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Abstract
We assessed FAS and FAS-L gene polymorphisms and messenger RNA (mRNA) levels in patients with recurrent pregnancy loss
(RPL). This case–control study compared 129 women with RPL with 235 healthy multiparous women (control group). Genomic
DNA and total mRNA were extracted from whole blood, and polymorphisms genotyping was performed by polymerase chain
reaction (PCR). Messenger RNA expression levels were analyzed by real-time PCR. Data were analyzed by chi-square and Fisher
exact tests; P < .05 was considered significant. There were no significant differences in the FAS (670 A/G) genotype or allelic
frequencies between the RPL and control groups. We found significant differences in the FAS-L (844 C/T) genotype and allelic
frequencies between women with RPL and controls. Patients with RPL had significantly higher FAS-L expression. Our data suggest
that FAS-L gene polymorphism is associated with increased susceptibility to RPL. Moreover, women with RPL seem to abnormally
express FAS-FAS-L molecules.
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Introduction

Recurrent pregnancy loss (RPL) occurs in approximately 1% of

pregnant women and is a distressing condition for those

affected. Despite extensive investigations, etiology remains

unknown in approximately half of all cases.1,2

Limited trophoblast invasion is one of the events impli-

cated in the pathogenesis of RPL. Apoptosis, or programmed

cell death, is a physiological process necessary for adequate

remodeling of maternal deciduas, to control trophoblast inva-

sion and to maintain maternal–fetal immune tolerance in

balance.3 Accordingly, several studies have reported an asso-

ciation between abnormal trophoblast apoptosis and RPL.4-7

The FAS-FAS-L system is one of the most important indu-

cers of apoptosis.7-10 Activation of this complex is essential for

trophoblast development and invasion and also to protect tro-

phoblasts from being attacked by the maternal immune

system.11 Abnormal expression of pro- and antiapoptotic mole-

cules have been identified in tissues from patients with RPL,

and higher expression of FAS and FAS-L genes have been

found in chorionic villi from patients with RPL.8,12

Single-nucleotide polymorphisms (SNPs) have been identified

in the promoter regions of FAS-FAS-L genes. Experimental results

suggest that a polymorphism at the�670 position (A to G) of the

FAS gene leads to decreased FAS production, while a polymorph-

ism at the �844 position (C to T) of the FAS-L gene leads to

increased expression of this molecule.13 FAS and FAS-L gene

polymorphisms have been linked with several autoimmune

diseases14,15 and with cancer.16,17 However, to the best of our

knowledge, these genetic variants have not been evaluated in

women with RPL. This motivated us to conduct this investigation.

The aim of this study was to evaluate FAS and FAS-L gene

polymorphisms and messenger RNA (mRNA) expression in

women with RPL.

Materials and Methods

This case–control study enrolled patients from the Obstetrics

Department of São Paulo Federal University Medical School

(UNIFESP-EPM), between 2008 and 2010. The study group
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consisted of 129 women with unexplained RPL, and without any

previous live births, being managed at the university’s infertility

clinic. All these participants had a history of at least 3 sponta-

neous miscarriages (range: 3-9, 70% of participants had up to

4 miscarriages) and normal results on the following examina-

tions that are routinely performed to exclude known causes of

spontaneous abortion: hysteroscopy; hysterosalpingography;

serial ultrasound; karyotype (of the couple); investigation of

luteal phase insufficiency (serum progesterone concentration

measurement); prolactin concentration; glycemic curve; thyroid

hormone levels; antibody screen for toxoplasmosis, cytomegalo-

virus, rubella, HIV, hepatitis B and C, and antiphospholipid anti-

bodies (anticardiolipin antibody and lupus anticoagulant). The

control group included 235 ethnically matched women with 2

or more successful pregnancies and no history of miscarriage,

preeclampsia, ectopic pregnancy or preterm delivery. Ethnicity

was self-reported. Control women were recruited at the antenatal

care clinics or obstetric wards at UNIFESP-EPM. All pregnan-

cies in both groups were conceived naturally.

Upon enrollment, each participant provided a 20-mL periph-

eral blood sample collected in tubes containing ethylenediamine

tetraacetic acid (EDTA; BD Diagnostics, Franklin Lakes, New

Jersey). Half (10 mL) was centrifuged to obtain a buffy coat

layer containing polymorphonuclear cells and DNA was

extracted by the Dodecyltrimethylammonium bromide/Hexade-

cyltrimethylammonium bromide (DTAB/CTAB) method.18 The

other half was used for RNA extraction.

Polymorphism Genotyping

Primer sequences and polymerase chain reaction (PCR), cycling

conditions have been previously described as well as genotyping

methods for FAS (rs1800682)19 and FAS-L (rs763110)16 gene

polymorphisms. The two allelic variants were genotyped using

the restriction fragment length polymorphism (RFLP) method.

Briefly, PCR products were digested with BstNI and BsrDI

restriction endonucleases (New England Biolabs Inc, Beverly,

Massachusetts).

The FAS gene polymorphism genotyping resulted in frag-

ment sizes of 233 bp (A) or 189 bp (G) and the FAS-L gene

polymorphism genotyping resulted in fragment sizes of 401

bp (T) or 232 and 168 bp (C).16,19

All PCR products were visualized using electrophoresis on

an agarose gel stained with bromide ethidium.

Determination of FAS and FAS-L mRNA Levels by
Real-Time PCR

PBMC were isolated by centrifugation on Ficoll-Isopaque (GE

Bio-Science, Uppsala, Sweden) at 1800 rpm for 30 minutes at

20�C to –23�C, and the cells were washed in phosphate-

buffered saline (PBS; Sigma-Aldrich, St Louis, Missouri).

Total RNA was extracted using the TRIzol reagent (Life Tech-

nologies, Grand Island, New York) from isolated PBMCs

(approximately 80% lymphocytes, 20% monocytes). RNA solu-

tion was quantified using a spectrophotometer at 260 nm

(NanoDrop 2000; Thermo Fisher Scientific, Wilmington, Dela-

ware) and RNA purity was assessed by the ratio of absorbance

at 260 and 280 nm. Only samples with a ratio >1.8 were used in

this study. Total RNA (1 mg) was reverse transcribed into com-

plementary DNA (cDNA) using the RevertAidTM H Minus

First Strand cDNA Synthesis kit (Fermentas, Thermo Fisher

Scientific), in accordance with the manufacturer’s instructions.

RNA expression levels of the 2 target genes (FAS and FAS-L)

and 2 housekeeping genes (glyceraldehyde 3-phosphate dehy-

drogenase [GAPDH] and beta-actin [ACTB]) were analyzed

by real-time PCR in a Rotor Gene 6000 instrument (Corbett

Research, Qiagen, Hombrechtikon, Switzerland). TaqMan Gene

Expression Assays (Applied Biosystems, Foster City, Califor-

nia) were used for the target genes FAS (Hs00907759_m1) and

FAS-L (Hs00181225_m1) and the endogenous controls GAPDH

(Hs99999903_m1) and ACTB (Hs99999905_m1). PCR was per-

formed in separate tubes for each reaction, and each sample was

run in triplicate. For each gene, case and control samples were

run in the same RT-PCR cycle to minimize the intracycle varia-

tion. The reaction efficiencies of each assay were calculated

from cDNA serial dilutions.

Sample Size

The sample size estimates were based on the FAS (670 A/G)

gene polymorphism (rs1800682) frequency, according to Hap

Map Project data (http://www.hapmap.org/cgi-perl/gbrowse/

hapmap27_B36/), which defined an allele risk of 42% in the

European Caucasian population. Applying allele risk data in

the Power and Sample Size Program Version 2.1.30,20 and con-

sidering an 80% power and a 2-tailed a of .05, a sample size of

110 patients per group was calculated to detect an association

between the alleles and RPL.

Data Analysis

Hardy-Weinberg equilibrium tests were performed by calculat-

ing the expected frequencies of each genotype and comparing

them with the observed values. The single allelic and single

genotype frequencies (obtained by direct count) were analyzed

by Fisher exact or chi-square tests, with the level of signifi-

cance set at P < .05. Odds ratios (ORs) and 95% confidence

intervals (CIs) were calculated. Chi-square and Student’s t tests

were used to analyze categorical and continuous variables,

respectively. Statistical analyses were performed with standard

software (SPSS for the Social Science, v13.1 for Windows).

All quantitative PCR data were analyzed using the relative

expression software Relative Expression Software Tool 2009

(REST), version 2.0.13.21 This software estimates gene up- and

downregulation, accounting for reaction efficiency and refer-

ence gene normalization.

All procedures were conducted in accordance with the ethi-

cal standards in human experimentation and the Helsinki

Declaration of 1975. The study was approved by the univer-

sity’s ethics committee, and informed consent was obtained

from all participants.
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Results

The mean age of cases and controls was similar (30.1 + 5.9 vs

31.4+ 8.8 years, respectively, P¼ .089). Racial distribution was

similar in both groups, with a predominance of Caucasian (self-

reported) participants (71% cases vs 67% controls, P ¼ .081).

All SNPs in the RPL and control groups were in Hardy-

Weinberg equilibrium. The genotype frequencies for the

FAS-670 polymorphism were 24% AA, 44.8% GA, and

31.2% GG in the RPL group and 25.5% AA, 49.8% GA, and

24.7% GG in the control group. For the FAS-L-844 polymorph-

ism, the genotype frequencies were 11.6% CC, 41.1% CT, and

47.3% TT in the RPL group and 20.4% CC, 45.1% CT, and

34.5% TT in the control group.

We detected no significant association between RPL and

FAS-670 gene polymorphisms, but there was a significant differ-

ence in FAS-L (-844) genotype and allelic frequencies between

the RPL patients and controls (w2 test; P¼ .023; Fisher exact test

P ¼ .004, respectively), as presented in Table 1.

The RT-PCR results were analyzed with REST 2009 soft-

ware and presented in Tables 2 and 3. As shown in Figure

1A, patients with RPL and controls presented similar FAS gene

mRNA expression (P(H1) ¼ 0.694; hypothesis test).

FAS-L mRNA was upregulated in patients with RPL

compared to control women (P(H1) ¼ 0.000; hypothesis test;

Figure 1B).

There was a significant association between FAS-670 GG

genotype polymorphism and lower FAS mRNA levels (P(H1)

¼ 0.027; hypothesis test; Figure 2A).

There was no association between FAS-L-844 polymorph-

ism and FAS-L mRNA levels (P(H1) ¼ 0.764; hypothesis test;

Figure 2B).

Discussion

In accordance with our hypothesis, our results indicate that

FAS-L (-844) gene polymorphism was associated with RPL.

We found higher FAS-L mRNA expression in this group when

compared to women with successful pregnancy. However,

there was no association between FAS (-670) gene polymorph-

ism or abnormal expression of this molecule in women with

RPL. We only found an association between the GG genotype

and lower FAS mRNA levels.

Abnormal trophoblast apoptosis has been associated with

adverse pregnancy outcomes, including spontaneous abortion.

Although previous studies have reported altered expression

of FAS and FAS-L molecules and genes in tissues of patients

with RPL,3,8,12 to the best of our knowledge, this is the first

study that assessed FAS and FAS-L gene polymorphisms and

PBMC mRNA levels in patients with RPL.

Our findings contribute to the body of conflicting evidence

regarding the role of FAS-L in pregnancy. While some studies

indicate that reduced FAS-L expression may compromise the

immune privileged status of the decidua and, in theory, could

be involved in early pregnancy loss, others suggest that

increased levels of FAS-L may affect trophoblast invasion,

leading to obstetric disorders.4,22-24 Increased FAS-L expres-

sion has been detected in chorionic villi from patients with RPL
8 and in decidual leukocytes of extravillous trophoblasts asso-

ciated with spontaneous abortion.12 At present, the role of FAS-

L-844 CC genotype and subsequent FAS-L expression in RPL

is not well understood. Part of the existing contradictions may

be due to the possible interference of other factors such as the

type of tissue, cytokine microenvironment, and gestational

age3,4 and also to heterogeneity in study protocol and technical

methods.

Although there was an association between RPL with FAS-

L-844 gene polymorphism and also abnormal mRNA FAS-L

levels in the peripheral blood of these patients, we did not

detect a correlation between genotype and phenotype. Up to the

moment, few studies have analyzed the effect of FAS-L-844

polymorphism on FAS-L production. Wu et al14 reported a rela-

tionship between this SNP and FAS-L expression on peripheral

blood fibrocytes evaluated by flow cytometry. A study by Sun

et al13 suggested that the FAS-L-844T!C polymorphism

affects the expression of FAS-L ex vivo on stimulated T cells

and that the FAS-L-844C allele seems to be associated with

an enhanced rate of activation-induced cell death (AICD) of

Table 1. FAS and FAS-L Gene Polymorphisms Allele Frequencies in
Women With Recurrent Pregnancy Loss (RPL) and Controls.

Alleles RPL Controls OR (95% CI) P value*

FAS n ¼ 250 n ¼ 454
�670G/A A 116 (46.4%) 229 (50.4%) 0.85 (0.62 – 1.16) 0.307

G 134 (53.6%) 225 (49.6%)
FAS-L n ¼ 258 n ¼ 470

�844C/T C 83 (32.2%) 202 (43%) 0.63 (0.45 – 0.86) 0.004*

T 175 (67.8%) 268 (57%)

Abbreviations: OR, odds ratio; CI, confidence interval.
*Fisher exact test.

Table 2. Gene Expression Pattern in Cases of Recurrent Pregnancy
Loss.

Gene Expression CI (95%) P(H1) Result

FAS 0.904 0.305-7.121 0.694 ND
FAS-L 2.000 0.729-5.346 0.000 UP

Abbreviations: CI, confidence interval; P(H1), probability of the alternate
hypothesis that the difference between the sample and control groups is due
only to chance; ND, sample group is not different than the control group;
UP, upregulated.

Table 3. Gene Expression Pattern in the FAS �670 and FAS-L �844
Genotypes.

Gene Expression CI (95%) P(H1) Result

FAS-670, GG � GA þ AA 0.601 0.124-2.157 0.027 DOWN
FAS-L-844 CC�CTþ TT 0.914 0.500-1.693 0.764 ND

Abbreviations: CI, confidence interval; P(H1), probability of the alternate
hypothesis that the difference between the sample and control groups is due
only to chance; ND, sample group is not different than the control group;
DOWN, downregulated.
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T cells. On the other hand, we analyzed FAS-L expression at

the basal state, without stimulation in peripheral blood leuko-

cytes. Besides differences in the protocols used for the analysis

of gene expression, a combination of SNPs may affect the pro-

duction of the molecule,25 environmental agents can modify

gene expression,26 and different intracellular mechanisms may

interfere with maintenance or degradation of mRNAs and pro-

teins.27 Indeed, several factors influence the production of a

particular protein, and this influence can hinder the detection

of a genotype/phenotype correlation.

We did not detect a relationship between the FAS-670 gene

polymorphism or FAS mRNA expression and RPL. This genetic

variant has been associated with other pregnancy disorders, such

as preeclampsia, fetal growth restriction, and preterm

labor,2,14,28 but there is only one study that evaluated its relation-

ship with RPL. Nair et al29 evaluated FAS-670 and -1377 gene

polymorphisms but did not analyze FAS expression in patients

with RPL. In agreement with our findings, these investigators did

not find an association between FAS-670 genetic variants and

RPL; however, they reported that FAS-1377 gene polymorphism

was associated with an increased risk of this condition.

Others have previously suggested that this polymorphism

can affect FAS levels30 and that FAS genetic polymorphisms

are associated with the decreased expression of FAS in acti-

vated T lymphocytes.13 Accordingly, we observed an associa-

tion between the GG genotype of the FAS-670 polymorphism

and lower FAS mRNA levels; however, we did not detect a

relationship between RPL and FAS mRNA levels or this

genotype.

Our results indicate that patients with RPL have higher

mRNA FAS-L levels in peripheral blood leukocytes than con-

trols. Based on our findings, we can hypothesize that patients

with RPL may have altered trophoblast invasion due to

increased FAS-L expression. Because both FAS and FAS-L are

important for maintaining maternal–fetal immune tolerance,

impaired expression of one these molecules may be sufficient

to affect trophoblast apoptosis and compromise the implanta-

tion process or interfere with pregnancy development.3,11

In conclusion, this study suggests that the FAS-L gene poly-

morphism is associated with RPL in Brazilian women and that

these women also have impaired FAS-FAS-L systems due to

abnormal FAS-L expression. This finding is biologically plausi-

ble, but further studies are needed to confirm these results. In addi-

tion, the correlation between genotype and expression requires

further investigation. Future research should not only investigate

other SNPs but also test other protocols to evaluate expression.

Figure 1. Normalized mRNA expression values for the FAS and FAS-L genes in the RPL and control groups. mRNA, messenger RNA; RPL,
recurrent pregnant loss.

Figure 2. Normalized mRNA expression values for the FAS and FAS-L genes and the FAS-670 and FAS-L-844 genotypes, respectively. mRNA,
messenger RNA.
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