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INTRODUCTION

Siayl Lewis-X antigen, correlated with carcinoma, isa
group of carbohydrateantigencontainingoligosaccharide
expressed both on glycolipidsand glycoproteinson cell
surface of embryonic tissue and tumor tissue™. The
SLeX antigen located on cell surface is synthesized
principally by two enzymes, al, 3fucosyltransfreaseand
a2, 3siayctransferase. In adults, SLeX antigen is
expressed principaly onthesurfacesof granulocyticcels
and some tumor cells. It is aligand of endothelial
leucocyte adhesion molecules(ELAM-1, or E-Selectin)
(23] and plays an important role in the adhesion of
leucocyte to the vascular wall in inflammation and
adhesion between tumor cells and blood endothelial
cells in tumor metastases®. This study intends to
observethe expression of SleX antigen and analyzes
the correlation between the expression and metastatic
potential by using cell lines of both Lovo® and HT29
[7 of human colon carcinoma. Our experiments have
confirmed that both cell lines possess the capability
of forming tumor and having the metastatic potential.
Lovo cells obviously showed a greater hepatic
metastatic potential in experimental nude mice than
HT29 cells®9. We employed in situ hybridization
technique to detect the expression of SLeX antigen
synthataseat mMRNA leve inbothlow andhighmetagtetic
potential of colon carcinoma cells. Meanwhile we
used immunohistochemistry and flow cytometry to
directly detect the expression of SLeX antigen at
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intracellular protein level within Lovo and HT29 cells.
We observed morphologic features of interaction
between tumor cellsand blood vessel endothelial cells
aswel| asthelinkageof both cdllsininteraction by means
of scanning and transmission el ectronmicroscope. We
used amethod of seded colon carcinomacellswith SLeX
monoclonal antibody to observe the adhesive potential
between human colon carcinomace lsandumbilical vein
endothdlial cellsandto observetheeffectsof thismethod
on hepatic metastases of experimental nude mice. We
expect to find out the mechanism of how SLeX antigen
functionsin human col on carcinomahepatic metastases.

MATERIALS AND METHODS

Materials

Cdll lines, both Lovo and HT29 were provided by our
laboratory. Endothelial cells were obtained by the
perfusing and digesting humanumbilical vein. Umbilical
cord was provided by the Department of Gynecology
and Obgtetricsin Nanfang Hospital. BALB/C nudemice
were provided by the Experimental Animal Center of
theFirst Military Medica University.

Methods

Lovo, HT29 cellsal, 3Fuc-Toligonucleotide probe
wasdetected by in situ hybridization (U Cell culture
andmanufactureof cdll patch:LovoandHT29cdls(using
RPMI-1640 complete medium) were placed in an
incubatetrunk that contained 5% CO, at 37°C. Thecells
grownwell and were digested by pancreatin to makeup
alx 10/mL cell suspension, and theninoculated adrop
of the cell suspension on cover dip of sterilized petridish
and the complete medium was cultivated for 48 h, then
removed the cover dip, washed thrice with 0.0l M, pH
7.2PBS, fixedwithacetonefor 10minandfinally washed
with PBS for use. @ In situ hybridization: The cell
patcheswere digested by 10 pg/mL proteaseK at 37°C
for 10 min and then washed with PBS buffer. 200 L
prehybri dization buffer wasdegenerated at 95°C for 10
min, put into ice cubesto quench, then placed flatintoa
sealed moist case and incubated at 42°C for 3 h. Five
mL of al, 3Fuc-T oligonucleotide probe of coragoxin
with adensity of 39.65pmol/uL wasadded into 200 pL
prehybridization liquid to form ahybridization liquid.
The hybridization liquid was degenerated at 95°C for
10min. After being quenched inicecubes, it wasadded
into the cell sample, placed flat in asealed moist case,
and kept at 42°C overnight. It waswashed with 6 x SSC
45% aminic acid amine, and 2 x SSC and 0.2 x SSC
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for 10 min respectively. It was added coragoxin Fab
piece labeled alkaline phosphatase (1:125 dilute
concentration) at 37°C for 4 h, and then waswashed by
buffer. NBT/BCIP was added for coloration for 2 h. It
was treated with 100% al cohol and xylene and sealed
by neutral gum for later use. The control was done
without oligonucl eotideprobe. Areasthat showedpositive
a1, 3Fuc-T mRNA weredyed royd bluewithroyal blue
grains. The deeper the color, the higher the positive
degree. 3@ Quantitative analysis and statistics: The
quantitative analysiswas donewith Shen Hong' §% aw
and Leica-Q500M image analysis system. After 10
positivecellsweretakenrandomly, wesurveyed thegray
degrees (Ga) and the gray degrees of their background
(GB) in the positive areas. The positive units (PU =
100|Ga-GpJ/256) werecd culated withorigin 50 software.
Datawere anayzed statistically with thet test of SPSS.

Immunohistochemistry

(D Cell culture and manufacture of cell pieces: The
procedure wasidentical to that of in situ hybridization.
@ Immunohistochemistry LSAB: The approaches
(omitted). The negative control wasincubated with PBS
on the cell piece without primary antibody. The SLeX
protein expression areasweredyed brown. Deep brown
was defined as strongly positive, while light brown as
weskly positive. (3 Quantitative analysisand statistical
method werethe same asthose inin situ hybridization.

Flow cytometry

(D Cell culture was identical to that of in situ
hybridization. @ Flow cytometry measure: TheLovoand
HT29 cellsdigested with 0.25% pancestin, washed with
PBSand centrifugated at 1000 rpm x 5 min were made
into 1 x 10’/mL cell suspension and then added SLeX
monoclond antibody (mouse anti-human IgM) (1:100
dilution). The negative control was processed with PBS
instead of the primary antibody. Then the goat anti-
mousegM labled FITC second antibody (1:60 dilution)
wasadded at 4°C for 30 min. All the suspensionswere
washed with PBS at 1000 rpm x 5 min, fixed with 1%
polymeresatum at room temperature for 30 min, then
re-washed with PBS and finally centrifugated at1000
rpmx 5minfor detectionwith EPICSEMTE mode flow

cytometry.

Adhesive test of tumor cells to human umbilical
vein endothelium

(U Tumor cell suspension preparation: The well-
grown Lovo and HT29 cellswere prepared into 1 x
10’/mL cell suspension with complete culture
medium. The suspension was divided into 4 groups:
Lovo cell experimental group and its control group,
HT?29 cell experimental group and its control group.
The experimental groups were added SLeX
monoclonal antibody 10 uL (5pug/mL) and thecontrol
groups PBS instead of SleX. They were pre-
incubated at 37°C for 30 min. @ Adhesive test of

tumor cellstoumbilical vein endothelium: Theumbilica
veinwascut openunder sterilecondition and waswashed
off red blood cellswithPBSand thencutinto1cm x 1
cm pieces, 0.5 cmthick paraffin was put onto the bottom
of the 16-well culture plate which was to be rinsed 3
timeswith PBS after the paraffin congealed. The plate
was exposed under ultraviolet light for 30 min, added a
suitableamount of culture medium forimmersionfor 15
min. Thelumind surfaceof blood vessal wasput upwards
andfixed with stai nlessneedleson paraffin onthebottom
of wells. TheTNF-a (enddensity 1:500U/mL) wasadded
at 37°C for 4 h. After the culture was taken out, the
prepared Lovo and HT29 cell suspensionswere added
intoeachwell andincubatedat 37°C for 4hinatmosphere
5% CO,. Theumbilical veintaken out waswashed with
PBSand fixed with 2.5% glutaral dehydefor 30 minand
then washed again, dehydrated, dried at critical point,
puffed gold and detected under a S-450 scanning
electronic microscope. 3 Criteria of results and
statistical method: During the adhesive test between
tumor cellsand umbilical vein endothelium, the tumor
cells, which adhered to vascular endothelium in every
vision field were counted by 500 x scanning
electronmicroscope. Tenvisonfieldsof eachgroupwere
chosen randomly and their average values were
calculated and statistically analyzed witht test.

Adhesive test between tumor cells and human
umbilical vein endothelial cells

(D Preparation of tumor cell suspension: as described
above. @ Endothelial cell culture: 15 cm of fresh
umbilical corefrom ahealthy puerperd waswashed off
red blood cells with PBS. One end of the core was
cramped and the 0.25% pancreatin wasfilled into the
corefrom the other end. It was digested at 37°C for 15
min. The digested fluid that contained the endothelial
cellswasdrawn out and put into acentrifugal tubeand
centrifugated at 1000 rpm for 15 min and processed
intothecell sugpensionwithRPM I -1640 culturemedium
containing 20% calf serum. The suspension was
inoculated onto aplastic cell petridish, and incubated
with 100 pg/mL ECG at the atmosphere of 5% CO, at
37°C. Theliquid was exchanged every 24 h-36 h. 3
Adhesivetest of tumor cellsto human umbilical vein
endothelid cells: thewell grown endothelial cellswere
digested with 0.25% panceatin, prepared into 1 x 10%
mL cell suspensionwith complete culturemedium, put
onto 6 well petridish, added 100 pg/mL ECG, and kept
at 37°C for 20 h. After the 500U/mL TNF-a was
added, it was kept at 37°C for 4 h. OnemL of Lovo
cellsand HT29 cells processed in experimental and
control groups, was added respectively into each well.
The petri dish was placed into an oscillator of 120
rmp,at room temperature for 30 min and washed
twice with PBS. The cells were scraped and
collected into the centrifuga tubesfor centrifugation of
500 rmp x 10min. After theupper deer liquidwasremoved,
the cells were fixed with 2.5% glutaraldehyde
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buffered, washed, fixed, dehydrated, embedded with
gum, madeinto ultra-thin sections, coloredwith el ectronic
stainfor observation under aJEM 1200-EX transmission
€lectronmicroscope.

Effects of SLeX monoclonal antibody on liver
metastases of experimental nude mouse

(D Preparation of tumor cell suspension: Thewell-grown
Lovo cellsand HT29 cells were digested with 0.25%
pancreatin, washed twice and diluted into the cell

suspension with PBS after 1000 rpm x 5 min. The cell

suspension concentration wasregulated to 1 x 107/mL.

Thecel suspensonwasdividedinto4 groups: Lovocell,

HT29 cdl and their corresponding control groups. The
experimenta groupswereadded 10uL SLeX monoclond

antibody whilethe control groupswere added the same
volume of PBSinstead of SLeX. The cell suspensions
were incubated at room temperature for 30 min. @
Influences of SLeX monoclonal antibody on liver
metastases of experimental nude mouse: 365-week-old
BALB/C healthy male nude mice were divided into 4
groups as described above. After the nude mice were
anesthetized with 4% amine ketone intraperitoneal

injection, their abdominal cavitieswere opened at 0.5
cmbelow |eft rib edge under sterile condition to expose
their spleens. The cell suspension (0.3 mL) prepared
wasinjected to the capsule below in the spleen and the
abdominal cavity wasclosed. The micewerefed under
SPF condition and killed after 4 weeks. Their spleens,
livers, hearts, kidneys and lungs were taken out,
dehydrated, trangparented and paraffin-embedded. The
tumor tissuesvisiblewerediced whilethetissuesof which
tumors were not found with naked eyes made serial

sections before being HE dyed and observed under a
light microscope. (3 Criterion of results and statistical

methods: Theliver metastasesin each groupwasobserved
with naked eyes and under light microscope. The data
obtained from the observation were tested with x2-test
with SPSS software, with P<0.05 being significant.

RESULTS

In situ hybridization

al, 3Fuc-T mRNA expressionsin Lovoand HT29 cells
showed negativeresultsin the control groupswhilethose
were positive in the experimental groups. In the
experimenta groups, al, 3Fuc-T mRNA intheLovocells
werestrongly positive, and their cytoplasm showed deep
bluewithvisbleroyd bluefineparticles(Figure 1), while
al, 3Fuc-T mRNA intheHT29 cdllswereweskly positive,
and their cytoplasm showed light bluewith visibleroyal
blue fine particles (Figure 2). al, 3Fuc-T mRNA
expressionsin Lovo cdlswerestronger thanthose HT29
cdl, andtheir differencewassgnificant (P=0.002, Tablel).

Table 1 Expressions of al, 3Fuc-TmRNA in two cell lines

n X+£s t P

21.2055+7.7472  3.537  0.002
10.7922+5.1653

Lovo cells 10
HT29 cells 10

Immunohistochemistry

TheSLeX expressionsinLovocellsandHT 29 cells
were negative in the control groups but positive in
experiment groups. The SLeX antigen expressions
in Lovo cells were strongly positive, and their
cytoplasm showed brown or deep brown (Figure
3); The SLeX antigen expressions in HT29 cells
were weakly positive, and their membranes were
brown (Figure4). Therewasasignificant difference
between the expressions of the two (P = 0.025,
Table 2).

" g N\PA
P P

Figure 1 The expression of a1, 3Fuc-TmRNA in Lovo cells shows
strongly positive staining, with deep royal blue cytoplasms and
visible royal blue beads. In situ hybridization. x400

Figure 2 The expression of al, 3Fuc-TmRNA shows weakly
positive staining, light royal blue with royal blue bead in cytoplasm
of HT29 cells. In situ hybridization. x400

Figure 3 The expression of SLeX antigen in Lovo cells shows
strongly positive staining, with deep brown in cytiplasm.
Immunohistochemistry. x400

Figure 4 The expression of SLeX antigen shows positive or weakly
positive staining, brown in membrane of HT29 cells.
Immunohistochemistry. x400
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Table 2 Expressions of SLeX antigens in the two cell lines

n X*s t P

32.7633+10.8716 2.452  0.025
21.9188+8.8016

Lovo cells 10
HT29 cells 10

Flow cytometry quantitative detection
TheLovocell and HT29 cell SLeX antigen expressions
were positive. The ratio of positive SLeX antigen
expressionsin the Lovo experimental groupswas 42.
9% while that in the control groups was 2.3%. The
positiveratesin the HT29 cdll line were 23.3% and 2.
1% respectively in the experimental groups and their
control groups. The percentage was greater in the
experiment groups of Lovo cell line than that in the
experiment groups of theHT29 cell line (Figures5,6).
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Figure 5 The detective result of Lovo cells. flow cytometry
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Figure 6 The detective result of HT29 cells. flow cytometry
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Observation of the adhesion of tumor cells to
umbilical vein endothelial cells under scanning
electronmicroscope

Both Lovo cell and HT29 cell line had adhesive
potential to umbilical vein endothelial cellsin the
control groups. The Lovo cell line showed greater
adhesive potential to umbilical vein endothelial cells
thanthe HT29 cell line. It could be observed under a
500 x scanning el ectronmicroscopeafter co-incubation
fordh, agreat deal of Lovo cellsadhered to umbilical
vein endothelial cells, and majority of them were
clustered (Figure7); and someof theHT29 cell sadhered
only tothesurfaceof theumbilical veinendothelia cells,
and only apart of them clustered (Figure8). Theadhesive
potential was obviously even lower in the

experiment groups. Under a 500 x scanning
electronmicroscope after co-incubation for 4 h, the
Lovo cells adhered to the umbilical vein endothelial
cells were scattered and no clustering could be
observed (Figure 9). The adhesive potential of the
HT?29 cells was weaker than that of the Lovo cells.
Only asmall amount of the HT29 cellsadhered to the
endothelial cells, and did not cluster (Figure 10). The
cells adhered to the surface of the umbilical vein
endothelial cellswerefewer inthe experiment groups
than in the control groups. There was a significant
difference between them (P = 0.0001, Table 3).

Table 3 The different adhesive potentials of tumor cells to
umbilical vein endothelial cells with the tumor cells sealed

n Control groups Experimental groups t P
X+s X+s

0.0001
0.0001

213+15.6702
147+4.5522

124+16.7319
69+7.3786

12.167
28.632

Lovo cells 10
HT29cells 10

Figure 7 In control groups, a lot of Lovo cells adhered to the
surface of umbilical vein endothelium, and tumor cells clustered.
SEM, %500
Figure 8 In control groups, The HT29 cells adhered to the
surface of umbilical vein endothelium, a part of them clustered.
SEM, x500
Figure 9 In experimental groups, a small amount of the Lovo
cells adhered to the umbilical vein endothelium, no clustering.
SEM, x500
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Figure 10 In experimental groups, a small amount of the HT29
cells adhered to the umbilical vein endothelium, no clustering.
SEM, %500

Observation of adhesive potential of tumor cells
to umbilical vein endothelial cells under
transmission electronmicroscope

In the control groups, there were a great deal of
microvilli or interdigitations on the Lovo cell
membrane, but few interdigitations onthe HT29 cell
membrane. The Lovo cellswerelinked to umbilical
vein endothelium via interdigitations on the cell
membrane (Figure 11). Some of the apophyses
stretchedinto endothelia cell membrane; butthe HT29
cellsconnected endothelial cell membranedirectly via
the cell membrane (Figure 12). No significant
difference in the way of linking between the
experimental groups and the control groups was
observed.

Figure 11 The Lovo cells were linked to umbilical vein endothelium
via interdigitations on the cell membrane. TEM x20K

Figure 12 The HT29 cells connected endothelial cell membrane
directly via the cell membrane. TEM x24K

Effects of SLex monoclonal antibody on the liver
metastases model of experimental nude mice
The ratio of liver metastases was 9/9 (100%) in the
control groups of Lovo cells, whileit was 2/9 (22%) in
the experimental groups. Theratio of liver metastases
in the experimental groups was less than that in the
control groupswith asignificant difference between the
two groups (P<0.001). Theratio of liver metastaseswas
4/9 (44.4%) in the control groupsof HT29 cells, but 1/9
(11.1%) in the experimental groups. Theratio of liver
metastasesin the experimental groupswaslessthanthat
inthecontrol groupswith significant differencebetween
thetwo groups (P<0.002,Table 4).

Table 4 Effects of SLex monoclonal antibody on the liver
metastases model of experimental nude mice

Lovo cells HT29 cells

Metastases No metastases Metastases No metastases

Control groups 9 0 4 5
Experimental groups 2 7 1 8

Lovo cell groups x?>= 11.45, P<0.001; HT29 cell groups x*=
2.498, P<0.002.

DISCUSSION

SLeX antigens are mostly expressed on the cell
surface of epithelial tumors such as lung cancer,
gastric cancer, colon cancer, ovary cancer**?, The
positiveratio in carcinomaof colonis 76%-90%1%,
Theexpression of SLeX antigenismostly determined
by two kinds of enzyme, al, 3Fuc-T and a2, 3ST.
The successive activitiesof thetwo enzymesexisting
in N-acethllactosamine synthesize the SLeX
antigens. al, 3Fuc-T is an important material to
produce SLex antigens as well as to adjust and
control the expression of SLeX antigens!**, The
increase of al, 3Fuc-T in matrix plasmaresultsin
theincrease of SLeX antigens on the cell surface!®!.
The al, 3Fuc-T and a2, 3ST synthesize the SLeX
antigenswhich possess a strong affinity to Lectinin
E-selectin and epidermal growth factor resulted with
adhesion of tumor cellsto theendothelial cells®. The
SLex antigens on the cell surface in the colon
carcinomaas akind of ligands, their identification
from and adhesion to E-selectin recipients on the
endothelial cell surface of liver vasculartive are
considered asthe molecular basis of liver metastatic
of colon carcinoma, and asacritical stepintheliver
metastatic processof colon carcinoma®. Modification
of carbohydrate antigens on the tumor cell surface,
such as SLeX antigen, will affect the ways of tumor
cell metastases***#, such as adhesive potential™*”,
mobility*#% invasion?, immunogenicity and other
immune identification process!??? or other
unknown cell behaviors which will affect the
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metastasis potential of tumor cells. In other words, the
sructural changesof carbohydratesontumor cell surface
play akey rolein the metastases of tumor cells?, The
well known metastatic steps of tumor cells are:
proliferation of tumor cellsaccompanied by angiogenesis
of tumor — intrusion of tumor cells into basement
membrane and then into blood vessels and lymphatic
vessels— intoblood circulation — detectioninthetarget
organand adhesiontothecapillaries— breskingthrough
the capillariesand formation of minute metastatic spots
— formation of new blood vessels and proliferation of
metastatic spots®?. There are different metastasis
potentia tumor cellsintheprimary area, for example, in
coloncarcinoma, SLeX antigenswith highexpressionin
tumor cells show high metastatic potential while the
antigenswith low expressionin tumor cells show weak
metastatic potential. The tumor cells with strong
metastatic potential are morelikely to fall off from the
primary areaand enter blood vesselsand thusadhereto
hepatic vascular endothelia cellsso asto grow andform
liver metastasis?®. Thereasonisthat SLeX antigenson
the tumor cell surface as ligands of E-selectin on the
endothdial cell surfaceof thecapillariesinduceadhesion
between tumor cells and blood vessel endothelial cells
of thetarget organ'®! and promote orientating tendency
inmotion and resultin metastasis.

Our study demonstrated that the Lovo cell line
with strong metastatic potentia has high expression of
SLeX antigen and high expression of SLeX antigen
synthase, al, 3Fuc-TmRNA whilethe HT29 cellsline
with weak metastatic potential has low expression of
SLeX antigen and low expression of SLeX antigen
synthase al, 3Fuc-T. Our finding that SLeX antigen
expression is closely correlated with colon carcinoma
metastatic potential .

Our study also showed that Lovo cellswith high
expression of SLeX antigen had strong adhesive
ability to vascular endothelial cellswhilethe HT29
cell with low expression of SLeX antigen had weak
adhesive potential. The connecting way to vascular
endothelial cells of the Lovo cells with high
expression of SLeX antigen wasquitedifferent from
that of the HT29 cellswith low expression of SLeX
antigen. The SLeX monoclonal antibodies could
effectively restrain the adhesion of tumor cells to
vascular endothelial cells and well reduce the
formation of liver metastases of experimental nude
mice. We speculate that the reason for the decrease
of adhesionisthat SLeX monoclonal antibodies may
have seal ed carbohydrate antigens on the tumor cell
membrane — site of SLex ligand and result in lower
adhesive potential of tumor cells to vascular
endothelial cells?”). The results suggest that SLeX
antigens play an important role in liver metastases
of colon carcinoma. SLeX monoclonal antibody or
its analogs may prevent the formation of liver
metastases of colon carcinoma.
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