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Table 1 Correlations between clinicopathological characteristics and the micropapillary pattern (N= 383)

Characteristics No. of cases Micrapapillary pattern P-value
Negative (%) Positive (%)

Gender

Male 214 105 (53) 109 (59)

Female 169 94 (47) 75 (41) 0.202
Age (years)

<60 127 60 (30) 67 (36)

=60 256 139 (70) 117 (64) 0.193
Smoking

Nonsmoker 185 107 (54) BO (44)

Smoker 198 92 (48) 104 (56) 0.044
Maximum tumor diameter (mm)

<30 261 139 (70) 122 (66)

>30 122 60 (30) 62 (34) 0457
Lymph node metastasis

Negative 267 164 (82) 103 (56)

Positive 126 35 (18] 81 (44) <0.001
Pleural invasion

Negative 265 150 (75) 115 (63)

Positive 118 49 (25) 69 (37) 0.006
Lymphatic invasion

Negative 215 154 (77) 61 (33)

Positive 168 45 (23) 123 (67) <0.001
Venous invasion

Negative 109 182 (92) 127 (69)

Positive 74 17 (8) 57 (31) <0.001
Dominant histological subtype

Bronchioloalveolar 103 B4 (42) 19 (11)

Non-bronchioloalvealar 280 115 (58) 165 (89) <0.001

Acinar 659 36 (18) 33 (18)

Non-acinar 314 163 (82) 151 (B2) 0.968

Papillary 182 65 (33) 117 (63)

Non-papillary 20 134 (67) 67 (37) <0.001

Solid with mucin 29 14 (7) 15 (8)

Non-solid with mugin 354 185 (93) 169 (92) 0.680

times observed but their distribution was focal and
random. The apical and basal sides of the cells
were not clearly delineated (Figure 4a), and showed
intercellular junctions in micropapillary tufts
(Figure 4b). These findings were confirmed in all
three cases. Some cells constituting micropapillary
tufts appeared to accumulate without cell polarity.

Correlation of Micropapillary Pattern and
Clinicopathological Factors

Clinicopathological characteristics of patients
and their tumors were compared between micro-
papillary pattern-positive (with focal, moderate,
and extensive extent as mentioned below) and
micropapillary pattern-negative groups (Table 1).
Smoking (P=0.044), lymph node metastasis

(P<0.001), pleural invasion (P=0.006), lymphatic
invasion (P<0.001), venous invasion (P<0.001),

dominant non-bronchioloalveolar carcinoma
subtype (P<0.001), and dominant papillary sub-
type (P<D.001) were significantly associated

with the micropapillary pattern. Especially strong
correlations between the micropapillary pattern and
lymph node metastasis, lymphatic invasion, and
dominant non-bronchioloalveolar carcinoma sub-
type were observed, There was no association with
gender (P=0.202), age (P=0.193), or tumor size
(P=0.457). In stagelA cases (N=197), smoking
(P=0.031), lymphatic invasion (P<0.001), venous
invasion (P<0.001), dominant non-bronchiolo-
alveolar carcinoma subtype (P <0.001), and dominant
papillary subtype (P<0.001) were significantly
associated with the micropapillary pattern
(Table 2).
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Figure 1 Representative histology of the micropapillary pattern. (a and b) The micropapillary pattern was characterized by small
tufis with no fibrovascular core (a) lying in the alveolar space or (b) in spaces that in most cases represented retracted connective tissue.

(a and b) Hematoxylin—eosin: x 40; inset: x 400,

Figure 2 Serial sections of a micropapillary pattern-positive specimen. The tuft marked by (wsp-) in section 12 is consecutive with

another tuft in section 8 and even with the main tumor in section 1. Two isolated tufts identified by (

} in section 4 are shown to be

consecutive in section 10. The tuft identified by [—) in sections 5, 6, and 7 could not be identified as continuous with any other tuft

Sections 1-16 hematoxylin-eosin at = 40,

Prognostic Significance of the Micropapillary Pattern

Survival curves showed that as the extent of the
micropapillary pattern progressed, the prognosis
tended to worsen, and that the disease-free and
overall survival for the focal group were worse than

Modemn Pathology (2008) 21, 992-1001

in the none group (P=0.027 and P=0.068) (Figure
5a and b). In this study, cases in the none group
(199, 52%) were therefore classified as micropapil-
lary pattern-negative and the remainder of cases
(184, 48%) were classified as micropapillary pat-
tern-positive. Disease-free and overall survival for
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Figure 3 Immunohistochemical findings. (a) E-cadherin and [b) f-catenin were expressed at intercellular cell membranes of
micropapillary tufts. (¢) Laminin was found in the basement membrane of normal alveolar cells and in neoplastic cells in the main
tumor, but was not found in cells constituting micropapillary tufts. (d) CD34-positive cells were enriched in the stroma of main tumor
and the alveolar septum, whereas no CD34-positive cells were found in micropapillary tufts. (e} Cells constituting micropapillary tufts
stained positive for Ki-67. (a) E-cadherin (b) f-catenin (c) Laminin (d) CD34 (e) Ki-67 x 40; inset: = 400.
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Figure 4 Electron microscopic findings. (a) No basement membrane or vascular structures were observed. Microvilli distribution was
focal and random, and the apical and basal sides could not be clearly identified. (b} Intercellular junctions (arrow). (a) Scale bar =5 um;

(b} scale bar = 500 nm

Table 2 Correlation between clinicopathological charactenistics and the micropapillary pattern in stagelA patients (N =197)

Characteristics No. of cases Micropapillary pattern P-value
Negative (%) Positive (%)

Gender

Male 108 60 (51) 48 (62)

Female 89 59 (49) 30 (38) 0.125
Age (years)

<6l 68 16 (30) 3z (41)

=60 129 83 (70) 46 (59) 0,120
Smoking

Nonsmoker 107 72 (60) 35 (45)

Smoker an 47 (40) 43 (55) 0.031
Lymphatic invasion

Negative 157 111 (93) 46 (59)

Pasitive 40 8 (7) 32 (41) <0.001
Venous invasion

Negative 180 116 (98) 64 (82)

Positive 17 3(2) 14 (18) <0.001
Dominant histological subtype

Bronchioloalvealar 79 64 (54) 15 (18)

Non-bronchioloalveolar 118 55 (48) 63 (81) <0.001

Acinar 28 17 (14) 11 (14)

MNon-acinar 169 102 (86) 67 (86) 0.971

Papillary 80 34 (27) 46 (59)

Non-papillary 117 85 (73) 32 (41) <0.001

Solid with mucin 10 4 (3) 6 (8)

Non-solid with mucin 187 115 (97) 72 (92) 0.176

the micropapillary pattern-positive group were
significantly worse than for the micropapillary
pattern-negative group (P<0.001 and P=0.027).

In all four dominant subtype groups, disease-free
and overall survival rates for the micropapillary

Meodern Pathology (2008) 21, 992-1001

pattern-positive group tended to be worse than
those for the micropapillary pattern-negative group
(Figure 5c and d). The micropapillary pattern
was therefore considered to affect on prognosis
irrespective of dominant histological subtype.
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Figure 5 (a and b) Survival curves with different extents of the micropapillary pattern (N = 383). The disease-free and overall survival of
the focal group (N=65) were worse than those of the none group (N=199) (P=0.027 and P=0.068). (c and d) Survival curves grouped
by the presence of the micropapillary pattern and dominant histological subtype. Black, blue, red, and green lines show dominant
bronchioloalveolar carcinoma (N = 103), acinar (V= 869), papillary (N =182), and solid with mucin subtype (N = 29), respectively. Solid
and dotted lines show micropapillary pattern-positive and pattern-negative, respectively. No significant differences in survival between
dominant acinar, papillary, and solid with mucin carcinomas were found. The difference between micropapillary pattern-positive and
pattern-negative carcinomas was significant in the dominant papillary subtype (red) for disease-free survival (P=0.008) and in the
dominant bronchioloalveolar carcinoma subtype (black) for overall survival (P= 0.046). Differences were observed in other subtypes, but
they were small and not significant. (e and f) The 5-year and 10-year overall survival rates of the micropapillary pattern-positive group
(N=78) were 77.6 and 67.6%, respectively, which were significantly worse than those of the micropapillary pattern-negative group
(N=119) (98.1 and 98.1%) in stagelA

We then analyzed whether the micropapillary  of surgery. At stagelA, disease-free and overall
pattern had prognostic significance in the early stage  survival rates for the micropapillary pattern-positive
when lymph node metastasis was absent at the time  group (N=119) were significantly worse than for the
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micropapillary pattern-negative group (N=78)
(P=0.001 and P=0.001) (Figure 5e and f). The
5-year and 10-year overall survival rates of the
micropapillary pattern-positive group in stagelA
were 77.6 and 67.6%, respectively, which were
significantly worse than those of the micropapillary
pattern-negative group (98.1 and 98.1%).

Discussion

On histology, micropapillary tufts were isolated
from the main tumor and seemed to float in
airspaces. Using serial sections, we identified an
intricate structure of the micropapillary pattern in
which the tufts appeared to extend into airspaces.
Compared with other organs, the lung contains
sufficient airspaces that cells constituting micro-
papillary tufts might extend easily and extensively
beyond the main tumor. On hislological diagnosis, it
may therefore be difficult to discriminate the
micropapillary pattern from intrapulmonary metas-
tasis. However, some vascularities or stroma are
normally found in intrapulmonary metastatic
lesions, but not in micropapillary tufts. Both forms
should be distinguished clearly. Because histo-
pathological findings showed no vascularity in
micropapillary tufts, the route of nourishment for
their constitutive cells is uncertain. However,
nutrients might be supplied from the surrounding
epithelial lining fluids in the alveolar space.

Luna-More et al** suggested that neoplastic cells
in invasive micropapillary carcinoma of the breast
display reverse polarity. We explored the possibility
that some of the cells constituting micropapillary
tufts in lung adenocarcinomas also lost their cell
polarity. Tufts composed of such cells are not micro
‘papillary’ but rather micro ‘cluster.’ Igaki et al**

escribed that the loss of polarity in the presence of
oncogenic Ras resulted in accelerated tumor inva-
sion through the association of Ras and c-Jun
N-terminal kinase pathway activation in Drosophila.
The micropapillary pattern is believed to possess
intense invasive potency considering its correlation
with lymphatic, venous invasion. Loss of cell
polarity might be related to this potency.

Loss of vascularity and cell-matrix contact, as
well as the preservation of intercellular junctions in
micropapillary tufts were demonstrated in this
study. The micropapillary pattern is believed to
rel;nresenl the morphological piling up of neoplastic
cells. Normally, when displaced from the extracel-
lular matrix, epithelial cells undergo apoptosis
(anoikis).* In neoplastic cells, alterations in the
expression of cell-matrix adhesion molecules,
integrins, integrin-associated signaling molecules,
or apoptosis regulators can lead to anoikis resis-
tance.**~** In the present study, we further revealed
that cells constituting micropapillary tufts had
proliferation potency using Ki-67 staining, and
also revealed a strong correlation between the

Modern Pathology (2008) 21, 992-1001

micropapillary pattern and lymphatic invasion and
metastasis based on clinicopathological analysis.
These cells have most likely acquired anoikis
resistance and facilitated anchorage-independent
growth, which are advantageous for proliferation
during lymphatic cancer metastasis. The micropa-
pillary pattern is a distinct histobiological feature
that may therefore help to elucidate the mechanism
of lymphatic cancer metastasis.

Our data show that survival for the focal
group was worse than for the none group, and also
show that as the extent of the micropapillary pattern
progressed, the prognosis tended to worsen.
Makimoto et al** reported no significant difference
in survival between the focal (extent: <10%]) group
and the none group, but the criteria for the extent of
the micropapillary pattern and the methods used to
evaluate it have been inconsistent.*®

We clearly showed that in stageIlA when lymph
node metastasis was absent at the time of surgery,
the 5-year and 10-year overall survival rates of the
mic:mpagillary attern-negative group were high
(98.1 an 98.!%?. whereas those of the micropapil-
lary pattern-positive group were much lower (77.6
and 67.6%). Currently, therapeutic decisions are
mainly based on the TNM staging of cancer. The
micropapillary pattern could be a significant prog-
nostic factor even in the early stage.

In conclusion, the micropapillary pattern in lung
adenocarcinoma is a distinct histopathological var-
iant with biological and prognostic significance.
This entity should be recognized carefully on
pathological diagnosis.
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Abstract: Hemoglobin vesicles (HbVs), liposomal oxygen
carriers containing human hemoglobin, are candidates
for development as clinically useful blood substitutes.
Although HbVs are shown to distribute transiently into
the bone marrow in animal models, the influence of HbVs
on human hematopoietic stem/progenitor cells has not yet
been studied. Therefore, we investigated the influence of
HbVs at a concentration of up to 3 vol/vol % on the clono-
genic activity (in semisolid culture) and proliferative activ-
ity (in liquid culture) of human hematopoietic progenitor
cells derived from umbilical cord blood (CB) in vitro. Con-
tinuous exposure of CB mononuclear cells to HbVs tended
to decrease the number and size of mature-committed col-
onies and most notably reduced the number of colonies of
high-proliferative potential colony-forming cells (HPP-
CFC). In contrast, exposure to HbVs for 20 h or 3 days,

which is more relevant to the clinical setting, had no effect
on the number of mature-committed colonies and only
modestly decreased the number of HPP-CFC. Continuous
exposure (10 days) to HbVs significantly suppressed the
cellular proliferation and differentiation of both the ery-
throid and myeloid lineages in liquid culture. Again, short
exposure (20 h or 3 days) did not affect these parameters.
Thus, our results show that HbVs, under conditions rele-
vant to the clinical setting, have no adverse effect on
human CB hemal:’?oleuc progenitor activity in wvitro.
© 2008 Wl]ey Periodicals, Inc. ] Biomed Mater Res 88A:
34-42, 2009

Key words: liposome-encapsulated hemoglobin; hemoglo-
bin-vesicles; hematopoietic progenitor cells; colony assay:
biocompatibility

INTRODUCTION

Hemoglobin vesicles (HbVs) or liposome-encapsu-
lated Hbs comprise human hemoglobin encapsulated
within a phospholipid bilayer membrane and have
been developed as an artificial oxygen carrier.'”
Several studies have demonstrated that the HbVs
transport oxygen as efficiently as red blood cells,*”
making them a promising candidate for clinical trials.

HbVs are injected intravenously, therefore, the bio-
compatibility of HbVs with blood components is of
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primary importance to ensure the safety of these
materials for clinical use. We have evaluated this
biocompatibility by investigating the influence of
HbVs on human blood cells as well as plasma in
vitro and shown that HbVs are highly biocompatible
with human blood.***

It has been clearly demonstrated that intrave-
nously injected liposome products for drug delivery
are eventually captured by the reticuloendothelial
system (RES), such as Kupffer cells in the liver and
macrophages in the spleen and bone marrow." A
study in which technetium-99m-labeled HbVs were
infused into animals demonstrated that the HbVs
were mainly distributed in the liver, spleen and
bone marrow,"” and another histopathological study
clarified that the HbVs are promptly metabolized in
the RES."® Because the clinical utilization of an artifi-
cial oxygen carrier as a transfusion alternative would
result in the substitution of a large volume of blood,
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it is important to elucidate the influence of HbVs on
subsequent hematopoiesis. There has been concern
over whether the HbVs distributed into bone
marrow might adversely affect hematopoiesis,
because the bone marrow is the major site of hema-
topoiesis. From this point of view, rats that received
an acute 40% exchange-transfusion with HbVs
showed complete recovery of the hematocrit within
7 days due to the elevated erythropoietic activity.'*
Furthermore, the number of red blood cells, leuko-
cytes, and platelets remained unchanged for 1 week
after the infusion of HbVs at 20% of the whole blood
volume.”” The findings in these animal models
strongly suggest the absence of inhibitory activity of
HbVs against hematopoiesis. However, the influence
of HbVs on the human hematopoietic stem/progeni-
tor cells has not yet been studied.

In vitro models of hematopoiesis, such as colony-
forming assays, have been widely used to investigate
the proliferation and differentiation of both of pluri-
potent hematopoietic stem cells and different pro-
genitor cells of blood cell lineages [e.g., burst-form-
ing units of erythrocyte (BFU-E) and colony-forming
units of granulocytes/macrophages (CFU-GM)].
These techniques appear to be useful for investigat-
ing the pathogenic mechanisms of drug-induced
blood disorders and also for screening the safety of
compounds in preclinical testing.'®

In this study, therefore, we sought to evaluate the
influence of HbVs on the clonogenic activity of
human umbilical cord blood (CB) hematopoetic cells,
which are rich in hematopoietic stem/progenitor
cells. In addition, we investigated the effect of HbVs
on the proliferation and differentiation of both the
erythroid and myeloid lineages of CB hematopoietic
cells in liquid culture.

MATERIAL AND METHODS
HbVs

HbVs were prepared under sterile conditions, as
described previously."'® The Hb was purified from out-
dated donated blood provided by the Japanese Red Cross
Society (Tokyo, Japan). The encapsulated Hb solution (38
g/dL) contained 147 mmol/L pyridoxal 5-phosphate
(PLP) as an allosteric effector at a molar ratio of [PLP]/
[Hb] of 2.5. The lipid bilayer was composed of 1,2-dipalmi-
toyl-sn-glycero-3-phosphatidylcholine, cholesterol, 1,5-0-
dihexadecyl-N-succinyl-i-glutamate (Nippon Fine Chemi-
cal, Osaka, Japan), and 12-distearoyl-sn-glycero-3-phos-
phatidylethanolamine-N-[poly(ethylene  glycol)  (5,000)]
(NOF, Tokyo, Japan) at a molar ratio of 5:5:1:0.033. In
some experiments, empty liposomes, which have the same
constituents as HbVs, except for the absence of Hb, were
used. The concentration of lipopolysaccharide, measured
by a modified Limulus test, was less than 0.4 EU/mL."
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The physicochemical parameters were Py, 27 Torr; 262 =
77-nm particle diameter; and MetHb content <3%. The
concentration of Hb in the HbVs dispersion was adjusted
to 10 g/dL. The concentration of HbVs in this study was
set at about 3 vol/vol %, based on the following rationale.
Intravenously injected HbVs are eventually captured by
phagocytes in the RES, including the spleen, liver, and
bone marrow. The half-life of HbVs in the circulation in
humans has been estimated tobeﬁéhbgthesmdyofd:—
culation kinetics using rats and rabbits,* and the percent
infused dose of HbVs of bone marrow in humans was esti-
mated to be 6.4% at 48 h after 25% top loading of HbVs, in
studies of the organ distribution of HbVs in rats and rab-
bits.'? Based on this estimation, the distribution of HbVs in
the human bone marrow at 48 h after infusion at 25 vol/vol
% (1225 mL of HbVs) of the blood volume (4.9 L, 70 mL/
kg, body weight) in a 70-kg individual may be expected to
be 784 mL (6.4 vol/vol % of the infused dose of HbVs).
The volume of the bone marrow space has been estimated
as 2.6-4 L in an average-sized human (70 kg).* From these
values, the amount of HbVs in the human bone marrow
can be calculated to be about 2-3 vol/vol %.

Preparation of human CB

Use of human umbilical CB for the experiments was
approved by the Committee of Hokkaido CB Bank. CB was
obtained during normal full-term deliveries. CB CD34 " cells
were prepared as described previously.*! In brief, after sedi-
mentation of red blood cells by incubating the CB samples
with the same volume of 6% (w/v) hydroxyethyl starch dis-
solved in Ringer’s solution (Veen-D, Nikken Chemical, To-
kyo, Japan) at room temperature for 30 min, the low-density
(<1.077 g/mL) mononuclear cells were collected with Ficoll-
Paque (Pharmacia Biotech, Uppsala, Sweden). For some
experiments, the cells were further enriched with CD34" cells
using a MACS CD34 Progenitor Isolation Kit (Milenyi Bio-
tech, Bergish-Gladbach, Germany) according to the manufac-
turer’s instructions. In all experiments, the purity of the
CD34" cells was >85%.

Clonal cell culture

The methylcellulose clonal culture was performed in 35-
mm suspension culture dishes (Nippon Becton Dickinson
[BD], Tokyo, Japan). The population of CD34" cells among
the mononuclear cells was determined by flow cytometry,
and the CB-derived mononuclear cells were seeded at 300
CD34" cells/dish. A complete methylcellulose medium for
human clonal culture assays (Methocult GFH4434V; Stem-
Cell Technologies, Vancouver BC, Canada) was used. The
presence of up to 3% HbVs did not interfere with the mi-
croscopic detection of the colonies formed.

After 14 days incubation at 37°C in a humidified atmos-
phere containing 5% CO,, the BFU-E, CFU-CGM, CFU-Mix,
and colony-forming units in culture (CFU-C) were scored
under an inverted microscope. Densely packed colonies
that reached >1 mm in size were scored as high prolifera-
tive potential colony-forming cells (HPP-CFC) after 28
days incubation. In some experiments, the CB-derived

Jouwrnal of Biomedical Materials Research Part A



36

mononuclear cells were suspended to obtain 1500 CD34"
cells/mL in Iscove’s modified Dulbecco’s medium (IMDM,
Gibco BRL, Rackville, MD) containing 30% FCS (Equitech
Bio, Igram, TX), 1% bovine serum albumin (BSA; Sigma
Chemical, St Louis, MO), 10 ng/mL human interleukin-3
(IL-3), 10 ng/mL human stem cell factor (SCF, provided
by Kirin Brewery, Tokyo, Japan), 10 ng/mL granulocyte
colony-stimulating factor (G-CSF, a gift from Chugai Phar-
maceutical, Tokyo, Japan), and 50 U/mL granulocyte-mac-
rophage colony-stimulating factor (GM-CSF; Schering
Research, Bloomfield, NJ). Then, different concentrations of
HbVs were added to the cell suspension. The cells were
incubated either for 20 h or for 3 days, Subsequently, they
were recovered, washed to remove the HbVs, and resus-
pended in 5 mL of MethoCult GF. One milliliter of the re-
sultant cell suspension (by adjusting CD34% cells to 300
cells/dish) was seeded into a 35-mm dish for the clonal
assay.

Liquid culture

CD34" cells enriched from CB-derived mononuclear
cells were suspended in 4 mL of the following culture
media and seeded in 12.5-cm? flasks (Nippon BD, Tokyo,
Japan). The culture medium for the erythroid lineage was
IMDM-containing 30% FBS, 1% BSA, 10 ng/mL human IL-
3, 10 ng/mL human SCF, and 2 U/mL human erythro-
poietin (provided by Chugai Pharmaceutical). The culture
medium for the myeloid lineage was IMDM-containing
30% FBS, 1% BSA, 50 uM B-mercaptoethanol, 10 ng/mL
human IL-3, 10 ng/mL human SCF, 10 ng/mL G-CSF, and
50 U/mL GM-CSF. These combinations of cytokines have
been shown to promote proliferation and differentiation of
CD34" cells toward mature erythroid and myeloid lineage
cells, respectively.”® Various concentrations of HbVs
were added to the medium containing the cells. After 10
days incubation at 37°C in a humidified atmosphere con-
taining 5% CO,, the total cell counts were determined.
CD235a* (glycophorin A) cells for the erythroid lineage
and CD15" cells for the myeloid lineage, respectively, were
analyzed by flow cytometry, For determining the effects of
short-term exposure, the cells were incubated with HbVs for
either 20 h or 3 days, washed to remove the HbVs, and then
incubated for a total of 10 days.

Flow-cytometric analysis

Aliquots of cells were stained with monoclonal antibod-
ies in PBS/0.1% BSA at 4°C for 30 min. The analysis was
performed using a BD LSR flow cytometer (BD Biosciences
Immunocytometry System, San Diego, CA). The following
monoclonal antibodies were used: FITC-conjugated CD34
(Nippon Becton Dickinson [BD]) antibody, PE-conjugated
CD235a and CD33 (DAKO) antibodies, FITC-conjugated
CD15 (DAKO) antibody, and APC-conjugated CD45 (BD)
antibody. FITC- and PE-conjugated mouse IgG1 antibodies
(BD), APC-conjugated mouse IgGl (BD), and FITC-conju-
gated IgM (DAKO) antibodies were used as isotype-
matched controls. In the flow-cytometric analysis, dead
cells were gated out first by propidium iodide staining
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and then with a forward versus side scatter window. For
each analysis set, at least 10,000 events were collected.

Histological staining

Cultured cells (1 % 10° = 1 X 10*/100 uL) were centri-
fuged onto slides with Cytospin (Shandon, Pittsburgh, PA)
and stained with May-Griinwald-Giemsa (Merck, Darm-
stadt, Germany). Microscopic images were captured with
an MP5Mc/OL digital camera (Olympus) and processed
using Win Roof software, version 5.5.

Statistical analysis

Results are expressed as mean * standard deviation
(SD). A two-way paired ANOVA followed by post hoc Bon-
ferroni’s test was used for comparisons of multiple HbV-
treated groups with the control (HbV; 0%) group. For anal-
ysis of the difference between two exposure times,
unpaired two-tailed Student’s t test was used. Values of p
< 0.05 were considered significant.

RESULTS AND DISCUSSION

Clonogenic potential of CB hematopoietic cells

We first examined the effect of continuous expo-
sure to HbVs (0.09%-3%) on the formation of BFU-E,
CFU-GM, CFU-Mix, CFC, and HPP-CFC in the clon-
ogenic assay. HbVs at 3% inhibited the formation of
CFU-GM and tended to decrease the formation of
CFC-C. Most notably, HbVs significantly inhibited
the formation of HPP-CFC in a concentration-
dependent manner (Fig. 1A). Although no change in
the number of colonies of BFU-E was noted, the size
of the colonies of BFU-E and CFU-GM tended to be
smaller in the presence than in the absence of HbVs
(Fig. 2). On the other hand, the empty liposomes
(phospholipid vesicles devoid of Hb) had no inhibi-
tory effect on the formation of mature-committed
colonies or HPP-CFC (Fig. 1B).

As continuous exposure to HbVs had a marked
inhibitory effect on the formation of HPP-CFC, we
examined the effect of short-term exposure of CB he-
matopoietic cells to HbVs. Toward this end, the CB
hematopoietic cells were exposed to HbVs for 20 h
or for 3 days, washed to remove the HbVs, and then
subjected to a clonogenic assay. Exposure to HbVs
for 20 h had no inhibitory effect on the formation of
either HPP-CFC or other mature-committed colonies
(Fig. 3). Exposure to 3% HbVs for 3 days modestly
inhibited the formation of HFPP-CFC, however, a
greater number of HPP-CFC was formed when com-
pared with that observed under continuous exposure
to HbVs. No effect was observed on the formation of
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Figure 1. A: Effects of HbVs on the clonogenic activity of CB-derived hematopoietic cells. B: Effects of empty liposomes
on the clonogenic activity of CB-derived hematopoietic cells. CB-derived mononuclear cells were seeded at 300 CD34'
cells per dish in complete methylcellulose medium for human clonal-culture assays. Various concentrations of HbVs or
empty liposomes (vol/vol %) were added to the medium containing the cells. BFU-E, CFU-GM, CFU-Mix, and CFU-C
were scored after 14 days incubation. HPP-CFC was scored after 28 days incubation. Data represent the mean = SD of
three experiments performed on three separate CB donors in (A) and (B), respectively. A two-way paired ANOVA fol-
lowed by Bonferroni's test was used for comparisons of multiple HbVs-treated groups with the control (HbVs; 0%) group.
*p < 0,05, **p < 0.01 versus HbVs (09%).
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0% HbV

0.75% HbV |

1.5% HbV |

Figure 2. Effects of HbVs on the size of the colonies of
BFU-E and CFU-GM formed in clonal cultures of CB-
derived cells. Representative colonies of BFU-E and CFU-
GM in the absence and presence of HbVs are shown.
Scales represent 50 pm.

other mature-committed colonies (Fig. 3). From the
clinical point of view, continuous exposure of hema-
topoietic stem/progenitor cells to HbVs in the mar-
row for 14 days or 28 days is unlikely. Rather, 1-3
days exposure is more relevant to the clinical setting
as described below. In this sense, short-term expo-

CFU-GM
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sure of hematopoietic progenitor cells to HbVs even
at 3% had no adverse effect on the clonogenic activ-
ity of hematopoietic progenitor cells.

Proliferation and differentiation of erythroid or
myeloid lineage cells from CB hematopoietic
progenitor cells in liquid culture

Because the numbers of HPP-CFC and CFU-GM
were significantly reduced, and the size of the colo-
nies of BFU-E and CFU-GM tended to be smaller in
the presence than in the absence of HbVs, we next
examined the effect of HbVs (0.75%, 1.5%, or 3%) on
the proliferation of erythroid or myeloid lineage cells
in a liquid culture of CB CD34" cells. As shown in
Figure 4, the presence of HbVs throughout the cul-
ture period significantly inhibited the proliferation of
CD235a™ cells (erythroid lineage) and CD15" (mye-
loid lineage) cells in a dose-dependent manner.
These results suggested that continuous exposure to
HbVs had an inhibitory effect on the proliferation of
hematopoietic progenitor cells. Thus, the reduced
number of HPP-CFC and reduced colony size of
BFU-E and CFU-GM in the clonogenic assay were
surmised to be associated with reduced proliferation
of the erythroid and myeloid lineage cells in the
presence of HbVs throughout the culture period.
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Figure 3. Effects of shori-term exposure to HbVs on the clonogenic activity of CB-derived hematopoietic cells. CB-
derived mononuclear cells were suspended in IMDM containing FCS, BSA, IL-3, SCF, G-CSF, and GM-CSF; then, different
concentrations of HbVs were added to the cell suspension. The cells were incubated for 20 h (open column) or for 3 days
(closed column). Subsequently, they were recovered, washed to remove the HbVs, and subjected to clonal assay. Data
were expressed as the mean * SD of the percentage of control. Three experiments were performed on three separate CB
donors. **p < 0.01; 20 h versus 3-day exposure; unpaired Student’s ¢ test.
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Figure 4. Effects of HbVs on the proliferation of erythroid
lineage (left panel) or myeloid lineage cells (right panel)
from CB-derived hematopoietic progenitor cells in liquid
culture. Various concentrations of HbVs were added to
medium containing the CB-derived CD34" cells. After 10
days’ incubation, CD235a" cells for the erythroid lineage
and CDI15" cells for the myeloid lineage, respectively,
were analyzed by flow cytometry. Data represent the
mean £ SD of six experiments performed on six separate
CB donors. A two-way paired ANOVA followed by Bon-
ferroni’s test was used for comparisons of multiple HbVs-
treated groups with the control (HbVs; 0%) group. **p <

0.01 versus HbVs (0%).
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We further analyzed the subset of CD235a" cells
and CDI5" cells. The CD235a"CD45  cells and
CD15"CD33" cells represented some of the more
differentiated cells in the erythroid and myeloid line-
age, respectively. Continuous exposure to HbVs sig-
nificantly reduced the percentage of CD233"CD45~
cells in the total cell population (Fig. 5A). Micro-
scopic examination of a smear of cells cultured for
10 days revealed that while orthochromatic erythro-
blasts and erythrocytes (differentiated lineage) were
present in the absence of HbVs, basophilic erythro-
blasts (less differentiated lineage) were more abun-
dant in the presence of 3% HbVs (Fig. 5B).

Similarly, continuous exposure to HbVs signifi-
cantly decreased the percentage of CD15"CD33"
cells in the total cell population (Fig. 6A). Examina-
tion of a smear of the cells showed that while meta-
myelocytes (differentiated lineage) could be recog-
nized in the absence of HbVs, myelocytes (less dif-
ferentiated lineage) were more abundant in the
presence of 3% HbVs (Fig. 6B). These results suggest
that continuous exposure to HbVs also inhibited the

HbV 1.5%

Figure 5. Effects of HbVs on the differentiation of erythroid cells from CB-derived hematopoietic progenitor cells in lig-
uid culture. CB-derived CD34" cells were cultured in the medium for induction of erythroid lineage without or with
HbVs (0.75%, 1.5%, or 3.0%). A: The percentage of CD235a* CD45" cells in the total cell population was analyzed by flow
cytometry. Data represent the mean = SD of experiments performed on CB obtained from six separate donors. A two-way
paired ANOVA followed by Bonferroni’s test was used for comparisons of multiple HbVs-treated groups with the control
(HbVs 0%) group. *p < 0.05, **p < 0.01 versus HbVs (0%). Representative results of flow cytometric analysis are shown at
the bottom. B: Morphology of the cells generated in the liquid culture for erythroid lineage. Arrow head; basophilic eryth-
roblasts, white arrow; orthochromatic erythroblasts, and black arrow; erythrocyte. Note that the differentiated erythroid
cells are much fewer in number in the presence of HbVs when compared with that in the control (HbVs 0%). [Color figure
can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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Figure 6. Effects of HbVs on the differentiation of myeloid cells from CB-derived hematopoietic progenitor cells in liquid
culture. CB-derived CD34" cells were cultured in the medium for the induction of myeloid lineage without or with HbVs
(0.75%, 1.5% or 3.0%). A: The percentage of CD15" CD33" cells in the total cell population was analyzed by flow cytome-
try. Data represent the mean = SD of experiments performed on six separate CB donors. A two-w:zepaired ANOVA fol-
lowed by Bonferroni’s test was used for the comparisons of multiple HbVs-treated groups with control (HbVs 0%)
up. *p < 0.05, **p < 0.01 versus HbVs (0%). Representative results of flow cytometric analysis are shown at the bottom.

: Morphology of the cells generated in the liquid culture for erythroid lineage. Arrow head, macrophage; white arrow,
myelocyte; and black arrow, metamyelocyte. Note that the differentiated myeloid cells are much fewer in number in the
presence of HbVs when compared with that in the control (HbVs 0%). Scales represent 10 ym. [Color figure can be viewed

in the online issue, which is available at www.interscience.wiley.com.]

differentiation of both erythroid and myeloid lineage
cells.

Next, the effects of the short exposure to HbVs,
which is more relevant to the clinical setting, of
CD34™ cells on the proliferative activity of both ery-
throid and myeloid lineage cells were examined. Ex-
posure to HbVs even at 3% for 20 h or for 3 days
did not affect the proliferative activity of either the
CD235a" cells or the CD15" cells (Fig. 7). Further-
more, the percentages of CD235a"CD45™ cells and
CD15"CD33" cells in the total cell population were
not affected by exposure to HbVs, either for 20 h or
for 3 days (data not shown). Thus, HbVs exerted no
inhibitory effects on the proliferation and differentia-
tion of either erythroid or myeloid lineage cells fol-
lowing short durations of exposure.

Several hypotheses have been suggested to explain
the inhibitory effects of continuous exposure to
HbVs on hematopoietic progenitor activity including
direct contact of the progenitor cells with HbVs, con-
version of Hb in HbVs to met-Hb during culture,
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interaction of progenitor cells with several compo-
nents from HbVs, which might degrade over time.
The observation that the empty liposomes did not
have any inhibitory effect on the clonogenic activity
suggested that the progenitor activity was not inhib-
ited by direct contact of the progenitor cells with the
HbVs surface, but by the presence of Hb in the
HbVs. In this case, higher dissolved oxygen concen-
trations in the culture medium were theoretically
expected in the presence of HbVs than in the ab-
sence of HbVs, which may be involved in the inhibi-
tion of progenitor activity following to the prolonged
exposure to HbVs. Furthermore, conversion of Hb to
met-Hb within HbVs® cannot be excluded as the
reason for the inhibition of progenitor activity
caused by HbVs, In addition, there is a possibility
that HbVs might degrade during long-term incuba-
tion, leading to the release of Hb. We determined
the Hb level during the continuous presence of
HbVs in liquid culture up to 10 days. At maximum,
6.7% of the Hb in the HbVs inputted at 3% (i.e., 0.02
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Figure 7. Effects of HbVs on the proliferation of erythroid lineage (left panels) or myeloid lineage (right panels) cells
from CB-derived hematopoietic progenitor cells in liquid culture. CB-derived CD34" cells were exposed to HbVs (0%,
0.75%, 1.5%, or 3%) for 20 h, 3 days, or 10 days. After culture for a total of 10 days, CD235a™ cells for the erythroid lineage
and CDI15" cells for the myeloid lineage, respectively, were analyzed by flow cytometry. The number of CD235a™ cells or
CD15" cells at each concentration of HbVs is expressed as a percentage of the number in the control (HbVs 0%). Data rep-

resent the mean = SD of three

experiments performed on three separate CB donors. A two-way paired ANOVA followed

by Bonferroni’s test was used for comparisons of multiple HbVs-treated groups with the control (HbVs 0%) group. *p <

0.05, **p < 0.01 versus HbVs (0%).

g/dL) was released into the culture supernatant.
This Hb concentration was calculated as ~3 pM.
According to the report by Fowler et al,*® 1 uM of
recombinant Hb did not affect the proliferation of
erythroid or myeloid lineage cells from human bone
marrow CD34" cells in liquid culture system. There-
fore, we do not believe that the released Hb
accounted for the inhibitory effect of long-term expo-
sure to HbVs on the progenitor activity.

It is difficult to predict the events in vivo from the
results of experiments in vitro, because the effects of
HbVs on the immature hematopoietic stem/progeni-
tor cells from the CB may not be the same as those
on the hematopoietic stem/progenitor cells in the
adult bone marrow. In addition, the concentration of
HbVs used here is based on simple assumption and
may not necessarily be relevant to the physiological
conditions prevailing in humans. With regard to the
exposure time to HbVs, continuous exposure of
hematopoietic stem/progenitor cells to HbVs in the
marrow for more than 10 days is unlikely in the clin-
ical setting. Rather, 1-3 days exposure is more rele-
vant to the clinical setting, because a study in which
an acute 40% exchange transfusion of HbVs was
administered to rats showed that a significant
amount of the HbVs was phagocytosed by the mac-
rophages in the marrow by 1-3 days after the infu-
sion. A significant decrease in the number of HbVs
was observed at 7 days, with the vesicles becoming
undetectable at 14 days. Under these conditions,

hematopoietic activity, including the formation of
erythroblastic islets was observed at 3 days in the
marrow."* Moreover, the destination of HbVs in the
bone marrow is macrophages, and the HbVs are
degraded in the phagosomes. These findings imply
that there is little possibility of direct contact
between HbVs and the hematopoietic progenitor
cells in vivo. The finding that short-term exposure to
HbVs did not have any significant effect on the clon-
ogenic activity or the proliferation and differentia-
tion of erythroid and myeloid lineage cells in liquid
culture is consistent with the results of animal
experiments,'*'® suggesting that the infusion of
HbVs in humans may have no adverse effects on
hematopoiesis.

In conclusion, our results suggest that HbVs,
under conditions relevant to the clinical setting, have
no adverse effect on human CB hematopoietic pro-
genitor activity in vitro. The present results are of
value for estimating the biocompatibility of HbVs
and hematopoietic progenitor cells.

The authors thank Prof. Koichi Kobayashi and Dr. Hiro-
hisa Horinouchi (School of Medicine, Keio University) for
their meaningful discussions.

References

1. Dijordjevich L, Miller [F. Synthetic erythrocytes from lipid
encapsulated hemoglobin. Exp Hematol 1950;8:584-592.

Journal of Biomedical Materials Research Part A



42

10.

11.

12

13

Phillips WT, Klipper RW, Awasthi VD, Rudolph AS, Cliff R,
Kwasiborski V, Goins BA. Polyethylene glycol-modified lipo-
some-encapsulated hemoglobin: A long circulating red cell
substitute. ] Pharmacol Exp Ther 1999,288:665-670.
Chang TM. Hemoglobin-based red blood cell substitutes.
Artif Organs 2004;28:789-794.
Sakai H, Takeoka S, Park SI, Kose T, Nishide H, lzumi Y,
Yoshizu A, Kobayashi K, Tsuchida E. Surface modification of
hemoglobin vesicles with poly(ethylene glycol) and effects on
aggregatlm, viscosity, and blood flow during 90% exchange
in thetized rats. Bioconjugate Chem 1997,8:23-

30.

Sakai H, Masada Y, Horinouchi H, Yamamoto M, Ikeda E,
Takeoka S, Kobayashi K, Tsuchida E. Hemoglobin-vesicles
suspended in recombinant human serum albumin for resusci-
tation from hemorrhagic shock in anesthetized rats. Crit Care
Cabrales P, Sakai H, Tsai AG, Takeoka S, Tsuchida E, Inta-
glietta M. Oxygen transport by low and normal oxygen affin-
ity hemoglobin vesicles in extreme hemodilution. Am J Phys-
iol Heart Circ Physiol 2005;288:H1885-H1892.
Yoshizu A, Tzumi Y, Park 5, Sakai H, Takeoka S, Horinouchi
H, Ikeda E, Tsuchida E, Kobayashi K. Hemorrhagic shock
resuscitation with an artificial oxygen carrier, hemoglobin vesi-
cle, maintains intestinal perfusion and suppresses the increase
in plasma tumor necrosis factor-a. ASAIO J 2004;50:458-463.
Wakamoto S, Fujihara M, Abe H, Yamaguchi M, Azuma H,
Ikeda H, Takeoka S, Tsuchida E. Effects of hemoglobin
vesicles on resting and agonist-stimulated human platelets in
vitro. Artif Cells Blood Subs Biotechnol 2005;33:101-111.

Ito T, Fujihara M, Abe H, Yamaguchi M, Wakamoto S, Take-
oka S, Sakai H, Tsuchida E, lkeda H, Ikebuchi K. Effects of
poly(ethyleneglycol)-modified hemoglobin vesicles on N-
formyl-methionyl-leucyl-phenylalanine-induced responses of
polymorphonuclear neutrophils in vitro. Artif Cells Blood
Substit Immobil Biotechnol 2001;29:427-437,

Abe H, Fujihara M, Azuma H, Ikeda H, Ikebuchi K, Takeoka
S, Tsuchida E, Harashima H. Interaction of hemoglobin
vesicles, a cellular-type artificial oxygen carrier, with human
plasma: Effects on coagulation, kallikrein-kinin, and comple-
ment systems. Artif Cells Blood Substit Immobil Biotechnol
2006;34:1-10.

Torchilin VP. Recent advances with liposomes as pharmaceu-
tical carriers. Nat Rev Drug Discov 2005;4:145-160.

Sou K, Klipper R, Goins B, Tsuchida E, Phillips WT. Circula-
tion kinetics and organ distribution of Hb-vesicles developed
as a red blood cell substitute. ] Pharmacol Exp Ther 2005:312:
702-709.

Sakai H, Horinouchi H, Tomiyama K, lkeda E, Takeoka S,
Kobayashi K, Tsuchida E. Hemoglobin-vesicles as oxygen
carriers: Influence on phagocytic activity and histopathologi-
cal changes in reticuloendothelial system. Am ] Pathol 2001;
159:1079-1088.

Journal of Biamedical Materials Research Part A

15.

16.

17.

18,

21.

24.

YAMAGUCHI ET AL.

Sakai H, Horinouchi H, Yamamoto M, Tkeda E, Takeoka S,
Takaori M, Tsuchida E, Kobayashi K. Acute 40 percent
exchange-transfusion with hemoglobin-vesicles (HbV) sus-
pended in recombinant human serum albumin solution: Deg-
radation of HbV and erythropoiesis in a rat spleen for 2
weeks. Transfusion 2006;46:339-347.

Abe H, Azuma H, Yamaguchi M, Fujihara M, Tkeda H, Sakai
H, Takeoka S, Tsuchida E. Effects of hemoglobin vesicles,
a liposomal artificial oxygen carrier, on hematological res-
ponses, complement and anaphylactic reactions in rats. Artif
Cells Blood Substit Immobil Biotechnol 2007;35:157-172.
Pessina A, Malerba I, Gribaldo L. Hematotoxicity testing by
cell clonogenic assay in drug development and preclinical
trials. Curr Pharm Des 2005;11:1055-1065.

Sakai H, Yuasa M, Onuma H, Takecka S, Tsuchida E. Synthe-
sis and physicochemical characterization of a series of hemo-
globin-based oxygen carriers: Objective comparison between
cellular and acellular types, Bioconjugate Chem 2000;11:56-
64.

Sou K, Naito Y, Endo T, Takeoka S, Tsuchida E. Effective
encapsulation of proteins into size-controlled phospholipid
vesicles using freeze-thawing and extrusion. Biotechnol Prog
2003;19:1547-1552.

Sakai H, Hisamoto S, Fukutomi I, Sou K, Takeoka 5, Tsu-
chida E. Detection of lipopolysaccharide in hemoglobin-
vesicles by Limulus amebocyte lysate test with kinetic-turbi-
dimetric gel clotting analysis and pretreatment of surfactant.
] Pharm Seci 2004,93:310-321.

Lipton JM, Nathan DG. The y and physiology of hem-
atopoiesis. In: Nathan DG, Oski FA, editors. Hematology of
Infancy and Childhood. Philadelphia: WB Saunders; 1987,
p 128-158.

Ohkawara JI, Tkebuchi K, Fujihara M, Sato N, Hirayama F,
Yamaguchi M, Mori KJ, Sekiguchi S. Culture system for
extensive production of CD19+IgM+ cells by human cord
blood CD34+ progenitors. Leukemia 1998;12:764-771.
Giarratana MC, Kobari L, Lapillonne H, Chalmers D, Kiger
L, Cynober T, Marden MC, Wajcman H, Douay L. Ex vivo
generation of fully mature human red blood cells from hema-
topoietic stem cells. Nat Biotechnol 2005;23:69-74.

Unverzagt KL, Bender JG, Loudovaris M, Martinson JA,
Hazelton B, Weaver C. Characterization of a culture-derived
CD15+CD11b- promyelocytic population from CD34+ pe-
ripheral blood cells. ] Leukoc Biol 1997,62:480-484.

Teramura Y, Kanazawa H, Sakai H, Takeoka S, Tsuchida E.
Prolonged oxygen-carrying ability of hemoglobin vesicles by
coencapsulation of catalase in vivo. Bioconjugate Chem 2003;
14:1171-1176.

Fowler DA, R hal GJ, 5 dossi JP. Effect of recombi-
nant human hemoglobin on human bone marrow progenitor
cells: protection and reversal of 3-azido-3'-deoxythymidine-
induced toxicity. Toxicol Lett 1996;85:55-62.




ANETOE NEEDIN vitro (CH 175 & MIEBE S L O
MigE4 > /87 ADEESH

Biocompatibility of Hemoglobin Vesicles, a Cellular-type Atrtificial
Oxygen Carrier, on Human Blood Cells and Plasma Proteins in Vitro

I e, 3 OW, A AK
Mitsuhiro Fujihara, Hiroshi Azuma, Hisami Tkeda

iz

ANEZ O 2/hEfE (hemoglobin vesicles; HbV) 12, IBE &M 642 ) BV —ADthizAaET Yo 2 Na 24
e VEOANTEEILRAETSHS. HhVidVbwsd TALRMEK] & LTmMENICHIESNL-D, TOBRKRIEHIZHT
oM OFMICIX, £, & ICmBlREMCRT 2 EAL I EHNEETHSL, FOCHRA T bl
fMifes X e bMEY 32 REH Iz in vittoDFFlilcE S 2 D T E B o TE . P RIERIGICME S
AR L, HbV BEICIZEEMERIEA LK, 47T ML 2ERE~OEELALL L 7. BAR
P E M X v o0 hEROBEE GE(LRE, BIER, WMBREELE) O bicH L TY, HhVIZERE S L kd o7,
MR (26 L CTid, HbV idin vitro TOEN 3 BH F CoEM ch i EmaiialEd 2 i o bidhwo k
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Abstract

Hemoglobin vesicles (HbV), a cellular-type artificial oxygen carrier, are composed of human hemoglobin encapsulated within a
phospholipid bilayer membrane. As HbV are injected intravenously, biocompatibility of the HbV with blood components is very
important to ensure safety of this material for clinical use, We have evaluated this biocompatibility by focusing on the influence
of HbV on human blood cells as well as plasma proteins in vitro. 1) As to the influences to platelets which are involved not only
in the hemostasis but also in inflammation, HbV themselves did not activate platelets, and had no aberrant effect on agonist-
induced platelet activation. 2) HbV did not affect on agonist-induced activation of neutrophil functions (chemotaxis,
degranulation, and production of superoxide) which play important roles on innate immunity. 3) HbV had no effect on the
hematopoietic progenitor activity, if the exposure period is brief. 4) The present HbhV (containing DHSG) did not activate
complement system, although the old-type HbV (containing DPPG, no PEG modification) did markedly. 5) The coagulation as
well as kallikrein-kinin cascades were not affected by the present HbV. Thus, our in vitro studies show that HbV are highly
biocompatible with human blood cells and human plasma proteins.

Keywords

artificial oxygen carrier, biocompatibility, platelets, neutrophils, hematopoietic progenitor cells, complement, coagulation,
kallikrein-kinin
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HHEORBER BV TRKROMMANTAWLE L Shil, F
oM i L S L ER oS EHRT oM, A
IHEEREEERERE LTHwWAZ LY EESHL A, BT
OEMMMmeEH Ol : OfAEHbEICLE D, ALEEE
BHREEN MDY AT AEWET LS LIS T L LAt
MEshs.

AEYOE 2/afk (hemoglobin vesicles; HbV) &, R T
E#250nm DY) KV —AdBRIAE o T, HlEL#
BUALMICERLZ) YRR 2L A7 0= /BN IR
W PEGHE» oL 2MEA_EMO YR Y —LDRIZAEY
OE 2HEILENVBOATERELRETHS. HOVD
ANLFmERE L ComERREIZMT 250, Hlah, ®
WMEizonwTikond CitdliclRF s hTWa Y. —%, HbHV
OHEEEHAEESTW LTI, 205REE5ELFGT 52
ENEETHL. AREGEEFET<IHEBRBEIIbLLY.
FTORTRAZ, HVAWEShABICHEFEREZELS 2
MAMREE, L, mMaMREs L sy 2zl
HbVA LD LD e ERED A2 OVWTHAR I TR
HeBohoTa FEIZBWTIRE F MRS LT ilhb
], bFebER, mpriRHERE Y, & Py 52 LTHER,
MmikFEER, AV 2L - F=20FEENHY, HBVDin
Vit iZ B2 TR ETN~OERI IOV TR A ORE#H LR
L., HoVorEstEic o TER LAV

1. AEJOE REEOD/DFEEEIZHT 3EE

FolBOBWETVIZBWTR, VEY—LGBH~TY
O¥ ESI L AMEREION, FOEKRO—E LT—#
o Bt 2 T3, Eike—atto st
MR, BEHEO) Ry —L0f5i2BwTbAbh
TWa, Zoatti/MERPOREREERAT 5720, in
vitrolZBWT Y HY =L L if> EiSOm/MMELE DBEICML
TR ENA&ERY, VEVY—LOBERTSABRFTOR
HTHhals, 7 b2 EMELDS Fax—a v
LD HEy—LidmEPOMERSCIbIZMbR, CIbEAL
f2UHEV—L4 - C3b - /MR LECR] receptor D& HIZ & 58k
AR ENLZ EARENS. £LTin vivoloBWwWTii,
OB ELHICHENRICLIoTRE SRS LR MM
MMERIOFREELLONTWAY, ZhicsLe bk
1212 CR1 receptor *FFEE L e\vv/odd, UH Y —A Bl dE
OBBEHIIRBE s VWY, ffoTe bzBvTRYEY—4
OMERTTARHORE T LTH, BhEFLrTl
BEis)HY—s@miERosEn BRI RIEL v B
flahad,

—%, MUhSiE0BR b s OfEEEEEEDRES
ALTWAEI LS, BERAOERTTEALTEHMRESEST
AZbds, FmMBOBEOR S TRERSIZLME LT
WhLEZLENLTWA*Y, HbVOESIZ L ) Bl M
PREAEI G VWELTS, HoVAEER Tl EEE
L7=h, B2V TIZAMILARGEBEXELNTE L
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S LESERIZL, mAMEHRERFERDROMEA RS 5 &
WA BRRE, SEicloTIHFE LI ETIR AW

ZDEIEFEROLE, bhvbhid) Ev—LOWERG L
L TDPPG (1,2-dipalmitoyl-sn-glycero-3-phosphatidyl glycerol)
ZE&HT 5 HbV Oo/MMREEE~OEEIZIOWT, RANTES
OS24 E L THF L7, RANTES Xii/MMED o B
BITEET 2 REEr TH 4 > T, AR, AR, BES
T AniRicHT AMN R EEREEA TR, £ Tk
b & Mo/ eE & MK 20% (vol/vol) T TORBEDHLY 2 F
WA vhkan—Lavik, TIZAMTHLI5—4»THIR
L7 Eish O RANTESOREOKMZ#E L. 0%
B, 35— OBEICKF LA RANTESORH A LD S
A, 20% HbVETFOHA »Fank—arS4ECs
Wi, RANTES O ~DO KBz A 6N Ao 7z (Table 1).
Fh7I= MR LoOBGIZBWTH, RANTESOHH
ML Til/hEE HbV 2 TFH 4 »Fa~x—v 3 LERGE
RALAREDLREVWI LN G, HbVA MK E FELET S
fEHb e EZ G

xiz, VRV —LOWMBESTE L TDPPG % h VK BIER
DHSG (15-0-dihexadecyl-N-succinyl-L-glutamate) (= &4z
128470 HbV @ /M~ ERIZoWvT, HbVIREERX40%
FTHE LY. mAhSIGEELoFFMiz, RANTESICINAR
L4 a BIRIZAETET A 4EM 4 € 5 4 > pf-thromboglobulin (-
TG), BYENICHEETL LD F= Y ORBEE, KIF147
74— Fsty 212k o TM/MRIEIE(L % 1984 % Thromboxane
A, (TXA,) OEHE, 55|2q BRHFEDCD6E2P DMK ~D
S, B XM Y 228 Zallbf3OME R E R
LZHMAEPAC |l O#EEEEEEL L7, b, TXAIZFREIE
Wiz EDMRBEY D Thromboxane B, (TXB,) ##M®EL 7%
(Table 1).

Table 1. Effect of HbV on human platelets |

Index Stimulant Type of HbV Conc. of HbV Effect
RANTES Collsgen (+)  DPPG-HbV S 20% No effect
release ) DPPG-HBY <20% No effect
RANTES Collagen (+)  DHSG-HbV S 40% No effect
release ) DH5G-HBY 5 40% Marmne!
PTG Collagen (+) DHSG-HbV £ 40% No effect
release {-) DHSG-HBY S40% No effect
Serotonin Collagen (+)  DHSG-HbV < 40% No effect
release {-) DHSG-HBV S40% No effect
Coliagen (+)  DHSG-HBV £ 40% No effect
production 8] DHSG-HbV S 40% No effect
cps2 ADP (+) DHSG-HBY <40% No effect
expression () DHSG-HbY < 40% No effect
PAC-1 ADP (4] DHSG-HbY < 40% Slight potantiation
binding X DHSG-HBY S a0% No effect

0 b= RN OREENICFETAEBRERT I VT,
LR & 1 Lo B MR AEN, ~ 207 r—Y0
EEMEES RN, NKAEREELREFEHERT A,
CD62PId L2 F> 77 3N — BT 5855 FTY, MR
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EHALIC o Ta B> G EMICHAHT 5720, MRS
fte—H—LLTRAZATWAY, PAC- 1M/ ED
allbf3 (GPIIb-Illa) ASMUNBUHHEILIC & b 2> THEEELE
BILEBIRATAIY  —72BMT AT/ 20—F L
#ThHa"", BRIED ADPHIBIC L > TLREAOHMA A S
haZ b, MEBETHOERNZIMREEEY—h—L
LTHBTHAELENTWA, allbf3i4 55 ) »7 73
V=BT 28RS TTHY, MARIZEWT74 TN =4
»%von Willbrand B FOL+7 5y —k LTERIEL, /K&
RPHHOBELFTTHLY.

bk EiM/AMEmEE I 20% 3 £ UF40% DWBEED HbV % 1 B
FoA r¥an—varf TI=Z M#oEASEI1E, 0
ARG Ei#PFORANTES, 0 b=, BTG TXB:H &
M/ FEFmCDEZPOL XN D LR IEALN AW EhG,
HbV iicl /MG ERIREVWEEZ S hi. Ok,
RANTES bR vidtr LAMA L7124, ZOREOETOE
RRERES R WEER SN, 7= 2 PHIBGC S Y iR
ORFHrERESILEL L, WTFLOBEOHOVLEIZEWT
L RANTES, o t=>, BTGOMM, TXB,OEE, &
UCDE2PEHEFIERZ AN, FOL~NZHbV ROLHBDL
DERFEEXA SN AD o7 (Table 1). —F, PAC1ORH
IEHbV KRB TIIER Vb oo, HbV AL L b Kk E
O ADPRIMM /I B W T L i#ENA SN, PAC1D
RAOLEEEO/NRBELBEICIBLTLBB IR0, AT
Fu¥ yOFEEIZRLST, MakEhAKT g
WG EETATEESEL OGN, BEOZ ERG, HOY
ITEREDOT T=2Z FFET Tallbf3OWEEL T A IR
#+2L00, CDE2POM~OHES, RANTES, totb=>,
ATGOHM, TXB,DOEALIZIZT T=A RO A EIZ) D
HoTERESAWI EMNS, & MU LR vl
NS L EHBEN (Table 1).

2. NEJTOE /REDCFREESICHT SRR
HbVATE MG SR E L TARMMAEE S5,
FOREZ, EEBHO T 7 — R P I 4 RS FhRoE:
L, HbVASPHEI- @ { 2 61, BMEEL L2 a6HTE
Y eEnL, BRMNPOTPRITFEELLZT, HES
sl L, A2 Rl HENCBETLLEND L.
iz, F1EHF o LHBEHEORTF F (N-formyl-
methionyl-leucyl-phenylalanine (fMLP)) i & - TiftE{b %%
W, FECbLsREERETAZ LML TY A,
PEG-distearoylphosphatydylethanolamine (PEG-DSPE) #%4#
2T s sMo) #y—L4lk, CThoOWBHT B EFhE
DREXHET LA MEShTWAET, Mz, 7+ 277
FINA) R T+ A7 7FINE) 2holkdb )Ry —A
W, THADT LLF—FEFNAIBNT, FHBROB~D K
rRESHELLEVIBEN L EATVWEY, 22T, HbVHEKE
A PEG-DSPE#fii# 5 I TwaZ kbbb, IMLPHIBIZL -
THPRABIET 28I/ L, YOLHLBEERETH,IC
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Table 2. Effect of DPPG-HbV on fMLP-induced neutrophil functions.

Function Conc. of HBV Effect
Chemotaxis £06% No effect
Upregulation of CD11b <0.6% No effect
expression
Degranulation of Gelatinase B <6% No effect
Superoxide production L6% No effect

2WTHENEmA Y.

ZoRIcBwWTI, YRV —-LAOWBERTE LTDPPGE
EHTAHDV BV, IMLPRIBLIC X 2 iFhEROBAEFAM &
LT, (1) Fhikoikiie, (2) g4 »72Y »ThH5HCDIIbL
DOEER, (3) BH¥RIZE L% 9 gelatinase B (matrix
metalloproteinase-9) OfH, (4) HHEBEOELEL LD B
7. Table2izZhoDiERERL.

ELE (rEFF2) i, MRIMEEDEROBRIERRIZTE
v, —EOHBIGRBEETRTIETHY, & bR
RBi:lE (BAK06%) OHbV E37CIZTINFMTHA ~
Faonk—Lay (FfrFank—ar) & rYEIXL
A Farn—FIlloTHiz BT %7, IMLP (1 gM)
HIBUZ & - TUHFPIRROELREMTER(E S s, Shicdd 3
HbV o EFEIA D SR d o/, CDI1bXCDIS £ —RE%
R L THHRROMBERICE T 2N E T Mac-1 £ LTHRIET
ZFFTHEY, HbVET LA ¥ FaN— 3 ¥ EEifh
RicBWT, IMLPHIBUCZ & 2 CD1IbOFERITHEIZ, HbV 2{E
HaghdoliFhROBELFA%THo /2. gelatinase Bid,
HRROMMEHCMEST2METHLY, IMLPRIBIZL S
FHRASLDOMBOBRBE{LEHWV EOT LA ¥ Fan—
a YORETCHE LD, MR ViEAESH LT
FoFPROBHEEICHS T A EREEELE 2T, HHV
LT v Fax—2ar LFhEhoOMLPIZ L 584
i, HoVEEH S84 d o tFhROEBE LR TH - 1.
PEosgREry, IMLPRIBU- X - TR LT hROLE
{EbdonBRRIZBWT, AW -HWORBETRZALE
Wiz Y, HOV O hER~Om -l R S,

PEG-DSPE #§fii L 72 1) 4 — A2 fMLP#I#IZ & 5 iFhsko
ELEEEREFHET 2LV BE" 2 LR L5 ) 2 RE
BECLTAKAHNOBEEHW 24 v 64, HOV T
HEFALN VWS EOBHFAHTSH L. VHEY—LADHE
BaTHhAHY yRNOME, RiiEoRfEOERE, KO
MDA, IMLP R4 BAF 22 L 2P EROELEEIZHE
TAHZLAHESRTWAEY, [iko PEG-DSPE #ff L7 K
V—LLEHBVEDOMTIE, CNE6ONT A7 —% D,
PEGDSPE L NV —LDENMEYNRERZ-TEN, ZHLEHOE
WHERLDERLB LR LTy A TRENE L S0 5,
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BE, HbV O PHRAOFOASHARE N, LhiE
BRENLERTHVYWONL20%ELUF0% TORE L 54
BRI Twa,

3. ARJ0E N REDOENFERMEICH T2 HE

MEALES L) Fy— A BFIE, #k FROZ v -
fa, BEE LUAMOv o7y -V POMBRERICBY
THREAL™, HBVIiZBWTh, TAV =73V ERAWV
FBERIZ L o THEBSRAGREEIERT S, IFR, MR, BE
REELTAHLTVDIEAFRENTWE™, HOMEERN
BicBwTy, HhVMEAERCBWTHiiRShAZ E
PHRESHTWEY, HEICHOVABTTAZL256,
FELAGGETHENCH LA 6T ERT 20TREVD
EEZLNL, 0%EMLHVEBMLAESy PEHIZE—
YR OEE, B 5RNBREMOTEIZL>TAT 2
Uy M2 1EMBACIREHL, iR~ E IR 5
hLTwhnws® X512, 20%@ HbV * topload €729 v
OWEIZBVTH, Ko mEREEESH 1 AMERL T
—BIBANRTHAY, Lidvik PAOHESEEZ LHE,
FOHEMATEMLOMHM - F{L~DEEIZDOWT, in vitro®
FCBVWTHFATALEYV I L L EZONWERHEEI L7127,

HEMOin vitroD T v A HL LTI, cu=—Ek#an
BAFMTLa0=2—7 vt 4 L5 o il o B4 v
EFEMHTOMMAEEREH V., ELTEWFLIS 58 L7
CD34MEHMIR # S - BiaRke, Hilmsy EH/HTLHEMYA + A
A 2RBFEMUIAF VLT — AN 6% 5 EER IS
L, —EHHEERICER LoD 8E I AP LA
MRIFEH/—A b & L {FN S BFU-E (Burst forming unit of
erythrocyte), Bl - w207 r—3SFRouv=—kiidha
CFU-GM ( Colony forming unit of granulocyte and
macrophage), M#&HRELZCFU-mix, chbtnao=—
DT 2 Colony-forming cells (CFC) (3353 2 MMz,
WM I0=—DH A XN I mmUECE-b0%
HPP-CFC (High proliferative potential-colony forming cell)
LEHEL, BRJGAHBCERERAT P LA, AW
HbV [ PEG4fii 2 /- DHSG 2 W &+ A HV T, £D
BEITRAIBERELLY.

= —T v OFMICHVEZENML, MEMEFs ¢
L, FRFNOIO=—OHB LU A LAHLV ORI
EKELTHRL T A A SR, 6214 HMHbY & 357
Blizao=——¥EWZET5HPP-CFCOHIIFL LM L1
(Fig. 1A). —7%, HbVIZCD34 BtEMIl % &4 MR % 20
MR LTag=—Tv+t4 LH&E, HPP-CFCO#Iz
R, SHHBLAEHETYL, HPP-CFCOEORA O
BEELed o7 (Fig 1B). RICHEAER I il & & %
HA bAHA EBERNLT, RERFZELRENRROME~L
R HLRICHVERMSCERLFEHLLZ. 10HMORK
WM, HoVASES L THEET A GICREFERA T - 3H
HEBHR~OfROMMAIH sh-. Zhicdl, ao=—7
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Fig. 1. Effects of HhVs on the formation of high proliferative potential
colony forming cells (HPP-CFC) in the clonogenic assay of cord
blood-derived hematopoietic cells. Cord blood-derived mononuclear
cells were seeded at 300 at CD34° cells per dish in complete
methylcellulose medium for human clonal culture assays. HPP-
CFC was scored after 28 days incubation. (A) HbVs (0 to 3%)
were added to the cells until the end of culture. (B) Cord blood-
derived mononuclear cells were incubated for 20 h (open column)
or for 3 days (slashed column) with different concentrations of
HbVs in IMDM containing FCS, BSA., and cytokines.
Subsequently, they were recovered, washed to remove the HbVs,
and subjected to the clonal assay. Data are expressed as the
mean = SD of the percentage of control (HbV 0%) performed on
three separate cord blood donors in (A) and (B).

v QG E RIS, HbVIC20RM T A3 3 A MM L A7
olad, RERRIAGHENRFR~OMBONMILERS
i dro 7z (Table 3).

LLEHDV i, in vitro®BSARIZBWT, EMMizbA- D3k
HFTAI LIk ) EMAEMEOFEEEHET 5 & v ) #RS,
2OOFERNSHENEL oS L LS, BEFL
THbLV 2825 L4, BHIZH3WT1-3 BIZHV OFERLS
Booh, U1 AMTRMET 2 LAREXRTNSY,

Table 3. Effect of DHSG-HbV on the proliferation of erythroid and
myeloid lineage cells in liquid culture.

CD235a* cells CD15" cells
aeﬂod' HbV cone.(%) HbV conc. (%)
1o HBY 075 15 0 075 15 30
20h @7x100 WMI+1} 211 &is 1008 £143 963279 MET1II

3 days 522223 NI=E1 9WE=SE NT=4

10 days

F16x 115 BEO0* 145

WS ® 166" A66® 18I~ WTIznHa BI£I03° 551x 186 T3 siRe

Various concentrations of HbVs were added to the medium containing
the cord blood-derived CD34" cells. After 10 days™ incubation, CD235a"
cells for erythroid lineage and CD15" cells for myeloid lineage,
respectively, were analyzed by flow cytometry. The number of CD235a"
cells or CD15" cells at each concentration of DHSG-HbV is expressed as
a percentage of the number in the control (HbV 0%). Data are
represented as the mean * SD from three experiments performed on
three separate cord blood donors. *p < 005, **p < 001 versus HbV (0%).
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