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EXPERIMENTAL PROCEDURES

Cell Culture—The hMSCs derived from bone marrow
[Lonza (Cambrex), Walkersville, Maryland, USA] were
cultured in mesenchymal stem cell growth medium
(MSCGM) [Lonza (Cambrex) #PT-3001; mesenchymal
stem cell basal medium supplemented with mesenchymal
cell growth supplement, L-glutamine and penicillin/
streptomycin] at 37 C in COg (5%) incubator. Cells
were passaged according to the manufacturer’s protocol
with slight modification using trypsin-EDTA solution
[Lonza (Cambrex) #CC-3232]. Lot numbers of the hMSC
batches were as follows: ¥4F1127, #4F0312, #5F0138,
#4F1560, #4F05981 and #4F0760. Informed consent was
obtained in Poietics human mesenchymal stem  cell
systems [Lonza (Cambrex)]. All differentiation proce-
dures were performed according to Lonza (Cambrex)
protocol with slight modification.

Osteogenic  Differentiation—The hMSCs were plated
onto 12-well plates and 24 h later, the medium was changed
to MSCGM (as control) or osteogenic induction medium
(OIM) [Lonza (Cambrex) #PT-3002; differentiation basal
medium containing dexamethasone, ascarbate, mesenchy-
mal ccll growth supplement, L-glutamine, penicillin/
streptomyein  and  f-glycerophosphate]. Medium was
changed every 34 days and cells were differentiated for
21 days

Calcium Deposition Assay—Calei ition was

1
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insulin, L-glut hymal stem cell growth
auppicmmt. pemci!lm}sl.mpwmycm dexamethasone,
indomethacin and IBMX (3-Isobutyl-1-methylxanthine)].
Medium was changed after 3 days into adipogenic main-
tenance medium (maintenance basal medium supplemen-
ted with recombinant human insulin, L-glutamine,
penicillin/streplomycin  and mesenchymal stem cell
growth supplement), After three complete cycles of induc-
tion/maintenance, the cells were cultured for 7 more days
in adipogenic maint © replacing the medium
every 2-3 days.

Qil Red O staining—The cells were rinsed with 500 jl of
PBS and fixed with 10% neutral buffered formalin (500 pl).
After washing with sterile water, the cells were washed
with B0% 2-propancl (500 ul) for 2-5 min and stained with
Oil Red O (600 ) for 5 min, The cells were rinsed with tap
water and stained with Harris' hacmatoxylin (500 ul) for
1min and rinsed with the water. Lipid vesicles were
observed with microscope Biozero BZ-8000 (KEYENCE,
Osaka, Japan).

Chondrogenic Differentiation—The cells (3 x 10*) were
washed with incomplete chondrogenic induction medium
[Lonza (Cambrex) #PT-3003; chondrogenic basal medium
containing dexamethasone, ascorbate, ITS (insulin-trans-
ferrin-sodium selenite) + supplement, sodium pyruvate,
proline, penicillin/streptomycin, L-glutamine] and were
resuspended in 0.5 ml of complete chondrogenic induction

measured using the Stanbio Total Calcium Liguicolor®
kit (Stanbio Laboratory, Boerne, Texas, USA; #0150-250)
according to the manufacturer's protocol (Cambrex,
Stanbio Laboratory). Briefly, the cells cultured on 12-well
plates for 22 days (osteogenic-induced for 21 days) were
rinsed with phosphate buffered saline (PBS) without
caleium and magnesium [Lonza (Cambrex) #17-516Q)
and harvested in 0.5 N HC1(600 ul). Caleium was extracted
from the cells by shaking the tubes for approximately 20h
at 4 C. Lysates were centrifuged at 500g for 2min at 4 C
and 20pl of the supernatant was used for the assay.
Absorption at 560nm was measured to detect the
Ca-ortho-cresolphthalein  complexone (OCPC) complex
using an EnVision 2103 multilabel reader (PerkinElmer,
Waltham, Massachusetts, USA), Calcium deposition was
adjusted with the total protein concentration of the
samples. Cells harvested in 0.5N HCl were centrifuged
at 15,000 rpm for 10 min at 4'C. The pellet was washed
once with PBS without calcium and magnesium, and
resuspended in 100pul of 0.1N NaOH/0.1% SDS. After
overnight incubation at 37 C, the lysate was centrifuged at
15,000 rpm for 10min at room temperature, and the
supernatant was quantitated using the DC protein assay
I Bio-Rad Laboratories, Hercules, California, USA) accord-
ing to the manufacturer’s protocol. Absorbance st 620 nm
was measured using the EnVision 2103 multilabel reader
(PerkinElmer), The standard curve was obtained using
bovine serum albumin

Adipogenie Differentiation—The cells were plated onto
a 24 well-plate at 2.1 x 10%m?, and cultured in MSCGM
for 5-6 days. After cells reach confluence, medium was
changed to MSCGM (as control) or adipogenic induction
medium (AIM) [Lonza (Cambrex) #PT-3004; induction
basal medium supplemented with recombinant human

i (CCIM; incomplete condrogenic induction
medium  supplemented with 10ng/ml of TGF-f3) or
MSCGM (as control) and cultured in 15ml polypropylene
culture tubes. The medium was replaced every 3-4 days
and the cells were cultured for 24 days.

Safranin-0 Stains for in vitre Chondrogenesis—The
chondrogenic pellets were fixed in 10% neutral buffered
formalin and paraffin embedded. The paraffin sections were
stained with Weigert's iron hematoxylin (Wako 298-21741),
0.02% fast green FCF (MP biomedicals 195178) and 0.1%
Safranin-O (Sigma HT 90432), followed by observation with
mieroscope Biozero BZ-8000 (KEYENCE).

Total RNA Purification—The hMSCs were cultured
on a 10em dish, lysed in 6004l of Buffer RLT (RNecasy*
Lysis Buffer) with f-mercaptocthanol and homogenized
using a QIA shredder (QIAGEN, Diisseldorf, Germany).
Total RNA was purified using RNeasy* mini spin columns
according to manufacturer’s protocol (QIAGEN). Total
RNA was eluted with RNase-free water.

Microarray Analysis—Total RNA (100 ng or 1pg) was
reverse transcribed and amplified vsing a GeneChip® kit
(Affymetrix, Santa Clara, California, USA) and the
biotinylated ¢RNA was hybridized onto the GeneChip”
Human Genome U133 Plus 2.0 Array (54,613 probe sets).
The data was analysed using GeneChip Operating System
software (versions 1.2-1.4), followed by statistical analysis
The data was also analysed using GeneSpring™ (version
7.3) (Agilent, Santa Clara, California, USA). The data
discussed in this publication have been deposited in NCBI's
Gene Expression Omnibus (GEO; http/www.nehinlm
nih.gov/geal) (17, 18). They are accesgible through GEO
Scries aceession number GSET837 for the data from
4F1560, and GSET888 for the duta obtained from all six
batches. The statistical method for microarray data
annlysis has been also discusaed clsewhere (18,
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Human mesenchymal stem cells (h(MSCs) are multipotent cells that differentiate into
several cell types, and are expected to be a useful tool for cellular therapy. Although
the hMSCs differentiate into osteogenic cells during early to middle stages, this
differentiation capacity decreases during the late stages of cell culture. To test a
hypothesis that there are biomarkers indicating the differentiation potential of
hMSCs, we performed microarray analyses and profiled the gene expression in six
batches of hMSCs (passages 4-28). At least four genes [necdin homolog (mouse)
(NDN), EPH receptor A5 (EPHAS5), nephroblastoma overexpressed gene (NOV) and
runt-related transcription factor 2 (RUNX2)] were identified correlating with the
passage numbers in all six batck The results showed that the osteogenic
differentiation capacity of hMSCs is down-regulated in the late stages of cell culture.
It seemed that adipogenic differentiation capacity was also down-regulated in late
stage of the culture. The cells in late stage are oligopotent and the genes identified in
this study have the potential to act as quality-control markers of the osteogenic
differentiation capacity of hMSCs.

Key words: cellular therapy, culture stage marker, differentiation, gene expression,

stem cell.

Abbrevistions: EPHAS, EPH receptor AS; hMSCs, human mesenchymal stem cells; NDN, necdin homolog

(mouse): NOV, neph overexp
transcription factor 2.

INTRODUCTION

‘Cellular therapy' is a new concept in treating diseases
with cells that have regeneration potential. Currently, it
is at the clinical research stage; however, the use of
cellular therapeutics in regular clinical settings will be
implemented in near future. Cellular therapeutics
involves the use of cells derived from human tissue,
either cultured and/or modified, in regeperating and
repairing d and juently improving
the functions in the human body. Hence, tissue or
ombryonic stem cells that have the potential to differ-
entiate into a variety of cell types are one of the prime
candidate cells for cellular therapeutics. It is difficult to
overview the entire discipline of cellular therapeutics
since the cells themselves represent ‘life’.

Stem cells, one of the candidates for cellular therapeu-
tics, produce daughter cells identical to themselves that
differentiate into other types of cells (1). The fate of
the stem cells is determined by cellular signaling,
although the underlying mechanism is still unknown.
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d gene; PBS, phosphate bufTered saline; RUNX2, runt-related

It is therefore important to investigate the gene expres-
sion patterns that influence the cellular signaling path-
ways and identify the representative biomarkers that can
act as indicators of the differentiation potential of the
stem cells. Recently, it has been reported that human
somatic cells can be induced to pluripotent stem cells (2).
There have been several reports suggesting that
cellular therapeutics is a promising treatment for several
di C-kit-expr g cells obtained from the bone
marrow have been used in cardiac tissue repair in mice
experiments (3). Previous studies have reported the use
of autologous bone marrow cells transplantation for
the post-infarction recovery of cardiac function (4-9)
Cytotoxic T cells have also been used for cellular therapy
to protect from infectious diseases in an immunodefi-
cient condition following hematopoietic stem cell trans-
plantation (10). Mesenchymal stem cells (MSCs) are also
used for therapy expecting immunosuppressive effects
(11, 12). Previous studies on MSCs also indicate that
these cells possess the ability for chondrogenic (13,
osteogenic (14, 15) and adipogenic differentiation, and
possibly other differentinting capabilities (76). In a
clinical setting. it is difficult to assess the overall profile
of cach batch of the celle. We hypothesized the existence
of quality-control markers for the differentiation poten-
tial of human mesenchymal stem cells (hMSCs) and used
gene expression profiling to identify these markers.

* 2008 The Japanese Biochemicnl Society.
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these sequential cascades may result in no reproducible
results,

AnxAld was demonstrated to be expressed in non-
parenchymal liver cells, although proteins levels do
not change in the liver regencration models. Further
immunohistochemical analysis showed co-localization of
AnxA3-positive and SE-1-positive cells indicating that
AnxA3 is expressed in hepatic sinusoidal endothelial
cells.

In conclusion, the results of this study demonstrate
that AnxA3 expression increases in hepatocytes through
an HGF-mediated pathway in rat liver regeneration
models, suggesting that AnxA3 plays an important role
in the signalling cascade in rat liver regeneration.
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Cancer Research (15-2) from the Ministry of Health, Labor
and Welfare, We wish to thank Mr Toshihire Akiyama
(Sankyo Labo Service Co.) and Dr Yukio Kodama (Division
of Toxicology, National Institute of Health Sciences) for their
technical assistanee.
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Fig. 9. AnxA3 expression in hepatic sinuscidal endothe-
lial eells in normal rat liver. xAd-positive

B) SE-1-positive cells; 1C) Merg d imnge of AnxA3- and S
prosiLiy In (A-C), arrows show examples of positive
im cells
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Fig. 10. Effect of anti-HGF antibody on AnxA3 mRNA
level in parenchymal hepatoeytes following treatment
with CCl,. Hepatocytes were isolated from or in rats at 6h
following treatment with either anti-HGF IgG or control 1gG
1 CCly. AnxA3 levels were normalized to housekeeping genc,

« presented relative to the value produced
from liver in rals at 6 i
IgG. then CCl;. Data are
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tion in analysis using total RNA dir
perfused with cold PBS
Increase in AnxA3 mRNA level was inhibited by anti
HGF antibody in hepatocytes from rats at 6h after CCly
administration, indicating that HGF is involved in
ing AnxA3 mRNA expression in hepatocyties
with this finding, HGF increased AnxA3
in hepatocytes cultured on Matrigel (14
aintain functions similar to those
animal (32). HGF protein needs lo
within 6h at the latest after CCly
3 mRNA level
indicated by the finding that HGF protein
ically rises in the plasma at 2h after partial
ectomy and CCl; administration (33),
t of anti-HGF a on AnxA3 protein level
ated; however, reproducible r
obtained for AnxA3 and GAPDH protein levels in the
experiments using control IgG and anti-HGF IgG anti-
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oper y extracted

from liv

increase in

administration for HGF to increase Anxi
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Fig. 7. AnxA3 protein level in parenchymal hepatocytes
and non-parenchymal liver cells after hepatectomy.
(A) Parenchymal hepatoeyles and (C) non-parenchymal liver
cells were isolated ot 5h after partial hepatectomy or sham
upuration. Data shown are represontative of western blot anal-
yxis results for pﬂr('nrhvm'll hn'mlm'_\m'n and non-parenchymal
liver cells, respecti Approxi :ly 90 and 2.8 pg of protein
were used lor :il-ll.\ilun of AnxA3 and GAPDH in parenchymal
hepatocytes, r tely 2. Rpg af protein was
used for dtru'rllon of MxA'i and beta-actin in non- -parenchymal

A
. Appr

A 120

1m_ l. ..
£
= B80f
&
Z eof
o
E
L

g

(LA

Sham PH

Fig. 5 AnxA3 mRNA level in parenchymal hepatocytes
and non-parenchymal liver cells after partial hepatect-
omy. (A} Parenchymal hepatoeytes nnd (BY non-parenchymal
liver cells were isolated from liver in rats ot 5h aller either
partial hepatectomy or sham operation. AnxA3 mRNA levels
were normalized to housckeoping gene, 288 rRNA. Results for
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liver cells. AnxA3 protein levels in parenchymal hepalocytes and
non-parenchymal liver cells werve novmalized to housekeeping
proleins GAPDH and beta-actin, respectively. Hesults for
parenchymal hepatocytes (B) and non-parenchymal liver cells
(D) are presented relative to the value produced by parenchymal
hepatocytes and non-parenchymal liver cells from rats ot 5h
after portial hepatoctomy, respectively. Data are oxpressed as
mean 5D (n=4) "P<0.01, compared Lo parenchymal hepato-
eytes and non-parenchymal liver cell from rats ot 5h afler sham
operation.

B 160
140 |

120

g2 g 8

AnxA3 mANA level (%)

40

Sham PH

parenchymal hepatocvies and non-parenchymal liver cells are

presented  relative to  parenchymal  hepatocyles and  non-

parenchymal liver cells from rats at 5h after partial hepatect-

omy, respectively. Dota are expressed as m 8D (n=4)
P<0.05, compared 1o parenchymal hepato and  nun-
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Fig. 5. AnxA3 protein level in liver after partial hepa-
tectomy. (A) Data shown are representative of western blot
anolysis results, Approximately 35 and 1.5pg of protein were
used for detection of AnxA3 and GAPDH, respectively.
(B) Results are presented relative to the values for liver in
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rats ai 5 h after partinl hepatectomy. AnxA3 protein levels were
normalized to levels of housekeeping protein, GAPDH. Data are
expressed as mean£SD (n=4 ot esch time point) “P<0.01,
**P<0.05, compared to the value produced by liver in rats afler
sham operation
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Fig. 6. AnxA3 mRNA level in liver after partial hepatect-
omy. Results are presented relative to the value produced by
liver in rais at 6h after partinl hopstectomy. AnxA3 mRNA

Extent of increase in AnxA3 protein level was lower
than in AnxA3 mRNA level in rat liver regeneration
models, suggesting that AnxA3 protein, for which
synthesis is enhanced, degrades rapidly in these condi-
tions. Several proteases are induced or activated in rat
liver regeneration (25-31). Therefore, AnxA3 may be
rapidly degraded by some of these proteases, resulting in
the relatively low level of increase in AnxAS3 protein
expression compared to mRNA expression.

AnxA3 in the liver from rats at 24h after CCl
treatment was investigated using immunchistochemical
analysis, to determine whether proliferating cells are
AnxA3-positive parenchymal cells, AnxA3 was not
detected in parenchymal hepatocytes, but was detected

Vol. 143, No. 4, 2008

F F &
é?g & :f &

&

s 5§ §
&

£ v &

levels were normalized to h } g gene, 285 rRNA. Data
are expressed as mean+ 5D (n=4 at each time point) "P<0.01,
“P<0.05. compared to after sham operation,

in non-parenchymal liver cells (data not shown). This
failure of detection in parenchymal hepatocytes may be
because expression of AnxA3 in these cells is too low to
detect compared to non-parenchymal liver cells.

AnxA3 protein level increased in hepatocytes after
partial hepatectomy; however, AnxA3 mRNA level after
sham operation was even higher than after partial
hepatectomy, inconsistent with the results for AnxA3
protein level. AnxA3 protein levels did, however, cor-
relate with AnxA3 mRNA levels in cultured rat
hepatocytes (I4), AnxA3 mRNA was undetectable in
hepatocytes from normal rats that were not sham
operated (10, 12). Therefore, sham operation may
induce some signal that leads to an increase in AnxA3
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Fig. 3. AnxA3 protein level in parenchymal hepatocytes
and non-parenchymal cells isolated from liver in rats
following treatment with CCl,. (A) Parenchymal hepatocytes
and (C) non-parenchymal cells were isolated from liver in rats ot
6bh afler either CCly or olive oil trestment. Date shown are
representative western blot analysis resulls for parenchymal
hopatocytes  snd  non-parenchymal  cells,  respectively.
Approximately 90 and 0.94 pg of protein was used for the
detection of AnxA3 and GAPDH in parenchymal hepatoeytes,
respectively. Approximately 2.8ug of protein was used for
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Fig. 4 AnxA3 mRNA level in parenchymal hepatoeytes
and non-parenchymal cells isolated from livers in rats
following treatment with CClg. (A) Parenchymal hopatocytes
and ‘B non-parenchymal liver cells were solated from liver in
s at Bh after cither CCl; or slive oil treatment. AnxA3
lovels were normalized to the hovsckeeping pene. 288 rRNA
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detection of AnxA3 and beta-actin in non-parenchymal cells.
Resulis for parenchymal hepatoeyles (B) and non-parenchymal
cell (D) are presented relative to parenchymal hepatocytes
and non-parenchymal liver eells from rats ot 6h afler CCl,
administration, respectively. AnxA3 protein levels in parenchy-
mal hepatocytes and non-parenchymal liver cells were nor-
milized o housckeeping protein, GAPDH ond beta-actin,
respectively. Data are expressed as mean £8D (n=4) "P<0.01,
compared to the value for parenchymal hepatocytes or non-
parenchymal liver cells from raits at 6 h after olive oil treatment
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Results for parenchymal hepatocyies and non-parenchymal liver
cells are presented relotive lo hepatoeytes and non-parenchymal
cells from rats ot 6h afler CCl treatment, respectively. Data
are expressed as the mean = SD tn=41 “P<0.05. compared to
parenchymal hepatocyies and non-parenchymal liver eells from
livier in rats at 6 h ofler olive il treatment
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Fig. 1. AnxA3 protein level in liver following treatment
with CCl,. (A} Datn shown are representative of weslern
blot analysis results. Approximately 35 and 15pg of protein
were used for detection of AnxA3 and GAPDH, respectively.
(B Results are presented relative to the value produced by liver
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Fig. 2. AnxA3 mRNA level in liver following treatment
with CCl,. Results are presented relative to the value produced
by liver in rats at 6h after CCly administration (n =4 ol cach
time point). AnxA3 mRNA levels were normalized to house.
keeping gene, 285 rRNA. Data are expressed as the mean +SD
(n=4at each time point) ‘P<0.01, **P< 0.05, compared Lo the
value produced by fiver in rats after olive oil administration.
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AnxA3 Expression in  Parenchymal Hepatocytes
and Non-parenchymal Liver Cells Following CCly
Treatment—Parenchymal  hepatocytes and/or non-
parenchymal liver cells are involved in the increase of
AnxA3 expression in liver following CCly treatment.
AnxA3 protein level increased ~5-fold in parenchymal
hepatocytes at 6h after CCly treatment, but did not
change in non-parenchymal liver cells (Fig. 3). AnxA3
mRNA level increased ~5-fold in parenchymal hepato-
eytes at 6h after CCl, treatment; however, it did not
change in non-parenchymal liver cells (Fig. 4).

AnxA3 Expression in Liver after Partial Hepatectomy—
AnxA3 protein level started to increase at 5h after
partial hepatectomy, reaching a 1.6-fold increase at 20h
{Fig. 5). AnxA3 mRNA level increased to ~2,800-fold at
2.5h, then began decreasing at 5h, falling back to basal
level at 20h (Fig. 6).
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in rats at 6h after CCl, administration. AnxA3 protein levels
were normalized to the | keeping protein, GAPDH. Data are
expressed as mean+8.D. (n=4 at each time point) "P<0.01,
compared to the value produced by liver in rats after olive oil
administration.

AnxA8 Expression in Parenchvmal Hepatocytes
and Non-parenchymal Liver Cells After Partial
Hepatectomy—AnxA3 protein level increased ~1.5-fold
in isolated parenchymal hepatocytes at 6h after partial
hepatectomy, but did not change in non-parenchymal
liver cells (Fig. 7). AnxA3 mRNA level decreased to ~80%
in hepatocytes at 6h after partial hepatectomy; however,
AnxA3 mRNA did not change in non-parenchymal liver
cells (Fig. 8.

AnxA3 Expression in Hepatic Sinusoidal Endothelial
Cells—Non-parenchymal liver cells expressing AnxA3d
were investigated by immunchistochemical staining.
Hepatic sinusoidal endothelial cells were chosen as a
candidate, as human umbilical vein endothelial cells
express AnxA3 (20). AnxA3- and SE-1-positive cells were
observed in normal rat liver section (Fig. 9 panel A and
B. respectively), with localization of AnxA3-positive cells
carresponding to SE-1-positive cells (Fig. 9, panel C).

Effect of Anti-HGF Antibody on AnxA3 mRNA Level in
Hepatocytes Following CCly; Treatment—To investigate
whether HGF is involved in the increase in AnxA3
mRNA level in hepatoeytes following CCly treatment,
ceffect of anti-HGF antibody on mRNA level was inves-
tigated. Anti-HGF antibody decreased AnxA3 mRNA
level to ~60% compared to control IgG (Fig. 10).

DISCUSSION

In the present study, we demonstrate that expression
of AnxA3 increases in two rat liver regeneration
models and in parenchymal hepatocytes, but not non-
parenchymal liver cells. AnxA3 protein levels in the liver
increased st 5h and 6h in partially hepatectomized rats
and rats treated with CCly, respectively. DNA synthesis
begins to change at ~16 and 24 h in partially hepatecto-
mized rats and rats treated with CCly, respectively (24),
AnxA3 plays an important role in the signalling cascade
in hepatoeyte growth for cultured rat hepatocytes (10),
therefore is also likely to have the same role in rat liver
regeneration.
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partial hepatectomy or sham operation were sacrificed at
2.5-20h after the operation.

For infusion of anti-human hepatocyte growth factor
(HGF) antibody, rats were intravenously injected with
0.2ml goat anti-human HGF IgG (Sigma-Aldrich,
St Louis, MO, USA) (1.25mg/kg body weight) diluted in
phosphate-buffered saline (PBS) through the tail vein,
then received CClg intraperitoneally, as described earlier.
Control rats were injected with the same volume and
amount of control goat 1gG, and then received CCly
intraperitoneally in a similar manner. Parenchymal
hepatocytes were prepared from the rats after 6h, as
described subsequently.

Preparation of Liver Lysate—The procedures were
performed at low temperature, unless described
otherwise. Liver was in situ perfused with PBS via the
portal vein, then removed from the body. Liver was
homogenized with a Potter-Elvehjem homogenizer in
4x (viw) buffer A [60mM Tris—HCI (pH 7.5), 150mM
NaCl, 10mM EDTA and 2.5% (v/vl Triton-X 100]
containing 1mM benzylsulphonyl fluoride, 0.3mM leu-
peptin and 0.5mM aprotinin. The homogenate was
shaken for 15min at room temperature, then sonicated
four times for 155 cach time. After centrifugation at
100,000g, the cytosolic fraction was stored at -70°C
until use,

Cell Isolation—Parenchymal hepatocytes were iso-
lated from rats by in situ perfusion of the liver with
collagenase (18). Non-parenchymal liver cells were
isolated from the supernatant of parenchymal cells
by differential  centrifugation, as described by
Shimnoka et al. (19). In this article, hepatocytes
are also referred to as parenchymal hepatocytes to
distinguish between hepatocytes and non-parenchymal
liver cells.

Preparation of Cell Lysate—Cell lysates were prepared
by a modification of the reported by Romisch ef al. (20).
Procedures were performed at low temperature, unless
described otherwise. Cells were resuspended in three
volumes of buffer A containing 1/100 (v/v) protease
inhibitor cocktail (Sigma-Aldrich, St Louis, MO, USA).
They were then shaken for 15min at room temperature
and sonicated four times for 15s each time. After
centrifugation at 100,000g, the cytosolic fraction was
stored at =70 C until use.

Western Blot Analysis—An equal amount of cytosolic
protein from each experiment was subjected to SDS-
PAGE on a 10% gel and electroblotted to PVDF
membrane (GVHP; Millipore, Bedford, MA, USA) After
blocking the membrane with 5% skimmed milk, a
western blot analysis was performed using rabbit anti-
human AnxA3 antibody serum (1: 5,250) (a gift from
Drs F. Russo-Marie and C, Rag Nicol), anti-
human GAPDH monoclonal antibody (1: 5,000) (Abcam,
Cambridge, UK), or rabbit anti-beta-actin polyclonal
antibody (1: 500) (BioLegend, San Diego, CA, USAL
Detection was performed using the ECL detection system
(GE Health care Bioscience, Buckinghamshire, UK),
Housckeeping protein, GAPDH and beta-actin, were
selected based on  results of preliminary  studies,
Intensity of each band was measured over a proportional
range. A computer-assisted analyser was used o

M. Harashima ¢t al.

quantitatively analyse intensity, with intensity of the
AnxA3 band normalized to the intensity of the appro-
priate housekeeping protein. Protein amount from liver
and cell | was measured using a previously
deseribed method (21), with bovine serum albumin used
as a standard.

Total RNA Extraction and Renl-Time Quantitative
PCR—Total RNA was extracted from liver by a modifica-
tion of guanidine thiocyanate—phenol-chloroform cxtrac-
tion method (22, 23). Total RNA was extracted from
cells using Trizol® reagent (Invitrogen, Cergy Pontoise,
France) in accordance with the manufacture’s protocol.
Equal amounts of RNA (~1ug) from each experiments
wore reverse-transcribed using a THERMOSCRIPT™
RT-PCR System (Invitrogen, Cergy Pontoise, France)
and oligotdT)a in a final volume of 4041, in accordance
with the facturer's protocol. Sub tly, 2l of
cDNA was used as templates for real-time PCR analysis
using a LightCycler system (Rosche Diagnostics, Tokyo,
Japan) according to the manufacture’s instructions. For
AnxA3 and 285 rRNA, the PCR programme consisted of
40 cycles of 10s at 94 'C, 10s at 60'C and 125 at 72 C.
Primer sequences for AnxA3d were 5 -CAA ATT CAC
CGA GAT CCT GT-3 and 5 -TGC TGG AGT GCT GTA
CGA AA-3' (14) and for 285 rRNA 5' -CCA GAG CGA
AAG CAT TTG CCA-3" and 5’ -GGC ATC ACA GAC CTG
TTA TTG CTC-3' (14). AnxA3 levels were normalized to
the levels of 285 rRNA.

Statistical Analysis—Data were analysed using
Student’s t-test, and P-values <0.05 were considered to
be statistically significant.

Immunohistochemical Examination—Serial liver sec-
tions cut at 3 um thick from the paraformaldehyde-fixed
and paraffin-embedded blocks. De-paraffinated and
re-hydrated sections were heated for 5min at 100 C in
10mM citrate buffer (pH 6.0) followed by the treatment
with 10pug/ml Proteinose K (TAKARA BIO Inc., Shiga,
Japan) for 5min at room temperature. These activated
sections were then subjected to blocking with 10% bovine
serum albumin for 1h at room temperature. After
washing with PBS, sections were simultancously incu-
bated for 2h with antibodies, eg. anti-rat hepatic
sinusoidal endothelial cells mouse IgG (SE-1, Immuno-
Biological Laboratories Co., Ltd. Gunma, Japan) 1:20 and
rabbit anti-human AnxA3 antibody serum 1:200. The
fluorescence-labelled secondary antibodies were AMCA.
labelled sheep anti-mouse IgG  (Jackson Immuno
Rescarch Laboratories, Inc,, PA, USA) 1:200 and FITC-
labelled sheep anti-rabbit IgG (MP Biomedicals Inc.,
Ohio, USA) 1:200, The liver sections were thus mounted
on a cover glass with a mounting medium, Vectashield
(Vector Laboratories, CA, USA), and subjected to micro-
scopic observation.

RESULTS

AnxA3  Expression in  Liver Following CCl,
Treatment—AnxA3 protein level increased ~3old at
6h after administration of CCl; and this increased level
was maintained to 24h (Fig. 1) AnxA3 mRNA level
started Lo increase at 3h after administration, reaching
an ~17-fold increase at 24 h (Fig, 2),

o, Biowhem,
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Annexin (Anx) A3 increases and plays important roles in the signalling cascade
in hepatocyte growth in cultured hepatocytes. However, no information is available
on its expression and role in rat liver regeneration. In the present study, AnxA3
expression was investigated to determine whether it also plays a role in the
signalling cascade in rat liver regeneration. AnxA3 protein and mRNA level both
increase in liver after administration of carbon tetrachloride (CCly) or 70% partial
hepatectomy. AnxAS protein level increases in isolated parenchymal hepatocytes, but
not in non-parenchymal liver cells, in these rat liver regeneration models. AnxA3
mRNA incr in hepatocytes after CCly; administration. Anti-hepatocyte growth
factor antibody suppresses this increase in AnxA3 mRNA level. These results
demonstrate that AnxA3 expression incr in hepatocytes through a hepatocyte
growth factor-mediated pathway in rat liver regeneration models, suggesting that
AnxAS plays an important role in the signalling cascade in rat liver regeneration.

Key words: annexin A3, carbon tetrachloride, hepatocyte growth factor, parenchymal

hepatocytes, partial hepatectomy.

Abbreviations: Anx, Annexin; CCly, carbon tetrachloride; HGF, hepatocyte growth factor.

Annexin (Anx) A3 is 8 member of the Anx family, which
binds to phospholipids and membranes in a Ca®-
dependent manner (I—f). AnxA3 has been shown to
have anti-coagulant and anti-phospholipase Ag properties
in vitro (5, 6), plus to pr te Ca**-dependent aggrega-
tion of isolated specific granules from human neutrophils
(5, 6). Some reports describe its regulation and role in
cultured eells (7-11); however, there are no reports
describing these characteristies in vivo.

We recently reported that AnxA3 is expressed in
cultured rat hepatocytes, but not in isolated hepatocytes
and that inhibition of AnxA3 expression by RNA
interference results in a significant inhibition of hepato-
cyte growth (10, 12, 13). These findings indicate that
AnxA3 plays an important role in the signalling cascade
in hepatocyte growth in cultured hepatocytes, although
the mechanism remains to be elucidated. The signifi-
cance of AnxA3 in hepatocyte growth is also supported by
the finding that known stimulatory or inhibitory actions
of various factors to hepatocyte growth correlated well
with the increase or decrease in AnxA3 expression (149).

These findings indicate that AnxA3 increases and is
likely to play an important role in the signalling cascade
in rat liver regencration. AnxAl increases in rat and
mouse liver regeneration models, e.g. afier administra-
tion of carbon tetracholoride (CCly) and 70% partial
hepatectomy (15, 16). Suppression of AnxAl expression

“To whom correspandence should be addressed. Tel: +81-3-3700-
9347, Fax: +51-3-3700-9084. E-mail: niimi@nihs.gojp
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using anti-sense technology inhibits proliferation in a
mouse hepatocyte cell line (15). Therefore, AnxA1l is also
likely to play an important role in the signalling cascade
in rat liver regeneration.

In the present study, AnxA3 expression in rat liver
regeneration models was investigated to explore the
possibility that AnxA3 plays important roles in the
signalling cascade in rat liver regeneration.

MATERIALS AND METHODS

Animals and Experimental Conditions—Adult male
Wistar rats (180-200g) were purchased from Japan
SLC Co., Ltd. (Shizuoka, Japan) and used for all studies.
They were maintained in a 12h light/dark cycle, allowed
food and water ad [libifium. All animal care and
procedures were approved by the institutional care
committee and carried out in accordance with the
guidelines established by the National Institute of
Health.

For studies of liver regeneration after toxie injury, rats
received CCl, intraperitoneally (2mlkg body weight of
50% solution of CCl, in olive oil). Control rats received
olive oil intraperitoneally (1mlkg body weight of
olive oil). Animals given CCly or olive oil were sacrificed
at 3-24 h after administration.

A 70% partial hepatectomy was performed according
to Higgins and Anderson (/7). In the sham operation,
livers were exposed and manipulated but not removed.
These procedures were performed under anaesthesia with
Nembutal (Abbot, Chicago, IL, USA), Animals subjected to

' 2008 The Japanese Biochemical Society



720 PHIS © F 4 £F ) =Sk & 380 >+ b ) 2 L0 ST

Gzl 728, ~ <) ot L L THN
ThELHLIHNG, i, MN~c) -+

rLAOTHS,

X L

21 DS @ AT IO ERE 2 Mz e L 2 LT

ML et i i L T AT h B,
# &

il Wi e s £ L, EOEEEEN frdh
2L fIFrei f ah e e B AR A | 2 S0, Bl T
G AVESE A DS RS B BRI 1R 11 45 SR e UF )
A SSHERTN, ORIz~ o b B LR ks
folraF LA S0 2H0RIZERE LS L L
FT. BFROEITIZ o728 3 L2
0 7 2 0 b R AT R I LR, B me s
ETR, MO ABEEE N A R 2R R S B Y
B AL LRy EEUE, SRIKR, CiRmTRIC
EMuLsLET. 24, AETIHRYVLNVL
B4 1 A HIREN £ EWERER K, FDA,
KEEBH, BHERSL, R~ o+ Yo
HANEeHoMEAIz R L EiF2 4.

AR —Hi BEEH@E 0TI > TirbiL

http://www.fda.gov/eder/drug/infopage/

heparin/default.htm.

2) Sugahara. K.: Trends in Glveascience and

Glyveotechnology, 12, 321-349 (2000).

Guerrini, M., Beccati, D., Shriver, Z., ¢f al.:

Nat Biotechnol, 26(6), 669-675 (2008).

4) Kishimoto, T. K., Viswanathan, K., Ganguly,
T.. ¢t al: N Engl ] Med, 358(23), 2457-2467
(2008).

5) Maruyama, T., Toida, T., Imanari, T., Yu, G.,
Linhardt, R. J.. Carbolydr Res, 306(1-2), 35-
43 (1998).

6) http://www.usp.org/hottopics/heparin.html.

7) http://www.edgm.eu/medias/fichiers/

Heparin_sodium_monograph_Revised.pdf.

Montgomery, R. I, Lidholt, K., Flay, N. W.,

Liang, J., Vertel, B., Lindahl, U., Esko, J. D.:

Proc Natl Acad Sci U S A, 89(23), 11327-

11331 (1992).

3

8

—

Pharmaceutical Regulatory Science Vol. 39 No. 11 (2008)




HES . ¥+ €7V -BREMERC &5~ 4 B Y 7 LFHH O 719

Table4 *+ 7 ) —EAkEIZHW25 DSRERRLRRESR

C—7 B
DS % (wiw)
Y, R A WA B W C
1.0 24707 75734 54647
2.0 48633 153927 85043
4.0 78022 425538 142533
2. DS
£ B

1. 08Cs
FDA»LZRZNTYVWE X+ 27 ) —HAKE
W2 9HEE T, ~ot1) 24 F 1 & 4 > 0SCS
DFMITTELTH -7z, FHE YT A —F DFF
flit= & N 10% =& 2 SmERE (KE) 3 41%
(RSD=2.18%) Ta ", FiEkiko OSCS loit
LEREREY -2, 1o, XRARETHELALE
BRI 1 5% BETHEI L L, &
HEEE, 1.5%BEEORERBRTH), OSCSD
EEIISUUTTHEZ L2 FRETIRBETSH
HEMIRENT, OSCS i, FEBEROEEMYH T
HDEHEILNTWRI L, i, METRESHAY
W Hovsh B & L CIRAT 2 REHA L v
e, ~ot e Y adichi A axE
TldZrwv, LizdoT, AR BT 2881,
[~s21) o} )2 ahic OSCS cHKT B2 E— 72
I LW L] MERAETHLEEFZLNS,
OSCS 22\ Tiz, BEHBEERAREFEETE
REEMEATERS 0701001 5 (FEK20#E7A
18B) EHWT, [~ F ) 742t 3H
ERBHO—EEECHE I WD BWizH2wT| L L
T, NMR#Zic L 2RERR (0.5%) vHBRE2h
72, LdLiad'h, ¥+b7)—ERkBEL B
AHEEREEE 1.0%F i OSCS DA £ T2 2
EHTETY, OSCS 24@ L Lz~ rF b)Y
LADBAERFOMERERE LT, BkTiriRA
TEYWVEHESND, LPL, X+E7)—ER
kEhiZ~s2Y) >+ ) 7 apiIciBAT S OSCS #
BRI TEZBRLNTPITEN—DTH ), oHEl
DIz L N~ > F } ) 2 4k OSCS D4R
G E LY, OSCS mBRIERE X L THIET 2
ZEIRVRETH D EF L LN,

Pharmaceutical Regulatory Science Vol. 39 No. 11 (2008)

IERFETERML 2o 7 A — 7 FHli TR,
DS e~ @iy Thar &, i,
1.0~10.0% (w/w) Ol TEREIH B Z &
BRE NS, BEECOWTIRPHTRED 2.15%,
ENHFHEMES248%THY, ERELIFRESL
ATaIEdHbpicdni. i KEKREOR
bbb, X+ 7)) —WREKEEC & 2 DS S1f
FHEERFORBEL LT, ~) >+ b A
FAODSDHB|ANL0BUTTHEZ L #ERET 2
BRERE: L TRET2ZLIETETH 2 LS
b,

BN 3R L 2 XBEREDRE, XF+E7)—
EAABERICL)DS b~ F b)) 720
—VEGMTEL L (REEORFRME), 1.0%L
L DS #iiTELZ L (REECKRBIRR) »°
WSk, 40, kFEREICEML L IBMIE X
Y EFN—=A T L~ORBEAEL L TwTdm
FEEEEMR Lo, REEASEIIMESEN, W5
EPERREL COVHBETE, A—p—DEEEH
WA TLEREQKRBBRFBaHIR, &
AT 2R EHET O LA AETH A,
2, TRz~ v+ LA — 2 BE
WTINATr—NOW0%ELdEICEATE] &
it [~ ) >+ P anbe— 78Kk
FCEA0.010~0.015 £ &2 LI IcEATE] L&
LL, SOEEDSY)TF— g v AFT 4 2EH
L hidde b, 2R, RREOREEH L
BUBERIFEZETENL, DSEMRET L~
CHIEREEL LTHATS 5,

3, DSOBEHOLBEHEICDWTIE, DSz~
NN ERBREIPHETHENT, HERBRELT
WENCHM T aXELT2ERE, ThEToHY
FOWMEL T, MERBFIC L) AT L4812
TWETHERYHY, EREYICL R GHrNT
w3, Larl, DS~ > 2 BT 21B0 R



718 BiiS C F €3V —HERMEC L5~ 2 F P Y7 AT HDOS

10.0%I=% 3 &7 IcBEHE 2 ML, X+E7Y
—BEKDHERZHATHEL L &, 1.0%D
DS 22T 5L TER, Lad>T, Bt
NT—7F (TREM) »SRHEIERIE1.0% & HE
it (Fig.5).

2.3 [EiRtE, EE

1.0~10% (w/w) @» DS #ilEmL o~s%) >+
FUYLBRERCT, ¥+E7))—HAkEER
=i WMELZ, DSOE—7m#iE, 1.0~10%
il THESESTEEE 2 1, T OEMEKIZ 0.9991
T# -1 (Fig.6).

2.4 WESUICHE

DS #1.0% (w/w) e~/ >+ N 7LE
MEHWT, ShENE (E) 2RKHLEZS,
HmERET 82% (RSD=1.78%) TH -1z,
fz, EisHEAWT, 1 RBREMNIKC 6 ARELTT-
2. 1RBEANTH DS E— 7 EMOBERE (BHT
FAEE, n=6) (2, MErHEH{EZE (RSD) £LT2.15
%Th-1z (Table 3). —h, RUe2BRBKECE
12 DS E—7mEMOBEHAYE (ENEAME, n=
6) iXHEIER{REE (RSD) £ LT2.48%Th-12
(Table 3).

)10% DS y ’ \
b)5.0% DS P
€)3.0% DS A ”
d)2.0% DS Vil X

¢)1.5% DS A

2 4 6 g 10
Migration time (min)
Fig.5 DS gt~ >»F LY 7nxL 7}
D720 74h
a)~f) : 10 mg/mL @~s%1) >+ } 1) 7 LiGHE
121.0~10.0% (w/w) @ DS 2&EmL 2%
B

1.0% DS

200000
y = 16938x-9357.2
R?=0.9991
1500001
1000001
500001
0 - - v . '
0 2 4 6 8 10 12

Spiked DS % (wiw)
Fig.6 + b7 —WAKBEICLZ2DSOHHER
#*
10 mg/mL @~/%1) >+ } 1) 7 LiEHIZ 1.0~
10.0% (w/w) DS #FEmL:&2nDSE
— 7 OMENTEIHEE 7oy F LA

Table3 *¥ £ J—W&AKEIC L 5DSHAT
DHHREAT A —F

SHTRERT A—F =R
82 %
B (SD=1.78 %)
PHTHEE » 2.156 %
HNEIRE 2.48 %
R Figd B8
AR 1.0 % (wiw)
E ik PR 57 1.0 % (wiw)
Y= 16938X - 9357.2
LRt (R2=0.9991)
Fig6 &8
o] 1.0 - 10.0 % (w/w)

1.0 % DS% Fiv 7z(n=6).
b5.0% DS % AV 7=(n=6).

2.4 ¥+ EFY)-WRAZCS T 25EM
BRUBRHRACHMT > XERE

3BT, 1.0, 2.0 R UF4.0% (w/w) @
DS 2@mML fe~oel) v+ b ) 7 ARBHERE X+
7)) —BERRBERLATREL, DSOL—
sHMERDHL, DSicHETBEE— 712, 6.5~
7.8 FniEEI-BEAN:, ERHETHLALDS
O — k% Table 4 icd. £BETI1.0%L
L DS EFETHZ LHTEL,

Pharmaceutical Regulatory Science Vol. 39 No.11 (2008)




e

Bl #r23)—BREKMEICE 3~ 24 F ) 7 ATHBOST nr

FFUTLBHEEBRVWT, X7 ) —ERkBHE
Wiz kDBEL A OSCSHE—7mitis, 1.5~
0% DM\ THEAEITEE S N, TOHMERRR
0.9758 TH- 1.

1.4 FEBUICHIE

OSCS # 10.0% (w/w) @mL 7z~ >~ + }
) afEEERGWT, BB (JE) 2RH:
r A, iBMEINHE 41% (RSD=2.18%) TH~»
fz. %7z, OSCS #5.0% (w/w) 23 LIl
ML Az~ss) o+ b7 LAEHEHCT, 1KEKH
Mz 6 BMELIT-7. 1REBEMN® OSCS £— 7
MM OERE (SHTHIE, n=6) (&, HHRiREE
(RSD) ¥ LT1.36%TH-17x (Table 1). — 4,
R b56EHBAICHIT505CS E— 7 MMOFER
# (ZENERNGE) (GHENEREZ (RSD) LT
2.17% Tk -7 (Table 1).

1.5 F+ES)—BRABZICS T 2984

RUMBERCMT 3HERE

3Bl v T, OSCS %#2.0, 3.0 R1F4.0%

(w/w) 122t d £ FIcnetl) »F b 1) 7 LB

mL, *xE7)—NAKHERLHCTHEL 2,

Table 1 F+ &7 U —EAIkENZ X 50SCSHHT
DSHTRE AT A—F

HTRR/ST A—F ER
. 41 %
nE (RSD= 2.18 %)
PHITHREE b 1.36 %
EHNBERMED 2.17 %
R Fig.2 &M
8 H PR 51 1.5 % (wiw)
EREF 1.5 % (wiw)
¥= 36663.X- 367.1
EARLE (R2= 0.9758)
[T 1.5 - 10.0 % (w/w)

10,0 % OSCS% A 7=(n=6).
b5.0% OSCS# AL 7= (n=6).

OSCS kAT E— 712, wWTFhoOBBTEL 5.4
~6.3icBEE L, HBRBMTH S A 0SCS
E— 7Miii% Table 2 (2R3, @BMT2.0%LLL
DOSCS #FERT 2 EHTELD, ~¥l) o+
FU7anbE—7 LS5l 5Thuwize, 2.0%
LTFTHOSCS #Miit a2 Li38EL <, Aok
DRI 2.0%FHE & Y= 7,

2. DS ot

2.1 H#Ad

ot o b ) 7 L2 5.0% (w/w) @ DS #if
MLTHMELALEZ A, DSICHETIE— 71T,
6.5 E— 7%t L6.2~T.0FICBBEEN,
~8l) v )T LDE—2EDSOE— 7 %L
IaMETaZ e TEL (Fig. 4).

2.2 BERR

o e bzt DS DIREA1.0~

0 2 4 6 8 10
Migration time (min)
Fig.4 X~ E7)—WRkEEICL 2 DSHHD
FERAE
a) 10mg/mL @&~ >4 k1) 77 LiEH, b)
5.0% (w/w) ®» DS # 10mg/mL @) ~+21) =
T b7 LGERLIC IR L 7 i

Table 2 ¥+ £7 J—EXkMh % AV H50SCSIREMBHFRERSR

- T

0805 % (wiw) WA Wi B W C
2.0 6902 36665 7457
3.0 9290 78759 ) 17481
4.0 15336 124710 29949
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716 BHES D & v © 5 Y —ERERBEICE 30 24 b Y S LATHBO T

L ##H (20mg/mL) 0.50mL #2iEmL, K\TH
8k 0.5 0.45, 0.425, RUF0.40mL #hnz TR
ML, ~s2) >+ F Y7Lz OSCS AT F00,
2.0, 3.0. Rur4.0% (w/w) SUQREHERHRE
BHEE L7, REEEHARRENIIX -7 —0
SokEEEZHCTHNEL, OSCSnE— 7l
Kahiz,

4.2 DS

dmg DS # 1.0mL OEBAKIZiERL, DS#E
i (4.0mg/mL) #MEL L. o0, 0.025,
0.050, RUFO.10mLic~s%1) >+ } 1) 7 L i
(20 mg/mL) 0.50mL Z#&mL, Xv THIRKO.5
0.475, 0.45, BRUF0.40mL #mz TRAL, ~-¢
N+ b 7LpicDSHENFNO, 1.0, 2.0,
EUF4.0% (w/w) EUERRERRREHE LA,
HENERBREE X+ £ 7 ) — BRI E &
AwTREL, DSOE— 7% Kb,

- »

1. OSCS o4

1.1 R

~s2l e P Y7L 20mg ¥ 1.0 mL OHISKIC
HRL, Zo®0.5mLicHBAK0.5mL 22 10
mg/mLOBEL L, FDA»L2HMEN T35
WERFCHE->THEL:. TORE, ~2) o+ |}
V7L cHETIE— 27125892 —7THAELL,
5.0~6.54rIcvkihE 17z (Fig. 2a), ki, ~-*1)
>+ b7 LB (20mg/mL) 0.5mL & OSCS i#
% (4.0mg/mL) 0.125mL * MM K 0.375mL #
wmLiz b2 REN (5.0% OSCS) & L T#lsE
L7 BENER, OSCSIcHETIE— 713,
554 E— 7L L TikBhE nizdt, ~ <)
TNV T7LANE— 7 LREECTML d -1 (Fig.
2b),

1.2 RUER

OSCS # 0.5~5.0% (w/w) 2% 2 k J iz~
Vb )7 ACEEmML R WE L, Aot
O HIRREIEL 2. Fig. 327”1 L 942, OSCS
BEA1.5% TI2 OSCS 2 MRBT 2= & TE LD,
OSCSH 1. 0% TRMET 2 LHTET, XKHE
EORHERRE 1B EELHEENL,

1.3 Eigl, ©E

0.5~10% (w/w) @ OSCS #iEmL f2~-21) »

0 Z 4 6 g 10
Migration time (min)
Fig.2 X+ U7 ) —ERkEhikic & 2 OSCS #iih
OFFRME
a) 10mg/mL @~s%1) >4 F |} & LEEH, b)
5.0% (w/w) @ OSCS # 10 mg/mL @»~+<1)
b U7 g I L 72 IS

2)5.0% OSCS

b)3.0% 0SCS

c)1.5% OSCS

d)1.0% 0SCs

¢)0.5% OSCS

2 4 6
Migration time (min)

Fig.3 OSCS:gtu~/t) v+t YTLnxL 2
te7x077 L
a)—~e) I l0mg/mL o~ »+} 1) & LG
MiZ0.5~5.0% (w/w) @ OSCS & #mL 7
BUBR G L.
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Hills - F+ 27 ) —BEERBEL L Z~0) 23+ ) 7 LTI O S 715

2. ARG

~ssl) 4 b )74, OSCS BUFDS idR8Kkiz
WL, ETHA4 X045 um OESELLo— 2
AT 774 NnF—THBLEREMRELL. 2
NPz DOWTFDAD Web 4 Mz TLRENT
WA RGFICHVWGIT 2T -2, F+E7)—2
ZALIRHES O um, EEE6CMD 72 —ZXF )
HEXxET)—%MAL, BREEAKEND S 56
em O F RABBIRHEE Lz, ERk#HA
MW, ) BT KFE—F P 7 a—K0H 1.0
gEBAKIGmMLICEML, )8 TpH £3.5
iR Lok ERAKEMAT200mL 2L, ®T
HA4 Z0.45um O —ARATTF 7
4 NF—TH@L TR, BMEEOEEE, &
FHEOAR & FetR, FERZMEE L, ~ %) ik
WEFMA 61 B LI ICHMEL L. SiFIRE
12 25°C &L, Sz 200 nm OEAFRBRE I £
Nir-fz, 2, BEHEARZ~IF 7LD
ke — 75EH0.010~0.014AU £ 42 L5
MEFICEVEALL, ¥+ 7 )—47410.1
M kBg{b+ b Y 72 AT L0400, By THEEKIZE
N10aMEHRL, SENERREIT-» LEICHEA

L., ¥rbEZ7V—@atreic, REKTLHM,

phEYFIARWTHE T 4 T MkIRiE, REBRICERL L.

3. ShE/ T X — 7 O

S AERERICBWT, X407 ) —ERKE
3&4 + T Beckman P/ACE MDQ Glycoprotein
System # A\ THM L, ©— 7Pz, Beck-
man 32 Karat Gold Software # HwvTHilL 72,

3.1 0SCS

~s%1) o+ b )7L 20mg ERBOK 1 mL 2 ER

LT~ >+ b ) 7L (20mg/mL) & L7z,

Zo#0.5mL = OSCS ## (4 mg/mL) 2 21 ¥
#1.0.0125, 0.025, 0.037, 0.075, R1r0.125mL #
WL, K THIMK 0.487, 0.475, 0.462, 0.425,
BUF0.375mL #mz TRAML, ~)rF+ b7
AR LT OSCS #ENFNO0.5 1.0, 1.5, 3.0,
BR1¥5.0% (w/w) SUidleELr, ThoDEHK
ot <7 A — FFHEAREEHE L, ¥+
) —BAKBEREHWTRHEL 2. 0SCSaOE—
s B E — 7 IREEME 28 L, OSCS @
E—7MESE E— 7 RT S BlpRE<—2
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TAELTHRIBENZ E— Z7OMB{ili» LKDT1-,
B 10% OSCS # &4~ >4 b 1) ™7 L,
BEATHE I UF i SEPSEBLNIEE(Z 5.0% OSCS # g
o) ok b ) 7 LTEI A IKERER E LT 6 BaHT
EITWOSCS o — 7ML D Wil L 12, x4,
BB RIZDWTIE OSCS # 0.5~5.0% &t~
e+ )2 LKRERETNLENG6 BHLH
L7

3.2 DS

~o%i) o b Y 7 4 20 mg ERIBOK 1 mL g
LT~ >+ )7 A (20mg/mL) & L7,
2O 0.5mL i DS M (4mg/mL) #xhEh
0.025, 0.037, 0.050, 0.075, 0.125, B1*0.25mL
ML, XKvTH BK0.475 0.462, 0.450,
0.425, 0.375, 0.25mL #mz CT®FL, DS £ %
n¥#1.0, 1.5, 2.0, 3.0, 5.0, R1F10.0% (w/w)
FULERELL., ChLDBREZSFIE 7 A —7%
FHAREERE L, -7 ) —RAKDER+
AwTRELL DSobr—2m#flizRiv— 2718
BEME2MEL, DSOE— /MRt E— 7%
THEZHEEMBEES—2F/ L TREENS
E— 2 Oy Sk, BE, HMTREECIC
ENFHMEIZ1.0% DS 2G50~ )+
LEMEFEBBEE LTRSS ETVWDSHE—
JEMEL DWBLA, 4o, MEBRRICHOWTIR
DS #1.0~10.0% &L~ <)) >+ } )7 ARG
MEEhFh6 @S LAMLZ,

4, FFEFV-WAABECE 2R
RUBRHRRCMT IHEARE

T AR, MR NETIE, RUKRESR
T EmMLLE, CCTRELZEREEA~CE
B (EFR). ¥+ 7)) —HERkDHER: LT,
&M A 12 Beckman P/ACE MDQ Glycoprotein
System & UF Beckman 32 Karat Gold software,
#2B8 B I Beckman P/ACE 5510 % 1F Waters Em-
power, #&B C (3 Beckman P/ACE MDQ Mole-
cular Characterization System & tF P/ACE & &
TLMDQ7—2AT—33> Ver2.2 ¥R L7,

4.1 0O8Cs

1mg @ OSCS # 0.25mL o ® Bk Iz iM% L,
OSCS i## (4.0mg/mL) #MAMLL, ZOHO,
0.050, 0.075, BUF0.10mL &~/ k17




714 HES D ¥+ VSV —WEKBEIC L 2~ 2+ F Y 9 LTEO AR

(Fig. 1B)*>%, %k #WHBREZSERBZI LA~
22) 2+ p ) 7Lapiz, OSCSEMZA T, <=7
“EilE (DS &: 2> Fu4{ +-6iEB) (Fig
IC) S { FENTWBZ LA WM I N,

FDA 3R RERGHREM®T & L T OSCS #
WELLCL2D2ET S LILIZRAKIEZY, 'H-#8
AxP2 L7 FLBEE (NMR) X7 ) —
WRAEBELA W OSCSHHEEZA > 7—F
FEEZ2RL Y, 'H-NMR 2, ~¢2!) > Gle-
NAc D N-T 4+ 2%k OSCS @ GalNAc? N -
TEeFNEDNEEL7 Lo EFATEHETSH
N, X+ t7 ) —WSbkEhiEkiz, ~/¢') » £ OSCS
P FREVKEERNBETHETELZ L EF
HiahtEThd b, £EI2, FDA2RL =44
EEHAWT~) rF ) rangiiEfTiE L L
2, OSCS OFFfEN HREINL~) >+ F )74
OB AT GOMIEE L7z, —HT, R
%) BERBES DSBS T R~ DBEHTEL Y,
~s%0) b b ) aSNFIOEEREO I HIZ, ~ot
)24 F ) 7 ¥ OSCS K f DS & i i
MY FRREL L -TWE, BYETL, 20
EE-AMICHMET 5 20i1c, BERERE~)) >~
FTFNPLEFICOSCSRUDSHEEME: &
BT 3icE-21%7,

EHRTIE, BAECBETL I~ F R4
D RW-EetifE B E LT, FDAOKiEd:S
Fiz, ¥+ 7)) —MWARKEIC L 5 OSCS RUFDS
STEFRALTOE L LIS, BERERFEE~
RN LHERR E L TOMBATIEELZREEL

« XNa"

Fig.1 ~s<) >} Y74 (A), OSCS (B) BUrDS (C) oMk

RO R Tahn, SIEEMRA A
REHPLCIC L THBLTHWEY, DS (77K
M) REFIREE»SBALL, 2otk
ElIFRHSWEHPLC 7L — F @R L 2.

‘o 'ON
- ‘“’ fz.
- : nm
r = xR
u
‘x 1. B #H
9 8 ~et v U ARBEER Y F b Y
§j G LABBEERALL. XFRBECSHL oMK
d X W24, FHO~N ) F ) I LEEABLE.
k- ey OSCS it BA&<1L 7 KW & #t5 & h iz OSCS
ki
x o
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AR L RARERCB T 3R (353 8)
FrEFY—BRABZICL I~ F P Y T LTHHDI

#E —R, W EE, KT FAL*, &HF R, e
R OBoEs, @4 M, &KE O ¥k, o EES

(ZfF - FR20F9 A8 8, 28 F20F10H 24 8)

Studies on the Heparin Purity Test (Part 3)
Analysis of Contaminants in Heparin Sodium by Capillary Electrophoresis

Kazuaki KAKEHI*', Naotaka KAKOI*', Mitsuhiro KINOSHITA*!, Noritaka HASHII*?,
Nana KAWASAKI*? Toshimitsu TERAO*?, Kenzo KAWAI*¢,
Hikaru YODEN** and Teruhide YAMAGUCHI*?

Sk EnESRIEBEUE RIS & NN L EIfFA
EFORENMMARH NI Z LA b, 2008 4 1
AL, SE~ <) WA EERRS AL, KE

~stl) Y7Lt Yo B (L-4{ Lo

BXiEp-7n7o8) 73y iy (GleN)
D2MWEMBBNLE T LML)V 270 A
»DF P )7 LET, WAL 2 SEEALIC 23 B
XEFOMELLL D (Fig. 1A), ~<) 4+ 1+ )

fREESAT (FDA) (£20084 3 HicatkER
BOREHMKE LT, ~) »WEIEED~ ) »
FFYTLICRBAL T2 ALY FoA F
i (over-sulfated chondroitin sulfate; OSCS)

7 402, MHGEHTE ORS8RI AR o)
HEREOMERME L THRPTRAAENTEY, B
AEBHICLPWENTND, 2, Mo LEST
fit~) A WFOREFE L TLHEAEN TV S,
2007 % 12 A LIRKEIZ BT, FEN~/<1) >
U7 LA (BUF [~ S8R b)) &

ERWELRY, RBICHFET Lo Fol F -6l
12, 7nZ7oxBEN-TEFNLTFFTIFH I
(GalNAc) o 2 WERArIcBiEe A 1~3 &AL
TNVaH: /)TN ArTHDHY, ~a) MR
BAL Tz OSCS iz, 2 IPTTHKEE
EHHRBIEE L2 Fo 4 F BB TH- 12
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ferra s L EE M EERELNDERTEENNR T., et al: N Engl ] Med. 358(23), 2457-2467
MWME, ARz, BRI R (2008). ) —
RIT57C GMP R, MariTEE AEERERRS [AASRIT) Pk 18 174554 85750 285
y BIERe il B, T 19 400 4 55 ) 4 5% 5 316 5, ik
#£HBEMAHETRMESE LT ERE HEIK, 20 45 [ 4 548 % 257 5 285 %
CHAFRI BB 2T [ B ARHR 75 4 B 3 S 2002) K 14 SR
FIHRO—EBI2, WEHREC L 5 LR, B SE 7 25 0920001 8, [9.4: 5 W) 4 P % % 44366 5,

Tk 20 1 B ALERB L [BRER N lﬁﬁ’i ZO‘F??_-’*ITE{C%QT%?W?'IQIST’%? 5
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