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Abstract
Objective—HLA-DRB1 alleles associated with risk of rheumatoid arthritis (RA) encode similar
HLA-DRβ(1 sequences referred to as the “shared epitope” (SE). The most common SE sequences
are QKRAA and QRRAA. A substantial number of RA patients, nevertheless, lack the SE. Bi-
directional fetal-maternal trafficking results in long-term persistence of fetal cells in the mother
and maternal cells in her offspring, referred to as microchimerism (Mc). We asked whether RA
patients who lack the SE can acquire the SE through Mc.

Methods—We developed specific real-time quantitative PCR (qPCR) assays for the SE encoded
sequences QKRAA and QRRAA. DNA extracted from peripheral blood mononuclear cells was
tested with the SE-specific qPCR assays. A total of 86 subjects who were negative for the SE were
studied, 52 women with RA and 34 healthy women.

Results—Mc with the SE was found significantly more often in RA patients than controls, odds
ratio 4.1, 95% CI 1.6-10.0, p=0.003. Concentrations of SE Mc were also significantly higher
among RA patients than controls, p=0.002. When analyzed separately for SE type, the prevalence
of QKRAA Mc in RA vs. healthy women respectively was 17% vs. 3% (9/52 vs. 1/34, p=0.03)
and of QRRAA 40% vs. 18% (21/52 vs. 6/34, p=0.04). Mc concentrations were also higher in RA
than healthy subjects for QKRAA (p=0.03) and QRRAA (p=0.03).

Conclusion—Results indicate RA patients who genotypically lack the SE can acquire the SE as
persistent Mc from maternal-fetal cell exchange and suggest SE-encoding Mc could be a risk
factor for RA.
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Introduction
HLA-DRB1*04 is increased in rheumatoid arthritis (RA) patients but consists of numerous
alleles only some of which are RA-associated whereas others are neutral or even RA-
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protective (1,2). In Caucasian RA patients HLA-DRB1*0401 is most common followed by
DRB1*0404, *0405, *0408 and other uncommon alleles. In some populations DRB1*0101
and DRB1*1402 are RA-associated. HLA-DRB1*0401 encodes the sequence “QKRAA”
and the other above alleles encode “QRRAA” in the DRβ1 third hypervariable region. These
similar sequences are referred to as the RA “shared epitope” (SE). In a few populations
HLA-DRB1*10, which encodes an additional arginine, is also RA-associated (1). While RA
patients frequently have one or two copies of the SE, a substantial minority and in some
populations even a majority lack the SE (1,3). Long-term persistence of maternal cells in her
progeny and fetal cells in women, referred to as microchimerism (Mc) (4), raises the
question whether individuals who lack RA-associated HLA molecules can acquire them
through Mc.

In a recent study subjects lacking HLA-DRB1*04 were tested for DRB1*04 Mc and
subjects lacking HLA-DRB1*01 tested for DRB1*01 Mc (5). A significant increase of
DRB1*04 Mc and DRB1*01 Mc was found in RA patients vs. controls; however, only some
DRB1*04 and DRB1*01 alleles encode the SE while others do not (e.g. DRB1*0402,
DRB1*0403, DRB1*0103). Therefore whether increased Mc in RA patients is due to the SE
is not certain (other than one case that was sequenced). We developed quantitative PCR
(qPCR) assays for the specific SE sequences QKRAA and QRRAA and studied SE-negative
RA patients and controls for SE-positive Mc.

Patients and Methods
Study subjects, specimens, DNA extraction

Women with RA (n=52) met American College of Rheumatology criteria (6) and healthy
women (n=34) had no autoimmune disease. 88% of RA and 91% of healthy women were
Caucasian; others were Asian (n=3 RA, n=1 healthy), African American (n=2 RA and n=2
healthy), Native American (n=1 RA) and 1 unknown (healthy). Age range was 35 to 73
(mean 51) for RA and 35 to 69 (mean 42) for healthy women. 86% of RA and 94% of
healthy women had at least one birth (mean parity 2.5 and 1.8 respectively). The
institutional review board approved the study; all participants provided informed consent.

Peripheral blood mononuclear cells (PBMC) were isolated from whole blood (in ACD) by
density gradient centrifugation, genomic DNA extracted under a biosafety hood using
Wizard® Genomic DNA Purification Kit (Promega, Madison, WI) and resuspended in
water. The mean total number of cell equivalents tested was 11.3×104 for RA and 12.5×104

for healthy women.

HLA genotyping
Specific HLA-DRB1, DQA1 and DQB1 alleles were determined as previously described
(7).

Development of SE-specific real-time qPCR assays
qPCR assays targeting QKRAA and QRRAA were developed with the forward primer
complementary to SE-encoding DRB1 alleles (DRB1*0401, *0404, *0405, *0408, *0101
and *1402) from codons 63 to 70 within exon 2 of the HLA-DRB1 gene, and the reverse
primer from codons 81 to 74 corresponding to SE-encoding alleles as well. An artificial
nucleotide mismatch was introduced into the reverse primer for enhanced specificity. The
TaqMan minor groove binder probe was chosen to be specific for QKRAA or QRRAA from
codons 70 to 74.
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HLA-DRB1*15 shares the last four nucleotides with SE-encoding DRB1 alleles at forward
and reverse primers binding sites. Therefore, qPCR sensitivity for SE Mc detection would be
reduced in DRB1*15-positive subjects because background DNA (DRB1*15) competes
with microchimeric DNA for primers, even though the TaqMan probe is highly specific for
SE sequences. To overcome this problem, an inhibitory oligonucleotide was designed with
the 3′ end labeled with biotin, complementary to codons 66-72 of DRB1*15 and with a
higher melting temperature compared to the primers. During the qPCR annealing step the
inhibitory oligonucleotide preferentially attaches to background DNA (DRB1*15) and
suppresses binding of the forward primer to the background. No chain extension occurs for
the inhibitory oligonucleotide after binding to the template because its 3′ terminal has been
modified with biotin. The specific inhibitory oligonucleotide did not interfere with
amplification of SE-positive Mc within a non-DRB1*15 background. A single SE-positive
cell equivalent could be detected in a background of 10,000 cells genome equivalents
(sensitivity: 0.01%).

Reactions were set up in 50 μL with 5 μL DNA from PBMC and tested 12 DNA aliquots
with the QKRAA or QRRAA assay for each subject. The overall qPCR approach was
similar to that previously reported (8) and included QKRAA or QRRAA-specific calibration
curves and standard β-globin curves curves run simultaneously with each assay. Results
were expressed as genome equivalents of Mc per 1,000,000 subject′s cell equivalents (gEq/
mil). Specificity of SE qPCR assays was established by testing against an extensive panel of
controls consisting of well-defined HLA cell lines from the 13th International HLA
Working Group.

Statistical analysis
The outcome for analysis was disease status (RA vs. healthy women) and predictors of
interest prevalence and concentration of Mc. Differences in characteristics between groups
were assessed via t-test for continuous variables and Chi-squared test for categorical factors.
Comparisons of Mc concentrations were carried out using linear regression models applied
to ranks of Mc values. For Mc prevalence, each subject′s outcome was dichotomized to
positive (>0) or negative (0) to compare proportions of subjects with a positive Mc result via
logistic regression analysis. Results for the QKRAA and QRRAA sequences were combined
for the primary analysis, and each then analyzed separately. Variables evaluated for
confounding included age, parity at blood draw and total DNA cell equivalents tested. A
confounder was defined by a difference of 10% or more in the estimated coefficient of
interest between the multivariable model including the factor and the model without it. For
both the linear and logistic regression models of repeated measures per subject, generalized
estimating equations were used to obtain robust standard error estimates.

Results
86 women who had no SE allele were studied, 52 with RA and 34 healthy. All subjects had
an observation for both of the SE-specific assays, QKRAA and QRRAA. The odds ratio for
detection of Mc with the SE, either QKRAA or QRRAA, was 4.1, 95% confidence interval
1.6-10.0, p=0.003 after adjustment for age at draw date (Table 1). When analyzed separately
by SE type, SE Mc positivity was significantly RA-associated for both QKRAA and
QRRAA. For QKRAA 9 of 52 (17%) RA patients were positive compared to 1 of 34 (3%)
healthy women, p=0.03 (Figure 1). For QRRAA 21 of 52 (40%) RA patients were positive
compared to 6 of 34 (18%) healthy women, p=0.04 (Figure 2). The prevalence of Mc with
QRRAA was approximately twice that of Mc with QKRAA in RA patients.

The quantity of SE Mc (Mc concentration) was higher in RA patients than healthy women.
The ranked values of Mc were significantly higher among women with RA than healthy
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women (p=0.002) after adjustment for age at draw date. When analyzed separately by SE
type, the ranked values of QKRAA Mc were significantly higher among women with RA
compared to healthy women (p=0.03) in a model adjusted for age at draw date. Ranked
values, similarly were significantly higher for QRRAA Mc (p=0.03).

Development of SE-specific qPCR assays also permitted testing subjects who had DRB1*04
or *01 but did not have a SE-encoding allele. Among 10 such RA patients four had
DRB1*0402, three DRB1*0403, two DRB1*0407 and one DRB1*0411. One of 10 was
positive for QKRAA and QRRAA and five were positive for QRRAA only. Three healthy
women had DRB1*04 with non SE-encoding alleles, one each with DRB1*0402, *0403 and
*0407; all tested negatively for SE Mc. Four RA patients who had HLA-DRB1*0102 were
tested for Mc with QKRAA. All subjects had positive results. These results would have
further increased the significance of our findings but were not included in the analysis
because DRB1*0102 has the QRRAA SE sequence but, to our knowledge, unlike
DRB1*0101 a significant difference of DRB1*0102 has not been reported in RA patients
compared to controls.

HLA genotypes with the sequence “DERAA” are thought to be RA-protective (2). There
was no suggestion of a difference in SE Mc results if a subject had DERAA. Among RA
patients tested for QKRAA 4 of 9 (44%) with positive results had 1 or 2 copies of DERAA
compared to 16 of 43 (37%) with negative results. Among RA patients tested for QRRAA, 8
of 21 (38%) with positive results had 1 or 2 copies of DERAA compared to 12 of 31 (39%)
with negative results. Similarly, there was no suggestion that the DERAA sequence
impacted SE Mc in healthy subjects.

The most common sources of naturally acquired Mc are maternal Mc acquired during fetal
life and, in women, from prior pregnancies (4). Most of our study subjects were parous
women. Among RA women tested for QKRAA 89% (8 of 9) with positive results and 88%
(38 of 43) with negative results were parous. Among RA patients tested for QRRAA 90%
(19 of 21) with positive and 87% (27 of 31) with negative results were parous. Among
healthy women 1 was positive for QKRAA and 6 for QRRAA, all of whom were parous.
The mean parity in RA women positive vs. negative for SE Mc was also similar (2.6 vs. 2.5
for QKRAA; 2.5 vs. 2.5 for QRRAA). Mean time from last birth to Mc testing in parous RA
women for those testing positive vs. negative respectively was 18.2 vs. 25.3 years for
QKRAA and 24.2 vs. 24.1 years for QRRAA. Births occurred before RA onset for all but
one RA patient who was gravid before and parous after RA onset and two who had births
only after onset. Results did not materially differ excluding these subjects. For healthy
women only 1 had QKRAA Mc (parity 1 vs. 1.9 for those negative) and for with QRRAA
Mc mean parity was 2.2 and 2.0 for those without QRRAA Mc. Very few women in our
study were nulliparous as noted above.

Some RA patients were taking disease modifying antirheumatic drugs (DMARDs) at the
time of the blood draw. Overall 40% (20 of 50, 2 unknown) were taking at least one
DMARD including hydroxychloroquine, gold, methotrexate, sulfsalazine and one patient
aziothioprine. Others were taking nonsteroidal anti-inflammatory medications, low dose
prednisone or no medications. (Samples were obtained before the widespread use of other
DMARDs.) Of RA patients testing positive for QKRAA Mc, 33% were taking at least one
DMARD compared to 41% of those testing negative. Of RA patients testing positive for
QRRAA Mc, 52% were taking at least one DMARD compared to 31% of patients testing
negative.
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Discussion
Depending upon the population studied 25% to 75% of RA patients lack the SE sequence.
An increase of HLA-DRB1*04 Mc in DRB1*04-negative RA patients vs. controls and
DRB1*01 Mc in DRB1*01-negative patients vs. controls was recently reported (5). The
specific HLA alleles of the Mc, however, were not determined other than for one subject.
This important observation first raised the question of whether SE Mc might sometimes
contribute to RA-risk. We developed specific qPCR assays for the SE sequences QKRAA
and QRRAA and tested PBMC from SE-negative subjects. SE Mc was significantly
increased in RA patients with an overall odds of SE Mc approximately four times that of a
healthy subject. QKRAA Mc was less frequent than QRRAA Mc although the magnitude of
the difference between RA patients and healthy subjects was greater for QKRAA than
QRRAA. Moreover, Mc concentrations for both QKRAA and QRRAA Mc were
significantly higher in RA patients than healthy subjects.

The most common Mc source is maternal-fetal cell exchange during pregnancy. Fetal Mc
can also be accrued from pregnancy resulting in a birth, miscarriage or elective termination
(9). Mc can also be acquired from a recognized or sometimes unrecognized twin (4).
Another potential source, although not yet demonstrated, is from an older sibling transferred
by the mother to a later birth order child. Blood transfusion can also sometimes result in Mc
(4). While the origin of SE Mc in our study is not known the most common sources are
maternal Mc and/or fetal Mc. That maternal Mc could affect RA-risk is supported by reports
describing an increased frequency of DRB1*04-positive and/or SE-positive mothers in
DRB1*04-negative and/or SE-negative RA patients (10). This phenomenon, while reported
in some and not other studies (reviewed in 11), is referred to as the non-inherited maternal
antigen or “NIMA” effect. A protective “NIMA” effect has also recently been reported (12).

Fetal Mc is commonly accrued from pregnancy. Our study investigated women with known
pregnancy history, with almost all pregnancies before RA onset. Most women with SE Mc
were parous but Mc-negative women were similarly parous. In other studies we found that
parous women had decreased RA-risk compared to nulliparous women, but benefit was only
evident for younger women and with more recent births (13). In the current study selection
of study subjects was based on absence of the SE sequence, women were older, time from
births longer and there were very few nulliparous women. While other studies will be
necessary to address any potential role of fetal Mc in RA a reasonable hypothesis is that
there are trade-offs for women, with protection in younger women who acquire fetal Mc
with the protective DERAA sequence but risk for women who harbor SE-containing Mc
over the long-term.

A strength of our study is quantitative assays were developed that specifically identified SE
Mc. A limitation is transfusion history was unknown, although it is unlikely that a difference
in transfusions could explain our results. Another consideration is DMARD use, which
could affect detection of Mc, although most patients in our study, with and without Mc,
were not taking DMARDS. Finally, our findings do not address cause and effect. While it is
of special interest that Mc measured in these studies is with RA-risk associated HLA alleles,
to better address cause and effect a prospective study of incident cases and controls would
be needed.

A question of interest for future studies is whether Mc can have an additive or synergistic
effect for individuals who have one copy of the SE. Particularly strong RA-risk has been
reported for the genotype combination DRB1*0401,*0404 (14). By analogy it may be asked
whether similar combinations with Mc are particularly disadvantageous, for example when
the genotype includes DRB1*0404 and a woman acquires fetal Mc with DRB1*0401.
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In conclusion, the biological significance of Mc is not yet known, but it is likely that Mc has
both beneficial and detrimental consequences and that the HLA specificity of the Mc is a
key contributor to the outcome (15). The current studies raise the question whether SE Mc
becomes a “mini-dose” in the spectrum of RA-risk, which has been considered to increase
according to whether an individual′s HLA-genotype contains 0, 1 or 2 SE copies. Additional
studies are needed to elucidate the role of different Mc types in RA since different
consequences may also accrue from fetal than maternal Mc as the former is acquired during
adult life and the latter during fetal life.
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Figure 1.
Increased prevalence and concentration of Mc encoding the SE sequence QKRAA in
women with RA (◆) and healthy women (▲). Concentrations are expressed as the genome
equivalent number of microchimeric cells per million subject′s cells.
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Figure 2.
Increased prevalence and concentration of Mc encoding the SE sequence QRRAA in women
with RA (◆) and healthy women (▲). Concentrations are expressed as the genome
equivalent number of microchimeric cells per million subject′s cells.
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