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Abstract

Background: The serum level of soluble Human Leukocyte Antigen-antigen-D Related (HLA)-(DR) (sHLA-DR) may appear as a useful parameter to monitor
maternal immune response during pregnancy. Objective: The aim was to compare HLA-G serum levels in patients with or without preeclampsia. Methods:
Pregnant women seen at the “Mdnica Pretelini Sdenz” Maternal-Perinatal Hospital (HMPMPS) were recruited at their first visit. Two groups were conformed:
a) women with healthy pregnancies, and b) women with preeclampsia. The patients’ sociodemographic and laboratory data were introduced into the SPSS
software program. HLA-G quantification was performed in peripheral blood samples through the Enzyme-linked Immunosorbent Assay (ELISA) method.
Results: The total number of women seen was 16 (mean age, 24 + 8 years), eight healthy women (mean age, 22 + 3 years) and eight women with
preeclampsia (mean age, 27 + 7 years). Women with preeclampsia were older, heavier, had higher levels of Systolic Blood Pressure (SBP), Diastolic Blood
Pressure (DBP), Mean Arterial Pressure (MAP), and referred less sexual intercourse per week than healthy pregnant women. There was no difference in
HLA-G levels. Conclusion: The sexual intercourse frequency is a major factor to develop preeclampsia and the serum HLA-G levels measured previous to
the child delivery or cesarean are not different between women with or without preeclampsia.
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Introduction Therefore, regulation of maternal immune response appears to be
essential for the survival of the fetus. The loss of tolerogenic
mechanisms may be involved in the cause of diseases associated with
pregnancy, such as preeclampsia, IntraUterine Growth Retardation
(IUGR), placenta previa, and the Hemolysis, Elevated Liver enzymes and
Low Platelets (HELLP) syndrome. A common event in all of these
disorders is inadequate trophoblast invasion of the maternal spiral
arteries and poor placental perfusion in early pregnancy.8

Preeclampsia is currently a major issue of concern in the field of public
health due to high mortality rates and maternal and perinatal
morbidity, and this is particularly alarming, as these variables are found
among indicators of social inequality. In Mexico, maternal mortality
associated with preeclampsia is 5-9 times higher than in high-income
countries.' It has been hypothesized that the etiology of preeclampsia
is based on immunology; thus, prolonged exposure to paternal sperm
through sexual intercourse or through exposure to fetal antigens in a
previous pregnancy may confer a protective effect.2 The protective
effect of a previous birth is lost when the subsequent pregnancy is
conceived with a new partner.3 Preeclampsia is more common in
primiparous women, or in the case of a new sexual partner.4

Although the placenta acts as a barrier between maternal and fetal
circulation, there is two-way cell traffic through this barrier. It has been
shown that an increased number of fetal cells can be detected in
maternal circulation in the case of preeclampsia. Human Leukocyte
Antigens (HLA) class I, present on the cell surface of virtually all
nucleated cells in the body, present antigenic peptides produced by
the cell, which are recognized by cytotoxic T CD8 cells, whereas HLA
class Il are restricted to B cells, macrophages, dendritic cells,
endothelial cells, and Antigen Presenting Cells (APC), which present
antigenic peptides that are recognized by T-helper CD4 cells.?

There are several theories that explain preeclamptic etiopathology, in
their majority focusing on the placenta as the cause of ischemic
disturbances, this due to poor immune adaptation, genetic
predisposition, and the secretion of vascular factors that cause
morphological changes in the placental endothelium.s On the other
hand, among the hormonal factors that appear to induce preeclampsia,
we find leptin. In fact, our group has reported that leptin levels >40
ng/mL in the second trimester of pregnancy in women with obesity are
predictors of preeclampsia.¢

Other mechanisms of tolerance induction occur in the fetal-maternal
interface. Fetal villous cytotrophoblasts and syncytiotrophoblasts
express nonclassical HLA-G and HLA-E, both of which can block the
cytotoxicity of maternal Natural Killer (NK) cells.© Soluble Human
Leukocyte Antigen-G (SHLA-G) is considered essential in pregnancy-
associated immune tolerance and in successful implantation, in such a
way that, compared to healthy controls, serum levels of SHLA-G is lower
in pregnancies complicated by preeclampsia.’2

During pregnancy, the fetus is a semi-allogeneic graft. The mechanisms
by which the maternal immune system does not reject the fetus,
despite the presence of paternal antigens, is not yet fully understood.?
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Although the etiology of preeclampsia is unknown, a substantial
number of studies favor a theory based on a maladapted immune
system, with the more specific attributes of low levels of immune
regulatory cells and low expression of HLA-G. The aim of this study was
to compare the serum levels of HLA-G in patients with or without
preeclampsia.’s

Methods

This was a prospective, clinical and cross-sectional study, developed at
the “Mdnica Pretelini Sdenz” Maternal-Perinatal Hospital (HMPMPS),
Health Institute of the State of Mexico, Toluca, Mexico, from September
2013 to November 2014.

Patients

Pregnant women seen at the HMPMPS were recruited at their first visit.
Two groups were conformed: a) women with healthy pregnancies, and
b) women that developed preeclampsia. The definition of and criteria
for preeclampsia were based on the diagnostic criteria outlined by the
American College of Obstetrics and Gynecology (AC0G)." The sample
was considered at convenience during the year of follow-up. With a
standard deviation of 3, alpha risk of 0.0, beta risk of 0.2 and assuming
a drop-out rate of 10%, 7 subjects were necessary per group to
recognize as statistically significant a difference > 5 units in the HLA-G
levels. Women with autoimmune, cardiovascular, and kidney diseases
were excluded and those with incomplete medical information were
discarded from the final analysis.

Sociodemographic data

All women were asked to respond to a complete medical history,
including questions concerning risk factors for developing
preeclampsia.

Anthropometry

The nursery staff of both hospitals trained in anthropometry registered
the Body weight (BW) and blood pressure. The first was rounded off to
the nearest 0.1 kg (Seca y00; Germany) and the second was recorded
at each visit with a standard sphygmomanometer (Riester Big Ben®,
Germany).

Laboratory tests

When a woman developed preeclampsia or when those with healthy
pregnancies began with prodromic uterine contractions, blood samples
were collected in Vacutainer™ tubes. Laboratory tests including blood
type (A, B, 0), albumin (mg/dl), creatinine (mg/dl), glucose (mg/dl),
liver function tests (bilirubin, Lactate DeHydrogenase (LDH), Alanine
aminoTransferase  ((ALT), ASpartate aminoTransferase  (AST))
transaminase, urea, uric acid (mg/dl) (Dimension® RXL Max; Dade
Behring, Minneapolis, MN, USA), hematological parameters (Advia 120;
Bayer Health), 24-h creatinine clearance (ml/min), and proteinuria
(mg/24 h) were carried out following International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC) criteria. A serum sample for
HLA-G determination was stored at -20°C until analysis.

HLA-G

HLA-G concentrations were determined with the Optical Density (OD)
value by means of the Enzyme-Linked Immunosorbent Assay (ELISA)
method (Abbiotec, cat: 251266) at 490 nm in ELx800™ equipment
(BioTek Instruments, Inc., USA), according to a standard (HLA-G 293 cell
lysate, ABBIOTEC, cat. no. 409133). This process was conducted blinded
at the Research Laboratory of Ciprés Grupo Médico S.C. (CGM), Toluca,
Mexico.

Ethics

This study was approved by the Ethics and Research Committees of the
HMPMPS (code 217B500402014016) and of the Hospital de la Mujer,
Instituto Materno-Infantil del Estado de México (IMIEM) (17/12/2013)
and was performed in accordance with the ethical standards laid down
in the updated Declaration of Helsinki, Fortaleza, Brazil, 2013. Informed

consent was obtained from the patient and guardian if the patient was
<18 years of age.

Statistics

Statistical analysis was performed using SPSS ver.17 (SPSS, Inc.,
Chicago, USA) software. Differences in quantitative variables between
the two groups were evaluated by the Mann-Whitney U test. Spearman
correlation was used between HLA-G levels and weeks of gestation. The
risk of a previous familiar case of preeclampsia was evaluated through
the 0dds Ratio (OR). A p value of <0.05 was considered statistically
significant.

Results

The general characteristics of the patients are depicted in Table 1. 0f a
total of 25 patients who accepted to participate in the study (11 with
preeclampsia and 14 controls), final analysis was carried out with 16
women (mean age, 24 + 8 years): eight with uncomplicated pregnancies
(mean age, 22.2 + 3.3 years) and eight women with preeclampsia (mean
age, 27.4 + 7.2 years), who complied with all the sociodemographic and
laboratory data (Figure 1). The decanted patients were due to having
been attended as emergencies on weekends without having met the
logistics of taking and storing the samples. Interestingly, in the group
of cases, four had a direct relative who also suffered from preeclampsia
and two patients had preeclampsia in a previous pregnancy. The OR for
this last comparison was of 17 (95% Cl: 0.7378 t0 391.6992, z: 1.770, p
= 0.0767).

Table 1. Clinical and Laboratorial Characteristics.

Variable prgge:!zt:cyies Preeclampsia P
Age (years) 22.3+3.3 27.4 % 7.2 0.032
BMI (kg/m?) 26 + 2.7 30.6 + 6 0.032
DBP (mm Hg) 69.3 £ 9.2 04.2 £ 4.2 ,0.001
Cohabitation time (years) 3.17 + 3.61 2.18 + 1.89 0.727
Gestational age (weeks) 389+ 1.5 37.4+2.8 0.107
HLA-G (ng/ml) 78.3 £ 14.3 80.3 + 3.4 0.674
Hto (%) 38.9 + 3.1 36.2 £ 3.6 0.313
MAP (mm Hg) 83.1+8.38 04.2 £ 4.2 0.001
Pregnancies 1.86 + 1.1 1.82 £ 1 0.977
SBP (mm Hg) 110.7 £ 9.2 147.1 + 13.5 0.001
Sexual intercourse/week 2.5 +0.67 1.2 +£0.9 0.002

Legend: a: mean = SD. BMI: body mass index, DBP: diastolic blood pressure, HLA-G:
Human leukocyte antigens class G, Hto: hematocrit, MAP: mean arterial pressure, SBP:
systolic blood pressure.

Sociodemographic Data

Table 2 shows the main social data of the patients. One half of the total
population belonged to the Otomi indigenous group. Type of residency
in the control as well as in the case group demonstrated the following
distribution: inhabitants from an urban area in two cases (25%), semi-
urban area in one (12.5%), and from a rural area in five (62.5%) cases.

Cohabitation time did not show significant differences (p = 0.727). In
the control group, the source of sexual education derived exclusively
from the school in one case (12.5%), one (12.5%) woman did not receive
sexual education, one (12.5%) referred another source, and five (62.5%)
received a mixture of information from both school and family. In the
case group, the source of sexual education was the family in two (25%)
cases, a mixture of education from school and family in four (50%)
cases, and two (25%) women did not refer any type of sexual education.
Sexual intercourse was more frequent in healthy pregnancies than in
those complicated by preeclampsia (p, 0.01). Finally, aspirin intake and
contraceptive method was confirmed in one (12.5%) woman per group.
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Figure 1. Flowchart of the Analyzed Patients.

Women invited to participate
n=85

Accepted the invitation

n=25
Groups at the end of pregnancy | ‘
Preeclampsia Normal pregnancy
n=11 n=14
Groups after loses for inadequate
conservation of the samples
8 8

Anthropometric and Laboratory Data
The expected data that defines preeclampsia (Systolic Blood Pressure  Table 2. Sociodemographic Information.
(SBP), Diastolic Blood Pressure (DBP), and Mean Arterial Pressure
(MBP)) exhibited a statistical difference between both groups, as well
as the known risk factors such as Body Mass Index (BMI). Unexpectedly,
no difference was detected in the laboratory studies, including HLA-G Education

levels (78.3 + 14.3 vs 80.3 + 3.4 ng/mL in healthy pregnancies and No academic studies 2 (25%) 0 (0%)
preeclamptic women respectively). Even more, by making a comparison Primary school 1(12.5%) 2 (25%)
of the HLA-G levels between primiparous and multiparous patients

Variable Healthy pregnancies Preeclampsia

there wasn’t any difference. By performing a Spearman correlation High school 2 (25%) 4 (50%)
there was not a significant r between HLA-G and gestational weeks (r = Preparatory school 2 (25%) 2 (25%)
0.104, p = 0.744). ldeally, a stratified analysis would be adequate to University 1(12.5%) o (0%)

evaluate the effect of all the variables on the HLA-G levels but it is Occupation
required to increase the N. Student 1(12.5%) 1(12.5%)
In the group of preeclamptic women, the mean values for creatinine Worker 1(12.5%) 0 (o%)

and uric acid were 1.02 + 0.52 mg/dL and 5.52 + 1.01 mg/dL respectively. Homemakers 6 (75%) 6 (87.5%)
These studies were not processes as a routine in normoevolutive Marital status

pregnancies. Single 1 (12.5%) 2 (25%)
Di . Marriage 1 (12.5%) 2 (25%)

Iscussion . . . o Common-law 6 (75%) 4 (50%)
From a general point of view, we have a preeclamptic population similar -

S . L ; . Religion
to that which is very well-known in the clinical setting. The difference L
in sexual intercourse per week is in line with several publications ]ehO\_’ahSW't”ess 1(12.5%) 0 (o%)
demonstrating the important role of sexual frequency and its Atheist 1(12.5%) 0 (0%)
association with the risk of developing preeclampsia.'s7 Catholics 6 (75%) 6 (100%)
‘ . S Income/month (US dollars)

n st I, s s e eoresion o Waprinaty e to o 6o
g ! g yp play 150 - 300 1 (12.5%) 1 (12.5%)

important role in the immunological tolerance of the fetus through the
mother. Previous publications have stated that sHLA-G expression in 300 - 600 0 (0%) 1(12.5%)
maternal circulation is associated with better pregnancy rates.823 Also, o
pregnancy success in In Vitro Fertilization (IVF) treatments improves by 1N our study, contrary to what was expected, there was no statistical
selecting the fertilized oocytes with the highest sHLA-G-positive culture-  difference between women with preeclamptic and healthy pregnancies.
medium measurements. -2 It is noteworthy that serum samples have shown to be reproducible in

relation to sHLA-G measurements.? In the majority of the studies, sHLA-G
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has been determined with a commercially available sHLA-G ELISA kit
(Exbio Praha, A.S., Vestec, Czech Republic), based on the capture of the
MEMG/9 antibody, capturing sHLA-G1/-G5 in association with 2m and
a detecting antibody against f2m. Interestingly, the study by Wu et al.
who failed to report an association, employed a different ELISA assay,
one with a higher limit of detection compared with the Exbio kit.27 This
could account for the differences in the results, whereas there is no
obvious explanation for the reported lack of association in the study by
Zheng et al., who examined children with atopic asthma and positive
controls.28 In a study conducted by Rizzo et al., sHLA-G1 and HLA-Gs5
were determined by performing two different ELISA assays: one
capturing both sHLA-G1 and HLA-Gs, and one capturing only HLA-G5 by
the use of the monoclonal antibody (mAb) 5A6G7, which is specific for
HLA-G5/-G6.9 Surprisingly, this showed that women with severe
preeclampsia had significantly higher levels of soluble HLA-G5 than
women with uncomplicated pregnancies. In the previously mentioned
study, there was a trend toward lower sHLA-G1 expression in women
with severe preeclampsia.”

Based on recent studies, we speculated that HLA-G might be involved
in patients with preeclampsia from a Mexican population. This
hypothesis was not verified and, although the sample was small, if
there was a strong influence of the HLA-G levels in the pathogenesis of
preeclampsia, this difference should be evident, such as that of leptin
in the case of morbid obesity in the second trimester of pregnancy as
a possible predictor for preeclampsia.¢ Our results are in accordance
with Biyik but the information that points out the relation of lower HLA-
G levels and a higher risk of preeclampsia is also present.-30 A very
important item to be considered is the putative serum HLA-G variability
by trimester and the genetic interaction between the child and the
mother.3132

The role of genetics might not be surprising in the effects of HLA-G; for
example, polymorphisms in the HLA-G gene and HLA-G expression levels
have been linked with reproductive failure and preeclampsia. Several
studies have found that the 14 ins allele is associated with decreased
levels of sHLA-G in blood plasma, while a few studies found no
association.2728 3334 Furthermore, a recent study even revealed a
significant association between HLA-G genotype and the amount of
SHLA-G in seminal plasma.3s

A clear limitation of this study is the low number of patients; this fact
reflects the clinical reality in many Gyneco-Obstetrical Hospitals that
faces loses in the follow up of risk patients. Additionally, the SHLA-G
concentration during pregnancy must be a mixture of contributions
from the mother, most probably from maternal immune cells, and from
fetal trophoblast cells in the placenta.3é Besides the small sample size,
other limitations are the lack of control of confounders in statistical
analysis and the absence of a full immunological panel (HLA of the
father and mother, cytokines, etc.) that could contribute to discern the
interactions among them and HLA-G. Special mention is the fact that
the ideal design must be a cohort, longitudinal study, to perform
several quantifications of HLA-G, cytokines, etc.

From our results, the main risk factor for preeclampsia is the frequency
of sexual intercourse. Although the antecedent of a previous woman
affected in the family of the patient was near to reach statistical
significance. Thus, a screening flowchart and a preventive treatment
could be designed. First, the characterization of the immunological
status including inflammatory cytokines of a woman at high risk of
preeclampsia since the beginning of pregnancy might be a good
maternal health target.

Due to the inadmissible worldwide maternal mortality caused by
preeclampsia/eclampsia, we propose a new treatment aimed at the
tolerance for paternal antigens in patients at risk (obesity,
preeclampsia in a previous pregnancy, primiparous women and those
with low sexual intercourse (e. g. in cases when the father is a worker

that migrates to another Country) (Figure 2). First, from a sample of
paternal peripheral blood, the leukocytes should be separated and
subjected to a freeze-drying process. After standardization of the
number of cells by extraction and its corresponding amount of RNA the
pellet would be diluted in saline solution. Second, periodical
subcutaneous injections should be administered to the mother at high
risk of preeclampsia.

Figure 2. Candidate Pregnant Woman for a Paternal Immunotolerance
Scheme.
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This is clear from this general idea the impossibility to know a priori
the quantity (ul) of solution to elute the sample preserving the
antigenic properties, neither the doses to administer subcutaneously
nor the period of time to do it but following a Taguchi method approach
the standardization process could be reached.3? Notwithstanding some
ethical considerations should be taken into account, as the possibility
to be immersed in paternal discrepancies.

Our results can be summarized as follows: family history of
preeclampsia and the frequency of sexual intercourse are high-risk
factors to develop preeclampsia. This reinforces the notion of a genetic
background and the possibility to modify through an immunotolerance
phenomenon the non-desired evolution. Future research questions
must find the genes of the preeclampsia inheritance.

Any maternal death is a catastrophic event leading to orphaned
children, family disintegration and social weakness. It is urgent the
need to have an affordable and efficacious preventive treatment, but
we can start with the design of a Preeclampsia Risk Scale that includes
and assigns different points to the pre-pregnancy Body Mass Index
(BMI), frequency of sexual intercourse, interleukin levels, familial cases
of preeclampsia, etc.

Finally, we believe that a grant call from the World Health Organization
(WHO0) or from one or more high-income countries aimed at the
reduction of the cases of preeclampsia based on the immune response
could make a big difference in the maternal mortality.
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