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Fig. 3 OP-1 release from each carrier material/OP-1 (30 jig) com-
posite was. measured over time by a commercial' BMP-7 ELISA kit.
With each carrier material; the maximum concentration: of OP-1 was
detected on Day 1 and it decreased afterward. The decline was
slowest-in the DC-alginate ‘group.

surrounding cancellous bone that contained hematopoietic
bone marrow, and no inflammatory change was. observed
(Fig. 5A-D).  These additional results: were compatiblc
with the results-of BMC and ALP activity, suggesting that
DC alginate can be an equivalent ot superior carrier for a
low dose of OP-1 compared with atelocollagen and PLA-
PEG.

Discussion

Various materials have already been evaluated as carriers
for BMPs, but they all have some disadvantages as men-
tioned previously. This study was designed to examine
whether alginate, a material with no animal product content,
is an equivalent or superior carrier for OP-1(BMP-7) com-
pared with atelocollagen and PLA-PEG. Specifically we
hypothesized: (1) BMC of bone nodules ectopically induced
by DC alginate/OP-1 composite and/or CB alginate/OP-1
composite are equivalent or superior to those by atelocol-
lagen and PLA-PEG; (2) ALP activity of bone nodules
ectopically induced by DC alginate/OP-1 composite and/or
CB alginate/OP-1 composite are equivalent or superior to
those by atelocollagen and PLA-PEG; and (3) DC alginate
and/or CB alginate have appropriate in vitro release kinetics
of OP:1 equivalent to atelocollagen and PLA-PEG.

This study has several limitations. First, DC alginate
was originally approved for clinical use as a cutaneous
wound dressing [§, 57]. Therefore, its biodegradability and
immunogenicity are unclear during use at a deeper site.
Second, 'in the histological examination, DC alginate
remained at the center of the new ectopic bone, indicating
it had not degraded within 3 weeks: Although no inflam-
matory. reaction was found, longer observation will be
necessary before this material can be used with confidence
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Fig. 4A-D The carriers for OP-1 tested were (A) DC alginate, (B)
CB “alginate,  (C). atelocollagen; and.' (D) PLA-PEG.  Soft: xray
photographs: of ‘ectopic bone induced by OP-1:(3, 10, or 30 f1g)
show ' bone  formation  with : the DC 'alginate/OP-1 -composite is
equivalent or: superior to’ that induced: by 'the other carrier/OP-1
composites.

at deeper sites. Third, ALP activity is a marker. for osteo-
blastic differentiation, and is high in the early stage of
osteoblast lineage. ALP activity is not necessarily parallel
to the activity of bone formation: Fourth, in the release
study, a commercial BMP-7 ELISA: kit can only detect the
amount of BMP-7(OP-1) protein, but cannot evaluate the
activity of OP-1. The result of a release test may not reflect
the actual activity of OP-1 released from carriers in vivo.

To determine whether DC alginate and/or CB: alginate
are equivalent or superior carriers for OP-1 compared with
atelocollagen and PLA-PEG, we measured BMC of ectopic
bone nodules as a primary research question. A previous
study [24] reported that BMC of the ectopic bone induced
by PLA-PEG/BMP-2 composite is about 6 mg higher than
that by atelocollagen/BMP-2 composite. In our study, the
BMC of DC alginate/OP-1 (3 ug) composite was about
6 mg higher than that of the atelocollagen/OP-1 (3 ug)
composite and even much higher than that of CB alginate
and PLA-PEG. The result of BMC measurement suggested
that DC alginate is a highly effective carrier that enhances
the bone-indiicing effect of OP-1 even when OP-1 content
is low.

The result of ALP activity measturement was compatible
with the result of BMC, which reinforced the hypothesis
that DC alginate is an equivalent or superior carrier com-
pared  with - the ~other ~materials.. - Upon - histological
examination; not ‘only trabecular bone but also. normal
hematopoietic bone marrow. was observed; and we found
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Fig. 5A-D Representative  photomicrographs of the ectopic bone
formation induced by OP-1 (30 [ig) are shown (A, Al: DC alginate;
B, B1: CB alginate; C, CI: atelocollagen; D, D1: PLA-PEG) (A-D:
stain, hematoxylin' and eosin; original magnification, % 10: scale

no accumulation of inflammatory cells, such as monocyte/
macrophages. The histological appearance of the ectopic
bone induced by DC alginate/OP-1 composite seemed
similar to that by atelocollagen/OP-1 comiposite, which is
considered a safe biomaterial in terms of immunological
response. These data suggested that DC alginate appears
likely a safe material with no inflammatory response even
when used in a deep site.

In contrast, CB alginate achieved relatively poor bone
formation, especially with a low dose of OP-1. DC alginate
and CB alginate only differ in the mode of crosslinking, but
the release of OP-1 from these two alginates was quite
different. It is known crosslinking by divalent cations
forms a characteristic egg box structure that is suitable for
trapping proteins in alginate [9]. Thus, the difference of
bone formation between these two types of alginate may be
partly due to a difference in their ability to retain OP-1 and
release it slowly. It is also known the number of carboxyl
residues in DC alginate is larger than that'in. CB alginate.
The carboxyl residues induce apatite nucleation followed
by the deposition of hydroxyapatite crystals on the alginate
[35]: Furthermore, the Ca’" contained in DC alginate can
be utilized for new calcified bone; which'is an advantage
compared with CB alginate:
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bar = 2 mm; AI-DI: stain, hematoxylin and eosin; original magni-
fication, . x100; scale bar = 200 um). Irrespective  of - the - carrier
material, - the newly formed bone hid a. thin: cortex surrounding
cancellous bone that contained highly cellular bone marrow.

In conclusion, our data suggest DC alginate, a material
with no animal product content that is approved by the FDA
and other authorities, is a safe and potent carrier for OP-1: It
is of note that DC alginate strongly potentiates osteoinduc-
tion of OP-1 even at a low dose. Thus, its usc may reduce the
cost of OP-1-based bone regeneration therapy.
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SUMMARY

Buackground: Low-dose methotrexate (MTX) ther-
apyis widely used in the treatment of rheumatoid
arthritis (RA). Though the difference in response
to. MTX between patients with RA is large, the
factors that contribute to this variability remain
unclear.

Objective: We aimed to identify those factors with
a particalar emphasis on the pharmacogenetics of
MTX.

Method: We evaluated the association of possible
factors, including genetic. polymorphisms of
folate metabolic pathway enzymes, with the
cumulative value of C-reactive protein, an index
of MTX anti-inflammatory efficacy, in 87 Japanese
patients with RA.

Results: Polymorphisms of the reduced folate
carrier penie (RFC) G80A and of the y-glutamyl-
hydrolase gene (GGH) C~401T were more closely
associated (B =2:1194, P =0:0017) than other
polymorphisms, with  the anti-inflammatory
response to MTX.

Conclision: Patients with RA having RFC 80A
and GGH -401T alleles were less responsive to
MTIX than those with RFC 80A and without GGH
~401T alleles. Thus, this data may be usefu] for
guiding treatment of RA patients with MTX.
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INTRODUCTION

Methotrexate (MTX) is an antifolate that is widely
used to treat hyper-immune disorders le.g., rheu-
matoid - arthritis. (RA), - and - cancers, including
childhood acute lymphoblastic leukemial (1-6). In
general, low-dose ‘MTX, usually administered
orally as a weekly pulse, is first-line therapy for RA
that is unresponsive to non-steroidal anti-inflam-
matory drugs (7); however, it is associated with
over-immunosuppression, which may lead to bone
marrow depression and increased susceptibility to
infection (8). Though the response to low-dose
MTX shows wide inter-patient variability (9-11),
the contributing factors remain unclear. However;
the differences in dosage requirement are usually
attributed to inter-patient differences in pharma-
cokinetics and pharmacodynamics parameters.

Intestinal absorption of MTX and iis uptake into
target cells are mainly controlled by the polymor-
phic reduced folate carrier gene (REC). A previous
report demonstrated that in patients with Jeukemia
treated with MTX, a single nucleotide polymor-
phism (SNP) G80A was associated  with higher
MTX concentration (12). However; a recent study
reported . that RFC GB80A SNP affects MTX treat-
ment outcome in RA (13) and that remission of RA
symptoms was significantly higher in RFC 80AA
carriers in comparison with 80GG individuals
{odds ratio = 3:32).

%2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd : 355
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After cell entry, MTX is rapidly converted to
y-glutamyl polyglutamates (PGs) by folylpolyglu-
tamate synthetase, which sequentially adds up to
six glutamyl residues to MTX (14-16). MTX-PGs
are potent inhibitors of dihydrofolate reductase
{DHFR) resulting in depletion of reduced folates,
the cofactors for thymidylate synthase (17).
v-Glutamyl hydrolase (GGH) is a lysosomal
peptidase that catalyses the removal of y-linked
polyglutamates, converting long-chain- MTX-PGs
into short-chain MTX-PGs and ultimately to MTX,
allowing folate to be éxported from the cell (18, 19).
Several SNPs have been identified in the GGH gene
{e.g., C~401T, G-354T, 'and C452T) (20). Cheng
et al. reported that GGH C452T (Thr1271le) signifi-
cantly reduced the activity of GGH in hydrolyzing
long=chain MTX-PGs, and led to. MTX-PGs accu-
mulation in acute lymphoblastic leukemia blasts of
patients treated with high-dose MTX (21). Allele
frequency in this: SNP vary significantly between
different ethnic¢ groups and we reported the geno-
type distribution -and allele frequency of GGH
C452T 'in a Japanese population (22). All of the
promoter. - polymorphisms = analyzed = enhanced
GGH expression. (20).  GGH C~401T “has been
shown to be associated with altered accumulation
of MTX-PGs in RA patients treated with MTX (23).

Methylenetetrahydrofolate reductase (MTHFR) .

has a critical role in the folate cycle. It converts
5,10-methylene-tetrahydrofolate (methyl-donor in
thymidine monophosphate synthesis) to 5-methyl-
tetrahydrofolate (carbon donor required for methio-
nine synthesis). Moreover, two common 5NPs in the
MTHER gene (C677T and A1298C) have been found
to influence the efficacy and toxicity of MTX (24, 25).

Current MTIX dosing algorithms do not include
_the genetic background of patients with RA,
although it could affect the response to MTX. Thus,
the aim of this study was fo examine what factors,
including SNPs of these genes, were associated
with the anti-inflammatory response to low-dose
MTX therapy in Japanese patients with RA,

MATERIALS AND METHODS
Patients

We recruited 219 patients with RA inour study from
the Department of Rheumatology, Shizuoka Kousel
Hospital. RA was diagnosed according to American

College of Rheumatology criteria. Eighty-seven
patients who had been receiving weekly pulse of
MTX for 212 months, and were undergoing analysis
of blood biochemistry at least every 2 months dur-
ing the previous 12 months, were selected. Patients
receiving concurrent therapy known to affect MTX
dosing - (e.g., “infliximab, etanercept, tacrolimus,
cyclosporine). were  excluded.. Written: informed
consent was obtained fromall patients "after a
detailed briefing of the purpose and protacol of the
study. Age, sex, body weight, additional medical
problems, and concurrent medications were recor-
ded. A blood sample was taken for serum C-reactive
protein (CRP) and creatinine measurement and
RFC, GGH and MTHFR genotyping. We used the
CRP level as a marker of inflammatory status in RA
because CRP is highly sensitive in this respect, and
is not affected by sex, age, or other proteins. The area
under the curve of the serial. CRI' measurements
(CRP-AUC)  was -calculated ' to . quantify - total
inflammatory status. during 12 months of . MTX
treatment. CRP-AUC isassociated with the outcome
of RA treatment (26, 27). Creatinine clearance was
calculated according to the Cockcroft-Gault: for-
mula (28). Glucocorticoids doses were calculated as
prednisolone-equivalent doses, where 5 mg pred-
nisolornie was equivalent to 20 mg hydrocortisone,
750 ug dexamethasone, or 750 ug betamethasone
(29). This study was approved by the Ethics Com-
mittee of Shizuoka Kousei Hospital and the Uni-
versity of Shizuoka.

Genotyping assays

Leukocyte genomic DNA was extracted directly
from whole blood using a QlAamp: DNA Blood
Mini Kit (Qiagen, Hilden, Germany). Genotyping
was performed using polymerase chain reaction—
restriction: fragment length polymorphism (PCR-
RFLP) and allele-specific PCR (AS-PCR) assays.
Primer sequences, PCR conditions and restriction
enzymes are shown in Table 1. PCR products and
restriction enzyme digestion products were elec-
trophoresed on 2-4% agarose gels with ethidium
bromide and viewed under UV light.

Data analyses

To identify factors associated with CRP-AUC; the
data were analyzed with respect to age, sex; body

© 2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 34, 355-361
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weight, creatinine clearance, MTX dose, glucocor-
ticoids dose, and six SNPs of genes coding for three
enzymes involved in the folate pathways. CRP-
AUC was logarithmically transformed because it
had a left-skewed distribution. Factors significantly
associated with CRP-AUC in a univariate analysis
were included in a multivariate model and a mul-
tiple linear vegression was used to adjust for the
effects of the factors. To evaluate the effects of the
combination of the SNPs, the main effect and first
order- interaction: effect terms ‘of the SNPs were
included in the regression models. In statistics, the
‘main effect’ term'is used in the model when one
factor is independent of the effect of the other fac-
tors, whereas the ‘interaction effect” is used: when
the effects of two or more factors are not simply
additive. Such a term implies that the effect of one
factor depends on the values of one or more other
factors. P < 0-05 was considered statistically sig-
nificant. Reported values of P were two-sided. The
statistical analyses were performed using R version
2.6.1 (http://www.r-project.org/).

RESULTS
Patient characteristics and genotypes

Eighty-seven Japariese patients with: RA met the
eligibility criteria (Table 2). The frequencies of the
polymorphisms were in' Hardy-Weinberg equilib-
rium. :

Effect of each factor on CRP-AUC

In the univariate analysis (Table 3) sex; age and
glucocorticoid dose were found to be significantly
associated: with the CRP-AUC. The results of uni-
variate analysis on the effects of the combination of
SNPs are shown inTable 4. The main effect of REC
80GA and AA (vs. GG) was found to be significant;
the interaction effects between RFC 80AA and GGH
=d01CT/TT (vs. CC) and between RFC SOAA and
MTHEFR 677CT had values of P < (-1. All other main
and interaction effects had a value of P> 0'1. The
results of multivariate analysis are shown in
Table 5. Age (P = 0-0495), MTX dose (P = 0:0205),
the effects of REC 80AA (P = (:0243) and CGH =401
CL/TT (P = 0:0129), and interaction effect between
RFC B0AA and GGH =401 CT/TT (P = 0:0017) were
significant. The interaction effects between RFC
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Table 2. Characteristics and genetic polymorphisms of
87 Japanese patients with RA

Table 4. Results of univariate analysis on effects of
combination of SNPs

66 (35-89)
13/74 (15/85)
470 (29-6-80-0
648 (23-9-119°5)
6-0(2:0-13-3)
38(0-10-0)

Age (years)

Sex Male/Female (n, %)

Body weight (kg)

Creatining clearance (mL/min)

Methotrexate dose (mg/week)

Glucocorticoids dose
{equivalent to. prednisolone;
me/day)

CRI-AUC (mg1 year/dL)

RFC G80OA

Genotype GG/GA/AA (n, %)

Allele G/A (n, %)

GGH C-401T

Genotype CC/CT/TT (n, %)

Allele C©/T (n, %)

GGH G=354T

Genotype GG/GT/TT (1, %)

Allele G/T (i, %)

GGH G452T

Genotype CC/CT/TT (n; %)

Allele C/T (1, %)

MTHFR C677T

Genotype CC/CT/TT (1, %)

Allele C/T: (n, %)

MTHFR A1298C

Gernotype AA/ZAC/CC (i1, %)

Allele A/7C(n, %)

256.(37-2638)

21/35/31 (24/40/36)
77/97 (44/56)

52/32/3 (60/37/3)
136/38 (78/22)

73/13/1 (84/15/1)
159/15(91/9)

78/9/0 (90/10/0)
165/9(95/3)

32/40/15 (37/46/17)
104770 (60/40)

47/32/8 (54/37/9)
126/48 (72/28)

Values are median (range) except for sex, genotypes and alleles.

Table 3. Results. of univariate analysis: of patient char-
acteristics

Estimate of

regression

Factors parameters P

Sex (Male vs. Female) 07949 0:0283
Age 02647 0-0132
Body weight 00670 0:5370
Creatinine clearance =0:0918 0:3980
Methotrexate dose 0:1855 U-0855
Glucocorticoids dose 0:2509 00191

80AA and GGH -401 CT/IT are shown in the
interaction plot (Fig. 1). It can be seen that the effect
of RFC 80 genotvpe for GGH 401CC is different to
those for GGH —401CT/TT (Fig. 1). This suggests
that patients with RA having RFC 80A and GGH

Estimate of
Main and interaction regression

effects of SNPs parameter P

REC 80GA -2:3820 00449
REC 80AA -2:7844 00188
GGH =401CT/TT ~14124 01792
GGH ~354GT/TT 01066 09524
GGl 452CT ~0-0984 09624
MTHER 677CT —3:9377 03787
MTHFR 677TT ~{2619 08386
MTHER 1298AC/CC 00578 09532
REE 80GA : GGH ~401CT/TT 09712 02748
RFC 80AA : GGH -401CT/TT 2-2920 00239
REC B0GA : GGH =354GT/TT 0-4324 07740
REC 80AA - GGH ~354GT/TT 0-4975 06739
REC 80GA - GGH 452CT 01500 09239
REC 80AA : GGH 452CT 204757 07901
REC 80GA + MTHER 677CT 1-4738 01331
RFC 80AA " MTHER 677CT 17264 00877
REC 80GA - MTHFR 677TT 0-8753 05173
RFC 80AA : MTHER 677TT ~1-3090 0-6004
REC 80GA “ MTHER 1298AC/CC 1 (#6312 05139
REC 80AA  MTHFR 1298AC/CC - 07240 0:4290
GGH =401CT/TT : GGH 03925 08322
“354GT/TT
GGH —401CT/TT - MTHER 677CT - (-2093 07864
GGH =401CT/TT . MTHER 6771T  —0:0668 0-9539
GGH —401CT/TT : MTHER 204508 05602
1298AC/CC
GGH -354GT/TT GGH 452CT 0-3448 0:8963
GGH —-354GT/TT i MTHFER 677CT 00263~ 09840
GGH <354GT/TT : MTHER 677TT 12248 0-5950
GGH =354GT/TT - MTHFR ~0-3748 07484
1298AC/CC L

The colon () denotes an interaction effect term. There was no
other combination of SNPs.

—401T alleles were less responsive to MTX than
those with RFC 80A and without GGH —401T alleles.

DISCUSSION

Methotrexate is one of the most widely used anti-
cancer and  anti-inflammatory agents. Low-dose
MTX administered orally as a weekly pulse, has
been used extensively in RA therapy (1, 6). It has
been reported. that SNPs .in genes of folate
metabolic pathway enzvmes affect the efficacy and
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Table 5. Results of multivariate analysis

Estimate of

: regression

Factors parameter P
Sex (Male vs. Female) 0-3990 0-2858

Age 00216 0-0495%
Methotrexate dose S (0r1431 0-0205*
Glucocorticoids dose (0603 03083
RFC 80GA ~1:2527 0-0906
RFC 80AA =1:7036 0-0243*
GGH =401CT/TE =1-6594 0-0129*
MTHFR 677CT =(-4829 05036
MTHER 677TT 0:1437 0-8656
RFC 80GA » GGH =401CT/TT 0-8156 0-2066
RFC 80AA : GGH “401CT/IT 21194 0-0017*
RFC 80GA : MTHFR 677CT 0-2300 07834
RFC 80AA +MTHER 677CT 07300 0377
RFC'80GA : MTHFR 677TT 0-0561 09522
RFC BOAA : MTHFR 6771T 05917 0-6083
GGH =401CT/TT « MTHFR (0-6842 0-2473

677CT
GGH =401CT/TT : MTHER 0-:3992 0-5889

677 :

The colon (1) denotes an interaction effect term.
*Significance of (P < 005).

toxicity ot MTX (12, 21, 23-25); however, there are
only few reports on the relationship between the
interaction effect of these SNPs and MTX efficacy in
Japanese patients with RA. Thus, in the present
study we evaluated the effects of factors, including
the SNPs of folate metabolic. pathway enzymes
genes such as RFC, GGH and MTHER, on CRE-
AUC, as one of the indices of the anti~inflammatory
efficacy of MTX. Our study, suggested that age,
MTX dose, the main effects of RFC 80AA and GGH
~401CT/TT genotypes, and the interaction effect
between RECS0AA and GGH -401CT/TT geno-
types were significant factors affecting CRP-AUC
in patients with RA receiving low-dose MTX. Based
on these findings, CRP-AUC would be higher in
older patients than in younger patients and, if
patients: had RFC 80AA genotypes, CRP-AUC
would be higher in patients with GGH ~401CT/TT
genotypes than in those with the CC genotype.
Previous reports suggest that RFC G80A poly-
morphism is associated with altered MTX plasma
level (12). Moreover Molin et al. suggested that
patients with AA genotype of REC 80 tended to

Folate pathway enzymes in rhewmatoid arthritis 359

@
h
)

—o— GGH-401CC
a O GGH=01CT/TT

Meanof In (CRP-AUC, mg - Y years / d1.)
o /éa
)

GG GA AA
RFC 80 genotype

Fig. L. Interaction plot showing: the effects of GGH
C-401T genotype and RFC G80A genotype on the mean
of the natural Iogarithm of CRP-AUC in patients with RA
recetving Jow-dose, weekly pulse of MTX. The closed
symbol denotes GGH-401CT/TT genotype, whereas the
open symbol denotes GGH-401CC genotype:

have higher folate polyglutamate levels in blood
cells: (30). Recent evidence suggests that patients
with the RFC 80AA genotype responded to therapy
better than those with the GG and GA genotypes

- {13). The results of univariaté analysis inour study

are consistent with these reports. The RFC G80A-
SINP causing the amino acid change (Arg to His) in
the transmembrane domain was expected to alter
REC transport activity (31). Several amino acd
changes in a transmembrane domain of REC in
antifolate-resistant cells were shown to change the
ratio of REC affinities to [PH] MTX vs. other folate
substrates (32, 33). These reports and our results
suggest that the RFC 80A allele may potentiate the
effect of low-dose MTX in patients with RA. Hence,
patients with the RFC 80A allele and GGH
=401CT/TT genotypes were less responsive to
MTX than those without GGH -401T alleles in the
present study.

Chave et al. - indicated : that a GGH C-401T
polymorphism  in' the . GGH : promoter - region
was associated with increased luciferase activity
and hypothesized that the polymorphism may
resultin increased GGH activity, followed by the

2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 34, 355-361
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deconjugation of MTX-PGs (20). However, if GGH
activity: was increased by C~401T polymorphism,
the anti-DHFR effect would not be increased even
if the MTX concentrations in the cells were higher:
Some investiators have advocated routine moni-
toring of MTX-PGs in red blood cells for manage~
ment of RA (34-37). Dervieux ef al. reported that
there was an inverse association between RFC
B0AA and GGH —401TT homozygosity and intra-
cellular MTX-PGs concentrations (23); this finding
is in good agreement with our results. In our study,
36%, 40%, and "15% of -the RA ‘patients were
carriers of RFC 80AA; GGH —401CT/TT and of both
RFC 80AA and GGH —-401CT/TT, respectively.

There was 1o relationship between GGH C452T
SNP and CRP-AUC in our study. The GGH C452T
located in‘exon 5 of the GGH gene involving Thr to
e  amino acid . exchange: resulted: in “decreased
catalytic activity of GGH (21). The allele frequency
of GGH 4527 in'a Japanese population is only 56%
(22). ‘We speculate that there was no statistical
relationship between GGH C452T and inflamma-
tory status because of low allele frequency. I our
study, there was no relationship between MTHER
SNPs and CRP-AUC, but Urano &t al. reported that
patients with RA having the MTHFR 677C-1298C
haplotype received lower doses of MIX and
responded better to treatment than those without it
(25). Thus, MTHEFR is an important enzyme in the
folate metabolic pathway.

In conclusion, we found that the SNPs combi-
nation, RFC G80A and GGH C-401T, could be
promising for monitoring anti-inflammatory status
in MTX-reated patients with RA, and could be
considered as a possible marker for drug response
against MTX. Larger confirmatory prospective
studies would be valuable:
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Cell surface heparan sulfate plays a critical role in regu-
Iating the metastatic behavior of tumor cells, whereas the
role of chondroitin sulfate/dermatan sulfate (CS/DS) has
been little understood in this context. Here, we character-
ized CS/DS chains from the murine osteosarcoma cell line
1.M8G7, which forms tumor nodules in liver. Structural
analysis of the CS/DS chains showed a higher proportion
of GlcUAB1-3GalNAc(4,6-O-disulfate) (E-units) in LM8G7
(12%) than in its parental cell line LM8 (6%), which rarely
forms tumors in the liver. Inmunostaining with GD3G7, an
antibody specific to E-units, confirmed the higher expres-
sion of the epitope in LM8G7 than LM8 cells. The tumor
focal formation of LM8G7 cells in the liver in mice was ef-
fectively inhibited by the preadministration of CS-E (rich in
E-unit) or the preincubation of the antibody GD3G7 with
the tumor cells. CS-E or GD3G7 inhibited the adhesion of
LMS8GT7 cells to a laminin-coated plate in vitro. In addition,
the invasive ability of LM8G? cells in vitro was also reduced
by the addition of CS-E or the antibody. Further, CS-E or
the antibody inhibited the proliferation of LM8G7 cells dose
dependently. The binding of LM8G7 cells to YEGE in vitro
was also significantly reduced by CS-E and GD3G7. Thus,
the present study reveals the significance of highly sulfated
€S/DS structures in the liver colonization of osteosarcoma
cells and also provides a framework for the development of
GAG-based anticancer molecules.

Keywords: chondroitin sulfate/glycosaminoglycan /
osteosarcoma/sulfation/tumor
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Introduction

The metastatic cascade consists of various interactions between
tumor cells and the host cells or components of the extracellular
matrix (ECM) and involves migration, adhesion, and invasion,
which are mediated by cell surface molecules. (Fidler 2003).
Proteoglycans (PGs), a ¢lass of cell surface adhesion molecules
composed of glycosaminoglycan (GAG) side chains attached
to core proteins, are expressed in the ECM, and have diverse
functions including roles in growth factor-binding, cell-ECM
interactions; cell—cell adhesion, cell proliferation; differentia-
tion, and tissue morphogenesis and embryogenesis (Liotta 1986;
Esko and Selleck 2002). Heparan sulfate (HS) or chondroitin
sulfate (CS)/dermatan sulfate (DS) side chairis modulate the in-
teraction of tumor cells: with host cells. and ECM components
(Gallagher 1989; Iida et al: 1996) and play a critical role in'reg-
ulating tumor initiation, progression, and metastasis (Sanderson
2001; Munesue et al. 2007).

The GAGs in normal tissues differ in quantity and type
from those found during embryonic development and in tumors
(Dietrich 1984). It has become increasingly clear that hetero-
geneity in the structure of HS is important in regulating disease
processes including cancer (Nakanishi et al. 1992). Elevated
levels of CS have also been reported in transformed cells (Lv
et al. 2007). Alterations in the CS structure in tumors have been
correlated with an increase in malignancy (lida et al. 1998). In
animal experiments, chondroitinase (CSase): treatment slowed
the progression of cancer; leading o the suggestion that €S-
PGs on the surface of cancer cells are useful therapeutic targets
(Denholm et al. 2001).

In addition to ECM components, malignant cells produce
a variety of soluble factors such as tumor necrosis factor-a,
vascular endothelial growth factor (VEGE), and heparin-binding
epidermal growth factor-like growth factor (HB-EGF), which
play a major role in tumor progression (Jayne et al. 2000).
Among these, VEGE and its receptors; VEGFR-1 and VEGFR-
2. are more highly expressed in a metastatic model than in
nonmetastatic neoplasms and directly correlate with the extent
of neovascularization and degree of proliferation (Takahashi
et al. 1995). Generally, it is assumed that these growth factors
and other signaling proteins drive the oncogenic process through
direct/indirect interactions with cell surface molecules.

Cell surface molecules such as HS regulate the signal trans-
duction of tumor cells by interacting with various growth fac-
tors such as fibroblast growth factor-2 (FGF-2) (Mundhenke
etal 2002); VEGEF (lozzo and San Antonio 2001), and HB-EGF
(Chu et al. 2005). Likewise; a rare highly sulfated GlcUAB1-
3GalNAc(4S, 6S) structure (the E-unit) in CS/DS chains; where
48 and 6S stand for 4-0-and 6-O-sulfate, respectively, plays an
important role in the interaction of various functional proteins
{growth factors/cytokines) (Deepa et al. 2002). In addition, the
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Table I. Disaccharide composition of CS/DS chains in osteosarcoma cell lines
LM8 and LMBG7*

Unsaturated LM&, pmol LMB8G7, pmol
disaccharide (mol%) (mol%)
AO: AHexUA-GalNAc 65.7 (64.9) 50.4 (55.8)
AC: AHexUA-GalNAc(6S) 13.0 (12.8) 7.4(8.6)
AA: AHexUA-GalNAc(4S) 15.8 (15 8) 21.4 (23.7)
AD: AHexUA(2S)-GalNAc(6S) ND.d N.D.

AB: AHexUA(2S)-GalNAc(4S) N.D. N.D.

AE: AHexUA-GalNAc(4S, 6S) 6.6 (6.5) 10.7(11.9)
AT: AHexUA(2S)-GalNAc(4S, 63) N.D. N.D:
Total® 101.2 (100) 90.0 (100)
S/unit® 0.41 0.55
Molar ratio of the total disaccharides® 1.12:1.00

#The GAG preparation from each osteosarcoma cell line was digested with
CSase ABC, and the digest was analyzed by anion-exchange HPLC after
labeling with a fluorophore 2-AB as described in Material.and methods.

Y Amounts of disaccharides/mg of dried cells.

€A molar ratio of sulfate to disaccharide.

IN.D;, not detected.

©A molar ratio of the total CS/DS disaccharides of the two.cell lines.

involvement of E-units in various biological functions such as
neurite outgrowth (Sugahara and Mikami 2007). bone forma-
tion, and biomineralization has been reported (Miyazaki et al.
2008). However, the involvement of highly sulfated structures
of CS/DS chains in the process of tumor formation in different
organ sifes is not well understood.

Recently, we reported the involvement of CS structures con=
taining E-units in the metastasis of a Lewis lung carcinoma cell
line (Li et al. 2008). An analysis of liver-specific tumor phe-
notypes has revealed the overexpression or specific structural
changes of HS chains to be critical to the metastatic potential of
melanomacells (Tévari et al. 1997). These findings prompted us
to examine whether structural differences:in the CS/DS chains
of osteosarcoma cells explain the metastatic potential. In the
present study, we demonstrated that the E-unit-containing struc-
ture of CS/DS chains in murine osteosarcoma LM8G7 cells is
involved in the liver tumor focal formation:

Results

Comparison of CS/DS chains berween LM8 and LM8GY cells

The amount and composition of the unsaturated disaccha-
rides produced by digestion with CSase ABC from the CS/DS
polysaccharide chains, which had been extracted from LM8
and LMS8GT7 cells; are tabulated in Table I, and the repre-
sentative anion-exchange HPLC chromatograms for the dis-
accharide analyses are shown i Figure 1. The amounts of
CS/DS in 1. M8G7 and LM8 cells were comparable. Upon di-
gestion with:CSase ABC, CS/DS chains from both the cell lines
yielded A% HexUAul-3GalNAc (AO-unit), A% HexUAal-
3GalNAc(6S) (AC-unit)y, A% HexUAul-3GalNAc(4S) (AA:
unit), and A*?HexUAwa1-3GalNAc(4S; 6S) (AE-unit) in vary:
ing proportions. The degree of sulfation of CS/DS chains was
relatively higher (0.55) in LM8G7 cells than in LM8 cells (0.41)
(Table I). The proportion of the highly sulfated disaccharide AE-
unit was higher in LM8GT7 cells (12%) than LMS cells (6%).
The proportion of AC-units was significantly lower in LM8G7
cells (9%) than in LM8 cells (13%), whereas the proportion of

7136

2. 3656 7 A
# Wbt o loss
: g
> k2 i i
2 Bl §
g £
£ 2
§ L0535
: §
: 3 3
£ ¢, E
15
5
-0.53 8
2
0 10 20 30 40 50 60
Time (min)

Fig. 1. Anion-exchange HPLC of CSase ABC digests of the CS/DS chains
obtained from the osteosarcomit cell Tines LM8 and LM8G7. The CS/DS
preparations were digested individually with CSase' ABC.  After 2AB-labeling,
each digest was analyzed by HPLC on'dn amine-bound silica PA-03 column
using a linear gradient of NaH, POy ag indicated by the dashed line. The peaks
before 10 min were derived from 2AB-derivatizing reagents. (A)-Authentic
hyaluronan/CS-derived unsaturated disaccharides. (B)and (C)2AB-labeled
CS-derived unsaturated disaccharides obtained from LM8 and LM8G7: cells;
respectively: Arrows indicate the elution positions of the 2AB-derivatized
atithentic hyaluronan and CS disaccharides: (13 A% HexUA-GIcNAc;

(2) A% HexUA GalNAG; (3) A% HexUA-GalNAC(6S);

(4) A*SHexUA-GalNAc(4S); (5) A% HexUA(2S)-GalNAc(6S):

(6) A* HexUA-GalNAC(4S; 6S); (7) AHexUA(2S)-GalNAc(4S; 6S).

AA-units was higher in. LM8G7 cells (24%) than LM8 cells
(16%).

In view of the recent finding of a higher proportion of E-units
in the highly metastatic Lewis lung carcinoma cell line LM66-
HI1 than in the low metastatic cell line P29 (Lietal: 2008), 1t was
speculated that the higher proportion of E-units in the CS/DS
preparation of LM8G7 cells may be a key factor in the tumor
focal formation in the liver. To confirm the overexpression of
E-unitson the surface of LM8G7 cells, a phage display antibody.
(GD3G7) specific to €5-E (Purushothaman et al. 2007; ten Dam
et al. 2007; Li et al. 2008) was used for the immunostaining of
the osteosarcoma: cell lines. LMSG7 cells were more strongly
stained by GD3G7 than were LM8 cells (Figure 2), suggesting
higher levéls of the expression of the E-unit.

Characterization of antitumor activity of CS isoforms

To examine the involvement of €S/DS in the liver tumor focal
formation, various commercial CS preparations such as CS-A,
CS-C, and CS-E (1001g) were individually preinjected mto
mice 30 min before the intravenous injection of LM8GT cells.
Among the CS preparations tested, CS-E characterized by a
high proportion (62%) of E-units (Kinoshita et al. 1997) com-
pletely inhibited the colonization of LM8GT cells (Figure 3D),
suggesting the importance of the E-unit in the tumor focal forma-
tion 1n the liver. Dose-dependent inhibition experiments showed
that CS-E inhibited the tumor focal formation of LM8G7 cells
strongly at 100 or 150 pg but not at all at Jow doses (25 or 50
wg) (Figure 4A). Heparin, a well-known antitumor agent (Bor-
sig et al. 2001), also inhibited the liver colonization of LM8G7
cells (Figure 3G), whereas CS:-A or CS-C failed to inhibit it
(Figure 3B.and C).
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Fig. 2. Immunocytological detection of the GD3G7 epitope on the surface of
murine osteosarcoma EM8 and EMSG7 cells: LM8 (A and LM8GT:.(I3) cells
were seeded separately on chamber slides, cultured for 24:h, and fixed with
Diff-Quick reagent A They were incubated with the antibody GD3G7 for. L h,
and bound GD3G7 was detected with an anti-VSV glycoprotein antibody
followed by an Alexa-conjugated third antibody and visualized by confocal
microscopy: In control experiments, LMBG7 cells were stained without
GD3G7(C) or irrelevant antibody MPB49V.: (D). Scale bar, 100 um.

Antitumor activity of the antibody GD3G7

The higher expression of E-units on the sarface of LM8G7 cells
and the strong antitumor activity of CS-E led us to hypothesize
that E-unit-containing CS/DS chains on the tumor cell surface
are involved in the liver tumor focal formation: It should
be noted that the colonization of LM8GT7 cells is specific to
the liver, and no tumor colony formation was observed in other
mouse organs including the lungs (data not shown). To test
our hypothesis, the antibody GD3G7, which recognizes E-unit-
containing CS/DS chains, was used for antitumor assays. The
preincubation of LM8GT cells with the antibody (0.2-2 pg)
for 30 min strongly inhibited the liver tumor focal formation
in a dose-dependent manner (Figures 3E and 4B), whereas
the irrelevant antibody MPB49V (2 pg) failed to inhibit it
(Figure 3F and 3G), suggesting that the epitopes for the anti-
body GD3G7 play akey role in the liver colonization of LM8G7
cells:

Effects of CS-E and GD3G7 on adhesion and invasion
of LM8G7 cells
Effects of CS-A, CS-E (50 wg), or the antibody GD3G7
(2 1Lg) on the adhesion of LM8GT cells to a laminin-coated
plate were examined. Laminin, a major basement membrane
protein; plays an mmportant role in the interaction of tumor
cells with the basement membrane during the extravasation
step of metastasis (Baba et al. 2008). CS-E and the antibody
GD3G7 inhibited the adhesion of EM8GY7 cells to the substrate
(Figure 5). In contrast, CS-A or the control antibody MPB49V
had no effect on the attachment of LM8GT7 cells to laminin;
Since the adhesion of tumor cells to basement membranes is
an initial step in the invasion process, it was examined whether
the antitumor effects of CS-E and GD3G7 are also due to the
inhibition of cell invasion, The effects of CS-A, CS-C, CS-E

Cell surface chondroitin sulfate in liver tumor focal formation

Liver Weight (g)

Normal Control CS-A

CS.Ci CS-E:GD3GT7 MPBA9V Heparin
Fig: 3. Effects of CS isoforms and the antibody GD3GT7 on the liver tumor
focal formation of LM8G7 cells. The CS/DS preparation (100.1.g) in 200 uL
of Duibecco’s Modified Eagle’s Medium (DMEM) was injected into a tail vein
of C3H/HeN mouse 30 min hefore the injection.of LM8G7 cells (1:x 105y.
LM8G7 cells were also preincubated with the antibody GD3G7 (2 ug) or the
control antibody MPB49V (2 11g) for 30 min at 37°C and used for the tumor
colonization experiments. Representative livers from the mice treated with
DMEM (Control) (A}, CS-A (B), CS-C (C), CS-E (D), antibody GD3G7 (E),
or MPB49V (F) are shown. The average liver weight of the control and treated
mice (G). Heparin from porcine intestinal mucosa (100 pg) was used as.a
positive control. The data represent mean values -& SD for two independent
experiments. *P < 0.01 versus control. Mann-Whitney U test.

(50 11g), or GD3G7 (2 pg) on the invasion by LM8G7 cells of
Matrigel™ were tested. The invasive ability of the cells was
reduced by €S-E and the antibody, but CS-A and CS-C had
no significant effect (Figure 6). These results indicate CS-E-
like epitopes to be involved in the invasion by LM8GT7 cells as
well. '

Effects of CS-E and the antibody GD3G7 on the proliferation
of LM8GY cells

To examine the effects of GAGs and GD3G7 on cell pro-
liferation, LM8GT cells (5% 10%) ‘were seeded and CS-A
(100g), CS-C. (100pg), CS-E (50-150ug),  heparin
(100 wg), or an antibody. (2-5 g) in DMEM containing 10%
FBS was added. CS-E and GD3G7 inhibited the proliferation in
a dose-dependent manner (Figure 7); whereas CS-A and CS-C
showed no effect. Heparin, as a positive control, inhibited the
proliferation of LM8G?7 cells. These observations led us to con-
clude that CS/DS chains at the cell surface play a major role in
the proliferation of tumor cells.
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Fig. 4. Dose-dependent antitumor activity of CS<E and the antibody GD3G7.
(A):The antitumor activity of various doses (25,50, 100; or 150 pwg) of CS-E
was investigated as described in the legend to Figure 2. (B) LM8GT7 cells were
preincubated with:the antibody GD3G7 at different doses (0.05, 0.1, 0.2, 0.5,
1,’0or 2 wg) for 30 min and used for the analysis of tumor focal formation as
described in the legend to Figure 2 Six mice were used pergroup. The data
represent mean values = SD for two independent experiments: 7P < 0.01
versus control: Mann-Whitney: U test. :
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Eip. 5. Real-time momtoring of the ¢ffects of €S-A, CS-E, or GD3G7 on the
adhesion of LM8G7 cells to the laminin substrate. LM8G7 cells (2 x 10%) were
seeded in ACEA’s 96X e~piateTM coated with: (A) or without laminin (0}, and
the effects of CS-A (50 ug, A), CS-E (50 pg, ©), GD3GT7 (2 pg, <), and
MPB49V (2 g, L) were observed for 60 min tising the RT-CES™ system as
described in Marerial and methods. The cell index (quantitative measurement
of cells in a well containing an electrode) values were plotted against time. The
data represent mean values £ SD for three independent experiments.

Comparison of the binding of LM8G/ cells to various growth
factors

VEGEF, expressed by tumor cells, facilitates the progression of
cancer (Asai et al: 1998). We examined the ability of LM8G7
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100 A

50 4

Number of Invaded Cells

Control CS-E CS-C CS-A GD3GY
Fig. 6. Effects of various CS isoforms and the antibody GD3G7 on the
invasion of LM8G7 ceils. (A) The invasion of LM8G7 cells (2.5 X 10%) was
mieasured using a BD BioCoat™ chamber (BD Biosciences) coated with
Matri gelTM in the presence or absence of CS-A, CS-C, CS-E (50 ug), or
GD3G7 (2 pg) in the upper chamber and allowed 1o invade through the
Matrigel for 24 h. The cell invasion was measured as described in Marerial
and methods. The number of invaded cells is presented. The data represent
mean values & SD for two independent experiments. *P.< 0.01 versus control.
Mann—Whitney U test.
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Fig. 7. Effects of virious GAGs and the antibody GD3G7 on the proliferation
of LM8G7 cells. (A) LM8G7 cells (5 x 10%) were plated on 96-well plates in
DMEM supplemented with 10% fetal bovine serum (FBS) in the presence or
absence of CS=A (100 pg), CS-C (100 pg), CS-E (50 to 150 jLg); heparin
(100 g}, or the antibody GD3G7 (2 or 5 1 g). The number of viable cells was
determined 3 days after seeding. The data represent mean values £ SD for
three independent experiments. *P:< 0.01 versus control. 2 P < 0.05 versus
control. Mann-Whitney U test.

cells to bind growth factors. in vitro. LM8G7 cells interacted
well with VEGE, FGFE-2, midkine (MK}, and hepatocyte growth
factor (HGE), but the degree of binding was the greatest with
VEGF (Figure 8A). The attachment of LM8GT7 cells to VEGE
was strongly inhibited by the addition of CS-E or the antibody
GD3G7 but not inhibited by CS-A or €S-C. Heparin; a positive
control, also inhibited the attachment of LM8G7 cells to VEGE
(Figure 8B).

Discussion

PGs associated with the surface of cancer cells have been recog-
nized as important in a variety of cancers (Blackhall et al. 2001).
Alterations in the level of expression of the GAG structure and/or
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Fig. 8. The cffects of various GAGs on the attachment of LM8G7 cells to
VEGE (A) LM8G7 cells (2.5 x 10%) were sceded on growth factor-coated
plates and thic cells aitached. were quaniified as described in Material and
methods. The net sipnal obtained for the LM8GT cells adhered to VEGE is
presented. (B) The effects of GAGs or GD3G7-on the attachment of LM8G7
cells to the immobilized VEGF. LM8G7 cells were preincubated with CS-A;
CS-C, CS-E, heparin (50 jg), or GD3G7 (2 jig) for 30 min at 37°C, and their
effects on the adhesion of VEGF were measured. Values obtained with control
wells not treated with GAGs are taken is 100%. *P. < 0.01 versus control.
Mann=Whitney U test.

density on PGs can potentially make cancer cells highly versatile
inmodulating their behavior. For instance, significant changes in
the PG content and GAG structure in tumors have been reported
(Theocharis 2002). It has been demonstrated that the disaccha-
ride composition of cell surface HS varies during the transition
from human colon adenoma to carcinoma (Jayson et-al. 1998).
Low-sulfated HS facilitates metastasis through the adhesion of
hepatoma cells to the ECM (Robinson et al. 1984). In addition,
low levels of cell surface HS are correlated well with the high
metastatic activity of many tumors (Redini et al. 1986; Kure
et al. 1987; Sugahara et al. 1989: Timar et al. 1992).

This study revealed heterogeneous yet unigue sfructures in
the CS/DS chains of LM8 and LM8G?7 cells. The major disac-
charide present in L.M8 and LM8G?7 cells was: the unsulfated
unit, levels of which were lower in LM8G7 than LM8 cells.
An important finding of this study was the higher proportion of
E-units in the CS/DS chains of LM8G7 than LM8 cells. In ad-
dition, LM8G7 cells were more strongly immunostained by the
antibody GD3G7 than were LM8 cells, supporting the increased
expression of E-units in LM8G?7 cells. The results of our study
indicate the correlation between highly sulfated CS structures
and the metastatic potential of osteosarcoma cells. To investi-
gate the relationship between the CS-E-like-structures and the

Cell surface chondroitin sulfate in liver tumor focal formation

liver tumor focal formation, various CS isoforms including CS-
E were administered into mice to evaluate their effects against
the colonization of LM8G7 cells. Animals preinjected with CS-
E had no tumor nodules in the liver, but the mice injected with
other CS isoforms had tumor nodules; indicating the antitumor
role of CS-E. In addition; the antibody G1D3GT completely in-
hibited the tumor forming activity of LM&GT cclls in the liver,
suggesting the involvement of the GD3G7 epitope containing
E-units in the liver tumor focal Tormation of LM8G7 cells.
These results are consistent with our recent finding that the ex-
perimental metastasis of the mouse Lewis lung carcinoma cell
line involves the E-unit-containing epitope on the cell surface
and is strongly inhibited by éxogenous CS-E and the antibody
GD3G7. It has also been reported that the epitope structure: of
GD3G7 is highly expressed in human ovarian carcinomas (ten
Dam et al. 2007) and human pancreatic tumors (Sugahara et al.
2008): However, it remains to be established whether E-unit-
containing structures are involved in the natural metastasis of
humaii tumors: A high-throughput survey using tissue microar-
rays for the epitope of the antibody GD3G7 in natural human
tumors (Sugahara ct al: 2008) will clarily whether the epitope
can be used as a tumor marker for diagnosis and is a therapeutic
target of certain cancers.

Tumor formation in the distinct organs has been suggested to
be essential for the development of metastasis. To investigate
the mechanistic basis for the antitumor activity of CS-E against
1LM8GT cells, we performed adlicsion; invasion, and prolifera-
tion experiments in vitro to validate the effects of CS isoforms on
the liver tumor focal formation of LM8G7 cclls. We dynamically
monitored the attachment of tumor cells to the laminin-coated
plate‘in the presernce or absence of CS isoforms or the antibody
GD3G7:. Both CS:E and GD3G7 markedly inhibited the attach-
merit of LM8G7 cells to the laminin-coated plate. Therefore, it
is reasonable to hypothesize that the preadministration of CS-E
may weaken tumor cell adhesion to endothelial cells thereby
preventing the liver colonization. Further, the invasive ability
of LM8G7 cells was significantly reduced by CS-E, but not by
the other isoforms. Supporting this observation, GD3G7 also
strongly inhibited the invasion by LM8GY7 cells. Next, we tested
the effects of CS-=A, CS-C, CS-E, or GD3G7 on cell prolifer-
ation. CS-E and GD3G7 inhibited the proliferation of LM8G7
cells in a dose-dependent manner. These results suggest the E-
unit-containing epitopes to be involved in the tumor forming
process and a potential target for the diagnosis and treatment of
osteosarcoma tumors.

It is well known that VEGF-releasing metastatic tumor cells
dysregulate the endothelial cell—cell junctional complex upon
binding and facilitates tumor extravasation (Weis et al..2004).
In this study, the addition of CS-E or GD3G7 strongly inhibited
the interaction of tumor cells with VEGE. The most plausible
explanation for this inhibition would be the direct binding of
soluble CS-E to immobilized VEGF thereby preventing the at-
tachment of tumor cells to VEGE since it has been reported that
highly sulfated CS-E interacts with VEGE in vitro (ten Dam
et al. 2007). These results may also explain the inhibitory ef-
fects of CS-E on the liver colonization of LM8GT cells. Thus, the
present study reveals the significance of highly sulfated CS/DS
structures in- the liver tumor focal formation of the osteosar-
coma cells and also provides a framework for the development
of GAG-based anticancer molecules (Yamada and Sugahara
2008):
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Material and methods

Materials

Standard unsaturated CS  disaccharides, CSase ABC (EC
4.2.2.4), CS-A from whale cartilage, CS-C from shark car-
tilage, and CS-E from squid cartilage, and cell proliferation
assay kit, TetraColor One, were purchased from Seikagaku
Corp: (Tokyo, Japan). Recombinant human (th)-HGF was from
PeproTech EC Ltd (London, UK). rth-VEGF-165; th-FGF-2,
and rh-MK were obtained from Wako Pure Chemicals: Co.
(Osaka, Japan). The single chain antibody GD3G7 was selected
for reactivity with rat embryo-derived GAGs by the phage dis-
play. technique (ten Dam et al. 2007). The monoclonal anti-
vesicular stomatitis: virus glycoprotein (VSV-G) tag antibody
P5D4 was from Sigma (St. Louis; MO). Porcine intestinal mu-
cosal heparin was obtained from Nacalai Tesque (Kyoto, Japan).
Alexa Fluor 488-conjugated goat anti-mouse IgG: (H+L) was
obtained from Invitrogen. Actinase E was from Kaken Phar-
maceutical Co: (Tokyo, Japan). Mouse sarcoma laminin from
the basement membrane of Engelbreth-Holm Swarm was ob-
tained from Sigma. 2-Aminobenzamide (2AB) was purchased
from: Nacalat Tesque (Kyoto; Japan). Sodium: cyanoborohy-
dride (NaBH;CN) was from Aldrich Chemical Co. (Milwaukee,
WI). 100 x nonessential amino acids; B-mercaptoethanol, 100x
sodium pyruvate, the cell dissociation buffer, and L-glutamine
were from GIBCO (Auckland, New Zealand). The Diff-Quick
solution was' from International Reagent Corp. (Kobe, Japan).
All other chemicals and reagents were of the highest quality
available.

Animals and cell lines

Nine-week-old' female. C3H/HeN mice were obtained from
Japan SLC (Hamamatsu, Japan) and kept in standard hous-
ing. All the experiments were performed according (o proto-
cols approved by the local animal care committee of Hokkaido
University. The murine osteosarcoma cell line LM8G7, which
has high metastatic potential to liver, was cloned from LM8G5
cells (Lee et al. 2002) as described (Fidler and Nicolson
1976) and cultured in DMEM supplemented with 10% (v/v)
FBS (Thermo ~Trace, Melbourne, Australia), streptomycin
(100 g/mL), penicillin: (100 units/mL),  100x nonessential
amino acids, B-mercaptoethanol (50 ;tM); 100 x sodium pyru-
vate, and L-glutamine (2 mM) at 37°C in'a humidified 5% CO;
atmosphere. The cells were harvested after being incubated with
0.1% trypsin/l mM EDTA in phosphate-buffered saline (PBS)
for 5 min at 37°C, gently flushed with a pipette, and subcultured
three times a week.

Extraction of GAGs from LM8 and LM8G7 cells

Cells were dehydrated and delipidated by extraction with ace-
tone, air-dried, and used for the extraction of GAGs essentially as
previously described (i et al. 2007) with some modifications.
Briefly, the acetone powder was digested with heat-activated
(60°C; 30 min) actinase E in 200 wL of 0.1 M sodium borate,
pH 8.0, containing 10 mM calcium acetate at 607C for 48 h. After
the incubation; each sample was treated with 5% trichloroacetic
acid and kept for 30 min at4°C. The precipitate was removed by
centrifugation. The supernatant was extracted with diethyl ether
to remove the trichloroacetic acid. After neutralization with
1.0 M sodium carbonate, the ‘aqueous phase was adjusted to
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contain 80% ethanol and 1% sodium acetate, and kept at 4°C
overnight. The precipitated crude GAGs were recovered by cen-
trifugation, desalted on a PD-10 column (GE Healthcare, Buck-
inghamshire, UK) using the 50 mM pyridine acetate buffer, pH
5.0, as an eluent, and evaporated dry.

Analysis of the disaccharide composition of CS chains

The. disaccharide composition of GAG preparations from the
osteosarcoma cell lines was determined as described (L1 et al.
2007).. Briefly, the samples were dissolved in water, and an
aliquot was digested with CSase ABC (Saito et al. 1968) and
labeled with 2a B (Kinoshita and Sugahara 1999). The excess
2AB was removec. nv extraction with chloroform (Kawashima
et al. 2002). The 2AB-iabeled digest was analyzed by anion-
exchange HPLC on a PA-03 silica column (YMC-Pack PA,
Kyoto, Japan) with a linear gradient of NaH,PO, from 16 to
538 mM over 60 min at-a flow rate of 1.0 mL/min: at room
temperature. Identification and juantification: of the resulting
disaccharides were achieved by comparison with the elution of
authentic CS-derived unsatirated disaccharides (Kinoshita and
Sugahara 1999).

Immunocytochemistry

To detect the E-unit-containing epitopes, murine osteosarcoma
cell lines, LM8 and LM8GT7, were stained using a phage dis-
play single chain antibody, GD3G7 (Purushothaman et al. 2007,
ten Dam et al. 2007). Briefly, osteosarcoma cells were plated
on 8-well Lab-Tech chamber slides (Nalge Nunc International,
Roskilde, Denmark), cultured for 24 h, and fixed with Diff-
Quick reagent A. After being blocked with PBS containing 3%
bovine serum albumin (BSA) for I h at room temperature; the
fixed cells were incubated with 100 L of the primary antibody
GD3G7 (diluted 1:100.(10 tg/ml) in 0.1% BSA/PBS) for 1 hat
room temperature and washed with PBS. After being incubated
with: the anti-VSV-G antibody (diluted 1:5,000 in 0.1% BSA/
PBS) for 1 h at room temperature, the cells were washed with
PBS. To detect the anti-VSV-G antibody, the cells were stained
with a third antibody conjugated to Alexa Fluor 488 (diluted
1:50001n 0.1% BSA/PBS) and visualized with a laser-scanning
confocal microscope, FLUOVIEW (Olympus, Tokyo, Japan).

Assay of liver tumor focal formation

In preparation for injection, LM8G7 cells were harvested after a
brief exposure to a cell dissociation buffer (GIBCO) and the cell
viability in single-cell suspensions was determined by trypan
blue exclusion. A total of 1 x 10° cells suspended in 200 jLL of
DMEM were injected into a lateral tail vein of C3H/HeN mice.
Four weeks later; the animals were sacrificed. The number of
visible tumor: cell nodules in the liver was examined and liver
weight was recorded.

To elucidate the involvement of cell surface CS/DS in'the liver
tumor focal formation, the C3H/HeN mice received 100 g of
commercial CS preparations (CS-A, CS-C, or CS-E) or heparin
30 min before the tumor cell injection. The dose-dependent in-
hibition experiments were carried out using CS-E (25, 50, 100,
or 150 wg). In other instances, to investigate the involvement
of the antibody GD3G7 epitope in the liver tumor focal for-
mation, LM8G7 cells were preincubated with serially diluted
GD3G7 (0.05, 0.1, 0.2, 0.5, 1, or 2 wg) or the irrelevant anti-
body MPB49V (2 wg) for 30 min at 37°C. Aliquots of the cell
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suspension were assessed for cell viability before the injection.
After incubated with aritibodies (GD3G7 or MPB49V) and prior
to the.injection of the tumor cells into animals, it was ensured by
microscopic observations that these cells were in a single cell
suspension.

Real-time monitoring of the adhesion of LM8G7 cells to the
laminin substrate

The cell attachment assay was carried out using the RT-CES™
system (ACEA Bioscicnces, San Dicgo, CA).”ACEA’s 96x
microtiter plates: were coated ‘with Taminin (0.5 pre/well) at
37°C for. 1 h. Attachimient and . spreading of LMS8GT cclls
(2 x 10%) were monitored in the presence or absence of various
inhibitors such as CS-A (50 iLg), CS-E (50-1Lg), the antibody
GD3G7 (2 wg); or the control antibody MPB49V (2 j1g), and
continuously monitored for up to 62 min using the RI-CES™
system. The cell index (quantitative measurement of cells in a
well containing an electrode) was plotted against time.

Cell invasion assay invitro

The invasion of LM8G7 cells across the Matrigel™-coated
porous membranes was. assessed using a 24-well plate (8 pm
pore size, insert size: 6.4 pm) (BD Biosciences, Franklin Lakes,
NJYyaccording to the manufacturer’s protocol. Briefly, single cell
suspensions of LM8G7 cells (2.5 x 10%) were prepared by de-
taching and resuspending the cells in DMEM containing 0.1%
BSA. Before the cells were added, the chambers were rehy-
drated for 2 h in an incubator at 37°C. The lower chambers
were filled with DMEM containing 5% FBS. In some instances,
LMBG7 cells (2.5 x 10%) in serum-free DMEM were preincu-
bated with CS-A, CS-C, CS-E (50 1Lg), or the antibody GD3G7
(2 p.g) for 30 min at 37°C in a CO; incubator and added to the
upper chamber. After incubation for 24 h, cells that had passed
through the Matrigel-coated membrane and remained attached
to the opposite surface of the membrane were stained with the
Diff-Quick solution and counted 1n five random microscopic
fields per filter.

Assay of cell proliferation in vitro

To examine the effects of CS isoforms on proliferation in vitro,
LMS8G7 cells were seeded at a density of 5 x 10° cells/well in
a 96-well plate and treated with CS-E (50-150 wg), GD3G7
(2=5 11g), CS-A (100 g), CS-C (100 wg), or heparin (100 1g)
for 3 days. After a specific period of time, 5 1L of TetraColor
One (Tanaka et al. 2002) reagent was added and incubated for
an additional 4 h, and the absorbance at 450 nm (Bio-Rad,
Hercules, CA) was measured. The viability of the cells was
expressed in percentage terms.

Tumor cell-growth factor adhesion assay

The adhesion of tumor cells to various growth factors (Hibino
et al. 2005)in vitro was assessed in a 96-well plate. VEGE, FGF-

2, MK. and HGFE (100 ng) were added to the microtiter plate -
and incubated overnight at 4°C. After blocking the wells with -

1% BSA in PBS, DMEM-containing LM8G7 cells (2.5 x 10%)
in 0.1% BSA were added to a plate and incubated for 1 h at
37°C in a humidified 5% CO, atmosphere. After a brief wash
with PBS, 100 pL of PBS containing 5 wL of TetraColor One
was added and the plate was incubated for 45 min. The viable
adhered cells were quantified by measuring the absorbance at

Cell surface chondroitin sulfate in liver tumor focal formation

450 nm. The net signal is obtained by subtracting the background
obtained with 2 BSA-coated well. In other instances, the cells
were preincubated with CS-A, CS-C, CS-E, heparin (50 pg), or
GD3G7 (2 pg) for 30.min at 37°C and used for the experiment.
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Abbreviiations

A% HexUA, - 4.5-unsaturated = hexuronic: acid; 2AB, 2-
aminobenzamide: 45, 4-O-sultate: 68, 6-O-sulfate; BSA, bovine
serum alburmin; CS; chondroitin sulfaie; OMEM, Dulbecco’s
modified Eagle’s medium; DS, dermatan sulfate: ECM,; extra-
cellular matrix; B-unit; GIcUAB1-2GalNAc@4S, 65); FBS, fetal
bovine serum; FGF-2, fibroblast growth factor-_  GGAfG gly-
cosaminoglycan; GalNAc, N-acetyl-o _“!~ctosamine; GICUA,
D-glucuronic acid; HB-EGF, heparin-binding epidermal growth
factor-like growth factor; HexUA, hexuronic acid; HGF, hepa-
tocyte growth factor; HS, heparan sulfate; MK, midkine; PBS,
phosphate-buffered saline; VEGF, vascular endothelial growth
factor:
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Clear cell carcinoma (CCCYof the ovary is known to be highly re-
sistant to platinum-bascd chemotherapy. The purpose of our study
was to identify a candidate profein that is issociated with chemo-
resistance of CCC and fo invéstigate the specific mechanism of
chemoresistance conferred by the identified protein, Enhanced
expression of Annexin A4 (Anx A4) was identified in ovarian cee
cells using 2-D - differentinl get electrophoresis :(2D-DIGE) and
mass spectrometry. Anx Adtevels were elevaled in CCC cells com-
pared with non-€CC cells as determined by real-time RT-PCR
and Western biot analysis. Immunchistochemical analysis of Anx
Ak was performed in 126 epithelial ovarian caneer tissue samples
and demonstrated sivnificantly elevated levely of Anx A4 protein
tevels in ovarian CCC tumors compared with ovarian serous and
endometrioid tumors (p < 0.01). Anx Adtransfected ovarian non-
CCC cells were niore: resistant to carboplatin. (€50 = 42 M)
compared with control cells (JUSH = 23 uMj as determined by
modified MET assay. Intracellular platinum levels were signifi-
cantly lower in Anx Adtrunsfected cells compared with eantrol
cells ‘after earboplatin treatment (p = 0.0020) and after an addi-
tional 1360 min of carboplatindree incubation {(p = 0.0004), s
ineasured by atomic absorption spectrophotometry. Expression of
Anx A4 is elevated in ovurian CCC tumors and Is ussocisted with
chemoresistance in culturcd ovarian cancer cells. These resulis
demonstrate thit Anx A4 confers chemoresistance in ovarian can-
¢ércells in part by enhuncing drug efffux. Thus, Anx A% may rep-
resent a novel therapeutic target of chemoresistance in patients
with ovarian CCC.

© 2009 UICC

Key words: clear cell carcinoma of the ovary: chemoresistance;
Annexin A4

Ovarian cancer is the Sth leading cause of cancer deaths for
women in the United States. with approximately 21,600 new cases
and 15.500 deaths reported annually. In Tapan, it is the eighth
most Conmon cause of cancer deaths, with approximately 7,700
new cases (2001) and 4.500 deaths (2007) reported yearly, and the
incidence is increasing (Flealth, Labour and Welfare Ministry, Ja-
pan: Population Survey Report). More than 20% of all cases with
ovarian cancer 1n Japan are classified as clear cell carcinoma
{CCC) of the ovary, and for unknown reasons, this percentage is
markedly hicher (by approximately 2-fold) than in Europe and the
United States.”

Because ovarian cancers (including ovarian CCC) are relatively
asymptomatic at early stage, the majority of patients (approxi-
mately 70%) present with an advanced stage disease at first diag-
1iosis and subsequently require surgical tumor reduction and adju-
vant chenmtherapy."‘ * However. of the 4 major histological types
of epithelial ovarian cancer, CCC of the ovary is highly resistant
fo conventional cancer chemotherapy (including carboplatin and
paclitaxe]l  wearment) compared with the other histological
types.2® Consequenily; patients with ovarian CCC are associated
with both poorer prognosis and higher mortality than patients with
other types of ovarian cancer.> Thus, there is an urgent need fo fur-
ther our understanding of the pathogenesis of ovarian CCC. partic-
ularly with respect to the expression of proteins, which confer che-
moresistance. for the development of 2 novel therapeutic strategy.

Publication of the international Union Agsinst Cancer

In this study; we performed a proteomic: analysis’ using: Ovarian
cancer cell lines [CCC for comparison with non-CCC serous adeno-
carcinona (SACH] 1o identify a candidate profein associated: with
chemoresistance in ovarian CCC. SAC: was: chosen as a control
non-CCC ¢ell line: because of its chemosensitivity compared with
the ¢hemoresistant CCC cell line: We identified several proteins
that are differentially upregulated in ovarian CCC compared with
SAC and focused our investigation on Annexin A4 (Anx Ad).

Anx A4 is an epithelial isoform of a ubiquitous family of solu-
blé cytopiasmic proteins; which bind to and polymerize on the sur-
face of cell membranes in response 1o increases in infracellular
caleium. > Although the functions of Anx A4 have not been com-
pletely’ characterized,  previous studies ‘have  identified  major
involvement of this protein in membranc permeability. . exocyto-
sist 1% and regulation of jon channels.' Tts roles in membrane flu-
idity. and ‘membrane trafficking may in part explam the involve:
ment of Ank Ad in modulating drug resistance in'cancer cells.

A previous repott associating Anx A4 with chemoresistance in
human cancer cell lines focused on human Tung and coloin cancer
cell tines!? but did not examine ovarian cancer cell lines. In addi-
tion: the mechanism of chemoresistance induced by Anx A4 has
not been explored in detail, In the study of Morita et al ;¥ proteo-
mic analysis showed enhanced expression of Anx Ad in. the
OVISE and OYTOKO ovarian CCC ¢ell lines compared with the
MCAS: ovarian mucinous cancer cell line. However, 4 possible
association between Anx A4 expression and chemoresistance was
not investigated. hmportantly, neither study tried to determine
whether Anx A4 protein levels are elevated in tumors of patients
with ovarian CCC. :

In this study, we have addressed 2 important questions conceni-
ing Anx A4 and chemoresistance, i.e., whether expression of Anx
A4 is elevated in patient ovarian CCC tumors and by what mecha-
nism Anx A4 confers chemoresistance.

Material and methods
Puatients

We examined surgically obtamned tumor tissue samples of 126
ovarian cancer patients {Table I) who underwent surgery at Osaka
University. Hospital, Japan, between 1999 and 2006. None of the
patients entered in this study had received adjuvant chemotherapy.
including paclitaxel or carboplatin treatment. Histologic features of
the tissues were reviewed by board-certified patholopists. Diagnosis
was based on the FIGO (International Federation of Gynecologists &
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ENHANCED EXPRESSION OF ANNEXIN A4

TABLE 1- SUMMARY OF CLINICAL CBARACTERISTICS OF QVARIAN
CANCER PATIENTS EXAMINED IN THIS STUDY

Hiswlogy Total
cce 43
Endometrioid 13
Mucinous 8
SAC 62

126

Obstetricians) classification system. Patient profiles: (age, FIGO
stage) were analyzed against each of the 4 major epithelial ovarian
cancer histological types: (CCC;. endometrioid. adenocarcinoma;
mucinous adéndcarcinoma. and serous: adenocarcinioma).: Written
mformed consent was obtained for all the cases, and the experimental
protocol was approved by the ethics committee of Osaka University.

Cell lines

Human clear cell carcinoma: (CCCY ovarian: cancer:cell lines
(OVISE. OVTOKO, OVMANA and RMG-1) and serous. adeno-
car¢inoma - (SAC) ‘ovarian cancer - cell lines  (OVSAHO ‘and
OVKATE) were  obtained - from the ' Japanese ~ Collectionof
Research: Bioresources (JCRB; Osaka; Japany.: Cells: were: main-
tained: in' RPMI' 1640 medium: supplemented: with 10% fetal bo-
vine serum (FBS) (HyClone Laboratories,: Logan, UT) and 1%
penicillin=streptomycin (Nacajai Tesque, Kvoto, Japany at 37°C
under a hunidified atmosphere of 3% CO5.

Protein extraction and 2D-DIGE

Proteins extracts of the cell lines were prepared with the Com-
plete: Mammalian Protcome Extraction Kit (Calbiochem; La Jolla,
CA)Y and stored at. —R07C unti]: use. Protein concentrations were
determined with the RC-DC Profein-Assay kit (Bio-Rad: Laborato-
ries; Hercules; CA) using BSA as the standard: Before 2D-DIGE;
we performed- fluorescence: labeling. for which: the OVISE ‘and
OVSAHO saniples were labeled with Cy3 and Cy3 CyDye DIGE
fluorminimal dyves (GE Healthcare Bio-Sciences, Little Chalfont:
Buckinghanishire, UK). respectively. For first-dimension separa:
tion, ‘isoclectric. focusing  electrophoresis: was performed ‘using
RcadyStripT‘\ ! (Bio-Rad: Laboratories) IPG strips (24 cm; pH3-
TONL). The Iabeled proteins {150 pgj were then loaded onto a gel
strip, which was rehydrated in the dark for 12 hr (99.000 Vi) with
the labeled: protein sample diluted to 430 i with a rehydration
buffer (7 M urea, 2 M thiourea. 4% CHAPS,; 2 mM TBP, 0.0002%
BPB, 1.0% Bio-lyte 3-10.and 1.2% destreak). After isoelectric fo-
cusing, proteins were reduced in an equilibration: buifer (50 mM
Tris-HCl containing 6 M urea, 20% v/v glycerol and 2% SDS, pH
8.8} containing 20 mg/ml DT for 40 min followed by carbamido-
methylation in the equilibration butfer containing 25 mg/ml iodo-
acetamide for 30 min in the dark. The second-dimension separa-
tion: was performed on 10% polyacrylamide gels using the Ettan-
Dalt-Six system. (GE Healthcare ' Bio-Sciences) at'a ‘constant
wattage of 100-W at 20°C for 3 hr. Gel elecirophoresis was per-
formed in the dark, and the gels were scanned with the Typhoon
scanner (GE Healthcare Bio-Sciences).

Proteinidentification by mass spectromeiry

2D-PAGE was: performed . in parallel with 2D-DIGE  using
OVISE and OVSAHO protein extracts without fuorescence label-
ing. Gels were stained using a Silver Stain MS Kit (WAKO Pure
Chemical Industrics; Ltd., Osaka, Japan). Protein spots in a silver:
stained gel, corresponding to'the spots of interest in the 2D-DIGE
scanned image, were digested in gel according to a previously
described method,'® using ‘sequencing  srade modified trypsin
{Promega; Inc.. Madison, Wi}, Digested peptides were then
exiracted with: 5% TFA in acetoniile (ACN/DW. 50:45), soni-
cated for 5 min and concentrated by evaporation. The peptides
were solubilized with:0:1% TFA in ACN/DW (2:98) and analyzed
by means of LC-MS/MS. For reverse-phase separations. & Magic

2317

2002 capillary HPLC (Michrom BioResources, Aubum, CA) with
a C-18 RP column (ength 15 om, 1.d: 200 pm; GL Sciences Inc.,
Tokye, Japany was used: The injected peptides were then eluted
with:a 30-min linear gradient of 5-65% of solvent B (solvent A:
(1% formic acid in ACN/DW . 2:98; solvent B: 0.1% formic acid
i ACN/DW, 95:5Y). The columi was: directly interfaced to an
LCQ jon trap mass spectrometer (ThermoElectron, San Jose, CA)
equipped Willt a nanoelectrospray jon source, and data were col-
iected in the double mode thut was configured to altemate between
a:single full MS scanyand i MS/MS scan of the most intense pre-
cursor masses. MS/MS: spectra were: searchied against the human
protein: Swiss-Prot database with the aid of the MASCOT search
program - {version 2.1.03; Matrix Science K.K., Tokyo, Japan).
The following parameters were used for the searcli: enzyme: tryp-
sing. missed cleavage: 1, variable modification; . oxidation- of
methionines. : lixed modification; carbamidomethylation of cys-
teins and nionoisotopic peptide masses.

Real-time RT-PCR

For the: quantification of Anx: A4 mRNA- in. different ovarian
cancer. ceil lines. (CCC and SAC), we performied: real-time RT-
PCR.Total ! RNA was prepared . from - OVISE; "OVTOKO,
OVMANA, RMG-1 (CCC). OVSAHO and OVKATE (SAC) cell
lines using an RNeasy Kit (Qiagen Valencia, CA) and ¢cDNA was
synthesized with a SuperScript- ™ IIT Reverse Transcriptase Kit
(Invitrogen. Carlsbad; CA). A standard curve for Anx A4 cDNA
wig generated by the serial ditution of plasmid vector DNA, which
encodes the Anx A4 gene. The primer sequences for Anx Ad were’
as  follows: forward primer. 3-gpapgtactgicasagetge-3) and
reverse primer, S-sccactcagttcCtgacitcas=3. Primers. and. cDNA
were added to SYBR green premix (Invitrogen), which contaimed
all the reagents required for PCR. The PCR: conditions consisted
of 1 ¢ycle at 95°C for 1 min and 42 ¢ycles of 95°C for 20 sec,
30°C for 20 sec and 72°C for 30 sec. PCR products were measured
continuously with the My QM Single-Color Real-Time Detec-
tion System (Bio-Rad Laboratories).

Western bloliing

Cells and: frozen. rumor tissue: samples were :lysed: in: RIPA
buffer (10 mM Tris-HCL pH 7.5, 150 mM NaCl, 1% Nonidet P-
40, 0:1% sodivm deoxycholate: 0.1% SDS, I mM Na:VO; and
1274 protease: inhibitor cocktail (Nakalai Tesque)) followed by
centrifugation (13.200pm. 4°C, 15 miny; after which the superna-
tants weve stored at-80°C until use: Protein concentrations were
determined with the DC Protein Assay kit (Bio-Rad Laboratories),
using BSA as the concentration standard. Exiracted proteins were
then resolved using 10% Bis=Tris Criterion XT Precast gels (Bio-
Rad Laboratories) and subsequently transferred to PVDE mem-
branes (Millipore, Bedford. MA). The ‘membranes were washed
and blocked with 1% skim milk in PBS containing 0.1% Tween
20 (PBST) and incubated with 2 goat polyclonal anti-Anx A4 anti-
body (sc-1930; Santa Cruz Biotechnology, Santa Cruz, CA) at a
1:300 dilution. Next; the membranes were incubated with horse-
radish peroxidase-conjugated donkey anti-goat 1gG (Santa Cruz
Biotechnology). Finully, the signals were visualized by meuns of
an enhanced chemiluminescence (ECL) reaction system {Perkin-
Elmer Life Sciences, Boston; MA}. For:loading control, western
blottiing and the subsequent antigen=antibody reaction were per-
formed with GAPDH {Santa Cruz Biotechnology.

Immunohistochenmisiry

Expression: of Anx A4 profein in ovarian cancer patient tissue
sections was immunohistochemically measured with the ABC Kit
{Vector Laboratories. Burlingame; CA). The total number of tis-
sue section samiples analyzed was 126 (43 CCC, 13 endometrioid;
8 mucinous, 62 SAC). Sections (3 jim). were prepared from formna-
lin-fixed, paraffin-embedded tissue specimens, deparaffinized and
rehydrated in graded alcohols. For antigen retrieval; the sections
were incubated hi a-target retrieval solution (DAKO. Kyoto,



