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Table 3. Result of hierarchical regression analysis on patients’ willingness to continue living at home

n=173

Model 1

Model 2 Model 3

Model 4

OR®

(95% CI*) OR=

(95% CI®) OR® (95% CI*) OR® (95% CI®)

Patient. characteristics
Age (years) —
Sex (1. Male/0. Female) —
Performance Status (0—4)
No. of medical treatments (0—4)
Desire for home care
(1. Present/0. Absent)
Patient discharge-related information
Consistency with care envisioned
by patient
Patient QOL
Physical well-being
Social well-being
Emotional well-being
Functional well-being
PFC status
Age (years)
Gender (1. Male/0. Female)
Additional support
Satisfied with life
(satisfied with current QOL)

2.70% (1.34-6.41)

0.49* (0.23-0.97) 0.44* (0.19-0.90) 0.39* (0.13-0.94) 0.20* (0.65j0.72)
3.32 (0.74-17.34) 3.26 (0.64-20.71) — —

2.39 (0.95-7.19) 2.77* (1.08-8.62)

0.86 (0.67-1.01) 0.83 (0.61-1.02)

1.36*% (1.06-1.94) 1.45* (1.08-2.17)

2.37* (1.15-5.77)

RZ 0.09 0.16 0. 0.26
MR24 0.17 0.30 0.39 0.50
*» < .05

— denotes item was not selected by backward elimination (p > .2)

aAdjusted odds ratio

b95% confidence interval

cCoefficient of determination
dMax-rescaled coefficient of determination

was found to be associated with the desire to main-
tain the current home care.

The support of the caregiver is an essential part
of home care, and it seems that patients are sensi-
tive to the situation of the caregivers close to them
and worry about their caregivers’ well-being since
it relates to their giving care at home. The care-
givers’ satisfaction with life appears to bolster the
willingness of patients to continue home care.

In the present study, the model contribution ra-
tios were increased by adding the variables of care-
giver status to those of patient characteristics,
indicating that the attitudes and well-being of care-
givers are important factors in the willingness of
patients to continue home care and should be taken
into account.

Assistance during the Early Phase of
Home Care of Terminally 111 Cancer .
Patients to Promote Its Continuance

Taking account of the caregiver’s status is essential
if appropriate assistance is-to be given during:the

early phase of home care. Our results indicate that
efforts to promote consistency between the care
envisioned by the patient and its reality are impor-
tant, as are measures to reduce patients’ fears of
difficulties resulting from medical treatments. Thus,
there is a substantial need to improve discharge
assistance and continuing care, for example, via
outpatient counseling for both patients and care-
givers (Naylor et al., 1999, 2000; Naylor, 2000).
The importance of the role of caregivers, who are
in closest contact with patients, was confirmed by
the finding that the level of satisfaction with life of
caregivers is associated with the willingness of pa-
tients to continue home care. Therefore assessment
over time and finding a place to discuss such mat-
ters as the feelings about their current lives, not
only of patients but also of caregivers, is desirable.
Our results suggest that the following aspects of
care should be considered in the development of
high quality transitional care from CCCs to the
patient’s own home in" Japan: tailoring a support
system for cancer. pain relief and other. physical
suffering, coordinating care with other medical fa-
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cilities, explaining the medical condition to the pa-
tient, coordinating the patient/family relationship
with regard to telling the patient the diagnosis, and
coordinating the provision of welfare services such
as nursing, equipment rental, and provision of home
helpers.

We recognize that this study has several limita-
tions. The percentage of valid responses was low.
However, virtually no studies exist in which an
equal number of responses have been obtained
from terminally ill cancer patients and their care-
givers (Rinck et al., 1997). In addition, this study
was cross-sectional. Future work should measure
changes in the willingness of patients to continue
home care over time and to further elucidate fac-
tors affecting this outcome, such as changes occur-
ring in the living environment during home care.

This is the first quantitative study of the transi-
tion period from CCC to home care experienced by
both terminally ill cancer patients and their care-
givers in Japan. An understanding of the factors
that determine the willingness of patients to con-
tinue living at home is necessary for planning the
support required for a smooth transition to care at
home and for providing solutions to problems en-
countered by health care professionals who provide
home care. s '
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Abstract

There have been controversies whether maternal serum place‘ntal protein 5 (PP5)/itissue factor pathway inhibitor (TFPI)-2 is increased in the
patients with preeclampsia and/or intrauterine growth restriction (IUGR). Here, we have estimated the serum PP5/TFPI-2 in these patients by
a sandwich enzyme-linked immunosorbent assay with a newly developed monoclonal antibody, coupled with placental immunohistochemical
studies of their placentae with semiquantitative scoring.

Serum PP5/TFPI-2 level was significantly elevated only in the patients with preeclampsia alone ( p = 0.033), while PP5/TFPI-2 was detected
significantly less intensely in the placentae of the same patients (p = 0.035) in immunohistochemistry, as compared to Controls. A proteoglycan
present on the placental villous surface, glypican-3, showed the same pattern of staining as PP5/TFPI-2, and there was a positive correlation
(C.I =0.506, p =0.004) between the immunohistochemical scores for these. Further experiments using HepG2 cells transfected with PP5/
TFPI-2 suggested that glypican-3 could anchor PPS/TFPI-2 on the placental villi.

A possibility that a decrease in glypican-3 in the placenta increases the outflow of PP5/TFPI-2, which in turn increases its serum level, was
proposed. Preeclampsia and [UGR, often regarded to have the same pathological basis in common, showed distinct distributions of PP5/TFPI-2,
which could be a clue to elucidate the pathogenesis of preeclampsia and IUGR. '
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Placental protein 5/tissue factor pathway inhibitor-2; Glypican-3; Preeclampsia; Intrauterine; Growth restriction; Syndecan-1

1. Introduction underlying these disorders has been elucidated, the ultimate

causes of preeclampsia and IUGR remain unknown [1-—3].

Preeclarhpsia and intrauterine growth restriction (IUGR)
are difficult to predict clinically, and are some of the severe
complications of pregnancy. Although part of the mechanisms

* Corresponding author. Tel.: +81 45 391 5761; fax: +81 45 366 3157.
E-mail address: miyagi @gancen.asahi.yokohama.jp (Y. Miyagi).

0143-4004/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.placenta.2006.01.023

Placental protein 5 (PP5) is a soluble protein produced in
the human placenta and is detected in the serum of the preg-
nant woman [4]. We previously have found from amino acid
sequence comparisons that PP5 is identical to a 29-kDa Kunitz
type proteinase inhibitor [5]. The same protein, named tissue
factor pathway inhibitor (TFPI)-2, was cloned independently
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as a homologue of TFPI from a human placental cDNA library
by others [6]. ]

PPS/TFPI-2 is a potent inhibitor of trypsin, plasmin, plasma
kallikrein, factor XIa and factor VIIa/TF complex, and also
weakly inhibits amidolytic activity of factor Xa [7]. The
expression of PP5/TFPI-2 has been demonstrated in various
human tissues other than the placenta [5,8—10], and its contri-
bution to angiogenesis [9—11] and carcinogenesis [12—15]
has been the focus of several studies. Recently, the function
of PP5/TFPI-2 as a mitogen for vascular smooth muscle cells
[16] and retinal pigment epithelial cells [17] has been
demonstrated.

Despite its abundant presence in the placenta, the function
of PP5/TFPI-2 during pregnancy is not fully understood. We
have demonstrated that PP5/TFPI-2 is localized on the surface
of microvilli and the endoplasmic reticulum membrane of syn-
cytiotrophoblasts by immunoelectron-microscopy, and that in-
cubation with heparin releases PP5/TFPI-2 from the villous
‘surface of the placenta [18,19].

TFPI is known to bind to glypican-3, a member of the trans-
membrane heparan sulphate proteoglycans (HSPGs), on the
cell surface of hepatocellular carcinoma cell line, HepG2 cells.
When HepG2 cells are incubated with heparin, TFPI is re-
leased from the cell surface into the culture medium [20].
TFPI possesses a highly positively charged region in its car-
boxyl terminus, for which heparin competes with glypican-3
to release TFPI 21].

As PP5/TFPI-2 has a similar structural domain to TFPI, we
hypothesized that PP5/TFPI-2 might be retained on the surface
of the placental villi by proteoglycans such as'members of the
glypican and syndecan families, and that PP5/TFPI-2 might
play a role to maintain intervillous blood flow [19]. Glypi-
can-3 is known to be expressed abundantly in the placenta
[22], along with syndecan-1, a member of the HSPGs synde-
can family [23].

It has been reported that the maternal serum level of PP5/
TFPI-2 is elevated in the patients with severe preeclampsia
{24—26]. Some investigators have reported the elevated
maternal serum level of the same protein also in the patients
with TUGR [25,26], while others have failed to demonstrate
the elevation [27,28], using the same rabbit polyclonal anti-
body raised against a fraction of purified PP5/TFPI-2 as for
the radioimmunoassay [29,30]. Another evaluation with new
specific monoclonal antibody and with a more ‘specific tech-
nique (sandwich ELISA) than radioimmunoassay may serve
to clarify the association between the maternal serum PP5/

'TFPI-2 levels and preeclampsia and/or IUGR. In addition,
the mechanism underlying the increase in PP5/TFPI-2 in the
maternal serum remains to be elucidated. To date, there have
been no reports on the in situ expression of PPS/TFPI-2 in
the placentae of the patients with preeclampsia and/or TIUGR
as compared with their serum PPS/TFPI-2 levels.

Here we have attempted to clarify the maternal serum levels
of PP5/TFPI-2, along with the in situ expression of the same
protein in the placentae of the patients with preeclampsia
and/or TUGR. We have also sought for the association of
PP5/TFPI-2 with some proteoglycans in the placentae.

2. Materials and methods
2.1. Placental tissue and serum samples

The experimental protocol was peer-reviewed and approved by the Ethical
Comumittee of Yokohama City University Graduate School of Medicine. Pla-
centae, maternal and umbilical venous sera were collected from the patients
who were scheduled to undergo caesarean section. After receiving a detailed
explanation, each of the patients who agreed to be enrolled in this study
gave written informed consent.

Preeclampsia was diagnosed according to the definition established by the
National High Blood Pressure Education Program [31]. [UGR was diagnosed
if the estimated weight of the fetus was less than the 10th percentile for its ges-
tational age according to the Japanese standard fetal growth curve [32}, and the
presence of growth arrest and non-reassuring fetal status were inferred from
the fetal monitoring. For each of the patient, the gestational age had been con-
firmed in the first trimester by ultrasound.

The maternal serum was sampled 10—60 min before the mothers moved to
the operation room, before the administration of anesthesia. The maternal
serum was also sampled 4 days after delivery. The umbilical venous serum
was collected carefully from the cord to avoid contamination with maternal
blood. All serum samples were stored at —80 °C until the assay.

Placental tissues were sectioned into samples of approximately
3 cm x 3 cm x whole thickness takeén from five different portions, fixed in
10% neutral-buffered formalin and embedded in paraffin for histopathological
studies.

2.2. Preparation of mouse monoclonal anti-PP5/TFPI-2
antibody

Monoclonal antibody was raised against a synthetic peptide antigen con-
sisting of 14 amino acid residues, NH,-DAAQEPTGNNAEIC-COOH, corre-
sponding to the N-terminus of the mature PP5/TFPI-2 protein after cleavage
of the putative signal peptide. Specificity of the antigenic peptide to PP5/
TFPI-2 was verified by searching the peptide sequence against other proteins
with the BLAST program at the National Center for Biotechnology Informa-
tion, National Institute of Health, Bethesda, MD (http://www.ncbi.nlm.nih.-

_gov/BLAST/). The cysteine residue at the carboxy terminus was conjugated

to keyhole limpet hemocyanin.

To use as the standard PP5/TFPI-2 protein for screening of the hybridoma
cell clones of new antibodies and for the enzyme-linked immunosorbent assay
(ELISA), recombinant PP5/TFPI-2 was prepared as follows. Histidine-tagged
PPSITFPI-2 ¢cDNA was transfected into the yeast (Pichia Pastoris) by using an
EasySelect Pichia Expression Kit (Invitrogen, Carlsbad, CA) according to the
manufacturer’s instruction. The expressed recombinant PPS/TFPI-2 was affin-
ity purified against the histidine-tag by using a Ni-NTA Spin Kit (QIAGEN,
Valencia, CA). )

Five-week-old BALB/c mice, gained from Oriental Yeast Co., Ltd., Tokyo,
Japan, were immunized with the antigenetic peptide every 2 weeks. Three days
after the last injection of 250 pg of the immunogen, the mouse spleen cells
were sampled and fused with a mouse myeloma cell line P3U1 using polyethy-
leneglycol. From the antibody produced by the hybridomas, a clone 28Aa was
selected for use in the study by Western blotting against the recombinant PP5/
TFPI-2 expressed in the yeast described above. The antibody of the selected
clone was purified from the ascites of the BALB/c mice that had been injected
intraperitoneally with the hybridoma cells by column cliromatography using
protein A (Amersham Biosciences Co., Piscataway, NJ). )

2.3. Sandwich ELISA

Serum levels of PPS/TFPI-2 were assayed by Sandwich ELISA using the
clone 28Aa mouse monoclonal antibody against human PP5/TFPI-2 as de-
scribed above, and a previously described rabbit polyclonal antibody against
human PP5/TFPI-2 [18].

PP5/TFPI-2 antibody clone 28Aa diluted to 10 pg/ml was applied to a 96-
well plate (Greiner Bio-one, Longwood, FL). After incubation at 4 -°C over-
night, the plate was blocked with 1% bovine serum albumin (Sigma) in
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phosphate-buffered saline (PBS) at room temperature for 1 h. Serum samples
diluted five times or the recombinant PPS/TFPI-2 protein diluted to different
concentrations was added to each well. The plate was then incubated at
37 °C for 1 h. After washing, the rabbit polyclonal antibody against human
PPS/TFPI-2 diluted to 10 pg/ml was added to the wells, and the plate was in-
cubated at 37 °C for an additional hour. For detection, a horseradish peroxi-
dase (HRP)-conjugated goat anti-rabbit immunoglobulin (Ig) G H+L
(Molecular Probes, Invitrogen, Carlsbad, CA), diluted to 1:16000 was added
to.each well. After incubation at 37 °C for 1 h, O-phenylenediamine (Sigma)
was added for color development. Absorbance at 490 nm was read by a Bench-
mark Plus spectrophotometer (Bio Rad, Hercules, CA) and the results were an-
alysed by Microplate Manager Ver. 5.2 (Bio Rad).

2.4. Immunohistochemical analyses

Paraffin sections of the placentae were routinely stained with Hematoxylin
and Eosin. The samples were also subjected to immunohistochemical staining
for PP5/TFPI-2 and glypican-3.

Deparaffinized and rehydrated slides were immersed in 0.01 M citrate
buffer, pH 6.0 (Sigma), and heated in a microwave oven for antigen retrieval.
The slides were then cooled, washed in PBS, and immersed in 3% H,O;
diluted in methanol at room temperature.

The clone 28 Aa mouse monoclonal antibody against human PP5/TFPI-2 or
a mouse monoclonal antibody against human glypican-3 (clone 1G12, Biomo-
saics, Burlington, VT), diluted to 5 pg/ml or 40 pug/ml, respectively, was used
as the primary antibody. Histofine SAB-PO multikits (Nichirei, Co., Tokyo,
Japan) were used to detect the labeled antigens. Histochemically labeled
antigens were visualized by reaction with 3,3’-diaminobenzidine (Wako Pure
Chemical Industries, Ltd., Osaka, Japan).

Immunohistochemical staining for syndecan-1 (CD138) was also
performed with a mouse monoclonal antibody against human CD138 (clone
B-B4, Serotec, Oxford, UK) (diluted 1:200), as described above except for
the antigen retrieval. Adjacent sections were used for immunohistochemical
stainings for PP5/TFPI-2, glypican-3, and syndecan-1.

The results of the immunohistochemistry were analysed by using a modi-
fied German immunoreactive score [33—35]. The immunostaining intensity
was rated as follows: 0, none; 1, weak; 2, moderate; and 3, intense. The quan-
tity of immunohistochemically positive trophoblasts was also graded as
follows: O, none; 1, 1—10%; 2, 11-50%; 3, 51—80%; and 4, 81—100%.
A score per slide was calculated as the summation of the areas of
intensity multiplied by the quantity of each area. Each slide was evaluated
of its score three times by two independent examiners who were blinded to
its origin. The average of the scores from all of the slides of the placenta
was determined as the representative data for that sample.

2.5. Transfection, immunoprecipitation and Western blotting

HepG2 cells were obtained from the Cell Bank, RIKEN BioResource
Center (Tsukuba, Japan), and cultured in RPMI1640 (Kohjin Bio, Co., Itado,
Japan) containing 10% fetal bovine serum (Moregate Biotech, Balimba,
Australia) under an atmosphere of humidified 5% CO,. A mammalian expres-
sion vector pcDNA3 (Invitrogen) or the vector containing the whole coding
region of human PP5/TFPI-2 ¢cDNA was transfected to HepG2 cells with
Lipofectamine 2000 transfection reagent (Invitrogen) under the manufacturer’s
instruction.

Forty-eight hours after transfection, the cells were lysed at room tempera-
ture for 10 min in 1 ml of a lysis buffer (25 mM Tris—Cl, pH 7.5; 100 mM
NaCl; 2 mM EDTA (Sigma); 1% Triton X-100 (Sigma)) containing protease
inhibitors (Complete Mini, Roch Diagnostics, Indianapolis, IN). After cell de-
bris was removed by centrifugation, each lysate was further pre-cleared with
Protein G Sepharose 4 fast flow (Amersham Biosciences).

Immunoprecipitation was carried out with 2.5 ug of the 28Aa mouse
monoclonal antibody against human PP5/TFPI-2 and 50 pl of the Protein G
Sepharose at 4 °C, and then the Sepharose phase was washed four times
with the lysis buffer. Each immunoprecipitate was recovered by adding
50 nl of 2x SDS containing sample buffer and incubating at 70 °C for
10 min. Equal amount of immunoprecipitate (10 ul each) was subjected to

SDS PAGE, followed by Western blotting for PPS/TFPI-2 (with the clone
28Aa antibody) or glypican-3 (the clone 1G12 mouse monoclonal antibody
against human glypican-3, Biomosaics), respectively. An HRP conjugated
sheep anti-mouse IgG (Amersham Biosciences) was used as the secondary an-
tibody, and the signals were detected with the Supersignal West Pico chemilu-
minescent substrate (Pierce).

2.6. Suatistics

Data are expressed as the mean =+ standard error (SE). Statistical compar-
ison was performed by either Student’s 7 test, Welch’s ¢ test, Mann—Whitney’s
U test, or analysis of covariance (ANCOVA), The correlation index was calcu-
lated by using cither Pearson’s test or Spearman’s test. SPSS software (Basic
11.0, SPSS Inc., Chicago, IN) was used for calculation. Significance was set at
p <0.05.

3. Results
3.1. Patients

Fifty-five patients who had been scheduled to undergo
caesarean section at 24—39 weeks of pregnancy agreed to
the collection of samples for research usage. Four patients
were excluded from the study because they had previously
taken medication for other pre-existing diseases. Hence, the
51 patients who had not been diagnosed of any pre-existing
disease such as hypertension, renal disease, diabetes mellitus,
or other chronic disease before pregnancy were enrolled in the
study. There were no neonates with congenital or chromo-
somal abnormalities.

3.2. Maternal serum PPS/TFPI-2 levels in preeclampsia
andlor IUGR

Maternal serum samples at delivery were available from the

51 patients, whose obstetrical complications are summarized

in Table 1. Nineteen patients had preeclampsia, 10 of whom
had preeclampsia only (Group P), and the other nine of
whom had been also diagnosed as IUGR (Group P + IUGR).
Seven had been diagnosed with IUGR alone (Group IUGR).
The other 25 patients did not have the above-mentioned ob-
stetric complications (the Control).

We confirmed from the clinical records that none of the pa-
tients in Group P, Group P + IUGR, and Group IUGR had
been hypertensive or had proteinuria early in pregnancy, nor
had they persisted hypertension or proteinuria at the time of
their follow-up visits 1 month after delivery. All of the patients
in Group P and Group P + IUGR had received antihyperten-
sive medications for as long as 1—14 days.

The patients with preterm premature rupture of the mem-
brane and premature labor in the Control had mild, if any,
pathological changes in the placentae (Blanc stage [36] one,
i.e., intervillositis at most), and had no clinical sign of severe
chorioamnionitis or maternal systemic infection such as uter-
ine tenderness, foul smelling amniotic fluid, maternal fever
more than 38 °C, matemnal tachycardia (>120 beats/min), or
maternal leukocytosis (>20 000/pl). ,

The clinical features of the study groups are summarized in
Table 2. The maternal mean arterial pressure (MAP) and
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Table 1
Distribution of the patients

Complicationé/indications for C/S Number of the patients

Preeclampsia (Group P) 10
Non-reassuring fetal status ’ 3
Incontrollable matemal hypertension/renal 6
insufficiency
Both of the above 1

Preeclampsia with IUGR (Group P + IUGR) 9
Non-reassuring fetal status 7
Incontrollable maternal hypertension/renal 2
insufficiency

" TUGR (Group IUGR) 7
Non-reassuring fetal status 7

No above complications (the Control) 25
History of C/S’
Breech presentation
Placenta previa
Preterm PROM
Preterm labor
History of uterine surgery -
Operated atresia ani

Total 51

TUGR, intrauterine growth restriction; C/S, caesarean section; PROM, prema-
ture rupture of the membrane.

—— N AW D

urinary protein (UP) were measured at the time of blood sam-
pling. Although none of the patients in Group IUGR had been
diagnosed as hypertensive, the maternal MAP was signifi-
cantly higher not only in Group P and Group P+ IUGR
(p<0.001 for both Groups), but also in Group IUGR
(p =0.032), as compared with the Control. However, the ma-
ternal MAP was significantly lower in Group IUGR "than in
Group P (p = 0.001). There were no differences in the mater-
nal MAP and UP between Group P and Group P + IUGR.
The mean gestational age at delivery was significantly
younger in Group P (p=0.039), in Group P +IUGR
(p =0.005), and in Group IUGR (p = 0.037) than in the Con-
trol. Even controlling for the gestational age at delivery, the

neonatal birth weight was still significantly lower in Group
P+TUGR (p <0.0001) and in Group TUGR (p < 0.0001)
than in the Control.

PP5/TFPI-2 has been reported to be detectable early in
pregnancy, and rise to a maximum at gestational weeks 36—
37 [29,30]. To adjust for the effect of gestation, we compared
the serum PPS/TFPI-2 levels in the maternal samples obtained
at delivery by analysis of covariance (ANCOVA) (Fig. 1), after
controlling for gestational age at delivery and neonatal birth
weight. The detection limit of the sandwich ELISA for PPS5/
TFPI-2 was 1 ng/ml, and the intra- and inter-assay coefficients
of variances were 5.0% and 10.0%, respectively. The analyti-
cal recovery was 80%.

The maternal serum PPS5/TFPI-2 levels were 530.8 +
1113 ng/ml in Group P, 362.1 £146.0ng/ml in Group
P +TUGR, 223.9 + 149.8 ng/ml in Group IUGR, and 233.2 +
83.8 ng/ml in the Control. The maternal serum PP5/TFPI-2
level was significantly higher in Group P than in the Control
(p =0.033), but there were no significant differences in this
value between Group IUGR and the Control, and between
Group P + IUGR and the Control.

The PP5/TFPI-2 levels in the umbilical serum samples and
in the maternal serum samples obtained 4 days after delivery
were too low to be measured (data not shown).

3.3. Immunohistochemistry for PP5/TFPI-2, glypican-3,
and syndecan-1

. Placental samples were available from eight patients in
Group P, seven patients in Group P + IUGR, six patients in
Group IUGR, and from 24 patients in the Control. We selected
12 placental samples from the patients in the Control who
were matched in gestational age at delivery with the patients
in the other three study groups randomly. There was no signif-
icant difference in the maternal age, body mass index, and
umbilical arterial pH among the patients in the three study
groups and the Control whose placental samples were sub-
jected to immunochistochemical analysis.

Table 2
Comparison of the characteristics of the study groups

P (n=10) P+IUGR (n=9) IUGR (n=17) Control (n = 25)
Maternal age (years) 31.8+19 29.8 +2.1 31.0+24 31.8+10
Maternal BMI 246+ 1.7 24017 227+14 21.8+0.7
Maternal MAP at delivery (mmHg) 1182 +4.4* 110.1 £6.3*° 88.8 £5.5% 78.1+£2.0
Maternal UP (mg/dl) 2963 4+ 75.1% 491.8 +179.5*¢ 21.4+10.1 13.7+75
% of primiparas 50.0 ‘444 429 52.0
Gestational age at delivery (weeks) 325+ 1.6%° 31.1 £ 1.6%8 31.1+£19% 36.0%+0.8
% of male babies 30.0 444 4 571 48.0
UApH 7.270+£0.017 7.232 +0.019% 7.295 £0.028 7273 +£0.018
Neonatal birth 1922 £ 311 1124 + 1854 1344 + 230%* 2550+ 130
weight (g)

BMI, body mass index; MAP, mean arterial pressure; UP, urinary protein; and UApH, umbilical arterial pH.

Student’s ¢ test, otherwise noted.

*2p < 0,001 (compared to the Control), p =0.001 (compared to Group IUGR), *Pp < 0,001 (compared to the Control), **p = 0.032 (compared to the Controt),
*dp < 0.001 (compared to the Control), p = 0.009 (compared to Group TUGR), **p < 0.001 (compared to the Control), p=0.01 (compared to Group TUGR),
*p = 0,039, *8p =0.005, *'p =0.037 (compared to the Control), *p=0.037 (compared to the Control, Mann—~Whitney’s U test), *¥p < 0.0001 and
#%) < 0.0001 (compared to the Control, ANOVA, where gestational age at delivery was set as a covariate.) :
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Fig. 1. Comparison of the PP5/TFPI-2 levels in maternal serum samples in the
different groups obtained at delivery. Data are expressed as the mean & SE and
are adjusted for gestational age at delivery and the neonatal birth weight.
*p = 0.033 (ANCOVA, where gestational age at delivery and the birth weight
of the neonate are set as covariates).

PP5/TFPI-2 was detected in the cytoplasm of syncytiotro-
phoblasts, but not in any other type of cell such as cytotropho-
blasts, decidual cells, stromal cells, or chorionic vascular
endothelial cells (Fig. 2), as we have previously described
[18,19]. Glypican-3 showed the same pattern as PP5/TFPI-2,
that is, it was present only in the cytoplasm of syncytiotropho-
blasts. Syndecan-1 was limited to the surface of the
syncytiotrophoblasts.

3.4. Immunohistochemical evaluation

The results of the immunohistochemical analyses are sum-
marized in Fig. 3. The coefficients of variation (CVs) of the
scores from each of the two independent examiners were
19.7% and 13.8%, respectively. The CV between the scores
from the two examiners was 17.9%. In contrast to the increase
in maternal serum levels, PP5/TFPI-2 was detected scarcely in
the placenta of Group P (Fig. 2), and so was glypican-3. The
scores for PP5/TFPI-2, and also for glypican-3, in the placenta
were significantly lower in Group P than in the Control
(p = 0.035 for PP5/TFPI-2, 0.047 for glypican-3).

The scores for syndecan-1 in the placenta were significantly
higher in Group P and Group IUGR (p = 0.023 and p = 0.003,
respectively) than in the Control.

There was a positive correlation between the score for
glypican-3 and that for PP5/TFPI-2 among the 33 placental
samples examined (C.I. =0.506, p=0.004) (Fig. 4). The
score for syndecan-1 correlated with neither that for PP5/
TFPI-2 nor that for glypican-3 (data not shown).

3.5. Interaction of PP5/TFPI-2 and glypican-3

HepG2 cells abundantly produced both the core protein
(approximately 60 kDa) and the glycated form (observed as
a broad band around 97 kDa) of glypican-3, and no detectable
amount of PPS/TFPI-2 was observed (Fig. 5, lanes 1 of (A) &
(B)). With the antibody against PP5/TFPI-2, only the glycated
form of glypican-3 and PP5/TFPI-2 were co-immunoprecipi-
tate from the lysates of the PP5/TFPI-2 expression vector

transfectants, and the core protein of glypican-3 was not de-
tectable (Fig. 5, lanes 4 of (A) & (B)). From the lysates of
the empty vector transfectants, which were prepared as a neg-
ative control, no detectable bands of PP5/TFPI-2 or glypican-3
were observed (Fig. 5, lanes 2 of (A) & (B)).

4. Discussion

First, we found that PP5/TFPI-2 interacts with glypican-3.
In immunohistochemistry, glypican-3 was detected in a pattern
identical to that of PP5/TFPI-2, with a positive correlation be-
tween the immunohistochemical scores for the two. The bio-
chemical interaction of PP5/TFPI-2 with glycated glypican-3
was demonstrated in the HepG2 cells transfected with PP5/
TFPI-2. These findings strongly support our previous proposal
that glypican-3 serves as the anchor for PP5/TFPI-2 on the pla-
cental villi [19]. It is known that some proteins anchored to
HSPGs can be shed together to the extracellular space [37].
Glypican-3 may not only anchor PP5/TFPI-2 but also play
more roles in the secretory pathway of PP5/TFPI-2. Future
studies should identify the precise localization of glypican-3
in the syncytiotrophoblasts and whether PP5/TFPI-2 and
glypican-3 interact in the maternal serum.

Second, we highlighted the discrepancy that the maternal
serum PP5/TFPI-2 level was increased, whereas placental
PPS/TFPI-2 was detected significantly less intensely, in
Group P as compared to the Control. This is the first study
to investigate in parallel the maternal serum level and the
placental immunohistochemistry of PP5/TFPI-2. Most glyco-
proteins that are produced by the placenta and detected in
the maternal serum are known to be increased in the maternal
serum of the patients with preeclampsia as compared to
Controls [38—44]. 1t is thought that in preeclampsia, increased
apoptosis of trophoblasts occurs in early pregnancy and
that newly differentiated trophoblasts later in pregnancy
overfunction as a compensation [40,42], based either on the
assays of the extracts from the placenta at term [42] or on
immunohistochemical studies of the placenta [41,43]. It is ob-
vious from our data that the increase in PP5/TFPI-2 in maternal
serum in preeclampsia must result from a mechanism different
from that regulating other glycoproteins, which are detected
strongly in the placenta in preeclampsia as compared to
Controls [41,43].

Glypican-3, which was also detected significantly less in-
tensely in the placenta of Group P as compared-to the Control,
may provide a clue to clarify the discrepancy in PP5/TFPI-2
levels. It is not clear whether the decreased amount of glypi-
can-3 in the placenta in preeclampsia is caused by reduced ex-
pression of the protein through unknown mechanisms, and/or
by increased cleavage of it. In either case, the amount of PP5/
TFPI-2 anchored on villous surface might be decreased due to
the smaller amount of glypican-3 on the villi. One could spec-
ulate that more PP5/TFPI-2 would flow out from the placenta
to the maternal blood, as compared to normal pregnancy,
which in turn would increase the level of PPS/TFPI-2 in
maternal serum in preeclampsia. However, other mechanisms
should be taken into account for the increase in PPS/TFPI-2 in
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PPS/I'FPI-2

Fig. 2. Examples from the results of immunohistochemical studies. All images original magnification, x100; scale bar, 100 pm. (A) HE staining, and immuno-
histochemical staining for PPS/TFPI-2, glypican-3, and syndecan-1 in the placental samples of the Control and Group P. (B) HE staining (the upper lane), and
immunohistochemical staining for PPS/TFPI-2 (the middle lane) and glypican-3 (the lower lane) in the placental samples of Group P (the light column), Group

P +TUGR (the middle column), and Group IUGR (the right column).

maternal serum, such as the metabolic pathway of the protein.
Influences of impaired renal clearance of the glycoproteins,
and of antihypertensive drugs in the patients with preeclamp-
sia might not be ignored. As for the influence of renal
function, even the clearance of human chorionic gonadotropin,
a glycoprotein mainly excreted in urine, is shown to be not
different between the patients with preeclampsia and normal
Controls [45], which implies minimal influence of renal func-
tion. Further studies on the metabolic pathway of PP5/TFPI-2,
as well as precise evaluation of the kinetics of PPS/TFPI-2 in
preeclampsia, are required.

Third, syndecan-1 was immunohistochemically detected at
significantly higher intensities in the placenta in Group P and
Group IUGR than in the Control, contrary to another report
[46]. This contradiction might be caused mainly by the differ-
ent methods used for evaluation; for example, we used a semi-
quantitative scoring system that focused on both the intensity

“and the quantity of the stained areas, whereas others had

scored only for the intensity.

Fourth, we. found that preeclampsia and IUGR, often con-
sidered to share the same pathological basis in common, pre-
sented distinct distributions of PPS/TFPI-2. In Group IUGR
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Fig. 3. Comparison of the immunohistochemical scores for PP5/TFPI-2,
glypican-3, and syndecan-1 in the placental samples. Data are expressed as
the mean + SE. Student’s ¢ test was used for all comparisons. *p = 0.035,
compared to the Control, and p=0.001, compared to Group IUGR,
*#p = 0,045, compared to the Control, ***p = 0,023, compared to the Control,
and ****p = 0.003, compared to the Control.

and Group P + IUGR, the maternal serum PP5/TFPI-2 levels
and placental immunohistochemical intensities of PP5/TFPI-
2 were comparable to the Control. Although the patients in
Group P and Group P + IUGR had preeclampsia to the same
severity, they were not the same in the status of PP5/TFPI-2.
The reason of the different status of PP5/TFPI-2 between pre-
eclampsia and IUGR, as well as its relation to the clinical
symptoms, is not known. Further studies would- provide
some available information on the pathogenesis of preeclamp-
sia and TUGR.

Finally, we found that the umbilical serum levels of PP5/
TFPI-2 were too low to be measured. The PPS/TFPI-2 levels
were decreased in the maternal serum samples obtained 4
days after delivery, in agreement with another report [30].

‘Immutohistochemics! scors for sly'p‘i.c"a'n -3

0 1 2 3 5 K] ¥ 8 9 -18
-Fig. 4. Correlation between the immunohistochemical scores for PPS/TFPI-2
and those for glypican-3. C.I. = 0.506, p = 0.004 (Spearman’s correlation test).

Fig. 5. Interaction of PP5/TFPI-2 and glypican-3 by immunoprecipitation
experiments. HepG2 cell lysates from the PPS/TFPL-2 expression vector trans-
fectant or the empty vector one were prepared as described in the text. Ten
microliters of each sample before immunoprecipitation was loaded as input.
Ten microliters from each 50 ul immunoprecipitant was also loaded. (A)
Immunoblotted with anti-glypican-3 antibody and (B) with anti-PP5/TFPI-2.
Molecular size from the marker bands was presented on the left side of
each panel. Lanes 1 and 3, inputs; Lanes 2 and 4, immunoprecipitants.
Ig-H, immunoglobulin heavy chain; Ig-L, immunoglobulin light chain;
glycated, the glycated form of glypican-3; and core, the core protein of
glypican-3.

The role of PP5S/TFPI-2 in pregnancy is not yet fully under-
stood, but it is certain that PP5/TFPI-2 functions within the
maternal serum and/or in the placenta, rather than in the fetal
side. Our hypothesis has been that PPS/TFPI-2 works as an
anticoagulant on the villous surface, which is not verified yet.
Another group [47] has shown that the cognate tissue factor
initiated coagulation inhibitor TFPI (or TFPI-1) is responsible
for inhibiting coagulation in the placenta. Our finding in the
present study, demonstrating the loss of PP5/TFPI-2 in the
syncytium of the patients with preeclampsia, might imply its
anticoagulant feature, because preeclampsia often encounters
with elevated coagulation activity. Measuring the parameters
of maternal coagulation activation in parallel with the exami-
nations of placental events in situ should be considered as
a further step to answer these questions.

In summary, the interaction of PP5/TFPI-2 with glypican-3"
has been demonstrated from our studies. In patients with pre-
eclampsia, there was a discrepancy in the PP5/TFPI-2 level in
maternal serum, and the immunohistochemical intensity of the

- protein in the placenta. A decrease in the amount of glypican-3

in the placenta seems to hold the key for the discrepancy, but
further studies are necessary to clarify the facts. Preeclampsia
and IUGR, often regarded to share the same pathological ba-
sis, appeared to be totally distinct in terms of PP5/TFPI-2
distribution. ’
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Abstract Background Several randomized controlled
trials have confirmed the usefulness of trastuzumab as an
adjuvant therapy for HER2-overexpressed breast cancer
patients; however, the costs for 1-year treatment are high.
Therefore, we performed an economic analysis regarding
the efficient distribution of medical resources. Methods To
analyze the cost-effectiveness for a 1-year adjuvant trast-
uzumab treatment group compared with the observation
group, we constructed a Markov model adopting a 3% per
year discount rate for costs and outcomes. The time hori-
zon was 50 years. The perspective was that of health-care
payers, as only direct medical costs were calculated. The
outcome was measured as life-year gained (LYG) from 2-
year follow-up HERA trial data. Results The ICER of the
standard setting (5 years efficacy and 50-60 kg patient
weight) was JPY 2,600,000 (€17,000) per LYG. The cal-
culation results of other weight class ICER were
JPY 2,200,000 (€15,000) and JPY 3,300,000 (€22,000)
per LYG for the patients, respectively, who weighed less
than 50 kg, and 60-75 kg. In the sensitivity analysis, the
period of trastuzumab efficacy was the most influential
parameter for the result of cost-effectiveness. However,
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even if the trastuzumab efficacy were to continue for only
2 years, at least, which is a conservative setting judging
from the joint analysis (NSABP B-31 and NCCTG N9831
trials), the ICER remains acceptable for any weight class.
Conclusion These results suggest that the 1-year adjuvant
trastuzumab treatment is cost-effective. Both clinical and
economic benefits were superior for the 1-year adjuvant
trastuzumab treatment group compared with the observa-
tion group.

Keywords Adjuvant treatment - Breast cancer -
Cost-effectiveness - HERA trial - Trastuzumab

Introduction

In Japan, the number of patient deaths due to breast cancer
is increasing, while breast cancer mortality in Europe and
the USA has generally improved since the 1990s [1]. The
death toll from breast cancer is estimated as 10,000 persons
per year, and reducing deaths due to breast cancer is one of
the most important issues for women’s public health.
Trastuzumab (Herceptin®) is a humanized monoclonal
antibody that selectively targets the human epidermal
growth factor type-2 (HER2) receptor. Amplification of the
HER2 gene and overexpression of the HER2 protein,
considered to be poor-prognosis factors, are observed
among 20-30% of breast cancer patients [2]. Trastuzumab
administered as combination therapy with chemotherapy
has been proved to significantly improve disease-free sur-
vival, overall survival, and health-related quality of life
(QoL) for metastatic breast cancer patients [3-5]. After
2005, several randomized control trials (RCTs) have con-
firmed the usefulness of trastuzumab as adjuvant therapy
for HER2-positive patients, not only as metastatic therapy.

@ Springer
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Ongoing large multicenter adjuvant trastuzumab RCTs: 1)
the Herceptin Adjuvant (HERA) trial [6, 7], 2) the National
Surgical Adjuvant Breast and Bowel Project (NSABP)
B-31 trial [8], 3) the North Central Center Treatment
Group (NCCTG) N9831 trial [8], and 4) the Breast Cancer
International Research Group (BCIRG) 006 trial [9], have
shown good results, whereby the hazard ratio of the
recurrence rate was about 0.5 even for HER2-positive pa-
tients who had a poor prognosis.

Though the cost of adjuvant trastuzumab treatment is
* high, the National Institute for Health and Clinical Excel-
lence (NICE) in the UK has recommended adjuvant trast-
uzumab treatment for HER2-positive breast cancer patients
based on the 1-year follow-up data of HERA trial [6, 10];
however, no such recommendation exists in Japan, and
there have been no results of cost-effectiveness analysis
based on the 2-year follow-up data of the HERA trial [7].

Therefore, this cost-effectiveness analysis (CEA) is de-
signed to examine the economic efficiency of adjuvant
trastuzumab treatment based on the 2-year follow-up data
of HERA trial to support societal decision-making.

Patients and methods
Economic analysis

To analyze the cost-effectiveness of adjuvant trastuzumab
treatment compared with observation alone, we used the
Markov model by which the most commmon clinical tran-
sitions and health state transitions were simulated from
multiple data sources. The model was build by TreeAge
Pro 2006 (TreeAge Software, Inc, Wiiliamstown, MA).
One Markov cycle length corresponded to 1 month.

We adopted a 3% discount rate per year for costs and
outcomes [11]. The discount-rate range for sensitivity
analysis was 0—6%. The time horizon was 50 years (i.e.,
600 Markov cycles), meaning that essentially all patients
are considered as being dead.

The analysis perspective was that of health-care payers,
and we calculated only the direct medical costs by the
piece, because we were interested in the impact on the
medical costs of adjuvant trastuzumab therapy. Neither
indirect costs (work loss, etc.) nor direct non-medical costs
(transportation cost, etc.) were considered. The primary
result is indicated as the incremental cost per incremental
life-year-gained (LYG). We used the exchange rate of
€1 = JPY 150.

Hypothetic patients

Patients eligible for the HERA trial with HER2-positive
breast cancer, who met the entry criteria, were considered

@ Springer

as hypothetic patients of this economic analysis. Their
median age was 49, and Japanese and node-negative pa-

tients were also included.

Based on the interim analysis of 2-year HERA follow up
in 2007 [7], we only compared the economic efficiency for
the 1-year of trastuzumab group (initial dose 8 mg/kg,
maintenance dose 6 mg/kg, every 3 weeks for 1 year) and
the observation group (adjuvant or neoadjuvant chemo-
therapy only). The hazard ratio for the risk of recurrence in
the 1-year trastuzumab group, compared with the obser-
vation group, was 0.64 (95% confidence interval: 0.54—
0.76; P < 0.0001), which was subject to probabilistic sen-
sitivity analysis on the presumption of normal distribution
on the log scale.

Major assumption

It is unknown how long the effect of trastuzumab contin-
ues, because HERA data cover only a 2-year median fol-
low-up period. To take this uncertainty into account, the
cost-effectiveness of trastuzumab was calculated for three
hypothetic scenarios, with risk reduction continuing con-
stantly for 2 years (conservative scenario), 5 years (stan-
dard scenario), and 10 years (optimistic scenario). After
the end of the efficacy period of trastuzumab, the recur-
rence risk of the trastuzumab group is assumed to be equal
to that of the observation group.

The next hypothesis is that trastuzumab is used for
metastatic patients who have already been administered
trastuzumab as adjuvant therapy. According to an inquiry
survey of six Japanese leading hospitals participating in the
HERA trial, most clinicians reported that they treated
metastatic patients with trastuzumab after using it in an
adjuvant setting and continued its combination therapy
until a patient no longer responded to 3rd-line chemo-
therapy. '

Patient weight may greatly influence the economic
analysis result by determining the dose of trastuzumab.
Japanese women, in their 50s, weigh an average of 54 kg.
We assumed a patient weight of 50-60 kg (two 150 mg
vials and one 60 mg vial) with a sensitivity analysis for
patients weighing 50 kg (two 150 mg vials) and 60-75 kg
(three 150 mg vials).

The assumed risk of recurrence during the first 5 years is
higher than that during the next 5 years. The exact change

~of recurrence risk is not well defined, particularly not for

HER2-positive patients. We presumed the recurrence risk
after 5 years to be half that of the previous 5 years,
continuing for the patients’ lifetime [1]. This parameter
was also subject to sensitivity analysis.

Furthermore, trastuzumab-caused cardiac events, which
may affect Qol, are thought to be reversible [12, 13]; and
thus may not affect life-year.
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Markov model and therapeutic strategy

Figure 1(a) shows our constructed Markov model, model-
ing the therapeutic strategy for metastatic patients recom-
mended by Hortobagyi [14], as both hormone therapy and
chemotherapy until 3rd-line, followed by palliative care.
This Markov model mainly consists of four parts, “without
recurrence,” “local recurrence,” “metastatic recurrence,”
and “death,” which are split into some parts corresponding
to chemotherapy or hormone therapy stage.

Transition rate and model parameters were based on the
HERA trial [7], and other published clinical trials [3, 15—
19], (Table 1(a)). Transition rate was calculated from

Fig. 1 (a) Markov model. All
patients start in the “without : ()
recurrence.” Patients move to

an alternative health state with
transition probability until they
reach “death.” Arrows indicate

{local recurrence)

percentages of events or median time to progression and is
assumed to follow a beta distribution in probabilistic sen-
sitivity analysis. The percentage of cardiotoxicity is 0.6%
(severe), 2% (symptomatic), and 3% (asymptomatic) [7],
Although in Fig. 1(a) the arrows of each state to death were
not drawn, this transition rate, which is the probability of
death due to causes other than breast cancer, is considered
to be equal to the natural death rate in Japan.

We also postulated a standard therapeutic strategy
corresponding to each Markov state Fig. 1(b), by refer-
ring to the Japanese clinical practice guideline for breast
cancer and multiple experts’ opinions. In Japan, little
cost-of-illness data exist; e.g., the treatment cost for
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