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Sialyl Lewis X (sLeX) is a tetra-saccharide glycocon-
ugate of membrane proteins. It acts as a ligand for the
electin proteins during cell adhesion of inflammatory
rocess. Aberrant overexpression of sLeX is also a
haracteristic of various cancer cells, especially for
ighly malignant ones. In this paper, the sLeX-specific
NA aptamer was selected using a random RNA li-
rary and its affinity and specificity were measured by
urface Plasmon Resonance technique. Affinity of the
elected RNA was increased about 1000-fold as com-
ared with the original RNA pool. RNA aptamer bound
ore specifically to its cognate sugar than to any other

imilar sugars. Inhibition of the cell adhesion was also
hown by in vitro static assay of sLeX-expressing HL60
ells to the E- and P-selectins. It suggests that the high
ffinity carbohydrate specific RNA aptamer could be
sed as an alternative to the antibody. © 2001 Academic

ress

Key Words: RNA combinatorial library; in vitro selec-
ion; RNA aptamer; Sialyl Lewis X; E-selectin; P-selec-
in; cell adhesion.

Carbohydrates are important mediators in the spe-
ific recognition and adhesion between cells (1). Sialyl-
ewis X (sLeX) is one of the glycans on the cell surface
nd is also known as a ligand for the selectin proteins
L-, E-, and P-selectins) (2–4). Selectin-sLeX interac-
ion seems to play a critical role in the initial stage of
he inflammation and the cancer cell metastasis (5–9).
onsidering roles of sLeX in these processes, a blocker

or sLeX-selectin interaction would be useful as an anti-
nflammatory or as an anti-metastasis drug (10–13).

imicry of sLeX has been developed by several groups
f researcher as potential therapeutics (14). However,
hemical synthesis of sLeX mimetics has limited its use
s a practical method not only by the low yield of
ynthesis but also by the low binding affinity and poor

1 To whom correspondence should be addressed. Fax: 82-2-793-
176. E-mail: sjsj@dankook.ac.kr.
237
pecificity of small molecules. Various antibodies also
ave been developed as molecules recognizing sLeX and
locking the sLeX-selectin interaction (15, 16). How-
ver, broad specificity and moderate binding affinities
f antibodies might hinder their uses as specific and
ight binding molecules (17, 18).

Combinatorial RNA library and affinity selection
ight have been an alternative method for generating
NA molecules with high affinity and specificity

named as “aptamer”; 19, 20). Previous attempt to se-
ect L-selectin binding aptamer resulted in specific
-selectin binding antagonists, which exhibits inhibi-
ion of the L-selectin mediated cell adhesion (21, 22). It
uggested that the SELEX (Systematic Evolution of
igand by Exponential enrichment) procedure was ex-
remely useful method for developing specific aptamers
or the cell surface proteins. However, no one ever
eported a selection of aptamers for the ligand of the
electin, sLeX carbohydrate. Considering high concen-
ration of sLeX glycoconjugates on leukocytes and can-
er cells, the cell surface carbohydrate could have been

more effective target for prohibiting sLeX-selectin
ediated cell adhesion during inflammation and me-

astasis.
In this report, we employed the RNA combinatorial

ibrary and in vitro selection method to develop the
LeX binding RNA aptamers. Affinities of selected RNA
ptamer were subnanomolar to nanomolar range with
igh specificity to the sLeX. The RNA aptamer inhib-

ted the adhesion of sLeX rich HL60 cells to E- and
-selectin, suggesting that it could be used as a poten-
ial cell adhesion blocker. Our results in this report
uggest that RNA aptamer against a carbohydrate
ould be used as a useful lectin, especially as a plausi-
le substitute for antibody against the carbohydrates.

ATERIALS AND METHODS

Cells and other reagents. HL60 cells were maintained at 37°C in
PMI1640 (GIBCO BRL) supplemented with 10% Fetal Bovine Se-
um and 1% penicillin/streptomycin. Normal mouse IgM was ob-
ained from Sigma and the monoclonal anti-sLeX antibody (KM93)
0006-291X/01 $35.00
Copyright © 2001 by Academic Press
All rights of reproduction in any form reserved.



was purchased from Seikagaku Co. sLeX and sLeX-BSA were
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rom Oxford Glycosciences, BSA and recombinant soluble E- and
-selectins were from Calbiochem. All other chemicals were pur-
hased from Sigma or Aldrich and used without further purification.

Preparation of affinity matrix. Two hundred milligrams of cyano-
en bromide (CNBr) activated agarose beads was washed with 2.5 ml
f 10 mM diethylpyrocarbonate-treated NaOAc (pH 4.5) to remove
actose stabilizer. Activated beads were washed 5 times with 2.5 ml
f 100 mM Hepes buffer (pH 8.0). To prepare sLeX-conjugated col-
mn, the beads were allowed to mix with 2.5 ml of 10 mM sLeX

olution in Hepes buffer for 2 h at room temperature with stirring.
ontrol bead was also prepared by the same method, except omitting
LeX in the binding buffer. To block unbound activated groups, 0.25
l of 1 M n-buthylamine was added to a resulting suspension and

tirred for 2 h at room temperature. Beads were then washed again
ith 2.5 ml of Hepes buffer and stored at 4°C. To be used as affinity
atrices, prepared beads were washed and pre-equilibrated with
NA binding buffer [150 mM NaCl, 20 mM Hepes (pH 7.4), 1 mM
aCl2, 1 mM MgCl2] just before use.

Preparation of the RNA library. Random DNA library was synthe-
ized by the Midland Company (Midland Certified Reagent Co.). Ran-
om region was composed of 70 nucleotides flanked by 59 and 39 primer
egions. At the primer regions, T7 promoter binding sequences and a
ew restriction sites were included for the in vitro transcription and the
loning process, respectively. Therefore, 59 and 39 primer for PCR and in
itro transcription was 59-CCGTAATACGACTCACTATAGGGGAG-
TCGGTACCGAATTC-39 and 59-AAGGATCCTCTGCAAAGCTT-39,
espectively. Ten tubes of polymerase chain reactions (PCRs) were
erformed with 57.5 mM of 110-mer DNA random library, 200 mM each
f 59- and 39-primers, 1.6 mM MgCl2, 2.5 mM each of dNTPs, 1 U/ml of
aq DNA polymerase. DNA library (3.5 3 1014 molecules) was con-
erted to the RNA library by in vitro transcription reaction in 50 mM
ris (pH 7.5), 7.5 mM MgCl2, 2 mM spermidine, 10 mM NaCl, 100 mM
TT, 0.5 mM each of rNTPs, 1 U/ml of RNase inhibitor, 50 U of T7 RNA
olymerase for 2 h in 37°C. To make the original RNA pool, PCR was
imited to ten cycles, not to amplify skewed population of random RNA
ibrary. Template DNA was removed by the DNaseI digestion and the
esulting RNA was purified by phenol:chloroform extraction and etha-
ol precipitation. The RNA band of expected 110 nucleotides was cut
rom the 7 M urea/6% polyacrylamide gel and eluted from the gel by
ncubating in 0.5 M ammonium acetate, 0.1% SDS, 1 mM EDTA for 3 h
n 37°C. Purified RNA library was quantitated by using an UV spec-
rophotometer.

In vitro selection procedure. One milligram of the original RNA
ibrary was used in the initial selection cycles. Following a brief
ncubation at 75°C in the RNA binding buffer [150 mM NaCl, 20 mM
epes (pH 7.4), 1 mM CaCl2, 1 mM MgCl2], RNA was cooled to room

emperature to make most stable structures before loading onto the
olumn. To prevent enrichment of the nonspecific RNA with an
garose bead binding activity, counter-selection with the agarose
recolumn was performed in each cycle. Flow-through fraction of was
ollected and equilibrated with the sLeX-conjugated agarose bead for
0 min in room temperature. After washing with 50 column volume
f binding buffer, bound RNA was affinity eluted with 10 mM sLeX in
arly selection rounds; after 9 cycles, 4 M NaCl and 100 mM EDTA
as used sequentially to elute bound RNA. Eluted RNA was ex-

racted and concentrated either by ethanol precipitation or by Seph-
dex G50 chromatography. RNA was reverse transcribed by 50 units
f AMV reverse transcriptase (Promega) and amplified by 20 cycles
f PCR. After confirming the PCR products by 2% agarose gel, DNA
as transcribed to RNA by in vitro transcription as described above.
he RNA band of right size was purified by eluting from 6%
olyacrylamide/7 M urea gel and used for the next round of selection.
fter 17 rounds of the selection, RNA was converted to DNA and
mplified by primers containing recognition sites for SacI (in 59
rimer) and BamHI (in 39 primer). Using these restriction sites,
NA sequences were inserted into pBluescriptII-KS and the recom-
238
NA were prepared from 20 different colonies, and sequenced both
ith silver staining sequencing kit (GIBCO BRL) and with auto-
atic sequencer (ABI prism).

Radiolabeled RNA binding assay. Selected RNA was radiola-
eled with 32P to test enrichment of high affinity RNA to sLeX.
pproximately 0.5–1 mg of DNA was incubated in transcription
uffer [50 mM Tris (pH 7.5), 7.5 mM MgCl2, 2 mM spermidine, 10
M NaCl, 100 mM DTT, 500 mM each of rAGCmix, 10 mM rUTP]
ith 30 mCi [a-32P]UTP (800 Ci/mmol), 50 unit of T7 RNA polymer-
se, 20 unit of RNase inhibitor (Promega) at 37°C for 2 h. Reactions
ere then terminated by incubating with 4 units of the RQ1 DNase
t 37°C for 15 min. After extracting with phenol/chloroform/
soamylalcohol, RNA was precipitated with ethanol, resuspended
nd electrophoresed on a 6% polyacrylamide/7 M urea gel. Correct
ize RNA was isolated from the gel and the radioactivity was mea-
ured by the scintillation counter. About 104–105 cpm of labeled RNA
as incubated either with agarose bead or with sLeX-conjugated
garose bead in RNA binding buffer for 30 min in room temperature
s above. Unbound RNA was removed by washing the beads 3–4
imes; bound RNA was eluted from the bead by phenol extraction,
oaded to 6% PAGE/7 M urea gel. The gel was dried and the bound
NA was directly visualized by autoradiography.

Biosensor assay. Biacore 2000 was used for the surface plasmon
esonance experiments. To attach sLeX ligand to the CM5 sensor
hip, surface of the chip was preequilibrated with Hepes and acti-
ated with 0.05 M of N-hydroxysuccinimide (NHS) and 0.2 M of
-ethyl-N9-(dimethylaminopropyl)carbodiimide (EDC) by modifying

arboxymethyl group. After preactivation, sLeX-BSA (12.6 mol sLeX/
ol BSA) solution was injected to one of the flowcell and BSA to the

ther. After immobilization of the ligand, the chip surface was deac-
ivated with 1 M ethanolamine hydrochloride, pH 8.5. After stabiliz-
ng the base line, various concentrations (500, 250, 125, 62, and 31
M) of the original RNA pool, SELEX cycle 17 RNA and cloned RNA
ere injected to measure KD values of these RNA. After each analyte

njection, 10 mM EGTA was used to regenerate the ligand surface.
To test the specificity of selected RNA to sLeX, RNA was immobi-

ized to sensor chip, and various carbohydrates were analyzed for
heir binding to RNA. First, 59-ends of original RNA and the selected
lone 5 RNA were biotinylated with oligonucleotide biotin labeling
it (Amersham Life Science). Biotinylated RNA samples were then
mmobilized to two different flowcells of the streptavidin (SA) sensor
hip. sLeX-specific KM-93 monoclonal antibody and control normal
ouse IgM were also immobilized to the other flowcells for compar-

son. Many different types of carbohydrates, including sialyl Lewis X,
ewis X, sialyl Lewis A, and Lewis A were injected as analytes. At

east five different concentrations of each carbohydrate were injected
o measure binding constants.

Cell adhesion assay. Recombinant soluble E-selectin or P-selec-
in (Calbiochem) was added to the microtiter plate (250 ng/well) in
.05 M NaHCO3 at pH 9.2 (10 mg/ml) and incubated overnight at 4°C.
NF-a activated (10 ng/ml for 20 h) HL60 human promyelocytic

eukemia cells were harvested and suspended to a density of 1 3 106

ells/ml in RNA binding buffer [150 mM NaCl, 10 mM Hepes (pH
.4), 1 mM CaCl2, 1 mM MgCl2]. Fifty microliters of cell suspension
as pipetted into the wells and incubated for 15–30 min at room

emperature. Cells were washed with washing solution (DEPC-
reated 13 PBS, 1 mM CaCl2, 1 mM MgCl2) until no floating cells
ere detected. BSA was also coated to the plate to measure nonspe-

ific bindings. To measure the inhibition of the cell adhesion by RNA
olecules, cells were preincubated with various amounts of the

riginal RNA, the clone 5 RNA and the yeast tRNA for 30 min at
oom temperature and the numbers of adhered cells were measured
s described above. Adhered cells were counted and averaged from
0 different microscopic fields, excluding the highest and the lowest
umbers from each set of data. For each data, duplicate reactions
ere performed.
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ESULTS

election of sLeX-Specific RNA

In order to select the sLeX-specific RNA, the affinity
atrix for the sLeX was prepared by attaching sLeX to

he agarose beads using hydroxyl functionality in the
LeX (Fig. 1A; 23). The 110-mer DNA library was de-
igned to contain random nucleotides in the central 70
ositions flanked by the defined sequences at each end.
7 promoter was placed at the 59 of the random se-
uences for in vitro transcription; various restriction
ites were included at each end for the PCR amplifica-
ion and for the cloning of selected sequences (Fig. 1B).
o remove non-specific RNA binding to the agarose,
NA molecules were first loaded to the agarose precol-

FIG. 1. Sequences and structures of the RNA library and the s
olecule. (B) Sequences of DNA for the Original RNA Library. Rand

he 39-ends that could be used as the PCR primers and the cloning r
ranscription of random RNA. (C) Sequences of the cloned RNA apt
hown for clone 5, are found in 9 independent clones. In Group II, a co
(purine) and N (A or C). Other clones with minor mutations are als

or each sequence.
239
mn and the unbound fraction was loaded to the sLeX-
mmobilized column. After washing the column with
xcess binding buffer, sLeX bound RNA was affinity
luted with the sLeX solution in the early cycles or with
igh salt and EDTA in the later cycles. The eluted RNA
as then reverse transcribed and amplified by PCR for

he next round of the selection. After enriching RNA by
7 cycles of selection, RNA molecules were cloned into
BluescriptII-KS using SacI and BamHI sites in 59-
nd 39-ends, respectively. Specific sequences were en-
iched as shown in Fig. 1C.

elected RNA Binds to sLeX with High Affinity

We evaluated the binding affinity of the selected
NA by two methods. First, RNA was radiolabeled,

cted RNA aptamers. (A) Structures of sialyl Lewis X (sLeX) sugar
70 nucleotides are flanked by the defined sequences at the 59- and
iction sites. The 59 sequences include the T7 RNA promoter for the
ers. Among 15 clones of Group I, highly homologous sequences, as
e of clones were found to have deletions (shown as X). Y (pyrimidine),
own. Numbers in parentheses represent the number of clones found
ele
om

estr
am
upl
o sh
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llowed to bind to the sLeX conjugated agarose bead
nd its binding was visualized by gel electrophoresis
nd autoradiography (Fig. 2). RNA from 17 rounds of
election (SE) binds strongly to the sLeX (sLeX lane),
hile it hardly binds to the agarose bead (B lane),

uggesting that the RNA aptamer specifically binds to
LeX but not to agarose bead itself. In contrast, almost
o original RNA pool (Ori) binds either to the sLeX or to
he agarose bead.

Secondly, the surface plasmon resonance (SPR) mea-
urement was employed to accurately assess the bind-
ng affinities of the selected RNA pool and the cloned
NA aptamers (24). After immobilizing the sLeX-BSA
nd the control BSA into each flowcell of the sensor-
hip, RNA solution was injected to the chip. Selected
NA bound more strongly to sLeX-BSA over to BSA,
uggesting that the selected RNA specifically bound to
LeX portion of the sLeX-BSA, but not to BSA protein.
he binding parameters of many different RNA mole-
ules were determined by injecting six different con-
entrations of RNA (Table 1). Binding affinity of the
elected RNA was increased 1000-fold, up to subnano-
olar scale as compared to the original pool of RNA.

nterestingly, all of the selected clones showed similar
r even better binding affinities to sLeX than the com-
ercially available anti-sLeX antibody KM-93 did. It

uggests that the in vitro RNA selection against the
arbohydrates might generate higher affinity apta-
ers, which could substitute for lower affinity antibod-

es for non-antigenic small molecules.

pecificity of the Selected RNA

Since the clone 5 RNA was found to have the maxi-
um binding affinity, we utilized it as a model

ptamer for testing the specificity. Clone 5 RNA was
mmobilized to the sensor chip and various carbohy-
rates were injected for the SPR measurement. To
mmobilize the RNA molecules without disturbing na-
ive structure, the 59-end of the RNA was biotinylated
nd attached to the streptavidin-coated sensorchip.

FIG. 2. Enrichment of sLeX binding RNA following in vitro se-
ection cycles. Binding assay was performed with the Original RNA
ibrary (Ori) and RNA after 17 cycles of SELEX (SE). RNA was
adiolabeled with [a-32P]UTP and incubated either with sLeX-
onjugated bead (sLeX lanes) or with bead alone (B lanes). After
ashing out nonspecific binding RNA, bound RNA was eluted from

he beads, electrophoresed in 6% PAGE/7 M urea gel and directly
isualized by the autoradiography. In contrast to no detectable bind-
ng of the Ori RNA pool, large amount of SE RNA bound to the sLeX.
240
The KD value of the RNA aptamer for the sLeX-BSA
as much higher than for that of BSA (Table 2), con-
rming the previous result. Binding parameters of the
lone 5 RNA aptamer to various carbohydrates were
lso presented in Table 2. The RNA aptamer tightly
ound to the cognate molecule, sLeX, followed by LeA,
LeA and LeX. Even though the binding affinity to the
LeX is only 5–10 times stronger than similar Lewis
roup sugars, it is 100 times higher than that of the
issimilar sugar, such as the lactose. Above binding
ata suggested that the selected RNA aptamer could
iscriminate the minor differences in carbohydrates,
ith the highest affinity to its cognate sugar, sLeX.

Binding Affinity of the Selected RNA Aptamers to sLeX

RNA ka (1/M sec) kd (1/sec) KA (1/M) KD (M)

riginal pool 2.6 3 104 3.3 3 1023 7.6 3 106 1.3 3 1027

elected pool 2.4 3 105 1.4 3 1023 1.7 3 109 5.8 3 10210

lone 5 1.3 3 105 1.1 3 1025 1.1 3 1010 8.5 3 10211

lone 2 9.8 3 105 7.3 3 1025 1.2 3 109 8.0 3 10210

lone 15 3.5 3 105 8.1 3 1024 4.3 3 108 2.3 3 1029

lone 18 5.1 3 105 2.0 3 1023 2.5 3 108 3.9 3 1029

lone 4 4.1 3 105 3.1 3 1023 1.3 3 108 7.4 3 1029

lone 9 3.5 3 105 3.1 3 1023 9.5 3 107 1.0 3 1028

nti-sLeX Ab 2.5 3 103 1.7 3 1025 1.5 3 108 6.7 3 1029

Note. Binding parameters of the sLeX to the various RNA mole-
ules and the antibody was measured by the SPR technique. sLeX-
SA and BSA were immobilized to different flowcells of biosensor
M5 chip and at least five different concentrations of various RNA
nd antibody were injected to determine kinetic parameters. After
ubtracting background binding to BSA, binding parameters for
LeX-BSA were evaluated using BIA evaluation program. Only the
ata that meet the evaluation criteria are presented here.

TABLE 2

Specificity of the RNA Aptamer

arbohydrates ka (1/M sec) kd (1/sec) KA (1/M) KD (M)

sLeX-BSA 6.4 3 107 3.7 3 1023 1.7 3 1010 5.7 3 10211

BSA 2.2 3 104 2.3 3 1023 9.9 3 106 1.0 3 1027

sLeX 1.7 3 105 5.5 3 1024 3.0 3 108 3.3 3 1029

sLeA 1.2 3 103 1.9 3 1025 5.9 3 107 1.7 3 1028

LeX 6.7 3 102 1.6 3 1025 4.1 3 107 2.4 3 1028

LeA 7.3 3 102 1.0 3 1025 7.2 3 107 1.4 3 1028

Lactose 6.3 3 102 1.8 3 1024 3.4 3 106 2.9 3 1027

Note. Binding parameters of the clone 5 RNA aptamer to sLeX-
elated various sugars as measured by the SPR technique. Clone 5
NA and Original RNA library were biotinylated and immobilized to

he different flowcells of the streptavidin-coated biosensor chip. Var-
ous concentrations of the carbohydrates were injected and the bind-
ng parameters were determined. Specific binding to the clone 5 RNA
ptamer was calculated for each sugar, after subtracting background
inding to the original RNA library. Specificity of RNA aptamer was
lso confirmed by injecting sLeX-BSA or BSA to the immobilized
lone 5 RNA aptamer.
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nhibition of the HL60 Cell Binding
to E- and P-Selectins

Since the selected RNA aptamer binds to sLeX with
igh affinity and specificity, it is presumed to act as a
locking agent for the sLeX-mediated cell adhesion. We
herefore tested whether the clone 5 RNA aptamer
ould inhibit the cell adhesion mediated by the sLeX

nd the selectin proteins. Static microtiter cell adhe-
ion assay was performed by immobilizing recombi-
ant E- or P-selectins on the plate, followed by incu-
ating with sLeX expressing cells on the protein coated
ells. Promyelocytic leukemia cell line HL60 was used

n this study, because the surface of the cell was rich in
LeX, especially after TNF-a treatment (25). The num-
er of HL60 cells that adhered to the E-selectin coated
ells was much higher than that of control BSA-coated
ells, as expected (Fig. 3A). To test whether the RNA
ptamer could specifically inhibit the HL60 adhesion to
he E-selectin by blocking the cell surface sLeX, various
mounts of the clone 5 RNA aptamer were incubated
ith the HL60 cells and allowed to bind to the cell

urface sLeX. As the amount of the RNA aptamer was
ncreased, the adhered cells to the E-selectin coated
lates were significantly reduced. Such inhibitory ef-
ect of the clone 5 RNA aptamer is not resulted from
onspecific binding of the RNA, because the same
mount of tRNA did not reduce the cell adhesion. Con-

FIG. 3. Inhibition of the HL60 cell adhesion to E-selectin and
-selectin. (A) Recombinant soluble E-selectin was coated to the
icrotiter plates and the activated HL60 cells were incubated along
ith various amounts of the clone 5 RNA aptamer or with a control
east tRNA. After washing out nonspecifically bound cells, numbers
f adhered cells were counted. Percentages of the adhered cells were
resented here in comparison to the cells without RNA incubation.
B) Inhibition of the HL60 cell adhesion to the P-selectin was per-
ormed as described above.
241
rol experiments were also performed to confirm the
pecific inhibition of the sLeX mediated cell adhesion.
Similar results were obtained when HL60 cells were

ncubated with P-selectin coated plates (Fig. 3B). Clone
RNA aptamer inhibited cell adhesion, whereas tRNA
id not reduce or even increased the adhesion of HL60
o P-selectin. These results suggest that most of the
nteraction between E- and P-selectin and the sLeX on
he HL60 cells are specific and could be inhibited by
he sLeX binding RNA aptamer. More studies needs to
e done to demonstrate the inhibitory effect of the RNA
ptamer.

ISCUSSION

In this study, we utilized the in vitro RNA selection
ethod to develop novel RNA aptamers to the sLeX

ugar of the cell surface glycoproteins. Selection from a
arge pool of the original random RNA (3.5 3 1014

olecules) resulted in the enrichment of the specific
NA aptamers. Binding affinity was increased about
,000-fold after 17 rounds of iterative selections. Se-
ected RNA aptamer was found to have higher binding
ffinity to its cognate sugar, sLeX and similar Lewis
roup sugars, but much lower affinity to dissimilar
nes.
Large combinatorial pool of RNA could adopt various

onformations that could bind to the target molecules
ith high affinity and specificity (26–28). In vitro se-

ection of the RNA library has been an extremely use-
ul method for isolating high affinity RNA aptamers
gainst various proteins and small molecules (29–32).
ugar molecules could specifically bind to RNA, as
emonstrated by the selection of aminoglycoside bind-
ng RNA aptamers (33–35). Selection of the RNA
ptamers against aminoglycosides could have been rel-
tively easily achieved due to the strong charge-charge
nteractions between protonated amino functionalities
n aminoglycosides and negatively charged phosphate
ackbones in the RNA molecules. However, the inter-
ctions of RNA molecules with the carbohydrates in
he cell surface were rarely studied, in spite of their
otency as therapeutic targets.
Selection of the RNA aptamer that binds to other

eutral sugar, such as the cellobiose unit of cellulose,
as been reported (36). It suggests that carbohydrate-
inding RNA aptamer could be selected, even though it
as relatively low affinity (around 1025 to 1027 M) and
road specificity. In this study, we have shown that the
D of sLeX binding RNA aptamer is around 1029 to
0211 M and it has high specificity for the sLeX related
ugars. To our knowledge, this is the first report on the
election of RNA aptamer that has nanomolar affinity
ith specificity against carbohydrate antigen in cell

urface glycoconjugates.
Selection of RNA and/or DNA aptamer against

-selectin has been previously shown to have an an-
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agonistic effect for the binding (21, 22). Even though
he flow-cell rolling assay needs to be done to directly
emonstrate the inhibition of cell adhesion, the RNA
ptamer against the sLeX sugar was likely act as an
nhibitor for the cell adhesion, as shown in this study.
pecific inhibitors for cell adhesion mediated by selec-
in and sLeX is hoped to be an extremely useful thera-
eutic agents for chronic inflammation and cancer cell
etastasis. High affinity sLeX-specific RNA aptamer

hat we presented in this paper might shed light on the
evelopment of a lead molecule for the cell adhesion
locking anti-inflammatory therapy.
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