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Abstract
Objective: The physiological persistence of fetal cells in the circulation and tissue of a previously pregnant woman is

called fetal cell microchimerism (FCM). It has been hypothesized to play a role in systemic autoimmune disease;

however, only limited data are available regarding its role in autoimmune thyroid disease (AITD).

Design: Circulating FCM was analyzed in a large series of previously pregnant women with Graves’ disease (GD), Hashimoto’s

thyroiditis (HT), or no disease (healthy controls (HCs)). To exclude the possible bias related to placental factors, the

polymorphic pattern of human leukocyte antigen-G (HLA-G) gene, which is known to be involved in the tolerance of fetal

cells by the maternal immune system, was investigated.

Methods: FCM was evaluated by PCR in the peripheral blood, and the Y chromosome was identified by fluorescence in situ

hybridization in some GD tissues. HLA-G polymorphism typing was assessed by real-time PCR.

Results: FCM was significantly more frequent in HC (63.6%) than in GD (33.3%) or HT (27.8%) women (PZ0.0004 and

PZ0.001 respectively). A quantitative analysis confirmed that circulating male DNA was more abundant in HC than it was

in GD or HT. Microchimeric cells were documented in vessels and in thyroid follicles. In neither GD/HT patients nor HC

women was the HLA-G typing different between FCM-positive and FCM-negative cases.

Conclusion: The higher prevalence of FCM in HC as compared to GD and HT patients suggests that it plays a possible

protective role in autoimmune thyroid disorders. Placental factors have been excluded as determinants of the differences

found. The vascular and tissue localization of microchimeric cells further highlights the ability of those cells to migrate

to damaged tissues.
European Journal of

Endocrinology

(2015) 173, 111–118
Introduction
During pregnancy, a bidirectional exchange of cells has

been observed between the fetus and the mother, which

starts between the 4th and 6th weeks of gestation (1).

The passage of cells from the fetus to the mother is called

fetal cell microchimerism (FCM), whereas that occurring

from the mother to the fetus is named maternal cell
microchimerism (MCM). Both fetal and maternal micro-

chimeric cells have been shown to persist in the maternal

circulation or tissue for decades and to have progenitor-

like properties, because they are able to differentiate into

different cell types (2, 3, 4). The most widely used

procedure for evaluating FCM is assessing by PCR the
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presence of male cells in a woman with a previous male

pregnancy. By this and other methods, FCM has been

extensively studied in autoimmune diseases, particularly

systemic ones, because they are more often observed

in females and appear to be modulated by pregnancy (5, 6,

7, 8). As far as autoimmune thyroid disease (AITD) is

concerned, FCM has been documented in Hashimoto’s

thyroiditis (HT) and Graves’ disease (GD) (9, 10, 11, 12,

13). These diseases occur more frequently in women, with

a peak incidence during the fertile age. They appear to be

related to pregnancy and often have a spontaneous

resolution after delivery and an onset or exacerbation in

the postpartum period, although their relation with parity

is still controversial (14, 15, 16). In the few available series,

which include a limited number of cases, FCM was found

to be represented more at the tissue level in HT and GD as

compared to non-AITDs (4, 9, 10, 11, 12, 13, 17). Even at

the peripheral level, scanty and discrepant results have

been reported. In particular, one study that used a

PCR-based technique showed that the number of circulat-

ing fetal microchimeric cells did not differ between GD

and controls (12), whereas another study that used a

fluorescence in situ hybridization (FISH) analysis demon-

strated that a higher number of circulating fetal cells were

found in GD and HT patients as compared to healthy

volunteers (18).

Thus, in the present study, we compared the

prevalence of FCM in two large populations of parous

women with a previous male pregnancy, one including

women affected with GD or HT and the other including

healthy controls (HCs). Moreover, in order to investigate if

possible differences in the prevalence could be the result

of placental factors, we assessed the polymorphic pattern

of the human leukocyte antigen-G (HLA-G) gene. Indeed,

HLA-G molecules are non-classical HLA class I antigens

that are expressed by villous trophoblasts and are involved

in the reprogramming of the local maternal immune

response because they inhibit the activation of decidual

T and NK cells; they have been proposed to positively

influence the outcome of pregnancy (19, 20). The HLA-G

expression profile can be modulated by genetic

polymorphisms, mainly two variants at the 3 0 UTR, the

14 bp insertion/deletion (rs1704), and the C3142COG

(rs1063320), which influence mRNA stability and protein

production and thereby lead to increased/reduced HLA-G

expression and soluble HLA-G protein amounts in body

fluids (21, 22, 23). In particular, the 14 bp deletion in

hetero- or homozygosis is associated with a higher HLA-G

expression (high secretor profile), whereas both the 14 bp

insertion and the C3142COG polymorphism in exon 8
www.eje-online.org
decrease HLA-G expression (low secretor profile). We

speculated that a high secretor HLA-G genetic profile,

which allows for a stronger control of maternal immune

response, might favor the passage of fetal cells to the

mother during pregnancy and result in a higher preva-

lence of FCM. Thus, the HLA-G profile has been correlated

with the microchimeric status in GD, HT, and HC.
Subjects and methods

Patients

Peripheral blood was collected from 105 female patients

with AITDs treated at our institution. To be enrolled,

patients must have had at least one male pregnancy

preceding the diagnosis of AITD. In particular, 69 women

had GD, with a mean age at enrollment of 53.3 years

(range 27–85), and 36 had HT, with a mean age at

enrollment of 53.1 years (range 33–88). Graves’ orbito-

pathy (GO) was diagnosed in 58/69 GD and in 4/36 HT

patients. Peripheral blood was also collected from 66 HCs

with one or more male children without neoplastic or

autoimmune diseases (mean age 48 years, range 29–80).

Moreover, none of the control women had a thyroid

disease, as assessed by FT4, TSH, anti-thyroglobulin and

anti-thyroperoxidase autoantibodies, and neck ultra-

sound. None of the included subjects had a history of

other potential sources of chimerism, such as blood

transfusion, organ transplant, twin siblings, or abortion.

All of the patients gave informed consent to enter the trial,

which was approved by the local ethical committee.
DNA extraction from whole-blood and formalin-fixed

paraffin-embedded tissues

Genomic DNA was extracted from blood samples using

an Illustra DNA Extraction Kit BACC2 (GE Healthcare,

Buckinghamshire, UK). DNA was also extracted from the

formalin-fixed paraffin-embedded thyroid tissues of two

women with GD submitted to thyroidectomy by means of

a commercial kit (Puregene Core Kit A, Qiagen Sciences).
PCR for SRY sequence

For the detection of the human Y chromosome, DNA was

submitted to two rounds of PCR (35 cycles each) using

primers specific for the SRY locus and corresponding to the

region upstream of the SRY-coding region. We previously

demonstrated that this method has a sensitivity of 1 male

cell/1 million female cells (24). Each PCR analysis was

www.eje-online.org
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repeated twice, two negative controls (DNA from two

prepubertal girls) and two positive controls (DNA from

two men) were included, and special care was taken to

avoid external contamination. In particular, all of the

samples were handled by a female technician, positive

displacement micropipettes were used, and DNA extrac-

tion, PCR preparation, and analyses were conducted in

separate rooms.
Male DNA quantification

DNA pools were obtained by mixing the same amount of

DNA extracted from ten women with HT, ten women with

GD, and ten HC who were previously found to be positive

for the presence of FCM by PCR amplification. Each DNA

pool was precipitated and concentrated to 1 mg/ml, and

sequential dilutions were conducted from 6600 ng

(1 000 000 gEq) to 0.0066 ng (1 gEq). Male DNA quantities

were expressed in DNA genome equivalents (gEq) by using

a conversion factor of 6.6 pg DNA per cell (1 gEqZDNA

content of a single cell). Dilutions obtained for each pool

were subjected to two rounds of PCR. Triplicate analyses

were performed for dilutions ranging from 66 to 0.0066 ng

in order to improve accuracy and test reliability. Samples

were electrophoresed in 3% agarose gels and visualized

and photographed on an u.v. trans-illuminator (VisiDoc-It

Imaging System, UVP, Cambridge, UK).
Fluorescence in situ hybridization

The presence of microchimeric cells was also tested at the

tissue level in two GD women who were analyzed for FCM

at the peripheral blood level and for whom thyroid tissue

was available. In those cases, we performed both the PCR

amplification of the SRY gene and the FISH analyses on

4 mm-thick paraffin-embedded tissue sections, as pre-

viously described (25). In particular, the DNA probes

used were specific for the a-satellite regions of the X (PAC

probe pDMX1, locus DXZ1) and Y (band region Yp11.1-

q11.1, locus DYZ3) chromosomes. The X probe was

labeled with digoxigenin and was detected using FITC-

conjugated antibody anti-digoxigenin (green signal;

Roche Diagnostics GmbH), whereas the Y probe was

labeled with a SpectrumOrange fluorochrome (Vysis,

Downers Grove, IL, USA) and was detected as red signal.

Image acquisition was performed on a Leica DMRA2

fluorescence microscope (Leica, Wetzlar, Germany)

equipped with Leica filters specific for DAPI, FITC, and

Cy3. Images were acquired using a charge-coupled device

(CCD) camera (Leica) with a magnification factor of 100!.
Image analysis was performed using Leica CW4000-FISH

software version Y1.3.1.

HLA-G polymorphism typing

In 96/105 AITD cases and in 58/66 controls, the HLA-G

14 bp (14 bp Ins/Del) and the C3142COG polymorph-

isms were genotyped by real-time PCR, as previously

described (26, 27). Briefly, 100 ng of genomic DNA were

amplified in a 25 ml reaction, and the analysis performed

using a 7300 Real-Time PCR System (Applied Biosystems).

To analyze the 14 bp polymorphism, the forward primer

5 0-GTGATGGGCTGTTTAAAGTGTCACC-3 0 and the

reverse primer 5 0-GGAAGGAATGCAGTTCAGCATGA-3 0

were used. The probe used for detection of the 14-bp

deletion allele was 5 0-VIC-GAGTGGCAAGTCCCTTTGTG-

BHQ-3-3 0, and the probe for the 14-bp insertion allele was

5 0-FAM-CAAGATTTGTTCATGCCTTCCC-BHQ-1-3 0. To

genotype samples for the C3142COG polymorphism,

the forward primer 5 0-CCTTTAATTAACCCATCAATC-

TCTCTTG-3 0 and the reverse primer 5 0-TGTCTCCGTC-

TCTGTCTCAAATTT-3 0 were used. The MGB probe used for

the detection of the 3142C allele was 5 0-VIC-TAAGTTA-

TAGCTCAGTGGAC-3 0, and the MGB probe for the 3142G

allele was 5 0-FAM-TAAGTTATAGCTCAGTGCAC-3 0. Each

probe had a non-fluorescent quencher at the 3 0 end.

Amplification was performed with 0.625 ml Assay Mix 40!

(Applied Biosystems) and 12.5 ml PCR master mix 2!.

Before the amplification, a pre-read run was performed for

1 min at 60 8C. The amplification protocol was: an initial

step for 10 min at 95 8C followed by amplification for 15 s

at 92 8C and for 60 s at 60 8C for 40 cycles. A post-run

reading was performed for 1 min at 60 8C.

Statistical analysis

Possible differences in the clinical features (age at diag-

nosis/enrollment, age at the first male child birth, number

of sons, and period between the birth of the first male child

and diagnosis/enrollment) between GD or HT patients and

HC were assessed by t-test and c2 test, as appropriate. The

differences in the prevalence of FCM between women with

GD, HT, or HC and the association of FCM with either

clinical features or the HLA-G profile were tested by Fisher or

c2 tests.Odds ratios (ORs)and95%CIwereused toassess the

strength of the association between the presence/absenceof

FCM and the presence/absence of the disease. Differences

between values were considered significant when P!0.05.

All of the tests were performed using MedCalc Software

version 13.2.2 (B-8400, Ostend, Belgium).
www.eje-online.org
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Figure 1

(A) The prevalence of fetal cell microchimerism (FCM) in healthy

controls (HCs) with respect to Graves’ disease (GD), Hashimoto’s

thyroiditis (HT), or autoimmune thyroid disease (AITD) patients.

FCM was significantly more prevalent in HCs than in either GD

or HT cases or in AITD women considered as a whole. (B) Forest

plot for FCM and AITD risk. The geometric figures and

horizontal lines correspond to the odds ratios (ORs) and 95% CIs

respectively. In all of the cases, OR values indicated that there

was a positive association between the presence of FCM and the

absence of AITDs, which indicates its protective role in the

development of these diseases.
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Results

Clinical features and blood FCM in patients with GD,

patients with HT, and controls

Neither the GD nor the HT group significantly differed

from the HC group with respect to age at the first male

birth, the period between the birth of the first male child

and the diagnosis of AITD, the age at diagnosis or

enrollment, and the number of male children (data not

shown). The presence of male DNA of presumed fetal

origin had a significantly higher prevalence in HC cases

than it was in either GD cases (63.6 vs 33.3%, PZ0.0004,

OR 3.5, 95% CI 1.723–7.11), HT cases (63.6 vs 27.8%,

PZ0.0005, OR 4.55, 95% CI 1.877–11.03), or AITD women

as a whole (63.6 vs 31.4%, P!0.0001, OR 3.818, 95% CI

1.995–7.308) (Fig. 1A and B). Among either AITD patients

or HC, the cases that were positive for the presence of FCM

(FMC Cve) were not significantly different from those

without FCM (FMC Kve) in terms of age at the birth of

first male child, number of male children, interval

between the birth of the first male child and diagnosis or

enrollment, age at diagnosis or enrollment, and, for

patients, the interval between the diagnosis and the

enrollment and the association with orbitopathy

(Supplementary Table 1, see section on supplementary

data given at the end of this article). In GD cases, the type

of treatment (anti-thyroid drugs, thyroidectomy, or

radiometabolic treatment) and the interval between the

thyroidectomy or radioactive iodine ablation and

enrollment were also considered, because the ablation

of the thyroid tissue could have determined the disappea-

rance of circulating fetal cells, but no differences

were noted between FMC Cve and FMC Kve cases (data

not shown).

Interestingly, the SRY amplification was successful

during the first round PCR in the majority of HCs, but only

after a two-round PCR in GD and HT cases, which

indicates that there is a higher amount of circulating

male DNA in controls than there is in AITD patients. Thus,

with the aim of performing a quantitative evaluation,

FCM Cve DNA of ten HT patients, ten GD patients,

and ten HCs were pooled, and sequential dilutions were

done. Interestingly, this quantitative analysis confirmed

that male DNA was more abundant in HCs than it was

in either GD or HT patients. In particular, in HCs, male

DNA could be clearly detected up to a dilution that

corresponded to 66 ng total DNA (10 000 genome

equivalents), whereas it was hardly or not detected at

that dilution in GD and HT cases (Fig. 2).
www.eje-online.org
Identification of FCM in the thyroid tissue of women

affected with GD

The thyroid tissue of two GD women, one of whom was

positive and one of whom was negative for FCM at the

peripheral level, was studied. In both cases, male cells of

presumed fetal origin were documented in the tissue by

both PCR and FISH analysis. Interestingly, microchimeric

cells were detected as forming part of thyroid follicles,

interposed between female maternal cells (Fig. 3A, B and C).

http://www.eje-online.org/cgi/content/full/EJE-15-0028/DC1
www.eje-online.org
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Figure 2

Quantitative evaluation of circulating male DNA in patients

with autoimmune thyroid diseases (AITDs) and in healthy

controls (HCs). The DNA of ten Hashimoto’s thyroiditis (HT)

patients, ten Graves’ disease (GD) patients, and ten HCs were

pooled, and sequential dilutions were obtained. In controls,

male DNA could be clearly detected up to a dilution that

corresponded to 66 ng total DNA (10 000 genome equivalents),

whereas it was hardly or not at all detected at that dilution in

GD or HT cases.
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Moreover, a microchimeric male cell was identified in

a blood vessel (Fig. 3D).

A B

C D
HLA-G genetic polymorphism typing

The HLA-G genetic polymorphism typing was not

different between FCM Cve and Kve patients of the GD,

HT, or HC groups or in the AITD cases considered as a

whole. In particular, no differences were found in the

prevalence of the homozygous genotype (Del/Del) and

the Del allele, which correspond to a high secretor profile

(Table 1). As far as the C3142COG variant was concerned,

no differences were observed between the HT or GD

patients and the HCs for both the genotype distribution

and the allele frequencies (data not shown).
Figure 3

FISH analysis on two Graves’ disease tissues. (A, B and C) Male

microchimeric cells (red and green signals, indicated by arrows)

were detected interposed between female maternal cells

(green signals) to form parts of thyroid follicles. (D) A

microchimeric male cell (red and green signal, indicated by an

arrow) was identified in a blood vessel. Magnification 100!.
Discussion

In the present large series of AITD cases, the prevalence of

FCM was found to be significantly higher in HCs than

it was in AITD patients, which suggests a protective role

for FCM toward the onset of these diseases. Most of

the previous studies in systemic and non-systemic
autoimmune diseases were done at the peripheral blood

level, and contrasting data have been obtained about the

possible role of FCM. Some authors considered it to be

pathogenic because they found a higher prevalence of

FCM in affected women as compared to controls (5, 6, 7, 8)

and because of the hypothesis that microchimeric cells

might elicit an intra-organ graft vs host rejection (GvHR)

(5, 9, 28, 29). Other authors did not confirm these data

(30, 31, 32, 33) and did not support the causative role

for this phenomenon, which is also observed in non-

autoimmune diseases (17, 24, 25, 34, 35, 36, 37, 38, 39).

The protective role of FCM in AITD that was suggested

by the present data is consistent with what has been

reported for neoplastic diseases, and in particular for

thyroid and breast cancers (24, 25, 35, 37). Based on the

immunophenotypic characterization of FMC in neoplastic

diseases, we and others hypothesized that fetal cells could

migrate from bone marrow niches through blood vessels to

reach the injured areas and to differentiate into cells that

are able to repair the diseased tissues because at least some

of the engrafted fetal cells have stem cell potential (4, 25).

Moreover, further evidence to support this ‘protective’

hypothesis has come from several studies in animal

models. In particular, the selective homing of fetal cells to

the site of organ injury and not to healthy tissues suggests

that fetal cells sense specific signals, which enables them
www.eje-online.org
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Table 1 HLA-G genetic polymorphism typing in healthy controls (HC), Hashimoto’s thyroiditis (HT) patients, and Graves’ disease

(GD) patients as either positive or negative for fetal cell microchimerism (FCM).

14 bp insertion/

deletion polymorphism

GD n (%)

P

HT n (%)

P

HC n (%)

PFCM Cve FCM Kve FCM Cve FCM Kve FCM Cve FCM Kve

Genotype 0.41 0.12 0.97
Ins/Ins 4 (18.1) 9 (23.1) 2 (20) 1 (4) 7 (19.4) 4 (18.2)
Del/Del 6 (27.3) 10 (25.6) 2 (20) 13 (52) 7 (19.4) 5 (22.7)
Ins/Del 12 (54.5) 20 (51.3) 6 (60) 11 (44) 22 (61.1) 13 (59.1)
Total 22 39 10 25 36 22

Allele 0.57 0.10 0.9
Ins 20 (45.5) 40 (51.3) 10 (50) 13 (26) 36 (50) 21 (47.7)
Del 24 (54.5) 38 (48.7) 10 (50) 37 (74) 36 (50) 23 (52.3)
Total 44 78 20 50 72 44

Cve, positive; Kve, negative.
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to target diseased tissue (40, 41, 42). Consistently in the GD

cases in the present study, male cells were documented to

‘travel’ into a blood vessel and were found interposed

between female cells and forming follicles in the thyroid.

Although we cannot exclude a role for fetal microchimeric

cells as being innocent bystanders that do not have any

significant biological effect at the thyroid tissue level in

GD, two tentative hypotheses can be drawn. First, male-

activated fetal T cells, monocytes, macrophages, and NK

cells could be the effectors of autoimmunity and could be

involved in the initiation of autoimmune diseases (allo-

autoimmunity), but this hypothesis seems to be unlikely

because we have not observed male cells within lympho-

cytic infiltration in the affected thyroid gland. Alterna-

tively, these cells may be recognized as being partially

alloimmune, that is, as giving rise to an immune reaction

(auto-alloimmunity) in which the effectors are maternal

immune cells. Nevertheless, the number of male cells

observed in the thyroid glands of these women was too low

to support this hypothesis. Second, male microchimeric

cells could be involved in the repair/repopulation process

because of their follicular localization and their

morphology, which resembles that of thyrocytes. Indeed,

the presence of male cells interposed between female cells

in thyroid follicles, which has already been observed in

thyroid cancer (25), in nodular goiter specimens (11), and

in the normal thyroids of healthy women (17), seems to

reinforce the findings at the blood level and to suggest a

protective/repairing role for FCM. Nevertheless, it should

be noted that the microchimeric status at the peripheral

level may or may not reflect that of the thyroid tissue, as

was already observed in thyroid cancer (24). Consistently,

Y chromosome cells were found in both of the GD tissues

that were analyzed, even though only one of those patients
www.eje-online.org
was positive for FCM at the peripheral level. The possibility

of extensively studying microchimeric status at the tissue

level in AITD is strongly limited by the fact that

thyroidectomy is not indicated for the treatment of HT,

and it is seldom used for GD patients, who are instead

mainly treated with radioiodine.

It should be noted that contradictory data to those

presented here were previously obtained by Lepez et al.

(18) in a more limited AITD series. Four hypotheses can be

drawn to tentatively explain these contrasting results. The

first involves the different intervals between diagnosis and

enrollment, which was a maximum of 5 years in the Lepez

et al. study and ranged from a few months to 30 years in

the present study. This longer latency could theoretically

explain the differences in the amount of circulating male

cells, which could be progressively eliminated over time

by the autoimmune process. However, we did not find any

correlation between the presence/absence of FCM and the

length of the interval between diagnosis and enrollment.

The second hypothesis involves the interval between the

birth of the youngest son and the age at diagnosis, which

was 3–12 months in the Lepez et al. study and 1–60 years

in the present study. This also could have contributed to

differences in the amount of circulating male cells, which

may progressively lessen after delivery. Nevertheless, we

did not find any correlation between the presence/absence

of FCM and the length of this interval either in previous

studies (24) or in the present study. Third, Lepez et al. used

FISH analysis, which allowed them to identify intact male

cells, whereas our PCR-based method may have also led to

the detection of free-DNA released from damaged cells.

Still, our qualitative results were also nicely confirmed in

the quantitative analysis, which demonstrated a higher

amount of male DNA in HCs, and we estimate that our

www.eje-online.org
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analysis was derived mostly from intact cells. Finally, the

discordancy could be the result of the low number of

patients enrolled by Lepez et al. (11 women) or to the non-

selection of control cases. On the contrary, control cases

were well selected in the present study by biochemical

and ultrasound examinations in order to exclude non-

clinically evident thyroid diseases.

In the present study, the 3 0 UTR polymorphisms 14 bp

insertion/deletion (rs1704) and C3142COG SNP

(rs1063320) that control HLA-G expression (21, 22) were

studied for the first time in AITD. Indeed, because high

levels of HLA-G expression seem to be crucial for successful

implantation, we hypothesized that a high secretor

genetic profile in the mother could be associated with a

higher tolerance of fetal cells and is thus associated with

higher levels of FMC. No differences in the HLA-G typing

or, in particular, in the secretor genetic profile, were found

between FCM Cve and Kve cases in the GD, HT or HC

groups, which is consistent with data previously obtained

in HTs and controls (43). Thus, the present findings

allowed us to exclude the suggestion that the higher

prevalence of FCM in HCs could be the result of a high

secretor genetic profile that leads to a facilitated passage of

fetal cells. Along these lines, a recent study tested the same

hypothesis by analyzing HLA-G polymorphisms in chil-

dren from women with scleroderma (44) and showed that

a high secretor genetic profile does not allow more fetal-

to-mother chimerism traffic.

In conclusion, circulating fetal cells are significantly

more abundant in HCs than they are in patients with

thyroid autoimmunity, which suggests a protective role for

FCM in AITDs. The possible contribution to these findings

of a high secretor HLA-G genetic profile has been excluded.

The localization studies confirmed that microchimeric

cells have the ability to migrate to diseased tissues and may

have a possible protective/repairing function.
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31 Gannagé M, Amoura Z, Lantz O, Piette JC & Caillat-Zucman S.

Feto-maternal microchimerism in connective tissue diseases.

European Journal of Immunology 2002 32 3405–3413. (doi:10.1002/1521-

4141(200212))

32 Invernizzi P, De Andreis C, Sirchia SM, Battezzati PM, Zuin M, Rossella F,

Perego F, Bignotto M, Simoni G & Podda M. Blood fetal microchimerism

in primary biliary cirrhosis. Clinical and Experimental Immunology 2000

122 418–422. (doi:10.1046/j.1365-2249.2000.01381.x)

33 Yan Z, Lambert NC, Guthrie KA, Porter AJ, Loubiere LS, Madeleine MM,

Stevens AM, Hermes HM & Nelson JL. Male microchimerism in women

without sons: quantitative assessment and correlation with pregnancy

history. American Journal of Medicine 2005 118 899–906. (doi:10.1016/

j.amjmed.2005.03.037)

34 Gadi VK, Malone KE, Guthrie KA, Porter PL & Nelson JL. Case–control

study of fetal microchimerism and breast cancer. PLoS ONE 2008 3

e1706. (doi:10.1371/journal.pone.0001706)

35 Gilmore GL, Haq B, Shadduck RK, Jasthy SL & Lister J. Fetal–maternal

microchimerism in normal parous females and parous female cancer

patients. Experimental Hematology 2008 36 1073–1077. (doi:10.1016/

j.exphem.2008.03.020)

36 Dubernard G, Oster M, Chareyre F, Antoine M, Rouzier R, Uzan S,

Aractingi S & Khosrotehrani K. Increased fetal cell microchimerism in

high grade breast carcinomas occurring during pregnancy. International

Journal of Cancer 2009 124 1054–1059. (doi:10.1002/ijc.24036)

37 O’Donoghue K, Sultan HA, Al-Allaf FA, Anderson JR, Wyatt-Ashmead J

& Fisk NM. Microchimeric fetal cells cluster at sites of tissue injury in

lung decades after pregnancy. Reproductive Biomedicine Online 2008 16

382–390. (doi:10.1016/S1472-6483(10)60600-1)

38 Cha D, Khosrotehrani K, Kim Y, Stroh H, Bianchi DW & Johnson KL.

Cervical cancer and microchimerism. Obstetrics and Gynecology 2003

102 774–781. (doi:10.1016/S0029-7844(03)00615-X)

39 Nguyen Huu S, Oster M, Avril MF, Boitier F, Mortier L, Richard MA,

Kerob D, Maubec E, Souteyrand P, Moguelet P et al. Fetal microchimeric

cells participate in tumour angiogenesis in melanomas occurring

during pregnancy. American Journal of Pathology 2009 174 630–637.

(doi:10.2353/ajpath.2009.080566)

40 Pritchard S, Hoffman AM, Johnson KL & Bianchi DW. Pregnancy-

associated progenitor cells: an under-recognized potential source of

stem cells in maternal lung. Placenta 2011 32 S298–S303. (doi:10.1016/

j.placenta.2011.04.007)

41 Kara RJ, Bolli P, Karakikes I, Matsunaga I, Tripodi J, Tanweer O, Altman P,

Shachter NS, Nakano A, Najfeld V et al. Fetal cells traffic to injured

maternal myocardium and undergo cardiac differentiation. Circulation

Research 2012 110 82–93. (doi:10.1161/CIRCRESAHA.111.249037)

42 Seppanen E, Roy E, Ellis R, Bou-Gharios G, Fisk NM & Khosrotehrani K.

Distant mesenchymal progenitors contribute to skin wound healing

and produce collagen: evidence from a murine fetal microchimerism

model. PLoS ONE 2013 8 e62662. (doi:10.1371/journal.pone.0062662)

43 Dardano A, Rizzo R, Polini A, Stignani M, Tognini S, Pasqualetti G,

Ursino S, Colato C, Ferdeghini M, Baricordi OR et al. Soluble human

leukocyte antigen-G and its insertion/deletion polymorphism in

papillary thyroid carcinoma: novel potential biomarkers of disease?

Journal of Clinical Endocrinology and Metabolism 2012 97 4080–4086.

(doi:10.1210/jc.2012-2231)

44 Picard C, Di Cristofaro J, Azzouz DF, Kanaan SB, Roudier J &

Lambert NC. Analyzing HLA-G polymorphisms in children from

women with scleroderma. Human Immunology 2013 74 468–472.

(doi:10.1016/j.humimm.2012.11.030)
Received 8 January 2015

Revised version received 26 March 2015

Accepted 27 April 2015

http://dx.doi.org/10.1089/thy.2009.0424
http://dx.doi.org/10.1089/thy.2009.0424
http://dx.doi.org/10.1016/j.jri.2008.01.002
http://dx.doi.org/10.1371/journal.pone.0029646
http://dx.doi.org/10.1007/s00018-010-0578-1
http://dx.doi.org/10.1530/ror.0.0020007
http://dx.doi.org/10.1007/s00251-003-0547-z
http://dx.doi.org/10.1007/s00251-003-0547-z
http://dx.doi.org/10.1016/j.humimm.2012.08.005
http://dx.doi.org/10.1111/j.1600-0897.2009.00742.x
http://dx.doi.org/10.1002/ijc.24993
http://dx.doi.org/10.1158/0008-5472.CAN-08-0672
http://dx.doi.org/10.1111/j.1399-0039.2011.01830.x
http://dx.doi.org/10.1111/j.1399-0039.2012.01926.x
http://dx.doi.org/10.1111/j.1399-0039.2012.01926.x
http://dx.doi.org/10.1002/art.1780390203
http://dx.doi.org/10.1002/art.1780390203
http://dx.doi.org/10.1210/jc.2002-021903
http://dx.doi.org/10.1016/S0140-6736(99)00164-6
http://dx.doi.org/10.1002/1521-4141(200212)
http://dx.doi.org/10.1002/1521-4141(200212)
http://dx.doi.org/10.1046/j.1365-2249.2000.01381.x
http://dx.doi.org/10.1016/j.amjmed.2005.03.037
http://dx.doi.org/10.1016/j.amjmed.2005.03.037
http://dx.doi.org/10.1371/journal.pone.0001706
http://dx.doi.org/10.1016/j.exphem.2008.03.020
http://dx.doi.org/10.1016/j.exphem.2008.03.020
http://dx.doi.org/10.1002/ijc.24036
http://dx.doi.org/10.1016/S1472-6483(10)60600-1
http://dx.doi.org/10.1016/S0029-7844(03)00615-X
http://dx.doi.org/10.2353/ajpath.2009.080566
http://dx.doi.org/10.1016/j.placenta.2011.04.007
http://dx.doi.org/10.1016/j.placenta.2011.04.007
http://dx.doi.org/10.1161/CIRCRESAHA.111.249037
http://dx.doi.org/10.1371/journal.pone.0062662
http://dx.doi.org/10.1210/jc.2012-2231
http://dx.doi.org/10.1016/j.humimm.2012.11.030
www.eje-online.org

	Introduction
	Subjects and methods
	Outline placeholder
	Patients
	DNA extraction from whole-blood and formalin-fixed paraffin-embedded tissues
	PCR for SRY sequence
	Male DNA quantification
	Fluorescence in situ hybridization
	HLA-G polymorphism typing
	Statistical analysis


	Results
	Outline placeholder
	Clinical features and blood FCM in patients with GD, patients with HT, and controls
	Identification of FCM in the thyroid tissue of women affected with GD
	HLA-G genetic polymorphism typing


	Discussion
	Declaration of interest
	Funding
	References

