Peripartum alterations of maternal and neonatal leukocytes
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Summary

The aim of this study was to identify the influence of labor on maternal and neonatal lymphocyte subpopulations. Peripheral blood was taken from 20 healthy women at vaginal delivery and 3 days later concomitantly with cord and peripheral blood from their newborns. Lymphocyte immunophenotyping was done by 3-color flow-cytometry.


All lymphocyte subsets, except for the cytotoxic T cells and cytotoxic T cells with NK activity, were higher in their absolute counts in umbilical blood, but three days later only the levels of T helper and B lymphocytes were higher in newborns than in parturients . There was an expected predominance of naive phenotype in newborns. However, the absolute count of CD4+CD45RO+ cells was as high in umbilical blood as in peripheral blood of parturients at delivery. Of maternal CD8+ cells, an especially high proportion of CD45RA+ and CD45RA+RO+ was found during labor, and three days later the absolute numbers of maternal and neonatal naive CD8+ cells were equal.
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Introduction

Since fetus is a semiallogenic (and with the advancement of assisted reproduction techniques even allogenic) transplant, an adjustment of maternal immunoreactivity is necessary for the successful progression and termination of pregnancy.1-3 Although the decidua may be regarded as an immunologically privileged site, it is well known that the placenta is not a cell impermeable barrier and that maternal and fetal cells are transported across the placenta.4 

Because of the increased susceptibility of newborns to infection, the neonatal immune system is generally considered to be immature and inexperienced. For the reason of easy availability, umbilical blood is frequently used to assess the neonatal immunity and its disorders. There are many studies examining phenotypes and functional deficits of umbilical blood mononuclear cells with respect to gestational age, intrauterine infection, growth retardation, etc.5,6 With increasing interest in fetal programing of future diseases, such as atopy and autoimmunity, additional markers are looked for in umbilical blood. The absence of graft-versus-host disease after cord blood stem cell transplantation still awaits an exact explanation.

Cord blood analyses should take into account the fact that fetus is in utero exposed to both a unique hormonal and cytokine environment and the stress of delivery.7 
 
Many data support the hypothesis that labor is an inflammatory process. Parturition is associated with leukocyte invasion and pro-inflammatory cytokine production not only in the cervix, myometrium and decidua, but to some extent also in umbilical blood and maternal peripheral blood.8,9 

Concerning labor associated changes in maternal peripheral blood, there is agreement on the increased presence of NK-cells, as well as of granulocytes, like in other types of stress.7,10,11 With respect to the mode of delivery (elective cesarean section, vaginal delivery, emergency section, epidural anesthesia) and the cortisol level, the differences in neonatal lymphocyte subsets are significant in some studies, while insignificant in others.7,11
The relation of naive and memory T cell populations in parturition is important since CD45RA+ and CD45RO+ lymphocytes differ in expression of some other surface molecules that are involved in adhesion, migration, and homing. They produce different cytokines and have different functions.12 Maturational and activational stages of lymphocytes are also defined by surface CD45 isoforms. A differential expression of CD45RA and CD45RO antigens on decidual and peripheral blood lymphocytes has been observed and deserves further elucidation.13

This study included uneventful vaginal deliveries on term. By comparing neonatal and maternal lymphocyte subsets at delivery and again three days later, we wanted to examine whether the influences of labor processes on umbilical and maternal peripheral blood are shared or separate and to see what their effects on newborns’ and parturients’ lymphocytes are three days later. The results of lymphocyte immunophenotyping are shown both as relative frequences and as absolute cell counts because the trend of alteration may vary according to data presentation.14
Material and methods
Our study population consisted of 20 healthy women with uncomplicated singleton pregnancy and vaginal delivery (10 of them primigravidas and 10 multigravidas) and their newborns. All newborns, of which 11 males and 9 females, were healthy and eutrophic and had no complications during the early neonatal period. Their median birth weight was 3530 g (range from 2840 to 4650 g), median birth length was 52 cm (range from 47 to 56 cm) and median gestation was 40 weeks (range from 38 to 41 weeks). The hospital ethics committee approved the study protocol and informed consent from the women was obtained.
Blood was collected from the umbilical vein and the maternal cubital vein at childbirth. It was processed within a couple of hours for blood count and immunophenotyping. Following 3 days a second set of samples of peripheral venous blood was taken from mothers and their children and processed  in the same way as the first one. 
The following murine monoclonal antibodies to human lymphocyte cell-surface antigens were used: anti-CD4 (peridinin chlorophyll protein (PerCP)-conjugated), anti-CD8 (phycoerithrine (PE)- and PerCP-conjugated), anti-CD3 fluorescein (FITC)-conjugated, anti-CD45RA FITC-conjugated, anti-CD45RO PE-conjugated, SimultestTM CD3/CD16+CD56+ (all from Becton Dickinson, Heidelberg, Germany). In each experiment isotype specific controls conjugated with FITC, PE or PerCP for determination of non-specific binding were included.

The standard procedure consisting of direct immunofluorescence staining of heparinized whole blood was performed.10 Cell fluorescence was analyzed by FACSCalibur( flow cytometer (Becton Dickinson).  Correlated analysis of forward and right angle scatter was used in order to establish a lymphocyte gate. The collected data were analyzed using CellQuest software and presented as percentages. The absolute numbers of lymphocyte subpopulations were calculated from these percentages and from the absolute lymphocyte counts in the same blood.

The statistics were done using Statistica for Windows (StatSoft, Inc., 2001). Data were presented with median and range. Differences between the groups were assessed using Mann-Whitney U test. Only two-tailed p-values below 0.05 were considered significant. 

Results

The lymphocyte subsets in the parturient women group and the newborns group at delivery time and three days postpartum are displayed and compared in Table 1 and Table 2. 
While leukocytosis is present in both parturients and newborns, the significant lymphocytosis is characteristic for umbilical blood, so the absolute count of CD3+ cells is higher in newborns despite the lower percentage. The proportions of CD3+CD4+ lymphocytes are the same in newborns and mothers, but their absolute count is considerably higher in newborns. There is no difference in the absolute numbers of CD3+CD8+ cells because their proportion is significantly lower in newborns. The absolute numbers of CD3-CD8+ cells, as well as of CD3-CD16/CD56+ cells, are significantly increased in newborns although the percentages are equal. No CD3+CD16/CD56+ cells have been found in umbilical blood. There were both relatively and absolutely more CD19+ cells in umbilical blood.

Regarding the lymphocyte surface occurrence of CD45 isoforms, an increased proportion and absolute count of CD45RA+ cells, specifically CD4+CD45RA+ and CD8+CD45RA+ lymphocytes, was present in newborns. Conversely, the proportion and absolute count of overall CD45RO+ cells and CD8+CD45RO+ lymphocytes was decreased, but the absolute number of umbilical blood CD4+CD45RO+ lymphocytes was as high as it was in maternal blood. The absolute number of CD4+ cells expressing both CD45 isoforms was higher in cord blood than in maternal blood, but the absolute and relative numbers of CD8+CD45RA+RO+ lymphocytes were higher in maternal blood at delivery.
As to the second set of samples taken three days later, the absolute numbers of lymphocytes were the same in parturients and in newborns. It specifically applied to CD3+ cells, CD3-CD8+ cells as well as for CD3-CD16/CD56+ cells. The absolute number of CD3+CD4+ cells was lower and that of CD3+CD8+ cells was higher in parturients than in newborns. Again, no CD3+CD16/CD56+ cells and relatively and absolutely more CD19+ cells were found in newborns compared with parturients.

Three days postpartum the absolute number of CD8+CD45RA+ lymphocytes was as high in parturients as in newborns and the relative and absolute numbers of CD4+ and CD8+ cells expressing both CD45 isoforms were equal. However, the higher absolute count of maternal CD8+CD45RA+RO+ lymphocytes was almost at the level of statistical significance.
Conclusion


There is increasing evidence that labor is an inflammatory process.
This study was undertaken in order to identify the influence of labor on lymphocyte subpopulations in parturient women and their newborns. 
Previously, we had separately analyzed the changes in immunophenotypes of parturient women and their newborns, and had found decreased levels of maternal T helper cells and significantly increased levels of NK cells during labor in comparison with three days later. The percentage of maternal CD4+ cells, as well as the percentage and absolute count of CD8+ cells coexpressing CD45RA and CD45RO antigens, were higher at delivery as compared to 3 days later. The NK cell count in cord blood was also considerably increased, and more cord blood CD4+ cells expressed the CD45RO antigen compared with neonatal peripheral blood three days later. 

In this analysis due to significant lymphocytosis in umbilical blood, there were absolutely more T, helper T and B lymphocytes, as well as NK cells in newborns than in mothers at delivery. The proportion of cytotoxic T lymphocytes was much higher in parturients than in newborns, so their absolute count was the same as that in newborns at delivery but higher than the one three days later. No CD3+CD16/CD56+ cells have been found in newborns. 

There was an expected predominance of naive phenotype in newborns. However, the absolute count of CD4+CD45RO+ cells was as high in newborns as in mothers at delivery, but not so three days postpartum. This points to the question of the developmental stage, function and dynamics of these cells and raises some reservations about the usefulness of increased memory helper T cells in cord blood as an indicator of connatal infection. 
At delivery the percentage and absolute count of CD8+ cells coexpressing CD45RA and CD45RO antigens were higher in parturients than in newborns. Interestingly, following the three day period the absolute count of CD8+CD45RA+ cells was as high in maternal as in neonatal peripheral blood. 
It could be hypothesized that during or before labor a number of maternal CD8+ CD45RO+ cells acquire the CD45RA antigen. By contrast, a substantial number of neonatal CD4+ cells expressing the CD45RO antigen is present in umbilical blood. Further analyses of additional lymphocyte surface markers, as well as functional tests, should clarify whether these umbilical blood cells are activated, regulatory or maybe more immature helper T cells.
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