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Abstract

muscle tissues.

inflammation or tissue repair in JIIM.

Introduction: Microchimeric cells have been studied for over a decade, with conflicting reports on their presence
and role in autoimmune and other inflammatory diseases. To determine whether microchimeric cells were

pathogenic or mediating tissue repair in inflammatory myopathies, we phenotyped and quantified microchimeric
cells in juvenile idiopathic inflammatory myopathies (JIIM), muscular dystrophy (MD), and noninflammatory control

Method: Fluorescence immunophenotyping for infiltrating cells with sequential fluorescence in situ hybridization
was performed on muscle biopsies from ten patients with JIIM, nine with MD and ten controls.

Results: Microchimeric cells were significantly increased in MD muscle (0.079 + 0.024 microchimeric cells/mm?
tissue) compared to controls (0.019 + 0.007 cells/mm? tissue, p = 0.01), but not elevated in JIIM muscle
(0.043 + 0.015 cells/mm?). Significantly more CD4+ and CD8+ microchimeric cells were in the muscle of patients
with MD compared with controls (mean 0.053 = 0.020/mm? versus 0 + 0/mm? p = 0.003 and 0.043 + 0.023/mm?
versus 0 + 0/mm? p = 0025, respectively). No differences in microchimeric cells between JIIM, MD, and noninflammatory
controls were found for CD3+, Class Il4-, CD25+, CD45RA+, and CD123+ phenotypes, and no microchimeric cells were
detected in CD20, CD83, or CD45R0O populations. The locations of microchimeric cells were similar in all three
conditions, with MD muscle having more microchimeric cells in perimysial regions than controls, and JIIM having
fewer microchimeric muscle nuclei than MD. Microchimeric inflammatory cells were found, in most cases, at
significantly lower proportions than autologous cells of the same phenotype.

Conclusions: Microchimeric cells are not specific to autoimmune disease, and may not be important in muscle

Introduction

The role of microchimeric cells in health and disease has
been controversial. Microchimeric cells are acquired
during pregnancy, with the transfer of cells from fetus to
mother or mother to fetus. Microchimeric cells have
been documented to be elevated in the peripheral blood
and affected tissues of patients with autoimmune
diseases, such as systemic sclerosis [1], systemic lupus
erythematosus [2], neonatal lupus [3], and juvenile
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idiopathic inflammatory myopathies (JIIM) [4—6]. Re-
cently, microchimeric cells were found to be elevated in
specific target tissues, such as the liver in hepatitis C in-
fection [7] and tumors, such as HER2-positive breast
cancer, cervical, lung and thyroid cancer, and melanoma
[8—10]. However, not all studies have documented higher
levels of chimeric cells in autoimmune conditions [11]
or cancer [12]. This variability suggests that they might
be recruited nonspecifically to sites of inflammation and
tissue injury [13, 14] or participate in tissue repair [8].
The JIIM are systemic autoimmune diseases character-
ized by chronic muscle inflammation and weakness.
Juvenile dermatomyositis (JDM), the form of JIIM with
characteristic photosensitive skin rashes, including
Gottron’s papules and heliotrope rash, is the most

© 2015 Artlett et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this

article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13075-015-0732-0&domain=pdf
mailto:riderl@mail.nih.gov
http://creativecommons.org/publicdomain/zero/1.0/

Artlett et al. Arthritis Research & Therapy (2015) 17:238

common of the JIIM and is thought to be mediated
by CD4+ T cells, B cell and dendritic cell attack on
muscle capillaries, whereas juvenile polymyositis
(JPM), the form of JIIM without characteristic rashes,
is thought to be mediated by CD8+ T cells on myofi-
bers [15-17]. We previously found elevated levels of
maternal microchimeric cells in muscle biopsies and
peripheral blood of boys with JIIM and characterized
these cells to be in the CD4+ and CD8+ peripheral
T cells [4]. However, the phenotypes of the microchi-
meric cells in affected muscle tissues were not inves-
tigated. The current study analyzes the frequency of
microchimeric cells within different inflammatory pheno-
types in the muscle of JIIM and compares these findings
with the nonautoimmune inflammatory muscle disorder
muscular dystrophy (MD) [18] and with noninflamma-
tory control (NIC) muscle tissue. We sought to deter-
mine whether microchimeric cells have a pathogenic or
reparative role in JIIM.

Methods

Patients

All studies were performed with full Institutional Review
Board approval from the National Institutes of Health
and waived approval from the Institutional Review Board
at Drexel University College of Medicine. All patients
consented to the study. Muscle biopsies were obtained
for diagnosis, and prior to initiation of therapy, from ten
patients with JIIM (six JDM, four JPM), nine MD (eight
Duchenne, one Becker dystrophy) and ten controls
without inflammatory disease (four mitochondrial myop-
athies, six histologically normal) and analyzed by
immunofluorescence for specific phenotypes and by
fluorescence in situ hybridization (FISH) for maternal
microchimeric cells. The ages of the JIIM patients
ranged from 3 to 16 years [15, 16], the patients with MD
from 2 to 14 years [19], and the controls from 2 to 17
years. All tissues were paraffin embedded and derived
from males and were cut at 5 uM. No patient had prior
blood transfusions. The size of the tissue sample ranged
from 9 to 96 mm?” in JIIM, 6 to 245 mm” in MD, and 20
to 62 mm? in the controls.

Immunofluorescence/fluorescence in situ hybridization

Before immunofluorescent staining was performed, one
slide from each biopsy was stained with hematoxylin
and eosin to verify the histological appearance of the tis-
sue and the presence of inflammatory cells. Biopsies
were selected based on infiltration density. The immuno-
fluorescent assessment of the tissues was performed first,
and all positive cells of each immunophenotype were docu-
mented. Tissues were stained for T cells (CD3, CD4, and
CDS8), T cell activation markers (CD25 and HLA Class II),
memory T cells (CD45R0), naive T cells (CD45RA), B cells
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(CD20) and dendritic cells (CD123 and CD83) by using
antibodies from Neomarkers (Fremont, CA, USA) or Dako
(Carpinteria, CA, USA). The secondary antibody carrying
the Cy-2 conjugate (Jackson ImmunoResearch, West
Grove, PA, USA) was used to detect the primary antibody,
and sections were mounted with DAPI and viewed with a
Nikon epi-fluorescent microscope with triple-band filter at
1000x magnification (Nikon Instruments, Melville, NY,
USA). Positive cells were documented, and sections were
processed for FISH analysis as we described previously [1].
Cells that had XX or XY nuclear probes were quantified.
The sections were also assessed after FISH for other nuclei
that were carrying XX probes but were negative for im-
munofluorescent stain. Muscle fiber nuclei were docu-
mented by morphological analyses of the muscle fiber
based on the location and shape of the nucleus within the
fiber. The myogenic origin was confirmed in 12 sections by
actin staining. Personnel involved with muscle biopsy stud-
ies were blinded to patient diagnosis.

Characterization of microchimeric or autologous cells
was determined only when both probes were evident in
the nucleus (XX for microchimeric cells and XY for
autologous cells). We performed immunofluorescence
prior to FISH and stained the protein green. Because
some immunofluorescence signal can remain after the
FISH procedure, we selected red for the X chromosome.
This approach left no doubt about the presence of a
microchimeric cell, even if residual immunofluorescence
staining was present. Biopsy sections were selected to
limit the number of overlapping nuclei in the inflamma-
tory cell infiltrates, because overlapping nuclei could re-
sult in false assignment of microchimerism due to two X
chromosome probes appearing to be in the same nu-
cleus when they are in separate nuclei. Prior to making
the final assessment as to whether a cell was microchi-
meric or not, the entire nucleus of the cell was assessed
for the presence of other probes, ie., possible nuclei
lying underneath. Only when it was confirmed that no
additional probes were present, were the nuclei assigned
as being microchimeric or autologous. Twelve (JIIM or
MD) biopsies with many overlapping infiltrating cells
without well-defined nuclei were excluded. With this
careful approach to immunophenotyping and FISH we
reduced the chance of over-identifying microchimeric
cells due to overlapping cells and to fluorescent protein
remaining after the phenotyping.

Statistical analyses

Results obtained by FISH were expressed as mean *
standard error of the mean. Differences in the frequency
of positive microchimeric cells in the tissue were evalu-
ated using Prism 5 software (GraphPad Software, San
Diego, CA, USA). For nonparametric data, the Mann—
Whitney rank sum ¢ test was used to compare quantities
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of microchimeric cells. A p value < 0.05 was considered
significant; due to small sample sizes, p = 0.051-0.06 was
considered to demonstrate a trend toward significance.

Results

Are microchimeric cells enriched in inflammatory diseases
and what are their phenotypes?

Microchimeric cells were detected in nine of ten JIIM
muscle biopsies, nine of nine MD biopsies, and eight of
ten NIC biopsies (ten sections per biopsy). Of the
total phenotyped and nonphenotyped microchimeric
cells across all sections examined, the density was
0.043 + 0.015 microchimeric cells/mm? of muscle tissue in
JIIM, 0.079 + 0.024/mm” of tissue in MD, and 0.019 +
0.007/mm* of tissue in NICs (Fig. 1a). MD biopsies had
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significantly more microchimeric cells/mm? than controls
(p = 0.01). There was a trend toward more microchimeric
cells/mm? of muscle tissue in MD patients compared to
JIIM (p = 0.06), but there was no difference in the density
of microchimeric cells between JIIM and controls.

There were few differences in the phenotypes of the
microchimeric cells and no differences in the concentration
of microchimeric cells/mm? of muscle tissue in CD3+, Class
II+, CD45RA+ or CD123+ phenotypes in patients with
JIM, MD or the controls (Fig. 1b, e, g, h). There were sig-
nificantly more CD4+ and CD8+ microchimeric cells in
the muscle of patients with MD compared with controls
(0.053 £ 0.020/mm> vs. 0 + 0/mm” for CD4+ microchi-
meric cells [Fig. 1c, p = 0.003] and 0.043 + 0.023/mm? vs.
0 + 0/mm”® for CD8+ microchimeric cells [Fig. 1d,
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Fig. 1 Density of microchimeric cells by immunophenotype in the muscle of patients with juvenile idiopathic inflammatory myopathies (JIIM),
muscular dystrophy (MD) and noninflammatory controls (N-IC). Data are presented as mean + standard error of the mean for each immunophenotype.
No microchimeric cells were identified that were positive for CD20, CD45RO or CD83 (data not shown). JIM juvenile idiopathic inflammatory myopathy
(n = 10), MD muscular dystrophy (n = 9), N-IC noninflammatory controls (n = 10). ‘p = 001; "p = 0025, p=0003; " p = 0.006. (@) Total microchimeric
cells in tissues; (b) CD3 positive microchimeric cells; (c) CD4 positive microchimeric cells; (d) CD8 positive microchimeric cells; (€) HLA class Il positive
microchimeric cells; (f) CD25 positive microchimeric cells; (g) CD45RA positive microchimeric cells; (h) CD123 positive microchimeric cells
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p = 0.025]). There was a trend toward more CD4+ micro-
chimeric cells in MD biopsies compared with JIIM (0.053 +
0.020/mm? vs. 0.012 + 0.006/mm?, p = 0.06); whereas the
number of CD4+ microchimeric cells did not differ between
JIIM and controls. The number of CD8+ microchimeric
cells did not differ in the muscle tissue of patients with MD
and JIIM, or JIIM and controls. MD muscle tissue had sig-
nificantly more microchimeric CD25+ cells/mm? of tissue
(0.038 + 0.014/mm?), whereas JIIM patients and controls
did not have any detectable CD25+ microchimeric cells
(Fig. 1f). None of the biopsies had microchimeric cells that
were CD20+, CD45RO+ or CD83+ (not shown). Examples
of phenotyped microchimeric cells are depicted in Fig. 2.
There were few differences in concentration of micro-
chimeric cells/mm? in the JIIM subsets (not shown).
JPM had more CD8+ microchimeric cells/mm?® than
JDM (0.064 + 0.046/mm? vs. 0 + 0/mm? p = 0.025) and
controls (0.064 + 0.046/mm? vs. 0 + 0/mm?, p = 0.004) but
had similar numbers of CD8+ microchimeric cells/mm? as
MD (p = 0.51). CD4+ microchimeric cells were detected in
JDM, but not in JPM, muscle (0.022 + 0.009/mm? vs.
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0 + 0/mm?), but the concentrations did not differ
significantly (p = 0.31).

Does the location of microchimeric cells differ among
inflammatory muscle diseases?

Overall, 62.2 + 5.7 % of all microchimeric cells were in
the endomysial region, 26.5 + 4.9 % in the perimysial re-
gions and 11.3 + 4.2 % in the perivascular regions. There
were no significant differences between the percentages
of microchimeric cells in the perivascular regions of
JIIM or MD patients or the NIC subjects (20.8 + 10.6 %
in JIIM, 8.2 + 4.1 % in MD, and 3.7 + 3.5 % in controls;
Fig. 3a). In the perimysial regions, microchimeric cells
occurred in similar proportions between JIIM and MD
patients (25.8 + 7.4 % vs. 38.1 + 5.6 %, p = 0.62) and be-
tween JIIM and controls (25.8 + 7.4 % vs. 15.6 + 10.8 %,
p = 0.14). However, biopsies from MD patients had a
higher percentage of microchimeric cells in the peri-
mysial region than controls (33.9 £ 5.5 % vs. 14.0 £ 10.3 %,
p = 0.014; Fig. 3b). There were no differences in the
endomysial regions between JIIM or MD patients or
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Fig. 2 Representative microchimeric cells that are expressing an immunophenotype in the muscle of patients with muscular dystrophy and
juvenile idiopathic inflammatory myopathies. Examples of microchimeric cells that express a phenotype are depicted, the left panel in each pair is
the phenotype and the right panel is the corresponding FISH result for that cell. JIIM juvenile idiopathic inflammatory myopathy, MD muscular
dystrophy, V vessel. Star denotes the phenotype-positive cell (green) and the arrows indicate the XX probes (red) within that phenotyped cell
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Fig. 3 Percentage of microchimeric cells at various muscle locations. Data are presented as mean of the percentage + standard error of the
mean at each location for each diagnostic group. JIIM juvenile idiopathic inflammatory myopathy (n = 10), MD muscular dystrophy (n = 9),
N-IC noninflammatory controls (n = 10). *p = 0.014. (a) Perivascular location; (b) Perimysial location; (c) Endomysial location

controls (53.3 + 10.1 % in JIIM, 53.7 + 5.3 % in MD,
and 80.7 + 10.8 % in controls; Fig. 3c).

The subsets of JIIM (not shown) did not differ in the
percentages of microchimeric cells in the perivascular
regions (14.6 + 11.0 % in JPM vs. 25.0 = 17.1 % in J]DM,
p = 0.90), perimysial regions (41.7 + 4.6 % in JPM vs.
15.3 £ 10.2 % in JDM, p = 0.15) and endomysial regions
(43.8 £ 11.9 % in JPM vs. 59.7 £ 15.6 % in JDM, p = 0.51).

Do microchimeric cells drive disease?

For each phenotype we determined whether microchi-
meric cells were enriched as a percentage of all micro-
chimeric cells, compared to autologous cells of that
phenotype as a percentage of all autologous immuno-
phenotyped cells. Muscle cells were excluded in this
analysis. An enrichment of microchimeric cells com-
pared to autologous cells could indicate their involve-
ment in disease pathogenesis. In most cases, the
proportion of microchimeric cells of a given phenotype
compared to all the microchimeric immunophenotyped
cells in the muscle tissue was significantly less than the
proportion of autologous cells with that phenotype as a
percentage of all autologous immunophenotyped cells
(Table 1). In JIIM muscle, except for CD45RA+ and
CD83+ cells, the proportion of microchimeric cells for
each lineage as a proportion of all microchimeric cells
was significantly less than the proportion of autologous
cells of that same phenotype. The proportion of micro-
chimeric cells that were CD45RA+ compared to all
microchimeric cells was similar to, but not greater than,
the proportion of autologous CD45RA+ cells compared
to all autologous immunophenotyped cells. In MD
biopsies, the proportion of microchimeric CD3+ and
Class II+ cells as a percentage of all microchimeric cells
was significantly less than their autologous counter-
parts, with a trend toward a lower frequency of micro-
chimeric cells in CD8+ and CD123+ lineages compared
to their autologous equivalents. In the control muscle

tissue, significantly fewer microchimeric cells were
found in CD3+, Class II+ and the CD25+ lineages com-
pared to these autologous lineages as a proportion of
the total autologous immunophenotyped cells, with a
trend toward fewer microchimeric cells of the CD8+
and CD123+ lineages.

Do microchimeric cells mediate tissue repair?

Others have proposed that microchimeric cells might
mediate tissue repair. In muscle diseases, they could
contribute to regenerating myofibers. Thus, we hypothe-
sized that in JIIM and MD the proportion of microchi-
meric myofiber nuclei would be enriched compared to
autologous myofiber nuclei. We stained 15 sections for
actin but found that the stain interfered with FISH, pos-
sibly due to the overabundance of actin within these
muscle sections. Consequently, we subsequently quanti-
fied maternally derived myofiber nuclei based on the
morphology of the nucleus and its location within the
fiber (Fig. 2, bottom). The density of microchimeric myo-
fiber nuclei was 0.01 + 0.01 microchimeric cells/mm?® of
muscle tissue in JIIM, 0.07 + 0.03/mm? in MD, and
0.02 + 0.01/mm? in controls. MD biopsies had sig-
nificantly more microchimeric myofiber nuclei than
JIIM (p = 0.018). The number of microchimeric myo-
fiber nuclei did not differ between JIIM and controls
or between MD and controls (p = 0.33 and p = 0.18,
respectively). Like the phenotyped microchimeric cells,
we found significantly fewer microchimeric muscle nuclei
than autologous muscle nuclei in JIIM, MD and control
biopsies. The proportion of microchimeric myofiber nu-
clei was significantly less than the proportion of autolo-
gous myofiber nuclei. The percentage of microchimeric
myofibers compared with autologous myofibers from
the same group was 0.6 £ 0.6 % in JIIM (p = 0.002),
36 £ 1.2 % in MD (p < 0.001) and 2.5 + 1.4 % in
controls (p = 0.0014) (see Fig. 2 for representative micro-
chimeric myofibers).
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Table 1 Relationship between the frequencies of microchimeric versus autologous cells of a given immunophenotype

Phenotype JIM MD NIC
% Autologous CD3+ cells of total autologous® 65+23 99+ 25 48+ 27
9% Microchimeric CD3+ cells of total microchimeric cells® 03+03 28+18 10+ 10
p =0.06 (T) p =004 p =005
% Autologous CD4 cells of total autologous cells 168 + 69 122+£53 84 +66
% Microchimeric CD4 cells of total microchimeric cells 22+ 14 78 +20 0+0
p =003 p =023 p=012
% Autologous CD8 cells of total autologous cells 204 £50 126 £32 51+32
% Microchimeric CD8 cells of total microchimeric cells 11+06 6.5+23 0+0
p =005 p =009 p =007
% Autologous Class Il cells of total autologous cells 215+ 81 516+£59 380+ 110
% Microchimeric Class Il cells of total microchimeric cells 17 +1.1 08 +07 200+ 133
p =004 p < 0.001 p =002
% Autologous CD20 cells of total autologous cells 85+ 44 27 £25 0+0
% Microchimeric CD20 cells of total microchimeric cells 0+0 0+0 0+0
p =008 p=03 p=NA
6 Autologous cells of total autologous cells 1+ 0. 1+ 0. 2+ 0.
% Autol CD83 cells of | | Il 0.1 +0.1 0.1 +0.1 02+02
% Microchimeric CD83cells of total microchimeric cells 0+0 0+0 0+0
p =018 p =017 p=017
b Autologous cells of total autologous cells 2+ 5. 5 + 3. 4+ 2.
% Autolog CD25 cells of | log I 162 £ 5.1 95+ 34 64+ 28
% Microchimeric CD25 cells of total microchimeric cells 0+0 7.7 +29 0+0
p =001 p =033 p =002
b Autologous cells of total autologous cells 3+0. 5+ 0. 2+ 2.
% Autolog CD45RA cells of I log I 23+09 15+ 04 32+23
% Microchimeric CD45RA cells of total microchimeric cells 12+1.1 09+ 09 0+0
p =024 p =026 p=0.10
b Autologous cells of total autologous cells 3+ 2. A+, 0 + 4.
% Autol CD45RO cells of | | Il 63+ 24 41 +£1.1 90+ 44
% Microchimeric CD45R0 cells of total microchimeric cells 0+0 0+0 0+0
p =003 p =0.003 p =006 (T)
b Autologous cells of total autologous cells 6%1. 9+0. 2+ 12
% Autolog CD123 cells of I log I 36+ 1.1 19+ 0.7 262 + 122
% Microchimeric CD123 cells of total microchimeric cells 0.04 + 0.02 0+0 44+ 23
p =004 p =0.06(T) p =006 (T)

Data are presented as mean * standard error of the mean for each group

JIIM juvenile idiopathic inflammatory myopathy, MD muscular dystrophy, NIC noninflammatory controls; NA not available, T trend for significance

*Total autologous cells consists of all phenotyped cells with XY probes
PTotal microchimeric cells consists of all cells with XX probes

Discussion

Previously we found higher frequency and number of
microchimeric cells in the peripheral blood and muscle
tissue of JIIM patients compared to noninflammatory or
healthy control subjects, suggesting that microchimeric
cells may play a role in the pathogenesis of JIIM [4, 20].
One limitation in those studies was that we did not
phenotype the microchimeric cells in the tissues; how-
ever, we did find microchimeric cells in the CD4+ and
CD8+ lineages in peripheral blood [4]. The current study
further investigated microchimeric cells in JIIM, com-
pared with inflammatory but nonautoimmune muscle

disease (MD) and with noninflammatory control muscle
and examined the immunophenotypes of microchimeric
cells in muscle tissue. Our goals were to determine
whether microchimeric cells play a pathogenic role in
disease and/or whether they are involved in tissue repair.
Persistent microchimeric cells have been found in pa-
tients with other inflammatory diseases, suggesting that
these cells might be recruited nonspecifically to sites of
inflammation [7-10, 13, 14].

Compared with our prior study, we found a similar
frequency of JIIM muscle tissue samples containing
microchimeric cells and a similar overall quantity of
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microchimeric cells in JIIM muscle tissue [4]. Here, we
also saw a similar concentration of microchimeric cells
in MD tissues, suggesting that this finding is not specific
to autoimmune diseases but may be generally associated
with overt inflammatory muscle disease. This suggests
that the number of inflammatory microchimeric cells re-
cruited to the site of inflammation does not depend on
the total number of inflammatory cells present. MD is a
genetic disease caused by mutations in dystrophin indu-
cing muscle fiber damage, with resultant muscle necrosis
and tissue inflammation [21], whereas the cause of JIIM
is unknown but presumed to result primarily from an
autoimmune-mediated destruction of myofibers and
muscle capillaries [17]. In both diseases, tissue destruc-
tion is mediated by T and B cells, and in JDM by
dendritic cells [22-24]. We were surprised to find
microchimeric cells also in a high proportion of control
muscle tissues, in contrast to our prior study [4]; how-
ever, in the prior study, only one muscle section was ex-
amined, whereas in the present study, ten sections from
each patient’s muscle tissue were examined. Microchi-
meric cells were not observed in every tissue section
from a given patient and thus overall were considered to
be a rare event.

To characterize the phenotype of microchimeric cells
in JIIM and MD, we stained muscle tissue for various
immunophenotypes. Overall, we detected few microchi-
meric cells within inflammatory phenotypes, and we did
not find microchimeric cells in B cell or dendritic cell
lineages, which are thought to be important in JIIM
pathogenesis. Of the T cell immunophenotypes, gener-
ally the concentration of microchimeric cells was greater
in MD tissues than in noninflammatory controls, and
typically T cells or activated T cells were not elevated in
JIIM muscle tissue. Microchimeric cells of a given pheno-
type did not occur more frequently than their autologous
counterparts in JIIM or MD muscle tissue, compared to
all microchimeric or immunophenotyped autologous cells.
In terms of location, the endomysial and perivascular re-
gions of the muscle showed similar numbers of microchi-
meric cells among the three groups. However, MD and
JPM tissues were more likely to have microchimeric cells
in the perimysium compared with controls. It is this sole
finding that weakly suggests that microchimeric cells
might play a pathogenic or reparative role.

We also found microchimeric cells in noninflamma-
tory tissues and in myofibers, not only in infiltrating in-
flammatory cells, suggesting that these cells are resident
in tissues regardless of inflammation. Tissues with ma-
ternal microchimeric cells include autoimmune and
nonautoimmune thyroid [25], pancreas in type I diabetes
[26], neonatal lupus heart muscle [27], tonsils and aden-
oids [28], cutaneous inflammatory diseases [29] and in-
flammatory bowel disease [30]. Normal tissues with
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maternal microchimeric cells include heart [27], tonsils/
adenoids [28], skin diseases [29] and inflammatory bowel
disease [30]; albeit at lower levels than diseased tissue of
the same type, suggesting that a threshold number of
microchimeric cells might be necessary to drive disease.
However, in some instances microchimeric cells were
found at comparable numbers in healthy tissues [6].

One hypothesis proposed by other investigators is that
microchimeric cells might mediate tissue repair via
microchimeric stem cells. Initially we stained for muscle
fibers, but this staining procedure interfered with subse-
quent FISH. Therefore, we counted the numbers of
microchimeric nuclei that were apparently myofibers,
based on their morphological position and shape within
the muscle fiber, and compared them to the numbers of
autologous myofiber nuclei. We found significantly more
microchimeric muscle nuclei in MD than JIIM muscle,
but there were no significant differences between JIIM
and controls. However, each disease class had signifi-
cantly fewer microchimeric myonuclei than autologous
muscle nuclei. One caveat is that we do not know how
many myofibers were regenerated from autologous pro-
genitors during the disease process [27], and this study
was not designed to determine that. Overall, these re-
sults suggest that microchimeric myofibers are no more
frequent than microchimeric inflammatory cells in dis-
eased tissues, and that noninflammatory tissue resident
in microchimeric myofiber nuclei are present at higher
levels than observed in JIIM. This result suggests that
microchimeric cells are not enriched in muscle tissue in
any of these disease conditions, and that they do not
mediate tissue repair at an augmented rate compared to
autologous myofibers.

We stained one phenotype per FISH analysis for
microchimeric cells in the tissue, but we did not stain
for all cell phenotypes in the tissues. Consequently, we
may have missed a microchimeric cell phenotype(s) that
was noninflammatory, including muscle stem cells. We
did not analyze all inflammatory phenotypes, such as
macrophages, that are frequent in the inflammatory in-
filtrates of JIIM and MD muscle [22, 23], and some
microchimeric cells did not match any of the phenotypes
analyzed. The number of inflammatory cells in the JIIM
samples was comparable to previously published data
[22], and this suggests that the immunophenotyping was
not underrepresenting inflammatory cell phenotypes.
Furthermore, although we did not observe many differ-
ences in the phenotypic numbers of microchimeric cells
between disease groups, only one or a small number of
pathogenic microchimeric cells might be sufficient to
cause disease; however, we believe this is unlikely as
microchimeric cells were also present in the muscle tis-
sue of noninflammatory controls. In addition, we did not
examine the functionality of the microchimeric cells
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phenotyped and although microchimeric cells were found
in inflammatory cells of the controls, they may have been
quiescent, whereas in the inflammatory muscle diseases
they may be activated, indicated by different cytokine
profiles [31]. We did, however, investigate T cell activation
markers, such as Class II, CD25, and memory T cell
subsets, and did not detect more microchimeric cells in
JIIM muscle compared to noninflammatory controls,
and only MD had significantly more CD25 microchi-
meric cells. Finally, our sample sizes were relatively
small and the study may have been underpowered to
detect differences between groups.

Murine studies suggest that maternal microchimeric
cells are able to manipulate the fetal immune system
and promote the development of various Regulatory T
cells (Tregs) that are tolerant toward the noninherited
maternal antigens [32]. Additional studies using inbred
mice have also reported the trafficking of alloreactive T
cells in offspring and that the maternal cells can influ-
ence the fetal response to targeting specific tissues [33].
These studies were elegantly performed in mice, and
whether this same phenomenon occurs to the same
extent during human gestation leading to increased risk
for autoimmune diseases is yet to be proved. Currently,
no studies have been performed to determine whether
maternal microchimerism of cells that carry noninher-
ited shared epitopes place the JIIM cohort at a greater
risk for disease, like they apparently do for rheumatoid
arthritis [34]. HLA-DRB1*0301 in linkage with HLA-
DQA1*0501 confers the highest susceptibility for JIIM;
however, in contrast to previous studies [31], we found
that HLA-DQA*0501 was not significantly associated
with microchimerism [35]. Maternal microchimeric cell
transfer is a frequent occurrence during fetal develop-
ment [36], and these cells most likely distribute through-
out all the tissues and become embedded in the bone
marrow with the ability to differentiate into inflamma-
tory cells or stromal cells upon cell damage. Thus, the
presence of maternal microchimeric cells in tissues is
not surprising in light of the high number of normal
samples that were positive in our study and in other
studies [6, 37]. Our data support the findings of Ye et al,,
who also reported their controls being positive for mater-
nal microchimerism [6]. The presence of microchimeric
cells in the control tissues without inflammation suggests
that they are present either from fetal development if
stromal in nature, or are inflammatory cells trafficking
through the tissue. In contrast with Ye et al., we found the
presence of some microchimeric T cells, albeit at very low
percentages in our JDM samples. However, the direct role
of maternal microchimeric cells in human disease is still
not clear and against the complex genetic background of
humans may mean that the direct role of these cells in
autoimmunity may never be conclusively demonstrated.
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Conclusions

Overall, our results indicate that microchimeric cells
likely do not play important pathogenic roles in auto-
immune or inflammatory muscle disease, nor are they
seemingly involved in mediating repair of muscle tissue.
Once differentiated, where there is inflammation, the
autologous cells, along with their microchimeric coun-
terparts, appear to be recruited to those sites in like
manner. This study suggests that microchimeric cells are
not part of the autoimmune pathogenesis in JIIM or the
primary inflammatory process in MD.

Abbreviations

CD: cluster designation; FISH: fluorescence in situ hybridization; JDM: juvenile
dermatomyositis; JIIM: juvenile idiopathic inflammatory myopathies; JPM: juvenile
polymyositis; MD: muscular dystrophy; NIC: noninflammatory control.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

All authors contributed substantially to the manuscript. CMA was responsible
for the design, data collection, experiments, and interpretation of the
research. SSG and RCR were responsible for histology of the tissues and data
acquisition, and critical editing of the manuscript. LGR and FWM contributed
tissue samples and aided in the design of the research and data interpretation.
LGR aided CMA in manuscript writing and statistical analyses. All authors have
read, edited and approved the final version of the manuscript.

Acknowledgements

We thank Dr. Kathleen Patterson of Children’s Hospital Medical Center, Seattle,
WA, USA for the muscular dystrophy and control muscle biopsies and Dr. Ann
Reed for JIIM biopsies and for staining for CD123. We also thank Drs. Christine
Castro and Ira Berkower for their critical evaluation and assessment of the
manuscript. This research was supported in part by the Intramural Research
Program of the NIH, National Institute of Environmental Health Sciences and by
a grant from The Myositis Association.

Author details

'Department of Microbiology and Immunology, Drexel University College of
Medicine, 2900 Queen Lane, Philadelphia, PA 19129, USA. 2Department of
Medicine, Thomas Jefferson University, 1020 Walnut Street, Philadelphia, PA
19107, USA. *National Institute of Environmental Health Sciences, National
Institutes of Health, Department of Health and Human Services,
Environmental Autoimmunity Group, Program of Clinical Research, 9000
Rockville Pike, Bethesda, MD 20892, USA. “Present address: Agis Global,
Business Development Executive, 1266 East Main Street, Stamford, CT 06902,
USA.

Received: 18 June 2015 Accepted: 28 July 2015
Published online: 04 September 2015

References

1. Artlett CM, Smith JB, Jimenez SA. Identification of fetal DNA and cells in skin
lesions from women with systemic sclerosis. NEJM. 1998;338:1186-91.

2. Johnson KL, McAlindon TE, Mulcahy E, Bianchi DW. Microchimerism in a
female patient with systemic lupus erythematosus. Arthritis Rheum.
2001;44:2107-11.

3. Stevens AM, Hermes HM, Kiefer MM, Rutledge JC, Nelson JL. Chimeric
maternal cells with tissue-specific antigen expression and morphology are
common in infant tissues. Pediatr Dev Pathol. 2009;12:337-46.

4. Artlett CM, Ramos R, Jimenez SA, Patterson K, Miller FW, Rider LG. Chimeric
cells of maternal origin in juvenile idiopathic inflammatory myopathies.
Lancet. 2000;356:2155-6.

5. Reed AM, Picornell YJ, Harwood A, Kredich D. Chimerism in children with
juvenile dermatomyositis. Lancet. 2000;356:2156-7.



Artlett et al. Arthritis Research & Therapy (2015) 17:238

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ye Y, van Zyl B, Varsani H, Wedderburn LR, Ramanan A, Gillespie KM.
Maternal microchimerism in muscle biopsies from children with juvenile
dermatomyositis. Rheumatology. 2012;51:987-91.

Johnson KL, Samura O, Nelson JL, McDonnell M, Bianchi DW. Significant
fetal cell microchimerism in a nontransfused woman with hepatitis C:

evidence for long-term survival and expansion. Hepatology. 2002;36:1295-7.

Fugazzola L, Cirello V, Beck-Peccoz P. Fetal microchimerism as an
explanation of disease. Nat Rev Endocrinol. 2011;7:89-97.

Dhimolea E, Denes V, Lakk M, Al-Bazzaz S, Aziz-Zaman S, Pilichowska M,
et al. High male chimerism in the female breast shows quantitative links
with cancer. Int J Cancer. 2013;133:835-42.

Cha D, Khosrotehrani K, Kim Y, Stroh H, Bianchi DW, Johnson KL. Cervical
cancer and microchimerism. Obstet Gynecol. 2003;102:774-81.
Khosrotehrani K, Mery L, Aractingi S, Bianchi DW, Johnson KL. Absence of

fetal cell microchimerism in cutaneous lesions of lupus erythematosus.

Ann Rheum Dis. 2005;64:159-60.

Cirello V, Perrino M, Colombo C, Muzza M, Filopanti M, Vicentini L, et al.
Fetal cell microchimerism in papillary thyroid cancer: studies in peripheral
blood and tissues. Int J Cancer. 2010;126:2874-8.

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. Reprod Biomed Online. 2008;16:382-90.
Kremer HI, Koopmans M, Baelde HJ, de Heer E, Bruijn JA, Bajema IM. Tissue
chimerism in systemic lupus erythematosus is related to injury. Ann Rheum
Dis. 2007,66:1568-73.

Shah M, Mamyrova G, Targoff IN, Huber AM, Malley JD, Rice MM, et al. The
clinical phenotypes of the juvenile idiopathic inflammatory myopathies.
Medicine. 2013,92:25-41.

Feldman BM, Rider LG, Reed AM, Pachman LM. Juvenile dermatomyositis
and other idiopathic inflalmmatory myopathies of childhood. Lancet.
2008;371:2201-12.

Khanna S, Reed AM. Immunopathogenesis of juvenile dermatomyositis.
Muscle Nerve. 2010;41:581-92.

Mercuri E, Muntoni F. Muscular dystrophies. Lancet. 2013;381:845-60.
Flanigan KM. The muscular dystrophies. Semin Neurol. 2012,32:255-63.
Artlett CM, Miller FW, Rider LG. Persistent maternally derived peripheral
microchimerism is associated with the juvenile idiopathic inflammatory
myopathies. Rheumatology. 2001;40:1-6.

Wallace GQ, McNally EM. Mechanisms of muscle degeneration,
regeneration, and repair in the muscular dystrophies. Annu Rev Plant
Physiol Plant Mol Biol. 2009;71:37-57.

Engel AG, Arahata K Mononuclear cells in myopathies: quantitation of
functionally distinct subsets, recognition of antigen-specific cell-mediated
cytotoxicity in some diseases, and implications for the pathogenesis of the
different inflammatory myopathies. Hum Pathol. 1986;17:704-21.

Tidball JG, Wehling-Henricks M. Damage and inflammation in muscular
dystrophy: potential implications and relationships with autoimmune
myositis. Curr Opin Rheumatol. 2005;17:707-13.

Lopez De Padilla CM, Vallejo AN, Lacomis D, McNallan K, Reed AM.
Extranodal lymphoid microstructures in inflamed muscle and disease
severity of new-onset juvenile dermatomyositis. Arthritis Rheum.
2009;60:1160-72.

Srivasta B, Srivasta S, Johnson KL, Samura O, Lee SL, Bianchi DW.
Microchimerism of presumed fetal origin in thyroid specimens from
women: a case-control study. Lancet. 2001;358:2034-8.

Vanzyl B, Planas R, Ye Y, Foulis A, de Krijger RR, Vives-Pi M, et al. Why are
levels of maternal microchimerism higher in type 1 diabetes pancreas?
Chimerism. 2010;1:45-50.

Stevens AM, Hermes HM, Rutledge JC, Buyon JP, Nelson JL. Myocardial-
tissue-specific phenotype of maternal microchimerism in neonatal lupus
congenital heart block. Lancet. 2003;362:1617-23.

Jonsson AM, Papadogiannakis N, Granath A, Haggstrom J, Schaffer M,
Uzunel M, et al. Maternal microchimerism in juvenile tonsils and adenoids.
Pediatric Res. 2010;68:199-204.

Khosrotehrani K, Guegan S, Fraitag S, Oster M, de Prost Y, Bodemer C, et al.
Presence of chimeric maternally derived keratinocytes in cutaneous

inflammatory diseases of children: the example of pityriasis lichenoides.

J Invest Dermatol. 2006;126:345-8.

Suskind DL, Kong D, Stevens A, Wahbeh G, Christie D, Baxter-Lowe LA, et al.

Maternal microchimerism in pediatric inflammatory bowel disease.
Chimerism. 2011;2:50-4.

31

32.

33

34.

35.

36.

37.

Page 9 of 9

Reed AM, McNallan K, Wettstein P, Vehe R, Ober C. Does HLA-dependent
chimerism underlie the pathogenesis of juvenile dermatomyositis? J Immunol.
2004;172:5041-6.

Mold JE, Michaelsson J, Burt TD, Muench MO, Beckerman KP, Busch MP,
et al. Maternal alloantigens promote the development of tolerogenic fetal
regulatory T cells in utero. Science. 2008,322:1562-5.

Roy E, Leduc M, Guegan S, Rachdi L, Kluger N, Scharfmann R, et al. Specific
maternal microchimeric T cells targeting fetal antigens in beta cells
predispose to auto-immune diabetes in the child. J Autoimmun.
2011;36:253-62.

Rak JM, Maestroni L, Balandraud N, Guis S, Boudinet H, Guzian MC, et al.
Transfer of the shared epitope through microchimerism in women with
rheumatoid arthritis. Arthritis Rheum. 2009;60:73-80.

Artlett CM, O'Hanlon TP, Lopez AM, Song YW, Miller FW, Rider LG.
HLA-DQAT is not an apparent risk factor for microchimerism in
patients with various autoimmune diseases and in healthy individuals.
Arthritis Rheum. 2003;48:2567-72.

Leveque L, Hodgson S, Peyton S, Koyama M, MacDonald KP, Khosrotehrani K.
Selective organ specific inflammation in offspring harbouring microchimerism
from strongly alloreactive mothers. J Autoimmun. 2014;50:51-8.

Jonsson AM, Uzunel M, Gotherstrom C, Papadogiannakis N, Westgren M.
Maternal microchimerism in human fetal tissues. Am J Obstet Gynecol.
2008;198:325.6321-326.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Introduction
	Method
	Results
	Conclusions

	Introduction
	Methods
	Patients
	Immunofluorescence/fluorescence in situ hybridization
	Statistical analyses

	Results
	Are microchimeric cells enriched in inflammatory diseases and what are their phenotypes?
	Does the location of microchimeric cells differ among inflammatory muscle diseases?
	Do microchimeric cells drive disease?
	Do microchimeric cells mediate tissue repair?

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



