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Our study is aimed at addressing the hypothesis that IL-10
regulates the immune response to the poly(I:C) that causes fetal
demise. Our results support this hypothesis and demonstrate that
IL-10 coupled with TLR3 activation plays a role in inflammatory
induction of the activating receptor NKG2D. In particular, NKG2D
is best characterized for virus and tumor elimination and recognizes
ligands that are induced by cellular transformation, stress, or in-
fection (31). Our results demonstrate that in response to poly(I:C)
treatment of pregnant WT mice, a significant proportion of uNK
cells acquires a fetus-damaging, TNF-a—producing phenotype
marked by IL-10-dependent induction of NKG2D expression.
Furthermore, induced expression of the cognate NKG2D ligand,
Rae-1 (retinoic acid early inducible-1) (32), is predominantly
detected on uterine F4/80" macrophages from poly(I:C)-treated
WT mice. In IL-10™" mice, poly(I:C) treatment amplifies TNF-
a—producing uterine T cells. Our data suggest that although IL-10
is a cytokine that is compatible with pregnancy (7, 25), TLR3-
mediated induction of inflammation at the maternal-fetal interface
may alter the anti-inflammatory characteristics of this cytokine.

Materials and Methods
Mice

C57BL/6 WT or IL-10""" mice were obtained from the Jackson Labora-
tory and housed in pathogen-free conditions in the Central Research Fa-
cility at Rhode Island Hospital. All protocols were approved by the
Lifespan Committee for Animal Welfare. Syngeneic matings were used in
this study, and visualization of a vaginal plug was designated as gestation
day (GD) 0.

In vivo treatments

All reagents were injected i.p. in pregnant mice in a time-dependent
fashion. Mice were injected on GD 6 with saline or varying doses of
poly(I:C) (Invivogen) to establish a dose curve for maximum fetal re-
sorption. Neutralization of TNF-a was accomplished by injecting 250
pg/mouse anti-TNF-a Ab (BD Biosciences) on GD 5 and GD 7 in
combination with GD 6 injection of poly(I:C) or saline. An isotype-
matched Ab was used as a control. Asialo-GM1 Ab (Wako) or isotype-
matched control were injected at a dose of 100 pg/mouse on GD 4, 6,
and 8 to deplete NK cells. Depletion of T cells was monitored with dual
injection of 200 pg anti-CD4 and anti-CD8 or isotype control Abs (BD
Bioscience) on GD 5 and GD 7 in conjunction with saline or poly(I:C)
treatment. NK1.1 or NGK2D was blocked with injection of 250 pg/mouse of
anti-NK1.1 Ab (BD Bioscience) or anti-NKG2D Ab (eBioscience), respec-
tively, or corresponding isotype controls on GD 5 and GD 7. Recombinant
IL-10 (eBioscience) was injected at a dose of 500 ng/mouse on GD 4, 6, and
8 to restore WT phenotype in IL-10™'" mice. When required, uterine
horns were visualized and photographed to assess fetal resorption or
healthy fetal units.

Tissue sampling

Spleen, implantation units, and serum were harvested from IL-10~~ or WT
mice on GD 10. Blood was collected and centrifuged at 2000 rpm for 15
min and serum was stored at —80°C. Spleen and implantation units were
immediately placed in RPMI 1640 supplemented with 5% FBS, and tissues
were manually dissociated between frosted microslides. Cell preparations
were placed on a Ficoll-Lite (Atlanta Biologicals) gradient and centrifuged
at room temperature for 30 min. Lymphocytes and trophoblasts appearing
at different densities were collected, washed, counted, and placed in 96-
well plates at 1 X 10° cells/well for further analysis.

Flow cytometry

Analysis was performed as described previously (7, 23, 24). Surface
staining with Abs for NK1.1, CD45, CD3, CD4, CD8 (BD Bioscience) and
NKG2D, F4/80, CD11b, Rae-1 (eBioscience), or isotype-matched controls
was performed by flow cytometry (FACS Canto, Becton Dickinson). In-
tracellular staining was done for TNF-a, IFN-y, and IL-12 (eBioscience)
as described previously (7, 23, 24). Cells were washed with PBS, stained
for surface Ags for 30 min, washed, treated with Cytofix/Cytoperm (BD
Biosciences), and stained intracellularly in PermWash (BD Bioscience)
with Ab or isotype-matched control. Cells were washed and analyzed
by FACS.
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Cytochemistry and immunocytochemistry

Saline or poly(I:C)-treated uterine horns were collected on GD 10 and
stored in 10% neutral buffered formalin (Protocol) and embedded into
paraffin within 48 h after harvest and section prepared for immunohisto-
chemical analysis as described (7, 23, 24). Serial sections were cut at 5-10-
wm intervals. Apoptotic cells were probed using the ApopTag Fluores-
cence In Situ Apoptosis Detection Kit (Millipore) per manufacturer’s
instructions. Mouse monoclonal anti-cytokeratin 8 (TROMA-I; Develop-
mental Hybridoma) and goat anti-mouse Rae-1 (Santa Cruz Biotechnol-
ogy) were used to stain trophoblasts and Rae-1-positive decidual and
placental cells, respectively, as detected with Streptavidin-FITC (Vector
Laboratories). For uNK cell identification, Dolichos biflorus (DBA) lectin
cytochemistry (14) and perforin (PRF) immunocytochemistry (rabbit-
polyclonal anti-PRF Ab; Torrey Pines Biolabs) were performed. Analy-
ses used a Nikon eclipse 801 with a SPOT advanced camera (version 4.1.2—
Nikon Instruments) for fluorescence photomicroscopy.

ELISA

Serum samples were analyzed by ELISA to measure TNF-o, IFN-y, IL-12
(R&D Systems) and TFN-B (IFN Source). Experiments were performed
according to the manufacturer’s instructions.

Statistics

Two groups were compared with two-tailed unpaired Student r test. Sig-
nificance was determined as p < 0.05. Time course of multiple groups
were compared with two-way ANOVA.

Results
Distinct uterine immune populations amplify in response to
poly(I:C) treatment in pregnant WT and IL-1 0™ mice

In our previous studies using LPS or CpG to induce adverse preg-
nancy outcomes, we demonstrated that IL-10™'" mice were highly
sensitive to low doses of LPS and CpG for induction of fetal re-
sorption or preterm birth (7, 23, 24). This prompted us to compare
responses to viral infections as mimicked by poly(I:C), a TLR3
ligand, when administered i.p. on GD 6 of pregnancy. As shown in
Fig. 1A, poly(I:'C) treatment resulted in dose-dependent fetal re-
sorption in both WT and IL-10"" mice as assessed by evaluation of
placental units on GD 10. WT and IL-10~~ mice experienced fetal
resorption in both uterine horns at the same dose of 100 pg poly(I:C)
per mouse with similar kinetics (Fig. 1B), suggesting that IL-10 is not
protective against TLR-3—triggered fetal demise.

Since IL-10 has been shown in several viral models to directly
suppress T cell function and is concomitantly produced by NK cells
(33, 34), we profiled splenic and uterine CD3”NK1.1* and CD3*
lymphocytes by flow cytometry. Data are presented as represen-
tative flow cytometry plots (Fig. 1C) and average numbers from
several experiments (Fig. 1D). There were no marked changes in
splenic NK1.1* and CD3* cells between untreated and poly(I:C)-
treated WT or IL-10™"" mice (Fig. 1D). Remarkably, poly(L:C)
treatment induced amplification of NK1.1* cells in WT mice
compared with saline-treated controls (22 * 4% versus 10 * 2%;
Fig. 1C, 1D). However, in IL-10~'~ mice, no significant changes
in uNK1.1" cells were observed in response to poly(I:C) (Fig. 1C,
1D). In contrast, uterine CD3*NK1.1~ cells expanded markedly
from 19 * 2% to 30 £ 3% (Fig. 1C, 1D). These observations
indicate that IL-10 contributes to uNK cell expansion in WT mice
in response to poly(I:C) treatment.

TNF-a produced by uNK and T cells is required for fetal
resorption in response to poly(I:C)

Because serum cytokines are altered during pregnancy and in re-
sponse to inflammatory triggers, we first analyzed a panel of in-
flammatory cytokines that are associated with TLR3 activation (35).
We observed no marked changes in serum IFN-vy, IL-12, or IFN-(3 as
measured by ELISA (Fig. 2A). However, TNF-a. was significantly
increased in WT and IL-10™"" mice exposed to poly(I:C) (Fig. 2A).
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FIGURE 1. Fetal resorption and amplification of uterine NK and T cells in WT and IL-107"" mice in response to poly(I:C) treatment. (A) poly(1:C)-
injected i.p. on GD 6 was evaluated in a dose-dependent manner to induce fetal resorption as assessed by inspection of uterine placental units on GD 10. A
dose of 100 p.g/mouse induced 100% fetal resorption in both IL-10™" and WT mice. A subset of these mice was allowed to deliver, and no pups were born.
Data are plotted as mean = SEM (n = 6 per treatment). (B) Representative GD 10 WT and IL-10""" uterine horns from mice treated with saline or 100 g/
mouse poly(I:C) are shown. (C) Assessment of splenic and uterine immune cells from WT or IL-10™"" mice treated on GD 6 with saline or poly(I:C) (100
wg/mouse) and harvested on GD 10. Cellular populations were first gated on CD45" cells and then analyzed for NK1.1 versus CD3. Data from spleen and
uterus are representative of eight mice per condition and numbers are averages of these data. (D) Graphs indicate statistical significance (*p < 0.05) of

saline versus poly(I:C)-treated cellular populations as indicated.

Next, we identified the uterine cellular source of TNF-« in both
WT and IL-10™'" mice as measured by intracellular staining and
FACS analysis. Intracellular staining of uNK1.1*, uCD3/CD4",
and uCD3/CD8"* cells showed that uNK cells were the main
producer of TNF-« in WT mice in response to poly(I:C) (40 % 4%
versus 12 = 2%; Fig. 2B). No such TNF-a increase occurred in
WT mice from CD4* and CD8* T cells. In contrast, IL-107/"
mice showed both CD4* and CD8" T cells as the source of marked
TNF-a production in response to poly(I:C) compared with saline
treated controls (CD4*: 23 *+ 4% versus 8 + 2%; CD8*: 50 + 4%
versus 10 £ 2%; Fig. 2B).

To ensure that TNF-a was associated with fetal resorption, we
neutralized TNF-« in vivo by injecting (i.p.) a neutralizing Ab on
GD 5 and GD 7. As shown in Fig. 2C, normal fetal development
was observed in poly(L:C)-treated WT and IL-10~" mice upon
TNF-a neutralization. In addition, in cases where mice with TNF-a
neutralization were allowed to deliver, they gave birth to healthy
litters of normal size at term (data not shown). Next, WT mice
treated with NK cell-depleting Ab asialo-GMI1 and exposed to
saline or poly(l:C) exhibited no poly(I:C)-mediated fetal demise
(Fig. 2D). Representative FACS data show that TNF-a production
is abrogated and uNK cells are depleted in WT mice in response to
poly(I:C) upon treatment with asialo-GM1 Ab (Fig. 2D). In con-
trast, similar NK cell depletion did not rescue pregnancy in IL-
107’ mice, and T cell subsets continued to produce TNF-« at
high levels (data not shown). In this case, double depletion of both
CD4" and CD8* T cells as assessed by flow cytometry signifi-
cantly impaired TNF-a production and rescued pregnancy (Fig.
2D). These data provide evidence for the role of distinct uterine
immune populations in inducing poly(I:C)-mediated fetal resorp-
tion in WT and IL-10™'" mice, respectively.

NKG2D is induced in NKI1.1"/TNF-a* uNK cells in WT mice
in response to poly(1:C)

NKG2D is a molecule that enables NK cell activation and sub-
sequent killing activity (36) and can be further induced in response
to TLR3 activation (37). Next, we characterized the expression of
NKG2D on splenic and uterine NK1.1* or CD3" cells from saline
or poly(I:C)-treated WT or IL-10~"" mice. In agreement with the
earlier data, we did not observe any changes in numbers of im-
mune cells or NKG2D expression on splenic populations from
either WT or IL-10"'" mice (Fig. 3A). WT mice treated with
poly(I:C) exhibited significant upregulation of NKG2D on uNK1.1*
cells compared with vehicle-treated mice (20 * 4% versus 4 * 2%;
Fig. 3A). Importantly, IL-10™"" mice treated with poly(I:C) did not
exhibit increased expression of NKG2D on uNK1.1" populations,
nor was NKG2D induced in uterine CD3* population in WT or
IL-107'" mice (Fig. 3A, 3B).

To confirm that the expression of NKG2D was specific to the
TNF-o" uNK cell population, we assessed NKG2D* uNK cells for
intracellular TNF-a* staining by flow cytometry (Fig. 3B). A
significant proportion of NK1.1* cells from WT mice were found
to be NKG2D" in response to poly(I:C) and produced significantly
high levels of TNF-o. compared with untreated mice (24 * 3%
versus 5 = 2%; Fig. 3B). In contrast, the NK1.1*/NKG2D* pop-
ulation did not amplify or exhibit production of TNF-« in IL-107""
mice. However, uterine CD3" T cells showed significant TNF-a
production in response to poly(I:C) treatment (28 * 3% versus
6 * 2%; Fig. 3B). A graphical representation of the data from
three different experiments is presented in Fig. 3C. The activating
receptor NKG2D is generally expressed on NK and CD8" T cells
under pathologic conditions (38, 39) or in response to TLR3 trig-
gering (37). Our results are suggestive of a critical role of IL-10
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FIGURE 2. Measurement of cytokines and effect of in vivo TNF-a neutralization on fetal resorption in WT and IL-10™'" mice. (A) ELISA was per-
formed using GD 10 serum samples from IL-10""" or WT mice treated on GD 6 with saline or poly(I:C) (100 pg/mouse), and the analysis included TNF-a,
IFN-B, IFN-v, and IL-12. Bars represent mean = SEM (n = 8 mice/group) and the asterisk (*p < 0.05) indicates significance between saline and poly(I:C)
treatments. (B) FACS analysis of TNF-a—producing uterine NK1.1, CD4*, and CD8" cells. Uterine mononuclear cells were isolated from GD 10 utero-
placental tissue and gated for CD45-positive staining and further analyzed for NK1.1, CD4*CD8* subpopulations, and TNF-a expression. Graphic rep-
resentation is provided from three independent experiments for intracellular staining of TNF-a produced by the indicated cellular populations in WT or IL-
107’ mice treated with saline or poly(I:C) on GD 6. Data are plotted as mean = SEM (n = 9 mice/condition) and the asterisk indicates statistical sig-
nificance (*p < 0.05) between saline- and poly(I:C)-treated samples. (C) Representative GD 10 uterine horns from WT (left panel) or L-107'~ (right
panel) mice treated with (from top to bottom of panels) saline plus anti-TNF-a Ab, poly(I:C) plus anti~TNF-a Ab, or poly(I:C) plus isotype Ab (n = 4
mice/condition). (D) Rescue of pregnancy in response to NK cell depletion by asialo-GM1 Ab and T cell depletion by anti-CD4 and anti-CD8 Abs: (a) GD
10 uterine horns from WT mice treated with asialo-GM1 Ab plus saline, (b) asialo-GM1 Ab plus poly(I:C), (c) GD 10 uterine horns from IL-10""" mice
treated with anti-CD4 Ab plus anti-CD8 Ab plus saline, and (d) anti-CD4 Ab plus anti-CD8 Ab plus poly(I:C). Corresponding dot plots represent data from
four independent experiments in which TNF-a production was assessed from the cell populations indicated under depletion conditions featured in (b)-(d).

in induction of NKG2D on uNK cells when challenged by viral with rIL-10 showed similar NKG2D-mediated events as observed
infections. in WT mice, suggesting that pregnancy-compatible functions of

Direct evidence for IL-10-mediated upregulation of NKG2D IL-10 are compromised in the context of inflammatory challenges

posed by poly(I:C)-like triggers (Fig. 7).
Our data thus far support the conclusion that the NKG2D receptor

was induced in response to poly(I:C) only in WT, not IL-10~'~, mice NKG2D is necessary for fetal loss induced by poly(I:C)

(Fig. 3). Thus, we aimed to provide direct evidence of whether IL- Based on the data presented in this study, we claim that induced
10 contributed to NKG2D induction on uNK cells. We first assessed expression of NKG2D on uNK cells is under the control of IL-10
the outcome of pregnancy in TL-10~'" mice supplemented with and associated with fetal resorption in response to poly(I:C). Next,

recombinant IL-10 (rIL-10) and treated with saline or poly(I:C). we aimed to determine whether NKG2D* uNK cells were the
Uterine horns on GD 10 from IL-10~'" mice supplemented with  primary cause of fetal demise. We treated WT mice or IL-107/~
rIL-10 showed resorbed embryo sites in response to poly(I:C) (Fig. mice supplemented with rIL-10 with an NKG2D blocking Ab and
4A). Allowing a group of these mice to deliver confirmed these injected either saline or poly(I.C) on GD 6 to assess fetal re-

results as no pups were bomn (data not shown). sorption on GD 10. Fig. 5A shows that an examination of uterine

To determine whether 1IL-10 directly induced NKG2D* uNK horns from WT and rIL-10-treated IL-10""" mice did not reveal
cell-expansion in IL-10"" mice, we harvested uterine lymphocytes any evidence of fetal resorption, and when allowed, a subset of
from IL-10™"" mice treated with rIL-10 and saline or poly(L:C). mice under these conditions gave birth to healthy litters at term
Uterine immune cell profile showed a significant increase in the (data not shown). Depletion of NKG2D* NK cells was confirmed

NK1.1*/NKG2D" population compared with saline-treated controls by flow cytometry (Fig. 5B). No TNF-a-producing NK1.1/
(26 * 1% versus 10 * 1%; Fig. 4B) and paralleled the uterine NKG2D" cells from the NKG2D depleted uNK1.1* population
immune cell response observed in WT mice when treated with were observed in WT and rIL-10-supplemented IL-10~'" mice in
poly(I:C) (see Fig. 3). In contrast, CD3" uterine cells no longer response to poly(I:C) treatment (Fig. 5B).

amplified in response to poly(I:C) in IL-10~'" mice treated with
rIL-10 (Fig. 4B). Furthermore, intracellular assessment of TNF-a
production proved that NK1.1*/NKG2D" cells now produced this
cytokine (28 * 3% versus 11 = 1%; Fig. 4B). Analogous to WT The NKG2D activating receptor interacts with the minor histo-
mice, uterine CD3" T cells failed to amplify or produce TNF-« in compatibility Ag ligands, the retinoic acid early inducible-1 (Rae-
response to poly(I:C) (Fig. 4B). Treatment of IL-10-deficient mice 1) family members, and the heat shock 60 (H60) in mice (32, 40).

Poly(1:C) treatment results in induction of NKG2D ligand
Rae-1, predominantly in uterine macrophages

$10Z ‘S Arenigs, uo quy At exnyedes] eweko] 1 /10 joununuil mmm//diy woy papeojumo(



The Journal of Immunology

uterus
A *

i

N
(-]

| L0+
m wT

%CD45'/NK1.1/NKG2D*
]

(-}
[E—

&&
& 4}'&

IiL-10+

3643

%CD45'/CD3*/NKG2D*

poly(i:C)

c uNK1.1/NKG2D* uCD3*/NKG2D-
e I 1 4 * 1
@ » 30

8 L0
'3 15 " owr
=
(=
< 4
] o l= =
S saline poly(:0) saline poly(l:C)

CcD3

FIGURE 3. Induction of NKG2D in NK1.1*/TNF- o* uNK cells in WT mice in response to poly(I:C). (A) Representative plots of splenic or uterine
CD45*NK1.1"NKG2D* and CD45*CD3*NKG2D" cells as analyzed by FACS from GD 10 WT or IL-107'" mice treated on GD 6 with saline or poly(L:C).
Graphs are average of cell populations from eight mice per condition. The asterisk (*p < 0.05) indicates significance between saline and poly(I:C)
treatment conditions. (B) Representative FACS analysis of intracellular TNF-a in uterine CD45" cells gated on the NKG2D* and CD3" subpopulations from
GD 10 WT or IL-107'" ice treated on GD 6 with saline or poly(I:C). (C) Summary graphs of TNF-o* cells gated NK1.1*/NKG2D* and CD3*/NKG3D~
isolated from uterine tissue (n = 8 mice/condition). *p < 0.05 shows significance between saline and poly(I:C) treatment conditions.

In C57BL/6 mice, Rae-1 is thought to be the key induced NKG2D
ligand in response to NK cell activation (41). Thus, the NKG2D-
Rae-1 axis may further define the mechanism of poly(I:C)-induced
fetal loss. Rae-1 has been shown to be expressed at the mRNA
level in mouse embryonic tissues (32, 42). To assess its induced
presence in the mouse placenta from untreated or poly(I:C)-
treated WT mice, immunohistochemical analysis was performed
using a Rae-1-specific Ab (Fig. 6A). Weak Rae-1-positive
staining was observed throughout maternal and placental regions
from saline-treated mice (original magnification X4 and X20),
implying that decidual cells and trophoblasts express baseline
levels of this NKG2D ligand. In contrast, Rae-1 immunostaining
was notably induced in the decidual region from poly(I:C)-treated
mice (original magnification X20). To corroborate these data, we
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FIGURE 4. Recombinant IL-10 (rfIL-10) induces NKG2D on uterine
NK1.1 cells in TL-10"" mice. (A) Representative GD 10 uterine horns from
IL-107"" mice treated with saline or poly(f:C) plus rIL-10 (n = 4 mice/
condition). rIL- 10 supplementation does not protect against fetal resorption.
(B) Uterine populations were analyzed by FACS from IL-107"" mice sup-
plemented with rIL-10 and treated with saline or poly(I:C). Data represent
mean * SEM (n =4 mice/condition). IL-10™"~ mice supplemented with rIL-
10 show NKG2D expression on NK1.1 cells that now produce TNF-c.

characterized decidual immune cells (T cells, NK cells, and mac-
rophages) and trophoblast cells for Rae-1 expression by flow
cytometry. Of the uteroplacental cell types (trophoblasts [CD45™
CK7*], T cells [CD3"], macrophages [F4/80%], and NK cells
[NK1.1*]) examined (data not shown), only macrophages (F4/80")
showed significantly induced expression of Rae-1 in response to
poly(I:C) when compared with saline-treated mice (24 * 4%
versus 5 *+ 3%; Fig. 6B).

It is possible that interaction between NKG2D (uNK cells) and
Rae-1 (macrophages and trophoblasts) activates NKG2D* NK cells
to produce TNF-a, which in turn causes placental pathology and
fetal resorption. We first attempted to assess placental tissue for
trophoblast areas by staining with a cytokeratin 8-specific Ab
(TROMA-I) to distinguish trophoblastic areas from maternal
regions (Fig. 6C). These data demonstrate that trophoblasts in the
saline-treated placental units remained flushed throughout the
labyrinth and the junctional zone. In stark contrast, poly(I:C)-
treated placental units showed excess trophoblast migration into
the decidual region and beyond (Fig. 6C). We have shown pre-
viously that uNK cell-produced TNF-a caused placental cell
death in response to LPS (23, 24). To elucidate whether uNK cells
caused apoptosis in migrating trophoblasts as a result of direct
interaction with Rae-1 ligand or TNF-a production, we stained
uteroplacental tissue from saline or poly(l:C)-treated mice for
TUNEL positive regions. Interestingly, TUNEL-positive cells were
seen in significant numbers in the placental and decidual regions,
particularly in invading trophoblasts from poly(I:C)-treated mice
(Fig. 6C). Because TNF-a neutralization and NKG2D blockade
abrogate TNF-a production and rescue pregnancy to term, our data
in Fig. 6 suggest that NKG2D-Rae-1 interactions are critical for
poly(I:C)-mediated fetal loss.

It has been suggested that trophoblast migration into the decidua
is regulated by uNK cells and their product IFN-vy (43). It is then
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FIGURE 5. Depletion of NKG2D* NK cells rescues
pregnancy and leads to loss of TNF-a production in
WT and rIL-10 supplemented IL-107'" mice in re-
sponse to poly(L:C). (A) Representative uterine horns
from GD 10 WT or rIL-10-supplemented IL-10""
mice treated with anti-NKG2D Ab plus saline or anti-
NKG2D Ab plus poly(I:C). Data represent mean *
SEM (n = 4 mice/condition). NKG2D depletion abro-
gated fetal resorption as demonstrated by normal fetal
units. (B) Assessment of NKG2D depletion and loss of
TNF-« production was performed by gating on CD45*
NK1.1"NKG2D" uterine cells from saline or poly(L:C)-
treated GD 10 WT or tIL-10 plus IL-107'" mice
injected i.p. with anti-NKG2D Ab. Dot plots represent
data from four or more animals per condition.
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possible that uNK cells undergo proportional or functional changes, trophoblasts. To directly assess all uNK cells and their location
or both, in response to poly(I:C). Our data suggest that uNK cells, in uteroplacental tissue from WT mice treated with poly(I:C), we
particularly NKG2D" cells, produce TNF-a and cause apoptosis in performed DBA-lectin and PRF staining (14). Analyses of DBA-
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FIGURE 6. Exposure of pregnant WT mice to poly(I:C) results in induced expression of Rae-1 on macrophages and enhanced trophoblast invasion and cell
death. (A) Representative images from uteroplacental units from GD 10 saline or poly(I:C)-treated WT mice were assessed by immunohistochemistry for
RAE-1 expression. Weak staining for Rae-1 was detected in the decidua and placental regions (original magnification X4; scale bar, 100 pm; and original
magnification X20; scale bar, 20 pm). (B) FACS analysis of Rae-1 on uterine immune cells. CD45" and CD45™ cytokeratin7" cells were analyzed. Cells are
gated from CD45" populations obtained from uterine populations. Data represent three independent experiments. (C) The upper panel illustrates immu-
nohistochemical staining with TROMA-I Ab showing unique staining with increased invasion of trophoblast cells into the decidua in response to poly(l:C),
but not saline (original magnification X 10; scale bar, 60 wm). The lower panel shows TUNEL staining (original magnification X20, scale bar, 20 pnm)
demonstrating significantly increased cell death in the trophoblastic regions, including invading trophoblasts. Images are representative of three per condition.
(D) DBA* and PRF" NK cell identification by immunofluorescence staining from uteroplacental unit from GD 10. In response to poly(I:C) treatment, DBA*
intensity is diminished, but these cells maintain their PRF* phenotype. However, their distribution appears to be diffused through the placenta (P) region.
Images are representative of results obtained from placental samples of three mice per condition (original magnification X10; scale bar, 60 pm).
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positive signal revealed greater numbers of DBA" cells in the
mesometrial gland and the decidua basalis regions of uteroplacental
tissue from saline-treated WT mice (Fig. 6D). In contrast, DBA
staining intensity was poor in tissue from poly(I:C)-treated WT
mice. Importantly, DBA* NK cells appeared to migrate to the
placental zone. To rule out that poly(I:C) treatment does not lead
to reduction in overall number of uNK cells, we performed PRF
staining. As shown in Fig. 6D, PRF" uNK cells were predominant
in the decidua basalis region in tissue from saline-treated animals
and their presence is similar in intensity and number in tissue from
poly(I:C)-treated mice. It is noteworthy that PRF* uNK cells in
poly(I:C)-treated samples are present throughout the tissue and
appear to migrate to the placental region, supporting the data for
DBA staining. It is possible that NKG2D* uNK cells are DBAY™
but maintain their PRF' phenotype. The TUNEL-positive signal in
the placental zone supports a possible role for DBAY™/PRF*
pathogenic uNK cells (Fig. 6C).

Discussion

In this report, we identify IL-10 as an integral cytokine that
orchestrates TLR3-mediated expansion of effector uterine pop-
ulations for fetal demise by contributing to induction of cytotoxic
NK cell receptor NKG2D on uNK cells. NKG2D* uNK cells were
identified as the source of TNF-a production, which led to fetal
resorption in WT mice. This finding was supported by observa-
tions that blockade of the NKG2D receptor or neutralization of
TNF-« rescued pregnancy to term. The relationship of IL-10 as an
inducer of NKG2D was confirmed by direct upregulation of
NKG2D on uNK1.1*TNF-a* cells in poly(I:C)-treated WT mice,
but not IL-107'" counterparts. Importantly, pregnant IL-10~/~
mice supplemented with rIL-10 responded to poly(I:C) in the
same manner as WT mice through the expansion of NKG2D*
uNK cells. TL-10 is a pregnancy-compatible cytokine (4, 7, 25).

WT or IL-10 /- + ¢iL-10 host

FIGURE 7. Schematic representation of the
poly(I:C)-induced events in WT and L1077
mice. The model recapitulates the pathways leading
to uterine NK or T cell-mediated cytotoxicity and
fetal resorption in WT and IL-107'" mice, respec-
tively. Rae-1—positive macrophages or trophoblasts
can interact with NKG2D* NK cells and induce
TNF-a production and trophoblast cell death in re-
sponse to poly(I:C). In contrast, uterine T cells can
be activated by poly(I:C) in the absence of IL-10 to
produce TNF-a and to cause fetal demise.

“b

Trophoblast cells

NKG2D-mediated Fetal Loss
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Interestingly, our results indicate that TLR3-mediated induction of
inflammation at the maternal-fetal interface could alter the anti-
inflammatory characteristics of this cytokine. Rather, TLR3 acti-
vation and IL-10 together reverse the programming of a uterine
immune response from T cell-mediated to NK cell-mediated.
However, induced TNF-a production is still a key feature of both
cell types in response to poly(I:C). Although not widely accepted
a few years back, we proposed and demonstrated that uNK cells
could be transformed into foes of pregnancy in response to LPS,
and this pathway could be triggered in IL-107'" mice even at
a very low dose of LPS (0.5 pg/mouse) (23, 24, 44). In this study,
we show that poly(I:C) can use an IL-10-rich environment to
transform uNK cells into pregnancy-disrupting and TNF-o—pro-
ducing NKG2D" NK cells. In the absence of IL-10, uterine T cells
become the source of TNF-o and fetal loss. Our data strongly
suggest that different inflammatory triggers are likely to exploit
distinct immune cells and cytokine milieu at the maternal-fetal
interface to cause pregnancy complications. This study also sug-
gests that intrauterine viral infections alone as mimicked by poly(I:C)
or in combination with other inflammatory triggers might transform
the uterine immune milieu from tolerant to detrimental, resulting in
adverse pregnancy outcomes.

Our results provide a mechanistic explanation for poly(I:C)-
mediated TLR3 activation at the uterine level and its conver-
gence with IL-10 in regulating innate and adaptive immune
responses that lead to fetal loss (Fig. 7). Unscheduled expansion of
uterine NKG2D* inflammatory NK cells and TNF-« production in
WT mice support this notion. Importantly, induced expression of
the NKG2D ligand Rae-1 by uterine macrophages can trigger
overproduction of TNF-a by NKG2D* NK cells. TNF-a alone or
cell-cell-contact between NKG2D* uNK cells and invading Rae-
1" trophoblasts can lead to cell death as demonstrated by TUNEL
positive staining in these cells. In contrast, IL-10 deficiency is

IL-10 /- host

TLR-3 activation during pregnancy
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NKG2D

{ \ Y

dsRNA TLR 3
Macrophages cpascps
TNF-& TNF-&
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Apoptosns

T Cell-mediated Fetal Loss

107 ° Areniqag uo qr Atup) eynyedey] eweko] 1e /310 ounwun{* mmmy/:dny woly papeojumo(g



3646

likely to unleash T cell activation and cytokine storm that can
restrain NK cell-mediated responses. Support for this notion
comes from the results of Kim et al. (45), who suggested that
a cytokine storm from adaptive immune cells could temper initial
innate immune responses.

NKG2D is a well-characterized lectin-like activating receptor
originally detected on NK cells (36). In humans, NKG2D has been
shown to be expressed on CD8* T cells, y8 T cells (46), and in-
testinal epithelial cells in pathologic conditions or in response to
treatment with poly(I:C) (37). Its blockade in NOD mice has been
shown to prevent autoimmune diabetes (47). Surprisingly, we did
not observe NKG2D expression on uterine T cells in either WT or
IL-10'" mice treated with poly(I:C) during pregnancy. Because
uterine immune cells are specialized in their phenotypic and
functional repertoire, it is possible that the response of uterine
immune cells to poly(I:C) is equally unique.

Qur data support the view that a significant proportion of NK1.1*
NK cells acquires induced expression of NKG2D and produces
TNF-«. In this regard, in vivo blockade of NKG2D alone rescued
pregnancy in WT mice. It is intriguing that upon blockade of NKG2D,
the integrity of the NK1.1* population was intact, and these cells
remained pregnancy compatible. These results agree with a model of
transplantation where NKG2D blockade allowed for increased graft
survival, but the NK1.1% population remained unaffected and still
migrated into the transplanted organ (38). These findings imply that it
is important to identify requirements for molecular cascades that
break immune tolerance at the maternal-fetal interface.

Our data in Fig. 6 provide important insights into the mecha-
nisms underlying fetal demise in response to inflammatory trig-
gers such as poly(I:C). We show enhanced trophoblast migration
into the mesometrial decidual region in poly(I:C)-treated WT
mice as demonstrated by TROMA-I positive trophoblast cells.
These invading trophoblasts undergo cell death as demonstrated
by TUNEL-positive signal in this region. Ain et al. (48, 49) have
demonstrated that enhanced trophoblast migration occurs on GD
14 or thereafter in pregnant rats or mice. This timing is linked with
reduction in uNK cells and their product IFN-y in the mesometrial
decidua. Because NKG2D™ uNK cells are amplified in response to
poly(I:C), it is possible that trophoblast migration occurs only as
a result of reduced uNK cell population and their altered func-
tional characteristics and localization pattern. Our data suggest
that NKG2D" uNK cells produce TNF-a and maintain their PRF*
phenotype. In the current study, excessive trophoblast invasion
into the mesometrial decidua region occurs on GD 10 in response
to poly(I:C). It is possible that induction of NKG2D on uNK cells
alters their regulatory ability, which allows trophoblast invasion
even on GD 10. However, their ability to produce TNF-a and to
interact with trophoblasts via NKG2D-Rae-1 coupling also leads
to cell death, resulting in defective hemochorial placentation. We
reiterate that although uterine NK cells are beneficial in regulating
normal pregnancy, they can be transformed into detrimental cells
in response to bacterial and viral infections (23, 24, 44). Because
NK1.1" cells represent only a subpopulation of uNK cells (15), it
is possible that NKG2D* uNK cells could also belong to non-
NK1.1 population and acquire the cytotoxic phenotype as a re-
sult of TNF-a production and different regulatory properties. Our
data warrant a fresh look at the roles of IL-10, uterine NK cells,
and T cells in adverse pregnancy outcomes.
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Abstract

Aims: The aim of this study was to examine the influence of recurrent spontaneous abortion (RSA) on marital
relationships, and the association between past/present illness and RSA.

Material and Methods: A total of 2733 Japanese women who underwent a medical examination responded to
the questionnaire.

Results: The frequency of recurrent miscarriage and two or more consecutive RSA were 0.88% and 4.2%,
respectively. Women with a history of miscarriages (hazard ratio: 1.596) and RSA (hazard ratio: 3.103) were at
a higher risk of their relationships ending as compared with the women without a history of miscarriage.
Existence of a relation was seen between a history of RSA and the occurrence of gastric ulcer, gastritis, fatty
liver, and atopic dermatitis. Overall, 89.5% of the women with RSA experienced cumulative live births.
Conclusions: Miscarriage was found to be a severe life event with an influence on marital relationships, and
to be associated with an elevated risk of gastric disease or atopic dermatitis.

Key words: atopic dermatitis, gastric ulcer, marital relationship, recurrent miscarriage, recurrent spontaneous

J. Obstet. Gynaecol. Res. 2012

abortion.

Introduction

Miscarriage is the most common complication during
pregnancy, and a sporadic miscarriage is defined as a
single or a maximum of two episodes of spontaneous
pregnancy loss prior to the completion of 20 weeks’
gestation. The estimated incidence is 12-16%, and
mainly depends on the woman’s age.! Recurrent mis-
carriage (RM) is conventionally defined as three or
more miscarriages, and the estimated incidence is
about 1%.? Some clinical researchers define two or
more miscarriages as recurrent spontaneous abortion
(RSA). Established causes of RSA are the presence of
antiphospholipid antibodies (aPL), uterine anomalies,

and abnormal chromosomes in either partner, particu-
larly translocations;*® chromosomal abnormalities in
the embryo have also been reported as a causative
factor of RSA.* However, in some cases, RSA remains
unexplained.

Recently, a prospective population-based cohort
study reported that women who experienced preg-
nancy loss are at a substantially higher risk of develop-
ing myocardial infarction.” The authors stated that RM
and stillbirth should be considered as important factors
in cardiovascular risk monitoring and in the adoption
of preventive measures against cardiovascular dis-
eases. It is speculated that recurrent pregnancy loss,
which includes RM and/ or stillbirth, is associated with
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an elevated risk of cardiovascular disease mediated by
aPL. Diagnostic criteria of the antiphospholipid syn-
drome include pregnancy complications, such as RM,
intrauterine fetal death, and arterial/venous thrombo-
philia? There is limited epidemiological information
concerning the association between miscarriage and
the history of past/present illness, although such
population-based cohort studies have the potential to
clarify the causes of miscarriage.

We conducted a population-based cohort study to
examine the frequency of at least one miscarriage
and RSA, and their influence on marital relationships,
and also the association between miscarriage and
the history of past/present illness in the Japanese
population.

Methods

Participants

This study was conducted in Okazaki City, Aichi Prefec-
ture, from April 2007 to May 2010. Study candidates
were selected from female health checkup examinees
ranging from 35 to 79 years old at the Okazaki Public
Health Center during the period specified above. Invi-
tation letter with study protocol and questionnaire were
individually mailed before the examination. On the
morning of the examination day, the study staff (medical
doctors or nurses) provided a one-on-one explanation
of the purpose and design of the study to the subjects. A
total of 2733 women who agreed to participate in the
study provided written informed consent, including
answering the questionnaire described below. The per-
centage of the population in this age range in Okazaki
City in 2009 was 2.7%.

Questionnaire

The questionnaire included questions to determine the
following: sex, age, marital status, height, bodyweight
at present and at 20 years old, and the menstrual and
pregnancy history, including the age at menarche; the
menstrual history was classified on a Likert scale of 1-4
as follows: 1, regular; 2, slightly irregular; 3, irregular;
4, no menses.

The dysmenorrhea severity was classified on a Likert
scale of 14 as follows: 1, no dysmenorrhoea; 2, have
pain sometimes; 3, often have (had) pain; 4, frequently
have severe pain during menstruation.

The experience of pregnancy, no or yes; total number
of pregnancies, including miscarriages and stillbirths.

Experience of miscarriage, no or yes; total number of
consecutive miscarriages; total number of miscarriages.
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RM was defined as three or more consecutive mis-
carriages. RSA was defined as two or more consecutive
spontaneous abortions.

Sporadic miscarriage was defined as one or two
miscarriages that were not consecutive and were
interrupted by live births.

No miscarriage was defined as no history of miscar-
riage in women with a pregnancy.

Experience of birth, no or yes; total number of births,
including stillbirths; age at the time of first birth.

Experience of breast-feeding, no or yes.

Self-score from 0-100 points to describe the physical
health status.

Self-score from 0-100 points to describe the feeling
of happiness.

History of past/present illness: gastric ulcer, duode-
nal ulcer, gastritis, large intestinal polyp, hepatitis B,
hepatitis C, cirrhosis, fatty liver, tuberculosis, asthma,
bronchitis, diabetes, hyperlipidemia, hypertension,
atopic dermatitis, urinary calculi, mastopathy, myocar-
dial infarction, stroke.

We examined the association between the experience
of at least one miscarriage and RSA and the history of
past /present illness.

The study was approved by the Research Ethics
Committee at Nagoya City University Medical School.

Statistics

Data were analyzed by f-tests and y’-test using sas
software. P < 0.05 was considered to denote statistical
significance.

Results

The total number of participants in the Okazaki Cohort
Study was 6086 (female: 2733). The mean age was
56.8 + 10.3 years. The mean (SD) age of the first
marriage was 23.9 years (3.4).

The mean (SD) number of pregnancies in a total of
2503 women was 2.96 (1.21). In all, 38.3% (958/ 2503) of
the women with a history of pregnancy had experi-
enced at least one miscarriage. Among these, 22
women gave a history of three or more miscarriages
and 105 gave a history of two or more miscarriages; 83
women had two, 20 had three, and two had four mis-
carriages. Thus, the frequency of RM and RSA were
0.88% and 4.2%, respectively. The mean age of the
women with sporadic miscarriage and RSA was higher
than that of the women who had never suffered a
miscarriage (<0.0001, 0.057, Table 1).

© 2012 The Authors

Journal of Obstetrics and Gynaecology Research © 2012 Japan Society of Obstetrics and Gynecology

— 101 —



)

JOBILIAME: No Job Name PAGE: 3 SESS: 23 OUTPUT: Wed Jul 11 17:33:24 2012 SUM: CB673D3E
_{v2503/blackwell/journals/jog_v0_i0/jog_1973

Recurrent spontaneous abortion

Table 1 Characteristics of women with recurrent spontaneous abortion, sporadic miscarriage and no miscarriage

No miscarriage Sporadic miscarriage RSA
P-value P-value

Number 1542 853 105
Age* 56.3 (10.0) 59.1 (9.8) <0.0001 58.2 (10.5) 0.057
BMI at 20 years of age* 20.6 (2:2) 20.8 (2.4) 0.12 20.7 (2.3) 0.82
Menstrual cycle

Regular 1125 73.0% 612 71.7% 0.35 68 64.8%  0.028

Slightly irregular 268 17.4% 147 17.2% 20 19.0%

Irregular 148 9.6% 93 10.9% 17 16.2%

No menses 1 0.1% 1 0.1% 0 0.0%
Dysmenorrhoea

Yes (at least ‘sometimes’) 991 64.3% 558 65.4% 0.6 76 72.4% 0.11

Not at all 549 35.6% 295 34.6% 29 27.6%
Marital status

Married 1476 97.0% 804 95.3% 0.043 93 91.2%  0.0043

Divorce 46 3.0% 40 4.7% 9 8.8%
Cumulative birth

Yes 1506 99.0% 820 97.0% 0.0007 100 95.2% 0.0033

No 15 1.0% 25 3.0% 5 4.8%
Breast-feeding

Yes 1450 95.5% 767 93.8% 0.095 94 94.0% 0.067

No 69 4.5% 51 6.2% 6 6.0%
Feeling about physical health status* 74.4 (14.2) 75.2 (14.9) 0.41 75.7 (13.3) 0.32
Feeling of happiness® 784 (14.8) 79.8 (14.8) 0.52 794 (14.6) 0.48

*Average (SD). P-values: vs ‘No miscarriage’. BMI, body mass index.

The divorce rate in women with a history of RSA or
sporadic miscarriage was significantly higher than that
in the women who had no experience of a miscarriage
(8.8% vs 4.7% vs 3.0%). Women with a history of mis-
carriages (hazard ratio: 1.596; 95% confidence interval
[C1], 1.036-2.460; P=0.043) and RSA (hazard ratio:
3.103; 95%CI: 1.474-6.53; P = 0.0043) were at a higher
risk of their relationships ending, as compared with the
women who had never suffered a miscarriage.

Body mass index (BMI) and obesity at 20 years of age
and a history of dysmenorrhoea were not associated
with miscarriage. A history of irregular menstrual
cycles was not found to be associated with miscarriage,
but was associated with RSA (P =0.028).

There was no correlation between feeling about
physical health status and the experience of miscar-
riage, with scores for this item in the women with RSA,
sporadic miscarriage and no miscarriage, of 74.4 (14.2),
75.2 (14.9) and 75.7 (13.3), respectively. There was also
no correlation between the score for a feeling of hap-
piness and the experience of miscarriage, because the
scores for this item in the women with RSA, sporadic
miscarriage and no miscarriage, were 78.4 (14.8), 79.8
(14.8) and 79.4 (14.6), respectively.

A relation was seen between a history of RSA and
the occurrence of gastric ulcer (P=0.035), gastritis

© 2012 The Authors

(<0.0001), fatty liver (0.031), and atopic dermatitis
(0.031, Table2). No significant relation was noted
between a history of miscarriage and the risk of devel-
opment of myocardial infarction (0.065).

Of the 105 women with RSA, 100 (95.2%) experi-
enced cumulative births, and furthermore, 94 (89.5%)
described a history of breast-feeding, a surrogate
marker for live birth. A discrepancy of numbers
occurred because some participants did not respond to
some questions.

Discussion

The frequency of RM was estimated to be 0.9%, and
that of RSA to be 4.2% in Japan, and 38% of all women
with a history of pregnancy had experienced at least
one miscarriage.

A previous study had indicated an increased risk of
early miscarriage (odds ratio [OR] 1.2, 95%CI 1.01-1.46,
P =0.04) and RM (OR 3.5, 95%CI 1.03-12.01, P = 0.04)
in obese women after natural conception, as compared
with women within the normal weight range.” The
problem of obesity is reported to be the greatest among
non-Hispanic African-American women (48.8%), as
compared with Mexican-American (38.9%) and non-
Hispanic Caucasian women (31.3%).” There were only
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Table 2 Influence of miscarriage on past/present illness

No miscarriage Sporadic miscarriage RSA P for
Yes/no OR Yes/mo  OR  (95%CI) Yes/no OR (95%C1) trend
Gastric ulcer 132/1402 Reference  95/760 1.31 (0.99-1.74) 13/90 1.50  (0.82-2.77) 0.035
Duodenal ulcer 82/1455 Reference  64/787 141 (1.01-1.99) 5/100 088  (0.35-2.21) 0.194
Gastritis 135/1391 Reference 124/719 171 (1.31-2.22) 28/76 370  (2.31-592)  <0.0001
Colon polyp 82/1448 Reference 65/781 1.29 (0.91-1.81) 6/98 0.97 (0.41-2.29) 0.317
Hepatitis B 10/1518 Reference  10/834 1.81 (0.74-439) 2/101 299  (0.65-13.86)  0.090
Hepatitis C 17/1513 Reference 9/835 091 (0.40-2.05) 1/104 082  (0.11-6.23) 0.774
Cirrhosis 6/1532  Reference 4/848 120 (033-4.32) 0/105 <0001 <0.001- 0.882
Fatty liver 104/1415 Reference 67/768 1.14 (0.83-1.57) 15/89 2.23 (1.24-3.99) 0.031
Tuberculosis 35/1501 Reference 24/827 101 (0.59-1.72) 4/100 1.45 (0.50-4.22) 0.671
Asthma 103/1437 Reference  62/789 1.17 (0.84-1.63) 10/94 1.55  (0.78-3.06) 0.163
Bronchitis 46/1493 Reference  28/819 1.09 (0.68-1.77) 5/99 1.62  (0.63-4.18) 0.398
Diabetes 77/1462 Reference  48/803 094 (0.65-1.37) 3/102 048  (0.15-1.54) 0.336
Hyperlipidemia 399/1134 Reference 244/592 097 (0.79-1.18) 28/73 0.95 (0.59-1.52) 0.716
Hypertension 302/1234 Reference 201/648 1.06 (0.86-1.31) 29/76 138  (0.87-2.21) 0.243
Myocardial infarction ~ 30/1510 Reference  32/818 149 (0.89-250) 5/99 2.05  (0.76-5.55) 0.065
Stroke 20/1521 Reference  19/832 153 (0.81-291) 3/102 2.03  (0.59-6.98) 0.121
Atopic dermatitis 102/1429 Reference  71/777 144 (1.05-199) 9/95 142 (0.69-2.92) 0.031
Urinary calculus 80/1457 Reference 62/787 135 (0.95-1.90) 7/97 1.26 (0.56-2.80) 0.125
Mastopathy 257/1265 Reference 160/679 1.16 (0.93-145) 18/87 1.02  (0.60-1.72) 0.312

Cl, confidence interval; OR, odds ratio; RSA, recurrent spontaneous abortion.

seven women with a BMI of 30 or greater in the present
study. Thus, there was no influence of BMI on the risk
of miscarriage in the Japanese population.

Fatty liver is common in women with the polycystic
ovary syndrome (PCOS).” PCOS is a well-known
causative factor of RSA in Caucasian women." It is
unclear whether PCOS may also cause RSA in Japanese
women, because our previous study, which was con-
ducted to investigate this issue, failed to demonstrate
any association; furthermore, the frequency of PCOS is
relatively low in Japanese women.” In the present
study, a direct association was noted between fatty liver
and RSA.

Luteal phase defect, defined by the criterion of a
mid-luteal serum progesterone level of <10ng/mL,
was seen in 23.4% of the patients with RSA.”® The
progesterone levels did not have a predictive value for
further miscarriages. There is no evidence to support
the routine use of progestogens to prevent miscar-
riages.“‘ However, there seems to be some evidence
of the beneficial effect of progestogen use in women
with a history of RM." Further study is warranted
to confirm whether progesterone treatment might
prevent further miscarriages in women with a history
of irregular menstruation.

The present study is the first to provide evidence of
the existence of an association between miscarriage
and atopic dermatitis/gastric disease. Atopic dermati-

tis is a major public health problem worldwide, with a
lifetime prevalence in children of 10-20% and a preva-
lence of 1-3% in adults.”® The disease prevalence
has increased by two- to threefold during the past 3
decades in industrialized countries, whereas it remains
much lower in agricultural regions, such as China,
Eastern Europe, and rural Africa. The risk factors
include a small family size, increased income and edu-
cation, migration from rural to urban environments,
and increased use of antibiotics, all of which represent
the so-called Western lifestyle.'® Several genes have
been identified that may explain the occurrence of the
disease in some cases."” While allergens, such as house
dust mites and foods, may be important in some cases,
non-allergic factors, such as rough clothing, Staphylo-
coccus aureus infections, exposure to microbes during
infancy, exposure to excessive heat, and exposure to
irritants that disrupt the function of the skin barrier,
may also be important.'®

Two hypotheses concerning the mechanism of atopic
dermatitis have been proposed. One suggests that the
primary defect resides in an immunologic disturbance
that causes IgE-mediated sensitization, with epithelial-
barrier dysfunction occurring as a consequence of the
local inflammation. The other proposes that an intrinsic
defect in the epithelial cells leads to dysfunction of the
skin barrier; the immunologic aspects are considered
to be epiphenomena.”® A high seroprevalence of
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autoantibodies, such as antiphospholipid antibody and
anti-laminin 1 antibody, has been found in patients
with RSA #"” An immunologic disturbance of the semi-
allograft at the feto-maternal interface is one of the
proposed hypotheses to explain the mechanism under-
lying unexplained RSA.

Helicobacter pylori infection-related diseases are
known to include gastritis, gastric and duodenal ulcer,
gastric cancer, idiopathic thrombocytopenic purpura,
iron-deficient anemia, urticaria, reflux esophagitis, and
some lifestyle-related diseases.” Existence of an asso-
ciation between Helicobacter pylori infection, reduced
cobalamin absorption and the cobalamin status, and
consequently, elevated homocysteine levels, has been
suggested.?’ It has been shown that homocysteine
involved in the pathogenesis of arteriosclerosis induces
lifestyle-related diseases. Elevated levels of homocys-
teine may be among the causative factors of miscar-
riage” Further study concerning the relation with
Helicobacter pylori infection is needed, as there is no
evidence in the published reports yet, to the best of
our knowledge, of Helicobacter pylori infection as a
causative factor of miscarriage.

A previous study reported that women who experi-
enced miscarriages (hazard ratio: 1.22 [95%Cl: 1.08-
1.38]; P = 0.001) or stillbirths (hazard ratio: 1.40 [95%CI:
1.10-1.79]; P = 0.007) were at a significantly greater risk
of their relationships ending, as compared with
women whose pregnancies ended in live births.! In the
present study, a higher risk of divorce was seen in
women with a history of miscarriages (hazard ratio:
1.596 [95%CI: 1.036-2.460]; P = 0.043) and RSA (hazard
ratio: 3.103 [95%Cl: 1.474-6.53]; P =0.0043). Miscar-
riage and its recurrence were found to have a more
severe adverse influence on marital relationships in
Japan than in the USA. The emotional impact of mis-
carriage is higher in women than in men, and this
discrepancy might alter the spousal relationship.®

The most important limitation of this study was that
the history of illness was not confirmed by medical
records but by self-declaration, and stillbirth was not
distinguished from miscarriage. However, it was
found that at least 89.5% of the women with a history
of RSA had subsequent live births, although our pre-
vious study reported that the cumulative live birth rate
in women with RSA was 85.5%.* Therefore, in order to
prevent decline of marital relationships related to this
issue, it is necessary to inform women that miscarriage
is a very common complication during pregnancy and
that about 90% of women with RSA may be expected to
have live births.

© 2012 The Authors
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ORIGINAL ARTICLES: EARLY PREGNANCY
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Objective: To determine the predictive value of preconceptional peripheral blood natural killer (pNK) cell activity in patients with
recurrent pregnancy loss (RPL).

Design: Cohort study.

Setting: University department.

Patient(s): A total of 552 patients with a history of two to six consecutive miscarriages.

Intervention(s): None.

Main OQutcome Measure(s): The predictive value of preconceptional pNK cell activity for subsequent miscarriage was analyzed using
multivariable logistic regression analysis, with age, number of previous miscarriages, and presence/absence of previous live births and
bed rest as covariates.

Result(s): Age and number of previous miscarriages, but not high pNK cell activity, were found to be independent risk factors for a
subsequent miscarriage. No effect of bed rest and previous live birth on the likelihood of live birth was observed {odds ratios
1.28 [95% confidence interval 0.81-2.02] and 0.91 {0.52-1.59]. respectively).

Conclusion(s): Elevated pNK cell activity was found to not be an independent risk factor for
subsequent miscarriage. Clinicians should not measure the plasma NK activity as a systematic
recurrent pregnancy loss examination, because its clinical significance is yet to be established.
{Fertil Steril® 2013;100:1629-34. ©2013 by American Society for Reproductive Medicine.)
Key Words: Recurrent pregnancy loss, natural killer cell activity, predictor, cohort study
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stablished causes of recurrent preg-
nancy loss (RPL) include presence
of antiphospholipid antibodies in
the serum, presence of uterine anomalies,
and presence of abnormal chromosomes,
particularly translocations, in either

partner (1-3). According to previous
reports, in approximately half of the
cases seen at research centers, the cause
of RPL remains unexplained despite
conventional examinations conducted
to identify the cause (4-6).
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Cytotrophoblasts that express hu-
man leukocyte antigen G (HLA-G)
come in direct contact with maternal
lymphocytes. Many natural killer
{NK)-like large granular lymphocytes
have been detected in the human
decidua of early pregnancy (7). Large
numbers of NK cells appear in the
mid-secretory phase. Natural killer cells
have been thought to play a key role in
the establishment of successful preg-
nancy by facilitating immunologic
adaptation of the semiallogenic devel-
oping embryo. Recently, Fu et al. (8)
reported that recruitment of TH17 cells
and local inflammartion can occur at the
maternal-fetal interface during natural
allogenic  pregnancies, and that
decidual NK cells promote immune
tolerance and successful pregnancy
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by diminishing the recruitment of inflammatory TH17 cells
via interferon-+ secreted by the CD56""€"CD27~ NK cell sub-
set. This NK cell-mediated regulatory response is lost in pa-
tients with recurrent spontaneous abortions, resulting in a
prominent TH17 response and extensive local inflammation.

We previously reported (9} that elevated preconceptional
peripheral blood NK (pNK) cell activity may be predictive of
subsequent miscarriage in 68 patients with RPL. The 24
women with high pNK cell activity, defined as a value equal
(o or exceeding the mean pNK cell activity of the 47 controls
+ 1 SD, had a significantly higher miscarriage rate in the sub-
sequent pregnancy than the 44 women with normal pNK cell
activity (7 1% vs. 20%; relative risk 3.5; 95% confidence inter-
val [C1} 1.8-6.5). However, some studies have shown no dif-
ferences in pNK cell parameters between patients with RPL
and controls {10-12). Whereas 90% of pNK cells are
CDs6Y™ and CD16™, 80% of the uterine NK cells are
CD56™8" and CD16™ (13, 14). Peripheral blood NK cells are
phenotypically and functionally different from uterine NK
cells. Decidual leukocytes have low cytotoxic activity as
compared with peripheral fymphocytes (15).

The sample size of our previous study was too small. The
prognostic value of measuring pNK cell parameters remains
uncertain (16). Therefore, we conducted a cohort study of
552 patients with RPL to determine whether pNK might
indeed be predictive of subsequent miscarriage.

MATERIALS AND METHODS
Patients

We studied 1,127 patients with a history of two or more (2 to
12) consecutive miscarriages, in whom the study examina-
tions could be completed and subsequent pregnancies were
established between January 1996 and May 2011 in Nagoya
City University Hospital. Patients with identifiable causes
and patients who received any kinds of treatment were
excluded from the present cohort.

The conventional examinations were completed in all
patients, including hysterosalpingography, wansvaginal
ultrasonography, chromosomal analysis of both partners, deter-
mination of the presence/absence of antiphospholipid anti-
bodies, including lupus anticoagulant (LA}, by diluted
activated partial thromboplastin time (aPTT), diluted Russel viper
venom time (RVVT), and 32 glycoprotein J-dependent anticar-
diolipin antibody methods (17}, and blood tests for hypothyroid-
ism and diabetes mellitus, before the subsequent pregnancy.

Antiphospholipid antibody syndrome (APS) was
diagnosed according to the criteria of the International
Congress on Antiphospholipid Antibodies (18). Patients with
APS were treated with low-dose aspirin plus heparin (19).
Diabetes mellitus, hyper- or hypothyroidism, and hyper-
prolactinemia in the patients were controlled with medication
before conception. Patients with three or more uncxplained
miscarriages received paternal mononuclear cell immuniza-
tion from 1996 to 1999, a biologic response modifier from
1996 to 2004 (20), and low-dose aspirin and/or heparin
trom 2000 to 2007.

Gestational age was calculated from basal body tempera-
ture charts. A total of 654 patients were admitted for rest, and

ultrasonography was performed twice per week from 4 to 8
weeks of gestation before 2004. The pregnancy outcome of
473 patients was followed once per week by ultrasonography
without admission after 2004.

The study was conducted with the approval of the
Research Ethics Committee at Nagoya City University Medical
School.

feasuremeant

Preconceptional pNK cell activity was examined in the
midsecretory phase. Peripheral blood NK cell activity was
measured by a chromium-51 release cytotoxicity assay, with
K562 human myeloid leukemia cells as the targets. A tota
of 3.7 x 10° Bq >'Cr-labeled target cells (1 x 10* per well
were seeded with 2 x 10° effector cells per wel
{fresh peripheral blood mononuclear cells) in triplicate, in U-
bottomed 96-well plates. After 4-hour incubation at 37°C.
the activity in the supematant from each well was measurec
in an autogramma scintillation counter. The percentage cyto-
toxicity was calculated as follows: ([test cpm—spontaneous
cpm]/[maximum cpm-—spontaneous cpm}} x 100, where
cpm = counts per niinute.

Lupus anticoagulant was detected using fivefold dilutec
aPTT methods, as previously described, with brain cephalin
{Automated aPTT; Organon Teknica) as the phospholipic
reagent (17). The 1:! mixing test was performed at the
same time. The clotting time was measured using an Option
4 Biomerieux calculator. Lupus anticoagulant was considerecd
positive when prolonged clotting times (>mean + 3 SD of 10=
healthy nonpregnant control plasma, 7.37 seconds) failed 1
correct when mixed 1:1 with standard plasma. Diluted Russe.
viper venom ftime for LA was performed as previously
described (Gradipore). To detect 82 glycoprotein I~dependen:
anticardiolipin antibody, we used a modified ELISA systen
(Yamasa).

Analysis

Patients with identifiable causes and patients who receivec
any kinds of treatments were excluded from the presen:
cohort. Biochemical pregnancy, ectopic pregnancy, and
hydatidiform mole were excluded from the analysis of the
subsequent pregnancy outcome.

Miscarriage rate was analyzed according to pNK cel
activity, age, number of previous miscarriages, an-
presencefabsence of previous live births and bed res
Peripheral blood NK cells, age, and previous number ¢
miscarriages were categorized into quartiles, because the.
showed normal distribution. The previous number of mis-
carriages was categorized into two, three, four, or five to six

Crude logistic regression was performed to examine thi-
predictive value of pNK cell activity for subsequent miscar-
riage. We also examined the influence of age, previous num-
ber of miscarriages, and presence/absence of previous liv:
birth and bed rest on the likelihood of subsequent miscarriage

Age is well known to influence the miscarmiage raw
Age is also associated with number of previous miscarriage:
and number of previous live births. Thus, first, we chos:

-

1630

— 107 —

VOL 100 NG 6/ DECEMBER 20 ¢



age-adjusted logistic regression. This analysis was applied to
all the variables listed in the table except age.

Furthermore, multivariable logistic regression analysis
was performed using pNK cell activity, age, number of
previous miscarriages, and presencefabsence of previous
live births and bed rest as covariates. Linear multivariable
logistic regression analysis was also performed using pNK
cell activity, age, and number of previous miscarriages.

The analysis was carried out using SAS version 19.0
(SAS Institute), and P<.05 was considered (o denote
statistical significance.

RESULTS

In the subjected 1,127 patients, 4.4% (50) had an abnormal
chromosome in either partuer, 4.1% (46) of parients had a
major uterine anomaly, 3.4% (38) had thyroid disease, 1.9%
(21) had diabetes mellitus, and 2.9% (33) had APS (Fig. 1.
In total, 180 patients were exciuded from the cohort because
several patients had two or three identifiable causes.

To eliminate the influence of the treatment, a further 323
patients who received any kind of rreatment were excluded. A
total of 72 patienis—64 biochemical pregnancy. 7 ectopic
pregnancy, and 1 hydatidiform mole—were exciuded in the
present study (Fig. 1).

The miscarriage rate of a total of 552 patients with
unexplained RPL who received no medication is shown in
Table 1. The subsequent miscarriage rate was 22.5% (124 of
552). The mean (SD} age and median (interquartile range)

Fertitity and Sterility®

number of previous miscarriages were 31.9 (4.37) and 2
(2-3), respectively. The live birth rates of patients with
previous two, three, four, five, and six miscarriages were
81.1% (309 of 381), 71.2% (99 of 139), 65.4% (17 of 26),
60.0% (3 of 5), and 0 (0 of 1), respectively.

Lincar multivariable logistic regression showed that
pNK was not an independent risk factor for subsequent
miscarriage. However, in the crude analysis of the categoriza-
tion of each variable, the miscarriage rate in the patients with
500-24% pNK cell activity was significantly higher than that
in the patients with 25%-34% pNK cell activity (P=.046).
On the other hand, the miscarriage rate in the patients with
47%-780% pNK cell activity was similar to that in the patients
with 25%-34% pNK cell activity. The plasma NK cell
activity showed a weak inverse correlation with age in the
1,127 patients {r = —0.068).

Five variables, namely pNK cell activity, age, number
of previous miscarriages, and absence of bed rest and
previous live birth, were entered into the multiple logistic
regression analysis for subsequent miscarriage detection
in all 552 patients. The miscarriage rate in patients with
25%-34% pNK cell activity tended 10 be higher than that
in patients with 5%-24% pNK cell activity (odds ratio
[OR] 0.56, 95% confidence interval [CI] 0.31-1.00,
P=.051). Crude, age-adjusted, and multivariable logistic
regression analyses showed similar results in relation to
pNK cell activity. Elevated pNK cell activity was confirmed
to not be an independent risk factor for a subsequent
miscarriage.

[
-

Atowiof 552 154
WG receved any kind of ¢
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Miscarriage rate according to pNK cell activity, age, and number of previous miscarriages, and age-adjusted and multivariable logistic regression

analysis to identify the risk factors for subsequent miscarriage.

Crude analysis
logistic regression

Miscarriage

Parameter rate, % (n) OR (95% Cl) Pvalue

OR (95% CI)

Age-adjusted
logistic regression®

Multivariable logistic
regression”

Trend

Pvalue OR (85% Ch) Pvalue  Pvalue

Kamro Fregra

The miscarriage rate in the patients without bed rest was
significandy higher than that in the patients who were
admitted for rest (P=.016; Table 2). However, there were dif-
ferences in the mean [SB] age (30.9 [4.0] vs. 32.8 [4.5] years;
P<.0001) and the median number of previous miscarriages
{three vs. two) between the patients with and without bed rest.

The miscarriage rate in patients without previous live

births tended to be lower than that in the patients with,

previous live births (P=.096). There were differences in the
mean age (33.9 [3.7] vs. 31.6 [4.4] years: P<.0001) and the
median number of previous miscarriages (three vs. rwo)
between the patients with and without previous live births.

No effect of bed rest and previous live birth on the likeli-
hood of live birth was observed (OR 1.28, 95% CI 0.81-2.02
and OR 0.91, 95% CI 0.52-1.59, respectively).

Age and number of previous miscarriages were
determined to be risk factors for subsequent miscarriage
according t¢ both crude and linear multivariable logistic
regression.

Age and numbers of previous miscarriages were
confirmed to be independent risk factors. However, nunmber
of previous miscarriage, but not age, was found to be
influenced by the other factors in the present study.

B30

The results of this study suggest that elevated pNK cell activity
is not a reliable predictor of subsequent miscarriage. The
miscarriage rate was higher in patients with lower pNK cell
activity.

Miscarriage rate according to the presence/absence of previous live births and bed rest, and age-adjusted and multivariable logistic regression

analysis to identify the risk factors for subsequent miscarriage.

Crude analysis

Age-adjusted Multivariable logistic

Median no. it : it i@ inpD

logist £
Miscarriage  Mean (SD) of previous ogistic regression logistic regression regression
Parameter rate, % (n) age (y) miscarriage OR(95% Cl) Pvalue OR(95%Cl) Pvalue OR(95%Cl) Pvalue
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Uterine endometrial NK (uNK] cell activity is known ta be
strongly involved in the maintenance of normal pregnancy.
Lachapelle et al. (21} proved that the proportion of uNK cells
was identical in recurrent miscarriage {RM) patients and
normal controls. but the CD56"75" and CD16™ NK cell subset.
which is predominant in normal decidua and endometrium,
was significanity decreased in favor of an imporrant
contingent of CD56"™ and CD16™ NK cells in all padents.
Quenby et al. (22) demonstrated that prednisolone therapy
during the first trimester of pregnancy reduced the risk of
miscarriages and improved the live birth rate in patients
with idiopathic RM and increased the numbers of uNK cells
in the endometrium. Measurement of pNK cell activity has
been performed to determine whether it might be predictive
of a successful subsequent pregnancy (23. 24). We have
reported for the first time that elevated pNK cell activity
might be predictive of subsequent miscarriage in patients
with RM (9). Some have affirmed, whereas others have
denied, the predictive value of pNK for the subsequent
pregnancy outcome. However, none of these reports were
based on studies of large cohorts, and there is no clear
evidence yet (16, 25).

Patients with unexplained RM have been treated
empirically with expensive immunoglobulin, on the basis of
the conjecture that the functions of uNK cells and pNK cells
are similar and that, therefore. measurement of pNK cell
activity would reflect uNK cell activity. Tang et al. (16)
reported a systematic review and came to the conclusion
that there is no association between the subsequent
pregnancy outcome and either pNK or uNK cell activity in
women with RM and infertility. In the present study the
correlation berween the subsequent pregnancy outcome and
pNK cell activity was not linear. The miscarriage rate in
patients with fow pNK cell activity tended to be higher than
that in patients with 250-749% pNK cell activity. Age, number
of previous miscarriages, bed rest, and number of previous
live births were found to exert no significant influence on
pNK cell activity.

It is well known that stress and exercise increase pNK cell
activity; therefore, these factors should be borne in mind
while drawing blood for resting. Abnormal data pertaining
to the number or activity of pNK cells may reflect transient
stress reactions in daily life. It is not clear whether ulNK cells
may have the same significance. Peripheral blood NK and
ulNK cells are different types of cells, and both the models
and functions of these cells are entirely different. It has
been reported that measurement of pNK cell activiry
does not provide any information on the condition of the
endometrial membrane (7, 14, 25). There is also no evidence
of treatment using the data on pNK cell activity. We do not
recommend measurement of pNK cell activity as part of the
systematic examination in patients with RPL.

Mentally depressed patients with RPL need tender loving
care (26). However, there is no evidence that subsequent
miscarriage can be prevented by hospitalization. Klebanoff
et al. {27) concluded thai there was no difference in the
miscarriage rate between women who had a heavy workload
and long working hours and wives of male residents who had
many kinds of jobs. Duckitt et al. (28) found no direct

evidence from randomized, controlled trials regarding the
influence of bed rest in women with unexplained RM. In the
present study the live birth rate in patients without bed rest
was significantly lower than that in the patienis who were
admitted for rest, However, there were significant differences
in the mean age and median number of previous miscarriages
between the paticnts with and without bed rest, because the
average age of women at pregnancy is increasing year by
year in Japan. Neither age-adjusted nor multivariable logistic
regression analysis showed any effect of bed rest on the live
hirth rate. We concluded that there is no necessity to advise
preventive bed rest for pregnant women, in the absence of
symptoms of threatened aborrion.

This study revealed that previous live birth was not
predictive of a subsequent live birth, although there have
been a few reports suggesting a favorable influence of a
previous live birth in secondary RM padents (29, 30.
Nielsen (31) reported that secondary RM is more conumon
after the birth of a boy and that the subsequent live birth
rate is reduced in secondary RM patients with a firstbomn
boy, owing io the pathogenic role of the aberrant maternal
H-Y immune response. Both our previous study and the
crude analysis in the present study indicated that the live
birth rate increased as the number of previous miscarriages
increased (32}, However, the significant difference
disappeared after adjustment for age, because age also
increased with increasing number of previous miscarriages.

In more than half of the cases, the cause of RPL remains
unexplained despite conventional examinations (4, 5).
Recently we found that an abnormal embryonic karyotype
was the most frequent cause, accounting for as much as
419 of the cases, and the percentage of truly unexplained
was limited to 24.5% (33). Associations have been reported
between many kinds of polymorphisms, such as those of
annexin A5 and NLRP7, and RPL (34, 35). The influence of
one single-nucleotide polymorphism associated with RPL
might be speculated to be very small. because the OR of
each gene murtation is relatively small (34). Even though it
would be highly desirable, it might be difficult to identify
clinically useful predictors of the outcome of a subsequent
pregnancy.

We previously reported thar elevated pNK cell activity
may be predictive of subsequent miscarriage in patienis
with RPL (9). However, we wish to cormrect owr initial
conclusion, hecause in this study, high pNK cell activity
was confirmed to not be an independent risk factor for
subsequent miscarriage. Clinicians should not measure pNK
activity as a systematic RPL examination, because the
clinical significance or wearment method is yet 1t be
established. Patients need not give up working, because no
effect of bed rest on the likelihood of live birth was observed.

Jonin L Luous antcoagulant and pregnancy
1 1984:28:228-3

. Sato T, Suzumon N, Suzumor K
of recurrent sbortess with ednes reaternal or patemnal
zps'ceaton, Fertt Stert 2004,81:367-73.

~

VOL IGO0 NG 6/ DECENVBER 2013

— 110 —




ORIGINAL ARTICLE: EARLY PREGNANCY

3 ! Y i9 aban D, Branch D, Fiouffe L Repsate:
A dune wlenng e Corelae hospholipid znvbodes & collaborat
i fecuirent Ca 1 Stend 2G10,93:1683-¢ g af rednisene with oy
] { Ra 1+, Regan L An Aen § Obst tG/ 1ot 1992,166.1318-23
nvestigation of recurrent mscan ext of 300 20 o a1, Crant Y, Kawra 5, AOM K Cimeal tre
1954 ,g*ul [E e
s "RCUITENT SPOTNTANBcUs abiuriun b L brnung
2i e MH, Miron P, Hermun
S oatients vath recurrent spcnidnscus db(».’l!\}ﬂ
utcorne, Jimmuanct 1938,156:4027-34
22 . Bates M, Farr.}uharso R, Wi G Prednsalors
7 Lowgietiow 04, Rison A, Pace O Granuated OV OMEn vl
endometium HOMUNG- =
urn Reoro¢ 19916 781-8
8 g X, Lng B T~ Z VACMIN “xth recurrent miscarma
QOO0 IMTE rance by regulating indl
srernals ‘ate Pioc Natl A 24 Moffenr & Regant Eraude rscarnage, and aotertis
B 200432912835
2 25 Dosiou C, Maturat kiler cells in pregnancy ana recurme
a predicion of misc PreEgnanty 3t Hogic rerspectves  Endoc
200326
1 25 LHDO S, Ao KK
LVY(;?’}A*C ty 2n VSCATIAgE N reCUIrent spc
D07 WOMEN Wil @ f‘ﬁSii}f“ UTIENE SRGNTENZOUS aueriers Hum Reg)rod 2602,‘:7'258C—4
100 20000151163 ¢ 27 Klebanoff M o PH, Prioaas GG, Outcomes of pregnancy e
1l T, altare s 1T sample of resident physicans. N Engt ) Med 1980,323:1040-5
28 Ducutt X, Quressr A Recumrent nviscarmiage. Chn Bvd (Onkine) 2011,2C1
iz !
29 Me'ten #iS, Sweffensen R, Lunu b4, senLH. Ancersen A7
e eGuenCy and iMpecl of cbstelnc comulcatons pror and sunsegus
i3 1o urexplarned secondary returrent riscarsege, Hum Reprog 2010
154352
Stepbenson MD, Ky WH, Puarkiss S, Librach €, Schuiuz P, B
4 o1 Intravenous romunoglobuln and iops
g nSCarnage: a mr:ixeceﬂiefed randornzet placeh
morpholog ¢ tharetienzatan uf ¢ Reproe 2010,25 2203
19911 169-30 3t 0N o M Secondary recurrent  misCarnage  and Y amesyr s
25 Demz G Chestmas SE, R, lonrson PV i Reprag Update 2611,17:558-74
o

coliutar oifferences vebween auman CD3- decdual and penoherat biocd 32 uga;ﬂ.uara M, Aokt K, Oksoa S, Sazuman K Embryonic karyozyae
leukoeytes §immuncl 1994,152.4255 -6 roer of orevious miscarmages Fertld S0z

16 Tang AW, Athwevc Z, Quenby S Natural

joded

and pragna

o0&, Suremen M, Kitaos ™ Mizatar

SOMEN vatn recutrent miscatnage and mdert ity & sysiemahc rew

Hum Renrod 2011.26 167189

{ause

Q
B
A

17 HoYagemi Y Aoy d2g o i
valn teurent DIEGIErCy 34
1666,5:587-92
18 LCoksr MDD, Aty “ancin DW. Brg, Cervera R, et o
e : )al on Cnlenz 35 r2uon saty of NLRP2 =
3 sysarorme LARS). § Trromb Haemost 2006.4 awicarnage Hum Reprod 2013
} YOL 100 MO, 6/ DECEMBER 1]

— 111 —



