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Abstract

Although stem cell transplantation (SCT) is being used for hematopoietic reconstitution following high-dose chemotherapy for malignancy, it
involves certain serious transplant-related complications such as graft-versus-host disease (GVHD). Tumor necrosis factor (TNF)-related
apoptosis-inducing ligand (TRAIL) plays important roles in regulating cell death, immune response, and inflammation. However, the role of
soluble TRAIL (sSTRAIL) after SCT is poorly understood. In this study, 42 patients underwent SCT; 22 patients received allogeneic SCT, while the
remaining 20 received autologous SCT. In these patients, levels of STRAIL, cytokines, and soluble factors were measured by enzyme-linked
immunosorbent assay (ELISA). In addition, a basic study of the generation of endothelial cell-derived microparticle (EDMP) by TNF-a and
soluble Fas ligand (sFasL) was conducted. sFasL and EDMP exhibited significant elevation in the early phase (2-3 weeks) after SCT. In addition,
the elevation of IL-6, TNF-«, and sIL-2R after allogeneic SCT was observed. EDMP also exhibited changes similar to sFasL. The patients with
high sTRAIL exhibited significant decrease of sFasL and EDMP as compared with those without high STRAIL. TNF-a and sFasL induced an
increase in procoagulant and apoptotic markers in endothelial cells, and EDMP shedding was observed. Furthermore, sTRAIL inhibited the
EDMP elevation caused by TNF-a and sFasL. The apoptotic markers such as sFasL and sTRAIL exhibited particular changes after SCT. Our
results suggest that STRAIL generation after allogeneic SCT relates to the prevention of GVHD.
© 2007 Elsevier B.V. All rights reserved.

Keywords: TRAIL; GVHD; Stem cell transplantation; sE-selectin, EDMP

1. Introduction totoxic T-lymphocytes (CTLs) is primarily mediated through

certain effector mechanisms such as the Fas/FasL and perforin/

Stem cell transplantation (SCT) involves some serious
transplant-related complications [1,2], such as graft-versus-host
disease (GVHD), and vascular disorders, such as veno-occlusive
disease (VOD), pulmonary vasculopathy, thrombotic microangio-
pathy (TMA), and capillary leak syndrome [3-5]. Although the
complex pathophysiology of acute GVHD involves the condi-
tioning regimen, cytokines, nitric oxide, and non-T effector cells,
the cytolytic activity of donor T-cells is essential for the de-
velopment of GVHD activity [6,7]. The cytolytic activity of cy-

* Corresponding author. Tel.: +81 72 445 1000; fax: +81 72 532 1113.
E-mail address: shosaku-n@mbp.ocn.ne.jp (S. Nomura).

0966-3274/3 - see front matter © 2007 Elsevier B.V. All rights reserved.
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granzyme pathways [8,9]. Interaction of FasL, expressed on the
CTL cell surface, with the Fas receptor on the target cell membrane
results in the initiation of the Fas cell death pathway [10]. Recent
accumulating evidence indicates that the Fas/FasL system is
implicated in the pathogenesis of acute GVHD [7,11-13].
Cellular microparticles are fragments that shed almost spon-
taneously from the plasma membrane blebs of virtually all cell
types when subjected to a number of stress conditions [14,15].
In addition, these microparticles have more recently been shown
to reflect in vitro cell stimulation, and testify to cellular ac-
tivation and/or tissue degeneration occurring in vivo under
various pathophysiologic conditions [14,15]). Thus, there is a
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possibility that the cellular microparticles exhibit a dynamic
change after SCT [16]. In contrast, diagnosing vascular com-
plications in patients undergoing SCT is challenging, and
damage to endothelial cells is regarded as the common feature
of these complications [17,18]. Furthermore, endothelial dam-
age, perpetuated by CD8*CTL, has been linked to GVHD
which is described in the skin and gut [18-22].

Tumor necrosis factor (TNF)-related apoptosis-inducing
ligand (TRAILYApo-2L is a member of the TNF family of
cytokines, which are structurally related proteins playing im-
portant roles in regulating cell death, immune response, and
inflammation [23]. TRAIL is a type Il membrane protein, which
can be proteolytically cleaved to a soluble form [24], as previously
shown also for TNF-a and CD95 (Apo-1/Fas). The unique feature
of TRAIL, as compared with other members of the TNF family, is
its ability to induce apoptosis in a variety of malignant cells both in
vitro and in vivo, displaying minimal toxicity on normal cells and
tissues [25,26]. TRAIL interacts with four cellular receptors that
form a distinct subgroup within the TNF receptor superfamily.
TRAIL receptor 1 (TRAIL-R1 or DR4) and TRAIL receptor 2
(TRAIL-R2 or DRS5) have cytoplasmic death domains and signal
for apoptosis and NF-kB [27-29]. Two additional receptors,
TRAIL receptor 3 (TRAIL-R3 or DcR1) and TRAIL receptor 4
(TRAIL-R4 or DcR2), are homologous to DR4 and DRS in their
cysteine-rich extracellular domain, but they lack intracellular
death domains and apoptosis-inducing capability [30,31]. It has
been shown that endothelial cells express TRAIL-R3 and TRAIL-
R4 [30,32], further suggesting the relationship between TRAIL
and endothelial function. Furthermore, there are several indica-
tions that TRAIL could be involved in the pathophysiology of
autoimmune diseases [33—35]. However, the role of soluble
TRAIL (sTRAIL) after SCT is poorly understood.

We measured and compared levels of sTRAIL, cytokines,
and soluble factors in patients undergoing SCT. The results
suggested that sSTRAIL plays a unique role after SCT.

2. Materials and methods
2.1. Subjects

The subjects were 42 patients who underwent SCT between June 2001 and
May 2006 at the institution of residence. In all, 22 patients received allogeneic
SCT, while the remaining 20 received autologous SCT (Table 1). The 10 male
and 12 female allogeneic SCT patients ranged in age from 6 to 68 years (median:
31 years), and the 12 male and 8 female autologous SCT patients ranged in age
from 36 to 67 years (median: 51 years). Patient diagnoses consisted of 4 acute
myeloid leukemia, 5 acute lymphoblastic leukemia, 2 chronic myeloid leukemia,
3 acute promyelocytic leukemia, 14 non-Hodgkin’s lymphoma, 6 multiple
myeloma, and 8 others. Conditioning applied was: total body irradiation for 13
and non-total body irradiation for 29. For allogeneic SCT, prophylaxis included
cyclosporine for 19 patients with GVHD. The donor sources were 6 bone marrow
transplantations, 10 peripheral blood stem cell transplantations, and 6 cord blood
transplantations. Twenty-four patients received filgrastim and 18 received
lenograstim. Written informed consent was obtained from all the patients.

2.2. Cytokine evaluation

Blood samples from each patient were collected into plastic tubes and
immediately centrifuged to obtain serum. The serum was divided into aliquots
and frozen at —30 °C until use. As a positive control, recombinant products were

Table 1
Clinical profiles of SCT patients

Characteristics Allogeneic SCT Autologous SCT

Gender
Male/Female 10/12 12/8
Age (years) 31 (6-68) 51 (36-67)
median (range)
Diagnosis
Leukemia AML: 4 APL: 3
ALL: 5 CML: 2
Malignant lymphoma DLBC: 1 DLBC: 8 FCL: 5
Others AA: 1 MDS: 5 MM: 6
Renal cancer: | Lung cancer: |
Conditioning
TBI CY:5 L-MAP: 3
Flu/L-PAM: 5
Non-TBI Flu: 3 Flu, Bu: 5 VP-16, CY: 4
Flu, L-PAM: 4 MCNU, IFO, CBDCA, VP-16: 8

MCNU, L-PAM, Ara C, VP-16: 5

Donor source BMT: 6 PBSCT: 10

CBT: 6
G-CSF
Filgrastim 14 10
Lenograstim 8 10

AML: acute myeloblastic leukemia; APL: acute promyeloblastic leukemia;
ALL: acute lymphoblastic leukemia; CML: chronic myeloblastic leukemia;
DLBC: diffuse large B cell lymphoma; FCL: Follicular cell lymphoma; AA: aplastic
anemia; MDS: myelodysplasia syndrome; MM: multiple myeloma; TBI: total
body irradiation; CY: cyclophosphamide; Flu: fludarabine; L-PAM:melphalan;
VP-16: etoposide; IFO: ifosfamide; CBDCA: carboplatin, BMT: bone marrow
transplantation; PBSCT: peripheral blood stem cell transplantation; CBT: cord
blood transplantation.

used in each assay, as well as standard solutions provided with the commercial
kits. Human TNF-a, IFNvy, IL-4, and IL-6 ELISA kits were purchased from
BioSource International, Inc. (Camarillo, California, USA). Serum levels of cyto-
kines were measured according to the ‘manufacturers’ instructions. Normal ranges
were as follows: TNF-a: 5-20 pg/ml, IFNvy: 0-12.5 pg/ml, IL4: 0-3.5 pg/ml, and
IL-6: 0.2-4.5 pg/ml.

2.3. Measurement of sFasL, sSTRAIL, sIL-2R, sVCAM-1 and sE-selectin

sFasL, sTRAIL, sIL-2R, sVCAM-1, and sE-selectin ELISA kits were
purchased from BioSource International Inc. For measurement of sFasL,
sTRAIL, sIL-2R, sVCAM-1 and sE-selectin in serum, all the kits were used
according to the manufacturers’ instructions. Normal ranges were as follows:
sFasL: 0.02-0.14 ng/ml, sTRAIL: 100-500 pg/ml, s[L-2R: 150—-450 TU/mi,
sVCAM-1: 395-714 ng/ml, and sE-selectin: 23.0-79.2 ng/ml.

2.4. Assessment of endothelial cell-derived microparticle (EDMP)

EDMPs were detected using a previously reported method with some modi-
fications [36]. A 10-pl aliquot of washed intact platelets (3 x 10%/ml) was added to the
plasma, and the mixture was incubated for 30 min in dark at room temperature, with
FITC-labeled Annexin V (FITC-Ann V) and phycoerythrin (PE)-labeled CD51
(avp3) to detect EDMP. The samples were diluted 1:10 with HEPES-Tyrodes buffer
containing 5 mmol/l EGTA and analyzed using the Ortho Cytoron Absolute Ana-
lyzer (Ortho Diagnostic Systems, Inc., Tokyo, Japan), set to detect only the particles
bound to FITC-labeled Annexin Vand PE-labeled CD51. This method was designed
to ensure the detection of only procoagulant EDMP. The concentrations of these
microparticles were then calculated per pl of the whole blood.

2.3. Activation of endothelial cells

Endothelial cells isolated from freshly obtained human umbilical cord veins
were cultured according to the method of Jaffe et al. [37]. Second-passage cells
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Fig. 1. Changes of apoptotic markers and EDMP in patients undergoing allogeneic and autologous SCT. Blood samples were obtained on days 0 (basal), 7 (1 weeks),
14 (2 weeks), 21 (3 weeks), and 28 (4 weeks) after the transplantation. Error bars show standard error. Student’s ¢test was used for statistical comparisons.

were grown to confluence in 25 cm2 culture flasks (3—4 days). The cells were
subcultured in 12-well plates containing M-199 with growth supplement, fetal
bovine serum, and heparin, after which they were washed once with 10-mM
EDTA in phosphate-buffered saline to remove calcium-dependent binding
proteins such as vitamin K-dependent coagulation factors. EDTA was sub-
sequently removed by three washes with 0.4% fetal bovine serum albumin.
Then, the cells were incubated at 37 °C with 10 ng/ml of TNF-a (BioSource
International Inc.), 20 ng/ml of sFasL (Alexis Biochemicals, San Diego, CA), or
100 ng/ml of sTRAIL (BioSource International Inc.) in M-199, 0.4% BSA.
Samples of the cells containing FITC-labeled anti-annexin V or PE-labeled anti-
APO 2.7 antibodies (MBL Inc., Nagoya, Japan) were added to Falcon tubes and
analyzed using the Ortho Cytoron Absolute Analyzer.

2.6. Confocal laser scanning microscopy

Microwells were prepared by attaching a Flexiperm chamber (Heraeus In-
struments, Osterode, Germany) onto a cover glass. Samples of each cell line
containing FITC-labeled anti-CD9 antibody (NNKY 1-19){38] were added to the
microwells and incubated for the indicated times. For each sample, 6 or 8 optical
sections separated by 0.5-um steps were recorded via a Carl Zeiss Plan-Apo
63 x 1.4 objective. Differential interference contrast (DIC) images and fluorescent
confocal (FC) images were obtained simultaneously, and every picture was a
combination of four accumulated frames. FITC fluorescence was detected at an
excitation wavelength of 488 nm with a barrier filter at 500 nm. Individual images
were exported to Adobe Photoshop, and the slides were printed using Fujix
Pictrography 3000 (Fuji Photo Film, Tokyo, Japan).

2.7. Statistical analysis

Results are shown as the mean+standard deviations. Student’s r-tests were
used for statistical comparisons. Linear regression analysis was used to compare
STRAIL and other factors. A p value <0.05 was considered statistically significant.
3. Results
3.1. SCT-related complications

Twenty-two patients who received allogeneic SCT developed acute
GVHD (grade I, 11; grade I1, 8; grade 11, 2; grade IV, 1). Three patients

(grade III and 1V) who received allogencic SCT had severe
complications and died after the procedure. Another who had received
autologous SCT suffered from severe sepsis. Therefore, three patients—
two from those who received allogeneic SCT and one who received
autologous SCT-were excluded from the analysis of the present study.

3.2. Changes in sFasL, sTRAIL and EDMP

Fig. 1 shows the changes in sFasL, sSTRAIL, and EDMP levels after
SCT. The level of sFasL in the group that received atlogeneic SCT peaked
within 3 weeks (0.31+0.06 ng/ml, p<0.001) and then decreased. The
level of sTRAIL in allogeneic SCT continued to increase for up to
4 weeks (2 weeks, 1012+89 pg/ml, p<0.05; 3 weeks, 1376+72 ng/ml,
p<0.01; 4 weeks, 1589+143 ng/ml, p<0.01). The level of EDMP
showed the same tendency as sFasL (allogeneic SCT: 2 weeks, 497+51/
ul, p<0.05; 3 weeks, 597+85/ul, p<0.01, 4 weeks, 515+56/ul,
p<0.05). In contrast, level of sFasL, sTRAIL, and EDMP in the

[ : nigh-sTRAIL (sTRAIL 2 1.264, n=8)
I : fow-sTRAIL (STRAIL < 1.264, n=14)

sFas P <0.09 EDMP Ll
(pgimi) [ ()
0.50 == 1,000 =
0.25 ==y l 500 ==
0 0

Fig. 2. sFasL and EDMP levels in patients after allogeneic SCT with and without
high-sTRAIL. Values presented as mean+standard error.
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Table 2
Changes of cytokines and soluble factors with SCT
Cytokine/factor Before SCT After SCT

1 week 2 weeks 3 weeks 4 weeks
Allo SCT
IFN+v (pg/ml) 9.4£0.5 11.6+0.7 13.1£0.5 14.2+1.1* 14.8+0.9%*
IL-4 (pg/ml) 5.5+£04 54+0.6 5.8+0.3 59+0.4 5.5+0.6
TNF-a(pg/ml) 12.2+0.8 16.5+£1.2 24.4+1.8* 28.3+5.9%* 23.8+1.7*
IL-6 (pg/ml) 21.1+6.2 34.8+6.7 51.9+£14.1** 49.8+10.5* 47.4+15.2*
sIL-2R (IU/ml) 729+62 753£72 1029+68* 1129+ 55* 1331+£97%*
sVCAM-1(pg/ml) 962+65 1133+74 1362+94* 1577+£92%* 1612+£121**
sE-selectin{ng/ml) 66.7+3.9 72.1£4.6 90.8+4.8* 117.2+£5.7%* 128.5+£7.4%*
Auto SCT
IFNy (pg/ml) 6.3£0.9 6.1£0.8 58+0.6 59+0.5 6.3£0.9
IL-4 (pg/ml) 3.5£0.5 3.7£0.6 3.4x0.7 3.1£0.7 2908
TNF-a(pg/ml) 8.7+1.2 10.1+1.4 14.941.8* 10.5+1.1 9.7+0.8
IL-6 (pg/ml) 12.3£2.2 38.7+22.4* 42.6+12.7* 19.6+5.3 15.9+4.5
sIL-2R (IU/ml) 855+149 1455+364* 1427+152* 1163+168 1037114
sVCAM-1 (pg/ml) 1,214+85 1161+121 1447 £64* 1249495 1124+121
sE-selectin (ng/ml) 84.5+£10.6 79.8+4.8 91.5+10.4* 119.2+13.3* 94.7£9.5

Data represent means=standard error. TNF-a: tumor necrosis factora; IFNvy: interferon +y; IL-4: interleukin 4; IL-6; interleukin 6 sIL-2R: soluble interleukin-2
receptor; sSVCAM-1: soluble vascular cell adhesion molecule-1; sE-selectin: soluble E-selectin.

recipients of autologous SCT did not show significant changes. There
were no significant correlations between STRAIL, sFasL., and EDMP in
the recipients of allogeneic SCT.

Fig. 2 shows the changes in levels of sFasL and EDMP at 4 weeks in
the recipients of allogeneic SCT with elevated sSTRAIL levels. sFas and
EDMP levels at 4 weeks in allogeneic SCT with elevated sTRAIL
(greater than the mean+two standard deviations of basal levels) were
used for the analysis. Eight patients had high sTRAIL levels
(sTRAIL>1264 pg/ml). The patients with high sTRAIL exhibited
significant decrease of sFasL. and EDMP as compared with those without
high sTRAIL.

3.3. Changes in serum cytokines and soluble factors

The level of cytokines and soluble factors before and after SCT is
shown in Table 2. IFNvy levels were found to be significantly higher
3 weeks after allogeneic SCT than beforehand, while IL-4 and [FN~y
levels after autologous SCT remained almost unchanged. In contrast,
TNF-a, IL-6, sIL-2R, sVCAM-1, and sE-selectin exhibited a sig-
nificant elevation after both autologous and allogeneic SCT, although
the changes after autologous SCT were temporary. Levels of sIL-2R,
sVCAM-1, and sE-selectin after allogeneic SCT continued to increase
for up to 4 weeks. Table 3 shows the relationship between sFasL or
sTRAIL and cytokines/soluble factors in allogeneic SCT. sFasL levels

Table 3
Relationship between sFasL, sTRAIL, and cytokines/soluble factors in allogeneic
SCT

sFasL allogeneic SCT) STRAIL (allogeneic SCT)

r p value r p value
TNFa 0.2931 <0.01 —0.1925 N.S.
IFNvy -0.1242 N.S. 0.1301 N.S.
L4 0.2194 <0.05 0.1455 N.S.
IL-6 0.2287 <0.05 ~0.1882 N.S.
sIL-2R 0.3325 <0.01 —0.2478 <0.05
sVCAM-1 0.2946 <0.01 -0.2451 <0.05
sE-selectin 0.3842 <0.01 -0.3317 <0.01

Statistically significant p values are underlined.

correlated positively with TNF-«, IL-4, IL-6, sIL-2R, sVCAM-1,
and sE-selectin. In contrast, sSTRAIL levels correlated negatively with
sIL-2R, sVCAM-1, and sE-selectin.

3.4. Relationship between sTRAIL, sFasL, and EDMP in activated
endothelial cells

Fig. 3 shows endothelial cell activation and EDMP shedding caused
by TNF-a and sFasL stimulation. TNF-a and sFasL increased binding
of the procoagulant marker annexin V and the apoptotic marker
APO2.7. Fig. 4 shows the release of EDMP from endothelial cells
caused by TNF-a and sFasL, detected by flow cytometry using FITC-

Endothelial
Cell

Annexin V

Cell Number
Cell Number

>

Fluorescence Intensity Fluorescence Intensity

Fig. 3. Confocal microscopic images of the immunoreactivity and flow
cytometric analysis of activated endothelial cells. Activated endothelial cells
were stained with FITC-conjugated anti-CD9 antibody (A). In flow cyto-
metric analysis, endothelial cells were stained using FITC-labeled Annexin V
and PE-APO2.7 (B & C). Blue histogram is the control (unstimulated) (B & C).
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Fig. 4. Flow cytometric analysis of EDMP. Only particles positive for FITC-labeled
Annexin V and PE-CD51 were gated to distinguish endothelial cells and EDMP
from electric noise (A and B). EDMPs were elevated by stimulation of sFasL and
TNF-a (C), and this elevation was inhibited with the addition of sSTRAIL (D).
Representative data from one of the five independent experiments are shown.

labeled Annexin V and PE-labeled CD51 (Fig. 4A, B). TNF-a and
sFasL promoted the release of EDMP (Fig. 4C); however, this effect
was inhibited by the addition of sSTRAIL (Fig. 4D).

4. Discussion

TRAIL is considered to be the peculiar molecule that triggers
apoptosis through interaction with the death receptor [39].
Many studies have shown that both the membrane-bound and
the soluble extracellular domain of TRAIL can induce apoptosis
in a wide variety of tumor cell lines without affecting most of
the normal cells [25,26,40,41]. Furthermore, repeated admin-
istration of recombinant and biologically active STRAIL can
induce tumor cell apoptosis, suppress tumor progression,
and improve survival in tumor-bearing mice [25,26,40]. Some
studies suggest, however, that sTRAIL could not induce
apoptosis in normal cells [39,42]. On the other hand, SCT is
an established method for treating various hematological
diseases, and it also provides an opportunity to trace the pro-
cess of hematopoietic reconstitution in vivo. Although many
cytokines are known to control the process of hematopoiesis,
the role of TRAIL in this process is not well understood.

In the present study, several apoptotic markers were measured
before SCT and serially after SCT. sFasL. and EDMP exhibited
significant elevation in the early phase (2 or 3 weeks) after SCT
(Fig. 1). Cytokines and soluble factors were also measured.

It has previously been reported that certain cytokines and
soluble factors are useful for the diagnosis of GVHD after
allogeneic SCT. Proinflammatory cytokines including IFNvy,
IL-6, and TNF-o are important mediators and regulators of
GVHD [43,44]. sIL-2R appears to be a convenient marker for
the detection of acute GVHD[45]. In the present study, the
involvement of apoptotic markers in the elevation of IL-6, TNF-
«, and sIL-2R after allogeneic SCT appeared to be important,

since sFasL exhibited the same changes as these cytokines and
soluble factors [46—48]. This suggests the possibility that sFasL
plays a role in GVHD afier allogeneic SCT [11-13,49].

EDMP also exhibited changes similar to those of sFasL. It
is reported that EDMP exhibit a dynamic change after SCT
[16]. In particular, the increase of EDTA in the TMA/thrombotic
thrombocytopenic purpura (TTP) case was quite remarkable
[16,50]. In the present study, TNF-a and sFasL induced the
increase of procoagulant and apoptotic markers in the endo-
thelial cells (Fig. 3). In addition, EDMP shedding was also
observed in this experiment (Fig. 3). Therefore, it is possible to
associate EDMP with apoptosis.

Although the molecular pathogenesis of GVHD remains to
be uncovered, there is a general agreement that infiltrating T
lymphocytes play a central role [51-53]. Some studies have
suggested that the expression of TNF and TRAIL can also
contribute to CTL acytotoxicity [54,55]. Endothelial cells are
targets of CTL [22], and Li et al. [56] reported that TRAIL
induces apoptosis in human endothelial cells. However, several
other reports showed that TRAIL promotes the survival of
human vascular endothelial cells, since endothelial cells have
decoy receptors such as TRAIL-R3 and-R4 that protect cells
from apoptosis [57—-60]. In addition, some reports exhibited that
TRAIL inhibits activation of antigen-specific T-cells via
blockade of cell cycle progression, and results in preventing
GVHD [61-63].

In the present study, the patients with high STRAIL exhibited
significant decrease of sFasL and EDMP as compared with those
without high sTRAIL (Fig. 2). Furthermore, sTRAIL inhibited
EDMP elevation caused by TNF-« and sFas (Fig. 4). Our results
support previous reports regarding the preventive effect of
SsTRAIL on GVHD. When lymphocyte or monocyte are acti-
vated after SCT, they could cause the generation of sSTRAIL. In
this manner, sSTRAIL generation after allogeneic SCT makes it
possible to control GVHD. However, further examination will
be necessary to establish the exact mechanism of control.

In conclusion, we measured and compared levels of cy-
tokines and soluble factors in patients undergoing SCT. The
apoptotic markers such as sFasL and sTRAIL exhibited
particular changes after SCT. Our results suggest that STRAIL
generation after allogeneic SCT relates to the prevention of
GVHD.
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Abstract

Anemia is common among young women, and iron deficiency is one of the leading causes. In Europe and the US, the iron
fortification of flour increased oral iron intake and decreased anemia prevalence from 30% to 10%. The National Nutrition
Survey in Japan revealed that anemia prevalence among young Japanese women is increasing; however, no nationwide pre-
ventive policy has been aimed at iron deficiency anemia. The endpoint of this study was the estimation of anemia prevalence
among healthy Japanese woman, based on a large sample size. We collected data from the consecutive check-up examination
records of apparently healthy women (n = 13,147). We defined hemoglobin lower than 12 g/dL as anemia, hemoglobin lower
than 10 g/dL as severe anemia, and a mean corpuscular volume lower than 80 fl as microcytic anemia. Of the 13,147 persons,
anemia was identified in 2331 (17.3 %), and severe and microcytic anemia in 438 (3.3 %) and 700 (5.2 %), respectively. Among
women younger than 50 years, anemia was identified in 22.3 %, and 25.2 % of them had severe anemia. In conclusion, the
prevalence of anemia and severe anemia among young women is high in Japan. Some action needs to be considered to improve
women’s quality of life. .
Int J Hematol. 2006;84:217-219. doi: 10.1532/1TH97.06097
© 2006 The Japanese Society of Hematology

Key words: Iron deficiency; Erythropoietin; Hematological abnormalities; Hemoglobin; Mean corpuscular volume (MCV);
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1. Introduction There are 3 epidemiological studies on anemia among
Japanese women [2-4]. Uchida et al studied abnormal iron

Anemia is common among young women. The National = metabolism among 3015 women from 1981 to 1991 [2]. The
Health and Nutrition Examination Survey (NHENES) lifestyle at the time of the study, more than 20 years ago,
revealed that an insufficient iron intake was one of the  was probably different from the present one. The authors

leading causes of anemia in the US. In Europe and the US, did not report the prevalence of anemia. Maeda et al stud-
the iron fortification of flour increased oral iron intake, ied chronological changes in the prevalence of anemia in
and the prevalence of anemia consequently decreased  junior and senior high school students between 1966 and
from 30% to 10% [1]. 1997 [3]. They did not report anemia prevalence among the

population except for junior and senior high school stu-
dents. The only epidemiological study on anemia among
Japanese women after the 1990s was the National Nutri-

Correspondence and reprint requests: Kusumi Eiji, MD, tion Survey in Japan (NNSJ) by the Ministry of Health,
Division of Exploratory Research, The Institute of Medical Labour and Welfare [4]. The study mainly included elderly
Science, The University of Tokyo, 4-6-1, Shirokanedai, Minato-ku, women,; only 37% were younger than 50. There are insuffi-
Tokyo 108-8639, Japan; 81-3-6409-2068; fax: 81-3-6409-2069 (e- cient epidemiological data on anemia among young Japa-
mail: kusumi-tora@umin.ac.jp). nese women.
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We investigated the prevalence of anemia in Japanese
women, mostly young women. collecting data from the med-
ical records of check-up examinations for apparcntly hcalthy
people and the staff of Toranomon Hospital and Yuai Memo-
rial Hospital.

2. Material and Methods

2.1. Data Collection

We collected data from the consecutive check-up exami-
nation records of apparently healthy women in different age
groups in Toranomon Hospital (between January 2002 and
March 2005; n = 8265) and Yuai Memorial Hospital (between
February 1998 and February 2005; n = 5153).

2.2. Definitions

We defined hemoglobin lower than 12 g/dL as anemia,
hemoglobin lower than 10 g/dL as severe anemia, and a
mean corpuscular volume lower than 80 fl as microcytic ane-
mia. Complete blood cell counts were analyzed using routine
blood counting analyzers (XE-2100; Sysmex, Kobe, Japan in
Toranomon Hospital and Coulter Gen-S; Beckman Coulter,
Fullerton, CA, USA in Yuai Memorial Hospital).

2.3. Objectives and Statistical Analysis

This study aimed to estimate the prevalence of anemia,
severe anemia, and microcytic anemia among healthy Japa-
nese women, and to evaluate the association between these
variables and age. The Fisher exact test was used for univari-
ate analysis. A P value of less than .05 was considered signi-
ficant. All analyses were performed with the statistical soft-
ware JMP (version 5.01; SAS Institute, Cary, NC, USA).

3. Results

3.1. Prevalence of Anemia, Severe Anemia, and
Microcytic Anemia

The median age was 47 years (range, 11-87 years). Anemia
was diagnosed in 2331 (17.3%), including severe anemia in
438 (3.3%) and microcytic anemia in 405 (3.0%) (Table 1).

3.2. Age-Specific Prevalence of Anemia

Table 2 and Figure 1 present the age-specific prevalence
of anemia. The prevalence of anemia was high among those
in their 20s to 40s, and tended to decrease above 50 years. The
median hemoglobin levels in each age group were strongly
correlated with the prevalence of anemia (Figure 1, R =
0.96). The prevalence of severe anemia and the median
hemoglobin levels in each age group were also positively
associated (R = 0.80).

3.3. Platelet and White Blood Cell Counts

White blood cell and platelet counts are tabulated in
Table 2.

Table 1.
Characteristics of Women Included in the Study

Median (range)

Agc 47 (11-87)
Toranomon Hospital/Yuai Memorial Hospital 8265/5153
Hemoglobin, g/dL 13.0(4.4-17.7)
Red blood cell count, X10%/L 4.52 (1.98-6.03)
Hematocrit, % ) 39.0 (17.4-53.4)
Mean corpuscular volume, fl 91.2 (54.0-116.6)
Mean corpuscular hemoglobin concentration, 33.2(24.3-379)
g/dL

White blood cell count, X10%/L 6.3 (1.9-17.0)
Platelet count, X10°/L 243.0 (100.0-792.0)
Anemia prevalence, % 2331 (17.3)
Severe anemia prevalence, % 438 (3.3)
Mircocytic anemia prevalence, % 405 (3.0)

4. Discussion

In the present study, the prevalence of anemia was 17.3%.
Of the anemic women, 18.7% had severe anemia and 17.3%
microcytic anemia. The high prevalence of anemia in Japan is
a significant clinical issue; the situation is similar to that in
other Asian countries and Northern Europe, where no food
products are fortified with iron [5,6].

The prevalence of anemia in those under 50 was 22.3%.
It was as high as 25.8% in those aged 40-49 years; of those
with anemia in that age group, 25.2% had severe anemia and
25.6% microcytic anemia. In contrast, the prevalence of ane-
mia in those aged 50 and older was 11.2%, which was lower
than that in younger women. The high prevalence among
those aged 40-49 years in the present study is consistent with
the previous reports {7], suggesting that anemia in this age
group is due to a loss of iron from menstruation and menor-
rhagia.

The present study suggests that the prevalence of anemia
is increasing among young Japanese women. Although there
are few reports on chronological changes in the prevalence
of anemia among Japanese women, compared with the
results of the NNSJ among women aged 30-49 in 1990, our
findings suggest that the prevalence of anemia has risen from
20% to 24% [4]. Maeda et al showed an increase in the
prevalence of anemia among Japanese female adolescents
[3]. The national average of oral iron intake has decreased
from 10.8 mg/day in 1975 to 8.1 mg/day in 2003, and the aver-
age oral iron intake among women aged 18-29 was 7.0 mg/
day in 2003 [4]. A possible cause of decreased iron intake is
the popularity of weight-loss diets among young Japanese
women, and increased iron loss may be due to an increase in
menorrhagia, although the definitive cause remains
unknown. A more detailed study is necessary regarding the
causes of anemia in young Japanese women. In contrast, the
prevalence of anemia in the elderly in the present study is
equivalent to that of the NNSJ in 1990 [4]. The observation
suggests that the causes of anemia in menopausal women are
different from those in young women, probably being related
to aging and various medical conditions [8-10]. There have
been few studies on the causes of anemia among the elderly,
and further study is awaited.



Anemia Prevalence among Japanese Women 219
Table 2.
Complete Blood Count and Anemia Prevalence According to Age*
10-19y 20-29y 30-39y 40-49 y 50-59 y 60-69 y 270y
Number of women included 121 1896 2157 3276 3704 1785 478
Hemoglobin, g/dL 130 129 12.8 12.8 131 13.2 131
(8.7-15.7) (5.5-17.1) (4.4-16.2) (5.4-15.8) (6.0-17.4) (8.4-17.7) (8.4-15.6)
Red blood cell count, X10'2/L 4.48 4.90 4.59 4.65 4.50 4.40 4.25
(3.68-5.47) (2.00-5.94) (2.57-5.67) (2.80-5.63) (2.20-5.68) (3.00-6.03) (3.07-5.01)
Hematocrit, % 391 38.6 384 385 395 39.7 395
(29.2-46.2) (17.4-49.2) (18.1-47.2)  (20.8-47.2) (21.9-52.0) (26.7-53.4)  (28.8-46.7)
Mean corpuscular volume, fl 88.0 90.0 90.4) 90.7 92.0 93.0 93.6
(64.0-98.0) (57.0-105.4) (59.0-116.6 (58.0-109.0) (54.0-112.1)  (71.9-104.8) (73.6-103.3)
Mean corpuscular hemoglobin 332 333 33.2 331 33.2 332 33.1
concentration, g/dL (28.3-35.4) (26.7-379) (24.3-35.8) (24.5-36.3) (24.4-36.4) (30.6-35.8) (28.2-35.3)
White blood cell count, X10%/L 5.9 9.2 7.4 7.0 56 53 53
(2.4-17.0) (2.4-12.7) (2.1-14.0) (2.2-14.4) (1.9-11.4) (2.3-11.6) (2.1-12.1)
Platelet count, x10°%/L 263.0 2440 2470 252.0 2400 232.0 230.0
(135.0-578.0) (94.0-501.0) (50.0-572.0) (47.0-649.0) (100.0-610.0) (56.0-792.0) (26.0-426.0)
Anemia prevalence, %1t 15.7 18.0 211 258 12.8 7.7 11.5
Severe anemia prevalence, % 33 1.9 3.8 6.5 2.6 0.2 0.8
Microcytic anemia prevalence, % 9.1 22 43 6.6 1.1 0.1 0.4

*Data are written as median value (range).
tAnemia prevalence includes severe anemia.

The present study showed that anemia is a significant
issue among young Japanese women, although the interpre-
tation requires caution. First, the study subjects were health-
conscious women who resided in a metropolitan area and
came for check-up examinations at the two hospitals, sug-
gesting the possible existence of a selection bias. Second,
since no data arc available on serum chemistries, symptoms,
and physical examination regarding iron metabolism, we
cannot assess the causes of anemia based on the present
study. Last, the numbers of women varied between the dif-
ferent age groups. Any future study should include equal
numbers of women for a more precise analysis. A prospec-
tive, nationwide study is awaited, to assess the prevalence of
anemia in a larger sample size.
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Figure 1. Prevalence of anemia and median hemoglobin levels accord-
ing to age groups.

The high prevalence of anemia in young Japanese women
is a significant clinical issue. In many cases, the causes are
probably insufficient iron intake and iron deficiency due to
iron loss. Anemia is likely to adversely affect young women'’s
health. Nationwide consideration and an epidemiological
approach are necessary.
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