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Recent studies indicate that fetal cells persist in maternal blood for decades after pregnancy. Maternal cells are known to
engraft and persist in infants with immunodeficiency, but whether maternal cells persist long-term in immunocompetent
offspring has not specifically been investigated. We developed sensitive human leukocyte antigen–specific (HLA-specific)
PCR assays and targeted nonshared maternal HLA genes to test for persistent maternal microchimerism in subjects with
scleroderma and in healthy normal subjects. Nonshared maternal-specific DNA was found in 6 of 9 scleroderma patients.
In situ hybridization with double labeling for X and Y chromosome–specific sequences revealed female cells in peripheral
blood samples from 2 male scleroderma patients. HLA-specific PCR also frequently revealed persistent maternal
microchimerism in healthy control subjects. The mean age of all subjects with maternal microchimerism was 28 years
(range: 9–49 years). With few exceptions, mothers of subjects with persistent maternal microchimerism were HLA
incompatible with subjects for class I and class II alleles. These results clearly indicate that HLA-disparate maternal cells
can persist in immunocompetent offspring well into adult life. The biological significance of maternal microchimerism and
whether it might contribute to autoimmune disease requires further investigation.
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Introduction
The placenta was traditionally thought to be a barri-
cade that keeps the genetically differing mother and
child separate. This assumption has recently given way,
as a result of the application of molecular biological
techniques to the study of human pregnancy. It is now
recognized that fetal cells routinely pass into the
maternal circulation during normal human pregnancy
(1). Maternal cells can also be found in the fetal circu-
lation (1, 2). In 1996, Bianchi et al. (3) reported the sur-
prising observation that fetal cells persist in the mater-
nal circulation for decades after pregnancy completion.
Maternal cells are known to engraft and persist in
infants with immunodeficiency (4). However, whether
maternal cells persist long term in immunocompetent
offspring, or are a factor in subsequent autoimmune
disease, has not been investigated previously.

We studied patients with scleroderma because the
hypothesis has been proposed that microchimerism is
involved in autoimmune diseases such as scleroderma
(5). The hypothesis was based on clinical similarities of
scleroderma and chronic graft-versus-host disease
(known to involve chimerism), the increased incidence
of scleroderma in middle-aged women, and the long-
term persistence of fetal cells after pregnancy comple-

tion. In previous studies, we found that persistent fetal
microchimerism is more frequent and quantitatively
greater in the peripheral blood of women with sclero-
derma than in normal women (6). However, scleroder-
ma also occurs in men and in women who have never
been pregnant. In the current studies, therefore, we
sought to investigate whether maternal cells sometimes
persist into adult life in immunocompetent offspring.
Engraftments from blood transfusion (7) or from a
twin (8) represent additional potential sources of
microchimerism. We designed human leukocyte anti-
gen–specific (HLA-specific) primers that target non-
shared maternal-specific HLA alleles, and tested DNA
extracted from the peripheral blood of patients with
scleroderma and normal subjects.

Methods
Study subjects, clinical specimens, and HLA genotyping. All
subjects with a history of blood transfusion were
excluded from the study. Thirty-two families with a his-
tory of simplex scleroderma were recruited and studied
for HLA class II and class I alleles; 3 generations were
studied for 20 families and 2 generations for 12 fami-
lies. Three generations were required for study entry for
all women with children, and participation of all chil-
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dren was required because microchimerism could
derive from the mother or from a child in these sub-
jects. Participation of men, children, and never-preg-
nant women included 2 generations (i.e., the subject
and mother). One scleroderma patient was a twin; the
unaffected twin was also recruited to the study. Thirty-
three healthy control families were recruited, including
22 with 3 generations and 11 with 2 generations. HLA
genotyping was completed for a total of 254 individu-
als: 128 in scleroderma families and 126 in controls.
Some additional family members were included to con-
firm HLA haplotype assignments. From this database,
subjects were selected for further study when the sub-
ject’s mother had a nonshared HLA allele that was tar-
geted by HLA-specific assays. All subjects granted
informed consent as approved by the Fred Hutchinson
Cancer Research Center Institutional Review Board.

PBMCs were isolated from whole heparinized blood
by dilution in HBSS, followed by Ficoll-Hypaque (Phar-
macia Biotech AB, Uppsala, Sweden) gradient centrifu-
gation at 1.077 g/mL. For some children, DNA was
extracted from hair roots for HLA typing as described
previously (9). Genomic DNA was extracted from
PBMCs using an Isoquick Nucleic Extraction Kit (Orca
Research Inc., Bothell, Washington, USA), according to
the manufacturer’s instructions, and resuspended in 10
mM Tris-HCl (pH 9.0). DNA quantity and purity were
determined by standard spectrophotometric methods.
For some subjects, DNA was extracted directly from
whole blood samples.

DNA-based typing with sequence-specific oligonu-
cleotide probe panels was used to identify specific alle-
les at the DRB1, DRB3, DRB4, DRB5, DQA1, and DQB1

loci. For DRB1, an initial low-resolution assay detects
DRB1 families DBR1*01 to DRB1*14 and is followed by
1 or more high-resolution assays that identify specific
DRB1 alleles as described previously (10, 11). DQA1 and
DQB1 alleles were determined using methods similar to
those described previously (9), with additional probes
added to detect newly identified alleles (12). HLA class
I antigens were determined using a standard lympho-
cytotoxicity assay that discriminates 20 HLA-A, 30
HLA-B, and 8 HLA-Cw antigens. Some samples were
subjected to sequencing to determine specific HLA
class I alleles (13). To confirm HLA allele and antigen
assignments and homozygosity, multiple family mem-
bers were genotyped — including fathers and siblings
of subjects, when available.

HLA-specific PCR primers. Primer sequences were
designed based on all known allele sequences (12).
Primer synthesis was done by Oligos Etc. (Wilsonville,
Oregon, USA). One primer set was designed to target an
HLA class I polymorphism and 3 targeted HLA class II
polymorphisms. To target HLA-B44, a primer was
designed that amplifies a group of HLA-B alleles based
on polymorphisms at positions 66, 69, and 75 of exon 3
and another group of HLA-B alleles based on a poly-
morphism at position 229 of exon 3. The combination
of primers specifically amplifies HLA-B44 alleles, pro-
ducing a 190-bp fragment. All DRB-specific primers were
designed to amplify allele groups based on sequence
polymorphisms in the hypervariable region of exon 2.
For HLA-DRB5*01, one primer amplifies a group of
DRB5*01 alleles based on polymorphisms at positions
25, 26, 31, 32, and 38, and the other amplifies a group of
DRB5*01 alleles based on polymorphisms between posi-
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Table 1
Sequencing result for the HLA-specific product shown above and deduced amino acid sequence

5′- CGC GGG TAT GAC CAG GAC GCC TAC GAC GGC AAG GAT TAC ATC GCC CTG AAC GAG GAC CTG AGC TCC TGG
R G Y D Q D A Y D G K D Y I A L N E D L S S W

ACC GCG GCG GAC ACC GCG GCT CAG ATC ACC CAG CGC AAG TGG GAG GCG GCC CGT GTG GCG GAG CAG CTG
T A A D T A A Q I T Q R K W E A A R V A E Q L

AGA GCC TAC CTG GAG GGC CTG TGC GTG GAG TCG CTC CGC AGA TAC CTG-3′
R A Y L E G L C V E S L R R Y L

The identical sequence was obtained from the patient and the mother, and corresponds to the specific allele B*4403.

Figure 1
HLA-B44–specific PCR of DNA extracted from PBMCs of
a 49-year-old scleroderma patient who was B44-negative
and whose mother was B44-positive. Lanes 3 and 5 are
patient samples from 2 different draw dates. Lane 7 is a
positive control from the mother, and lane 8 is a positive
control from a homozygous cell line. The patient’s HLA-B
alleles were B*0801 and B*3508, and lanes 10 and 11 are
negative controls derived from homozygous cell lines with
these alleles. Lane 12 is a negative reagent control, and
lanes 2, 4, 6, and 9 are blank.



tions 215 and 231. The combination of primers specifi-
cally amplifies HLA-DRB5*01 alleles, producing a 210-bp
fragment. For HLA-DRB1*04, one primer amplifies a
group of DRB1*04 alleles based on polymorphisms at
positions 25, 26, 31, and 36, and the other amplifies a
group of DRB1*04 alleles based on polymorphisms at
positions 97 and 110. The combination of primers
specifically amplifies DRB1*04, producing a 104-bp frag-
ment. Further discrimination among DRB1*04 alleles
was achieved by using the former primer along with 1 of
2 primers that discriminate a dimorphism at position
258 (codon 86), producing a 263-bp fragment. For HLA-
DRB1*11, one primer amplifies a group of DRB1*11 alle-
les based on polymorphisms at positions 25, 26, 28, 30,
31, 32, and 35 of exon 2, and the second primer ampli-
fies a group of DRB1*11 alleles based on polymorphisms
at positions 173 and 174 of exon 2. The combination of
primers specifically amplifies DRB1*11 and produces a
178-bp fragment. Primer sequences are as follows: B44-
specific primers 5′-TCC GCG GGT ATG ACC AGG A-3′
and 3′-TCC AGG TAT CTG CGG AGC G-5′; DRB5*01-
specific primers 5′-TTC TTG CAG CAG GAT AAG TAT-
3′ and 3′-GTA GTT GTC CAC CGC GGC G-5′;
DRB1*04-specific primers 5′-CCA CGT TTC TTG GAG
CAG GTT AAA-3′ and 3′-GCG CAC GTA CTC CTC
TTG GTG-5′; DRB1*11-specific primers 5′-CA CGT TTC
TTG GAG TAC TCT AC-3′ and 5′-CTG GCT GTT CCA
GTA CTC CT-5′.

HLA-specific PCR for maternal microchimerism. PCR reac-
tions were performed in a volume of 50 µL containing
1.25–1.5 µg genomic DNA, 10 mmol/L Tris-HCl (pH
8.3), 50 mmol/L KCl, 1.5 mmol MgCl2, 0.001% wt/vol
gelatin, 260 µmol/L of each deoxynucleotide, 0.5 U Per-
fect Match PCR Enhancer (Stratagene, La Jolla, Cali-
fornia, USA), 2.5 U AmpliTaq Gold DNA polymerase
(Perkin-Elmer Applied Biosystems, Foster City, Cali-
fornia, USA), and 20 pmol of each HLA-specific primer.
Ultrapure water was added to make up the final vol-
ume of 50 µL. Amplification consisted of 5 minutes at
96°C, 35 cycles at 95°C for 35 seconds, and at 65°C for
35 seconds for HLA-B44 (58.5°C for DRB5*01; 72°C
for DRB1*04; 64.5°C for DRB1*11), then 72°C for 1
minute, with a final extension step at 72°C for 10 min-
utes. Optimum amplification, sensitivity, and speci-
ficity were achieved by titrating MgCl2, and primer con-
centrations, number of thermocycles, and annealing
temperature. All amplifications were performed in a
GeneAmp System 9600 thermocycler (Perkin-Elmer
Applied Biosystems). Assay sensitivity was determined
by spiking experiments in which target DNA was seri-
ally diluted and added to a fixed amount of back-
ground DNA corresponding to alleles of the subject.
The HLA-B44– and DRB5*01-specific PCR assays were
able to detect at least 1 target cell in a background
500,000 cells; the HLA-DRB1*04– and DRB1*11-specif-
ic PCR assays were able to detect at least 1 target cell in
a background of 100,000 cells. Each PCR assay includ-
ed the following controls: (a) a positive control of DNA
from a cell line with the HLA allele of interest (0.2–0.5

µg); (b) a positive control from the subject’s mother
(0.2–0.5 µg); (c) negative controls of DNA from a cell
line with the same HLA alleles as the subject (1.25 µg
and 0.35 µg); and (d) a negative control consisting of all
PCR reagents without DNA. PCR products were elec-
trophoresed at 100 V constant voltage for 1 hour in 6%
or 8% precast TBE gels using a Novex Xcell II Mini-Cell
(Novex, San Diego, California, USA). Each gel included
positive and negative PCR controls and a 100-bp lad-
der (SLL-100; Gensura, Del Mar, California, USA). Gels
were stained with silver stain (Silver Stain Plus Kit, Bio-
Rad Laboratories Inc., Hercules, California, USA) and
dried with the DryEase Gel Drying System (Novex).
DNA extracted from whole blood was tested in 4 sam-
ples of insufficient quantity to isolate PBMCs. All tests
were done in duplicate, and most samples were assayed
more than once.

PCR precautionary measures. Extreme caution was
employed to avoid and detect possible PCR contami-
nation. Separate areas were used for PBMC separation,
extraction of genomic DNA, PCR setup and amplifica-
tion, and analysis of PCR products, with before-and-
after PCR tests conducted in separate laboratories.
Aerosol-resistant pipette tips (Molecular Bio-Products
Inc., San Diego, California, USA) were used in all exper-
iments, and multiple negative controls were included
in all PCR amplifications.

Sequencing of HLA-specific PCR products. Seven micro-
liters of the initial HLA-specific PCR product was sub-
jected to an additional 40 cycles of amplification using
the original thermocycling parameters. Thirty micro-
liters of this PCR product was electrophoresed in a
1.75% ultrapure agarose gel (GIBCO BRL, Grand
Island, New York, USA) and stained with a solution of
ethidium bromide (0.5 µg/mL). The band was excised,
eluted, and purified using a QIAquick Gel Extraction
Kit (QIAGEN Inc., Valencia, California, USA). The puri-
fied PCR product was eluted into 30 µL of 10 mmol
Tris-HCl (pH 9.0), and 100 ng was added to a reaction
mix containing 8.0 µL of sequencing reagent pre-mix
(Thermo Sequenase; Amersham Corp., Arlington
Heights, Illinois, USA), 12.5 pmol 5′ or 3′ primer, and
1 µL DMSO (Sigma Chemical Co., St. Louis, Missouri,
USA). Ultrapure water was added to make a final vol-
ume of 20 µL. The sequencing reaction mixtures were
heated at 96°C for 3 minutes in a GeneAmp System
9600 thermocycler, followed by 25 cycles at 96°C for 10
seconds, 50°C for 5 seconds, and 60°C for 4 minutes.
Resulting PCR products were column purified and
electrophoresed as above. Sense and antisense
sequences were determined in duplicate for the sub-
ject’s and mother’s HLA-specific PCR products, as well
as for positive control cell line PCR products. Sequence
analysis was performed using Wisconsin Package ver-
sion 9.1 software from Genetics Computer Group
(Madison, Wisconsin, USA).

Cytospin slide preparation and in situ hybridization.
Cytospin slide preparations were analyzed for the pres-
ence of X and Y chromosome–specific sequences, using
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a technique developed in the Fred Hutchinson Cancer
Research Center Molecular Cytogenetics Laboratory for
quantitative analysis of chimerism in sex-mismatched
stem cell transplant pairs (14). Cytospin samples of male
cells were prepared by centrifugation of 30,000–60,000
freshly separated PBMCs onto glass slides, 300 µL per
slide. Slides were stored in a desiccation chamber until
use. The X chromosome–specific probe DXZ1 (15) was
nick-translated with digoxigenin, and the Y chromo-
some–specific probe DYZ1 (16) was nick-translated with
biotin. The XY probe mixture had a final concentration
of 0.5 µg/mL of each probe in hybridization buffer of
50% formamide, 2× SSC (0.3 M sodium chloride and
0.03 M sodium citrate [pH 7.2]), and 10% dextran sulfate.
It was denatured at 72°C for 5 minutes, cooled on ice,
and applied to the slide. Slides were digested in pepsin
(0.1 mg/mL in 0.01 M HCl) at 37°C for 3 minutes, fixed
in 4% buffered formalin for 15 minutes, rinsed in PBS,
dehydrated in ethanol (70%, 95%, and 100%), and air
dried. Slides were denatured by treatment in 2× SSC
(72°C) for 10 minutes, 70% formamide, 2× SSC (72°C)
for 3 minutes, dehydrated in an ethanol series (–20°C),
and air dried. Ten microliters of probe was applied to the
slide and then mounted under a coverslip (22 × 22 mm)
sealed with rubber cement. It was incubated overnight at

42°C in a humidified chamber. Slides were washed in
55% formamide, 2× SSC (45°C) for 15 minutes, and 2×
SSC (room temperature) for 5 minutes. Probe signals
were simultaneously detected with fluorescein-coupled
anti-digoxigenin (1:500 dilution; Boehringer Mannheim
Biochemicals, Indianapolis, Indiana, USA) and Texas
red–coupled avidin (1:500 dilution; Vector Laboratories,
Burlingame, California, USA) for 30 minutes at room
temperature in the dark. After washing with 2× SSC and
PBS, they were mounted with VECTASHIELD (Vector
Laboratories). Slides were evaluated directly using a
Nikon E600 epifluorescence microscope with a 100-W
mercury lamp equipped with appropriate single, double,
and triple band-pass filters. Only cells with 2 visible
chromosome signals were enumerated, without using
any electronic enhancement.

Results
The initial HLA-specific PCR assay was developed to
investigate maternal microchimerism in a 49-year-old
woman with scleroderma, and targeted the HLA class I
antigen HLA-B44. The patient’s class II haplotypes were
DRB1*1104-DRB3*02-DQA1*0501-DQB1*0301 and
DRB1*1501-DRB5*0101-DQA1*0102-DQB1*0602, and
the mother was homozygous for the former haplotype;
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Figure 2
HLA-DRB5*01-specific PCR of DNA extracted from PBMCs of a scleroderma patient and a normal subject. The DRB5 gene is present only
on some HLA haplotypes. Both mothers had DRB5*01 and both subjects did not. Lanes 3 and 4 are patient samples (different aliquots from
the same draw date). Negative controls from homozygous cell lines with alleles similar to the patient’s are shown in lanes 5 and 6, and a
positive homozygous control is shown in lane 7. Lanes 8–11 are 2 draw dates from a normal subject. Lanes 12 and 13 are negative cell line
controls, and lane 14 is a positive homozygous cell line control. Lane 2 is blank. There was no alternative source of DRB5*01 DNA in the
normal subject. The scleroderma patient also had children with DRB5*01 (see text).

Table 2
Sequencing result for the products of HLA-specific PCR shown above and deduced amino acid sequence 

5′- TTC TTG CAG CAG GAT AAG TAT GAG TGT CAT TTC TTC AAC GGG ACG GAG CGG GTG CGG TTC CTG CAC AGA GAC
F L Q Q D K Y E C H F F N G T E R V R F L H R D

ATC TAT AAC CAA GAG GAG GAC TTG CGC TTC GAC AGC GAC GTG GGG GAG TAC CGG GCG GTG ACG GAG CTG GGG
I Y N Q E E D L R F D S D V G E Y R A V T E L G

CGG CCT GAC GCT GAG TAC TGG AAC AGC CAG AAG GAC TTC CTG GAA GAC AGG CGC GCC GCG GTG GAC-3′
R P D A E Y W N S Q K D F L E D R R A A V D

The identical sequence was obtained from the patient, the normal subject, and both mothers. The sequence corresponds to DRB5*0101.



thus, no class II allele could be targeted to test for mater-
nal DNA. However, at the HLA-B locus the mother had
B44 and B8, whereas the patient had B35 and B8. The
mother’s and patient’s HLA-B alleles were determined by
sequencing to be B*4403,*0801, and B*3508,*0801,
respectively. HLA-B44–specific primers were developed,
and the difference in B alleles were exploited to test for
maternal-specific DNA in the patient. As seen in Figure
1, the 190-bp HLA-B44–specific PCR product was read-
ily detected in DNA extracted from PBMCs of the
patient. Blood samples from 3 different draw dates span-
ning 2.5 years (2 of which are shown in Figure 1) were
positive for the noninherited maternal DNA. The HLA-
specific PCR product was eluted, purified, and subject-
ed to sequencing. The sequence obtained (Table 1) was
identical to that from the mother (both from DNA
extracted from PBMCs and from sequencing the prod-
uct from the mother after the HLA-B44–specific assay).
The sequence corresponds to amino acids 110–172
encoded by the third exon of HLA-B*4403. No HLA-
B44–specific DNA was detected in another scleroderma
patient for whom the mother had a nonshared HLA-B44
antigen. Two children represent alternative sources of
microchimerism in this patient.

Additional HLA-specific assays were developed target-
ing HLA class II sequences of DRB5, DRB1*04, and
DRB1*11. The DRB5 locus is absent on all HLA haplo-
types, except for those that have DRB1 alleles that encode
for DR2 molecules. Primers were developed that were
specific for DRB5*01, which is present on haplotypes
that encode DRB1*15, and were employed to test all scle-
roderma patients and healthy subjects for whom the
mother had DRB5*01 that was not shared by the subject.
DR2 molecules are encoded by DRB1*15 and DRB1*16
alleles; none of our families had DRB1*16 alleles, so no
other DRB5-encoded molecules were present in the fam-
ilies studied. DRB5*01-specific DNA was detected in 2 of
3 SSC patients. DRB5*01-specific DNA was also detect-
ed in 2 of 3 healthy normal subjects. The scleroderma
patient shown in Figure 2 had positive results in all
aliquots tested and in an additional assay (each assay is
done in duplicate); the control subject had positive
results in 1 aliquot but not in another aliquot from a dif-
ferent draw date. Sequencing of the 210-bp product
revealed identity of the subjects and the mothers’ alleles
(Table 2). The sequence corresponds to amino acids 7–76
of DRB5*01. In the scleroderma patient shown in Figure
2, DRB5*01-specific DNA could also have originated
from a child, because this patient had 3 sons, all of
whom inherited DRB5*01 from their father. However,
the patient had no other pregnancies, and multiple tests
for male DNA using both a quantitative assay (6) and a
very sensitive nested PCR to test for male DNA (17) con-
sistently revealed no male DNA in peripheral blood sam-
ples from this patient. In this scleroderma family, it is
interesting that the haplotype the patient did not inher-
it from her mother was identical to the paternally inher-
ited haplotype of her sons for DRB1, DRB5, DQA1,
DQB1, and HLA-B.

DRB1*04-specific and DRB1*11-specific assays iden-
tified maternal microchimerism in 10 of 18 and 2 of 5
subjects, respectively. Two of 3 scleroderma patients
had maternal-specific DRB1*04 detected, as did 8 of 15
controls. In the normal subjects, the only potential
source of DRB1*04-specific DNA was from the moth-
er. In 1 scleroderma patient, an alternative potential
source was the patient’s daughter, who inherited
DRB1*04 from her father. However, the child’s
DRB1*04 allele was DRB1*0404, whereas that of the
patient’s mother was DRB1*0401. Additional testing
was conducted in which a DRB1*04-specific primer
was used in conjunction with 1 of 2 different primers
that target a difference between DRB1*0404 and
DRB1*0401, based on a dimorphism at position 258.
The results clearly indicated that the chimeric DNA
was DRB1*0401 (maternal); no DRB1*0404 DNA was
detected (data not shown). One scleroderma patient
and 1 of 4 controls tested for DRB1*11 had maternal
microchimerism.

Overall maternal-specific DNA was detected in 17 of
31 (55%) study subjects, without a significant differ-
ence in scleroderma patients and controls. The age
range of scleroderma patients with persistent mater-
nal microchimerism was 11–49 years (mean age: 34
years). The age range of all normal subjects with per-
sistent maternal microchimerism was 9–46 years
(mean age: 25 years).
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Figure 3
In situ hybridization with double labeling for X and Y chromo-
some–specific sequences of PBMCs from male patients with sclero-
derma (above) and scleroderma/myositis overlap (below). A cell with
2 X chromosomes (green) is seen among male cells that contain both
a Y chromosome (red) and an X chromosome (green) in each of the
patients. (In the top panel, the X and Y signals are superimposed in
the cell adjacent to the cell with 2 X signals.) The only known sources
of female cells in the patients were their mothers. Neither patient had
a history of blood transfusion or was a twin. ×100.



PBMC cytospin preparations from 5 male subjects
were subjected to in situ hybridization with double
labeling for X and Y chromosome–specific sequences.
Male subjects included 3 scleroderma patients (1 with
scleroderma/myositis overlap) and 2 normal subjects.
Two female cells were seen in 1 of the scleroderma
patients among 69,745 cells counted, and 1 female
cell was seen among 88,567 cells counted in the
patient with scleroderma/myositis overlap (Figure 3).
No female cells were seen in a normal male among
32,622 cells counted, in a second normal male among
32,622 cells counted, or in the other male scleroder-
ma patient among 40,687 cells counted.

Discussion
The frequency with which maternal cells pass into the
fetal circulation was initially thought to be low, esti-
mated at 1% in umbilical cord blood samples (18). Sub-
sequently, Hall et al. (2) found maternal cells in 22% of
cord blood samples. Other studies using PCR-based
techniques increased the estimate to more than 40%
(1). Maternal cells in cord blood could reflect events
related to delivery. However, 2 recent studies have also
found evidence of maternal cells in the fetal circulation
in elective terminations in early and late gestation (19,
20). Maternal cells are known to engraft and persist in
the circulation of infants with severe combined
immunodeficiency (4, 21–26). However, to our knowl-
edge, no previous study has specifically examined long-
term persistence of maternal cells in immunologically
competent offspring. Supporting the possibility, in an
earlier study that used cytogenetic analysis, male
infants who received in utero transfusion from their
mothers were found to harbor up to 4% of lympho-
cytes, with 2 X chromosomes at 4–5 years of age (27). In
a murine model, maternal cells were found routinely in
the bone marrow of immunocompetent fetuses (28).

We asked whether maternal microchimerism persists
into adult life in patients with autoimmune disease and
in normal individuals. To address this question, it was
first necessary to develop sensitive techniques by which
very small amounts of maternal DNA can be detected.
For this purpose, HLA-specific PCR assays were
designed and implemented to test study subjects for
nonshared maternal-specific DNA. We found persist-
ent maternal microchimerism in peripheral blood sam-
ples from scleroderma patients 11–49 years old. We also
found persistent maternal microchimerism in normal
subjects 9–46 years old. Products of HLA-specific PCR
assays were subjected to sequencing, confirming their
identity with maternal-specific HLA alleles.

Although scleroderma patients did not differ signif-
icantly from controls in the frequency with which
maternal microchimerism could be detected, the find-
ing that maternal microchimerism can persist through
childhood and into adult life lends credence to the pos-
sibility that maternal microchimerism could play a role
in some autoimmune diseases. In previous studies that
investigated fetal microchimerism, we employed a

quantitative assay for male DNA in women with sons
and found a significant difference in quantitative lev-
els of male DNA in scleroderma patients compared
with healthy women (6). Scleroderma patients could
also have quantitative differences of maternal
microchimerism from normal subjects that would not
be reflected in the current studies, because the HLA-
specific assay is not quantitative. That maternal
microchimerism could play a role in some systemic
autoimmune diseases is supported by experimental
models; for example, the introduction of parental cells
into F1 progeny is a well-recognized model of systemic
lupus erythematosus (29–32). Homing properties of
chimeric cells could be important, as recently suggest-
ed by Aractangi et al. (33), who found fetal DNA in skin
lesions of women with polymorphic eruptions of preg-
nancy, a skin disorder of pregnancy. Evidence for fetal
cells in the skin of scleroderma patients has been
described (34). Migration and localization may be key
factors that determine the outcome of chimeric cells, as
has recently been discussed (35). Maternal micro-
chimerism could also be implicated in some neonatal
and pediatric diseases.

The mechanisms by which a host maintains very low
levels of nonhost cells over an extended period of time
are unknown. In the current study, all mothers of sub-
jects were HLA incompatible at 1 or more HLA loci and
with few exceptions were HLA incompatible for multi-
ple HLA class I alleles and HLA class II alleles. Toler-
ance to noninherited maternal HLA antigens has been
described in highly sensitized patients awaiting kidney
transplantation (36). A host could remain tolerant to
noninherited maternal HLA alleles either because of in
utero exposure or because of persistent micro-
chimerism; long-lasting tolerance to fetal paternally
inherited HLA alleles is also plausible. However, the
finding that both maternal cells and fetal cells persist
raises questions as to how differing microchimeric cell
populations interact in the host and whether there are
consequences to the host when particular HLA rela-
tionships occur between different chimeric cell popu-
lations. For example, in the current studies the nonin-
herited maternal haplotype of 1 scleroderma patient
was identical to the paternally inherited haplotype of
her 3 sons for all class II alleles (also for HLA-B, but not
for HLA-A). Immunological consequences of long-term
maternal microchimerism could also differ from those
of fetal microchimerism because, in the former, a fetus
would be exposed during a time when the immune sys-
tem is still developing. Factors that could influence
potential immunological consequences of exposure to
maternal cells include the timing of exposure, quanti-
tative aspects of exposure, and medical conditions of
pregnancy, i.e., preeclampsia (37).

In addition to persistent fetal microchimerism from
pregnancy, another potential source of micro-chimerism
is from a twin (8). One of the scleroderma patients who
was tested for maternal microchimerism (and was nega-
tive) had an unaffected twin; however, the twin was HLA-
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identical and was not investigated further in these stud-
ies. Engraftment and persistence of donor cells after
blood transfusion is another source of microchimerism,
as was recently reported by Lee et al. (7). All subjects who
previously received a blood transfusion were excluded
from the current studies. Chimerism is also well
described after organ transplantation, where it has been
proposed as a mechanism for organ acceptance (38).

In summary, results of the current studies indicate that
maternal cells can persist in immunocompetent proge-
ny well into adult life and in the face of HLA incompati-
bility. How such low levels of nonhost cells are main-
tained in patients and in normal individuals is currently
not known. The mechanisms of regulation and biologi-
cal significance of long-term persistent microchimerism
of maternal origin merit further investigation.
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