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ABSTRACT

AIM: To investigate the effects of all-transretinoic acid (AT RA) on metastasis and itsrelated proteinsin human
gadric cancer cellsin vivo and in vitro. METHODS: Gadric cancer cells, MGC80-3 and SGC-7901, were
inoculated into spleen subcapsule of nude mice, respectively. Nude mice were admi nistered with ATRA (0.7 mg/
kg, ig) every other day. Six weeks later, nude mice were sacrificed. All the tumorsformed in spleen and in liver
were removed. Some of themwere fixed, and then embedded. Others werekept in liquid nitrogen for further use.
Expresson level of proteinsintumor and in cell was analyzed by Western blot. Microvessd in tumor section was
shown by immunohistochemidry and adhesive ability of cell to amnion was measured by adheson asssy. RESULTS:
When inoculated nude mice were treated with ATRA, the xenograft tumorsin spleen and metastatic tumorsin liver
were suppressed by 50 % respectively, and inhibition of microvessel formation in xenograft and metagtatic tumors
was also observed obvioudy. Although ATRA regulated expresson of nm23 and mts1/pl6 proteins at different
patternsin vivo and in vitro, high ratio of nm23:mtsl/p16 was in association with low adhesive activity of cells. In
addition, ATRA induced ICAM-1 protein expression in vivo and in vitro. CONCLUSION: ATRA inhibits the
growth of xenograft tumors and their metastasis to liver. This process may be associated with regulation of
metadtati c related protei ns, including nm23, mtsl/p16, and ICAM-1 in vivo and in vitro.

INTRODUCTION

Although sgnificant progress has been made in

the surgical treatment of tumors, aswell asin diagnos-
tic techni ques, more than 50 % patients il die from
maignant tumors. Itis partidly due to distant metasta-
ssat the time of diagnoss. Metastasis is known to
consg of acascade of multiple steps. Tumor cell mi-
grates from the primary lesion, invadesthe tumor bor-
der and hogtstissues, initi ates angiogenes s, and colo-
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nizes at distal sites”. Thus, blockingone of these steps
isof clinical sgnificance in prevention of tumor
metastas s.

Metadtatic process isregulated by activation and
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inactivation of several spedfic genesand proteins. The
nm23 gene, an anti-metagatic gene, wasfound origi-
nally to be correlated with tumor metastatic potential in
murine melanoma cell? and was associated with a good
prognosisin breast cancer'®. However, the rel ation-
ship between expression of nm23 protein and prognos-
tic value wasnot found in colon cancer, neuroblastoma,
or pulmonary carcinoma“®. Another gene mtsl/p16,
together with its protein, was aso found to be rel ated
to high metagtatic potential and growth of some human
tumors™. It was reported recently that there was a
close re ationship between nm23 and mtsl/pl6 in regu-
lation of metastatic behavior'®. Since mts1/p16 muta:
tions occur preferentially in metastatic tumors, they
might be important eventsin late phasesof tumor pro-
gression and could represent useful markers of tumor
aggressivenessin non-small cell lung carcinomas”®.

Angiogeness has been shown to be critical for
tumor growth. It facilitates theinfiltration of reparative
cells, enhances the delivery of oxygen, nutrients, growth
factors, and cytokines, and alows the removal of waste
products'®. Primary and metastatic tumors can not
grow beyond 2 mm in diameter without an enhanced
vascularity. The newly formed blood vessels are more
penetrative to tumor mass and may contribute to me-
tagtasis™. Thus, anti-angiogenes's has been sudied as
one of the mgor approaches for tumor treatment.

Retinoids play an important rolein proliferation
and differentiation of a variety of cell types. In vitro
and animal studies have suggested that retinoids are
promising agents in the prevention and treatment of
human cancers. Recently, we have developed an in
vivo mode for estimating the ability of tumor metasta-
s, inwhich tumor cells wereinoculated into spleen
subcapsule of nude mice, and xenograft tumors formed
in spleen metastasized to liver. In the present study,
we invegtigated the effects of all-transretinoic acid
(ATRA) on metastasis and its related proteinsin human
gastric cancer cellsin vivo and in vitro.

MATERIALSAND METHODS

Cdl linesand culture condition Human gastric
cancer cell line SGC-7901 was purchased from the In-
gitute of Cell Biology, Shanghai, China. MGC80-3 cell
line was esablished by Cancer Research Center in

Xiamen University. Both of cell lineswere maintained
in RPMI-1640 medium supplemented with 10 % FCS,
glutamine 1 mmol/L, and benzylpenicillin 100 U/L.
Inoculation of nude mice with cancer cells
Athymic nude mice (BALB/c, SPF Grade, 18-21 g, 7
weeks old, Certificate He 23-007 approved by Admin-
isration Committee of Medica Experimental Animal,
Fujian Province) were housed in alaminar flow under
gerilized condition. The temperatur e was maintained
at 28 1. Thelight was controlled a 12 h light and 12
h dark. Mice were fed with autoclaved mouse chow.
Cells were trypsinized and washed twice with
phosphate buffered sdline (PBS). Theinoculaion dos
age was 0.05 mL cell sugpension per mouse (cel | den-
sty was 2.5x10%/L). Before inoculation, nude mouse
wasinjected with 0.1 mL of 0.5 % CCl,, then 24 h
later, anesthetized with 0.625 % sodium pentothal (0.2
mL, ip) and subjected to a routine surgical operation.
Cellswere inocul ated into spleen subcapsule of nude
mice. Theinoculated nude mice were randomly sepa-
rated into experimental and control groups(6 mice for
each group, 3 maeand 3 female). For experimenta
group, nude mice were administered with ATRA 0.7
mg/kg every other day (ATRA was dissolved in ethanol
and Me,SO with aratio of 1:1). For control group,
nude mice were administered with the corresponding
dissolvent without ATRA. After 6 weeks, nude mice
were sacrificed and all thetumors formed in spleen and
in liver wereremoved. Some of them were fixed and
embedded for immunohi sochemigtry and others were
kept in liquid nitrogen for Western blot.
Immunohistochemistry Sections from spleen
tumor and liver tumor weredeparaffinized. Endogenous
peroxidase was blocked by 0.3 % hydrogen peroxide in
methanol for 30 min. Afte washed with PBS, sections
wer e incubated with 10 % goat serumin PBS for 20
min a room temperature to block non-specific binding
of the second antibody, then incubated overnight at
4 T2 with rabbit anti-human factor-VI11-rd ated-antigen
antibody (Zymed) 1:100in PBS containing 1 % bovine
serum albumin. Rinsed three timesin PBS, sections
were treated with bi otinylated anti-rabbit immunoglo-
bulinfor 1 h a& room temperature, then washed again
and reacted with streptoavidin-biotin sysem using
0.04 % 3,3'-diaminobenzidenetetrahydrochloride for 1
min as chromogen. To calculate inhibitory rate of
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microvessal dendty (MV D), at least four sections, in-
cluding those from spleen tumorsand liver tumors, were
observed under microscope and microvessd s were
counted within 20 hot spots randomly.

Western blot and quantitative analyss Cells
or tumorskept in liquid nitrogen were lysed in NaCl
150 mmad/L, TrissHCl 10 mmol/L (pH 7.4), edetic acid
5mmol/L, 1% TritonX-100, and phenylmethylsul phony!
fluoride. Total protein (50 ng) was separated by 10 %
SDS-PAGE and transferred to nitrocel lulose. Protein
was visualized using ECL (enhanced chemilumine-
scence) detection sysem (Amersham), after incuba
tion for 2-4 h at room temperature with primary
antibodies, including ICAM-1, nm23, and mtsl/p16
(Santa Cruz), and their corresponding secondary
antibodies, respectively. To quantify relative expres
son level of nm23 or mtsl/p16 protein, each band re-
veadled by ECL was scanned by denstometer.

Adheson assay Amnion, obtained from fresh
placenta, was washed twice with PBS and immersed in
NH,OH 0.25 md/L for 2 h to remove theepithelial cdls.
When treated with ATRA for 30 d and 80 d respectively,
cells were trypsinized and suspended in RPMI-1640
medium to afinal density of 5x10’/L. Cell suspension
2 mL was added to the upper level of Boyden chamber,
and RPMI-1640 medium was filled to the bottom level
of chamber. After incubated for 4 h and 6 h respec-
tively a 37 TC in CO, incubator, the upper chamber
wasremoved and the cells attached to amnion were
trypsinized and counted under microscope. Result rep-
resented the mean of two independent experi ments.

Statistical analyss Tukey’ s procedure was ap-
plied to estimate the difference among groups. Statiti-
ca sgnificance was defined as P<0.05.

RESULTS

Effectsof ATRA on growth of xenograft tu-
mor in gpleen and its metagasisto liver Gadric
cancer celswereinoculated into spleen subcapsule of
nudemice. Inoculated nude micein experimenta group
were administered with ATRA every other day. After 6
weeks, nude mice were sacrificed. Xenograft tumors
formed in spleen were found in al of mice except one
mouse in experimental group. However, number of
spl een tumors in experimental group was fewer than
that in control group, the mean weight of spleen tu-
morsin experimental group was aso lighter than that in
control group sgnificantly (P<0.05, Tab 1). Metastatic
tumorsfound inliver weremultiple and noncapsuled in
both experimenta and control groups. However, the
occurrence of metastatic tumors was obviously de-
creased by 50 % in experimenta groups, number of
metastatic tumors reduced much more and the mean
weight of liver was also lighter (Tab 1), compared with
the control group.

Effect of ATRA on microvessd formation
I mmunohistochemistry analysis indicated a srong stain-
ing for microvessd in all of the tumor sections, includ-
ing thosein spleen tumors and liver tumors. However,
microvessel densty (MVD) in experimenta group was
lower than that in control group by gatigtical anayss.

Tab 1. Effect of ATRA (0.7 mg/kg, ig every other day for 6 weeks) on xenograft and metastatictumorsin nude mice. n=6.

Mean+SD. °P<0.05, °P<0.01 vs control.

Spleen Liver
Cdl line Group Rate of tumor Number . Rate of tumor N umber )
Weight/g Weight/g
occurrence/% of tumors occurrence/% of tumors
MGCY Control 100 (5/5)? 13 1.6+£1.0 100 (5/5) 134 3.2¢41.0
ATRA 100 (6/6) 5 0.4+0.5° 50 (3/6) 8 1.740.3°
SGC Control 100 (6/6) 7 0.6+0.2 100 (6/6) 48 1.810.4
ATRA 83.3 (5/6) 6 0.3+0.1° 50 (3/6) 18 1.3+0.4°

D Some data of MGC80-3 cdll were cited from reference 13.

2 One of the MG C80-3 inoculated mice in control group died at the 40th day due to the development of tumor.
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Theinhibitory rateof MV D showed significant decrease
in MGC80-3 experimental group (P<0.05, Tab 2) and
more significant decrease in SGC-7901 experimenta
group (P<0.01, Tab 2).

Tab 2. Effect of ATRA (0.7 mg/kg, ig every other day for 6
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weeks) on microvessel density (MVD) in vivo. n=4.
Mean+SD. °P<0.05, °P<0.01 vs control.
Cdl MVD Inhibitory rate
) Tumor
line Control ATRA of MVD/%
MGC  Spleen 11.243.0 8.0+2.9° 28.6
Liver 10.9+2.4 8.442.4° 22.9
GC Spleen 8.6+2.0 6.6+1.5° 23.7
Liver 13.3£2.3 8.3+1.6° 37.6

Effects of ATRA on regulation of nm23, mtsl/
pl16, and ICAM-1 proteinsin vivo and in vitro To
invedigate the molecular mechanism of ATRA in &f-
fecting metagatic progress, the expresson level of
nm23, mtsl/pl6, and ICAM-1 proteinscorrelated with
metastas s were detected by Western blot. Proteinin
vivo was extracted from liver tumorsthat represented
metastatic tumor lesion. Protein in vitro was obtai ned
from cdls. The resutsshowed that regulation of ATRA
in these two types of protein (in vivo and in vitro) dif-
fered dbvioudy. Expresson of nm23 and | CAM-1 pro-
teinsin vivo was up-regulated by ATRA, and expres-
son of mtsl/p16 protein was not changed obviously
(Fig1). In contragt to the result shown in vivo, after
treatment of cellswith ATRA for 24 h in vitro, expres-
son of nm23 protein was decreased in MGC80-3 cells

- furblir | - -

Fig 1. Expressionsof nm23,mtsl/p16, and | CAM-1 proteins
shown by Western blot in vivo and in vitro. a -Tubulin was
used to quantify the amount of protein used. Protein in
vivo was extracted from several liver tumors, and protein in
vitro wasextracted from celstreated with ATRA 1.0 mmad/L
for 24 h.

and increased in SGC-7901 cells. Expresson of mtsl/
pl6 protein was down-regulated by ATRA in both
MGC80-3 and SGC-7901 cells. However, ICAM-1
showed the smilar trend asthat in vivo (Fig 1). The
expression level of nm23 and mtsl/p16 proteins was
further quantified by denstometer, respectively. The
values of relative abundances were shown in Tab 3.
Although ATRA treatment led to increase or decrease in
nm23 and mtsl/pl6 protein levelsin different groups
respectively, nm23:mts1/p16 ratio always kept higher
in experimental group than that in control group invivo
and in vitro.

To further determine the possible link between
nm23 and mtsl/pl6, various concentrations of ATRA
were used to treat cells for 24 h in vitro. Although
expresson of nm23 and p16 proteins, revealed by West-
ern blot, was down-regulated in an ATRA

Tab 3. Quantitativeanalysis of nm23and mtsl/p16 protein level by ATRA in vivo (0.7 mg/kg, ig every other day for 6 weeks)

and in vitro (10 mmol/L , for 24 h).

In vivo Invitro
MGC SGC MGC SGC
ATRA: - + - + - + - +
nm23 1.758 1234 1.000 2.375 1.550 3.326 2.199 3.078
mtsl/p16 3.676 1.676 1.778 1.000 2.587 2510 2.917 3.146
nm23:mtsl/p16 0.478 0.736 0.562 2.375 0.599 1.325 0.754 0.978
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concentrati on-dependent manner in both MGC80-3 and
SGC-7901 cdlls (Fig 2), nm23:mtsl/pl6 ratio displayed
an increase a0 in an ATRA concentration-dependent
manner after quantitative analyss by densitometer (Tab

Tab 5. Effect of ATRA (1.0 mmol/L) on adhesivecapability of
cdls. n=2. MeanSD. "P<0.05, °P<0.01 vs control.

4).

Cdlline Dayof ATRA Rate of adhesion/%
treatment 4h 6h
MGCY 0 294 40+4
30 28+6 38+4
80 12.2+2.1° 18+3°
GC 0 4245 58+4
30 26+£3° 38+5°
80 20+£4° 29+6°
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Fig 2. Western blot was performed to examinethelevds of
nm23and mtsl/pl6 protein expression. a -Tubulin wasused
to quantify the amount of protein used. Protein was ex-
tracted from cdlstreated with various concentrations of
ATRA for 24h.

Effect of ATRA on cell adhesion To elucidate
effect of ATRA on cell adhesion, the adhesve ability of
cell to amnion was measured by adhesion assay. As
shown in Tab 5, the adhesive ability of cell to amnion
was suppressed remarkably with extension of ATRA
treatment. When cells weretreated with AT RA for 30
d and 80 d respectively, the rate of SGC-7901 cell ad-
heson (4 h and 6 h attachment) and that of MGCB80-3
cell adheson (6 h atachment) showed more sgnificant
decrease (P<0.01, Tab 5), compared with the control

group.

DISCUSSION

In this anima model, nude mice were injected
with CCl, and some growth factorswere secreted to

D Some dataof MGC80-3 cells were cited from reference 13.

fecilitate tumor cell proliferation and mass formationin
liver. Autopsy and statistics showed that when gastric
cancer cellswereinoculated into spleen subcapsule of
nude mice, xenograft tumorswere formed in spleen,
and then metastaszed to liver. However, after nude
mice were administered with ATRA every other day for
6 weeks, it apparently caused the suppression in growth
of xenograft tumorsin spleen. More importantly, tu-
mor metastasis wasinhibited obvioudy in experimental
group. Only 50 % of the splenic tumor-bearing indi-
vidua s was developed into the metastaszed tumorsin
liver, as compared with 100 % metastass occurred in
the control group. These results suggested that ATRA
might be a promis ng agent for tumor prevention and
treatment in vivo. In addition, the fact that ATRA in-
hibited angiogenesisformation in xenograft splenic tu-
mor and in metastasized liver tumor implied that ATRA
might be one of the valuable candidates clinically used
for anti-angiogenesis. This result was in accordance
with other reports from breast and vagina cancer cells™,

Low expresson of nm23 protein has been found

Tab 4. Quantitative analysis of nm23 and mtsl/p16 protein level at various concentrations of ATRA (mmol/L, for 24 h).

MGC SGC
ATRA: 0 0.1 1.0 10 0 0.1 1.0 10
nm23 2.473 1.598 1.369 1.108 1.000 2.050 1.750 1.350
mtsl/p16 4.537 2754 1579 0.916 3.141 2.258 1.427 1.000
nm23:mtsl/p16 0.545 0.580 0.867 1.210 0.318 0.908 1.226 1.350
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to be correlated with high metastatic potential in several
tumors®®. However, some data reveal ed the contrast
resultsin other tumors, suggesting that the function of
nm23 in cancer cellsremained unclear. More recently,
it wasreported that expresson of nm23 gene aone was
not related to metastatic behavior, but the relative ratio
of nm23:mtsl/pl6 protein correlated with metagtatic
potential™. This evidence implied that they might act
as aco-regulator on tumor metastasis. Consistent with
this observation, our data showed that not only the ra-
tio of Nnm23:mtsl/pl6 protein in experimental groups
wasincreased obvioudy in an ATRA concentration-
dependent manner, but dways kept higher than that in
control group, no matter whether expresson of nm23
and mtsl/pl6 proteinswas decreased or increased by
ATRA invivo or in vitro. Accordingto the reports,
SGC-7901 cell line was established from the metagtatic
lesion of lymph node in gastric cancer*®, and MGC80-
3 cdl line from the mass of gastric adenocarcinoma
with lower metastasis™. Thus some of special char-
acterigtics associated with metastasis should be shown
in SGC-7901 cells markedly after treatment of ATRA.
They weredisplayed in vivo and in\itro: highes inhibi-
tory effect on tumor microvessal density, more signifi-
cant suppression rate of adhesion, as well asinduction
of nm23 protein expresson. These features might ex-
plain partidly why ATRA regulation on expression of
nm23 and mtsl/pl16 proteins displayed digtinct patterns
in vivo and in vitro between MGC80-3 and SGC-7901
cells. It waslikely that in gastric cancer cells, expres
son of nm23 protein along in vivo wasassociated with
metadatic behavior, andtherelaiveratio of nm23:mtsl/
pl6 expresson in vitro correlated with metastatic
potential. Accordingly, it was quite possble that (1)
phenomena observed in vitro werenot relevant invivo,
snceATRA might be quickly metabolized and what was
observed in vivo might bemediated by a metabolite and
differed ggnificantly from effects by ATRA in vitro.
(2) Role of nm23 with regard to prognos s was cell-
type specific, which was associated with metagtatic
capability of cells. Thusinhibitory eff ect of ATRA on
metastasis might lie inits concurrent regulation on ex-
pression of two proteins, nm23 and mtsl/pl6. Of
course, it should be necessary to further addressthis
possbility by ugng different typesof cell, including high

and low metadtatic cancer cell lines.

Lakshimi et al pointed out that one possible link
between nm23 and mtsl/p16 and their target effects
might be microtubule assembly'®. Parket et al reported
that nm23 and mtsl/p16 expressions affected the inva
sve propertiesof tumor cells*®, Present results, com-
bining with our other results™, further confirmed that
high ratio of nm23:mtsl/pl6 wasin association with
low adhesive activity, such as decrease of adheson,
disappearance of microvilli a surface of tumor cdl, re-
assembly of microfilament!™.

In cancer therapy, retinoic acid (RA) has been
used to increase ICAM-1 expresson to render tumor
cell more susceptible toimmune attack!™. Thus it was
suggested that up-regulation of ICAM-1 by RA played
amgjor rolein cell adhesion, cell movement, and even
tissue development. Induction of ICAM-1 expresson
by AT RA depended on retinoic acid response € ement
(RARE) located at 266 bp upstream of the5' trandation
dartste inthe ICAM-1 promoter™. Our previous gudy
has shown that effect of RA was mainly mediated by
itsreceptors, which bound to RARE and regulaed posi-
tively or negatively transcriptiona activities of target
genes?!. Thus, it was implied that in gastric cancer
cells, AT RA might up-regul ate ICAM-1 expression di-
rectly through the mediation of retinoic acid receptors
that bound to RARE located in the ICAM-1 promoter.
Surdly, thedetail, especialy on function of ICAM-1in
gastric cancer cdls, should be studied further.
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