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Introduction. Cesarean section is an independent risk factor for peripartum hysterectomy. As a method of delivery, cesarean section
may interfere with a number of molecular changes that occur at the maternal-fetal interface during the course of labor. Methods.
The level of CD3, CD56, CD25, and CD69 antigen immunoreactivity was assessed by immunohistochemistry in 26 decidual tissue
samples. The tissue samples were obtained from 18 women who underwent cesarean sections at term and from 8 women who
underwent cesarean hysterectomies. Results. An increase in the activity and infiltration of immune cells in the decidua sampled
during the spontaneous beginning of labor was observed. The further progression of labor was accompanied by a decrease in the
number and activity of immune cells. The number of CD56+ and CD3+ cells in the decidua was statistically significantly lower in
patients who had undergone cesarean hysterectomies than in those who had had cesarean sections at term. Conclusion. Abnormal
immune response during labor may increase the risk for peripartum hysterectomy.
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1. INTRODUCTION

Peripartum hysterectomy, a life-saving procedure, is per-
formed more often on women who have undergone cesarean
sections (cesarean hysterectomy) than on those who expe-
rience normal labor (postpartum-hysterectomy) [1]. Most
studies report the rate of occurrence for peripartum hysterec-
tomies as between 0.2 and 1.5 per 1000 deliveries [2–4]. In
some studies, however, the incidence is reported to be as high
as 2.25 or 2.7 per 1000 deliveries [1, 5]. The chief indica-
tions for hysterectomy are abnormal placental detachment
and atonic postpartum hemorrhage [1]. In recent years, a
significant increase in peripartum hysterectomies has been
reported, and this increase would seem to correlate with an
increase in the number of cesarean sections performed [2].
Not only does cesarean delivery increase the risk for emer-
gency peripartum hysterectomy [4–7], but in cases of repeat
cesarean sections there is an associated increase in the risk of
a number of other complications, such as abnormal placen-
tation, placenta previa, or uterine sparring [2, 8, 9].

Elective cesarean section (cesarean section without labor)
is performed before the physiological alteration of immune
tolerance associated with pregnancy and the beginning of
spontaneous labor has occurred. The level of immune tol-
erance during newborn expulsion at term in cases of elec-
tive cesarean section appears to differ from the level found
in cases of spontaneous vaginal delivery at term. Molecu-
lar changes at the maternal-fetal interface are the pivotal
mechanism in the alteration of the immune tolerance phe-
nomenon. These changes lead to an increase in the activ-
ity of the maternal and fetal immunological systems [10–
14]. During spontaneous vaginal delivery, a decrease in pla-
cental factors suppressing maternal immune response, in-
cluding Fas-L, RCAS1 and HLA-G, has been observed along
with a drop in the number of CD4CD25 positive sup-
pressive lymphocytes within the decidua [15–19]. On ac-
count of their immunomodulating activity, decidual cells, to-
gether with placental and maternal immune cells, also partic-
ipate in the development of immune tolerance phenomenon
[20–26].
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In the present study we have aimed to assess the num-
ber and activity of immune cells in the decidua using sam-
ples collected from patients who have had term cesarean sec-
tions and from patients who have had postcesarean hysterec-
tomies.

2. MATERIALS AND METHODS

2.1. Patients

The decidual tissue samples evaluated in our study were ob-
tained from 26 pregnant women who underwent cesarean
sections. 18 of the tissue samples were obtained during ce-
sarean sections at term, and 8 from cesarean hysterectomy
specimens. Those patients undergoing cesarean section at
term (18 cases) were selected from 650 women undergoing
cesarean sections in the Department of Gynecology, Obstet-
rics and Oncology, Jagiellonian University, Krakow, Poland,
in 2005. Patients with multiple pregnancies or existing com-
plications of pregnancy, such as preterm deliveries, hyper-
tension, diabetes mellitus, and cases of fetal demise, were
excluded from the present study. For the purpose of this
study, the histories of patients who had undergone emer-
gency cesarean hysterectomies between 1999 and 2004 were
analyzed and 8 were selected. Women on whom peripar-
tum hysterectomies had been performed due to uterine can-
cer during pregnancy were also excluded from our analy-
sis. The tissue samples derived from the women undergoing
cesarean section at term and obtained during surgical pro-
cedures were thereafter immediately fixed in 10% buffered
formaldehyde solution and sent to the Pathomorphology De-
partment, Jagiellonian University (Karkow, Poland). The de-
cidual tissue samples from the patients having undergone
emergency hysterectomies were obtained from the archive
files of the Department of Pathomorphology of the Jagiel-
lonian University. The experienced pathomorphologist (K.
Galazka) evaluated the routinely stained (hematoxylin and
eosin) slides prepared from paraffin-embedded tissue mate-
rial and selected the material adequate for further analysis.
Chosen paraffin blocks were cut and used for immunohisto-
chemistry.

The patient’s consent was obtained in each case.

2.2. Immunohistochemistry

Immunohistochemical analysis was performed in the Path-
omorphology Department of the Jagiellonian University.
Four-micrometer slides from each case, encompassing the
decidua, prepared routinely for immunohistochemistry,
were stained to visualize the CD3, CD69, CD25, CD56-
positive cells (lymphocytes).

In all instances, immunohistochemistry was performed
by applying the Envision method using Dako Autostainer.
The following antibodies were applied: CD56 (NCAM; NCL-
CD56-504, Novocastra) in dilution 1 : 100, CD69 (NCL-
CD69, Novocastra) in dilution 1 : 25, CD25 (Interleukin-2
Receptor, NCL-CD25-305, Novocastra) in dilution 1 : 25,
CD3 (NCL-CD3p, rabbit polyclonal antibody, Novocastra)
in dilution 1 : 100, according to the manufacturer’s instruc-

tions. Visualization of reaction products was performed us-
ing AEC (3-amino-9-ethyl-carbazole) as a chromogen (AEC
Substrate Chromogen ready-to-use, DAKO, Denmark) for 10
minutes at room temperature. Sections were counterstained
with hematoxylin and mounted in glycergel. The numbers
of different lymphocytes in the decidua were evaluated. The
number of immune cells in an entire specimen and an aver-
age cell number per 1hpf (high power field, objective magni-
fication × 40) were calculated. The following scale was used
to evaluate the number of cells semiquantitatively: 0—lack
of positive cells; +1—1–5 positive cells per 1hpf; +2—6–10
positive cells/1hpf, +3—11–20 positive cells/1hpf; +4—more
than 20 positive cells per 1hpf.

2.3. Statistical analysis

The distribution of variables in the groups of women studied
checked with the use of the Shapiro-Wilk test showed that all
of the women were different from normal. Therefore, non-
parametric testing was employed. The differences between
the groups were determined by the Kruskal-Wallis analysis of
variance (ANOVA) test. The Mann-Whitney U test was then
used as applicable.

3. RESULTS

3.1. Clinical comparison of analyzed groups
of patients: cesarean section at term and
peripartum hysterectomy

Since cesarean section is performed at different times dur-
ing pregnancy, it seems important to compare the parame-
ters characterizing the course of pregnancy and labor in the
respective groups of patients studied (see Table 1).

When compared, the basic difference between the groups
was related to the parity of the pregnant women studied.
Multiparity is an independent risk factor for emergency hys-
terectomy [7] that could also be related to the status of im-
mune tolerance during pregnancy. The central question of
this study is whether the number and activity of immune
cells at the maternal fetal interface correlates with the level
of immune tolerance during pregnancy.

3.2. Immunohistochemical analysis of the immune
cells presence and their activity

CD3 positive cells were identified in all the decidual tissue
samples derived from patients who had undergone cesarean
sections at term and in 25% of the decidual tissue samples
derived from patients having had cesarean peripartum hys-
terectomies. CD56 positive cells were observed in 60% of the
decidual tissue samples derived from those patients having
had cesarean sections at term and in 13% of decidua tis-
sue samples derived from patients having had cesarean peri-
partum hysterectomies. CD69 antigen immunoreactivity was
observed in 40% of the tissue samples derived from those
having undergone cesarean sections at term and in 38% of
the tissue samples derived from those having had cesarean
peripartum hysterectomies. CD25 antigen immunoreactivity
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Table 1: Clinical characteristic of patients.

Variables
Cesarean section at Emergency cesarean

P value
term (n = 18) hysterectomy (n = 8)

Maternal age (average ± SD∗) 28.6 (±5.7) 38.6 (±7.5) .0003

Parity (median ± SEM) 1 (±0.20) 4 (±0.64) .00008

Gestational age (average ± SD) 38.5 (±1.29) 38.12 (±1.35) .3

Newborn mass (average ± SD) 3031 (±530) 2937 (±425) .57

Newborn length (average ± SD) 50.11 (±2.69) 52.50 (±3.5) .33

Apgar score (median ± SEM) 9 (±0.29) 9 (±0.29) .7
∗
SD: standard deviation.

Table 2: Immunoreactivity of CD3, CD56, CD69, and CD25 antigens within decidua from patients who underwent cesarean section at term
and those who underwent an emergency cesarean hysterectomy.

Groups Antigen
Immunoreactivity

∗percent (number of cases)

0 +1 +2 +3 +4

Cesarean hysterectomy (n = 8)

CD3 75 (6) 0 (0) 0 (0) 0 (0) 25 (2)

CD69 62 (5) 13 (1) 25 (2) 0 (0) 0 (0)

CD56 87 (7) 13 (1) 0 (0) 0 (0) 0 (0)

CD25 100 (8) 0 (0) 0 (0) 0 (0) 0 (0)

Cesarean section at term (n = 18)

CD3 0 (0) 50 (9) 6 (1) 28 (5) 16 (3)

CD69 55 (10) 33 (6) 6 (1) 6 (1) 0 (0)

CD56 40 (7) 22 (4) 22 (4) 10 (2) 6 (1)

CD25 94 (17) 6 (1) 0 (0) 0 (0) 0 (0)
∗
Percentage of cases (n-number of tissue samples).

was weak in the samples derived from the group who had un-
dergone cesarean sections at term; it was not detected in the
samples from the group who had had cesarean peripartum
hysterectomies (see Table 2).

The changes in the number and activity of immune cells
were identified in the decidua and correlated with the pro-
gression of labor. The study group of patients who under-
went cesareans at term was divided into three subgroups ac-
cording to the degree of uterine cervical ripening and to the
presence of uterine contractions during the surgical proce-
dure. Group A consisted of patients not experiencing uter-
ine contractions and with a closed uterine cervical ostium
(i.e., caesarean without labor); group B consisted of patients
with irregular uterine contractions or the beginning of regu-
lar uterine contractions and cervical dilation between 1 and
3 cm (i.e., caesarean section with symptoms indicating the
spontaneous beginning of labor); group C consisted of pa-
tients with regular uterine contractions and cervical dilation
of more than 3 cm (i.e., “caesarean with advanced labor”).
The comparison of the number and activity of immune cells
between subgroups is presented in Table 3.

We found a statistically significantly higher number of
CD3 positive cells and a higher CD69 antigen immunore-
activity level in the decidua from those on whom cesarean
sections were performed after the spontaneous beginning of
labor (B) in comparison to what was found in the decidua
from those on whom cesarean sections were performed with-
out labor (A), and from those on whom cesarean sections
were performed during advanced labor (C) (P, resp., (CD3+:

P = .01 and P = .04; CD69: P = .03 in both cases). Although
the number of CD56 positive cells increased with the pro-
gression of labor, the differences noted were not statistically
significant.

3.3. Comparison of molecular alterations within
decidua in cesarean section at term and in
cesarean hysterectomy

Our analysis of the indications for cesarean sections (the
number of elective cesarean sections), when taking into con-
sideration such factors as the progression of labor during
surgery and the gestational age both in the group of patients
with cesarean peripartum hysterectomies and in the group
with the cesarean sections at term, did not reveal any sig-
nificant differences. In the group of patients having had ce-
sarean peripartum hysterectomies, significantly higher parity
was observed. Also, the average age of these women was sig-
nificantly higher (resp., P = .01 and P = .02).

Our study group consisted of patients with cesarean sec-
tions followed by peripartum hysterectomies who either pre-
sented no symptoms of the spontaneous beginning of the la-
bor or were in its very initial stage. Significantly, no women in
advanced labor found themselves in this group. The women
selected for the control group were at the same stage of la-
bor as those in the study group (caesarean without labor or
caesarean section with symptoms indicating the spontaneous
beginning of labor). The number and activity of immune
cells in the decidua of the group of cesarean peripartum
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Table 3: The immunoreactivity of CD3, CD56, CD69, CD25 antigens within decidua during the cesarean section.

Cesarean section
Cesarean section Cesarean section with symptoms Cesarean section with

P value
without labor of spontaneous beginning of labor advanced labor

CD3 (median ± SEM) 1 (±0.25) 3 (±0.32) 1 (±0.49) .0257

CD69 (median ± SEM) 0 (±0.25) 1 (±0.35) 0 (±0.16) .05

CD56 (median ± SEM) 0.5 (±0.28) 1 (±0.56) 2 (±0.42) .47

CD25 (median ± SEM) 0 (±0) 0 (±0.12) 0 (±0) .5

Table 4: Comparison between the number of CD3 positive and CD56 positive cells and the level of immunoreactivity of CD69, and CD25
antigens in case of emergency cesarean hysterectomies and cesarean section at term: control group.

Variables
Cesarean section at Emergency cesarean

P value
term—control group hysterectomies

CD3 (median ± SEM) 3 (±0.33) 0 (±0.65) .03

CD69 (median ± SEM) 1 (±0.27) 0 (±0.32) .55

CD56 (median ± SEM) 1 (±0.4) 0 (±0.12) .03

CD25 (median ± SEM) 0 (±0.08) 0 (±0) .4

hysterectomies and of the control group were compared. The
results obtained are presented in Table 4.

4. DISCUSSION

An increase in the activity and infiltration of immune cells in
the decidua sampled during the spontaneous beginning of la-
bor was observed. Moreover, the further progression of labor
was accompanied by a decrease in the number and activity of
immune cells. The number of CD56 positive and CD3 posi-
tive cells in the decidua was statistically significantly lower in
the samples from those having had cesarean hysterectomies
than in the samples of those having had cesarean sections at
term.

Risk factors for emergency peripartum hysterectomy in-
clude cesarean delivery, prior cesarean, placenta praevia, pla-
centa acreta, and grand multiparity [3, 7, 27]. What, then, is
the possible common denominator present in all these dif-
ferent clinical conditions? What common anomaly causing
alterations in immune tolerance during the progression of
labor and increasing the risk for emergency hysterectomy
can we find? Spontaneous labor at term involves gradual
changes in maternal immune tolerance. For example, the in-
filtration of leukocytes into the upper and lower uterine seg-
ments seems to play an important role in the course of nor-
mal parturition [13, 28]. A peripartum increase in immune
response has already been described [10, 12, 29, 30]. Elec-
tive cesarean section is a surgical procedure performed prior
to the spontaneous beginning of labor and, therefore, prior
to the molecular changes that are responsible for the initia-
tion and beginning of the course of labor. Cesarean section
is one of the primary risk factors for peripartum hysterec-
tomy [2, 6, 27, 31]. The most common indication for ce-
sarean section followed by peripartum hysterectomy is malp-
resentation [27], and this is in itself an indication for an elec-
tive cesarean section. In our study, all of the emergency ce-
sarean hysterectomies were performed on patients who had
had elective cesareans. The deficit of infiltrating immune cy-

totoxic cells that is associated with the surgical procedure
when performed before the beginning of spontaneous la-
bor may affect the subsequent steps of the immune response.
Therefore, elective cesarean performed without the molecu-
lar alterations responsible for the progression of labor seems
to increase the risk for peripartum hysterectomy.

Abnormal placentation has recently been demonstrated
to be a common indication for cesarean section and has been
found possibly to lead to peripartum hysterectomy. A pre-
vious cesarean increases the risk of abnormal placentation
[7, 31]. The verification of placenta percreta in histopatho-
logical analysis means the absence of decidua basalis [9, 32–
34], which may itself be associated with a low number of im-
mune cells within the decidua. In our study, placenta percreta
was identified in 3 patients (37% of cases).

Sindram-Trujillo et al. has observed that the course of
spontaneous vaginal delivery is accompanied by an increase
in the number of immune cells as well as alterations in
their distribution (NK CD56+CD16+ cells and T cell sub-
population) [11, 18]. Bulmer and Lash, however, have ob-
served a decrease in dNK cells in the decidua during the sec-
ond and third trimesters of pregnancy [35]. Spornitz et al.
has suggested that the decrease in the number of these cells
may correlate with their function during the first trimester
of pregnancy [36] while the increase in NK cells observed
by Sindram-Trujillo et al. may be associated with the re-
cruitment of new cells to the decidua. Rukavina and Podack
has shown a continuing recruitment of immune cells to the
decidua throughout gestation with concomitant phenotype
changes in peripheral NK cells [37]. Recently, the recruit-
ment of these cells to the decidua was found to result from
the activity of the decidual cells rather than from the phys-
ical presence of the embryo [38]. The beginning of the la-
bor correlates strongly with alterations in the pattern of cy-
tokine concentration in the decidua, including IL-8 and IL-
6 [39]. Campbell et al. have indicated that the CD56+ cell
population derived from multiple lineages can be discrimi-
nated by the expression of trafficking molecules. Moreover,
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CD56+CD16+ cells are extremely sensitive to IL-8 chemo-
tactic activity [24]. In our study, the accumulation of CD56+,
CD3+ lymphocytes in the decidua began after the initiation
of labor. In patients on whom peripartum hysterectomies
were performed, no such increase was observed, which may
suggest a correlation between the risk for emergency hys-
terectomy and the presence of abnormal immune response
during labor.

Although the presence of uterine leiomyomas was found
to increase the risk of peripartum hemorrhages [40], Sheiner
et al. did not observe any correlation between cesarean hys-
terectomy and these neoplasms. In our study, uterine leiomy-
omas were observed in 3 cases of peripartum hysterectomy
[27].

Women with grand multiparity have been identified as
more predisposed to postpartum hemorrhage [41, 42], and
grand multiparity is furthermore an independent risk factor
for emergency peripartum hysterectomy [4, 7, 9, 27, 33, 43].
In the present study, no nulliparous women were observed
in the group on whom emergency hysterectomies were per-
formed. Maymon et al. has shown that grand multiparity
is an independent risk factor for peripartum complications
such as malpresentation, dysfunctional labor, and massive
hemorrhage [43]. Moreover, with each succeeding pregnancy
the risk increases, and in the 14th gestation the risk is 3 times
higher than in the 7th [43]. Multiparity is related to the re-
peated development of immune tolerance during pregnancy.
Thus, although our samples are insufficient to prove such
claims, one may conjecture that with each consecutive la-
bor the risk that the woman may not develop the complex
immune response involved in the alteration of immune tol-
erance level during spontaneous labor increases. It has been
shown that great grand multiparity is more frequently asso-
ciated with the disturbance of uterine cervical ripening and
postterm deliveries [42]. Both complications have immuno-
logical backgrounds. For instance, Gabrilovac et al. has ob-
served that multigravidas exhibit a significant decline in NK
cell activity [44]. This may be a predictor of immune re-
sponse disturbance in any subsequent pregnancies.

The present study has had certain limitations. First, the
small number of patients involved does not allow us to posit
that abnormal immune cell activity is a risk factor for emer-
gency hysterectomy. We can only suggest, on the basis of
trends, that a probable association exists between an immune
response disturbance during labor and the need for emer-
gency hysterectomy. This probable correlation will have to be
explored in more detail in further investigations.

5. CONCLUSION

Abnormal immune response during labor may increase the
risk for peripartum hysterectomy.

ACKNOWLEDGMENTS

The authors wish to thank Professor A. Basta for his ad-
vice, helpful discussions, and friendly words of support. They
would like also to thank Christine Maisto, Anna Szul, and
Michal Jarosinski for their assistance. This work was funded

by the Polish Ministry of Science Grant number N406012
31/0201 in 2006/2008. Tha authors obtained the approval of
the Jagiellonian University Ethical Committee for their re-
search program (KBET/89/B/2005).

REFERENCES

[1] S. W. Bai, H. J. Lee, J. S. Cho, Y. W. Park, S. K. Kim, and K. H.
Park, “Peripartum hysterectomy and associated factors,” Jour-
nal of Reproductive Medicine, vol. 48, no. 3, pp. 148–152, 2003.

[2] I. B. Engelsen, S. Albrechtsen, and O. E. Iversen, “Peripartum
hysterectomy-incidence and maternal morbidity,” Acta Obste-
tricia et Gynecologica Scandinavica, vol. 80, no. 5, pp. 409–412,
2001.

[3] L. M. Stanco, D. B. Schrimmer, R. H. Paul, and D. R.
Mishell Jr., “Emergency peripartum hysterectomy and associ-
ated risk factors,” American Journal of Obstetrics and Gynecol-
ogy, vol. 168, no. 3, pp. 879–883, 1993.

[4] S. A. Okogbenin, E. P. Gharoro, V. O. Otoide, and P. I. Okonta,
“Obstetric hysterectomy: fifteen years’ experience in a Nige-
rian tertiary centre,” Journal of Obstetrics and Gynaecology,
vol. 23, no. 4, pp. 356–359, 2003.

[5] S. Bakshi and B. A. Meyer, “Indications for and outcomes of
emergency peripartum hysterectomy: a five-year review,” The
Journal of Reproductive Medicine, vol. 45, no. 9, pp. 733–737,
2000.

[6] J. Kacmar, L. Bhimani, M. Boyd, R. Shah-Hosseini, and J.
Peipert, “Route of delivery as a risk factor for emergent peri-
partum hysterectomy: a case-control study,” Obstetrics & Gy-
necology, vol. 102, no. 1, pp. 141–145, 2003.

[7] T. F. Baskett, “Emergency obstetric hysterectomy,” Journal of
Obstetrics and Gynaecology, vol. 23, no. 4, pp. 353–355, 2003.

[8] R. U. Khan and H. El-Refaey, “Pathophysiology of postpartum
hemorrhage and third stage of labor,” in Postpartum Hemor-
rhage, C. B-Lynch, L. G. Keith, A. B. Lalonde, and M. Karoshi,
Eds., pp. 62–69, Sapiens Publishing, Duncow, Kirkmahoe,
Dumfriesshire, UK, 2006.

[9] D. A. Miller, J. A. Chollet, and T. M. Goodwin, “Clinical risk
factors for placenta previa-placenta accreta,” American Jour-
nal of Obstetrics and Gynecology, vol. 177, no. 1, pp. 210–214,
1997.

[10] J. Szekeres-Bartho, P. Varga, and A. S. Pacsa, “Immunologic
factors contributing to the initiation of labor—lymphocyte re-
activity in term labor and threatened preterm delivery,” Amer-
ican Journal of Obstetrics and Gynecology, vol. 155, no. 1, pp.
108–112, 1986.

[11] A. P. Sindram-Trujillo, S. A. Scherjon, P. P. van Hulst-van
Miert, H. H. H. Kanhai, D. L. Roelen, and F. H. J. Claas, “Com-
parison of decidual leukocytes following spontaneous vaginal
delivery and elective cesarean section in uncomplicated hu-
man term pregnancy,” Journal of Reproductive Immunology,
vol. 62, no. 1-2, pp. 125–137, 2004.

[12] A. C. Abadia-Molina, C. Ruiz, M. J. Montes, A. King, Y. W.
Loke, and E. G. Olivares, “Immune phenotype and cytotoxic
activity of lymphocytes from human term decidua against tro-
phoblast,” Journal of Reproductive Immunology, vol. 31, no. 1-
2, pp. 109–123, 1996.

[13] I. Delgado, R. Neubert, and J. W. Dudenhausen, “Changes in
white blood cells during parturition in mothers and newborn,”
Gynecologic and Obstetric Investigation, vol. 38, no. 4, pp. 227–
235, 1994.

[14] A. Steinborn, C. Sohn, C. Sayehli, et al., “Spontaneous labour
at term is associated with fetal monocyte activation,” Clinical



6 Clinical and Developmental Immunology

and Experimental Immunology, vol. 117, no. 1, pp. 147–152,
1999.

[15] L. Wicherek, M. Dutsch-Wicherek, P. Mak, and M. Klimek,
“The role of RCAS1 and oxytocinase in immune tolerance
during pregnancy,” Fetal Diagnosis and Therapy, vol. 20, no. 5,
pp. 420–425, 2005.

[16] D. R. Balkundi, N. Hanna, M. Hileb, J. Dougherty, and S.
Sharma, “Labor-associated changes in Fas ligand expression
and function in human placenta,” Pediatric Research, vol. 47,
no. 3, pp. 301–308, 2000.

[17] R. Hackmon, M. Hallak, M. Krup, et al., “HLA-G antigen and
parturition: maternal serum, fetal serum and amniotic fluid
levels during pregnancy,” Fetal Diagnosis and Therapy, vol. 19,
no. 5, pp. 404–409, 2004.

[18] A. Sindram-Trujillo, S. Scherjon, H. Kanhai, D. Roelen, and
F. H. J. Claas, “Increased T-cell activation in decidua pari-
etalis compared to decidua basalis in uncomplicated human
term pregnancy,” American Journal of Reproductive Immunol-
ogy, vol. 49, no. 5, pp. 261–268, 2003.

[19] W. J. Chen, “Dendritic cells and CD4+CD25+ T regulatory
cells: crosstalk between two professionals in immunity ver-
sus tolerance,” Frontiers in Bioscience, vol. 11, pp. 1360–1370,
2006.

[20] L. Wicherek, “The role of the endometrium in the regulation
of immune cell activity,” Frontiers in Bioscience, vol. 13, pp.
1018–1035, 2008.

[21] L. Wicherek, K. Galazka, and A. Lazar, “RCAS1 decidual im-
munoreactivity during placental abruption: immune cell pres-
ence and activity,” American Journal of Reproductive Immunol-
ogy, vol. 58, no. 1, pp. 46–55, 2007.

[22] L. Wicherek, P. Basta, J. Sikora, et al., “RCAS1 decidual im-
munoreactivity in severe pre-eclampsia: immune cell presence
and activity,” American Journal of Reproductive Immunology,
vol. 58, no. 4, pp. 358–366, 2007.

[23] Q. Qiu, M. Yang, B. K. Tsang, and A. Gruslin, “Fas ligand
expression by maternal decidual cells is negatively correlated
with the abundance of leukocytes present at the maternal-fetal
interface,” Journal of Reproductive Immunology, vol. 65, no. 2,
pp. 121–132, 2005.

[24] J. J. Campbell, S. Qin, D. Unutmaz, et al., “Unique subpopula-
tions of CD56+ NK and NK-T peripheral blood lymphocytes
identified by chemokine receptor expression repertoire,” Jour-
nal of Immunology, vol. 166, no. 11, pp. 6477–6482, 2001.

[25] K.-H. Chao, M.-Y. Wu, J.-H. Yang, S.-U. Chen, Y.-S. Yang, and
H.-N. Ho, “Expression of the interleukin-2 receptor α (CD25)
is selectively decreased on decidual CD4+ and CD8+ T lym-
phocytes in normal pregnancies,” Molecular Human Reproduc-
tion, vol. 8, no. 7, pp. 667–673, 2002.

[26] F. Azizieh, R. Raghupathy, and M. Makhseed, “Maternal cy-
tokine production patterns in women with pre-eclampsia,”
American Journal of Reproductive Immunology, vol. 54, no. 1,
pp. 30–37, 2005.

[27] E. Sheiner, A. Levy, M. Katz, and M. Mazor, “Identifying risk
factors for peripartum cesarean hysterectomy: a population-
based study,” Journal of Reproductive Medicine for the Obstetri-
cian and Gynecologist, vol. 48, no. 8, pp. 622–626, 2003.

[28] A. J. Thomson, J. F. Telfer, A. Young, et al., “Leukocytes infil-
trate the myometrium during human parturition: further evi-
dence that labour is an inflammatory process,” Human Repro-
duction, vol. 14, no. 1, pp. 229–236, 1999.

[29] I. Osman, A. Young, M. A. Ledingham, et al., “Leukocyte den-
sity and pro-inflammatory cytokine expression in human fe-
tal membranes, decidua, cervix and myometrium before and

during labour at term,” Molecular Human Reproduction, vol. 9,
no. 1, pp. 41–45, 2003.

[30] L. Wicherek, M. Klimek, M. Dutsch-Wicherek, L. Kolod-
ziejski, and K. Skotniczny, “The molecular changes during pla-
cental detachment,” European Journal of Obstetrics Gynecology
& Reproductive Biology, vol. 125, no. 2, pp. 171–175, 2006.

[31] K. Francois, J. Ortiz, C. Harris, M. R. Foley, and J. P. Elliott,
“Is peripartum hysterectomy more common in multiple gesta-
tions?” Obstetrics & Gynecology, vol. 105, no. 6, pp. 1369–1372,
2005.

[32] P. Kelehan and E. E. Mooney, “Pathology of the uterus,”
in Postpartum Hemorrhage, C. B-Lynch, L. G. Keith, A. B.
Lalonde, and M. Karoshi, Eds., pp. 326–338, Sapiens Publish-
ing, Duncow, Kirkmahoe, Dumfriesshire, UK, 2006.

[33] R. Biswas, H. Sawhney, R. Dass, R. K. Saran, and K. Vasishta,
“Histopathological study of placental bed biopsy in placenta
previa,” Acta Obstetricia et Gynecologica Scandinavica, vol. 78,
no. 3, pp. 173–179, 1999.

[34] T. Y. Khong and T. K. Khong, “Delayed postpartum hemor-
rhage: a morphologic study of causes and their relation to
other pregnancy disorders,” Obstetrics & Gynecology, vol. 82,
no. 1, pp. 17–22, 1993.

[35] J. N. Bulmer and G. E. Lash, “Human uterine natural killer
cells: a reappraisal,” Molecular Immunology, vol. 42, no. 4, pp.
511–521, 2005.

[36] U. M. Spornitz, “The functional morphology of the human
endometrium and decidua,” Advances in anatomy, embryology,
and cell biology, vol. 124, pp. 1–99, 1992.

[37] D. Rukavina and E. R. Podack, “Abundant perforin expression
at the maternal-fetal interface: guarding the semiallogeneic
transplant?” Immunology Today, vol. 21, no. 4, pp. 160–163,
2000.

[38] J. Ordi, G. Casals, B. Ferrer, et al., “Uterine (CD56+) natu-
ral killer cells recruitment: association with decidual reaction
rather than embryo implantation,” American Journal of Repro-
ductive Immunology, vol. 55, no. 5, pp. 369–377, 2006.

[39] R. G. W. Osmers, J. Blaser, W. Kuhn, and H. Tschesche,
“Interleukin-8 synthesis and the onset of labor,” Obstetrics &
Gynecology, vol. 86, no. 2, pp. 223–229, 1995.

[40] A. Ohkuchi, T. Onagawa, R. Usui, et al., “Effect of maternal age
on blood loss during parturition: a retrospective multivariate
analysis of 10,053 cases,” Journal of Perinatal Medicine, vol. 31,
no. 3, pp. 209–215, 2003.

[41] M. D. Humphrey, “Is grand multiparity an independent pre-
dictor of pregnancy risk? A retrospective observational study,”
Medical Journal of Australia, vol. 179, no. 6, pp. 294–296, 2003.

[42] A. Babinszki, T. Kerenyi, O. Torok, V. Grazi, R. H. Lapinski,
and R. L. Berkowitz, “Perinatal outcome in grand and great-
grand multiparity: effects of parity on obstetric risk factors,”
American Journal of Obstetrics and Gynecology, vol. 181, no. 3,
pp. 669–674, 1999.

[43] E. Maymon, F. Ghezzi, I. Shoham-Vardi, et al., “Peripartum
complications in grand multiparous women: para 6–9 versus
para ≥ 10,” European Journal of Obstetrics Gynecology & Re-
productive Biology, vol. 81, no. 1, pp. 21–25, 1998.

[44] J. Gabrilovac, J. Zadjelovic, M. Osmak, E. Suchanek, Z. Zu-
panovic, and M. Boranic, “NK cell activity and estrogen hor-
mone levels during normal human pregnancy,” Gynecologic
and Obstetric Investigation, vol. 25, no. 3, pp. 165–172, 1988.


	INTRODUCTION
	Materials and Methods
	Patients
	Immunohistochemistry
	Statistical analysis

	Results
	Clinical comparison of analyzed groups of patients: cesarean section at term and peripartum hysterectomy
	Immunohistochemical analysis of the immune cells presence and their activity
	Comparison of molecular alterations within decidua in cesarean section at term and in cesarean hysterectomy

	Discussion
	Conclusion
	ACKNOWLEDGMENTS
	REFERENCES

