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Fig.3 Tumor size reduction following chemotherapy
is observed after 1 course.

But the tumor still involves all hepatic veins.
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Fig. 4 After 3 courses of chemotherapy the tumor
shrinks to 60 % 40 mm in size making second
ary liver resection by extended left hepatec

tomy possible.
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Enhanced magnetic resonance imagings (MRI) show low intensity tumor in T1 weighted images(a. b).
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Fig. 6 The tumor is 60 % 40% 35 mm in size and shows yellowish
necrotic feature on cut surface of the resected liver specimen.

Fig.7 Microscopic figures of the tumor reveal the effect of chemotherapy.
a : Cancer glands are scattered in massive fibrosis.
b : Cancer cells are viable and foamy macrophages infiltrate fibrous stroma.
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The Effect of Meloxicam, a Selective COX-2 Inhibitor, on the
Microvasculature of Small Metastatic Liver Tumors in Rats
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Background: COX-2 is involved in tumor angiogenesis and modulation of the production of
angiogenetic factors by colorectal carcinoma cells. It has been shown that COX-2 inhibitors
have inhibitory activities against various types of tumor, including colorectal carcinoma. In this
study, we investigated the tumor vessels of small metastatic liver tumors in rats and the effect
of meloxicam, a selective COX-2 inhibitor, on their growth and microvasculature.

Methods: The metastatic liver tumors were produced by intraportal inoculation of RCN-H4
cells in male F244/D:Crj rats (n = 40). The microvasculature was examined by scanning elec-
tron microscopy and stereomicroscopy. Microvascular casts were produced by perfusion via
the abdominal aorta 14 days after tumor inoculation. Four groups (control, groups 1- 3) of
rats were treated with meloxicam 0, 0.6, 1.0 and 3.0 mg/kg/day, respectively, by oral gavage
5 days/week for two weeks from the day of inoculation of RON-Hé cells.

Results: The mean number of tumors was significantly decreased in groups 1-3 (5.6 1 0.8
standard deviation, SD; 3.6 1 1.1; and 55+ 1,1, respectively) compared with control
(11.2 1 2.7; P = 0.0002, each). Meloxicam also significantly reduced the mean diameter of
the tumor; 730 | 254, 685 + 212 and 644 | 139 in groups 1- 3, respectively, in companson
with 870 + 276 in control (P = 0.0025, 0.0011 and <0.0001, respectively).

Conclusions: *Asloxicam's anti-angiogenic activity interferes with the growth of metastatic
liver tumors. Meioxicam might have therapeutic potential for liver metastasis of colorectal
carcinoma.

Kev words: COX-2 - colorecnd carcinema liver metastasts st rovascelalin

INTRODUCTION carcinogenesis and the development of eolorectal carcinoma
NSAIDs are known to inhibi eyclooxygenase (COX), the
key ensyme in the conversion of arachidomie acid to prosia-
glandins. Two 1soforms of COX, COX-1 and COX-2. are
recognized (11). COX-1 15 constilutively expressed in many
normal tissues to regulite and mainiain normal cellular func-
tions In contrast. COX-2 is induced by several inflammatory
stimuli. such as eytokines, growth factors and tumor promo-
ters {11), and expressed in colorectal carcinoma (12,13)
COX-2 is thought to influence carcinogenesis and the devel-
opment of colorectal carcinoma, Recent studies on clinieal
matenals have shown that COX-2 levels are increased in
approximately 85% of colorectal carcinoma (12,14 16).
indicating that it might play an important role in colon
all comesporidence. Mooko wase. Department of Surgical carcinogenesis (17). Tsujii et al. reported that COX-2 is
ate Schocl. Tokye Medical and Dental Univensity, 1-5-45 a

vookit, Tokye |1 3-8819, Japan Eomall oot 1122@ com involved in tumor angiogenesis and modulates the
home ne ip production of angiogenic factors by colon carcinoma

Colorectal carcinoma is widespread and frequently fatal in
the West (1) and i1s incidence in Japan is also increasing (2)
The liver is one of the major targets for colorectal carcinoma
mietastases and liver metastases indicate a poor prognosis
Therefore. effective therapeutic agents against liver mela-
stasis would be of high clinical importance

Lpidemiological studies have suggested that non-steroidal
anti-inflammatory drugs (NSAIDs) might reduce the risk ol
colorectal carcinoma (3 7) and decrease the number and
size of polyps in patients with familial adenomatous polypo-
sis (8 10) These studies imply that NSAIDs could modulate

1 2007 Youndanon for Promaotion of Cancer Research

—232—
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colls (1%} Several reports have suggesied that COX-2 mhibs-
i aflenuaie the growth and metastanc polential of coloree-
tal carcimoma ¢ 19.20)
The mechanism of hiver metastasis of colorectal carcinoma
unsists of multiple sieps (21). Angiogenesis is known to be
essential for the growth of both primary and metastatic
umars: growth beyond 12 mm" requires an adequate blood
sopply (223, Anglogenic activity is one of several require-
menis lor metastasis, as neovascularization appears 1o be
nevessary for cells to escape from the primary tumor and

ey also be necessary for growth of a metastabie implant
1iogenesis 15 a crucial factor at the initial and final
Aapes ol the metastatic sequence (24- 26)

Angtogenesis has been studied using vartous methods
I'he microvascularization of lver and lung metastatic tumaors
ol colorecial carcinoma has been studied in rats by a resin
cormsion techmque and a stereomicroscope (27.28) This
technugue allows visualization of the three-dimensional
aseilature of metastatic hver tumors, which cannot be

hserved by cross-sectional techniques
I'he m of our study was 1o examine the effect of meloxi-
vant. o selective COX-2 shibitor, on the growth and micro-
vascularization of liver metastatic lumors in rats, using
scanming vlectron microscopy (SEM)

MATERIALS AND METHODS
COX-2 Ik

Melissicam was suspended in 0.5% methyl cellulose. The
villume was kept constant (0.5 mi‘rat). and 1he con-
centration was adjusted twice weekly based on body weight
Melovicam has a COX-1 1Ce, of 327 uM and a COX-2
I o 0025 ph be 4118 13 ] times more inhibitory for
COX-229)

dosmye

A

A total af A0 male FI344 D0l rais, 5 weeks old and weigh-
e 10 120 ¢ were purchased from Japan SLC (Shizuoka
The rats were housed in polycarbonale cages on
woodschip bedding inoan animal room under cantrolled
conditions: a 12 b Light/12 h dark cyele, 45 L 5% humidiny
and 23 L1 € room temperature, with free access to tap

Lapan

water and standard rodemt chow (CE-2, Nihon Clea,
Toksa Fapan)

Tt stim €

W vsad the highly metastatic rat colon carcimoma cell line

RO M- E300 RON-HY s a subclone established by Inoue
(31} wevording 1o Fidler's method: 1t has a high potency for
forming experimental liver metastatic tumors The RIKEN
Cull Bank Kindly donated the RON-114 line, and the cells
80 C. Frozen tumor cells were washed in
phosphate-buffered saline (PBS) then seeded in 10 em

were stored o

culture dishes (Falcon, Lincoln Park, N1, USA) and cultured
m 10 ml RPMI 1640 medium (Sigma Chemicals, St Lows.
MO, USA) contaming 10" fetal bovine serum (FBS.
Sigma) und 0.05% penscillin  streplomycin solution (Sigma)
at 37 C, 0.5% CO,, for 7 days until they became semm-
confliient on the culture dish

ExreRIMENTAL PROCEDURES

Rats at 6 weeks of age. after | week of acclimanization. were
divided randomly into four groups of 10. The rats in groups
13 were treated with meloxicam by oral gavage a1 0.6, 1 0
and 3 0 mg/kg/day, respectively, five times weekly from the
day of moculation of RCN-H4 cells 10 the end of the exper-
iment for two weeks. The control group received the same
volume of vehicle in the same manner. Body weight, water
and food consumption were measured weekly during the
experiment.

Forstamion oF MEiasTaTic Livir Tumors

Under ether anesthesia, rats underwent laparotomy through a
midline abdommal incision and were inoculated intrapartally
with a tumor suspension containing § » 10° RCN-H4 cells in
0.5 ml PBS using a 30-gage ncedle and a | ml syringe. A
small fragment of gelatin sponge was applied to the site of
noculation 1o prevent bleeding and pentoneal dissemnation

Prerararion 0i Vasoiiag Casts

Microvascular casts were prepared according to the method
of Murakami (32). All rats were sacrificed under cther
anesthesia 2 weeks after the stant of the experiment. and, for
antenally perfused casts, the abdominal aoria was cannulaied
n a retrograde manner using an 18-gage catheter: the np of
which was placed just rostral to the renal anteries. A mixture
of resin, Mercox (Oken Shoji, Tokyo. Japan) and methyl
methacrylate (20 ml) was injecied through the catheter until
the infenor vena cava was lilled with injected resin
Immediately alter resin injection. each hiver was removed
and placed in a water bath at room temperature. and then
subjected to corrosion overmight in a 20% solution of KOl
The specimen was then washed in tap water and the number
of tumors appeaning on the surface of the liver of each rai
counted and added up in cach group

Scasmme ELecTroN Microscory

The vascular samples were trimmed into suitable blocks
with a hand saw and razor blades under a stereoscope,
coated with a thin layer of gold by an evaporation method,
and observed under a scanning clectron microscope
(SEM: S-4500. Hitachi, Tokyo, Japan) The accelerating
voltage was 15 kV and the working distance was 15 mm. In
addition to identifying each component of the intrahepatic
microvasculature. the maximum diameters of tumors were
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meastred vsing a scale displaved in the monitor of the scan-

mine electn

i< 'I‘\t'l‘l‘t'

tastatic focr which were on the surface of liver
electron microscope, and the
pe data ol those SEM were input inlo the personal com-

A the mic

e phserved using a scanning

puter and an lvzed. The analvsis of the area was performed

a Macintosh computer using the pubhie doman M
Imave program (developed at the US National Institutes of
Health and available from the Internet by anonymous FIT
T sippy.mmb mb.gov or on Noppy disk from the Natonal
Lechnical Information Service. Springfield. Virginia, part
number PBY5-500195GETL)

IV} was delined as the mio of lumor vessel area 1o whole

Fhe tumor vascular density

a diagnosis of liver metastasis We

W stercomicrascopy (S/X-12, Olympus Opti

Fokyvo

Lapan) [or
counted 1the number of all the metastalic tumors on the

surface of the liver by stereomicroscope. We diagnosed a

mart with the Tormation of an iregular tumor vessel as

stasts i the part which the sinusoid structure came oul of

] £ ANALY SIS

A data are expressed as mean + standard devia

i n
I'he Kruskal Wallis 1est analyzed the effect of COX-2

w the diameter and TVD of metastatic tumors. The

nhibyitor 4
Mann Whitney test was used o compare two groups 1< 005

was comstdered 1o he sigmificant

RESULTS

ARITHRIA Prrrvsiy Casts

srial perlusion casts from normal rats, not o

wepitic arteries and smusords but also the portal veins wes

fithedd with resain. The vascular beds were formed by the

wetwork ol sinusmds, which were partinoned by the portal

canals conducting the portal vemns into individual lobules

converged to the central ven and, an turn. the

Bepatie vemn (Fig. 1)

Al 1 Al of MeTasiane T

ks (CoNTROL)

Aricnially perfused metastatic tumors 2 arcd by SEM as a

shank, space <urmsunded by newly descloped vessels (Fig 2)
I't were almost round and the lesions were sur-
roumde a normal simusordal pattern. The metastatic

with a network of newly

rared as a blank space
I.i‘nL' l‘ i

than smusodal vessels,

developed vessels eter ol the vessels was larger

har and wath namow pans

Jpn J Clin Oncol 2007:37(9) 675

Figure 1. Microphotograph of the vascular cast from a nonnal mt 1 portal

A Bt

1 utery, PRI, penhiliary plexus, S, bepatic sinusond

[} 2. Scanting electron mucropraph. a lar cast o] Iiver inetasts
war nhated with ROMS-HA (conin Mutastabic Tumers appoared us o
ik sphm wmoutided by vewly developed vessels Dwlite amon | M. mwia

statie Tugier, 5. hepnie

LkrECT OF ME 0 M as st

114, 138 1208
106 and 129 24 133 ¢ in the control group and

its of rats were 14

Final hodv we
1352

1-3 respec l".-L'|_\.
hts woere observed m the
vis ot statistcally

tly reduced final body
sronps with Meloxicam but the
ficam (P = 01634}

tber of temorsy ineach ral was sigmficantly
lecreased n proups 1 3 (5.6 4 0.8 standard deviation, 5D
601 and 53500 10 respectively) compared with
contral (11,2 4 27, P= 00002, each) The mean diameler
of liver tumors in the control group was

76 (ranging from 360 to 1744} pm (Tables 1

The mean m

metastatic

and 2)
The number of metastatic tumors in group 1 was approxi
Iy half of that of the contral group (P = 0.0002) The
number of tumors was also sigmificantly decreased in groups
> and 3 compared with the control group There were no
wenificant differences in number of tumors between the

mal

three meloxicam-treated groups

Meloxicam significantly reduced the diamerer of meta-
(1,000 ]
fumors in the

static tumors compared with the contiol (9
Fig 3

meloxicam-treated groups was 688 4 209 (ranging from 316

I'he mean diamaer of metastatie

1o 1640) pm The mean timor size was 734 | 254 (ranging
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from 316 to 1640) pm n

roup 1, 685 |
328 to 1149) pm in group 2 and 644 + 139 (a

422 1o 934) pwm in group 3. However
chameters between groups | and 2 (P=10
2 and 3 (P = 0.2425) were not significant
P o000y
I
Poeen
i — =
P00
.o -
1800 4 -
= . 4
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1000
g - o e —’7
3 e Pz I
e L ]
m
[o— Oroup! Crmpd
Figure 3. Metastatic tumor diamet The
decreased o melox icam-treated eris

212 (ran

Table 1 fle: meloncan o f enetasin i rah
Aup i F-value usnog plu
tameter vascular
{jam denmit
Crontrn ) g 5
moup | 4 Oix 14
mi &
Mo < am
' RS 00011 2.1+5
10 mg'kg
I
1 ¢ 0400 T 0 000}
T T
vl icam
slue w stimated between control and cach gnn
Table 2 numbet of liver metastases in each mt
Cirvup Number ali
f lwer
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Conrtru] 112+2
Group 1 56=0% 0060
G 411 {
{u $5411 00002
Fvalue was estimated between contn! and cach group

rning from
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r< soost
peniwy
Eh
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H
Sl .
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| -
L3
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Vix

» and group 2 or 3

Figure 4, Mectastatic tamor w TVD between

nre However, there was no difference in TVD

tween control and group | TVD, tumor vascular density

Figure 5. Vascular cast of
n group 3

er metastases (0 a rot inoculated with RCN-14
d1. M, metastatic tumor

Imcl oxicam-tres

Meloxicam also reduced the TVD of metastatic tumors
The mean TVD of m

stalic tumors in the control group
g from 3.9 1o 66.3%), The mean
ic tumors 1n groups |
530 and 1664
34.3%

1294+ 10.5% (ra

VD
2001
from 6.4 1o

ol melasi

3 was 30.2 + 8.80,
7.10% (ranging from 12.7 to 51.1

and from 1.7 1o 31 4%, respectively)

TVD was significantly decreased in groups 2 and 3
compared with the control (P < 0.0001, P < 0.0001), while
the difference between the control and group | (P = 0.1107)

was not sigmficant (Fig. 4)

I'he morphologic characteristics of each tumor and tumor
vessel in the groups treated with meloxicam were similar
(group 3 shown in Fig. §)
reated groups were sparse and did not fill the blank space

Tumor vessels in meloxicam-

DISCUSSION

We have shown that meloxicam inhibits the growth of meta
I'he the
decreased in the meloxicam-treated groups, as shown by
SEM

static liver tumors s1ize of melastatic tumors

with a resin corrosion lechnique and

€r¢ was



difference in TVD between control group and group 2
or 3. The number of metastatic tumors was also smaller in
the meloxicam-treated groups.

A great deal of evidence supports the view that COX-2
contributes to tumorigenesis and that its mhibition might be
useful in the prevention of intestinal polyposis and colorectal
carcinoma (10,33,34), Sheehan et al. detected no COX-2
staining 1n normal colons, weak staining in normal mucosa
adjacent to COX-2 positive tumors and varying degrees of
COX-2 staining in tumor cells (35). We have previously
reported a positive relationship between COX-2 expression
and tumor growth in colorectal adenoma and adenocarci-
noma (15,36,37), Specific COX-2 inhibition, either by tar-
geted knockout of the COX-2 gene or by pharmacological
intervention, has been shown 1o effectively decrease the
growth of murine intestinal adenomas (33,38,39).

The COX-2 inhibitor celecoxib reduces the incidence and
multiplicity of colon tumors in rats by approximately 93 and
97%, respectively (40), while rofecoxib attenuates the
growth and metastatic potential of celorecta’ carcinoma in
mice (39.41). As with other COX-2 inhibitors, meloxicam
has been shown to inhibit the growth of HCA-7 colorectal
tumors in nude mice (42), and the growth of transplantable
colon adenocarcinoma in a murine model (43)

Cancer metastasis consisis of multiple interdependent pro-
cesses. To metastasize, tumor cells must invade, embolize.
survive in the circulation, settle in distant capillary beds, and
extravasate into and multiply in the organ parenchyma (21)
Ishida et al. have reported that tumor emboli were seen in
the interlobular portal venules, inlet venules and sinusoids
within 2 h of AH60C injection (44): we gave the rats meloxi-
cam 4 6 h after the injection of cancer cells. Our results.
namely the significantly decreased number of metasiatic
tumors in melosicam-treated groups, demonstrate some
influence of meloxicam to restrain the process after their
entrapment in the capillary beds of metastatic site

We have also shown that meloxicam decreased the diam-
cter of metastatic tumors. Several previous studies have
shown that COX-2 inhibitors interfere with the growth of
metastatic twwmors (28,45). The mechanisms of action of
COX-2 inhibitors have been postulated to include their antian-
giogente effects (18), suppression of matrix metalloproteinase
(MMP) production, induction of apoptosis (46,47), inhibition
of cellular proliferation and adhesion, and others (19.48). In
this study, there was difference in TVD between control
group and group 2 or 3. This might indicate that meloxicam
restricts the growth of tumors mainly by interfering with the
growth of tumor vessels to reduce blood flow

In order 1o investigate the angiog of liver met

many studies have used vascular endothehal growth factor.
MMP and microvessel density (19.49-51) We previously
reported that the neovasculature of metastatic liver and lung
tumors in rats can be examined using a resin cast (27,28)
Kobayashi et al. evaluated the effect of a COX-2 inhibitor
on neovasculanization of metastatic lung tumors by using
resin casts to measure the dimmeter of tumor vessels and the

Jpn J Chn Oncel 2007:37(9) 677

three-dimensional architecture of vascularization (28), They
suggested that the COX-2 inhibitor reduced the growth rate
of the wmors through poor tumor vessel formation. Here, we
have introduced a new concept. TVD (the matio of tumor
vessel area to tumor area), which gives an objective evalu-
ation of vascularty 1n tumors

In conclusion, we have demonstrated that meloxicam
decreases the number, size and TVD of metastatic liver
tumors in rats Its therapeutic potential for liver metastases
of colorectal carcinoma should further be investigated
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