The mixtures were then
centrifuged at 1000 g for 5 minutes at 4°C. The plasma was trans-
ferred to an ultrafiltration cone (Amicon; Millipore Corp,
Bedford, Mass.) and deproteinized by centrifugation at 6000 rpm
for 1 hour at 20°C. Samples of ultrafiltrate were stored at –70°C
until analysis using high-performance liquid chromatography
using the method previously reported (10,11). Briefly, 50 µL of
the ultrafiltrate was injected into a C18 column (Radial-Pac;
Waters, Milford, Mass. USA) and the absorbance of the eluate
was monitored continuously at 254 nm for purine activity.

Flowcytometric determination of IFN-γ and IL-4 in the cyto-
plasma of peripheral CD4+ T cells was performed by the Fast-
Immune cytokine detection system (Becton Dickson Immuno-
cytometry Systems, San Jose, CA, USA) as previously
reported (12). The typical forward and side scatter gates for
lymphocytes together with CD4+ gate (logical gate) were set to
exclude contaminating monocytes from the analysis. Fifty
thousand cells were acquired in the list mode and analyzed with
CELL Quest software (Becton Dickinson Immunocytometry
Systems). The percentage of IFN-γ and IL-4 positive cells
(%IFN-γ and %IL-4) were counted using FACS (Becton
Dickinson Immunocytometry Systems). In this study, CD4+ Th
cell subsets were classified into Th1 (IFN-γ positive, but IL-4
negative), and Th2 (IL-4 positive, but IFN-γ negative), and the
Th1:Th2 cell ratio was evaluated by the ratio of %IFN-γ to
%IL-4 (IFN-γ:IL-4).

Possible changes in the proportion of Th cells were also
examined after treatment with a nonspecific adenosine receptor
blocker in vitro as previously reported (13). Aliquots of
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Singleton Twin

pregnancy pregnancy

n 11 11

Age (y) 29±5 31±4

Blood pressure (mmHg)

Systolic 114±7 120±9

Diastolic 70±6 79±8

Gestational age (wks)

At study 30.6±2 30.2±2

At delivery 39.4±3 36.0±2*

Neonatal birth weight (g) 3011±210 2412±180a*

Placental weight (g) 468±45 802±122*

Data are presented as mean ± SD.
an=22

*Significant difference (p<0.05) singleton vs. twin pregnancy

Table 1. Clinical description of patients
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heparinized venous blood were incubated with 1 mM of 8-
sulfophenyltheophylline (Sigma-Aldrich Japan KK) at 37°C for
15 minutes as an additional incubation. Quantitation of Th1 and
Th2 cells was also performed by flow cytometry.

Data are presented as mean ± SD. Statistical comparisons
between the two groups were determined by Student’s t or
Mann-Whitney U test. P<0.05 was considered significant.

Results
The average plasma adenosine concentration in twin pregnancy
was 0.56±0.15 µM, which was significantly higher than that in
singleton pregnancy (0.39±0.13 µM, p<0.05).

Results of Th cells and cell ratios of Th1:Th2 before and after
treatment of blood with adenosine receptor blocker are shown in
Table 2. In twin pregnancies, the percentage of Th1 cells were
significantly lower than that in singleton pregnancies. After ade-
nosine receptor blockade, the percentage of Th1 cells increased
significantly in both singleton and twin pregnancies. In addition,
there were no measurable differences in these increased levels
of Th1 cell percentages between the two groups.

Discussion
To date, the role of increased adenosine in twin pregnancy re-
mains unclear although some hypoteses have been investigated
(10,14). In the current study, a significant increase in plasma
adenosine and a decrease in the percentage of Th1 cells were ob-
served in peripheral blood from women with nonpreeclamptic
twin pregnancy compared with those in normal singleton preg-
nancy. These findings are consistent with our previously reports
(5,10) and the concept that adenosine is involved in regulation
of the Th1:Th2 ratio in twin pregnancy.

A new finding in the current study relates to adenosine
blockade using 8-sulfophenyltheophylline. Such blockade was
found to increase significantly the percentage of Th1 cells in

both singleton and twin pregnancies and contributed to the dis-
appearance of a significant difference in the percentage of Th1
cells between singleton and twin pregnancies. During preg-
nancy, the excessive Th1 cell production has been shown to
evoke rejection responses directed against fetoplacental semial-
lografts (15). In addition, adenosine may regulate Th1:Th2 ratio
during pregnancy because it has been reported to inhibit IFN-γ
production by TNF-α and stimulate IL-6 and IFN-10 by Th2
cells (16,17). Thus, the current finding may support the hypo-
thesis that elevated adenosine inhibits the activation of Th1 cells
and regulates Th1:Th2 immunity during nonpreeclamptic preg-
nancy. In addition, such a role of adenosine may be stronger in
twin pregnancy compared to that in singleton pregnancy to
minimize the effect of pathophysiologic changes on (feto)
maternal circulation in twin pregnancy which are greater than
those in singleton pregnancy.

In conclusion, the current findings suggest the role of adenosine
in regulating the Th1:Th2 balance toward Th2 dominance in
nonpreeclamptic twin pregnancy.

References
1. Mosmann TR, Sad S. The expanding universe of T cell subsets—Th1 and

Th2 and more. Immunol Today 1996;17:138-46.
2. Wegmann TG, Lin H, Guilbert L, Mosmann TH. Bidirectional cytokine

interactions in the maternal-fetal relationship: is successful pregnancy a
TH2 phenomenon? Immunol Today 1993;14:353-6.

3. Saito S. Cytokine network at the feto-maternal interface. J Reprod Immu-
nol 2000;47:87-103

4. Saito S, Sakai M, Sasaki Y et al. Quantitative analysis of peripheral blood
Th0, Th1, Th2 and the Th1:Th2 cell ratio during normal human pregnancy
and preeclampsia. Clin Exp Immunol 1999;117:550-5.

5. Suzuki S, Kuwajima K, Yoneyama Y et al. Maternal peripheral T-helper
1-type and T-helper 2-type immunity in nonpreeclamptic twin pregnancies.
Gynecol Obstet Invest 2002;53:140-3.

6. Hoshimoto K, Ohta N, Ohkuma T, Inaba N. Changes in plasma soluble
CD26 and CD30 during pregnancy: markers of Th1/Th2 balance? Gynecol
Obstet Invest 2000;50:260-3.

7. Ohisalo JJ. Regulatory functions of adenoaine. Med Biol 1987;65:181-91.
8. Zidek Z. Adenosine-cyclic AMP pathways and cytokine expression. Eur

Cytokine Netw 1999;86:24-33.
9. Elenkov IJ, Chrousos GP, Wilder RL. Neuroendocrine regulation of IL-12

and THF-alpha/IL-10 balance. Clinical implications. Ann NY Acad Sci
2000;10:319-28.

10. Suzuki S, Yoneyama Y, Sawa R, Araki T. Relation between serum uric acid
and plasma adenosine levels in twin pregnancies. Obstet Gynecol
2000;96:507-10.

11. Yoneyama Y, Suzuki S, Sawa R, Araki T. Plasma adenosine concentrations
increase in women with hyperemesis gravidarum. Clin Chim Acta
2004;342:99-103.

12. Akahoshi M, Nakashima H, Tanaka Y et al. Th1/Th2 balance of peripheral
T-helper cells in systemic lupus erythematosus. Arthritis Rheum
1995;38:1832-6.

13. Yoneyama Y, Suzuki S, Sawa R et al. Relation between adenosine and
T-helper 1/T-helper 2 imbalance in women with preeclampsia. Obstet
Gynecol 2002;99:641-6.

14. Suzuki S, Yoneyama Y. Role of adenosine in regulation of uterine blood
flow during nonpreeclamptic twin gestation. Tohoku J Exp Med
2003;201:127-30.

15. Lin H, Mosmann TR, Guilbert L, Tuntiopipat S, Wegmann TG. Synthesis
of T-helper-2 type cytokines at maternal-fetal interface. J Immunol
1993;151:4562-73.

16. Bouma MG, Stad RK, van den Wildenberg FA, Buuman WA. Differential
regulatory effects of adenosine on cytokine release by activated human mo-
nocytes. J Immunol 1994;153:4159-68.

17. Le Moine O, Stordeur P, Schandane L, Marchant A, de Droote D, Goldman
M, Deviere J. Adenosine enhances IL-10 secretion by activated human mo-
nocytes. J Immunol 1996;156:4408-14.

167

Tu
rkis

h-German

G
y
n
eco logical Asso

ci
at
io

n

1993

Singleton Twin

pregnancy pregnancy

n 11 11

Before administration of 8-sulfophenyltheophylline

Th1 (%) 18.9±6.0 13.6±5.7*

Th2 (%) 2.0±0.8 2.1±0.7

Th1:Th2 ratio 9.3±3.4 6.5±3.1

After administration of 8-sulfophenyltheophylline

Th1 (%) 23.1±5.9# 19.1±5.0#

Th2 (%) 2.1±0.7 2.2±0.6

Th1:Th2 ratio 10.6±3.4 8.9±3.3

Data are presented as mean ± SD.

*Significant difference (p<0.05) singleton vs. twin pregnancy

#Significant difference (p<0.05) before vs. after adenosine

blockade

Table 2. Th1, Th2 and Th1:Th2 ratio before and after treatment of
blood with adenosine receptor blocker (8-sulfophenylthephylline)
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