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Fig. 3. Serum midkine (MK) protein concentrations from patients with

benign gynecologic tumors or endometrial carcinoma, MK protein
levels were measured by ELISA. The serum concentration for the
carcinoma patients was significantly higher than that for the benign
patients (P = 0.014, Mann-Whitney test).

esophageal squamous cell carcinoma. serum MK is a good
marker of lymph node metastasis that correlates with serum lev-
¢ls of VEGF-C. Lymph node metastasis 1s a critical prognostic
factor in endometrial carcinoma, und myometrial invasion and
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histological grade are correlated strongly with lymph node
metastunis, ™ Thus, preoperative serum MK levels might
prove to be useful for selecting high risk patients or predicting
Prognosis.

In conclusion. MK immunoreactivity in endometrial carci-
noma is significantly higher than in normal endometrium.
Additionally, preoperative serum MK levels are significantly
correlated with prognosis and the presence of lymph node
metastasis. Further, larger, prospective studies with longer fol-
low-up periods are needed to fully understand the role of MK in
endometnal carcinoma carcinogeness.
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Expression of melatonin receptor (MT1) and interaction
between melatonin and estrogen in endometrial cancer
cell line

Mari Watanabe, Yoichi Kobayashi, Noriyuki Takahashi, Kazushige Kiguchi and
Bunpei Ishizuka

Department of Obstetrics and Gynecology, St Marianna University School of Medicine, Kanagawa, Japan

Abstract

Aim: To determine the receptor subtypes of melatonin in estrogen receptor-positive endometrial cancer cell
line, Ishikawa, and the influence of melatonin on chemosensitivity.

Methods: To confirm the subtype of melatonin on Ishikawa cells, cells were treated with melatonin alone and
with antagonists against melatonin receptor luzindole and 4-phenyl-2-propionamidotetralin (4-P-PDOT).
Expression of MT1/MT2 mRNA was analyzed by reverse transcriptase-polymerase chain reaction (RT-PCR).
Immunocytochemistry of MT1/MT2 was also performed. The effect of melatonin against expression of MT1,
MT2, and ERg-receptors mRNA was compared with RT-PCR. To determine whether melatonin enhances the
effect of anticancer agents, chemosensitivity test was performed with or without melatonin.

Results: Our study revealed that Ishikawa cells express MT1 by both RT-PCR and immunocytochemistry. In
contrast, expression of MT2 mRNA was not found. Furthermore, ERe mRNA expression was attenuated at
melatonin level of 1x 10" M. Chemosensitivity test revealed that melatonin enhanced anti-tumor effects of
paclitaxel among anticancer drugs tested.

Conclusion: Based on the above results, MT1 receptor, but not MT2, is expressed in Ishikawa cells. It was also
revealed that the cytostatic effect of melatonin is partly an action mediated by MT1 receptor, and attenuation
of ERa expression was predicted as the mechanism of action. Clinical application of melatonin to biochemo-
therapy might be also expected.

Key words: endometrial cancer, estrogen, melatonin, MT1.

Introduction

Melatonin is a hormone synthesized from tryptophan
in the pineal gland and has a variety of actions, such as
circadian rhythm regulation, seasonal reproduction,
immune mechanism integration and inhibition of tum-
origenesis." While the anticancer action of melatonin
has been reported in a variety of solid cancers, there
have been numerous reports on breast cancer, particu-
larly on signaling mechanisms in the anticancer action
of melatonin® and interactions between melatonin and

estrogen in estrogen receptor-positive breast cancer.
Melatonin has been thought to control various second
messengers in signaling mechanisms through recep-
tors; however, although there are reports on the
involvement of intracellular Ca* in mechanisms not
mediated by a receptor, there is no well-established
theory.*

Endometrial cancer, which has recently been on the
increase, is classified into type 1, which occurs in
younger people aged 40 years or younger; and type 2,
which occurs in the elderly. Type 1 is induced by a
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persistent estrogen dominant endocrine environment
due to ovulation disorder caused by hyperprolactine-
mia and obesity, etc.* Hormone therapy has been per-
formed infrequently and its efficacy has been reported,
but its side-effects, including thrombosis, and higher
relapse rate have been a problem.” In contrast, there is
no efficacy in postoperative adjuvant therapy,® and the
response rate currently remains 25% for advanced and
recurrent cancers,” Recently, type 1 endometrial cancer
has been on the increase, and a novel therapeutic pro-
cedure for endometrial cancer is expected. Our previ-
ous reports demonstrated that melatonin has cytostatic
effects on estrogen receptor-positive Ishikawa endome-
trial cancer cells and its mechanism of action is medi-
ated by receptors on the cell membrane.*"" In the
present study, analyses of melatonin receptors related
to growth inhibition in Ishikawa cells and interactions
of estrogen and estrogen receptors with melatonin
were investigated.

Methods

Cell line and culture

Estrogen receptor-positive Ishikawa human endome-
trial cancer cultured cells” were obtained from Profes-
sor Nozawa (Keio University). Ishikawa strains were
grown as a monolayer on a 90-mm diameter dish at
37°C in an atmosphere of 5% CO; using 10% inactivated
fetal bovine serum (FBS, Hyclone, Utah, Canada) and
phenol red-free RPMI1640 (Sigma-Aldrich, Steinheim,
Germany) containing 1% penicillin G/streptomycin/
amphotericin B-containing antibiotic (GIBCO, NY,
USA). Following confluent state, 1mL of 0.25%
trypsin-EDTA (GIBCO, Grand Island, NY, USA) was
added to each dish and left at 37°C for 10 min, after
which the cells were separated and collected. Thereaf-
ter, the cells were suspended in culture media and
centrifuged for 5 min at 190 g at 4°C. Cell aggregation
was suspended to become uniform after precipitation,
and the number of cells was measured by hemocytom-
eter and coulter counter, and then adjusted so that
the cell count was 1 x 10°/dish in a 60-mm diameter
dish. 10% charcoal-treated FBS (100 mL FBS, which is
supplemented with FBS containing 25 mg dextran
[Sigma Chemical, St Louis, MO, USA] and 250 mg
charcoal [Sigma), was centrifuged at 190 g for 5 min
after shaken at 55°C for 45 min in a thermostatic bath,
then the supernatant was collected and after repeating
these procedures, it was filtered through 0.45 and
0.22 pm filters) and used for serum in culture media.
These were cultured at 37°C in an atmosphere of 5%

568

CO; and a variety of drugs were administered after
confirmation of cell adhesion (approximately 6 h later),
then used for each experiment following 96h of
culture.

Influence of luzindole and
4-phenyl-2-propionamidotetralin (4-P-PDOT)
on the cytostatic effect of melatonin in
Ishikawa cells

Following confirmation of cell adhesion, the cells were
divided into two groups: one supplemented only
with 1x 10* M melatonin (WAKO, Osaka, Japan) (M
group); and one supplemented with melatonin and
5% 10*M luziondole (MT1/MT2 antagonist [Sigma-
Aldrich, Steinheim, Germany]) or 2 x 10 M 4P-PDOT
(MT2 selective antagonist, TOCRIS, Missouri, USA)
(M+LUZ group and M+4P group, respectively); and a
group supplemented with 0.1 mL of 0.005% ethanol
(control group). Following 96 h of culture at 37°C, cells
were collected with 0.25% trypsin after washing three
times with phosphate buffered saline (PBS), after
which, the viable cell count was measured. Viability of
cells was determined by dye exclusion test with trypan
blue (GIBCO-BRL, Grand Island, USA).

Immunocytochemistry of melatonin receptor

Cultured cells on the 35-mm diameter dish were
washed three times with PBS and fixed with 4%
paraformaldehyde (PFA) for 30 min. Thereafter, these
cells were washed three times (5 min each time) with
PBS after PFA was removed, then blocked with PBS
containing 3% bovine serum albumin for 1 h. Anti-MT1
antibody and anti-MT2 antibody (both of which were
anti-rabbit polyclonal antibody; MBL, Japan) were
used as primary antibodies to adjust each concentra-
tion to 0.4 pg/mL for anti-MT1 and 1 pg/mL for anti-
MT2, respectively. Primary antibody was allowed to
react at room temperature for 12 h, then washed three
times (5 min each) with PBS after the antibody solution
was removed. Thereafter, 2.5 ug/mlL of AP-labeled
anti-rabbit IgG antibody (Invitrogen, OR, USA) was
used as secondary antibody and allowed to react at
room temperature for 2 h. Nucleus was stained with
ProLong Gold antifade reagent with DAPI (Invitrogen)
and examined by fluorescence microscopy.

Detection of melatonin receptor mRNA by
polymerase chain reaction (RT-PCR)

Ishikawa cells were adjusted to 1x10°/dish on a
60-mm diameter dish. Melatonin and 17B-estradiol
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were added after cell adhesion. The final concentra-
tions of melatonin were changed to 0,1 x 10,1 x 107",
1x10% 1x10* and 1 x 10* M; whereas the final con-
centration of 17f-estradiol was set to 1 x 10" M. Cells
were cultured at 37°C in an atmosphere of 5% CO, for
96 h, then total-RNA was extracted according to the
acid guanidinium-phenol-chloroform (AGPC) method.
DNase was used to remove genome DNA following
quantitative  determination with absorptiometer
(SmartSpec 3000, BIO-RAD, Hercules, CA, USA). The
RNA content of each sample was set to 500 pg. T3000
thermocycler (Biometra, Goettingen, Germany) and
TaKaRa RNA PCR kit version 3.0 (TaKaRa, Siga, Japan)
was used for RT-PCR following the protocol of the
manufacturer, Expression of MT1, MT2, and ERa was
examined at each melatonin level. PCR was performed
using a set of primers for MT1 [5' CCT GGT CAT CCT
GTC GGT GTA TC 3’ (forward primer) and 5 TGC
TGC TGT ACA GTT TGT CGT ACT T 3’ (reverse
primer)] and for MT2 [5' CCA GCG CTG TCC GCG GT
3’ (forward primer) and 5" CCA GAT GAG GCA GAT
GTG CAG A 3’ (reverse primer)] and for ERa [S'GCA
CCC TGA AGT CTC TGG AA 3 (forward primer) and
5 TGG CTA AAG TGG TGC ATG AT 3’ (reverse
primer)] (OPERON Biotechnologies, Tokyo, Japan).
PCR conditions were as follows: 30 cycles of 94°C for
30 s; 60°C for 30 s; and 72°C for 30 s. For MT1 and MT2,
a second PCR was performed to detect band using
one-tenth of the first PCR products under the same
conditions. PCR products were electrophoresed on a
1.8% agarose gel containing ethidium bromide in the
TAE buffer (Mupid 21; CosmoBio, Tokyo, Japan) for
25 min and the bands were detected with a UV transil-
luminator and photographed with a digital camera.

Influence of melatonin addition in anticancer
drug susceptibility test

Experiments were performed using 24-well plates
(International Frontier Technology Laboratory, Tokyo,
Japan) containing TGP (themoreversible gelation
polymer) in accordance with the protocol of the Cell
Counting Kit-8 (Dojindo Laboratories, Kumamoto,
Japan). The details of experimental procedures have
been reported™ and are briefly discussed below.
300 pL of culture media was injected into each well and
then the wells were allowed to stand at 37°C in an
atmosphere of 5% CO, for 12 h. After the plates were
fully cooled to 4°C, cell suspension was injected so that
the number of cells were 5 x 10" /well on ice, followed
by 1 h of culture at 37°C in an atmosphere of 5% CO,.

© 2008 The Authors
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450 L (440 uL for melatonin additive group) of culture
media was added after gelatinization of medium.
After 24 h of culture under the same conditions,
50 pL of each anticancer drug was added, followed by
96h of culture under same conditions. Thereafter,
50ug of WST8 (2-[2-methoxyl-4-nitrophenyl]-3-
[4-nitrophenyl]-5-[2 4-disulfophenyl]-2H-tetra-zorium,
monosodium salt) and 50 pL of 0.1% sodium succinate
(WAKO, Tokyo, Japan) were added, then allowed to
develop at 37°C in an atmosphere of 5% CO; for 24 h.
The optical density of each plate was measured using a
microplate reader (Labsystems Multiscan MS; Dainip-
pon Pharmaceutical, Osaka, Japan) at 450 nm after each
plate was cooled to 4°C for 1 hour. 1Cx (50% inhibitory
concentration) value for each drug and peak plasma
concentration (PPC) of each anticancer drug was com-
pared, and susceptibility was defined as positive when
ICs was lower than PPC. The following five anticancer
drugs were used in the experiment: cisplatin (CDDP
[Pfizer, Tokyo, Japan]), mitomysin C (MMC) (Kyowa
Hakko Kogyo, Tokyo, Japan), 5-fluorouracil (5-FU
[Kyowa Hakko Kogyo, Tokyo, Japan]), paclitaxel (PTX
|Bristol-Myers K.K., Tokyo, Japan]) and docetaxel
(DOC [Sanofi Aventis, Tokyo, Japan]). PPC of each
anticancer drug was determined with 4.98 pg/mlL for
CDDF, 3pg/mlL for MMC, 120pg/mL for 5-FU,
20 pg/mL for PTX, and 2.27 pg/mL for DOC. Mean
ICx values of the control group and melatonin additive
group were compared in the experiment, and melato-
nin was added at the time of administration of anti-
cancer drug and final concentration was adjusted to
1x10% M.

Statistical analysis

Analyses were conducted three times each for all
experimental systems. All results were analyzed using
Statcel2 (OMS Publishing, Tokyo, Japan) Stat View
version 5.0 and were expressed as mean * SE. Mann-
Whitney U-test was used for the analysis of cell prolif-
eration and anticancer drug susceptibility test, and
statistical significance was set at P < 0.05,

Results

The influence of luzindole and 4P-PDOT addition on
cytostatic effect of melatonin in Ishikawa cells is shown
in Figure 1. The viable cell count was significantly
decreased in the M group compared to the control
group; however, the antiproliferative effect of mela-
tonin disappeared even after the addition of luzindole.
In contrast, the cytostatic effect of melatonin did not
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Figure 1 Tomonitor receptor antagonist induced cell pro-
liferation, Ishikawa cells were incubated with 1 x 10 M
melatonin (mel) and luzindole (luz), an MT1/MT2
antagonist (A), or 4-phenyl-2-propionamidotetraline:
4-P-PDOT(4P), an MT2 selective antagonist (B), for 96 h.
Data are shown as mean * SE. *P < 0,05 compared with
cantrol.

control mel
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disappear due to the addition of 4P-PDOT. Thus, the
cytostatic effect of melatonin is mediated by MT1
receptors, suggesting no involvement of MT2.

The immunocytochemical staining tests of MT1 and
MT2 yield positive result for MT1 and negative result
for MT2 (Fig. 2).

Analyses of MT1- and MT2-receptor mRNA by
RT-PCR demonstrated that expression of MT1 receptor
mRNA was seen, but expression of MT2 was not seen,
regardless of addition of melatonin (Fig. 3a). In addi-
tion, studies looking for the effect on expression of
MT1, MT2, and ERa when cultured Ishikawa cells in
the presence of various concentrations of melatonin
revealed that expression of MT1 receptor mRNA was

570

not affected by melatonin level; however, expression of
ERw receptor mRNA was attenuated when melatonin
level was 1 x 10 M (Fig. 3b).

Experimental results that observed the effect of
melatonin addition in the cytotoxicity reaction of a
variety of anticancer drugs for Ishikawa cells are shown
in Figure 4. Tt was determined that Ishikawa cells are
susceptible to anticancer drugs tested other than DOC.
In addition, the observation of influence of melatonin
addition showed that a significant decrease in ICx
value is found in PTX, indicating enhancement of PTX
action. However, enhancement of cytotoxicity reaction
due to addition of melatonin was not seen in the other
three anticancer drugs (CDDF, MMC and 5-FU).

Discussion

Melatonin receptor mainly exists in two subtypes: MT1
(Mel 1a); and MT2 (Mel 1b), in mammals.” Both are
membrane-surface receptors, and in vivo, their expres-
sion in the suprachiasmatic nucleus, retina and cerebel-
lum, as well as in brown fat cell, prostate, lymphocyte,
small intestine and colon has been reported. In tumor
cells, expression of melatonin receptors has been
reported in breast cancer, ovarian cancer," choriocarci-
noma,"” prostate cancer," colon cancer"” and pancreatic
cancer,” and in particular, there have been many
reports of expression in hormone-dependent tumor.
However, analyses in endometrial cancer cells have
been little studied. Our previous studies have revealed
that melatonin has an anti-proliferative effect on
ER-positive endometrial cancer cells. Its effect is
inhibited by estrogen, and its mechanism of action is
mediated by receptors on the cell membrane.""
Intrinsic and common actions are present for each of
the actions via MT1 and MT2, and its anti-tumor effect
is generally considered to be an action via MT1.*
In Ishikawa endometrial cancer cells, although the
results from analysis of receptor mRNA in the present
study confirmed MTI expression in protein and at
gene level, MT2 expression was not found. We previ-
ously reported that MT2 expression may be associated
with growth inhibition in Ishikawa cells,"" and such
discussion resulted from the report demonstrating that
luzindole is an MT2-selective antagonist at that time of
publication.”? However, 4P-PDOT,” a selective antago-
nist of MT2, was also used to investigate cytostatic
effect in this study because thereafter it was reported
that luzindole is an antagonist for both MT1 and MT2,
but not an MT2-selective one® As a consequence,
expression of MT1 rather than MT2 was seen in
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Figure 2 Immunocytochemistry of
MT1 and MT2. Ishikawa cells
were stained with MT1 or MT2
antibodies or phosphate buff-
ered saline (control), followed by
a second antibody labeled by AP
(alkaline phosphatase). Nuclei
were stained with DAPI

] mell-)  mel(#)

(b)

melatonin

concentration 0 102 1 A () o Hy® s (M)
v [
B — - -
- -

Figure 3 (A) Expression pattern of the melatonin recep-
tor subtype mRNA on Ishikawa cells. Ishikawa cells
were incubated with or without 1 x 10* M melatonin
for 96 h. Each group has an equal amount of total RNA
(B) Expressions of MT1, MT2 and ERx mRNA on
Ishikawa cells. Ishikawa cells were incubated with
various concentrations of melatonin and 1x10°°M
17f-estradiol for 96 h. Each group has an equal amount
of total RNA
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Figure 4 Effects of melatonin for anticancer drugs (cispl-
atin, CDDP: mitomysinC, MMC; 5-fluorouradil, 5-FLJ;
paclitaxel, PTX; docetaxel, DOC), Ishikawa cells were
incubated with or without 1x10"M melatonin for
96 h. We compared the average ICs with peak plasma
concentration (PPC) to determine whether or not each
drug was effective on Ishikawa cells. All of the drugs
except for docetaxel (DOC) were sensitive to Ishikawa
cells. Data are shown as mean = SE. P < 0.05 compared
without melatonin (DOC are not shown)
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Ishikawa cells similar to other solid cancers, such as
breast cancer, and inhibition of cell proliferation via
MT1 has been confirmed. MT1 expression has also
been confirmed by immunocytochemistry.

In the experiment that analyzed the influence of
melatonin addition on mRNA expression in MT1, MT2
and ERu, attenuation of mRNA expression in ERa
was found in the group supplemented with 1x10°M
melatonin. These observations suggested that ERo
expression in Ishikawa cells is inhibited in the presence
of melatonin concentration at the physiological level.
Molis et al. demonstrated that cell proliferation is inhib-
ited optimally by melatonin addition with concentra-
tion at the physiological level in breast cancer cell line,
MCF-7, and that its mechanism is an attenuation of
mRNA expression level in ERo.® Furthermore, it was
suggested that the steady state of ER mRNA level is
mainly determined by transcriptional regulation of
genes, and only melatonin at physiological concentra-
tion provides its control, which is not provided by
other concentrations.” Kiefer efal. reported that
melatonin at physiological concentration attenuates the
ER-dependent transcriptional activity of ER genes
in MCF-7.# These results suggest that melatonin may
indirectly inhibit the proliferative action of E2 on
Ishikawa cells by attenuation of ERot expression in
Ishikawa endometrial cancer cells. However, our pre-
vious studies confirmed that melatonin also inhibits
proliferation of Ishikawa cells in a culture condition
in the absence of E2;' therefore, all mechanisms of
action of growth inhibitory effect on endometrial
cancer cell could not be explained. Mechanisms of
action, including the effect on other growth factors
other than E2 and cell cycle, is also suggested.” Further
study is warranted to analyze these mechanisms.

Recently, the usefulness of concomitant use of mela-
tonin and chemotherapy™ (i.e. biochemotherapy) has
been reported. Although postoperative chemotherapy
for endometrial cancer and chemotherapy for the
advanced /recurrent cases are still less than well-
established, potential candidates include taxan-based
antineoplastic drugs.® Although the mechanism is
unclear, our in vitro study demonstrated that melatonin
could enhance the cytocidal effect of paclitaxel, sug-
gesting a potential use of melatonin for biochemo-
therapy of endometrial cancer. The antitumor effect of
melatonin is based on mechanisms such as (i) direct
induction of apoptosis in tumor cells and inhibition of
apoptosis in normal cells; (ii) activation of antitumor
immune system; and (iii) regulation of oncogene.”
Lissoni has reported that cases with complete response

572

plus partial response were significantly increased in
a group receiving chemotherapy plus oral melatonin
compared with chemotherapy alone for patients witha
variety of solid cancer, suggesting the results were due
to oncostatic, immunomodulating, and antioxidant
properties of melatonin* Based on our results, it is
necessary to prove the role of melatonin for biochemo-
therapy and biochronotherapy through further in vitro
studies.

Inhibition of E2-dependent tumor cell proliferation
by melatonin includes the pathway that influences
tumor cells directly via receptors and the pathway that
inhibits E2 secretion from local ovaries® The former
is thought to involve the mechanism that inhibits the
action of aromatase, which generates E2 from androgen
secreted by the adrenal gland (SEEM: selective estro-
gen enzyme modulator) and the mechanism that
inhibits the action and expression of ER in the nucleus
(SERM: selective estrogen receptor modulator). In vive
experiments in an animal model and in vitro experi-
ments in a breast cancer cell line supported the hypoth-
esis that the action of melatonin is mainly due to the
former.” Because ovarian estrogen secretion diminishes
after menopause, the hypothesis supports the premise
that the action of melatonin can be expected even after
menopause. Melatonin tends to decrease after peaking
in puberty; thus, sufficient secretion of melatonin may
not be expected at the perimenopausal age.

Our study revealed that melatonin inhibits the
expression of ERa in Ishikawa endometrial cancer cul-
tured cells and that melatonin may enhance the antitu-
mor effect by chemotherapy, especially in combination
with paclitaxel. Alonso et al. demonstrated that direct
exposure to E2 reduces melatonin synthesis and release
in female rat pinealocytes.™ Moreover, a recent study
showed that women who work rofating night shifts
for a long duration have a significant increased risk of
endometrial cancer,”® which suggests that insufficient
secretion of melatonin as a result of night work might be
a risk in endometrial cancer. Thus, administration of
melatonin may prevent the onset of endometrial cancer
in early postmenopausal women or women working at
night who have decreasing melatonin. In the future,
melatonin should be investigated as a possible bio-
chemotherapeutic modulator in endometrial cancer.
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Heparanase expression in endometrial cancer: Analysis of
immunohistochemistry

M. INAMINE, Y. NAGAI, M. HIRAKAWA, K. MEKARU, C. YAGI, H. MASAMOTO &
Y. AOKI

Department of Obsterrics and Gynecology, Faculty of Medicine, University of the Ryukyus, Okinatea, Japan

Summary
The human ¢nzyme heparanase has been shown to function m umour progression, nu:mstam. sqm:ad and tumour
angiogenesis. The aim of the present study was to assess heparanase exy ion d histochemical staining

(THC) in endometrial cancer in correlation with clinicopathological facmrs A total of 52 endumetnai cancers were oblained
from previously untreated patients (median age, 56 years, range, 35-80 years). The expression of heparanase was evaluated
by using IHC with anti-heparanase polyclonal antibody. This antibody was raised by immunising a rabbit with a
peptide containing the amino acid residues from 238 1o 250 of the heparanase. The IHC dama were used to determine the
relationship between heparanase expression, and clinicopathological parameters. IHC showed that the heparanase
was expressed in 23 of 52 (44.2%) endometrial cancers. Heparanase was abundantly and equally expressed in both the
cytoplasm and the cell membrane of the cells in endometrial cancer. Strong heparanase-posinive staining was also seen at
the invasive front of the tumour into myomemium. The expression was significantly related 1o lymph-vascular space
involvement (p = 0.0028), depth of myomertrial invasion (p = 0.0026), and histological rumour grade (p=0.0135). In six
tumours with positve lymph nodes, the heparanase expression was observed as being higher compared with rumours with
negative lymph nodes, which was not significant (p=0.2349). In terms of peritoneal cytology, ovanian metastasis, and
cervical invasion, we observed no significant difference in the heparanase expression assessed by IHC. These results suggest
that the expression of heparanase may promote fumour invasion into myometrium and lymph vascular space in endometrial
cancer,

Keywords

Endometrial cancer, heparanase, immunohistochemistry, polyclonal anti-heparanase antibody, tumour invasion

A majority of panients with endometrial cancer have a
S-year survival rate of approximately 90%. However,

Introduction

The human enzyme heparanase, an endo-beta-glicuroni-
dase that cleaves heparan sulfate (HS) at specific
intrachain sites, has been shown to functon in tumour
progression and metastatc spread. (Vliodavsky ct al. 1999;
Hulert et al. 1999) Degradation of heparan sulfate proteo-
glycans by heparanase appears to play an important role in
the invasiveness of tumour cells through the basement
membrane and into the extracellular matrix. Tumour
spread involves degradation of various components of the
extracellular matrix and blood vessel wall. Among these is
heparan sulfate proteoglycan, which plays a key role in the
self-assembly, insolubility and barrier properues of base-
ment membranes and extracellular martrices (Marchem
er al. 2000; Ilan et al. 2006). Expression of heparanase,
which degrades heparan sulfate correlates with the meta-
stanc potenual of mmour cells, and treatment with
heparanase inhibitors markedly reduces the incidence of
metastasis 0 experimental animals (Vlodavsky et al. 1999,
Nakajima et al. 1984; Toyoshima and Nakapma 1999).
Heparanase may thus facilitate both rumour cell invasion
and neovascularisation, two critical steps in  tumour
progression.

15-25% of patents with a rumour extending outside the
uterus but limited to the true pelvis (FIGO stage I11), have
an estimated S-year survival of 40-70% (Wolfson et al.
1992; Greven et al. 1993). Also, in patients with stage 111
disease, lymph vascular space involvement, deep myome-
trial invasion and lymph node metastasis are reported to be
independent prognostic factors (Aoki eral. 2001, 2004). Itis
quite interesting to investigate the relationship between
heparanase expression and tTumour aggressiveness in asso-
ciation with the prognostic variables in endometrial cancer,

Materials and methods
Tissue samples

A rotal of 52 endometnial cancers were obtained from
previously untreated patients (median age, 56 years, range,
35-80). Tissues obtained at laparotomy were formalin-
fixed and paraffin-embedded for standard H&E sraining
and immunohistochemical srudy, Informed consent for
using tumour tissues obtained for scientific research in the
future was obtained from the patents. All cases underwent
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curative operations for endometrial cancer and were
surgically categonsed mnto different stages according to
Internanonal Federation of Gynecology and Obstetrics
(FIGO) staging.

Anti-heparanase antibody generation

The anti-heparanase polyclonal antibody was raised by
immunising a rabbit with a peptide containing the aminn
acid residues from 238 to 250 the 50-kDa heparanase
subunit and is able to detect both the 50-kDa and 65-kDa
forms of expressed heparanase (Maxhimer et al. 2005).
Specificity of this antibody was well characterised by
Western blot (data not shown).

Tmniunohistochemisiry

Tissue sections were dewaxed with xyvlene and rehydrated
in alcohol, Slides were then heat inactivated in 10 mmol/]
sodium citrate (pH 6.0) in a microwave for 3 min. Cooled
slides were rinsed with PBS and then incubated with 1%
H;0; in methanol for 30 min at room temperature,
Sections were then blocked with 5% normal goat serum
in PBS for 30 min at room temperature followed by a 1-h
incubation with an anti-heparanase rabbit serum (1:500
dilution) in PBS. Slides were washed and then incubated
with goat antirabbit IgG-biotin conjugate (PharMingen)
diluted at 1:300 i 5% human serum in PBS. Strepravidin-
heparanase conjugate (Zymed Laboratories) diluted ar
1:200 in PBS with 5% normal human serum was added
and mcubated for 45 min at room temperature. Colour was
developed by DAB substrate (Sigma) followed by
3,3 = diaminobenzidine enhancer (Vector Laboratories).
Slides were counterstained with Mayer's haematoxylin for
2 min, dehydrated, and mounted. Heparanase expression
was determined by a board-certified pathologist and
corroborated independently by three investigators in thus
study, all blinded to other clinicopathologic information,
Heparanase expression was judged as posinve by the
presence of brown staining, specifically within 20% of the
mumour areas. In the majority of specimens, heparanase
staining was present in all tumour cells. A graded scoring
system was not used because of the variation in intensity of
heparanase signal between the experiments conducted at
different rimes.

Results
IHC analysis was performed to analyse heparanase

expression

As shown in Figures 1-3, heparanase was abundantly and
equally expressed in both the cytoplasm and the cell
membrane of the cells in endometnal cancer (Figure 1),
and no heparanase expression was detected (Figure 2).
Strong heparanase-positive stmining was also seen at the
apex of cancer invasion mto myometrium (Figure 3). Of
specimens staining positively for heparanase, the majonity
expressed heparanase uniformly throughout the tumour.

Correlation beteween heparanase expression and
chinicopathological factors

The IHC positive for heparanase in each clinicopathologi-
cal factors are presented in Table I. Tumours with deep
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Figure 1. Heparanase abundantly and equally expressed in both
the cytoplasm and the cell membrane of l.hc cells in endometrial
cancer ( % 40). Of specimens for h the
majority expressed heparanase mufurm]y throughout rhe tumour.

Figure 2. No hey pression d d (* 30).

g seen at the apex of

Figure 3. Strong hey 1
cancer i on into jum (=« 40).

myometrial invasion (mrter half) n'pnmtd significantly
higher heparanase p rate compared with those in
tumours without or with mner half myomemal invasion
(p=0.0026). Grade 2 and 3 tumours showed a higher
heparanase expression than those of grade | tumours,
significantly (p~ 0.0135). In respect to lymph vascular
space involvement (L.VSI), tumours with positive LVSI had
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Table 1. The correlation between heparanase expression by IHC
and clinicopathological factors.

No. of Hep
Variables panents positive pvalue’

Median age: 56 vears (range, 35-80 years)
FIGO chnical stage

1A 6 1
1B 27 L]
1C T 5
1 4 2
m 7 5
v 1 1

Tumour grade 0.0135
1 40 14
2+3 12 9

Myometrial invasion 0.0026
a+h 16 1
¢ 16 12

LVS involvement” 0.0028
No 34 10
Yes 18 13

Lymph node meiastasis 0.2394
No 46 19
Yes 6 4

Pentoneal cytology 0.0666
Yes 2 2
No 50 21

Ovarian metastasis 0.1933
Yes 4 3
No 48 20

Cervical invasion 0.0849
Yes 5 4
No 47 19

a significantly higher expression rate of heparanase than
those with negative LVS] (p = 0.0028). In six rumours with
positive lymph nodes, the heparanase expression was ob-
served as being higher compared to tumours with negative
lymph nodes, which was not significant (p=0.2349), In
terms of peritoneal cywlogy, ovarian metmsmsis, and
cervical invasion, we observed no significant difference in
the heparanase expression assessed by IHC.

Discussion

In the present study, we tested whether there was a direct
correlation berween heparanase expression assessed by
IHC and tumour invasion or spread in endometrial cancer.
Heparanase was abundantly and equally expressed in both
the cytoplasm and the cell membrane of the cells in
endometrial cancer. Strong heparanase-positive smining
was also seen at the invasive front of the mimour into the
myometrium, supporting a role for heparanase in cell
invasion. IHC showed that the heparanase was expressed in
23 of 52 (44.2%) endometnial cancers, and that its
expression was closely associated with depth of myometrial
invasion, LVSI, and rumour grade. Tumours with deep
myometrial invasion (outer half) expressed significantly
higher heparanase positive rate, and tumours with positive
LVSI had a significantly higher expression rate of
heparanase. The enzyme may play an important role in
tumour invasion, metastatic spread of the cancerous cells,
and neovascularisation as previously reported in several

types of cancer, such as melanoma (Marchetu et al. 2000},
gastric cancer (Endo et al. 2001), bladder cancer (Gohji
et al. 2001), pancreas cancer (Rohloff et al. 2002;
Koliopanos et al. 2001), leukaemias (Bitan et al. 2002),
oral carcinoma (lkuta et al. 2001), hepatocellular carci
(El-Assal et al. 2001), and colon cancer (Friedmann et al.
2000). Hepanin-binding angiogenic proteins are stored as a
complex with heparan sulfate in the microenvironment of
tumours. These proteins are released and can induce new
capillary growth when heparan sulfate 15 degraded by
heparanase. Heparanase may influence the bioavailability
of different growth factors including FGFs, VEGF, HGF,
and PDGF, which are stored in heparan sulfate and possess
heparan sulfate-binding sequences (Folkman et al. 1988;
Raincs and Ross 1992; Viodavsky et al. 1990; Mizuno et al.
1994). Altogether, heparanase not only enhances cell
dissemination, but also promotes the establishment of a
vascular network that accelerates primary tumour growth
and invasion, and provides a gateway for invading meta-
static cells into lymph-vascular space.

Grade 2 and 3 umours showed a significantly higher
heparanase expression. The degree of histological differ-
entiation of endometrial cancer has long been accepted as
one of the most sensitive indicators of prognosis. Also, the
grade of tumour correlates with other prognostic factors.
As the tumour loses its differentiation, the chances of
survival decrease (Creasman et al. 1987). Interestingly in
our study, as the tumour becomes less differentiated, both
the heparanase expression increase. This may be one of the
reasons that the histological tumour grade in endometrial
cancer is a srong prognostic variable.

In conclusion, our study demonstrated the biological
importance of heparanase expression in endometrial
cancer. The expression of heparanase was found to
influence different malignant behaviour in endometrial
cancer, including lymph-vascular space involvement, myo-
metrial invasion, and tumour grade. These results suggest
‘Ihnt the expression of heparanase may promote tumour

10N into my ium and lymph vascular space in
endometnial cancer.
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The Surgical site infection guideline was published by the Centers for Disease Control and Prevention (CDC)
in 1999. Three vears later, in 2002, the CDC published an update of its guideline on hand hygiene. The
following recommendations on surgical hand antisepsis update the recommendations in the SSI guideline :

* Surgical hand antisepsis using either an antimicrobial soap or an alcohol-based hand rub with persistent
activity is recommended before donning sterile gloves when performing surgical procedures.

« When performing surgical hand antisepsis using antimicrobial scap. scrub hands and forearms the length
of time recommended by the manufacturer, usually 2 to 6 minutes. Long scrub times (eg, 10 minutes) are
not necessary.

- When using an alcohol-based surgical hand-scrub product with persistent activity, follow the manu-
facture's instructions. Before applying the alcohol solution. prewash hands and forearms completely. After
application of the alcohol-based product as recommended, allow hands and forearms to dry thoroughly

before donning sterile gloves.
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# 4 Antimicrobial Prophylactic Regimens by procedure (ACOG 2008)

Dose

Procedure Antibiotic
V'aginal/abdominal Cefazolin
hysterectomy | Cefoxitin

Metronidazole

Tinidazole

|

Laparoscopy l None
Laparotomy | None
Hysteroscopy None
Hysterosalpingogram ' Doxycycline
IUD insertion None
Endometrial biopsy None

Induced abortion/D & C

Doxycyeline

Urodynamics None

1- or 2-g single dose IV

2-g single dose IV

1-g single dose IV

2-g single oral dose

(4~12 hours before surgery)

| 100 mg orally, twice daily for 5 days

|
100 mg orally 1 hour before procedure and
| 200 mg orally after procedure

Metronidazole | 500 mg orally twice daily for 5 days
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4. MEFEORER
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