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Figure 3 | Analyses of the junction between the human chromosome and viral genome. (a) Southern blot analyses of genomic DNA from the CIHHV-
6B study subjects. The restriction enzymes used for these analyses are indicated above the panels; size markers are indicated on the left. Red dots indicate
the rearranged bands derived from junction between human telomere and the HHV-6. Triangles indicate bands derived from the DR-L (green) and DR-R
(orange), while blue triangles indicate the junction of the two DRs. Lane 1, case 18; lane 2, case 19; lane 3, case 28; lane 4, case 31; lane 5, non-CIHHV-6
control. (b) Southern blot analyses of PCR products. The arrowhead indicates a junction-specific PCR product. Lane 1, case 28; lane 2, non-CIHHV-6.
Complete raw autoradiogram image can be seen in Supplementary Fig. $6. (c) PCR products that incorporate junction fragments. The primer sets

were designed on the DR region (7F or 8F) and subtelomeric region on chromosomes X. Two CIHHV-6 cases yielded amplicons of different sizes. Lane M,
size markers; lane 1, case 18; lane 2, case 19; lane 3, case 20; lane 4, case 28; lane 5, case 31; lane 6, case 63; lane 7, non-CIHHV-6 case; lane 8, water

control. (d) Sequence of the junctions in case 28. The sequence shown covers the region from the DR-R of the viral genome to the human subtelomeric

region. Lowercase letters denote telomere repeats.

in all cases (Supplementary Fig. S2b). We next performed PCR using
one fixed primer for the site just outside of the DR-L and other
primers for different sites within the DR. All of the primers within
the DR successfully amplified specific products (Fig. 4). A telomere-
repeat primer also yielded products appearing as a smear, the spe-
cificity of which was confirmed by Southern hybridization
(Supplementary Fig. S5b). However, the use of a primer for the
pacl site did not yield any specific product. We also designed
MLPA probes within the pacl or pac2 region which produced a
single copy signal which was similar to the UL region (Fig. 2), sug-
gesting the absence of the pacl site. These results demonstrated that
the CIHHV-6B chromosome ends within the TRS-1.

The presence of the TRS-2 in the DR-L not only indicated an intact
TRS-2, but also gave us the opportunity to analyze individual varia-
tions in the TTAGGG repeat numbers. As expected, the sizes of the
PCR products varied among individuals (Supplementary Fig. S2b)?".
Among three of our study subjects with an integration at 22q, two
cases from the same family (cases 19 and 20) showed an amplified
product of the same size. The other case with a viral integration at 22q
(case 18) showed a PCR product of a similar size but subsequent
sequence analysis revealed different numbers of telomere repeats (32
for cases 19 and 20 versus 29 for case 18). Two cases with a viral

integration at Xp showed different numbers of repeats (27 for case 28
and 23 for case 63). ’

Discussion

In our present study, we analyzed the structure of the integrated
HHV-6B genome in six carriers of this virus using the MLPA tech-
nique. Achieving accuracy in copy number measurements poses
particular challenges when attempting to characterize a tandem
repeat region. The MLPA method shows utility in reproducibly dis-
tinguishing two copies of repeats from a single copy, which is not
easily achievable using other standard methods. MPLA also over-
comes the instability of the qPCR technique due to its high sensitivity
to the amounts of template DNA, and thereby yields reproducible
results?2. Hence, MLPA is often used for the identification of dele-
tion/duplication mutations in disease-causing genes or for determin-
ing the status of copy number variations at certain chromosomal loci
in humans. In our current study, the use of MLPA allowed us to
clearly determine the copy number of the integrated HHV-6B gen-
ome in the carriers and to characterize structural variations in the
integrated viral genome among these CIHHV-6B cases. Our data
indicate that human telomere repeats and the viral genomes had
fused via one of the two TRSs within the DR-R in all six cases and
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Pigure 4 | Long range PCR analyses to determine the endpoints of the viral genomes. (a) Schematic representation of the HHV-6B genomic
structure. The positions of the PCR primers are indicated below the diagram. (b) Results of long range PCR analyses. The 10R primer was used together
with one of the DR primers for the long range PCR. The DR primers are indicated above the panels. Lane M, size markers; lane 1, non-CIHHV-6 case; lane

2, case 28; lane 3, case 18.

that the other end of the integrated HHV-6 virus is likely to be the
distal TRS within the DR-L. Our findings are almost similar to those
published previously'®*. These data implicate dual roles for the viral
TRS sites in the manifestation of CIHHV-6.

The first important role of the viral TRS in the onset of CIHHV-6
is to trigger the homology-directed DNA repair mechanism for sub-
sequent integration of the viral genome into the human genome. The
ends of chromosomal DNA comprising the telomeres are generally
structurally organized not to activate a DNA damage response by
forming a stable T-loop DNA secondary structure and through the
assembly of a shelterin complex. Indeed, in normal cells, homolog-
ous recombination is repressed at the telomere™. However, the short-
ening of telomeres as a result of cell division might lead to a loss of
chromosomal end protection and may cause improper DNA repair
such as end-to-end fusions of the chromosomes by non-homologous
end joining™. In our current study, the telomere repeats at the junc-
tion between the human subtelomere and the HHV-6 genome were
found to be low in number, which has also been reported prev-
iously'®. We thus speculate that telomere shortening, when it occurs
in the cells infected with HHV-6, may activate a homology-directed
DNA damage response that leads to viral integration.

A previous report has indicated that the viral breakpoints are
located at TRS-2, both for CIHHV-6A and 6B'**. The TRS-2 site
has been shown to be longer and contain fewer degenerate TTAGGG
repeats than TRS-1. However, our current analyses has revealed that
the sizes of the TRS-1 region in our study subjects were much Jarger
than TRS-2 and contained more perfect telomere repeats. If the free
DNA end at the human telomere had activated the homology-direc-
ted DNA repair response pathway and searched for the appropriate
template for DNA repair via homology, the integration event would
have preferentially utilized TRS-1. However, we found that this was
not the case. Thus, we speculate that the viral DNA end may be
recognized as a bona fide DNA end by the host DNA repair system
and thus subjected to end resection via homology-directed

machinery. A small resection would be sufficient to reach the TRS-
2 in the DR-R and enable the DNA end to find its homologous
template, i.e. the human telomere. If the protection of the human
telomere is incidentally removed at the time of this homology search
due to age-related telomere shortening, the two DNA ends might be
connected in a homology-dependent manner.

Once HHV-6 infection is established, the circularization of the
linear double stranded viral DNA give rises to the formation of a
stable episomal form in the nucleus whereby latency is achieved®.
During HHV-6 replication, the episome produces a head-to-tail con-
catemer via a rolling circle mechanism, which is cleaved into a single
unit of linear viral genome and is subsequently recircularized. A
previous study has reported that some CIHHV individuals carry
more than two copies of HHV?. However, in our current study we
found only one copy of the viral genome in all of the CIHHV-6 cases
in our cohort. In case 28, we identified tandem DRs repeat with no
intervening pacl-pac2 region, which should be identified in a rep-
licating concatemer or episomal virus. This suggests that a single
linear form of replicated HHV-6 in latently infected cells gives rise
to the integration event'®. Normally, linear viral DNA ends are pro-
tected by episome formation, but it is possible that replication errors
at the junction might result in an uncircularized virus genome, which
may induce a DNA damage response. Although homologous recom-
bination is suppressed at the telomere, a recent report has provided
evidence of single strand annealing as a mechanism of telomere
fusjon®.

The second pivotal role of the TRS regions in CIHHV-6 is the
stabilization of the chromosomal end required for transmission of
the virus. In our current analyses, we demonstrate that the end of the
HHV-6B integrated chromosome was TRS-1, which others have also
demonstrated using single telomere length analyses*. Once HHV-6
is integrated into the human telomere via homology with the TRS in
the DR-R, the other end of the viral genome, DR-L, becomes a
chromosomal end. Without the protection that normally operates
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biects with CHHV-68 .
Trigger for the diagnosis of CIHHV-6B Chromosome
Monitoring after bone-marrow transplantation Aplastic anemia 22q
Differential diagnosis of mycoplasma Encephalitis 22q
Mother of case19 22q
Monitoring after bone-marrow transplantation Congenital pure red cell aplasia Xp
Differential diagnosis of febrile skin rash 6q
Uveitis Xp

for chromosomal ends at the telomeres, the DR-L is subject to DNA
end resection until the TRS-1 appears. Since the TRS-1 length is
sufficient to recruit components of the shelterin complex, it can form
a neo-telomere to maintain its size during some rounds of DNA
replication and cell division until it forms gametes to transmit the
viral genome to the offspring. We note that there is no reported case
of chromosomally integrated HHV-7? and this might be due to a
short TRS-1 (90 bp) in the genome of this virus which cannot main-
tain chromosomal end stabilization (U43400).

One of our current CIHHV-6B cases (case 31) was found to carry a
different junction between the virus and human telomere, with a
breakpoint in the TRS-1 region. One possibility for this occurrence
is that a long DNA end resection took place that extended to the
TRS1, which may be rare. Another possibility is a post-insertional
genomic rearrangement®. Alternatively, non-allelic homologous
recombination (NAHR) between the two TRS sites might have pro-
duced the deletion of DR-R in case 31, thereby mimicking the break-
point at a different location for the initial integration. Another
CIHHV-6B subject in our present analyses (case 28) was found to
carry three DR copies. This is also possibly a product of an NAHR
event between the two different TRS sites on the HHV-6 virus. In
contrast to the normal repression of homologous recombination at
the telomere, the subtelomeric region is known to be highly unstable
and undergo frequent recombination®. The integration of HHV-6B
in cases 28 and 63 in our present study are likely to have originated
from a single ancestor since an identical genomic structure, three DR
sites without a pacl-pac2 junction, was found in these two indivi-
duals. However, the repeat number at the TRS2-human telomere
junction, as well as in the TRS2 site at the DR-L was found to be
diverse between these two cases, suggesting that replication slippage
or recombination may occur frequently at this new subtelomeric
region.

A remaining question from our current observations is the timing
of HHV-6 integration during the life cycle of a human host. Since
CIHHV-6 appears to be transmitted from parent to child in a
Mendelian fashion, the integration event must occur during germ
cell development. HHV-6 uses CD46 as its receptor for entry into the
cell®. Since CD46, a regulator of the complement activation receptor,
is expressed ubiquitously, HHV-6 can theoretically infect all human
cell types including those of a germ cell lineage. Since spermatogenic
cells undergo a considerably greater number of DNA replication and
cell division events than any other cells, there may be a higher chance
of an integration event due to telomere dysfunction, although germ
cells do possess telomerase activity*. Our current findings that some
identified CIHHV-6 cases have similar molecular characteristics sug-
gest that integration is a rare event. We propose from this that a small
number of ancestral chromosomes that had undergone a HHV-6
integration have likely expanded throughout the general human
population as a neutral polymorphism.

Methods

Human subjects. We analyzed six Japanese cases that were suspected to CTHHV-6B
by having genome-equivalent copy number of viral DNA in peripheral blood samples
estimated by gPCR?. The clinical features of the cases are listed in Table 1. After

informed consent was obtained, peripheral blood samples were obtained again from
each patient for our genomic analyses. Our study was approved by the Ethical Review

Board for Human Genome Studies at Fujita Health University (Accession number 90,
approved on 24 March 2010). All cases provided their written informed consent to
participate in this study.

Fluorescent in situ hybridization (FISH). FISH was performed using a standard
method. Briefly, PHA-stimulated lymphocytes or EB-transformed lymphoblasts were
arrested by treatment with colcemid. Metaphase preparations were obtained by
hypotonic treatment using 0.075 M KCl followed by methanol/acetate fixation. A
10 kb Pstl fragment of HHV-6 was used as the probe (Fig. 1a)*'% Probes were labeled
by nick-translation with biotin-16-dUTP or digoxigenin-11-dUTP. After
hybridization, the probes were detected using either Alexa Fluor® 488-conjugated
streptavidin or rhodamine-conjugated anti-digoxigenin, respectively, Chromosomes
were visualized by counter-staining with 4',6-diamino-2-phenylindole (DAPI). As
reference standards, we used RP11-18608 (22q11.21), TelVysion 6p SpectrumGreen
and TelVysion Xq/Yq SpectrumOrange (Abbott Molecular, IllinoisI, USA).

Multiplex ligation-dependent probe amplification (MLPA). MLPA probe pairs
were designed using a standard methodology® so that they are strategically
distributed throughout the viral genome, the central unique long (UL) region and two
DRs, as well as pacl and pac2. In this strategy, MLPA probes consist of two
oligonucleotides, each containing a PCR primer sequence and a variable length
sequence complementary to the target. Genomic DNA was denatured (I min at
98°C) and subsequently hybridized to the MLPA probe pairs in accordance with the
manufacturer’s protocol (MRC-Holland, Amsterdam, Netherlands). After ligation,
probe pairs were amplified using universal primers. The multiplex PCR products
were then separated on a capillary sequencer. For normalization, we created a plasmid
harboring a tandem array of probe sequences separated by 10-nucleotide spacer and
used this construct as a standard for the copy number. We only had an EB-
transformed cell line for case 63 and did not use this sample for MLPA because the
presence of the EB virus genome may affect the results.

Analysis of junction fragments. Southern hybridization was performed using a
standard methodology. Briefly, genomic DNA was cleaved with appropriate
restriction enzymes, followed by size-separation via 0.8% agarose gel electrophoresis.
After denaturation, the DNA was blotted onto a nylon membrane. Probes were
labeled by crosslinking with alkaline-phosphatase and detected using CDP-Star
detection reagent (GE Healthcare, Buckinghamshire, UK). To isolate a junction
fragment, standard or long-range PCR was performed using LA Taq (TaKaRa, Siga,
Japan). The amplification conditions were 35 cycles of 10 sec at 98°C, 30 sec at 63°C
and 10 min at 72°C. A PCR primer was designed using the sequence data for the
human chromosome X genomic contig (accession number NT_167191.1) and that of
the HST strain of HHV-6B (AB021506). X-2R primer: 5'-
TTGTCTCAGGGTCCTAGTG-3'. The PCR products were sequenced using the
Sanger method.

Mapping of the distal breakpoints. To map distal breakpoints on the viral genomes,
long-range PCR was performed using LA Taq. PCR primers were designed using the
sequence data for the HST strain of HHV-6B (AB021506). The amplification
conditions were 35 cycles of 10 sec at 98°C, 30 sec at 63°C and 10 min at 72°C. For
amplification of larger fragments, PCR cycles were increased up to 38 cycles. To
amplify telomere repeats, we performed the PCR using the Tel-A primer, 5'-
CCCTAACCCTAACCCTAACCCTAACC-3". To show the smear products really
contain telomeric repeats Southern hybridization was performed with a telomere-
specific probe®.
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Introduction

Objective
To estimate the stage of histological chorioamnionitis (h-CAM) antena-
tally using clinical data.

Materials and methods

Four hundred and twenty-eight singleton mothers were recruited. Clini-
cal data including the levels of white blood cell count (WBC), C-reactive
protein (CRP), amniotic fluid interleukin-8 (AF-IL-8) at Cesarean sec-
tion, and maternal body temperature (MBT) were collected.

Results

Histological chorioamnionitis was present in 45.3% of the cases. Poor
neonatal prognosis was highest (59.1%) in cases with h-CAM stage III.
AF-IL-8 (odds ratio: 8.5, 95% CI: 5.1-14.8, P < 0.0001) and MBT (odds
ratio: 2.3, 95% CI: 1.13-4.1, P = 0.0192) were independent risk factors
for h-CAM. The cutoff value of AF-IL-8 for predicting each stage of
h-CAM (stage I or higher, stage II or higher, and stage III) were
>9.9 ng/mlL, >17.3 ng/mL, and >55.9 ng/mL, respectively.

Conclusion
The stage of h-CAM was able to be predicted accurately by the level of
AF-IL-8 before delivery.

FIRS).'®2° These effects have been generally shown
8

Histological chorioamnionitis (h-CAM) is an antena-
tal inflammatory state of the intrauterine environ-
ment strongly associated with preterm delivery.
Around 33-83% of infants born before 30-32 weeks
of gestation have been exposed to h-CAM,'™ which
often is a clinically silent process. Exposure to
h-CAM is known to induce several organ failures in
the fetus.® Its presence in placentas from preterm
infants increases the incidence of bronchopulmonary
dysplasia (BPD),”? necrotizing enterocolitis
(NEC),*>'% periventricular leukomalacia (PVL),'"!?
and cerebral palsy (CP).'*™'7 These are recognized as
symptoms of fetal response inflammatory syndrome

American Journal of Reproductive Immunology (2015)
© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

to be more pronounced when additional signs of
fetal inflammation, such as funisitis, are present.?!*

Histological chorioamnionitis is classified into
three stages according to Blanc’s classification:
stage I (deciduitis), stage II (chorionitis), and stage
III (amnionitis).>> van Hoeven et al.?® reported that
the risk of FIRS becomes higher with an increase in
the severity of h-CAM. However, the associations
between h-CAM and inflammatory markers in
maternal circulation have not been fully clarified.
On the other hand, clinical CAM was defined by
Lenki et al.?’ as maternal fever (>38.0°C), elevated
white blood cell count (=15,000/uL), uterine tender-
ness, maternal or fetal tachycardia, and malodorous
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vaginal fluid. Although clinical CAM may be clearly
diagnosed before delivery, neonatal outcomes may
already be deteriorated by that point in time, %2
suggesting that clinical CAM is a final stage of CAM.
Park et al.’® reported that the involvement of the
amnion in the inflammatory process of the extra-
placental membranes is associated with a more
intense fetal inflammatory response than chorionitis
alone. Therefore, an accurate prediction of h-CAM
and its degree are needed to manage mothers with
pre-clinical symptoms of clinical CAM before the
appearance of clinical symptoms.

To overcome this problem, the ability of biological
markers to detect h-CAM before birth has been
investigated. There have been some reports evaluat-
ing h-CAM during pregnancy by biological markers,
such as maternal body temperature (MBT),>">!
maternal white blood cell count (WBC),?”*! mater-
nal C-reactive protein (CRP),****?? maternal or
amniotic interleukin (IL)-6,>*” and amniotic IL-8.%®
However, there have been no reports predicting
antenatally the severity of h-CAM by biological and
clinical markers.

Information about the severity of h-CAM during
the antenatal preterm period may be clinically useful
for the management of cases at risk for preterm
labor or with cervical incompetency. Additionally,
with detection of strong intrauterine inflammation
before clinical CAM, early termination of the preg-
nancy may be considered. On the other hand, no
detection of inflammation or weak inflammation in
the uterus would allow an extended period of preg-
nancy by maintenance tocolysis. Therefore, the
degree of uterine inflammation should be evaluated
before delivery, and individual strategies to improve
neonatal prognosis for each case should be devel-
oped even if there is no sign of clinical CAM.

This study is the first report to show that amniotic
fluid IL-8 levels are a good marker for estimating the
stage of h-CAM in the antenatal period.

Materials and methods

Study Population

Four hundred and twenty-eight mothers who
underwent Cesarean sections were recruited at Toy-
ama University Hospital between January 2009 and
December 2013. Two hundred and fifteen cases
delivered preterm babies and 213 cases full-term
babies. We excluded cases with premature rupture

of membranes (PROM), preterm birth within 2 days
of maternal steroid treatment leading to increased
maternal WBC, severe fetal growth retardation (less
than —2.0 S.D.), severe congenital abnormalities,
polyhydramnios, gestational diabetes mellitus, pre-
eclampsia, multiple pregnancies, and Cesarean sec-
tions due to failure of vaginal trial labor. The study
was approved by the ethics committee of Toyama
University Hospital. All the subjects included in this
study provided informed written consent.

Definitions and Study Procedures

Gestational age was determined from the first day of
the last menstrual period, or by fetal size by transva-
ginal ultrasound before 12 weeks of gestation.

The stages of h-CAM are defined by the degree of
the neutrophil infiltration to the amnion-chorion—
decidua. The stage I is defined that maternal neu-
trophils are between the decidua and chorionic
plate. The stage 1I is defined that maternal neutroph-
ils are in the connective tissues of the chorionic
plate. Stage III is characterized by neutrophil infiltra-
tion of the ammnion according to Blanc’s diagnostic
criteria.”” And the funisitis was defined as the pres-
ence of any vasculitis in the umbilical cord. Section
of tissue blocks were stained with hematoxylin—eosin
and examined systematically for inflammation by
some pathologists unaware of the proteomic results
of the amniotic fluid in their laboratory rooms.

Demographic and clinical data (maternal data
included age, parity, gestational age at delivery, in-
trapartum fever, and mode of delivery) were col-
lected. Clinical CAM was defined as the combination
of maternal fever during labor (more than 38°C)
with any one of the following: maternal tachycardia
(=100 beats/min), uterine tenderness, malodorous
amniotic fluid, or maternal leukocytosis (>15,000
white blood cells/mL).

Poor neonatal outcome was defined as neonatal
death or diagnosis of periventricular leukomalacia
(PVL), intraventricular hemorrhage (IVH) >grade I,
bronchopulmonary dysplasia (BPD), and necrotizing
enterocolitis (NEC) during hospitalization in the
NICU. PVL was defined by de Vries,?® the classifica-
tion of IVH was defined by Papile et al.** moderate/
severe BPD was defined as an oxygen requirement
at 36 weeks of gestational age according to the
NICHD consensus conference paper,*’ and NEC was
defined according to modified Bell’s criteria*? with
>stage II considered to be significant.

American Journal of Reproductive Immunology (2015)
© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



Sample Collection and Preparation

Maternal body temperature was measured just
before Cesarean section. In preterm delivery, blood
tests (maternal WBC and CRP) were performed
within 48 hr before Cesarean section. In the case of
elective Cesarean section, which was usually
planned at about 39 weeks of gestation in full-term
delivery, the blood test was performed within
2 weeks before the Cesarean section. However, in
cases with high maternal fever before elective Cesar-
ean section, levels of WBC and CRP were examined
again just prior to Cesarean section. Amniotic fluid
was extracted directly from the amniotic cavity just
before delivery.

Management of Preterm Labor

When the patients are diagnosed as preterm labor,
they are immediately hospitalized for bed rest and
recommended the treatment of maintenance tocol-
ysis (continuous intravenous infusion of ritodrine
hydrochloride or magnesium sulfate) until
36 weeks of gestation to prevent the preterm
birth.**** During the long hospitalization, the
clinical symptom would go on severer such as bag
formation in the cervix, maternal WBC >15,000/
uL, or maternal CRP >1.0 mg/dL; intravenous anti-
biotics (beta-lactam antibiotics 2-3 g/day or EM
800-1500 mg/day for 7 days) are empirically
considered by obstetricians. Therefore, we could
often use the antibiotics for preterm labor in long
hospitalization.

Detection of AF-IL-8

The IL-8 is a chemokine produced by a variety of
cell types, and various diseases related as a pro-
inflammatory marker were reported.*>*” We consid-
ered that it was a very good marker for the early
stage of inflammation in the amnion, and routinely
measured amniotic IL-8 level since 2001. In our pre-
vious study, amniotic IL-8 level was most reflected
at each stage of h-CAM among the level of amniotic
IL-8, TNFo, and IL-17.®

About 10 mL of amniotic fluid was obtained
before delivery. AF-IL-8 was measured by an
enzyme-linked immunosorbent assay (ELISA) as
previously reported.*” The detection limit of AF-IL-8
by ELISA was 32 pg/mL. On average, intra-assay
and interassay coefficients of variation were 4.8%
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and 7.5%, respectively. The remaining sample of the
amniotic fluid was stored at —80°C.

Statistical Analysis

To identify relevant clinical variables that varied
between the h-CAM-positive and h-CAM-negative
groups, univariate analysis was performed using the
x> test, Student’s t-test, or Mann-Whitney U-test
where appropriate. The association between the
severity of h-CAM and lower gestational age at
delivery was analyzed by anova, and the risk factor
of poor neonatal outcome was evaluated by logistic
regression analysis. A cutoff value to predict h-CAM
was proposed by receiver-operating characteristic
(ROC) curves, and logistic regression analysis was
performed to investigate the most reliable biochemi-
cal marker for the prediction of h-CAM. Odds ratios
and 95% confidence intervals (95% CI) were also
calculated. Diagnostic values of sensitivity, specific-
ity, positive predictive value (PPV), and negative
predictive value (NPV) were estimated to predict
h-CAM. The cutoff values to predict the stage of
h-CAM were determined using the most reliable bio-
chemical marker. All analyses were performed using
statistical analysis software (JMP 9.02; SAS Institute
Inc, Tokyo, Japan). A P value of below 0.05 was
regarded as significant.

Results

The patient characteristics of this study are shown in
Table I. There were 215 (50.2%) cases of preterm
delivery and 213 (49.8%) cases of full-term delivery.
The frequency of stage I, stage II, and stage III h-
CAM was 47.4, 35.0, and 17.6%, respectively. Clini-
cal CAM was only detected in h-CAM(+) cases, with
the frequency being very low (1.0%). Preterm birth
was more frequent, and the gestational age was
shorter in h-CAM-positive cases compared to h-
CAM-negative cases. Funisitis was observed in
32.5% of h-CAM-positive cases, while it was
observed in only 0.8% of h-CAM-negative cases.
There was a significant association between the
severity of h-CAM and lower gestational age at
delivery (anova; P < 0.0001), and the incidence of
poor neonatal outcome, such as neonatal death
(n=4), PVL (n=4), IVH >grade III (n =2), BPD
(n=11), and NEC (n = 1), was highest (59.1%) in
stage III h-CAM (Fig. 1). The severity of h-CAM
(odds ratio: 2.7, 95%CIL 1.6-5.0, P = 0.0004) and
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Fig. 1 The ratio of the stage of histological chorioamnionitis (h-CAM)
to gestational age at delivery. There was a significant relationship
between the severity of h-CAM and lower gestational age at delivery.
(anova; P < 0.0001) f(a) Ratio of poor neonatal prognosis including
neonatal death, PVL, [VH >stage lll, BPD, and NEC. Cases of h-CAM
stage Il have the highest incidence of poor neonatal prognosis
(59.1%) (b).

lower gestational age at delivery (odds ratio: 1.3/
week, 95%CI: 1.1-1.6, P = 0.0009) were indepen-
dent risk factors of poor neonatal outcome.

Table II shows the averages of four markers (MBT,
WBC, CRP, and AF-IL-8) in h-CAM-positive and h-
CAM-negative cases. MBT [36.8 (35.1-38.8)°C],
WBC [8520 (4500-23,880)/uL], CRP [0.24 (0.02—
9.9) mg/dL], and AF-IL-8 [19.7 (0.1-566.5) ng/mL]
were significantly higher in h-CAM-positive cases
than in h-CAM-negative cases [36.7 (35.0-37.6)°C,
7600 (2490-22,940)/uL, 0.20 (0.02—4.8) mg/dL, and
2.9 (0.1-162.6) ng/mL] (P < 0.0001, P =0.0002,
P = 0.0006, and P < 0.0001, respectively). The cutoff
values to predict h-CAM were >9.9 ng/ml (AF-IL-
8), =9800/uL (WBC), =20.44 mg/dL (CRP), and
>37.1°C (MBT), respectively (Fig. 2). The area under
curve (AUC) of AF-IL-8 (AUC = 0.7653) was signifi-
cantly larger than those of WBC (AUC = 0.6070),
CRP (AUC = 0.5970), and MBT (AUC = 0.6251),
respectively (P < 0.0001, each) (Fig. 2).

AF-IL-8 (odds ratio: 8.5, 95% CI: 5.1-14.8,
P <0.0001) and MBT (odds ratio: 2.3, 95% CL
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Fig. 2 Receiver-operating curves for amniotic fluid IL-8 (area under
curve = 0.7653, P < 0.0001 for each AUC of maternal BT, CRP, WBC)
for the prediction of histological chorioamnionitis.

1.13-4.1, P = 0.0192) were independent risk factors
for h-CAM among the four markers (Table III). The
level of AF-IL-8 predicted h-CAM with a sensitivity
of 57.7%, a specificity of 88.9%, a PPV of 81.1%,
and a NPV of 71.7%, while MBT predicted h-CAM
with a sensitivity of 27.8%, a specificity of 91.4%, a
PPV of 73.0%, and a NPV of 60.4% (Table IV).
Using the level of AF-IL-8, the cutoff value was
evaluated to predict the stage of h-CAM before
delivery. The cutoff values for h-CAM of stage I or

higher, stage II or higher, and stage Il were >9.9,
>17.3, and > 55.9 ng/ml, respectively (Fig. 3). The
sensitivities for predicting h-CAM of stage I or
higher, stage II or higher, and stage III were 57.7,
77.4, and 91.2%, with specificities of 88.9, 85.3, and
91.4%, respectively (Table V).

Although the frequency of funisitis was signifi-
cantly increased with increase in the stage of h-CAM
(Table VI), AF-IL-8 levels in each stage of h-CAM
with or without funisitis were similar (Table VII).

Discussion

Strengths and Weakness of the Study

The following are major strengths of this study. (i)
This study was comprised of a large cohort of
women with singleton babies (N =428) and with
histologic chorioamnionitis (N = 194). (ii) We evalu-
ated several markers of infection and inflammation
including AF-IL-8, MBT, WBC, and CRP. We found
both AF-IL-8 and MBT were independent markers
to predict h-CAM before delivery, and the predictive
value for h-CAM was higher in AF-IL-8 compared to
MBT. (iii) We have shown for the first time that the
level of AF-1L-8 was able to estimate the stage of h-
CAM before delivery. The cutoff value of AF-IL-8 to
predict stage I or higher was >9.9 ng/mlL with a sen-
sitivity of 57.7% and a specificity of 88.9%. The cut-
off value to predict stage II or higher was >17.3 ng/
mlL with a sensitivity of 77.4% and a specificity of
85.3%. The cutoff value to predict stage III of h-
CAM was >55.9 ng/mL with a sensitivity of 91.2%
and a specificity of 91.4%. (iv) In our study, poor
neonatal prognosis, such as neonatal death, PVL,
IVH >grade III, BPD, and NEC, was extremely
high in cases of stage III h-CAM. When h-CAM
stage III is estimated by AF-IL-8 level, termination of
pregnancy may be considered. However, the gesta-
tional age at that point in time must also be consid-
ered for fetal prematurity.
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Fig. 3 Cutoff values of amniotic fluid IL-8 to predict the stages of
histological chorioamnionitis. The area under curve for the prediction
of histological chorioamnionitis stage | or higher, stage Il or higher,
and stage Il is 0.7653, 0.8487, and 0.9496, respectively.

The following are potential weaknesses of this
study. (i) While in most cases WBC and CRP were
examined just prior to Cesarean section, some full-
term delivery cases without symptoms were exam-
ined within 2 weeks. (ii) We report no information
about the levels of other cytokines in the amniotic
fluid. Amniotic IL-8 level was measured because it
has been reported that amniotic fluid IL-8 levels
gradually increased with the h-CAM stage.*® Amni-
otic TNF-o and IL-17 levels are only elevated in
stage I of h-CAM.*® Holst et al.>® reported that
among 27 proteins in the amnion, amniotic macro-
phage protein-1f (MIP-18) is useful to predict deliv-
ery within 7 days. Keeler et al.>! also reported that
among 25 amniotic cytokines, monocyte chemotactic
protein-1 (MCP-1) is the best marker for the predic-
tion of early delivery. Using these suggested
amniotic markers reflecting strong inflammation in
the amnion, further detail of h-CAM may be able to
be provided. Further studies are needed to clarify
which cytokines are the best suited to evaluate the
stage of h-CAM. (iii) When the stage III of h-CAM

will be predicted by amniotic IL-8 levels, certainly,
the best treatment was not leaded in this study.
However, using this result of predicting the accurate
stage of h-CAM antenatally, the new strategy might
be effective to prevent the neonatal outcomes in the
future studies.

Clinical Significance of this Study

Lenki et al.>” reported that clinical CAM may be
diagnosed by symptoms and blood examination,
although the prognosis of the neonate is usually
poor by the time clinical CAM is made evident.'%?®
This study reported a very low frequency of clinical
CAM, suggesting that the majority of the h-CAM
cases were terminated before the onset of clinical
CAM. This evidence prompted us to establish a new
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strategy for diagnosing h-CAM before the appear-
ance of clinical signs. Therefore, recognition of
h-CAM as a pre-stage of clinical chorioamnionitis
may allow better management of women at risk for
preterm labor or cervical incompetency and avoid
poor neonatal prognosis such as neonatal death,
PVL, IVH >grade III, BPD, and NEC.

An accurate prediction of the stage of h-CAM is
important to provide proper treatment. Compared to
cases with h-CAM, pregnancies without h-CAM
should be extended as long as possible. Although
there has been no evidence showing the efficacy of
maintenance tocolysis for treatment, it may be effec-
tive for treatment of low-grade h-CAM predicted
antenatally. Knowing the estimated grade of h-
CAM, we may be able to determine an appropriate
time for delivery in cases of severe intrauterine
inflammation to avoid a poor outcome for the baby.
We have reported that clinical symptoms and AF-IL-
8 may be used to estimate the time of delivery in
preterm labor cases.””

The aim of this study was only to lead the cutoff
value of amniotic IL-8 levels to predict each stage of
h-CAM by using large number of amniotic samples.
Therefore, the sample included cases of the third tri-
mester. The evaluation of amniocentesis to predict
the stage of h-CAM was clinically for less than
30 weeks of gestation.

The Correlation between AF-IL-8 and Funisitis

It was reported that the risk of FIRS increases with
the presence of h-CAM. The severity of h-CAM
influences FIRS, although the degree of influence on
the fetus is unknown. Funisitis can also increase the
risk of FIRS.?'"2* In the present study, there was no
correlation between the level of AF-IL-8 and funisitis
in any of the stages of h-CAM (Table VI). The level
of AF-IL-8 was strongly correlated with the stage of
h-CAM, irrespective of the existence of funisitis.
These data suggested that AF-IL-8 is a good marker
for h-CAM, but not for predicting funisitis.

Questions in this Study

The antibiotic therapy has the effect just to microbes,
not inflammation. And the preterm delivery was
strongly correlated with amniotic inflammation
(h-CAM) rather than the microbes in the amnion.>*>*
Therefore, antibiotic therapy was considered not to
influence the amniotic fluid IL-8 levels.
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Despite the high rate of preterm birth of 41% in
h-CAM-negative group, the rate of delivery before
33 weeks of gestation was 14.9% (35/234) without
h-CAM, while 38.6% (75/194) with h-CAM. The
rate of preterm delivery of 41% was certainly high;
however, most cases were delivered after 33 weeks
of gestation without h-CAM.

The frequency of clinical CAM was only 1%:
The reason was considered that (i) in this study,
we excluded the premature rupture of the mem-
branes (PROM) that often happened to clinical
CAM. (ii) A large numbers of sample cases after
33 weeks of gestations were included in our study
(73.8%).

Unanswered Questions and Proposals for Future
Research

At present, the stage of h-CAM cannot predict the
condition of the baby before delivery. Therefore, a
prediction of the stage of h-CAM as part of the man-
agement of cases at risk for preterm labor or cervical
incompetency may improve the prognosis of neo-
nates. Maintenance tocolysis may be performed in
cases without h-CAM or with h-CAM stage I, while
a short-term tocolysis may be carried out in cases
with h-CAM stage II or III. In cases with h-CAM
stage III and with a positive microbubble test show-
ing fetal lung maturation, delivery of the baby
should be considered as an option, taking into
account the gestational age. In conclusion, the stage
of h-CAM may be predicted accurately by the level
of AF-IL-8 before delivery.
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Abstract Enterolithiasis is an uncommon finding of a
dilated hyperechogenic bowel with multiple ball-like echo-
genic structures at a routine prenatal check-up using ultra-
sonography. We here report a case of prenatally diagnosed
enterolithiasis at 18 weeks of gestation, showing multiple
hyperechogenic foci rolling within the bowel fluid after
peristalsis. The size of the dilated bowel gradually increased
during pregnancy. Magnetic resonance image demonstrated
the dilated lower bowel with blind-ending rectum. A post-
natal contrast medium study with retrograde urethrography
revealed a middle imperforate anus and a rectourethral fis-
tula. A careful examination, even before 20 weeks of ges-
tation, is extremely useful in demonstrating intraluminal
coarse calcifications within an echogenic bowel.

Keywords Echogenic bowel - Enterolithiasis -
Imperforate anus - Intraluminal calcification -
Rectourethral fistula

Introduction

Enterolithiasis is one of the fetal abnormalities of the
anorectal region. It is relatively rare and difficult to diag-
nose sonographically. A rectourinary fistula can be asso-
ciated with an imperforate anus, leading to the intraluminal
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mixing of fetal urine and meconium during pregnancy. We
report here the first case of the prenatal sonographic
diagnosis of enterolithiasis with movement of enteroliths in
a dilated echogenic bowel at 18 weeks of gestation in the
English language in Japan.

Case report

A 36-year-old, gravida 4, para 1, Japanese woman without
significant medical history presented for a routine prenatal
check-up at 18 weeks 5 days of gestation. Sonography
examination using a Voluson E6 ultrasound machine (GE
Healthcare Ultrasound, Milwaukee, WI, USA) with a
2.0-5.0-MHz probe demonstrated that the fetal growth was
appropriate for 18 weeks of gestation. The fetal lower
abdomen contained multiple coarse hyperechoic foci, which
were 2-3 mm in diameter, within a dilated loop of hypere-
chogenic bowel between the urinary bladder and the sacrum.
When peristalsis in this segment was present, the multiple
foci were rolling within the bowel fluid (Fig. 1a). She was
referred to our hospital for further evaluation at 18 weeks
and 6 days. The fetal biometry was appropriate for gesta-
tional age, and a normal amount of amniotic fluid was
observed. In addition, the fetus had no ascites or extraluminal
calcified meconium. The sex of the fetus seemed to be female
because of pudendal cleavage. A possible diagnosis of ano-
rectal malformation with rectourinary fistula was made.

Ultrasound examination
Follow-up ultrasound examinations showed the persistence
of echogenic foci within the dilated colon and rectum

(Fig. 1b, c). The size of the hyperechogenic bowel gradu-
ally increased from 3.2 x 1.2 cm (28 weeks and 6 days,
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(a) 18wBd (2

Fig. 1 Sonographic appearance of the dilated bowel with hyperechogenic bowel wall (arrows) (a) at 18 weeks and 5 day. The foci were moving
in the bowel with peristalsis, b at 28 weeks and 6 days, ¢ at 32 weeks and 5 days, and d at day 6 after delivery

Fig. 1b) to 4.2 x 1.1 cm (32 weeks and 5 days, Fig. 1c).
At 6 days after birth, the dilated bowel with echogenic foci
was still seen (Fig. 1d).

Magnetic resonance imaging

To further rule out anorectal malformation, MRI was per-
formed at 37 weeks and O day. It demonstrated a dilated
bowel (sigmoid colon and rectum) with enterolithiasis
(Fig. 2). The external genitalia showed ambiguity when a
phallus-like structure could be visualized.

The patient delivered a male, weighing 2,338 g (—1.2
SD), at 37 weeks and 1 day after induction of labor because
of decreased variability. External genital examination
showed a phallus with bifid scrotum and no anal opening.

@ Springer

Retrograde cystography

Postnatal retrograde cystography showed a rectourethral
fistula and an imperforate anus (Fig. 3).

Colostomy was performed at the second day of life. The
following course was uneventful. The baby was discharged
on the 34th day.

Discussion

Enterolithiasis is a rare entity. Prenatal detection of fetal
intraluminal calcifications using ultrasound, even if in a
routine check-up, suggests the possibility of anorectal
malformation [1-6]. Once the diagnosis of echogenic
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Fig. 2 Magnetic resonance
imaging (MRI) at 37 weeks and
0 day (a, b). A dilated

(7.3 x 1.6 cm), spindle-shaped
lower bowel (sigmoid to
rectum) was seen behind the
urinary bladder (arrowheads).
Ball-like structures (slightly low
intensity, arrowhead) seemed to
float in the intestinal fluid
(slightly high intensity) within
the blind-ending rectum

Fig. 3 A contrast medium study with retrograde urethrography
exhibited a rectourethral fistula (arrow). Contrast medium easily
moved to the rectum through the rectourethral fistula. B urinary
bladder, R rectum

bowel is made, a thorough ultrasound examination of the
fetal anatomy is warranted as follows: assessment of
amniotic fluid, placenta, and membranes, including intra-
amniotic bleeding such as particulate debris floating in the
amniotic fluid, chorio-amniotic separation, and echogenic
material in the fetal stomach [7].

Pohl-Schekinger et al. [5] found that a rectourinary fis-
tula was present in 82 % of 48 cases with anorectal mal-
formation and enterolithiasis, and they concluded that the
prenatal diagnosis of enterolithiasis and lower bowel
obstruction should alert practitioners to the likely risk of an
additional rectourinary fistula. We agree with their finding,
and this is an important milestone in cases of enterolithiasis.

Although the mechanisms of calcification of intralumi-
nal meconium are poorly understood, Shimotake et al. [§]
suggested that the intraluminal meconium calculi were
derived from meconium and fetal urine, using infrared
spectroscopic analysis. Therefore, it is suggested that the
stasis of meconium due to the lower segment obstruction of
the colon (imperforate anus) and the urine-meconium
mixing by an enterourinary fistula (rectourinary fistula,
rectovesical fistula, rectourethral fistula, vesicovaginorectal
fistula) [5] are important key factors for the mechanism of
intraluminal calcifications.

Berdon et al. [9] reported five cases of calcified intra-
luminal meconium in newborns with rectourinary fistulae
associated with imperforate anus. And they found that,
after adding these five cases to the previously published
three cases without meconium peritonitis, all eight cases
were male. On the contrary, Anderson et al. [10] reported
one female case of enterolithiasis associated with anorectal
malformation and commented that the Miillerian system
was not sufficiently developed to interpose between the
rectum and urinary tract.

A limitation of this report is that we could not evaluate
the “ball-like echogenic structures” in the rectum. We
could not send them for pathological examination because
they had been discarded after the operation.

In conclusion, this case report is the first case report of
prenatal diagnosis of enterolithiasis at 18 weeks of gesta-
tion in the English language in Japan. When moving hy-
perechogenic structures within distended bowel are
recognized by ultrasonography anytime during pregnancy,
we should suspect the presence of enterolithiasis with an
imperforate anus and a rectourinary fistula.

Conflict of interest The authors report no conflict of interest.
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Regulatory (Treg) T cells play essential roles in the maintenance of allogeneic pregnancy
in mice and humans. Recent data show that Foxp3 expression occurs in both immuno-
suppressive Treg and -nonsuppressive effector T (Teff) cells upon activation in humans.
Samstein et al, (2012) reported that inducible Treg (iTreg) cells enforce maternal-fetal tol-
erance in placental mammals. Therefore, we should reanalyze which types of Treg cell play

Keywords: an important role in the maintenance of allogeneic pregnancy. In this study, we studied
gf;ei‘;tsor Treg the frequencies of naive Treg cells, effector Treg cells, Foxp3* Teff cells, Helios* naturally
Human pregnancy occurring Treg (nTreg) cells, and Helios™ iTreg cells using flow cytometry. The frequencies
Miscarriage of effector Treg cells and Foxp3* Teff cells among CD4*Foxp3* cells in the decidua of miscar-

riage cases with anormal embryo karyotype (n = 8) were significantly lower (P=0.0105) and
significantly higher (P=0.0258) than those in normally progressing pregnancies (n=11),
respectively. However, these frequencies in miscarriages with an abnormal embryo karyo~
type (n=15) were similar to those in normally progressing pregnancies. The frequencies
of these cell populations in the three groups were unchanged in peripheral blood; on the
other hand, most of the effector Treg cells in the decidua were Helios* nTreg cells and these
frequencies were significantly higher than those in peripheral blood, while those among
effector Treg and naive Treg cells in the decidua and peripheral blood were similar among
the three groups. These data suggest that decreased Helios* effector nTreg might play an
important role in the maintenance of pregnancy in humans.

© 2014 Elsevier Ireland Ltd. All rights reserved.

Naturally occurring Treg

1. Introduction

Regulatory T cells (Treg) play an important role in the
induction and maintenance of tolerance (Sakaguchi et al.,
1995; Sakaguchi, 2005). In 2004, Aluvihare et al. and our
group first reported that Treg cells might mediate mater-
nal tolerance to the fetus in mice and humans (Aluvihare
et al., 2004:; Sasaki et al., 2004). Since then, many lines of
evidence supporting the importance of Treg cells in the

* Corresponding author. Tel.: +81 76 434 7355; fax: +81 76 434 5036.
E-mail address: s30saito@med.u-toyama.acip (S. Saito).

frep:ffdx.dolorg/ 10.1016/1Lir.2014.08.053
0165-0378/© 2014 Elsevier Ireland Ltd. All rights reserved.

implantation period and the early pregnancy period have
been presented, with more detailed characterization of
Treg cells in mice (Zenclussen et al., 2005, 2006; Darrasse-
18ze et al., 2006; Kallikourdis et al,, 2007; Robertson et al,,
2009; Shima et al,, 2010; Kahn and Baltimore, 2010; Guerin
etal, 2011; Rowe et al, 2011, 2012; Samstein et al., 2012;
Yinetal, 2012) and in humans (Tilburgs et al., 2008, 2009;
Sasaki et al,, 2007; Yang et al,, 2008; Jin et al., 2009; Mei
ef al, 2010; Wang et al,, 2010, 2011; Winger and Reed,
2011 Lee et al, 2011; Steinborn et al, 2012).

For example, adoptive transfer of Treg cells puri-
fied from normal pregnant mice prevented fetal loss in
CBA/Je x DBA/2] o mice (Zenclussen et al,, 2005; Yin et al,,
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2012), suggesting that fetal antigen-specific Treg cells
might play essential roles in the maintenance of allogeneic
pregnancy. Seminal plasma plays an important role in the
expansion of fetal antigen-specific Treg (Robertson et al,,
2009; Guerin et al., 2011). Memory Treg cells that recog-
nize paternal antigens also rapidly increase in a second
pregnancy with the same partner compared with the first
(Roweet al,, 2012). Adecreased Treg cell pool was observed
inrecurrent miscarriage cases in humans (Yang et al., 2008;
Jinet al, 2009; Mei et al, 2010; Wang et al, 2010, 2011;
Lee et al, 2011) and a low Treg cell level predicts the
risk of miscarriage in cases of unexplained recurrent preg-
nancy loss (Winger and Reed, 2011). Selective migration
of fetus-specific Treg cells from the peripheral blood to
the decidua in human pregnancy has also been reported
(Tilburgs et al,, 2008). We have reported that the pop-
ulation of CD4*Foxp3* Treg cells at the decidua basalis
in miscarriage with a normal karyotype embryo was sig-
nificantly lower than in normally progressing pregnancy
and in miscarriage with an abnormal embryo, suggest-
ing that dysregulation of maternal tolerance to the fetus
might be associated with unknown etiology of miscarriage
in humans (Inada et al, 2013).

We considered that Foxp3 is the most reliable marker
for Treg cells (Hori et al, 2003), but recent data have
shown that Foxp3* expression in humans occurs in
both immunosuppressive Treg cells and non-suppressive
and cytokine-producing effector T cells (Walker et al,
2003; Gavin et al, 2008: Allan et al, 2007). Miyara
et a3l {2009) reported that human CD4*Foxp3* cells
are classified into CD4*CD45RA*Foxp3!°W naive Treg
cells, CD4*CD45RA-Foxp3high effector Treg cells, and
CD4*CD45RA-Foxp3!oW effector T (Teff) cells. Impor-
tantly, those Foxp3* Teff cells have no capacity for
immunoregulation. CD4*CD25bMight T cells exhibit
regulatory function in humans (Beacher-Allan et al,
2001). Miyara et al. {(2009) showed that CD4*CD25bright
cells are composed of CD4*CD45RA*Foxp3Y naive
T cells, CD4*CD45RA-Foxp3!ow Teff cells, and
CD4*CD45RA-Foxp3high effector Treg cells. CD4*CD25*
CD127- cells are believed to be a reliable marker for Treg
cells (Seddiki et al., 2006), but Kleinewietfeld et al. (20098)
pointed out that some of the CD4*CD25*CD127~ cells
are Teff cells, which produce IFN-v, IL-2, and IL-17. These
findings suggest that we should re-evaluate which subsets
of Foxp3* cells play an important role in the maintenance
of pregnancy.

Treg cells are classified as naturally occurring Treg
(nTreg) generated in the thymus and inducible T (iTreg)
generated in the periphery (Sakaguchi, 2003). Samstein
et al. (2012) reported that conserved noncoding sequence
1 (CNS1), which is essential for iTreg differentiation,
is conserved only in placental mammals, and CNS1-
deficient female mice showed increased fetal resorption
in allogeneic pregnancy. These findings suggest that iTreg
induction at the fetomaternal interface might be important
for a successful pregnancy in placental mammals.

However, it has still not been reported which subset of
Treg cells is important for the maintenance of human preg-
nancy: naive Treg cells, effector Treg cells, nTregs or iTregs.
As such, we have studied the populations of naive Treg

cells, effector Treg cells, Foxp3* Teff cells, Helios* nTreg
cells, and Helios™ iTreg cells in the decidua or peripheral
blood of miscarriage cases with abnormal or normal fetal
chromosomal content.

2. Materials and methods
2.1. Cases of normal pregnancy and miscarriage

This study was approved by the Ethics Committee of
the University of Toyama. We obtained written informed
consent from all the cases. We enrolled 11 subjects with
normally progressing pregnancy, 15 with miscarriage and
an abnormal embryo karyotype (trisomy [n=14] includ-
ing trisomy8 [n=2], trisomy13 [n=2], trisomy15 [n=1],
trisomy16 [n=3}, trisomy21 [n=3], trisomy22 [n=3], and
translocation [n=1]), and 8 with miscarriage and a normal
embryo karyotype. Chorionic villi were sampled from mis-
carriage cells for cytogenetic analysis. Fetal chromosomal
karyotyping was performed by conventional G-band stain-
ing. Echo sonography was performed every two weeks, and
patients were advised to obtain an induced abortion if the
fetal heartbeat ceased or was never detected. In women
with a normally progressing pregnancy, fetal heartbeat was
identified before elective termination. None of the subjects
had any risk factors such as genetic abnormalities (neither
themselves nor their husband), uterine malformation, thy-
roid dysfunction or anti-phospholipid antibody syndrome.

The clinical background in these groups is shown in
Table 1. The numbers of previous miscarriages in women
miscarrying with an abnormal embryo and miscarrying
with a normal embryo were significantly higher than in the
normal pregnancy group. Gestational weeks at sampling,
body mass index (BMI), and frequency of smoking were
similar among the three groups.

2.2. Flow cytometry

Decidual mononuclear cells (leukocytes) were puri-
fied by the Ficoll Hypaque method after homogenization
and filtration through a 32-pm nylon mesh, as previously
reported (Saito et al,, 1992).

The following monoclonal antibodies (mAbs) were used
in this study: anti-CD4 (Per CP-Cy5.5; BD Biosciences, NJ,
USA), anti-CD45RA (Biotin; BD Bioscience), and strepta-
vidin labeled with APC-Cy7 (BD Biosciences) as cell surface
markers, and anti-Foxp3 (FITC; eBioscience, San Diego,
CA, USA) and anti-Helios (Alexa Fluor 647; eBioscience)
as intracellular markers. Decidual and peripheral mono-
nuclear cells were first stained with anti-CD4 mAb and
anti-CD45RA mAb for 30 min on ice. Cells were washed
with phosphate-buffered saline (PBS) three times. Next,
APC-Cy7-labeled streptavidin was added and inoculated
for 15min on ice. After washing the cells with PBS three
times, they were fixed and permeabilized by incubation
for 30min with fixation/permeabilization buffer (eBio-
science), and then stained with anti-Foxp3 and anti-Helios
mADbD. Flow cytometry analysis was performed on a BD FAC-
Scanll (BD Biosciences).

Lymphocytes were gated based on both forward
and side scatter parameters (Fig. 1, left). Monocytes,
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Clinical background in normal pregnancy, miscarriage with an abnormal embryo and miscarriage with a normal embryo.

Normal pregnancy

Miscarriage with an abnormal

Miscarriage with a normal embryo

n=8

n=11 embryo
n=15
Age (year)’ 27.540.7 (16-39) 37.340.3 (29-44)
Gravidities™” 1.040.1(0-2) 2.2:+:0.08 (0-4)
Nulliparity 6/11(54.5%) 10/15 (66.7%)

No. of liveborn children’

0.7 +0.08 (0-2)

No. of miscarriages™"" 0(0-0)

Stillbirth’ 0(0-0)

Gestational weeks’ 75402 (6-10)

BMI’ 20402 (17.7-23.1)
Smoker 311 (27.2%)

0.3:4+0.03(0-1)
2.540.08 (1-5)1
0.1:£0.02 (0-1)
7.2+0.09 (5-10)
218402 (17.7-27.1)
1/15(6.7%)

32.1:0.8 (22-42)
25402 (0-5)

418 (50.0%)

0.50.07 (0-1)
2802 (1-5)
0(0-0)
6.1:£0.2(5-9)

20.64 0.4 (18.0-27.7)
0/8 (0%)

" Mean = SEM (range).

" This pregnancy or miscarriage is not included in gravidities.
" This miscarriage is included in no, of miscarriages.

T P<0.05 vs. normal pregnancy.

#t P<0.001 vs, normal pregnancy.

it P<0.0001 vs. normal pregnancy.

-

granulocytes, and decidual stromal cells were excluded
from the setting of a lymphocyte gate as in Fig. 1 (left).
After gating on CD4" cells (Fig. 1, center), the propor-
tions of CD4*CD45RA*Foxp3!°W naive Treg, CD4*CD45RA~
Foxp3high effector Treg, and CD4*CD45RA~Foxp3W Teff
cells were determined among CD4*Foxp3* cells (Fig. 1).
Isotype-matched fluorochrome-conjugated mice IgG were
used as a control. Foxp3!" and Foxp3high were classified
as follows. In the peripheral blood, some of the CD4" cells
expressed Foxp3!°W (Fig. 1, upper column). The expres-
sion of Foxp3 in Foxp3high cells was brighter than those

PBMC

in CD4*Foxp3'°% cells. In the decidua, CD4*Foxp3Meh cells
formed a cluster, and we classified these as CD4*Foxp3high
cells and CD4*Foxp3!°% cells (Fig. 1, center and right).

2.3. Statistical analysis

Statistical analysis was performed using a statistical
software package (SAS version 9.1; SAS Institute, USA). Data
were analyzed using the Mann-Whitney U test. A value of
P<0.05 was considered statistically significant.

SsC

decidua

Fig. 1. Gating strategy for the detection of CD4*CD45RA*Foxp3'°W naive Treg cells, CD4*45RA-Foxp3high effector Treg cells, and CD4*CD45RA-Foxp3'ow
effector T cells. Lymphocytes in the peripheral blood (upper column) and decidua (lower column) were gated on forward and side scatter parameters. CD4*
T cells in peripheral blood and decidua were classified into CD45RA*Foxp3'°¥ cells, CD45RA-Foxp3high effector Treg cells, and CD45RA~Foxp3'ow Teff cells.
The percentages of CD45RA*Foxp3!o¥ cells, CD45RA-Foxp3high cells, and CD45RA-Foxp3!o¥ cells among CD4*Foxp3* T cells are displayed.



