
Autoimmunity Reviews 15 (2016) 638–643

Contents lists available at ScienceDirect

Autoimmunity Reviews

j ourna l homepage: www.e lsev ie r .com/ locate /aut rev
Short communication
Human leukocyte antigen (HLA) DQ2/DQ8 prevalence in recurrent
pregnancy loss women
Silvia D'Ippolito a, Antonio Gasbarrini b, Roberta Castellani a, Sandro Rocchetti c, Leuconoe Grazia Sisti d,
Giovanni Scambia a, Nicoletta Di Simone a,⁎
a Department of Obstetrics and Gynecology, Università Cattolica Del Sacro Cuore, A. Gemelli Universitary Hospital, Largo Francesco Vito 1, 00168 Rome, Italy
b Department of Internal Medicine, Università Cattolica Del Sacro Cuore, A. Gemelli Universitary Hospital, Largo Francesco Vito 1, 00168 Rome, Italy
c Institute of Clinical Biochemistry, Università Cattolica del Sacro Cuore, A. Gemelli Universitary Hospital, Largo Francesco Vito 1, 00168 Rome, Italy
d Institute of Public Health, Università Cattolica Del Sacro Cuore, Largo Francesco Vito 1, 00168 Rome, Italy
⁎ Corresponding author at: Department of Obstetric
Cattolica Del Sacro Cuore, A. Gemelli Universitary Hosp
00168 Rome, Italy. Tel.: +39 06 30157359-0630154826;

E-mail addresses: silviadippolito@yahoo.it (S. D'Ippolito
(A. Gasbarrini), castellani.roberta@libero.it (R. Castellani),
sandro.rocchetti@policlinicogemelli.it (S. Rocchetti), leucon
giovanni.scambia@policlinicogemelli.it (G. Scambia),
nicoletta.disimone@policlinicogemelli.it, nicoletta.disimone@

http://dx.doi.org/10.1016/j.autrev.2016.02.009
1568-9972/© 2016 Published by Elsevier B.V.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 2 February 2016
Accepted 8 February 2016
Available online 13 February 2016

Handling Editor: Yehuda Shoenfeld
Objective: Over the last few years, medical scholars have reported the significant association between recurrent
pregnancy loss (RPL) and celiac disease (CD). Various pathogenic mechanisms underlying the pregnancy failure
in CD have been suggested: among them the ability of anti-transglutaminase antibodies to impair the trophoblast
invasiveness and endometrial endothelial cells differentiation and disrupt early placentation. CD shows a com-
plex non-Mendelian pattern of inheritance, involvingmajor histocompatibility complex (MHC) genes. The stron-
gest effects aremapped to the classical human leukocyte antigen (HLA)-DQA1 andHLA-DQB1 genes. Specifically,
the commonhaplotypes DQ2.5, DQ2.2, andDQ8have been shown to increase CD risk by six-fold on average.MHC
region contains genes with immunological functions and is responsible for the strongest association signals ob-
served in most immune-mediated diseases. The aim of our study was to investigate the prevalence of the HLA-
DQ2/DQ8 haplotypes in RPL, outside of CD.
Methods: The study population included women with history of RPL (≥3 spontaneous pregnancy losses) and
women with at least two previous uncomplicated term pregnancies (control group, CTR). All women gave
their informed consent to use their data for research purposes.
Results: 97 RPLwomen and 55 CTRwere considered in the study.Mean age of the RPL samplewas 37.7 (standard
deviation, SD, 3.0;min 27;max 39).Mean age of the control groupwas 35.6 (SD 3.0;min 26 years;m,max 38). A
significantly increased prevalence of HLA-DQ2/DQ8 haplotype positivity was found in RPL population compared
to control women (52.6% vs 23.6%; p b 0.01).
Conclusions:Our observations show for the first time a higher proportion of individuals HLA DQ2/DQ8 positive in
women with RPL as compared to controls (and to general population estimates). Further studies are needed to
better understand (i) the possible pathogenicmechanism to this observation; (ii) the clinical and therapeutic im-
plications of our observation in order to provide a new approach to RPL couples.

© 2016 Published by Elsevier B.V.
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1. Introduction

Recurrent pregnancy loss (RPL) is historically defined as three ormore
subsequent spontaneous pregnancy losses [1]. In 2012, the American So-
ciety for Reproductive Medicine Practice Committee formalized the defi-
nition slightly differently—the Society defined RPL as “the subsequent
occurrence of two or more clinically (i.e., pregnancies documented by
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ultrasonography or histopathological examination) failed pregnancies”
[2]. This difference may have implications mainly for clinical research
studies rather than for clinical practice. Indeed, the risk of another preg-
nancy loss after two miscarriages is only slightly lower than that of
women with three or more spontaneous abortions (24%–29% vs 31%–
33%); furthermore, no significant difference has been found when exam-
ining test results related to two or more prior losses [3,4].

RPL occurs in about 2–3% of clinically diagnosed pregnancies of
reproductive-agedwomen. At present, accepted etiologies for RPL include
parental chromosomal abnormalities, untreated hypothyroidism, uncon-
trolled diabetes mellitus, certain uterine anatomic abnormalities,
antiphospholipid antibody syndrome, heritable and/or acquired
thrombophilias, infections, and environmental factors [5–10]. In addition,
an increased risk of auto- and cellular immune abnormalities, such as an
increased positivity for anti-nuclear (ANA) and/or -thyroid antibodies
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have been observed in RPL women [5,11–13]. After evaluation for these
causes, approximately 40% of all cases of RPL lack of an associated factor.
This group of cases represents, to date, the challenge for researchers.

Over the last few years, medical scholars have examined the relation-
ship between RPL and celiac disease (CD), one of the most common in-
flammatory disorders of the small intestine affecting up to 1% of
individuals in Western populations [14–16]. In particular, our recent
meta-analysis has reported an odds ratio (OR) value for CD of 5.82
(95% CI 2.30–14.74) for women experiencing recurrent miscarriage as
well as a higher risk of miscarriage in celiac patients, bearing a relative
risk (RR) of 1.39 (95% CI 1.15–1.67) [14]. The pathogenicmechanism un-
derlying the pregnancy failure in CD is not well understood. Beyond the
nutrient deficiency, which can be found in celiac patients and character-
ized by the lack of elements like zinc, selenium, and folic acid, the ability
of anti-transglutaminase antibodies to impair trophoblast invasiveness
and endometrial endothelial cells differentiation has been suggested as
a possible disruptor of early placentation [15,16].

In celiac patients beyond the ingestion of gluten, which certainly
represents the environmental trigger, the genetic predisposition strong-
ly contributes to the development of the disease [17,18]. Studies on sib-
lings confirmed a concordance of around 80% inmonozygotic twins, less
than 20% among dizygotic twins, and a risk for a patient's siblings to de-
velop a CD around 20–60, as confirmed by familial aggregation studies
[19–23]. The major histocompatibility complex (MHC) gene region is
the main genetic factor in the disease development, with the strongest
effects mapped to the classical human leukocyte antigen (HLA)-DQA1
and HLA-DQB1 genes. Specifically, the common haplotypes DQ2.5,
DQ2.2, and DQ8 have been shown to increase disease risk by six-fold
on average [24–26]. Approximately 25% of the general Caucasian popu-
lation is HLA-DQ2/DQ8. From these genetically susceptible individuals,
only 4% develop CD [16,27].

Given these premises, we aimed at studying the prevalence of HLA-
DQ2/DQ8 positivity in RPL women, outside of CD. The observation of a
possible correlation between HLA-DQ2/DQ8 haplotype positivity and
RPL, if confirmed by further studies, including larger number of
women, might suggest new diagnostic and therapeutical approaches
for RPL women.

2. Materials and methods

2.1. Patients

The study population included women with history of RPL and
women with previous uncomplicated term pregnancies (control
group). RPL and control group women were recruited over a period of
6 months (from January to June 2015) at the Recurrent Pregnancy
Loss Outpatient Clinic and the Gynecology Outpatient Clinic, respective-
ly, at the Department of Obstetrics and Gynecology, A. Gemelli
Universitary Hospital, Rome, Italy. RPL women have had three or
more subsequent early (b10weeks of gestation) spontaneous pregnan-
cy losses clinically documented by ultrasonography and/or histopathol-
ogy examination. Control group included women with at least two
previous uncomplicated term pregnancies. The inclusion criteria for
both groups were as follows: Caucasian, age b 39 years, healthy, regular
ovulatory cycles (28–32 days), normal endocrine profile, normal serum
levels of follicle-stimulating hormone (FSH b 10 mIU/ml), luteinizing
hormone (LH b 10 mIU/ml), and anti-mullerian hormone
(AMH N 2 ng/ml) on day 3 of the menstrual cycle, normal serum
levels of total immunoglobulin (Ig) G and IgA, absence of gastrointestinal
symptoms, absence of a prior diagnosis of CD [28]. In order to
investigate the presence of a possible association between
the HLA status and the presence of antibody positivity, the anti-thyroid
(-thyroglobulin/-thyroid peroxidase), -cardiolipin, -β2 glicoprotein I
(β2GPI), -prothrombin, -nuclear, -transglutaminase, -endomysium, and
-gliadin antibody positivity was also performed. The autoantibody
positivity was confirmed on two or more occasions at least 12 weeks
apart. Screening for autoimmunity was performed after at least 8 weeks
apart the last miscarriage.

The presence of thrombophilic defects including activated protein C
resistance/factor V G1691Amutation, prothrombin G20210A mutation,
protein C, protein S and/or antithrombin III deficiency, lupus anticoagu-
lant, hyperomocisteinemia was recorded.

All women gave their informed consent to use, anonymously, their
data for research purposes, and the protocol was approved by the ethics
committee of A. Gemelli Universitary Hospital, Università Cattolica del
Sacro Cuore, Rome, Italy.

2.2. Sample collection and analysis

Peripheral blood was collected in ethylene-diamino-tetra-acetic
(EDTA) tubes from RPL and control women. HLA-DQ2/DQ8 analysis was
performed, after amplification of human DNA isolated from peripheral
blood, by real-time polymerase chain reaction following the
manufacturer's instructions (XeliGen RT, Eurospital SpA, Italy). Briefly,
PCR with sequence-specific primer tested for the following alleles:
DQA1*01, DQA1*0201, DQA1*03, DQA1*05, DQA1*06, DQB1*02,
DQB1*0301/03, DQB1*0301/04, DQB1*0302, DQB1*0305, and DQB1*04.
The following DR alleles were typed in order to determine the presence
of DQ/DR haplotypes: DRB1*03, DRB1*04, DRB1*07, DRB1*11. DQ2 posi-
tivity was defined as DQA1*05 in cohort with DQB2*02 (DQ2.5), or
DQA1*0201 (DQ2.2)/DQA1*03 (DQ2.3) with B1*02. DQ8 positivity was
defined as DQA1*03 with DQB1*0302.

Anti-thyroglobulin and -thyroperoxidase antibodies were tested by
chemiluminescence immunoassay (CMIA method, ADVIA Centaur XP
Siemens Healthcare, Italy). Anti-cardiolipin and -β2GPI antibodies
were tested by using a specific chemiluminescence immunoassay
(Zenit Autoimmunity, Menarini Diagnostics, Italy). Screening for ANA
was performed by indirect immunofluorescence assay using a commer-
cially available kit (Eurospital SpA, Italy).

2.3. Statistical analysis

Means and standard deviation (SD) were used to describe quan-
titative variables whereas absolute and relative frequencies were
employed for categorical ones. Pearson chi-square and Fisher's
exact tests were used to compare HLA DQ2/DQ8 positivity in patients
and healthy controls and to evaluate the association between HLA
DQ2/DQ8 and antibody positivity in patients with N3 recurrent preg-
nancy loss.

3. Results

One hundred four women with RPL history and fifty-five control
womenwere recruited from the RPL Outpatient Clinic and the Gynecol-
ogy Outpatient Clinic, A. Gemelli Universitary Hospital, respectively.
Women showing a repeated positivity (on two or more occasions at
least 4 weeks apart) for anti-transglutaminase, -endomisium, and
-gliadin antibody were sent to gastroenterologist and subsequent biop-
sy: 7 RPLwomen (6.7%)were newly diagnosedwith CD [17,18], exclud-
ed from the study and, after sending to gastroenterologist, treated with
gluten-free diet. No newly diagnosed cases of CDwere found in the con-
trol group. Mean age of RPL women (n = 97) was 37.7 years of age
(minimum27 years, maximum39 years, SD=3.0).Mean age of control
group was 35.6 years of age (minimum 26 years, maximum 39 years,
SD = 3.0; Table 1).

HLA DQ2/DQ8 positivity was found in 52.6% out of 97 RPL women
and in 23.6% out of 55 controls (p b 0.01; Fig. 1). The odds ratio for
HLA DQ2/DQ8 was 3.6 for patients in respect to controls (IC 95%;
1.71–7.65).

The percentage of patients having positivity for HLA DQ2/DQ8,
anti –thyroglobulin/thyroid peroxidase (n = 27; 27.8%), -nuclear
(n = 39; 40.2%), -cardiolipin (n = 9; 9.2%), -β2GPI (n = 9; 9.2%)



Table 2
Analysis of association between anti-thyroid, -cardiolipin, -nuclear, β2 glycoprotein 1, -
protrombin antibody positivity, and HLA DQ2/DQ8 status.

HLA DQ2/DQ8
positive

HLA DQ2/DQ8
negative

p

Anti-thyroid antibody
Positive 15 (31.9%) 11 (23.9%) 0.39
Negative 32 (68.1%) 35 (76.1%)

Anti-nuclear antibody
Positive 26 (55.3%) 10 (23.3%) b0.01⁎

Negative 21 (44.7%) 33 (76.7%)
Anti-cardiolipin antibody

Positive 4 (9.3%) 3 (7.3%) 1.00ξ

Negative 39 (90.7%) 38 (92.7%)
Anti-β2 glycoprotein 1 Antibody

Positive 5 (12.2%) 2 (5.1%) 0.43ξ
Negative 36 (87.8%) 37 (94.9%)

Anti-prothrombin antibody
Positive 1 (2.7%) 5 (14.3%) 0.10ξ
Negative 36 (97.3%) 30 (85.7%)

ξ Fisher's exact test.
⁎ Statistical significance: p b 0.05.

Table 1
Characteristics of women included in the study.

Characteristics of women Control group
(n = 55)

RPL group
(n = 97)

P value

Age (years) + SD 35.6 (26–39) 37.7 (27–39) Ns
BMI (kg/m2) 24.1

(19.31–29.5)
24.72
(17.96–26.23)

Ns

Smoking status, n (%) 25 (45.4%) 20 (20.6%) b0.05⁎

Primary aborters (n; %) Na 65 (67.0%) –
Secondary aborters (n; %) Na 32 (33%) –
Three previousmiscarriages (%) Na 44 (45.3%) –
Four previous miscarriages (%) Na 37 (38.1%) –
Five previous miscarriages (%) Na 16 (16.5%) –

⁎ Statistical significance: p b 0.05.

640 S. D'Ippolito et al. / Autoimmunity Reviews 15 (2016) 638–643
and -prothrombin (n= 8; 8.2%) was recorded. No statistically signif-
icant association was observed between anti-thyroglobulin, -thyroid
peroxidase, -cardiolipin, -β2GPI, -prothrombin antibody positivity
and HLA DQ2/DQ8 status. Statistically significant association was ob-
served between ANA and HLA DQ2/DQ8 positivity. In particular, HLA
DQ2-DQ8 positive women showed a 4.1 times higher probability of
having ANA positivity (55.3%) with respect to HLA DQ2/DQ8 nega-
tive women (23.3%; odds ratio 4.1; IC 95% [1.63–10.38]) (Table 2).
HLA DQ2/DQ8 positive women sent to gastroenterologist and in-
formed of the significance of the HLA-DQ2/DQ8 positive result asso-
ciated to an increased “susceptibility to CD” [17,18].
4. Discussion

In the present study, we observed a significantly increased preva-
lence of HLA-DQ2/DQ8 positivity in RPL population compared to control
women. HLA DQ2/DQ8 haplotypes codify for the DQ2/DQ8 proteins,
HLA class II molecules with an important role in the presentation of
disease-related peptides to T lymphocytes [29]. In particular, in celiac
patients, both proteins are responsible for the presentation of immuno-
genic gluten peptides to DQ2/DQ8-restricted CD4+ T cells. Once acti-
vated, CD4+ T enhance a complex immune response that involves
both the innate and the adaptive immune system, with increased pro-
duction of interferon (IFN) γ, tumor necrosis factor (TNF) α, and auto-
antibodies like anti-transglutaminase, -endomysium, and -gliadin
antibodies; this process will eventually determine the disruption of
tight junctions in the intestinal epithelium [29–31] (Fig. 2). In parallel,
gluten peptides are able to induce the expression of interleukin (IL)
15, which promotes the infiltration of CD8+ intraepithelial lympho-
cytes (IELs). Both these mechanisms—epithelial tight junction
CTR 
(n=55)

HLA DQ2/DQ8+

n (%) 13 
(23.6%)

0% 50%

CTR

RPL

Fig. 1. Prevalence of HLA-DQ2/DQ8 positivity in Recurrent Pregnancy Lo
disruption and apoptosis—lead to the villous atrophy and also render
the epithelium more permeable, thereby facilitating access of gluten
and propagation of the disease. In the continued presence of dietary glu-
ten, a state of chronic inflammation persists [29–32].

According to a recent meta-analysis, combining data from case–
control and cohort studies, women with RPL have a nearly 6-fold in-
creased risk of being affected from CD compared with the general
population (OR 5.82, 95% CI 2.30–14.74). Conversely, celiac patients
show an increased risk of miscarriage with an RR of 1.39 (95% CI
1.15–1.67) [14]. Several pathogenic mechanisms have been advocat-
ed to explain the poor pregnancy outcome. Among them the ability
of anti-transglutaminase IgG isolated from sera of untreated celiac
patients to bind with both the trophoblast and the endometrial en-
dothelial cells, which represent the fetal and the maternal side of
the human placenta, respectively. Consequently, they impair tropho-
blast invasiveness, through an apoptotic mechanism, and inhibit an-
giogenesis, by disrupting the F-actin cytoskeleton and themembrane
fluidity/adhesiveness/migration [33,34].

Several lines of evidence suggest that the imbalanced response be-
tween pro-inflammatory and anti-inflammatory cytokines during
early pregnancy may constitute a possible mechanism contributing to
the pathogenesis of spontaneous abortion. Indeed abnormal activation
of endometrial innate immunity by means of inflammosome, increased
RPL 
(n=97)

P value

51
(52.6%)

<0.01

HLA DQ2/DQ8-

HLA DQ2/DQ8+

100%

ss (RPL) and control (CTR) women. *Statistical significance: p b0.05.
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levels of pro-inflammatorymolecules like TNF-α, INF-γ, interleukin (IL)
6, IL-10, and inflammatory leukocytes are reported in women with RPL
compared to women with normal pregnancy [35-38]. Given the ability
of the dietary gluten to favor a chronic intestinal inflammation, it could
be suggested that such a conditionmight favor a systemic inflammatory
state unfavorable during early pregnancy. In addition, RPL is associated
with certain autoimmune diseases, most notably antiphospholipid syn-
drome, CD, ANA, and/or anti-thyroid antibodies positivity [5,11–13,
39-49]. Again, this suggests that abnormalities in the maternal immune
response may negatively impact the pregnancy outcome. However, the
mechanisms linking immune disorders to RPL remain obscure.

It is now accepted that the alleles encoding HLA-DQ2, specifically,
HLA-DQ2.5 (DQA1*05 and DQB1*02) are expressed in around 90% of CD
patients. Most of the remaining patients (without HLA-DQ2.5) carry the
alleles encoding HLA-DQ8 molecules (DQA1*03 and DQB1*03:02 alleles)
[50-52]. In almost all CD patients who carry neither HLA-DQ2.5 nor HLA-
DQ8, one of the two alleles encoding HLA-DQ2.5 is present: most com-
monly DQB1*02 (HLA-DQ2.2) and in a minority of cases, DQA1*05
(HLADQ7.5) [51]. The genetic risk conferred by these describedMHC var-
iants ranges from the highest influence of HLA-DQ2.5 to the “apparent”
Tight
junction
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Lamina propria TG2

Immunogenic
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APC

HLA DQ2
or

DQ8
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Humoral
response

B cell

B cell

Expansi
DQ2 restric

Cell mediated
Th1 responses

IFN-γ, TNF-α

IL-15

INTESTINAL BARRIER

Fig. 2. Adaptive and innate immune responses to gluten in celiac disease (Mofidied by Ref. 32). In
propria of intestinal barrier. Subsequently they are deamidated by tranglutaminase 2 (TG2)
enables the transclocation of the antigen on the surface of antigen-presenting cells (APC) a
activation and clonal expansion. Activated T cells finally mediate the humoral response (l
endomysial, -transglutaminase and -gliadin antibodies) as well as the cell-mediated Th1 resp
(IFN-γ) and Tumor Necrosis Factor-α (TNF-α), disrupts intestinal tight junction integrity. I
enterocytes, inducing expression of Interleukin-15 (IL-15). IL-15 both promotes the infiltratio
Th1 response. IELs target enterocytes for killing via apoptosis, causing destruction of the ep
junction disruption renders the epithelium more permeable, thereby facilitating access of glu
inflammation persists. TCR, T cell receptor.
nil effect assigned to HLA-DQ7.5 [24]. CD development in HLA-DQ2-
and -DQ8-negative individuals is extremely rare [17,53].

Nevertheless, theHLA-DQ2/DQ8 positivity is a necessary but not suf-
ficient condition for the development of CD. Indeed, even if HLA-DQ2/
DQ8genotype is present in roughly 25–30% of the caucasian individuals,
only ~4% of them develop CD [50-52]. In clinical practice, this suscepti-
bility test is important mainly for its high negative predictive value
(close to 100%) since the absence of the above-listed HLA molecules
makes the onset of CD unlikely [55,56]. Furthermore, it is considered a
non-invasivemethod in those cases of ambiguous findings from intesti-
nal mucosa, of negative serum antibodies or when the patient has
started a gluten-free diet before the diagnosis of CD is confirmed.

Recent insights are showing that the most of the chromosome re-
gions associated with CD predisposition contain genes with immuno-
logical functions and are responsible for the strongest association
signals observed inmost immune-mediated diseases [17,57, 58]. For ex-
ample, DQ2/DQ8 have also been associated with diseases such as
insulin-dependent diabetes mellitus and Hashimoto's thyroiditis [59,
60]. This evidence suggests that certain chromosomal regions may
confer predisposition to multiple immune-related disorders, thereby
Gluten-specific antibodies

TG2-specific autoantibodies

on of gluten-specific, 
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Increased
permeability and 
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celiac patients, after digestion of gluten, immunogenic gluten peptides access the lamina
and loaded onto Human Leucocyte Antigen (HLA) DQ2 or DQ8 proteins. This binding
nd its presentation to gluten-specific, DQ2/DQ8-restricted CD4+ T cells, causing their
eading to the B lymphocyte response and the production of autoantibodies like anti-
onse, which, through the secretion of pro-inflammatory cytokines such as Interferon- γ
n parallel, innate peptides act through unknown mechanisms as a stress signal toward
n of CD8+ intraepithelial lymphocytes (IELs) into the epithelium and also influences the
ithelial layer, and villous flattening. The combination of enterocyte apoptosis and tight
ten and propagation of the disease. In the continued presence of dietary gluten, chronic
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supporting the idea that a shared group of genes contribute to a spec-
trum of immune diseases [57]. In the present study, we aimed at inves-
tigating the prevalence of HLA-DQ2/DQ8 in RPL women, outside of CD.
To this end, we compared RPL with healthy control women with previ-
ous uncomplicated pregnancies. Compared to controls, we found a sig-
nificant increased prevalence of HLA-DQ2/DQ8 positivity in RPL group
(52.6% vs 23.6%), with a 3.6 times higher odds of DQ2/DQ8 positivity.
To date, we are not able to explain such preliminary observation. We
suggest that HLA-DQ2/DQ8 haplotype positivity as a genetically preva-
lent condition in RPLwomen,whichmight be associated to an increased
risk of immune disturbances. Whether a similar mechanism to that of
CD can be linked to this obstetric complication needs to be investigated.
We are aware that this model might appear a simplification of all the
complexmechanisms underlying RPL; however, our results draw atten-
tion to a statistically significant association between HLA-DQ2/DQ8 and
ANA positivity in RPL women. We previously reported a significantly
higher prevalence of ANA positivity in RPL women compared to control
(~50% vs 8.3%–27%). ANA are a group of autoantibodies found both in
the serum of patients with autoimmune and rheumatic diseases and
in the general population. As serological markers, ANA show diagnostic
and prognostic significance,while their clinical utility in normal individ-
uals is still unclear (prevalence from 3.8% to 12.8%): while many sero-
logically positive individuals will never develop an autoimmune
disease, others may be in a pre-autoimmune state [61].

In conclusion, we assessed the frequencies of haplotypes HLA-DQ2/
DQ8 in RPL and control women. Our findings show for the first time
that the HLA-DQ2/DQ8 alleles by themselves, outside of CD, are found
more frequently in RPL women. The pathogenic, diagnostic, and
therapeutical implications of such preliminary results need to be inves-
tigated. We may suggest as a possible pathogenic link that HLA-DQ2/
DQ8 positivity, in presence of exogenous still unknown stimuli, may
favor an immune condition with detrimental effects during early stages
of pregnancy. Further studies based on larger number of women are
needed to confirm our observations.
Take home messages

• It is now well accepted the significant association between recurrent
pregnancy loss women (RPL) and celiac disease (CD).

• CD shows a complex non-Mendelian pattern of inheritance, involving
major histocompatibility complex (MHC) genes. The common haplo-
types DQ2.5, DQ2.2, and DQ8 have been shown to increase CD risk by
six -fold on average.

• Approximately 25% of the general Caucasian population is HLA-DQ2/
DQ8. From these genetically susceptible individuals, only 4% develop
CD.

• Our observations show for the first time a higher proportion of indi-
viduals HLA DQ2/DQ8 positive in women with RPL as compared to
controls (52.6% vs 23.6%; p 0.01), in the absence of diagnosis of CD.

• To date, we are not able to explain such preliminary observation. We
suggest that HLA-DQ2/DQ8 haplotype positivity as a genetically prev-
alent condition in RPL women, which might be associated to an in-
creased risk of immune disturbances. Whether a similar mechanism
to that of CD can be linked to this obstetric complication needs to be
investigated.

• Wemay suggest as a possible pathogenic link that HLA-DQ2/DQ8 pos-
itivity, in presence of exogenous still unknown stimuli, may favour an
immune condition with detrimental effects during early stages of
pregnancy. Further studies based on larger number of women are
needed to confirm our observations.
Conflict of interest

Non conflict of interest to declare.
References

[1] Brezina PR, Kutteh HW. Classic and cutting-edge strategies for the management of
early pregnancy loss. Obstet Gynecol Clin North Am 2014;41:1–18.

[2] The Practice Committee of the American Society for Reproductive Medicine. Evalua-
tion and treatment of recurrent pregnancy loss: a committee opinion. Fertil Steril
2012;98:1103–11.

[3] Stirrat GM. Recurrent miscarriage. Lancet 1990;336:673–5.
[4] Kutteh WH. Novel strategies for the management of recurrent pregnancy loss.

Semin Reprod Med 2015;33:161–8.
[5] Twig G, Shina A, Amital H, Shoenfeld Y. Pathogenesis of infertility and recurrent

pregnancy loss in thyroid autoimmunity. J Autoimmun 2012;38:J275–81.
[6] D'Ippolito S, Meroni PL, Koike T, Veglia M, Scambia G, Di Simone N. Obstetric

antiphospholipid syndrome: a recent classification for an old defined disorder.
Autoimmun Rev 2014;13:901–8.

[7] Carp HJ, Selmi C, Shoenfeld Y. The autoimmune bases of infertility and pregnancy
loss. J Autoimmun 2012;38:J266–74.

[8] Jaslow CR. Uterine factors. Obstet Gynecol Clin North Am 2014;41:57–86.
[9] Christiansen OB, Nybo Andersen AM, Bosch E, Daya S, Delves PJ, Hviid TV, Kutteh

WH, Laird SM, Li T, van der Ven K. Evidence-based investigations and treatments
of recurrent pregnancy loss. Fertil Steril 2005;83:821–39.

[10] Sen A, Kushnir VA, Barad DH, Gleicher N. Endocrine autoimmune diseases and fe-
male infertility. Nat Rev Endocrinol 2013.

[11] Ticconi C, Rotondi F, Veglia M, Pietropolli A, Bernardini S, Ria F, et al. Antinuclear au-
toantibodies in women with recurrent pregnancy loss. Am J Reprod Immunol 2010;
64:384–92.

[12] Ticconi C, Giuliani E, Veglia M, Pietropolli A, Piccione E, Di Simone N. Thyroid auto-
immunity and recurrent miscarriage. Am J Reprod Immunol 2011;66:452–9.

[13] Gleicher N. Maternal autoimmunity and adverse pregnancy outcomes. J Autoimmun
2014;50:83–6.

[14] Tersigni C, Castellani R, deWaure C, Fattorossi A, De Spirito M, Gasbarrini A, et al. Ce-
liac disease and reproductive disorders: meta-analysis of epidemiologic associations
and potential pathogenic mechanisms. Hum Reprod Update 2014;20:582–93.

[15] Saccone G, Berghella V, Sarno L, Maruotti GM, Cetin I, Greco L, et al. Celiac disease
and obstetric complications: a systematic review and meta-analysis. Am J Obstet
Gynecol 2015 (pii: S0002-9378(15)01194–1).

[16] Green PH, Cellier C. Celiac disease. N Engl J Med 2007;357:1731–43.
[17] Dieli-Crimi R, Cénit MC, Núñez C. The genetics of celiac disease: a comprehensive re-

view of clinical implications. J Autoimmun 2015;64:26–41.
[18] Tollefsen S, Arentz-Hansen H, Fleckenstein B, Molberg O, Ráki M, Kwok WW, et al.

HLA-DQ2 and -DQ8 signatures of gluten T cell epitopes in celiac disease. J Clin Invest
2006;116:2226–36.

[19] Greco L, Romino R, Coto I, Di Cosmo N, Percopo S, Maglio M, et al. The first large pop-
ulation based twin study of coeliac disease. Gut 2002;50:624e628.

[20] Nisticò L, Fagnani C, Coto I, Percopo S, Cotichini R, Limongelli MG, et al. Concordance,
disease progression, and heritability of coeliac disease in Italian twins. Gut 2006;55:
803–8.

[21] Risch N. Assessing the role of HLA-linked and unlinked determinants of disease. Am J
Hum Genet 1987;40(1):1–14.

[22] Petronzelli F, Bonamico M, Ferrante P, Grillo R, Mora B, Mariani P, et al. Genetic con-
tribution of the HLA region to the familial clustering of coeliac disease. Ann Hum
Genet 1997;61:307–17.

[23] Bevan S, Popat S, Braegger CP, Busch A, O'Donoghue D, Falth-Magnusson K, et al.
Contribution of the MHC region to the familial risk of coeliac disease. J Med Genet
1999;36:687–90.

[24] Gutierrez-Achury J, Zhernakova A, Pulit SL, Trynka G, Hunt KA, Romanos J, et al. Fine
mapping in the MHC region accounts for 18% additional genetic risk for celiac dis-
ease. Nat Genet 2015;47:577–8.

[25] Liu E, Lee HS, Aronsson CA, Hagopian WA, Koletzko S, Rewers MJ, et al. Risk of pedi-
atric celiac disease according to HLA haplotype and country. N Engl J Med 2014;371:
42–9.

[26] Romanos J, van Diemen CC, Nolte IM, Trynka G, Zhernakova A, Fu J, et al. Analysis of
HLA and non-HLA alleles can identify individuals at high risk for celiac disease. Gas-
troenterology 2009;137:834–40.

[27] Tjon JM, van Bergen J, Koning F. Celiac disease: how complicated can it get? Immu-
nogenetics 2010;62:641–51.

[28] Elli L, Branchi F, Tomba C, Villalta D, Norsa L, Ferretti F, et al. Diagnosis of gluten re-
lated disorders: celiac disease, wheat allergy and non-celiac gluten sensitivity.
World J Gastroenterol 2015;21:7110–9.

[29] Petersen J, Montserrat V, Mujico JR, Loh KL, Beringer DX, van Lummel M, et al. T-cell
receptor recognition of HLA-DQ2-gliadin complexes associated with celiac disease.
Nat Struct Mol Biol 2014;21:480–8.

[30] Kim CY, Quarsten H, Bergseng E, Khosla C, Sollid LM. Structural basis for HLA-DQ2-
mediated presentation of gluten epitopes in celiac disease. Proc Natl Acad Sci U S
A 2004;101:4175–9.

[31] Molberg O, Lundin KE, Nilsen EM, Scott H, Kett K, Brandtzaeg P, et al. HLA restriction
patterns of gliadin- and astrovirus-specific CD4+ T cells isolated in parallel from the
small intestine of celiac disease patients. Tissue Antigens 1998;52:407–15.

[32] Bethune MT, Khosla C. Parallels between pathogens and gluten peptides in celiac
sprue. PLoS Pathog 2008;4:e34.

[33] Di Simone N, Silano M, Castellani R, Di Nicuolo F, D'Alessio MC, Franceschi F, et al.
Anti-tissue transglutaminase antibodies from celiac patients are responsible for tro-
phoblast damage via apoptosis in vitro. Am J Gastroenterol 2010;105:2254–61.

[34] Di SimoneN, De SpiritoM, DiNicuolo F, Tersigni C, Castellani R, SilanoM, et al. Poten-
tial new mechanisms of placental damage in celiac disease: anti-transglutaminase
antibodies impair human endometrial angiogenesis. Biol Reprod 2013;89:88.

http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0005
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0005
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0010
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0010
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0010
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0015
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0020
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0020
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0025
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0025
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0030
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0030
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0030
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0035
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0035
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0040
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf8115
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf8115
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf8115
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0045
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0045
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0050
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0050
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0050
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0055
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0055
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0060
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0060
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0065
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0065
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0065
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0070
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0070
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0070
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0075
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0080
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0080
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0085
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0085
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0085
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0090
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0090
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0095
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0095
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0095
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0100
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0100
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0105
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0105
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0105
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0110
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0110
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0110
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0115
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0115
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0115
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0120
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0120
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0120
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0125
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0125
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0125
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0130
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0130
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0135
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0135
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0135
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0140
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0140
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0140
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0145
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0145
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0145
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0150
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0150
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0150
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0150
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf9000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf9000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0155
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0155
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0155
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0160
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0160
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0160


643S. D'Ippolito et al. / Autoimmunity Reviews 15 (2016) 638–643
[35] D'Ippolito S, Tersigni C, Marana R, Di Nicuolo F, Gaglione R, Rossi ED, Castellani R,
Scambia G, Di Simone N. Inflammosome in the human endometrium: further step
in the evaluation of the “maternal side”. Fertil Steril 105:111–118.e4.

[36] Quenby S, Bates M, Doig T, Brewster J, Lewis-Jones DI, Johnson PM, et al. Pre-
implantation endometrial leukocytes in women with recurrent miscarriage. Hum
Reprod 1999;14:2386–91.

[37] Banerjee P, Jana SK, Pasricha P, Ghosh S, Chakravarty B, Chaudhury K. Proinflamma-
tory cytokines induced altered expression of cyclooxygenase-2 gene results in unre-
ceptive endometrium inwomen with idiopathic recurrent spontaneousmiscarriage.
Fertil Steril 2013;99:179–87.

[38] Tsur Abraham, Hughes Grant C, Shoenfeld Yehuda, Carp Howard. Interdisciplinary
exchange of ideas: progestogens for autoimmunity, biologics for pregnancy compli-
cations. Immunol Res 2015;61:31–4.

[39] Gleicher N, Weghofer A, Barad DH. Cutting edge assessment of the impact
ofautoimmunity on female reproductive success. J Autoimmun 2012;38, J74e80.

[40] Matsubayashi H, Arai T, Izumi S, Sugi T, McIntyre JA, Makino T. Anti-annexin V anti-
bodies in patients with early pregnancy loss or implantation failures. Fertil Steril
2001;76:694–9.

[41] Blank M, Shoenfeld Y. Antiphosphatidylserine antibodies and reproductive failure.
Lupus 2004;13:661–5.

[42] von Landenberg P, Matthias T, Zaech J, Schultz M, Lorber M, Blank M, et al.
Antiprothrombin antibodies are associated with pregnancy loss in patients with
the antiphospholipid syndrome. Am J Reprod Immunol 2003;49:51–6.

[43] Inagaki J, Matsuura E, Nomizu M, Sugiura-Ogasawara M, Katano K, Kaihara K, et al.
IgG anti-laminin-1 autoantibody and recurrent miscarriages. Am J Reprod Immunol
2001;45:232–8.

[44] Shoenfeld Y, Blank M. Autoantibodies associated with reproductive failure. Lupus
2004;13:643–8.

[45] Blank M, Krause I, Dotan N, Anafi L, Eisenstein M, Cervera R, et al. Anti-Gal-NAcbeta:
a novel anti-glycan autoantibody associated with pregnancy loss in women with
antiphospholipid syndrome and in a mouse experimental model. J Autoimmun
2012;39:420e7.

[46] Quintero OL, Amador-Patarroyo MJ, Montoya-Ortiz G, Rojas-Villarraga A, Anaya JM.
Autoimmune disease and gender: plausible mechanisms for the female predomi-
nance of autoimmunity. J Autoimmun 2012;38, J109e19.

[47] Østensen M, Andreoli L, Brucato A, Cetin I, Chambers C, Clowse ME, Costedoat-
Chalumeau N, Cutolo M, Dolhain R, Fenstad MH, Förger F, Wahren-Herlenius M,
Ruiz-Irastorza G, Koksvik H, Nelson-Piercy C, Shoenfeld Y, Tincani A, Villiger PM,
Wallenius M, von Wolff M. State of the art: Reproduction and pregnancy in rheu-
matic diseases. Autoimmun Rev 2015;14:376–86.
[48] Alijotas-Reig J, Ferrer-Oliveras R, Ruffatti A, Tincani A, Lefkou E, Bertero MT, Coloma-
Bazan E, de Carolis S, Espinosa G, Rovere-Querini P, Kuzenko A, Valverde EE, Robles
A, Cervera R, Canti V, Fredi M, Gil-Aguado A, Lundelin K, Llurba E, Melnychuk T, Nalli
C, Picardo E, Silvestro E, del Ross T, Farran-Codina I, (EUROAPS Study Group
Collaborators). The European Registry on Obstetric Antiphospholipid Syndrome
(EUROAPS): A survey of 247 consecutive cases. Autoimmun Rev 2015;14:387–95.

[49] Shoenfeld Y. Everything is autoimmune until proven otherwise. Clin Rev Allergy
Immunol 2013;45:149–51.

[50] Spurkland A, Sollid LM, Polanco I, Vartdal F, Thorsby E. HLA-DR and -DQ genotypes
of celiac disease patients serologically typed to be non-DR3 or non-DR5/7. Hum
Immunol 1992;35:188–92.

[51] Margaritte-Jeannin P, Babron MC, Bourgey M, Louka AS, Clot F, Percopo S, et al. HLA-
DQ relative risks for coeliac disease in European populations: a study of the
European genetics cluster on coeliac disease. Tissue Antigens 2004;63:562–7.

[52] DiGiacomo D, Santonicola A, Zingone F, Troncone E, Caria MC, Borgheresi P, et al.
Human leukocyte antigen DQ2/8 prevalence in non-celiac patients with gastrointes-
tinal diseases. World J Gastroenterol 2013;19:2507–13.

[53] Karell K, Louka AS, Moodie SJ, Ascher H, Clot F, Greco L, et al. European genetics clus-
ter on celiac disease. HLA types in celiac disease patients not carrying the DQA1*05-
DQB1*02 (DQ2) heterodimer: results from the European Genetics Cluster on Celiac
Disease. Hum Immunol 2003;64:469–77.

[54] Bourgey M, Calcagno G, Tinto N, Gennarelli D, Margaritte-Jeannin P, Greco L, et al.
HLA related genetic risk for coeliac disease. Gut 2007;56:1054–9.

[55] Wolters VM,Wijmenga C. Genetic background of celiac disease and its clinical impli-
cations. Am J Gastroenterol 2008;103:190–5.

[56] May-Ling Tjon J, van Bergen J. Koning F. Immunogenetics 2010;62:641–51.
[57] Zhernakova A, van Diemen CC,Wijmenga C. Detecting shared pathogenesis from the

shared genetics of immune-related diseases. Nat Rev Genet 2009;10:43–55.
[58] Cenit MC, Olivares M, Codoñer-Franch P, Sanz Y. Intestinal microbiota and celiac dis-

ease: cause, consequence or co-evolution? Nutrients 2015;7:6900–23.
[59] Erlich H, Valdes AM, Noble J, Carlson JA, Varney M, Concannon P, et al. HLA DR-DQ

haplotypes and genotypes and type 1 diabetes risk: analysis of the type 1 diabetes
genetics consortium families. Diabetes 2008;57:1084–92.

[60] Kokaraki G, Daniilidis M, Yiangou M, Arsenakis M, Karyotis N, Tsilipakou M, et al.
Major histocompatibility complex class II (DRB1*, DQA1*, and DQB1*) and
DRB1*04 subtypes' associations of Hashimoto's thyroiditis in a Greek population.
Tissue Antigens 2009;73:199–205.

[61] Pisetsky DS. Antinuclear antibodies in rheumatic disease: a proposal for a function-
based classification. Scand J Immunol 2012;76:223–8.

http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0165
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0165
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0165
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0170
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0170
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0170
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0170
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0175
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0175
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0175
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0180
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0180
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0185
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0185
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0185
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0190
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0190
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0195
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0195
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0195
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0200
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0200
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0200
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0205
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0205
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0210
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0210
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0210
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0210
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0215
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0215
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0215
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf8000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf8000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf8000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf8000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf8000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf7000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf7000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf7000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf7000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf7000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf7000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf6000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf6000
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0220
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0220
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0220
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0225
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0225
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0225
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0230
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0230
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0230
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0235
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0235
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0235
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0235
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0240
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0240
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0245
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0245
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0250
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0255
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0255
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0260
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0260
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0265
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0265
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0265
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0270
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0270
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0270
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0270
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0275
http://refhub.elsevier.com/S1568-9972(16)30035-0/rf0275

	Human leukocyte antigen (HLA) DQ2/DQ8 prevalence in recurrent pregnancy loss women
	1. Introduction
	2. Materials and methods
	2.1. Patients
	2.2. Sample collection and analysis
	2.3. Statistical analysis

	3. Results
	4. Discussion
	Take home messages
	Conflict of interest
	References


