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Introduction

Problem

Baglycoproteinl (B,GPl)-dependent antiphospholipid antibodies (aPL)
increase the risk for recurrent pregnancy loss. We address whether anti-
B>GP1 antibodies can interact with phosphatidylserine (PS)-bearing
CD1d on trophoblast cells and induce local inflammation.

Methods
CD1d-bearing choriocarcinoma cells were used in flow cytometry and
immunoprecipitation experiments. CDld-mediated cytokine induction
was assessed using antibody cross-linking. Cytokine production during
co-culture of decidual lymphocytes with CDI1d-bearing cells was also
examined.

Results

Trophoblast surface-expressed CD1d forms a complex with PS-bound
B>GP1l. Anti-B,GP1 mAb cross-linking causes IL12p70 release from
CD1d-bearing cells. IL12p70 release from CD1d-bearing trophoblast cells
was also induced during co-culture with human decidual lymphocytes.
The addition of anti-B2GP1 mAb to co-cultures resulted in a three-fold
increase in IL12p70 secretion. IFNy secretion from decidual lymphocytes
was also induced during co-culture with anti-B2GP1 mAbs.

Conclusions

B.GP1-dependent IL12 release from CDId-bearing trophoblast in the
presence of aPL may link the antiphospholipid syndrome to pregnancy
loss via an inflammatory mechanism.

for antiphospholipid antibodies (aPL) has recently
been identified as B,GPl. B,GPl molecule is present

Antiphospholipid syndrome (APS) is characterized by
the production of autoantibodies against negatively
charged membrane phospholipid-dependent antigens,
including cardiolipin and phosphatidylserine. APS is
clinically associated with thrombocytopenia, throm-
bosis, and pregnancy loss.'* The major target antigen
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in the peripheral blood and can act as an inhibitor of
the intrinsic coagulation cascade,” platelet aggregation,
and the prothrombinase activity of activated platelets
in vitro.*> The role of anti-B2GP1 antibodies in APS-
related pregnancy loss may involve interference with
the activity of B2GP1 bound to phospholipids on
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activated platelets and the induction of coagulation in
the placenta.®” This would suggest that anti-B2GP1
antibody-mediated pregnancy loss occurs after the
establishment of blood flow through the placental vas-
culature (i.e. 9-10 weeks of gestation) and would
exclude those anti-B2GP1 antibody-mediated losses
known to occur during the first trimester. Examination
of first-trimester decidua and trophoblast tissues from
pregnancies complicated by the APS, however, has
revealed little evidence of specific thrombotic placental
pathology.® Pure thrombotic events cannot account for
all the histopathologic findings in placentae from
women with APS.’

CD1d is an MHC I-like molecule that presents self-
or microbe-derived glycolipid rather than peptide
antigens.'® Its immune effectors are typically natural
killer T (NKT) cells.'"® CD1d presents lipid antigens
including bacterial and self-lipid. Phosphatidylserine
(PS), phosphatidylethanolamin (PE) and phosphati-
dylinositol (PI) have been known to be presented by
CD1d."’ In humans, a specific subset of NKT cells
expresses an invariant Va24Ja18/VB11 T-cell receptor
(iTCR) and can recognize CD1d on the surface of anti-
gen-presenting - cells (APCs) ‘through this receptor.
The activation of invariant NKT (iNKT) cells is antigen
dependent, but the antigen itself can be derived from
an invading microbe or possibly the host itself.'* Rec-
ognition of CD1d by iNKT cells causes rapid release
of IL4 and IFN-y from the iNKT cell and thereby
modulates the Thl/Th2 polarization of adaptive
immune cells.'® The function of CDld can be
addressed experimentally using monoclonal antibody
(mAb) cross-linking of cell surface-expressed CD1d.
CDI1d cross-linking using an anti-CD1d mAb (51.1)
induces tyrosine phosphorylation in the CD1d cyto-
plasmic tail, intracellular signaling through NF-xB
and autocrine cytokine release from CDI1d-bearing
cells.'*'* As CDla does not have a tyrosine in its
cytoplasmic tail, this cascade does not occur upon
cross-linking ~of CDla or chimeric molecules that
include the CDla cytoplasmic tail (e.g. CD1d/a, a chi-
mera composed of the extracellular and transmembrane
domains of CD1d and the cytoplamic tail of CD1a)."?

Normal placental extravillous ‘trophoblast cells
(EVT) express the MHC class I-like molecule, CDI1d,
when analyzed by immunohistochemistry.'” We
have reported that CD1d is expressed on the surface
of early extravillous trophoblast cells using transient
primary cultures of cells isolated from normal pla-
centae during early pregnancy.'® We have also dem-
onstrated that CD1d expression is regulated in vivo in
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a trophoblast differentiation-dependent . manner.
CD1d is strongly expressed in EVT located proxi-
mally in trophoblast cell columns.'” Here, the prox-
imity of EVT and iNKT cells would allow interaction
of CD1d and its ligand during early placental forma-
tion, a process that requires a local pro-inflammatory
milieu to promote invasion of EVT into the maternal
decidua.'” CD1d expression in EVT decreases in the
distal trophoblast cell columns that invade into the
decidua and differentiate into interstitial or endovas-
cular trophoblast cells.!” These distal EVT cells are
closely opposed to a great number of decidual stro-
mal cells and infiltrating decidual immune cells
(including decidual iNKT cells). Both NKT cells in
the decidua and the peripheral blood had an ability
to rapidly produce cytokine associated with Thl and
Th2.'® It has reported that the percentages of IL4
and IFNy producing NKT cells were significantly
increased in the decidua compared with the periph-
eral blood in pregnancy.'® As massive activation of
iNKT cells induces pregnancy loss '*2° the activation
of decidual iNKT cells must be tightly regulated.
Decreased CD1d expression in - distal  cell . columns
may control global activation of iNKT cells. More
detailed descriptions of human placental CD1d regu-
lation and expression patterns have been difficult to
obtain using stable culture system.

We hypothesized  that - some APS-associated
pregnancy loss may  be mediated by anti-B,GP1
antibody-dependent inflammation at the maternal-
fetal interface. 'We further implicate trophoblast-
expressed CD1d molecules as integral to induction of
this inflammation. In this work, we demonstrate
that B,GPl-dependent aPL promote IL12 release
from CDIld-bearing - extravillous trophoblast cell
lines, and subsequent IFNy production by decidual
lymphocytes. This, in turn, could cause further acti-
vation of inflammatory cells, damage to trophoblast
cells, and pregnancy loss.

Materials and methods

Cell Lines

Although we have reported a transient primary
culture system for human trophoblast cells isolated
from normal placenta during early pregnancy,?
these cells are difficult to maintain in culture. We
therefore used the well-described human trophoblast
cell line, Jeg3, for the present studies. While Jeg3
cells are often used in vitro to represent extravillous
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cytotrophoblast - cells, they do mot endogenously
express CDI1d, which ‘is expressed only in proximal
cell column EVT in vivo.'® We therefore transduced
CD1 genes into Jeg3 cells using a retroviral vector,
PSR-neo, - expressing CD1d or-a- CD1d/a chimeric
molecule ‘(kind -gifts from Dr. R:'S. Blumberg, Har-
vard Medical School, Boston, MA, USA).> Trans-
duced cells were cultured in RPMI1640 (Invitrogen
Corporations; Carlsbad;, 'CA, USA) media supple-
mented  with 10% FBS  (Invitrogen Corporations)
and 500 pg/mL of geneticin/neomycin - (Invitrogen
Corporations). Neomycin-resistant : stable cell - lines
were established  and named - Jeg3/CD1d or
Jeg3/CD1d/a cells. The chimeric molecule expressed
in Jeg3/CD1d/a cells consisted of the:extracellular
and transmembrane components of CD1d fused to
the cytoplasmic tail of CDla.

Isolatlon and Culture of Human Dec1dual
Lymphocytes ‘

Human decidual iNKT cells were punﬁed from
human decidual tissue: isolated after elective termi-
nation of uncomplicated first trimester pregnancies
under the: approval of the Ethical Committee of the
Medical Faculty, University of Tokyo. Purified decid-
ual iNKT cells were  cultured  as ' previously
described.?* ‘Briefly, minced decidual tissues were
digested  with* 10% 'collagenase (20 pL) and . 20
U/mL  DNase ' typel (Invitrogen Corporations) :in
10 mL RPMI 1640 containing 10%FBS ‘and: passed
through mesh (100 pm pore size; Invitrogen Corpo-
rations). - Cells -were: resuspended in  PBS, layered
over 5 mL of Ficoll (Sigma-Aldrich Inc:, St. Louis,
MO, USA) and centrifuged at 800 x g:for 20 min at
room . temperature. - Cells: at' theinterface between
the - PBS ‘and Ficoll layers: were collected, resus-
pendedin’ RPMI1640 containing :10% FBS and
100 ng/mL of aGalCer and cultured at:37°C-in 5%
CO,. An aliquot of the isolated lymphocytes was
incubated with anti-Va24-RPE or anti-VB11-FITC
Abs (1 pg/mL) and analyzed by flow cytometry to
confirm the presence of Va24VB11 iNKT Cells (data
not shown).

In co-culture experiments, 10> aGalCer-stimulated
decidual lymphocytes were incubated with 10° Jeg,
Jeg/CD1d; or Jeg/CD1ld/a cells:at 37°C in 5% CO,
for the times indicated. For experiments requiring
exposure to anti-B2GP1 antibodies, anti-B2GP1 anti-
body or isotype-control - antibodies: were added to
culture supernatants-at-a concentration of 10 pg/mL.
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Flow Cytometry '

Jeg3 cells were detached from culture plates Wlth
0.05% EDTA in:PBS and incubated with anti-CD1d
(NOR3.2 Abcam Inc.,- Cambridge, MA, USA), anti-
B>GP1 (CHEMICON- International, Temecula, :CA,
USA) or anti-PS (upstate (Millipore), Billerica, MA,
USA) mAbs (1 pg/mL): in - PBS for 30 min. For indi-
rect staining experiments, cells were incubated with
RPE -anti-mouse: IgG (Dako Cytomation,: Glostrup,
Denmark) for 30 min. Controls 'were exposed to an
isotype-matched irrelevant mAb (1 pg/mL; Dako
Cytomation). After washing, cells were subjected to
flow cytometric analy51s for RPE.

Immunoprecipitation and Western Immunoblotting

Cells were cultured. in 10-cm ‘plates in RPMI and
used at near:confluence: Equivalent aliquots of cell
lysates - were :incubated 'overnight- at  4°C - with
10 pg/mL of anti-CD1d mAb or anti-AnnexinV Ab
(BioVision, Mountain View, CA, USA) and 60 pL of
Protein-G-Sepharose « (GE Healthcare ' Bio-science,
Piscataway, NJ, USA). As 'PS cannot be detected by
Western - blotting, ' these -immunoprecipitants were
immunoblotted ' with a' mAb: to Annexin 'V, a
protein known to bind tightly to PS.>?> Precipitated
proteins ‘were separated across 10% polyacrylamide
gels - and: transferred - to - polyvinylidene - difluoride
membranes. B,GPI levels were determined by Wes-
tern immunoblotting (ECL advance Western blotting
detection kit;: GE: Healthcare - Bio-science, Piscata-
way, NJ;-USA). The . expression of B,GPl was
detected ‘using ‘an: anti-B,GP1 mAb :labeled with
HRP - (Peroxidase : Labeling: Kit; Roche Dlagnosucs
Lewes, UK) i :

cp1d Cross- L1nk1ng

Jeg3, Jeg3/CDI1d, or JegB/CDld/a cells were cul-
tured in 12-well plates in  RPMI and used at 80%
confluence. Monolayer cells were exposed to ten *°
pg/ml of anti-CD1d:(51.1; eBioscience, San-Diego,
CA, USA), anti-B,GP1: (CHEMICON International) or
isotype control (DakoCytomation) mAbs: and incu-
bated for 1 hr-at 37°C. This anti-B,GP1 antibody is
non-functional - and: binds to' two molecules: of
B2GP1. Cells were washed with PBS and exposed. to
10 pg/mL goat anti-mouse Ig antibody (CHEMICON
International) as a cross-linker for 30 min at 37°C.
Cells used in the anti-B,GP1 mAb. experiments were.
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not exposed to a secondary antibody. Cells were
then washed three times and incubated in the
serum-free growth media without antibiotics for
periods of 0, 18, or 24 hr prior to use for RT-PCR or
ELISA.

Quantitative RT-PCR

Quantitative IL12 p40 RT-PCR was performed in
cultured Jeg3 cells after cross-linking. Total RNA was
isolated (RNeasy; Qiagen Inc., Valencia, CA, USA)
and 2 ug of total RNA were subjected to reverse
transcription = (ReverTraAce; TOYOBO, ' Tsuruga,
Japan) according to the manufacturer’s instructions.
A volume of 0.2-2 pL. of each RT-reaction was
used for quantitative PCR (Light Cycler system;
Roche Diagnostics, Lewes, UK) using the following
primer pairs: IL12 p40-forward 5-GGTCACACTGGA
CCAAAGGGACTATG-3’, -reverse 5~ ATTCTGCTGCC
GTGCTTCCAAC-3"**; and B-actin-forward 5- GA-
AATCGTGCGTGACATTAAGG-3', -reverse 5’- TCAG
GCAGCTCGTAGCTTCT C-3".%° B-actin mRNA levels
were quantified in each sample as an internal con-
trol for normalization. RT-quantitative PCR experi-
ments were repeated at least three times.

ELISA for IL12 and IFNy

Culture media was collected at 0, 18, and 24 hr after
cross-linking (n = 4) and levels of secreted IL12 p70
or IFNy were quantified using solid phase sandwich
ELISAs (R&D Systems). ‘A standard curve was pro-
duced using absorbance measurements at 450 nm
for standard samples. Each unknown sample was
similarly measured and plotted using this standard
curve. IL12 and IFNy secretion levels in the presence
of the anti-B2GP1 antibody were normalized by
those in the absence of the antibody and indicated
as ratios. ‘

Statistical Analysis

Quantitative PCR and ELISA data are presented as
means + standard ‘deviations. All experiments were
performed independently three times. mRNA or
cytokine secretion levels were compared between
cell lines and among time points using Mann-Whit-
ney analyses. A P-value of <0.05 was considered sig-
nificant.
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Results

Cell-Surface Expression of PS and B,GP1 Bound to
Ccbh1d

CD1d is an MHC-like glycoprotein that presents lipid
antigens derived from pathogens and from self, the
latter including phosphatidylserine (PS).!' Phosphati-
dylserine can associate with P2GP1 at the surface of
trophoblast cells.?®?” The carrier involved in intra-
cellular trafficking and transport of PS-f2GP1 com-
plexes to the cell surface has not been identified. We
hypothesized that the PS-B2GP1 complex is pre-
sented by CD1d in trophoblast cells. To test our
hypothesis, we developed a trophoblast cell model
that remained undifferentiated with prolonged
in vitro culture, but stably expressed CD1d at the cell
surface. Jeg3 cells are a commonly used model for
extravillous trophoblast cells, but these cells do not
endogenously express CD1d (Fig. 1a, green line). We
transduced CD1d into Jeg3 cells using a retroviral
expression system to establish the stable Jeg3/CD1d
cell line with strong cell surface expression of CD1d
(Fig. 1b, green line). Jeg3 and Jeg3/CD1d cells were
triple-stained for PS, B2GP1, and CD1d and analyzed
by flow cytometry (Fig. 1). Both PS (red lines) and
B2GP1 (blue lines) were expressed on the cell sur-
face of Jeg3/CD1d with signal peaks that overlapped
that of CD1d (green lines). Neither PS nor Pf2GPl
was expressed on the cell surface of Jeg3 that lacked
CD1d.

Using similar methodologies, we generated a cell
line expressing a chimeric CD1-molecule comprised
of the extracellular domains of CD1d and intracellu-
lar domain of CDla (CDld/a). As CDla lacks a
tyrosine in its cytoplasmic tail, downstream tyrosine-
based signaling does not occur upon ligand binding
to chimeric surface CD1d/a molecules.'®> The resul-
tant cell line, called Jeg3/CD1d/a cells, can be used
as a dominant-negative control in CD1d cross-link-
ing experiments. As with Jeg3/CD1d cells, PS and
B2GP1 were expressed on the surface of
Jeg3/CD1d/a cells (Fig. 1c). Flow cytometry patterns
for PS and B2GPI are nearly identical in Jeg3/CD1d
and Jeg3/CDIld/a cells, suggesting that PS and
B2GP1 may form a complex at the cell surface
and indicating that cell surface expression of PS and
B2GP1 depends on the presence of the extracellular
domains of CD1d.

To address biochemical interactions between CD1d
and the PS-B2GP1 complex, an anti-CD1d mAb was
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Fig. 1 Cellfsurfaee yexpfessio,n of PS and 132(3#1 is CD1d-dependent.
Jeg3 (a), Jeg3/CD1d (b) and Jeg3/CD1d/a (0) cells were triple stained
with the anti-CD1d mAb (green), the anti-PS Ab (red} and anti-B2GP1

mAb (blue) and analyzed using flow cytometry. Background staining’

with " isotype-matched control antibody: is- also’ shown (black). Histo-
grams-are representative ‘of at'least four-separate experiments. (Blue
lines. (B2GP1) merged red lines (PS) in each panel of Fig.-1. because of
the co-localization of the two molecules).

used to co-precipitate CD1d and its associated mole-
cules from total cell lysates of Jeg3 and Jeg3/CD1d
cells. These immunoprecipitants were then immuno-
blotted: to detect: B2GP1 (Fig. 2a). A 42-KDa band
representing. P2GP1 was present only in the
Jeg3/CD1d cells, although immunoglobulin heavy
chains were detected in all cells. Interaction between
Cdld and PS was similarly verified using co-immuno-
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Fig. 2 The PS BgGP1 complex blnds to CD1d. An anti-CD1d mAb was
used to lmmunoprectpttate CD1d from Jeg3 or Jeg3/CD1d total cell
lysates. (a)’ Immunoprecipitants  were immunoblotted  'with an HRP-
labeled anti-B,GP1 mAb to detect B2GP1. An extra-band ‘at, 42 KDa,
representing B,GP1," was observed only  in the Jeg3/CD1d. lane
although  bands. representing . immunoglobulin heavy. chains . were
noted in both lanes..(o) The lmmunopreupltants were immunoblotted.
with an anti-Annexin V mAb to detect Annexm V,a PS- bmdmg protein.
An extraband at 35 KDa, representmg annexin V, was observed only
in'the’ Jeg3/CD1d lane although bands representmg |mmunoglobuhn
light chains were noted in both lanes:’ i

precipitation and Western blotting. Again, primary
immunoprecipitations used an anti-CD1d mAb. As
PS cannot be detected by Western blotting, these
immunoprecipitants were immunoblotted with a
mAb to Annexin V, a protein known to bind tightly
to PS?* (Fig. 2b). Although we could not detect PS
directly, these biochemical data suggested the
hypothesis that the PS-B2GP1 complex is expressed
on the trophoblast cell surface and is bound to
CD1d.

Ligation of Cell Surface CD1d Promotes IL12
Release from Trophoblast Cells’ ;

ngatlon of surface expressed CDld promotes rapid
but transient cytokme secretion from CD1d-bearing
cells.'>?52° guch ligation can also occur upon inter-
action Wlth iTCR- expressing iNKT eells and via anti-
body cross-linking of CD1d.?® The cytoplasmic tail of
CD1d, but not CDla, bears a target domain for
potential tyrosine kinase activity characterized by
the tyrosine endocytic sorting motif (YXXZ).!> cD1d
ligation induces tyrosine phosphorylation in its cyto-
plasmic tail, subsequent intracellular signaling,” and
autocrine - cytokine release from CDId-bearing
cells.'* 2% The 51.1 anti-CD1d mAb is often used for
CD1d cross-linking and its wuse: creates: an-in vitro
model for CD1d ligation.'*'* We have reported that
cross-linking of CD1d using 51.1, when combined
with : secondary - anti-Ig antibodies, . promotes - IL12
and IL15 secretion from reproductive tract epithelial
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cells.?® Other groups have shown that similar CD1d
cross-linking in monocytes and dendritic cells
induces IL12 production ?® and IL12 is a known
secretion product of normal human trophoblast
cells.*®

To address the function of CD1d in trophoblast
cells, we examined CDI1d ligation-induced autocrine
cytokine production from Jeg3/CD1d cells. Jeg3 cells
expressing the chimeric CD1d/a (Jeg3/CD1d/a cells)
were used as dominant-negative control, as chimeric
CD1d/a (extracellular CD1d and cytoplasmic CDla)
bears no target motif for phosphorylation. Both cell
lines were first exposed to an anti-CD1d 51.1 mAb
or to an isotype-control mAb. This was followed by
exposure to a secondary anti-mouse IgG antibody
cross-linker. The cells were then examined for IL-12
transcription (Fig. 3) using RT-PCR. Transcription of
IL12 (p40) increased relatively rapidly (18 hr after
cross-linking) in Jeg3/CD 1d cells exposed to the
CD1d-specific 51.1 mAb but did not increase in
those exposed to isotype-control antibody. Although
Jeg3/CD1d/a cells express cell-surface CD1d (shown
in Fig. 1c), IL12 production was not induced in these
cells upon exposure to anti-CD1d mAb or isotype
control antibodies, indicating that IL12 production is
mediated through pathways involving the cytoplas-
mic tail of CD1d.

An anti-p2GP1 Monoclonal Antibody Induces
Autocrine IL12 Production from Trophoblast Cells
by CD1d Ligation in the Absence of a Secondary '
Cross-Linker ‘ '

Existing in vitro models for antibody cross-linking of
CD1d requires use of primary and secondary
antibodies.*?#?? Several investigators have demon-
strated that one anti-B2GP1 -antibody binds two
cell-surface p2GP1 molecules.®! In light of our find-
ing that B2GP1 appears to be bound to cell-surface
CD1d molecules via PS, we hypothesized that a
single anti-B2GP1 antibody might ligate two CDId
molecules via their bound PS-B2GPl complexes.
This CD1d ligation would not require use of second-
ary antibodies and thereby could commonly occur in
vivo. To address this hypothesis, Jeg3/CD1d and
Jeg3/CD1d/a cells were exposed to anti-B2GP1
mADbs in the absence of secondary cross-linking anti-
bodies. Post-exposure RT-PCR revealed that tran-
scription of IL12 (p40) increased in Jeg3/CDI1d cells
18 and 24 hr after exposure to anti-B2GP1 mAb
alone (Fig. 4). Jeg3/CD1d cells exposed to isotype

American Journal of Reproductive Immunology 67 (2012) 54-65
© 2011 John Wiley & Sons A/S

MECHANISM OF MISCARRIAGE WITH ANTI-p2GP1 AB

IL12p40/B-actin mMRNA ratio

a-CD1d
Jeq3/CD1d/a

a-CD1d

1gG
Jeg3/CD1d

Fig. 3 CD1d cross-linking using anti-CD1d primary and anti-Ig second-
ary antibodies induces IL12 transcription from Jeg3/CD1d cells but
not Jeg3/CD1d/a cells. Jeg3/CD1d cells or Jeg3/CD1d/a were
exposed in culture to 10 pg/mL of the anti-CD1d mAb (51.1) or an iso-
type-control mAb for 1 hr. After washing, 10 pg/mL of goat anti-
mouse g antibody was added as a cross-linker for 30 min to all cells.
Cells were harvested at 0, 18, and 24 hrs after secondary antibody
cross-linking. 1L-12 (p40) mRNA levels were analyzed using quantitative
RT-PCR and normalized to f-actin. Mean mRNA levels and standard
deviations were plotted against time. Asterisks indicate those time
point comparisons with statistical significance within a cell-line expo-
sure (P < 0.05; n = 4).

control and Jeg3/CD1d/a cells exposed to the anti-
B2GP1 mAb exhibited no change in IL12 transcrip-
tion when analyzed up to 24 hr post-exposure.
Notably, the increase in IL12 transcription after anti-
B2GP1 mAb exposure was greater than that seen
after combined anti-CD1d and secondary antibody
exposure (Fig.'3). :

Autocrine Secretion of IL12 from CD1d-Bearing
Trophoblast Cells upon CD1d Ligation

To examine autocrine IL12 production from CD1d-
bearing JEG3 cells after CD1d ligation, protein secre-
tion into the culture media was assessed by ELISA
(Fig. 5). Jeg3, Jeg3/CD1d, or Jeg3/CD1ld/a cells were
exposed to an anti-CD1d mAb (51.1) then to sec-
ondary antibody cross-linker as described previously.
In separated cultures, these same cells were also
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harvested at 0, 18, and 24 hrs after cross-linking. IL-12 {p40) mRNA
levels were analyzed using quantitative  RT-PCR..and normalized to
B-actin. Mean mRNA levels and standard deviations were. plotted
against time. Asterisks indicate those time point comparisons with
statistical significance within a cell-line exposure- (P.< 0.05; n = 4).
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Fig. 5 Ligation of CD1d on JegS/CDld cells usmg e:ther anti- CD1d or
anti-BoGP1.mAbs increases IL12:secretion from Jeg3/CD1d cells. After
cross-linking by anti-CD1d or anti-B,GP1 mAb as shown in Fig. 4, cells
were incubated .in serum-free growth media without antibiotics for
periods of 0-24 hrs. Autocnne IL12 secretion from trophoblast cell
lines at each time point was assessed by ELISA for IL-12 (p70). Mean
valies with ' standard *deviations are presented. Asterisks indicate
those - comparisons’ (before versus after cross-linking and among time
points) with statistical significance (P < 0.05; n =4).
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exposed to an anti-p2GP1 mAb in the absence of a
cross-linker. IL12 secretion increased in Jeg3/CD1d
cells: in ' both conditions, ‘but neither exposure
affected IL12 secretion in Jeg3/CD1ld/a cells. IL12
secretion peaked at 18 hr after both anti-CD1d/sec-
ondary  antibody and -anti-B2GP1 cross-linking - in
Jeg3/Cdld  cells. - Peak IL12 secretion levels were
approximately three-fold higher than baseline levels
after anti-B2GP1 mAbs cross-linking: The increase in
IL12 secretion ‘was higher after exposure to anti-
B2GP1 mAbs alone when compared with combined
anti-CD1d ' mAb/secondary : antibody. - exposure,
although the difference was of marginal significance
(P = 0.055). These results again support the hypoth-
esis that the induction of IL12 production requires
CD1d-mediated intracellular signaling.

IL12 Productlon from cDp1d- Bearmg Trophoblast
Cells upon Co- Culture with Normal Human
Decrdual Lymphocytes '

It is reported that the percentages of NKT cells were
significantly increased in the decidua compared with
the peripheral blood.'® Boyson et al.’® has reported
that CD1ld-restricted Va24*VB11* iNKT cells. com-
prise: 0.48% of CD3" lymphocytes isolated from
human decidual tissues at 7-9 gestational weeks.
This is much higher than the 0.04% frequency in
peripheral blood. To better mimic occurrences at the
hurnan maternal—fetal 1r1terface in normal pregnan—
cies, we developed an in vztro model that exposed
CD1d- beanng trophoblast -derived cells to decidual
lymphocytes from normal human pregnancies at
7-9 weeks- of gestation. Decidual lymphocytes were
stimulated with aGalCer, a specific ligand for iTCR,
to increase the proportion of Va24" VB11" INKT cells
prior to:co-culture with Jeg3:or Jeg3/CD1d cells.
The proportion of the iNKT: cells increased  from
0.4-0.5to 7-8% of decidual lymphocytes after aGal-
Cer stimulation, but-did not differ by the gestational
age of the pregnancy from which the lymphocytes
were isolated: (data not shown). Jeg3 or Jeg3/CD1d
cells were then. cultured: with or without decidual
lymphocytes derived from pregnancies at either 7 or
9 gestational weeks; lymphocytes from a single preg-
nancy were used for-all exposures within a single
experiment. Decidual lymphocytes from: the same
pregnancy were cultured alone as an internal control
(Figs 6-8). Secretion of IL12 increased '18 hrs after
exposure of Jeg3/CD1d cells to decidual lymphocytes
in. co-culture,  while .neither co-culture. of decidual
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Fig. 6 IL12 secretion from Jeg3/CD1d cells is induced by the pres-
ence of decidual lymphocytes that include CD1d-restricted iNKT cells.
Decidual lymphocytes were isolated from normal human decidual tis-
sues collected at 7-9 gestational weeks. 10° decidual lymphocytes
were cultured with Jeg3 or Jeg3/CD1d cells. Jeg3/CD1d cells alone
and decidual lymphocytes alone were also cultured as controls. Auto-
crine IL12 secretion from trophoblast cells at the 18 hrs time point
was assessed by ELISA for [L-12 (p70). Mean values with standard
deviations are presented. Asterisks indicate those comparisons with
statistical significance (P < 0.05; n = 4).

lymphocytes alone, Jeg3 cells and decidual lympho-
cytes nor of Jeg3/CD1d cells alone induced IL12 pro-
duction (Fig. 6). This in vitro model recapitulates
physiological interactions between CD1d-bearing tro-
phoblast cells and decidual lymphocytes at the
maternal-fetal interface in the absence of antibody-
mediated stimulation. The increases in IL12 produc-
tion in this model were less than those seen in
antibody-cross-linking experiments that modeled
pathological conditions.

Anti-$2GP1 mAbs Enhance Cytokine Induction by
CD1d-Bearing Trophoblast in' Co-Culture with
Decidual Lymphocytes

Autocrine IL12 secretion from CD1d-bearing tropho-
blast cells was next induced by either antibody
cross-linking or interaction with decidual lympho-
cytes, including CD1d-restricted iNKT cells. Here, we
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Fig. 7 Anti-B,GP1 mAb enhances IL12 secretion during co-culture of
Jeg3/CD1d cells and decidual lymphocytes. Decidual lymphocytes
were co-cultured with Jeg3, Jeg3/CD1d, or Jeg3/CD1d/a cells. Decid-
ual lymphocytes were also cultured alone as an internal control.
Cultured cells were exposed to anti-B,GP1 or control mAbs for 24 hrs
(10 pg/mb). 1L12 p70 levels in medium collected from each culture
at each time point was measured by ELISA. The ratio of IL12 produc-
tion after anti-B,GP1 and control mAbs exposure is depicted
{anti-B,GP1/control mAb). Mean values with standard deviations are
presented. Asterisks indicate those comparisons with statistically sig-
nificant differences (P < 0.05; n = 4).

attempted to mimic the microenvironment at the
maternal-fetal interface when pathologic anti-B2GP1
mAbs are present (Figs 7 and 8). Decidual lympho-
cytes derived from normal 7-9 week pregnancies
were co-cultured alone, with Jeg3, Jeg3/CD1d, or
Jeg3/CD1d/a cells in the presence of anti-B2GP1 or
control mAbs. IL12 secretion levels in co-culture
media were first measured by ELISA to assess the
response of trophoblast cells to anti-B2GP1 and
expressed as a ratio of anti-B2GP1 mAb exposure:
control mAb exposure to reveal specific effect of
anti-B2GP1 mAbs (Fig. 7). A statistically significant,
3-fold increase in IL12 production ratios were noted
18 hrs after mAb exposure in Jeg3/CD1d cells. IL12
secretion ratios ‘were also significantly increased in
Jeg3/CD1d cells when compared with Jeg3 and
Jeg3/CD1d/a cells. Cultures containing lymphocytes
alone, lymphocytes with Jeg3, and lymphocytes with
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Fig. 8 Anti-B,GP1 mAb enhances IFNy secretion when added to co-
cultures containing Jeg3/CD1d’ cells and decidual lymphocytes. IFNy
production in culture media collected for Fig. 7 was measured by
ELISA and the production of IFNy expressed as a ratio of anti-B,GP1-
exposed over control mAb-exposed specimens {anti-B,GP1/control
mAb). Mean values with standard deviations are presented. Asterisks
indicate those comparisons with statistically significant differences
(P <0.05; n=4).

Jeg3/CD1d/a cells did not show significant altera-
tions in IL12 production ratios. These results indicate
that anti-2GP1 mAbs enhance the CD1d-dependent
IL12 production stimulated by decidual lymphocyte
co-culture. They also suggest that anti-B2GP1 anti-
body can ligate two CD1d molecules via their
attached PS-B2GP1 complexes even in the presence
of background stimulation by CDId-restricted iNKT
cells. ' o

We also used methodology similar to that which
generated Fig. 7 to examine the secretion of IFNy
into co-culture media in the presence of anti- B2GP1
or control mAbs (Fig. 8). Unlike IL12, there was a
trend toward increased IFNY secretion 18 hrs after
antibody exposure in all cultures A statistically sig-
nificant increase, however, was only demonstrated
in co-cultures of Jeg3/CD1d cells with decrdual
lymphocytes. These data show that the presence of
anti-B2GP1 mAbs may enhance IFNy release in a
maternal-fetal microenvironment interface in which
CD1d-bearing trophoblast cells contact decidual lym-
phocytes.
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Discussion

Despite the long-held belief that aPL-related
pregnancy loss results from aberrant placental coagu-
lation, direct examination of placental and first-tri-
mester  decidual tissues from = pregnancies
complicated by the antiphospholipid syndrome
reveal little evidence for thrombotic placental
pathology.® This suggests that aPL can induce preg-
nancy failure through alternative mechanisms.
Recently, specific aPLs, called anti-B2GP1 antibodies,
have been shown to directly alter trophoblast cell
maturation,®>? giant multinuclear cell formation and
invasion by EVT 2432 and human chorionic gonado-
tropin secretion by syncytiotrophoblast.!' Nakashima
et al.>> reported a possible miscarriage mechanism
by which activated maternal NK cells attack the EVT
and induce EVT apoptosis.

CD1d is expressed on the surface of APCs, includ-
ing: dendritic cells, macrophages, B cells, and epithe-
lial cells. Lipid  antigens, derived from invading
microbes or host phospholipid, are presented by
CD1d to CD1d-restricted iNKT cells. In normal preg-
nancy, interactions between CDI1d and iINKT cells
activate INKT cells and induce the release of
pro-inflammatory cytokines, such as IL12, from
CD1d-bearing cells.?® IL12, in turn, induces IFNy-
producing NK, NKT, T helper and cytotoxic T-cell
activity, thereby initiating a potent local inflamma-
tory cascade. IFNy also upregulates CD1d expression
on APCs in a paracrine fashion (Fig. 9, upper panel).
Several studies, including ours, have demonstrated
CD1d expression in EVT isolated from early gestation
human placentas.>%3* ApprOpriate placental for-
mation involves appropriate invasion of fetally
derived EVT into the maternal dec1dua a process
that appears to requlre a localized, transient and
tlghtly controlled pro-inflammatory reaction.'” At
the human maternal-fetal interface, CDl1d-bearing
EVT contact maternal iNKT cells during early placen-
tal formation. Our data demonstrate a relatively
weak, but significant increase in IL12 protein levels
in the media of Jeg3/CDld and human decidual
lymphocyte co-cultures in the absence of anti-B2GP1
mAbs  (Fig. 6). This suggests that appropriate IL12
secretion secondary to physiologic interactions of
CD1d and iNKT cells at the human maternal-fetal
interface should be at relatively low levels.

Maternal antibodies are present in the spiral arter-
ies, in the decidua and in the maternal blood bath-
ing the placental villi. Therefore, ~maternal aPL have
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O pS-p.GP1 complex

Fig. 9 Comparison of immune interactions at the human maternal-
fetal interface during normal pregnancy with those proposed during
anti-B,GP1 mAb-related pregnancy loss. {Upper) In normal pregnancy,
interaction of CD1d on the extravillous trophoblast cells (EVT) and
maternal iNKT cells induces low level secretion of IL12 from tropho-
blast cells. IL12, in turn, appropriately stimulates IFNy-producing NK,
NKT, T helper and cytotoxic T cell activity, thereby initiating a potent
but tightly controlled local inflammatory cascade. This enables inva-
sion of fetally derived EVT into the maternal decidua for appropriate
placental formation. (Lower) Matemal anti-B2GP1 antibodies are pres-
ent in the decidua and in the maternal blood bathing placental villi.
Direct interaction between anti-B2GP1 antibodies and the PS-B2GP1
complex presented by CD1 molecules ligates CD1d and induces strong
IL12 production. Unchecked induction of the inflammatory cascade at
the maternal interface might then result in pregnancy loss in the
absence of placental coagulation.

direct access to CD1d-bearing trophoblast cells dur-
ing human pregnancy. Through such interactions,
maternal aPL may deter the otherwise well-localized
and tightly controlled inflammatory process at the
site of implantation. -

In this study, we have shown that interactions
between anti-B2GP1 antibodies and trophoblast
CD1d molecules promote IL12 release from tropho-
blast cells, and IFNy release from decidual lympho-
cytes via CDI1d ligation. These interactions are
made possible by the surface presentation of a
PS-B2GP1 complex by CD1d. Although it has been
previously reported that PS and B2GP1 form a com-
plex at the cell surface,>**” ours is the first to dem-
onstrate that CD1d is able to present both PS and
B2GP1. We also demonstrate that CD1d ligation
and downstream signaling can be initiated upon
exposure to anti-B2GP1 antibodies alone without
the requirement for the secondary anti-IgG antibod-
ies necessary in standard in vitro CD1d cross-linking
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methods. As it is known that anti-B2GP1 antibodies
can bind to two molecules,®' these antibodies have
the capacity to crosslink CDI1d bearing B2GPI
in vivo. Such in vive cross-linking may, in fact, be
very efficient. In our in vitro models, ligation of the
CD1d/PS/B2GP1 complex by anti-B2GP1 mAbs
resulted in a much stronger transient induction of
IL12 transcription than ligation of CD1d using anti-
CD1d antibodies. Our co-culture data further dem-
onstrate that the presence of decidual lymphocytes
alone can stimulate downstream signaling thru tro-
phoblast-expressed CD1d and that anti-B2GP1 mAbs
can ligate the CD1d/PS/B2GP1 complex regardless
of the presence of decidual lymphocytes. In fact,
our data suggests that antibody-mediated ligation of
CDI1d in the presence of decidual lymphocytes can
initiate a local inflammatory cascade via transient
IFNy release from decidual lymphocytes which are,
in turn, activated by trophoblast-derived IL12. Tran-
sient cytokine release after in vitro CD1d ligation is
known to be rapid as shown previously.>® This
might be the reason why the peak of cytokine
release was observed at 18 hrs but not at 24 hrs.
114, type 2 cytokine from iNKT cells, release was
not observed in this co-culture system (data not
shown).

We propose the following mechanism for anti-
B2GP1 antibody-related pregnancy loss (Fig. 9, lower
panel). In a mother positive for anti-B2GP1 antibod-
ies, CD1d-bearing EVT will be exposed to these anti-
bodies at the maternal-fetal interface during early
gestation. Direct interaction between anti-B2GP1
antibodies and the PS-B2GP1 complex presented by
CD1d molecules ligates CD1d and induces potent
downstream IL12 production. IL12 activates mater-
nal IFNy-producing NK, NKT, and T cells. IFNy
derived from maternal lymphocytes upregulates
CD1d expression on the surface of the EVT.'® This
overexpression of CD1d enhances anti-f2GP1 anti-
body-mediated cross-linking in ‘a feed-forward fash-
ion. Unchecked induction of the inflammatory
cascade at the maternal interface could then result
in - pregnancy loss in the absence of placental
coagulation. Further study using additional clinical
materials is needed to verify this novel mechanism
for aPL-related pregnancy loss.
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Objective To assess the cost-effectiveness of universal vaccination
of 11-year-old girls against human papillomavirus (HPV)

infection and increased screening coverage to prevent cervical
cancer in Japan where the coverage of Papanicolaou smears is very
low.

Design A cost-utility analysis from a societal perspective.
Setting Japan, 2010.

Population The female Japanese population aged 11 years or
older.

Methods A Markov model of the natural history of cervical
cancer was constructed to compare six strategies: i.e. a screening
coverage rate of 20, 50 and 80% with and without routine
vaccination at age 11.

Main outcome measures Cervical cancer incidence, quality-
adjusted life years (QALYs), costs and incremental cost-
effectiveness ratios.

Results Expanding the coverage of Papanicolaou smears from the
current level of 20-50 and 80% vyields a 45.5 and 63.1% reduction
in cervical cancer incidence, respectively. Impact of combined
strategies increases with coverage. Coverages of 20, 50 and 80%
showed a 66.1, 80.9 and 86.8% reduction in disease, respectively.
The costs of strategies with vaccination are four times higher than
the cost of strategies without vaccination. Vaccinating all 11-year-
old girls with bivalent vaccines with a Papanicolaou smear
coverage rate of 50% is likely to be the most cost-effective option
among the six strategies.

Conclusions The introduction of HPV vaccination in Japan is
cost-effective as in other countries. It is more cost-effective to
increase the coverage of the Papanicolaou smear along with the
universal administration of HPV vaccine.

Keywords Cost-effectiveness analysis, economics, human papillo-
mavirus, vaccines.
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introduction

Cervical cancer is the fifth leading cause of female cancer
death in the world.! The overall frequency of cervical can-
cer in Japan, including carcinoma in situ, was reported as
17 000 per year.” In Japan, it is the third leading cause of
cancer death among women <40 years of age.” The age-
adjusted mortality rate of cervical cancer in Japan has
remained at almost the same level for the past two decades,
although it has declined in the USA and UK.*™*

Screening with cervical cytology [i.e. Papanicolaou (Pap)
smear] has been the key national strategy for early detection

and treatment of cervical cancer to reduce its burden.” How-
ever, the coverage of Pap smear screening in Japan remains
between 10 and 20%,° much lower than in other countries
such as the UK (81%), France (54%) and the USA (>82%).”

Persistent human papillomavirus (HPV) infection, par-
ticularly with oncogenic types 16, 18, 52 and 58, is associ-
ated with a higher risk of incident cervical cancer precursor
lesions.® A prophylactic vaccine to prevent infection from
HPV16 and 18 to reduce the burden of cervical cancer has
been developed and implemented in some countries.” The
idea of introducing HPV vaccine in the Japanese popula-
tion has evoked public debate and become a huge political
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issue. The bivalent vaccine was officially approved for use
in Japan by the end of 2009, but there has been an on-
going debate on whether the use of HPV vaccine should be
underpinned by tax-payers’ money and if so, how much
the government should spend.’

Despite its proven cost-effectiveness in other settlngs
a simple extrapolation of the costs and effectiveness of
HPV vaccine in countries other than the Japanese setting is
not appropriate because of the differences in cervical cancer
epidemiology and health systems. The prevalence of HPV
types differs between geographic regions. In the case of
squamous cell carcinoma, HPV16 was the predominant
type (46-63%) followed by HPV18 (10-14%), 45 (2-8%),
31 (2-7%) and 33 (3-5%) in all regions except Asia, where
HPV types 58 (6%) and 52 (4%) were more frequently
identified."® In Japan, HPV52 and HPV58 are most fre-
quently found in squamous intraepithelial lesion following
HPV16.!* A relatively lower prevalence of HPV16 and
HPV18 in Japan has cast doubt on the effectiveness of the
current HPV vaccine when compared with other coun-

10-12

tries."”

Only one study has evaluated the cost-effectiveness of
HPV vaccination in the Japanese setting.'® However, the
study did not compare strategies with a variable screening
rate. Nor did it consider the effect of HPV type prevalence
by age in Japan. Therefore, a cost-effectiveness analysis of
screening coverage and vaccination, taking into account the
age-specific prevalence by HPV type in the Japanese setting
is urgently needed to inform and support policy decisions.
Healthcare resources are limited; resources dedicated to
screening and vaccination are no longer available for alter-
native healthcare uses and therefore the chosen strategy
should represent a cost-effective use of scarce resources.
The major objective of the present study is to assess the
cost-effectiveness of universal vaccination against HPV in
Japan from a societal perspective where the coverage of
Pap smears is low and HPV oncogenic types are different
from in other settings.

Methods

Natural history model of HPV infection

We developed a state-transition Markov model that simu-
lates the natural history of HPV infection and carcinogene-
sis, in which transitions take place from one state to
another at 1-month intervals (Figure 1). The model has 25
Markov states. The entry point into the model is girls aged
11 years with no previous exposure to HPV. We assumed
that when girls/women enter the model, they start sexual
activities, so acquiring a risk for HPV with the currently
observed probabilities. In each cycle, they proceed to one
of the four states: HPV16 and 18 DNA-positive group
(HPV16 and 18), the other high-risk HPV DNA-positive

group (other HR), the low-risk HPV DNA-positive group
(LR), and the non-infected group (Normal) using monthly
transition probabilities based on the systematic review of
published literature.'”

Each group follows a natural history unless they are
screened. When cervical intraepithelial neoplasia (CIN) 2, 3
or invasive cancer is identified by the screening, a treat-
ment intervention conditional on cancer stage is imple-
mented. After the treatment for an invasive cancer, a
certain proportion of patients die whereas others survive
according to the survival probabilities compiled from the
cancer registry data.'®'® Age-dependent transition rates of
disease progression from the susceptible to those infected
with either HPV16/18, other HR (excluding HPV16 and
18) or LR were estimated from recent Japanese data.”® All
individuals are followed up for 50 years until they reach
60 years of age, which is the average retirement age in
Japan, unless they die earlier.

Vaccine efficacy

The vaccine efficacy was evaluated in eight randomised
controlled trials.”** There was a substantial variation in
follow-up periods and outcome measures among the stud-
ies. The World Health Organization adopted CIN2/3 as
surrogate endpoints for cervical cancer in trials assessing
vaccine efficacy.”! In our model we used the relative risk of
HPV16 and 18 persistent infection risk, as the vaccine im-
munises against the contraction of HPV. The hypothesis
that persistent infection with one of the 15 carcinogenic
HPV types is the fundamental cause of cervical cancer is
clearly supported by scientific evidence.”> We assumed rela-
tive risks of 0.12 (95% CI 0.03-0.48) for persistent HPV16
and 18 infection and 0.5 (range 0.3-0.7) for persistent
HPV high-risk type excluding 16, 18.2?>**?* Additionally,
we assumed 100% lifetime protection against HPV16 and
18 once fully vaccinated.

Intervention strategies

The bivalent vaccine was approved for use in women and
girls who are ‘over 10 years old. The Japan Society of
Obstetrics and Gynaecology recommended administering
HPV vaccine among girls from 11 to 14 years of age as a
priority, partly because they are old enough to understand
the meaning of the vaccination and partly because the vac-
cination in this age group is efficient and ensures early pro-
tection against HPV with high immunogenicity. Therefore,
for strategies which include vaccination, ‘all 11-year-old
gitls are vaccinated at the entry point into the model. We
assumed that there is no exposure to any HPV types before
the entry to the model: At 20 years of age, they start receiv-
ing screening every 2-years ‘according to the current
Japanese - recommendations.” Our reference strategy is
the screening programme only with the current level of
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Figure 1. HPV natural history model.

coverage (i.e. 20%).%7 Table 1 summarises six strategies
that were analysed in the present study. The sensitivity of
the Pap smear was assumed to be 94.7% as previously
reported.”® The specificity (reported to be 98.9%) is not

included in the model because screening will be repeated in
false positives as determined by the cytology results.

Survival rates of women with cervical cancer

We used the data:from: life tables of Japanese:vital registra-
tion to estimate the population-based mortality rates by age
from cervical cancer and other competing risks.””. Cumula-
tive nationwide survival rates by cancer stages of FIGO: clas-
sification were not available in Japan. We adopted the data
from the: US SEER programme (Surveillance Epidemiology
and- End Results),'®!® which  were calibrated using: data
froman emstmg Iapanese reglonal cancer reg1stry 24

Transmon probablhtles
Several natural history models of HPV: have been developed
and used in policy evaluations.”””® Whereas a particular

© 2011 The Authors BJOG An International Journal of Obstetrics and Gynfic,giogy © 2011 RCOG 3



Yamamoto et al.

parameter has been common to several natural history mod-
els, there is a huge variation in the structure and parameters
used in the previous models.”® We used age-dependent type-
specific HPV prevalence data from Japanese women™ to
derive transition probabilities from the susceptible to those
infected with HPV16/18, other HR types and LR types.
Other model parameters were estimated from systematic
literature reviews and then calibrated to the Japanese set-
ting (Table 2)."” We simulated the model by using the
transition rates of CIN2, 3 to the undetected stage I cancer
of HPV16/18 and other HR depending on their age groups

Table 2. Transition: rate

in Japan. Then we adjusted them by using the data of age-
dependent incident rates of cervical cancer. We validated
the model by goodness-of-fit statistics using age-dependent
mortality rates of cervical cancer.

Cost estimation

A societal perspective was adopted for this cost analysis.
Cost estimates are presented in Table 3 that include pro-
gramme costs and time costs. We approximated the pro-
gramme costs by using the current national tariff used by
the national health insurance scheme.”’ These data were
cross-validated by the cost of treatments and care for
gynaecological patients at the University of Tokyo Hospital
between August 2007 and November 2009. Both variable
costs and doctor’s fees are included in the programme costs
according to the fee schedule set by the national tariff.’!
We estimated patients’ time cost by using the national
average hourly -wage of part-time workers from a national

survey.”

Cost-effectiveness analysis
We calculated quality-adjusted life-years (QALYs) from the
model outputs on incidence, duration and mortality. The
quality-of-life weights for different health states were based
on those used in previous studies (Table 4).3%% All costs
and benefits were discounted at 3%, a frequently used rate
for cost-effective analysis done in Japanese settings.*®

In line with a standard health economic evaluation,
strategies are ranked in order of effectiveness after exclud-
ing dominated strategies.”” Incremental cost-effectiveness
ratios (ICERs) are then calculated for each strategy relative
to the next best alternative. The preferred strategy is the
most effective strategy with an ICER within the willingness
to pay threshold of 4.5 million yen. A commonly applied
threshold for acceptable cost-effectiveness in the USA is
$50,000;°® it is often used as a basis of cost-effective analy-
sis in a Japanese setting.

4 © 2011 The Authorsl EJS)G An International Journat of Obstetrics and Gynaecology © 2011 RCOG



Results

Reduction in lifetime risk of cancer :
Figure 2 shows' the lifetime risk of cervical cancer by strat-
egy estimated from:a two-dimensional probabilistic sensi-
tivity - analysis. The range represents the minimum: and
maximum: numbers - of . cervical - cancer incidence  per
100 000 population -and its interquartile range (IQR). The
bars represent the median value. Increasing the coverage of
screening - from the current-level of 20-50 and' 80% will
substantially reduce the number of incident cervical cancer
cases by 45.5% (IQR42.0-48.7) and 63.1% (IQR 60.5~
65.7), respectively. Combined strategies of 20, 50 and 80%
screening coverage- rate yields, respectively, a 66.1% (IQR
68.3-64.2), 80.9% (IQR 78.6-83.3) and  86.8% (IQR 85.4~
87.9) reduction in cervical ‘cancer incidence.
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Cost-effectiveness of HPV vaccine in Japan

Total costs and QALYs of vaccination and
screening programmes i

Total QALYs gained per 100 000 populatlon for each strat-
egy showed slight ‘increase “as the' screening ' coverage
increases and the universal vaccination is added (Figure 3).
Figure 4 shows cost -per person for each strategy.. The
squares represent - average values -and  the range represents
average value =2 SD. Costs of strategies including vaccina-
tion are approximately four times higher than that of strat-
egies without vaccination. Increasing the screening coverage
rate was - cheaper - than - introducing - vaccination for all
11-year-old girls.

Incremental cost-effectiveness ratio

Table 5 shows the ICER of each strategy ‘compared w1th its
next best alternative strategy. Using the default model val-
ues, 50% screening coverage with a vaccination strategy
was the most cost-effective when using a willingness to pay
for a QALY threshold of 4,500,000 yen (= US$500, 000)
(Figure 5).

Sensmwty analysis on vaccine efficacy
We performed a sensitivity analysis on vaccine efficacy. The
vaccine efficacy is determined by the combination of risk
ratios to acquire HPV16/18 and other HR in our model.
Table 6 shows cost and QALYs. derived from the reference
vaccine efficacy, minimum and maximum vaccine. efficacy
per 1000 people. Differences in vaccine efficacy would result
in the differences in programme costs ranging from approxi-
mately 4, 000,000-8,000,000 yen (=US$480,000-960. 000)
Table 7 shows the ICERs derived from the sensrcmty
analysis. The current strategy is ‘dominated by strategies
with a higher screening rate. A screening rate. of 20% with
a vaccination strategy is .always ruled out because of
extended dominance. The ICER for a screening rate of 50
and 80% with vaccination strategies was sensitive’ to*the

+

= 5

Figure 2. Lifetime risk of cancer for each strategy.
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Figure 3. Total QALYs per 100,000
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Figure 4. Cost per person for each strategy.

differences in incremental costs and effectiveness given by
the result of a two-dimensional probabilistic sensitivity
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; Table 6. Costs and QALYs per. OQO, people of varied vaccine effect

Cost-effectiveness of HPV vaccine in Japan

- Strategy

- Minimum vaccine effect*

Baseline vaccine effect* Maximum vaccine effect*

 QALYs

,,Screenmg 20% + vaccmat"n 69,561 00

25950, 7
2 953,,22‘

minimum efficacy, a combined strategy of 80% screening
and universal vaccination is most cost-effective. On the
other hand, with the maximum and baseline vaccine effi-
cacy, a combined strategy of 50% screening and universal
vaccination remains most cost-effective.

Discussion

The introduction of HPV vaccine to the Japanese popula-
tion has been controversial because the coverage of Pap
smear screening is low and the prevalence of HPV types is
different from that observed in Western countries.

To date there has been only one study that has assessed
the impact of introducing HPV vaccine in Japan.'® How-
ever, this study suffered from several major limitations.
It did not distinguish health status related to HPV type 16
and 18 from other high-risk types. We modelled the natural
history of each HPV type status; HPV16/18, other HR, and
LR. We used different vaccine efficacies depending on the
HPV types with a range that was derived from a meta-anal-
ysis of the available evidence. The previous study also did

not include strategies of varied screening rates without vac-
cination. The authors analysed the effect of screening atthe
currently observed levels ranging from 13.6 to 24.7%; and
so the impact of increasing Pap smear coverage was not
considered. Instead, the present study compared the strate-
gies of varied screening rates ranging from 20 to 80%.

Our analysis suggests that increasing cervical cancer
screening coverage to 50% would halve the incidence of
cervical cancer and save programme costs and that the
introduction of HPV vaccination would reduce - the inci-
dence by two-thirds but result in-a four-fold increase in
programme costs. Using the model’s default values, a com-
bined strategy to expand the coverage of cancer screening
up to 50% and the introduction of universal vaccination
would be most cost-effective. The results are robust with
sensitivity analysis in which the optimum coverage level
most likely lies somewhere between 50 and 80%. Our result
confirms the need for expanding coverage for Pap smears
in Japan as previously suggested,” to maximise the impact
of the cervical cancer strategy regardless of whether a
national vaccine programme is also implemented.
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