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Abstract

Background: Naturally acquired microchimerism may arise in the mother and her child during pregnancy when
bidirectional trafficking of cells occurs through the placental barrier. The occurrence of maternal microchimerism
(maternal cells in the offspring) has been associated with several autoimmune diseases, especially in children.
Systemic Lupus erythematosus (SLE) is an autoimmune disorder with a resemblance to graft-versus-host disease.
The aim of this study was to investigate the association between maternal microchimerism in the blood and SLE.
Methodology/Principal Findings: Thirty-two patients with SLE, 17 healthy brothers of the patients, and an
additional 12 unrelated healthy men were the subjects in this study. A single-nucleotide polymorphism unique to each
mother was identified, and maternal microchimerism in the study group and in the control group was detected using a
quantitative real-time polymerase chain reaction technique. No differences in the frequency or the concentration of
maternal cells were apparent in the blood of patients with SLE or in that of the controls. Two patients and one control
tested positive for maternal microchimerism, but the positive subjects were all negative at a follow-up 16 years later.
The sensitivity of the method was estimated to 1/10.000.
Conclusions/Significance: These results show no association between SLE and maternal microchimerism. The
frequency of maternal microchimerism in the blood of adults overall may be lower than earlier reported.
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Introduction

Microchimerism (Mc) indicates the presence in an individual
of a small number of cells from a genetically different person.
The most common source of Mc is pregnancy: fetal cells pass
the placental barrier, entering the mother and resulting in fetal
microchimerism (FMc); conversely, maternal cells pass to her
progeny and give rise to maternal microchimerism (MMc).
Another source of chimerism is multiple pregnancies, when
cells may pass from one fetus to another [1]. Mc could also

result from iatrogenic interventions (i.e., blood transfusions,
bone marrow and organ transplantations [2–4]).

Naturally acquired Mc may persist for a long time in both
mother and progeny; Bianchi et al. showed that fetal cells may
persist for as long as 27 years after birth in the blood of healthy
mothers [5]. It has been reported that maternal cells in healthy
individuals are also common in adults [6].

A common complication of haematopoietic stem-cell
transplantation, a well-known chimeric state, is graft-versus-
host disease (GvHD). Given that many autoimmune diseases
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bear a striking resemblance to GvHD, it has been hypothesized
that autoimmune diseases may be related to the occurrence of
chimerism. Because many autoimmune disorders
predominantly affect women and because their incidence
peaks during and after women’s child bearing years, it has
been suggested that autoimmune diseases are associated with
FMc. Some studies have reported an association between FMc
and autoimmune disorders, whereas other have not found any,
but it is notable that even in healthy controls, different levels of
FMc in blood and tissue seem to be a rather common
phenomenon [7–11].

So far, few studies have been made available on MMc and
autoimmune disease. Maternal T cells have been described as
engrafting in infants with severe combined immunodeficient
disease [12,13]. A majority of them developed GvHD [13].
Other studies have suggested that MMc may play a role in the
pathogenesis of juvenile dermatomyositis (JDM), juvenile
idiopathic inflammatory myositis (JIIM), biliary atresia, neonatal
lupus congenital heart block, type 1 diabetes, multiple sclerosis
and systemic sclerosis [14–25].

MMc in humans has been reported to occur in fetuses,
children, and adults, both in healthy offspring and in individuals
who are born with a disease or develop one later in life [26–32].
The identified maternal cells in the progeny were composed of
haematopoietic progenitor cells, T-cells, B-cells, monocytes/
macrophages, NK-cells, and granulocytes [31,33,34].

Systemic lupus erythematosus (SLE) is an autoimmune
disease characterized by the production of numerous
autoantibodies that target structures located predominantly in
the cell nucleus (antinuclear antibodies; ANA) or on cell
membranes (antiphospholipid antibodies; APL). The antibodies
form immune complexes that activate complement and lead to
a state of systemic inflammation; simultaneous organ damage
may occur at sites where these immune complexes are
deposited (e.g., the kidneys [35]). The peak age of SLE
incidence is between 30 and 40 years, and the female to male
ratio in adults is approximately 9:1 [36].

Both environmental and genetic factors seem to contribute to
the occurrence of SLE. Recent genome-wide association
studies reveal that the strongest genetic influence resides in
the MHC region on chromosome 6. The MHC class II alleles
HLA-DRB1*03 and HLA-DRB1*15 are now well documented as
risk alleles for SLE [37].

Previous studies investigating FMc in SLE have yielded
divergent results. Mosca et al. were unable to find any
difference between patients with SLE and healthy controls in
terms of the incidence and the levels of fetal chimeric cells in
blood, although the patients with a history of lupus nephritis
had a higher number of fetal cells than patients with no such
history did [38]. A study of renal tissue indicated that fetal cells
were significantly more frequent in biopsies from the kidneys of
SLE patients than in autopsy specimens without
histomorphologic lesions. Some chimeric cells were identified
as CD3+ and CD34+ [39]. The same group showed that organs
from patients with SLE presented with chimerism more often
than control organs did. The levels of chimerism corresponded
to the degree of injury [40]. Johnson et al. compared organs
affected by SLE with the unaffected organs of a woman who

died from SLE; they found FMc in all the injured organs but not
in the unaffected ones [41].

The association of MMc in cord blood with compatibility at a
class II HLA locus between mothers and their fetuses, coupled
with the finding that a disease with resemblance to SLE could
be induced in mice when heterozygous progeny was
transfused with homozygous parental lymphocytes, led
Stevens et al. to investigate the HLA class II compatibility of
male SLE patients and their mothers [30,42]. They concluded
that this group had greater bidirectional HLA class II
compatibility than controls did, suggesting that MMc could be
more frequent in this group of patients [43].

The aim of this study was to investigate the association
between MMc in blood and to compare adult patients
diagnosed with SLE both to their healthy brothers and to
unrelated healthy male adults.

Materials and Methods

Ethics statement
The Regional Ethics Committee, Stockholm, Sweden

(2012/203–31/2) approved the study, and all participants
provided informed written consent to participate.

The Local Ethics Committee at Karolinska University
Hospital approved the original study in 1995 (95–178
(950616)). Written informed consent was obtained from all
participants. The parents and caretakers of minors gave written
consent on their behalf. The signed consent forms are stored
with the research file.

Participants and clinical specimens
Participating SLE patients were included in a genetic study at

the Department of Rheumatology, Karolinska University
Hospital, Stockholm, during the period 1995–1998. All included
patients fulfilled at least four of the 1982 revised American
College of Rheumatology Criteria for classification of SLE [44].
During the inclusion period, 208 patients were included in all. A
rheumatologist interviewed and examined patients according to
a structured protocol. Medical history was reviewed through
interviews with the patients and an examination of medical
records. SLE disease activity was determined using the
Systemic Lupus Activity Measure (SLAM), and organ damage
was measured using the Systemic Lupus International
Collaborating Clinics (SLICC) damage index [45,46]. APS
Antiphospholid syndrome (APS) was diagnosed according to
the Sydney criteria [47]. First-degree relatives of SLE patients
of Caucasian origin were asked to fill out a questionnaire, and
blood samples were drawn for genetic and other analyses and
stored at -700°C.

For our study, all female patients who reported in the
questionnaire that they had never been pregnant and all the
male patients were recruited. Thirty-two patients, with a mean
age of 32 (range 18–52), fulfilled these criteria (30 women and
2 men) of the original 208.

The patients’ characteristics are shown in Table 1.
The healthy control group comprised 17 brothers of the

patients. All brothers of patients were included, even those
whose patient-sisters were excluded from the study because of
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past pregnancy. In the questionnaire none of these brothers
reported suffering from any chronic disease. The blood
sampling of both patients and their brothers that was used for
our study was conducted during the inclusion period of the
genetic study (1995–1998). In addition, 12 healthy unrelated
male individuals were recruited to compose the control group.
The mean age of the 29 controls was 31 (range 10-54). There
was no significant difference in age between the patients and
controls (p-value = 0.8).

If they tested positive for MMc, patients and controls were
evaluated for possible transfusions of blood products through a
general registry on transfusion in Stockholm County, 1990–
2012 (ProSang R).

Quantitative real-time PCR
The methodology of chimerism analysis with real-time PCR

has been described elsewhere [3]. In short, biallelic genetic
systems were used to amplify maternal-specific alleles in SLE
patients and in healthy controls. The allelic markers used for
screening the mother and the child for differences in
polymorhic regions of DNA were SO1a, SO2, SO3, SO4a,
SO5b, SO7a, SO7b, SO8b, ID1, ID2, ID4 and ID7. If no
differences were found the pair was screened for additional 10
markers (SO1b, SO4b, SO6, SO9b, SO10a, SO11b, ID9, ID10,
and ID11and ID12). The markers are available at http://
www.marshfieldclinic.org/research/genetics/QueryResults/
searchSIDP.htm. For each biallelic system, one of the primers
was from the polymorphic region to specifically amplify each
allele, whereas the second primer and the probe were common
to both alleles. An allele was considered informative when it
was positive for maternal DNA and negative for the child’s
DNA. Detection and quantification with one to three markers
were performed with the 7500 Sequence Detection System
(Applied Biosystems, Foster City, CA), using TaqMan
technology. The amount of amplifiable DNA in each sample
was assessed by parallel amplification of the reference gene
glyceraldehyde phosphate dehydrogenase (GAPDH). All the
samples were run in duplicate, and both maternal and patient/
control DNA samples were included in each run. Relative
quantification of recipient DNA was calculated according to the
ΔΔCt method (Applied Biosystems, user bulletin 2), using
GAPDH as a reference gene and the maternal DNA sample as
a calibrator.

The amount of DNA used in the study varied between 150–
450 ng. The specificity and sensitivity of the RQ-PCR method
was determined for all markers included in this study using
artificial DNA mixtures and varying DNA amounts. With
150-450 ng of DNA, a sensitivity of 0.01% was reached for
most markers and no false positive results was found using 40
cycles of PCR amplification.

Statistical Analysis
Statistical analyses for age differences between patients and

controls were conducted with student’s t-test. Chi-square test
was performed to analyze differences in MMc frequency
between the two groups. Statistical analysis was performed
using Statistica 10, StatSoft, Tulsa, USA.

Results

The presence of MMc in the blood did not differ between
SLE patients and healthy controls, 6% versus 3% (P-value =
0.65).

Maternal DNA was found in the blood of two of the 32
patients studied (patients 143 and 146); both were female. The
concentration of maternal cells in their blood was 0.006% and
0.002%, respectively. Maternal DNA was found in two of the 32
patients studied, patients number 143 and 146. They were both
female. The concentration of maternal cells was 0,006% and
0,002% respectively.

At inclusion patient 143 was 43 years old and patient 146
was 36 years. Disease duration was 20 and 3 years
respectively. Both fulfilled 6 of the 1982 revised ACR criteria for
SLE (median 6, range 4-8) [44]. Both were ANA positive and
suffered from butterfly erythema, photosensitivity and arthritis.
Patient 143 had an estimated SLAM disease activity score of 5
and patient 146 had a SLAM score of 7 (median 6, range 1-15)
[45]. None of them had organ damage according to
SLICC/ACR Damage index (median 0, range 0-5) [46]. In
conclusion, their phenotype did not differ from the other
patients.

One of the 29 healthy controls tested positive for the
occurrence of MMc, with a concentration of 0.004%. He was 15
years old at the inclusion and the brother of patient 151.

After acquiring the results from this study, we contacted the
three individuals who had tested positive for MMc and
requested new blood samples in order to determine whether
they were still carrying maternal DNA. We obtained samples
from the two women with SLE and from the healthy control.
After preparation of the DNA, and using the same primers and
probes as before, we found that all three individuals now tested
negative for MMc, 16 years after the first draw date.

One of the patients (patient 143) had received two blood
transfusions, in 2001 and in 2002—that is, after the first blood
test but before our follow-up.

Discussion

This is to our knowledge the first study to investigate the
correlation between maternal DNA in blood and SLE. The
occurrence of maternal cells in blood among women with SLE
was low and comparable to that among the control group.
When studying Mc and its relation to a disease, it is an
advantage to have healthy siblings as controls because of
similarities in genetic constitution and environment.

The material in the present study is unique in the sense that
none of the patients had a history of known pregnancy. This is
important because in some cases of FMc, fetal DNA from an
earlier pregnancy may carry the same polymorphic region as
the mother used in the PCR reaction. Unrecognized
pregnancies that end early in spontaneous abortions or
terminated pregnancies may give rise to Mc in a woman, and
such conditions may constitute significant confounding factors
when studying both MMc and FMc [48,49].

The results of the present study show an overall low
frequency for MMc compared to previous studies. We reviewed
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earlier published studies investigating MMc in the peripheral
blood of healthy controls or in healthy study groups (Table 2).
The lower frequency of MMc found in this study could be due to
sensitivity of the method used. A sensitivity level of 0.01% may
not be sufficient to detect low amount of MMc. Indeed, studies
showing highest frequency of MMc have used methods with a
sensitivity of at least 1/100.000. The methods used differ in
detection rates and sensitivity. However, it is remarkable that
among studies of adults, only one includes a defined group of
male controls who all tested negative for MMc [24]. As
mentioned above, early pregnancies that result in miscarriage
or are aborted on request are known to give rise to FMc. Of the
studies reviewed in Table 2, all but two studies of adults
included only females in the study group and the control group.
HLA genotyping was usually conducted for all children of the
probands in order to ensure that testing for a noninherited,
nonshared maternal HLA allele could not be confounded by a
similar HLA allele from FMc. One study involved a mixed
control group consisting of both men and women, but the
frequency of MMc by gender was not reported separately [6].
Loubiere et al. showed that maternal cells were found in at
least one subset of cells in 10 of 22 (45%) healthy parous
women, compared to 2 of 9 (22%) nulliparous [33]. Although
the cases were few, the researchers noted that the number of
prior births tended to be higher among women with MMc than
among those without.

For obvious reasons, genotyping of a past pregnancy that
ended in termination or spontaneous abortion is not possible,
leaving a certain amount of uncertainty regarding the source of
Mc being studied. Thus, it may be that pregnancy is a major

confounding variable in studies on MMc that so far has not
received adequate attention. Caution is therefore
recommended when studying the presence of MMc in relation
to different phenotypes in adult women. Men and children will
probably provide more accurate information regarding the
occurrence of MMc.

We have previously studied the frequency of MMc in blood in
children employing the technique used in the present study
[50]; in children we found MMc in 20% of the sample,
compared to 6% in the present study. Although the number of
subjects studied was relatively low, the results indicate that
MMc is a more common phenomenon in children. The
dynamics of MMc with respect to time are not known,
especially not in healthy subjects, but it is interesting that the
patients and the control in the present study who tested
positive for MMc tested negative 16 years later. The findings of
a study by Gammill et al.—namely, that MMc decreased in
prevalence and concentration with increasing parity—could
reflect an impact of new grafts (FMc) but may also illustrate
that MMc declines over time, since women’s age usually
correlates with increasing parity [51].

The immunological status of both the healthy and the
unhealthy individuals, as well as environmental factors, may
affect changes in the levels and prevalence of maternal cells
and also in immune modulatory treatment [18,52,53].

Maternal cells have been identified in multiple tissues, such
as muscle, liver, heart, spleen, thymus, pancreas, and skin,
both in individuals with autoimmune diseases and in others
[14,19,22,23,31,54]. The chimeric maternal cells also seem to
differentiate into organ-specific cells, indicating cellular

Table 2. MMc in controls and healthy individuals in previously published reports.

ChildrenDisease Frequency of MMc in healthy controls Mean ageGender Method Sensitivity Ref
 Respiratory obstruction 4/20 (20%) 5 mixed QRT-PCR**(SNP)*** 1/10.000 50

 JDM
Healthy siblings: 12/39 (30%), other controls:
5/29 (17%)

10/20 boys/ boys FISH 1/1000 14

  
Healthy siblings: 11/48 (23%), other controls:
5/29 (17%)

10/20 mixed/ boys PCR (HLA polymorphism) 1/50.000-100.000  

 JDM 5/35 (14%) 12 mixed PCR (HLA polymorphism) NP* 15

  
Healthy siblings: 5/17 (29%), other controls:
2/10 (20%)

NP* boys FISH NP*  

 
Inflammatory bowel
disease

2/15 (20%) 12 mixed QRT-PCR **(HLA polymorphism) 1/25.000 55

 Type 1 Diabetes
Healthy siblings: 18/54 (33%), other controls:
4/24 (17%)

14/14 mixed/mixed QRT-PCR** (HLA polymorphism) 1/20.000 23

 JIIM 0/9 (0%) 15 boys FISH 1/10.000 17
 JIIM 2/21 (10%) 17 mixed PCR (HLA polymorphism) 1/10.000 18

Adults SSc NP*(55%) 25 mixed PCR (HLA polymorphism) 1/100.000-500.000 6
  0/2 (0%) NP* men FISH   
 Healthy 12/31 (39%) 39 women QRT-PCR** (HLA polymorphism) 1/20.000 33
 SSc 9/41 (22%) 40 women QRT-PCR** (HLA polymorphism) 1/20.000 25
 Multiple sclerosis 0/22 (0%) NP* men ARMS-PCR**** 1/100.000 24
  0/38 (0%) NP* women ARMS-PCR**** 1/100.000  
 Healthy 6/15 (40%) NP* women QRT-PCR** (HLA polymorphism) 1/100.000 34

* Not provided; ** Quantitative real-time PCR; *** single-nucleotide polymorphism; **** Amplification refractory mutation detection system polymerase chain reaction
doi: 10.1371/journal.pone.0074534.t002

SLE and Maternal Microchimerism

PLOS ONE | www.plosone.org 5 September 2013 | Volume 8 | Issue 9 | e74534



plasticity [22,23,54]. In the present study we investigated only
blood with regard to MMc; the situation could be different in
tissues both in quantity and frequency, as it was in a patient
with scleroderma who tested negative for maternal cells in
blood but was found post mortem to harbour MMc in multiple
tissues, including bone marrow [25]. Our recent study of MMc
in children’s blood and tonsils and adenoids revealed an almost
doubled concentration of maternal cells in the tissues
compared to that in the blood, although all the children who
tested positive in the blood were also positive in the tissues
[50]. Suskind et al. did not find a significant relation between
MMc and inflammatory bowel disease (IBD), but the frequency
and quantity of MMc in tissues was higher, both in IBD patients
and controls, than it was in the blood [55]. In this context, it
might be more suitable to investigate Mc in affected tissues,
where chimeric cells may exert their function.

To summarize, the present study did not show any
association between MMc and SLE. The overall frequency of

MMc in patients and controls was lower than that reported in
previous studies, indicating that MMc might not be as common
in adults as previously claimed—although differences in the
sensitivity of methods must be taken into account. In studies on
MMc and FMc, the pregnancy history of study subjects and the
choice of control group might be of crucial importance.
Although MMc may have implications for some autoimmune
diseases, especially in children, in the present study we could
not substantiate this relationship in adult SLE patients.

Author Contributions

Conceived and designed the experiments: AMK CG NP MU
MW. Performed the experiments: AMK MU. Analyzed the data:
AMK MU MW. Contributed reagents/materials/analysis tools:
ES IG LP MU. Wrote the manuscript: AMK CG ES NP MW.

References

1. van Dijk BA, Boomsma DI, de Man AJ (1996) Blood group chimerism in
human multiple births is not rare. Am J Med Genet 61: 264–268. doi:
10.1002/(SICI)1096-8628(19960122)61:3. PubMed: 8741872.

2. Utter GH, Reed WF, Lee TH, Busch MP (2007) Transfusion-associated
microchimerism. Vox Sang 93: 188–195. doi:10.1111/j.
1423-0410.2007.00954.x. PubMed: 17845255.

3. Alizadeh M, Bernard M, Danic B, Dauriac C, Birebent B et al. (2002)
Quantitative assessment of hematopoietic chimerism after bone
marrow transplantation by real-time quantitative polymerase chain
reaction. Blood 99: 4618–4625. doi:10.1182/blood.V99.12.4618.
PubMed: 12036896.

4. Starzl TE, Demetris AJ, Murase N, Ildstad S, Ricordi C et al. (1992)
Cell migration, chimerism, and graft acceptance. Lancet 339: 1579–
1582. doi:10.1016/0140-6736(92)91840-5. PubMed: 1351558.

5. Bianchi DW, Zickwolf GK, Weil GJ, Sylvester S, Demaria MA (1996)
Male fetal progenitor cells persist in maternal blood for as long as 27
years postpartum. Proc Natl Acad Sci U S A 93: 705–708. doi:10.1073/
pnas.93.2.705. PubMed: 8570620.

6. Maloney S, Smith A, Furst DE, Myerson D, Rupert K et al. (1999)
Microchimerism of maternal origin persists into adult life. J Clin Invest
104: 41–47. doi:10.1172/JCI7469. PubMed: 10393697.

7. Nelson JL, Furst DE, Maloney S, Gooley T, Evans PC et al. (1998)
Microchimerism and HLA-compatible relationships of pregnancy in
scleroderma. Lancet 351: 559–562. doi:10.1016/
S0140-6736(97)08357-8. PubMed: 9492775.

8. Ohtsuka T, Miyamoto Y, Yamakage A, Yamazaki S (2001) Quantitative
analysis of microchimerism in systemic sclerosis skin tissue. Arch
Dermatol Res 293: 387–391. doi:10.1007/s004030100245. PubMed:
11686513.

9. Aractingi S, Sibilia J, Meignin V, Launay D, Hachulla E et al. (2002)
Presence of microchimerism in labial salivary glands in systemic
sclerosis but not in Sjogren’s syndrome. Arthritis Rheum 46: 1039–
1043. doi:10.1002/art.10137. PubMed: 11953982.

10. Tanaka A, Lindor K, Gish L, Batts K, Shiratori Y et al. (1999) Fetal
microchimerism alone does not contribute to the induction of primary
biliary cirrhosis. Hepatology 30: 833–838. doi:10.1002/hep.510300410.
PubMed: 10498630.

11. Invernizzi P, De Andreis C, Sirchia SM, Battezzati PM, Zuin M et al.
(2000) Blood fetal microchimerism in primary biliary cirrhosis. Clin Exp
Immunol 122: 418–422. doi:10.1046/j.1365-2249.2000.01381.x.
PubMed: 11122249.

12. Pollack MS, Kirkpatrick D, Kapoor N, Dupont B, O’Reilly RJ (1982)
Identification by HLA typing of intrauterine-derived maternal T cells in
four patients with severe combined immunodeficiency. N Engl J Med
307: 662–666. doi:10.1056/NEJM198209093071106. PubMed:
7050708.

13. Müller SM, Ege M, Pottharst A, Schulz AS, Schwarz K et al. (2001)
Transplacentally acquired maternal T lymphocytes in severe combined
immunodeficiency: a study of 121 patients. Blood 98: 1847–1851. doi:
10.1182/blood.V98.6.1847. PubMed: 11535520.

14. Reed AM, McNallan K, Wettstein P, Vehe R, Ober C (2004) Does HLA-
dependent chimerism underlie the pathogenesis of juvenile
dermatomyositis? J Immunol 172: 5041–5046. PubMed: 15067086.

15. Reed AM, Picornell YJ, Harwood A, Kredich DW (2000) Chimerism in
children with juvenile dermatomyositis. Lancet 356: 2156–2157. doi:
10.1016/S0140-6736(00)03500-5. PubMed: 11191546.

16. Ye Y, van Zyl B, Varsani H, Wedderburn LR, Juvenile Dermatomyositis
Research Group et al. (2012) Maternal microchimerism in muscle
biopsies from children with juvenile dermatomyositis.
Rheumatology(Oxford) 51: 987–991. PubMed: 22271755.

17. Artlett CM, Ramos R, Jiminez SA, Patterson K, Childhood Myositis
Heterogeneity Collaborative Group et al. (2000) Chimeric cells of
maternal origin in juvenile idiopathic inflammatory myopathies. Lancet
356: 2155–2156.

18. Artlett CM, Miller FW, Rider LGChildhood Myositis Heterogeneity
Collaborative Study Group (2001) Persistent maternally derived
peripheral microchimerism is associated with the juvenile idiopathic
inflammatory myopathies. Rheumatology(Oxford) 40: 1279–1284.

19. Suskind DL, Rosenthal P, Heyman MB, Kong D, Magrane G et al.
(2004) Maternal microchimerism in the livers of patients with biliary
atresia. BMC Gastroenterol 4: 14. doi:10.1186/1471-230X-4-14.
PubMed: 15285784.

20. Kobayashi H, Tamatani T, Tamura T, Kusafuka J, Yamataka A et al.
(2007) Maternal microchimerism in biliary atresia. J Pediatr Surg 42:
987–991. doi:10.1016/j.jpedsurg.2007.01.051. PubMed: 17560207.

21. Hayashida M, Nishimoto Y, Matsuura T, Takahashi Y, Kohashi K et al.
(2007) The evidence of maternal microchimerism in biliary atresia using
fluorescent in situ hybridization. J Pediatr Surg 42: 2097–2101. doi:
10.1016/j.jpedsurg.2007.08.039. PubMed: 18082716.

22. Stevens AM, Hermes HM, Rutledge JC, Buyon JP, Nelson JL (2003)
Myocardial-tissue-specific phenotype of maternal microchimerism in
neonatal lupus congenital heart block. Lancet 362: 1617–1623. doi:
10.1016/S0140-6736(03)14795-2. PubMed: 14630442.

23. Nelson JL, Gillespie KM, Lambert NC, Stevens AM, Loubiere LS et al.
(2007) Maternal microchimerism in peripheral blood in type 1 diabetes
and pancreatic islet beta cell microchimerism. Proc Natl Acad Sci U S A
104: 1637–1642. doi:10.1073/pnas.0606169104. PubMed: 17244711.

24. Willer CJ, Herrera BM, Morrison KM, Sadovnick AD, Ebers GC (2006)
Canadian Collaborative Study on Genetic Susceptibility to Multiple
Sclerosis: Assoc Between microchimerism and Multiple Sclerosis in
Canadian Twins J Neuroimmunol 179: 145–151.

25. Lambert NC, Erickson TD, Yan Z, Pang JM, Guthrie KA et al. (2004)
Quantification of maternal microchimerism by HLA-specific real-time
polymerase chain reaction: studies of healthy women and women with
scleroderma. Arthritis Rheum 50: 906–914. doi:10.1002/art.20200.
PubMed: 15022334.

26. Lo ES, Lo YM, Hjelm NM, Thilaganathan B (1998) Transfer of
nucleated maternal cells into fetal circulation during the second
trimester of pregnancy. Br J Haematol 100: 605–606. doi:10.1046/j.
1365-2141.1998.0636a.x. PubMed: 9504651.

SLE and Maternal Microchimerism

PLOS ONE | www.plosone.org 6 September 2013 | Volume 8 | Issue 9 | e74534

http://dx.doi.org/10.1002/(SICI)1096-8628(19960122)61:3
http://www.ncbi.nlm.nih.gov/pubmed/8741872
http://dx.doi.org/10.1111/j.1423-0410.2007.00954.x
http://dx.doi.org/10.1111/j.1423-0410.2007.00954.x
http://www.ncbi.nlm.nih.gov/pubmed/17845255
http://dx.doi.org/10.1182/blood.V99.12.4618
http://www.ncbi.nlm.nih.gov/pubmed/12036896
http://dx.doi.org/10.1016/0140-6736(92)91840-5
http://www.ncbi.nlm.nih.gov/pubmed/1351558
http://dx.doi.org/10.1073/pnas.93.2.705
http://dx.doi.org/10.1073/pnas.93.2.705
http://www.ncbi.nlm.nih.gov/pubmed/8570620
http://dx.doi.org/10.1172/JCI7469
http://www.ncbi.nlm.nih.gov/pubmed/10393697
http://dx.doi.org/10.1016/S0140-6736(97)08357-8
http://dx.doi.org/10.1016/S0140-6736(97)08357-8
http://www.ncbi.nlm.nih.gov/pubmed/9492775
http://dx.doi.org/10.1007/s004030100245
http://www.ncbi.nlm.nih.gov/pubmed/11686513
http://dx.doi.org/10.1002/art.10137
http://www.ncbi.nlm.nih.gov/pubmed/11953982
http://dx.doi.org/10.1002/hep.510300410
http://www.ncbi.nlm.nih.gov/pubmed/10498630
http://dx.doi.org/10.1046/j.1365-2249.2000.01381.x
http://www.ncbi.nlm.nih.gov/pubmed/11122249
http://dx.doi.org/10.1056/NEJM198209093071106
http://www.ncbi.nlm.nih.gov/pubmed/7050708
http://dx.doi.org/10.1182/blood.V98.6.1847
http://www.ncbi.nlm.nih.gov/pubmed/11535520
http://www.ncbi.nlm.nih.gov/pubmed/15067086
http://dx.doi.org/10.1016/S0140-6736(00)03500-5
http://www.ncbi.nlm.nih.gov/pubmed/11191546
http://www.ncbi.nlm.nih.gov/pubmed/22271755
http://dx.doi.org/10.1186/1471-230X-4-14
http://www.ncbi.nlm.nih.gov/pubmed/15285784
http://dx.doi.org/10.1016/j.jpedsurg.2007.01.051
http://www.ncbi.nlm.nih.gov/pubmed/17560207
http://dx.doi.org/10.1016/j.jpedsurg.2007.08.039
http://www.ncbi.nlm.nih.gov/pubmed/18082716
http://dx.doi.org/10.1016/S0140-6736(03)14795-2
http://www.ncbi.nlm.nih.gov/pubmed/14630442
http://dx.doi.org/10.1073/pnas.0606169104
http://www.ncbi.nlm.nih.gov/pubmed/17244711
http://dx.doi.org/10.1002/art.20200
http://www.ncbi.nlm.nih.gov/pubmed/15022334
http://dx.doi.org/10.1046/j.1365-2141.1998.0636a.x
http://dx.doi.org/10.1046/j.1365-2141.1998.0636a.x
http://www.ncbi.nlm.nih.gov/pubmed/9504651


27. Socié G, Gluckman E, Carosella E, Brossard Y, Lafon C et al. (1994)
Search for maternal cells in human umbilical cord blood by polymerase
chain reaction amplification of two minisatellite sequences. Blood 83:
340–344. PubMed: 8286734.

28. Hall JM, Lingenfelter P, Adams SL, Lasser D, Hansen JA et al. (1995)
Detection of maternal cells in human umbilical cord blood using
fluorescence in situ hybridization. Blood 86: 2829–2832. PubMed:
7545474.

29. Petit T, Gluckman E, Carosella E, Brossard Y, Brison O et al. (1995) A
highly sensitive polymerase chain reaction method reveals the
ubiquitous presence of maternal cells in human umbilical cord blood.
Exp Hematol 23: 1601–1605. PubMed: 8542953.

30. Berry SM, Hassan SS, Russell E, Kukuruga D, Land S et al. (2004)
Association of maternal histocompatibility at class II HLA loci with
maternal microchimerism in the fetus. Pediatr Res 56: 73–78. doi:
10.1203/01.PDR.0000129656.10005.A6. PubMed: 15128924.

31. Jonsson AM, Uzunel M, Götherström C, Papadogiannakis N, Westgren
M (2008) Maternal microchimerism in human fetal tissues. Am J Obstet
Gynecol 198: 325.e321–325.e326. PubMed: 18191801.

32. Stevens AM, Hermes HM, Kiefer MM, Rutledge JC, Nelson JL (2009)
Chimeric maternal cells with tissue-specific antigen expression and
morphology are common in infant tissues. Pediatr Dev Pathol 12: 337–
346. doi:10.2350/08-07-0499.1. PubMed: 18939886.

33. Loubière LS, Lambert NC, Flinn LJ, Erickson TD, Yan Z et al. (2006)
Maternal microchimerism in healthy adults in lymphocytes, monocyte/
macrophages and NK cells. Lab Invest 86: 1185–1192. PubMed:
16969370.

34. Cuddapah Sunku C, Gadi VK, de Laval de Lacoste B, Guthrie KA,
Nelson JL (2010) Maternal and fetal microchimerism in granulocytes.
Chimerism 1: 11–14. doi:10.4161/chim.1.1.13098. PubMed: 21327147.

35. Rahman A, Isenberg DA (2008) Systemic lupus erythematosus. N Engl
J Med 358: 929–939. doi:10.1056/NEJMra071297. PubMed: 18305268.

36. Svenungsson E, Gustafsson J, Leonard D, Sandling J, Gunnarsson I et
al. (2010) A STAT4 risk allele is associated with ischaemic
cerebrovascular events and anti-phospholipid antibodies in systemic
lupus erythematosus. Ann Rheum Dis 69: 834–840. doi:10.1136/ard.
2009.115535. PubMed: 19762360.

37. Hom G, Graham RR, Modrek B, Taylor KE, Ortmann W et al. (2008)
Association of systemic lupus erythematosus with C80rf13-BLK and
ITGAM-ITGAX. N Engl J Med 358: 900–909. doi:10.1056/
NEJMoa0707865. PubMed: 18204098.

38. Mosca M, Curcio M, Lapi S, Valentini G, D’Angelo S et al. (2003)
Correlations of Y chromosome microchimerism with disease activity in
patients with SLE: analysis of preliminary data. Ann Rheum Dis 62:
651–654. doi:10.1136/ard.62.7.651. PubMed: 12810428.

39. Kremer Hovinga IC, Koopmans M, Baelde HJ, van der Wal AM,
Sijpkens YW et al. (2006) Chimerism occurs twice as often in lupus
nephritis as in normal kidneys. Arthritis Rheum 54: 2944–2950. doi:
10.1002/art.22038. PubMed: 16948133.

40. Kremer Hovinga IC, Koopmans M, Baelde HJ, de Heer E, Bruijn JA et
al. (2007) Tissue chimerism in systemic lupus erythematosus is related
to injury. Ann Rheum Dis 66: 1568–1573. doi:10.1136/ard.
2007.070516. PubMed: 17584805.

41. Johnson KL, McAlindon TE, Mulcahy E, Bianchi DW (2001)
Microchimerism in a female patient with systemic lupus erythematosus.

Arthritis Rheum 44: 2107–2111. doi:10.1002/1529-0131(200109)44:9.
PubMed: 11592373.

42. Portanova JP, Kotzin BL (1988) Lupus-like autoimmunity in murine
graft-versus-host disease. Rev Concepts Immunopathol 6: 119–140.
PubMed: 3292048.

43. Stevens AM, Tsao BP, Hahn BH, Guthrie K, Lambert NC et al. (2005)
Maternal HLA class II compatibility in men with systemic lupus
erythematosus. Arthritis Rheum 52: 2768–2773. doi:10.1002/art.21256.
PubMed: 16142706.

44. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ et al. (1982) The
1982 revised criteria for the classification of systemic lupus
erythematosus. Arthritis Rheum 25: 1271–1277. doi:10.1002/art.
1780251101. PubMed: 7138600.

45. Liang MH, Socher SA, Roberts WN, Esdaile JM (1988) Measurement
of systemic lupus erythematosus activity in clinical research. Arthritis
Rheum 31: 817–825. doi:10.1002/art.1780310701. PubMed: 3293570.

46. Gladman D, Ginzler E, Goldsmith C, Fortin P, Liang M et al. (1996) The
development and initial validation of the Systemic Lupus International
Collaborating Clinics/American College of Rheumatology damage index
for systemic lupus erythematosus. Arthritis Rheum 39: 363–369. doi:
10.1002/art.1780390303. PubMed: 8607884.

47. Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL et al. (2006)
International consensus statement on an update of the classification
criteria for definite antiphospholipid syndrome (APS). J Thromb
Haemost 4: 295–306. doi:10.1111/j.1538-7836.2006.01753.x. PubMed:
16420554.

48. Khosrotehrani K, Johnson KL, Lau J, Dupuy A, Cha DH et al. (2003)
The influence of fetal loss on the presence of fetal cell microchimerism:
a systematic review. Arthritis Rheum 48: 3237–3241. doi:10.1002/art.
11324. PubMed: 14613289.

49. Yan Z, Lambert NC, Guthrie KA, Porter AJ, Loubiere LS et al. (2005)
Male microchimerism in women without sons: quantitative assessment
and correlation with pregnancy history. Am J Med 118: 899–906. doi:
10.1016/j.amjmed.2005.03.037. PubMed: 16084184.

50. Jonsson AM, Papadogiannakis N, Granath A, Haggstrom J, Schaffer M
et al. (2010) Maternal microchimerism in juvenile tonsils and adenoids.
Pediatr Res 68: 199–204. doi:10.1203/PDR.0b013e3181eb2eb4.
PubMed: 20531252.

51. Gammill HS, Guthrie KA, Aydelotte TM, Adams Waldorf KM, Nelson JL
(2010) Effect of parity on fetal and maternal microchimerism: interaction
of grafts within a host? Blood 116: 2706–2712. doi:10.1182/
blood-2010-02-270942. PubMed: 20628146.

52. Azzouz DF, Rak JM, Balandraud N, Auger I, Martin M et al. (2010) How
microchimerism can impart HLA susceptibility to rheumatoid arthritis.
Chimerism 1: 23–25. doi:10.4161/chim.1.1.12648. PubMed: 21327148.

53. Stevens AM, Hermes HM, Lambert NC, Nelson JL, Meroni PL et al.
(2005) Maternal and sibling microchimerism in twins and triplets
discordant for neonatal lupus syndrome-congenital heart block.
Rheumatology (Oxf) 44: 187–191. doi:10.1093/rheumatology/keh453.
PubMed: 15536065.

54. Khosrotehrani K, Guegan S, Fraitag S, Oster M, de Prost Y et al.
(2006) Presence of chimeric maternally derived keratinocytes in
cutaneous inflammatory diseases of children: the example of pityriasis
lichenoides. J Invest Dermatol 126: 345–348. doi:10.1038/sj.jid.
5700060. PubMed: 16374466.

55. Suskind DL, Kong D, Stevens A, Wahbeh G, Christie D et al. (2011)
Maternal microchimerism in pediatric inflammatory bowel disease.
Chimerism 2: 50–54. doi:10.4161/chim.2.2.16556. PubMed: 21912719.

SLE and Maternal Microchimerism

PLOS ONE | www.plosone.org 7 September 2013 | Volume 8 | Issue 9 | e74534

http://www.ncbi.nlm.nih.gov/pubmed/8286734
http://www.ncbi.nlm.nih.gov/pubmed/7545474
http://www.ncbi.nlm.nih.gov/pubmed/8542953
http://dx.doi.org/10.1203/01.PDR.0000129656.10005.A6
http://www.ncbi.nlm.nih.gov/pubmed/15128924
http://www.ncbi.nlm.nih.gov/pubmed/18191801
http://dx.doi.org/10.2350/08-07-0499.1
http://www.ncbi.nlm.nih.gov/pubmed/18939886
http://www.ncbi.nlm.nih.gov/pubmed/16969370
http://dx.doi.org/10.4161/chim.1.1.13098
http://www.ncbi.nlm.nih.gov/pubmed/21327147
http://dx.doi.org/10.1056/NEJMra071297
http://www.ncbi.nlm.nih.gov/pubmed/18305268
http://dx.doi.org/10.1136/ard.2009.115535
http://dx.doi.org/10.1136/ard.2009.115535
http://www.ncbi.nlm.nih.gov/pubmed/19762360
http://dx.doi.org/10.1056/NEJMoa0707865
http://dx.doi.org/10.1056/NEJMoa0707865
http://www.ncbi.nlm.nih.gov/pubmed/18204098
http://dx.doi.org/10.1136/ard.62.7.651
http://www.ncbi.nlm.nih.gov/pubmed/12810428
http://dx.doi.org/10.1002/art.22038
http://www.ncbi.nlm.nih.gov/pubmed/16948133
http://dx.doi.org/10.1136/ard.2007.070516
http://dx.doi.org/10.1136/ard.2007.070516
http://www.ncbi.nlm.nih.gov/pubmed/17584805
http://dx.doi.org/10.1002/1529-0131(200109)44:9
http://www.ncbi.nlm.nih.gov/pubmed/11592373
http://www.ncbi.nlm.nih.gov/pubmed/3292048
http://dx.doi.org/10.1002/art.21256
http://www.ncbi.nlm.nih.gov/pubmed/16142706
http://dx.doi.org/10.1002/art.1780251101
http://dx.doi.org/10.1002/art.1780251101
http://www.ncbi.nlm.nih.gov/pubmed/7138600
http://dx.doi.org/10.1002/art.1780310701
http://www.ncbi.nlm.nih.gov/pubmed/3293570
http://dx.doi.org/10.1002/art.1780390303
http://www.ncbi.nlm.nih.gov/pubmed/8607884
http://dx.doi.org/10.1111/j.1538-7836.2006.01753.x
http://www.ncbi.nlm.nih.gov/pubmed/16420554
http://dx.doi.org/10.1002/art.11324
http://dx.doi.org/10.1002/art.11324
http://www.ncbi.nlm.nih.gov/pubmed/14613289
http://dx.doi.org/10.1016/j.amjmed.2005.03.037
http://www.ncbi.nlm.nih.gov/pubmed/16084184
http://dx.doi.org/10.1203/PDR.0b013e3181eb2eb4
http://www.ncbi.nlm.nih.gov/pubmed/20531252
http://dx.doi.org/10.1182/blood-2010-02-270942
http://dx.doi.org/10.1182/blood-2010-02-270942
http://www.ncbi.nlm.nih.gov/pubmed/20628146
http://dx.doi.org/10.4161/chim.1.1.12648
http://www.ncbi.nlm.nih.gov/pubmed/21327148
http://dx.doi.org/10.1093/rheumatology/keh453
http://www.ncbi.nlm.nih.gov/pubmed/15536065
http://dx.doi.org/10.1038/sj.jid.5700060
http://dx.doi.org/10.1038/sj.jid.5700060
http://www.ncbi.nlm.nih.gov/pubmed/16374466
http://dx.doi.org/10.4161/chim.2.2.16556
http://www.ncbi.nlm.nih.gov/pubmed/21912719

	A Research Study of the Association between Maternal Microchimerism and Systemic Lupus Erythematosus in Adults: A Comparison between Patients and Healthy Controls Based on Single-Nucleotide Polymorphism Using Quantitative Real-Time PCR
	Introduction
	Materials and Methods
	Ethics statement
	Participants and clinical specimens
	Quantitative real-time PCR
	Statistical Analysis

	Results
	Discussion
	Author Contributions
	References


