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Abstract Particulate microspheres bearing immobilizeckroscopy by using microspheres large enough to be visu-
probes can be used to identify ligands expressed by calized. This approach has not, however, gained wide ac-
and require only brightfield microscopy for detectiorceptance for histological and other studies, possibly due
There are distinct advantages to using microspheregaahe established utility of histochemical and fluores-
detect low affinity interactions; microspheres require rm@nce techniques that utilize soluble probes coupled with
secondary amplification or detection procedures subsewide range of secondary signal amplification and de-
quent to the binding interaction, reducing opportunitiésction methods.
for detachment of bound probe, and concentrating probesThe use of microspheres to demonstrate receptor-li-
on microspheres may greatly increase binding avidigand interactions may, however, offer distinct advantages
Selectin leukocyte-endothelial adhesion molecules un-detecting low affinity interactions. These may be diffi-
dergo low affinity binding to ligands, and these interacult to detect using established techniques that require
tions may be difficult to detect with standard techniquesultiple washes and incubations, during which non-avid-
The aim of this study was to determine if immobilizinty bound probe may detach. Using a microsphere-bound
recombinant L-Selectin on microspheres would facilitateceptor eliminates this problem, as no signal amplifica-
detection of specific tissue ligands. Microspheres weien or detection steps are required; binding is assessed
incubated with sections of rabbit peripheral lymph nodéter a single brief wash to remove unbound micro-
in a modified Stamper-Woodruff assay, and binding wapheres. Immobilizing probes on microspheres may also
assessed by brightfield microscopy. L-Selectin-IgG nfacilitate detection by greatly increasing binding avidity
crospheres bound to high endothelial venules, knowntlhoough local increases in probe concentration (Harlow
be sites of expression for L-Selectin ligands. Specificiand Lane 1988).
was indicated by the lack of binding of microspheres The selectins are a three-member gene family of leu-
coated with control protein, and inhibition of binding biocyte-endothelial adhesion molecules (E-, L-, and P-Se-
antibody to L-Selectin and by competitive antagonists lettin) (Bevilacqua and Nelson 1993). Observations of
L-Selectin ligand interactior: . leukocyte-endothelial interactions in in vitro, ex vivo,
and in vivo models indicate that selectin-mediated inter-
actions are responsible for an initial low affinity interac-
Introduction tion, which results in the slowing of flow of leukocytes

) ) ) - o over microvascular endothelium (von Andrian et al.
Microspheres bearing immobilized antibodies can h€91: Lawrence and Springer 1991; Ley et al 1991). Se-
used to indicate the presence of antigen expressing qeldsin affinity has been estimated to be in the relatively
(Gordon et al. 1977, Mirro et al. 1981) Similar StUdiq@W, mM—ll range (DeFreeS et al. 1995; Green et al.
have also used microspheres to identify other types of1lb95) based on studies with inhibitors of binding. Other
gand-receptor interactions, such as between hormogggesion molecules such as integrins are responsible for
and their cell surface receptors (Soda and Tavasgré subsequent high avidity adhesion that immobilizes
1983). This method requires minimal technology, améukocytes prior to endothelial transmigration (Lawrence
can be readily performed with standard brightfield mimd Springer 1991).

L-Selectin is constitutively expressed by all circulat-

éé';é’ﬁ%geh&fwi'm'\gfr?'éf@dicine ing leukocytes and binds to ligands expressed on vascu-
University of Michigan Medical §chool, Kresge | Building, Ilagl;BF,‘?ndoBth?IIumL(lgalllmqnn etal. 1991;. L%W|n30hn elt al.'
Room 4570, Ann Arbor, Michigan 48109-0531, USA ). Before L-Selectin was recognized as a selectin

Tel. +1 313-936-3257; Fax +1 313-763-2125 gene family member, it had been identified as a lympho-
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cyte homing receptor, responsible for the adhesion AGfT TAC CAT TAT TCT GAA AAA CC-3. Two oligonucleotide
lymphocytes to lymph node high endothelial venul@gmers for the antisense strand were utilized sequentially for PCR
; rder to add additional sequence to the downstream region, en-
(HEV) (ROS‘?” 1993). HEV express at least three I'gaﬁging an in-frame heart muscle kinase target site (inserted to fa-
for L-Selectin, glyCAM-1 (Lasky et al. 1992), CD34%ijitate radiolabeling with#2P, but not utilized in this study), fol-
(Baumhueter et al. 1993), and MadCam-1 (Berg et lalved by aBanHI restriction site for ligation into the plasmid

1993). These molecules are all mucin-like glycoproteiuéctor. The first antisense strand oligonucleotide primer had the
quence 'BACG ACG ACC TAC AGA TGC ACG TCG GGG

that express functionally critical sulfated and sialylat%&rT A GTG ACC GTC TE-8 The setond anticense sirand ol
carbohydrate structures that bind to the amino-terminglcieotide primer had the sequenceT&T GTG CGG ATC

lectin domain of L-Selectin. CAC TGA TGC TCG ACG ACC TAC AGA TGC ACG TC-3
Identification of L-Selectin ligand binding in tissue®CR was initially performed with the sense strand oligonucleotide
has usually been performed by utilizing recombinant s@d the first antisense strand oligonucleotide. The PCR product

. . as recovered by agarose gel electrophoresis and electroelution,
uble forms of L-Selectin as affinity probes, followed band was used as the template for a second round of PCR, using the

secondary signal amplification and detection techniqugsne sense strand oligonucleotide and the second antisense strand
(Watson et al. 1990). Binding may be difficult to deteotigonucleotide. The PCR product was recovered and digested
by this method, possibly due to the intrinsically low afvith restriction enzymedlhd and BanH| for ligation into plas-

L _ T ; : id vector pcDNA3 (Invitrogen, San Diego, Calif.) into which the
finity character of the L-Selectin-ligand interaction. /?DNA for the signal peptide of CD5, and part of the constant re-

variety of techniques have been used to facilitate detggn of the heavy chain of human Ig@inge, CH2, CH3 region
tion of binding, including engineering polyvalent formsxons) had been ligated (Aruffo et al. 1990; Shao et al. 1994). Di-
of L-Selectin, and chemical modification of the native |pestion of this plasmid wittNhd and BanHl allowed the con-

i idati uct to be ligated in-frame downstream from sequence encoding
gand by periodate oxidation (Norgard et al. 1993). Whﬁnge signal peptide of CD5 and upstream from sequence encoding

ligand modification facilitates detection, it raises quegyg heavy chain of human IgGThe fusion protein expressed by
tions about the functional relevance of the native unmagis construct was named L-Selectin-IgG.

ified structures. A previous study used recombinant
mouse L-Selectin conjugated to colloidal gold to identi )
mouse HEV ligands; however, a secondary enhancenfefit culture and transfection

procedure was required to detect binding at the light iy celis are a permanent line of human embryonal kidney cells

croscopic level with this method (Kikuta and Rose&fansformed by sheared human adenovirus type 5 (CRL1573,

1994). American Type Culture Collection, Rockville, Md.). Cells were
In order to study the pathobiology of L-Selectin igrown in Dulbecco’s modified Eagle’s medium containing 10% fe-

. . . . tal bovine serum, 100 U/ml penicillin, and 10g/ml streptomy-
rabbit models of inflammation, we wanted to identif in (all from Gibco BRL, Gaithersburg, Md.). Cells were transfec-

cells expressing L-Selectin ligands. Initially, a recombied by calcium phosphate coprecipitation (Opipari et al. 1992) and
nant bivalent form of rabbit L-Selectin was used as a sabture supernatant was collected after 72 h. The supernatant was
uble affinity probe, and was combined with a standat@rified by centrifugation, and stored at —80°C.

immuno-enzymatic technique for signal amplification

and detec.tlon' With this approach, no speC|f|c. signal Winobilization of L-Selectin on microspheres

detected in lymph node HEV, an expected site of L-se-

lectin ligand expression. In contrast, after the same prépt0-ml aliquot of culture supernatant from cells transfected with
aration of L-Selectin was immobilized on microspheré@e L-Selectin-IgG construct was mixed in a rotator for 2 h at 4°C

L hindi ; ith 10 pl blue-dyed polystyrene microspheres bearing covalently
and used as a probe, specific binding was readily det%%tlnd protein A, a staphylococcal-derived peptide that binds avid-

ed. This simple and practical technique enabled detgGy the Fc region of human IgG (Polysciences, Warrington, Pa.).
tion, histological localization, and quantitative assesSentrol microspheres were prepared by similar incubation with 10
ment of L-Selectin ligand expression in lymph nod&/ml normal human IgG (Sigma, St. Louis, Mo.) diluted in cul-

HEV. This strategy may also be useful to facilitate th@e supernatant from non-transfected cells. Microspheres were

. g - . sédimented by centrifugation at 2§0and unbound material re-
detection of other low affinity receptor-ligand interaGyoved by washing 3 times with 10 mi phosphate-buffered saline

tions In tissues. (PBS, Gibco). Unless otherwise stated, PBS contained both calci-
um and magnesium. Coated microspheres were kept at 4°C until
used. The amount of protein immobilized on the microspheres was
quantitated after eluting bound protein from microspheres by boil-

Materials and methods ing in 1% SDS; 3.2 fg of L-Selectin-lgG and 3.6 fg of IgG were
bound per microsphere. Microsphere-immobilized L-Selectin-IgG
Recombinant L-Selectin was deglycosylated by incubation with 2210 of PNGaseF (New

England Biolabs, Beverly, Mass.) in p0of 50 mM sodium phos-
The rabbit L-Selectin c¢cDNA (GenBank accession numbeghate pH 7.5, 1% Nonidet P-40 (Sigma), for 1 h at 37°C.
U26535) was cloned from a rabbit cDNA library (Qian et al.
1996). The polymerase chain reaction (PCR) was utilized to am-
plify the region from the commencement of the mature translatédtibodies
peptide to the beginning of theansmembrane domain, nucleo-
tides 269-1153. Additional nucleotides were included in the sersatibodies to rabbit L-Selectin were generated against recombi-
strand oligonucleotide to provide an upstradhd restriction site, nant L-Selectin expressed Escherichia coli using the plasmid
enabling ligation in-frame with the signal peptide of CD5 alreadsector pGEX-KT (Hakes and Dixon 1992). Expressed protein did
cloned into the plasmid vector. The sense strand oligonucleotid# contain any immunoglobulin sequence. A monoclonal, IgG
primer sequence was-6CG CGG CTG CGG CTA GCG TGG antibody was generated from immunized mice and used for west-
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ern blotting experiments. Polyclonal antibody was generated from To assess the ability of inhibitors of selectin interactions to
immunized chickens, immunoglobulin was purified from egglock L-Selectin-lgG microsphere binding to HEV, these reagents
yolks, and used for function-blocking experiments. Antibody reesere co-incubated with microspheres during the binding assay.
ognition of native rabbit L-Selectin was validated by flow cytomezation dependence was tested by comparing binding in PBS with
try analysis of specific binding to fresh rabbit leukocytes armhlcium and magnesium (0.1 g/l CaQ0.1 g/l MgC},-6H,0), to
western blotting of rabbit leukocyte lysates. binding in calcium- and magnesium-free PBS supplemented with
10 mM EDTA. Polyclonal chicken antibody to rabbit L-Selectin
and control normal chicken IgY (Lampire Biological Laboratories,
Western blotting Pipersville, Pa.) were used at 1 mg/ml, phosphomannan core
monoester (PPME, gift of C. R. Parish, Australian National Uni-
Culture supernatants or microspheres were boiled in sample buffisity) was used at J6g/ml, and the concentration of sulfatides
containing 2% SDS, resolved by 5% or 10% sodium dodecyl s(ffigma) applied was 1Q@g/ml.
fate polyacrylamide gel electrophoresis (SDS-PAGE) using a Lae-
mmli buffer system (Laemmli 1970), and electro-transferred to ni- ) )
trocellulose membrane (Schleicher and Scheull, Keene, N,Hrg],munohlstochemlstry
Membranes were blocked with 5% non-fat dry milk in TRIS-buf- ) ) o
fered saline (TBS: 0.15 M NaCl, 20 mM TRIS, pH 7.6). Humahnmunohistochemical assessment of binding of soluble L-Selec-
IgG epitopes were detected by incubating membranes with perdil=lgG to lymph node sections was carried out exactly according
dase-conjugated goat antibody to human 1gG (BioRad, Hercul®sthe manufacturer's instructions (Vector Laboratories, ABC-AP
Calif.), diluted 1/10 000 in blocking solution, for 1 h at room tenkit), using lymph node sections prepared as described above. L-
perature. After washing, antibody binding was detected using @@lectin-lgG and control human 19gG were applied at concentra-
enhanced chemiluminescence kit (Amersham, Arlington Heighti&ns from 1 to 2Qug/ml. Goat antibody to rabbit thrombomodulin
Ill.). L-Selectin epitopes were detected by incubating membrar{@#ft of N. Esmon, Oklahoma Medical Research Foundation) binds
with 0.5 ug/ml mouse monoclonal antibody to rabbit L-Selectidascular endothelial cells and was used as a positive control to
for 1 h at room temperature, followed by goat antibody to mouientify the lymph node microvasculature, and to validate the im-
IgG (BioRad) diluted 1/10 000 for 1 h at room temperature, afeginohistochemistry test reagents. Purified immunoglobulin ap-
antibody binding was detected as above. In all experiments conglégd at 1pg/ml provided optimal tissue staining.
blots were probed with normal mouse lg@igma).

. ) Results
Tissue preparation

Adult outbred 3-kg New Zealand White rabbits of either gendEXpression of recombinant soluble L-Selectin-IgG
were maintained by the University of Michigan Unit for Laborato-
ry Animal Medicine in accordance with a protocol approved byhe protein coding region of rabbit L-Selectin was sub-

the Committee on Use and Care of animals. Lymph nodes w oA ; ; ; _
dissected from the axillae and anterior cervical chain of rabb?trsned as an amino-terminal fusion with part of the con

immediately following euthanasia. Tissue was snap-frozen in tﬁfant region of the heavy chain of human IgG. Recombi-
sue freezing medium (Fisher Scientific, Pittsburgh, Pa.) in subtiant L-Selectin-IgG was identified by western blotting in
mated isopentane, |8 sections cut in a cryostat, adhered teulture supernatants 72 h following transfection of 293
ProbeOn Plus microscope slides (Fisher Scientific), and store¢gfis. Figure 1a demonstrates the results of resolving cul-
—80°C until used. ture supernatants by 10% SDS-PAGE in reducing condi-
tions, followed by blotting with antibodies to rabbit L-
Binding assay Selectin and human IgG; the results indicate that trans-
fection is associated with secretion of a protein of mole-

Tissue sections were thawed and allowed to air dry in ambi i x i Wl -
conditions for 2 h. Microspheres were diluted to 0.125% v/v %Enl'ﬂar weight 8.1x19Da expressing both rabbit L-Selec

PBS and applied over the tissue in a total volume ofl08olu- tih and human I9G epitopes. Western_blottlng of non-
tion was retained in place by outlining the area of the tissue s#@nsfected culture supernatant with antibody to L-Selec-
tion with a hydrophobic marker. Sections were incubated ontia did not identify any protein band, and probing dupli-

platform rotating with a 75-mm diameter circular moment in ggte blots with normal control immunoglobulins was also

horizontal plane at 60 rpm for 60 min at 10°C (Belly Dancer rotat- : B _
ing platform, Stovall Life Science, Greensboro, N.C.). The mic?g'-ega“ve (not shown). PAGE performed under non-reduc

sphere-containing solution was allowed to drain briefly from tHBg conditions in 5% polyacrylamide gels, followed by
sections onto blotting paper, placed vertically into a staining jatestern blotting with antibody to human IgG, resulted in
containing 4% glutaraldehyde in 0.1 M cacodylate buffer (Elepientification of a predominant peptide with molecular

tron Microscopy Sciences, Fort Washington, Pa.), and fixed ovgrz: ; st .
night at 4°C. In preliminary experiments, we found that this initig\’elght 1-6"19 Da (Fig. 1b), indicating that the .recombl
chemical fixation was important to stabilize the specific micrélant L-Selectin-IgG was secreted as a homodimer, as ex-
sphere-tissue interaction and it did not result in any increasepiacted for a molecule incorporating disulfide-linked IgG
non-specific binding. Slides were washed twice by dipping vertieavy chain determinants.

cally through an air-fluid interface into PBS, stained with nuclear i - in-
fast red (Vector Laboratories, Burlingame, Calif.), and cove, The peptide sequence of the L-Selectin-IgG construct

slipped using aqueous mountant for microscopic observati'éﬁs, a predicted mOIeCUIa,r weight O,f_6'0_44<m' indi-
(Gel/Mount, Biomeda, Foster City, Calif.). Sections were asses&&fing that a post-translational modification such as gly-
using brightfield illumination. Microsphere contrast was optieosylation had occurred to account for the additional mo-

mized by using the condenser to focus the light slightly below theylar weight observed. To investigate this, L-Selectin-

tissue plane. For quantitative analysis, a minimum of 20 individ ; :
HEV structures in three tissue sections were assessed for num % was treated with the endoglycosidase, PNGaseF,

of associated microspheres. Results were expressed as frequéfigh cleaves all classes dfi-linked carbohydrate
histograms, with ten-microsphere frequency intervals. chains at the peptide-carbohydrate linkage (Elder and
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a b vascular color development (not shown). In addition, the
1 2 3 4 1 secondary antibody and all other immunohistochemistry
203 — reagents were successfully used to detect specific bind-
203 — ing of another IgG chimera recombinant soluble receptor
135 — protein to cultured endothelial cells. Thus, all detection
. reagents used were validated in other systems.
81 ™ 135 — Microsphere binding to lymph node HEV
- The method used by Stamper and Woodruff (1976) to as-
sess binding of lymphocytes to HEV was adapted for
binding of microspheres to HEV in lymph node sections.
- Incubation of microspheres over tissue sections with
44 — g1 — W constant rotation generated binding of L-Selectin-1gG

microspheres to HEV, with minimal non-specific bind-
ing. Figure 2 presents photomicrographs of lymph node
sections exposed to L-Selectin-IgG or control IgG mi-
crospheres. Figure 2a depicts L-Selectin-lgG micro-
spheres bound to the surface of an HEV, seen in longitu-
dinal section; Fig. 2b demonstrates that in an HEV from
a section exposed to control IgG microspheres, none are
Fig. 1a, b Western blotting analysis of recombinant L-Selectimyound. Figure 2c is a lower power view of L-Selectin-
IgG. a Culture supernatants (5d) from 293 cells were electro-%%; microspheres bound to the same longitudinally sec-
|

phoresed through 10% SDS-PAGE gels in reducing conditions A e

western blottedLane 1Untransfected 293 cells probed with antitioned HEV presented in Fig. 2a; it demonstrates that the
body to L-SelectinLane 2293 cells transfected with L-Selectin-microspheres are bound only in the vicinity of the HEV
IgG cDNA, and probed with antibody to L-Selectlrane 3293 and not to surrounding cells. Figure 2d demonstrates L-

cells transfected with L-Selectin-IgG cDNA, and probed with an i i ;
body to human IgGLane 4L-Selectin-IgG captured from culturetselecnn IgG microspheres bound to an HEV seen in

supernatant by binding to protein A microspheres, treated withoSS Section; Fig. 2e demonstrates that in a serial sec-
PNGaseF before electrophoresis, and probed with antibody totion of the same HEV exposed to control 1gG micro-
Selectin. Numbers at thieft refer to the position of molecular spheres, none are bound.

weight markers (x18 Da). b Lane 1Culture supernatant (50/) Quantitative data were obtained by counting numbers

from 293 cells transfected with L-Selectin-lgG cDNA, electrophgz . T
resed through a 5% polyacrylamide gel in non-reducing con(é]i microspheres bound per individual HEV, and the re-

tions, and western blotted with antibody to human IgG. Numbélts were expressed as frequency histograms. Figure 3
at the left refer to the position of molecular weight markershows the frequency distribution of binding of L-Selec-

(x103Da) tin-IgG microspheres to HEV, compared with binding of
control IgG microspheres, and confirms that HEV bind-
ing occurs only with L-Selectin-lgG microspheres.

Alexander 1982). Fig. 1la demonstrates that digestion of

L-Selectin-IgG with PNGaseF caused a reduction in mo-

lecular weight from 8.1x¥0 Da to the predicted Inhibition of binding

6x10* Da, indicating that the entire difference in molecu-

lar weight was due th-linked glycosylation. Selectin-ligand interactions are cation-dependent. To fur-
ther evaluate the specificity of the interaction of L-Selec-
tin-lgG microspheres and HEV ligands, the cation de-

L-Selectin-IgG immunohistochemistry pendence of binding was examined. Microsphere binding
to HEV in calcium- and magnesium-containing buffer

In initial experiments, the soluble L-Selectin-lgG wasas compared with binding in cation-free buffer supple-

used in combination with a standard immunohistochemiented with the cation chelator, EDTA. The results are

cal signal amplification technique for detection of tissuexpressed as frequency histograms of microspheres per
ligand binding; these experiments failed to display aMEV, and indicate that the L-Selectin-lgG microsphere
convincing positive signal (not shown). The techniqueteraction with HEV is cation-dependent (Fig. 4a).
chosen required sequential binding of a biotinylated sec-A polyclonal chicken antibody to rabbit L-Selectin
ondary antibody, a complex of avidin-biotin-alkalingvas used to confirm that HEV binding was dependent on
phosphatase, and color development with an insolubkSelectin epitopes. This antibody was generated against
chromogen. This procedure was validated by testing fookaryotic recombinant L-Selectin lacking any human
detection of thrombomodulin, using adjacent tissue sé@mmunoglobulin sequence; it binds to native and recom-
tions incubated with an antibody to rabbit thromiinant rabbit L-Selectin, but not to rabbit endothelial
omodulin; these assays demonstrated the expected pefis activated to express E- or P-Selectin. L-Selectin-
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Fig. 2a—e Photomicrographs of sections of rabbit peripheral 16
lymph node demonstrating specific microsphere binding to high a — Il L-Selectin
endothelial venules (HEV). Sections were exposed to micro- S 14
spheres coated with L-Selectin-IgG or control human IgG, fixed 2 12.] [] IgG
and washed, and counterstained with nuclear fast red before obser- 9]
vation under brightfield illuminationa L-Selectin-IgG micro- & 104
spheres bound to the surface of an HEV cut in longitudinal section S
(x320).b HEV cut in longitudinal section, and exposed to control > 8+
IgG microspheres (x400). There is no microsphere bindirg. 0 5
Selectin-IgG microspheres bound to the surface of the same HEV w
as ina at lower magnification (x120), demonstrating the lack of ; 44
microsphere binding to non-HEV celld. L-Selectin-IgG micro- w5
spheres bound to an HEV cut in cross section (x368grial sec- T T
tion of same HEV illustrated id exposed to control IgG micro- 0 |
spheres (x360). There is no microsphere binding to HEV or other 0-10 11-20 21-30 31-40 41-50 >50
cells
Microspheres / HEV

1aG mi h . bated with | chick | g. 3 Frequency histogram comparing numbers of L-Selectin-
gG microspheres incubatea with normal chicken IgyG and control 1gG microspheres bound per peripheral lymph
displayed the expected HEV binding, while L-Selectimode HEV. Sixteen randomly chosen HEV structures in three tis-

IgG microspheres incubated with antibody to L-Selecte sections incubated with L-Selectin IgG microspheres and 15
did not bind HEV (Fig. 4b) HEV in three tissue sections incubated with control IgG micro-
; . c . T spheres were assessed for numbers of bound microspheres. Re-
The HEV ligands for L-Selectin are mucin-like glycoéults were expressed as frequency histograms, with ten-micro-

proteins that express functionally critical sulfate, fucosgere frequency intervalsbscissaFrequency groups for number
and sialic acid moieties (Rosen 1993). Sulfated, foef-microspheres found associated with each HEMinate Num-
cosylated, and sialylated macromolecules have been yzf HEV in each frequency grougolid columns.-Selectin-
as competitive antagonists of L-Selectin binding to 4G microspheresypen columnsontrol IgG microsphere:s
gands (Lewinsohn et al. 1987; Suzuki et al. 1993; Yosh-

ida et al. 1994), presumably mimicking crucial charac-

teristics of the natural ligands. Two of these molecules,
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Microspheres / HEV

sphere binding to peripheral lymph node HEV, expressed as gnspheres enabled consistent detection of a L-Selectin-
quency histograms of numbers of microspheres bound per H

Three serial lymph node sections were incubated with L-Selec -ec'f'_c 'r_‘te_rac“on W'th HEV. . .

IgG microspheres, and replicates incubated with L-Selectin-lgg While it is not possible to manipulate receptor-ligand
microspheres in the presence of inhibitor. A minimum of 20 ind&ffinity, it is possible to modulate the avidity of receptor-
vidual HEV structures in three sections were assessed for numiigyand interactions. Avidity is defined as the overall sta-

of associated microspheres. Results were expressed as frequ ; ; ;
histograms. with ten-microsphere frequency intervalbscissa Bty of an interaction, and relates to factors that include

Frequency groups for number of microspheres found associa@fnity, but it is also markedly influenced by local con-
with each HEV.Ordinate Number of HEV in each frequencycentrations of probe and the possibility of multivalent

group. a Cation requirement. L-Selectin-IgG microspheres inclpinding. Low affinity interactions may be prone to disso-

bated over lymph node sections in cation-containing buf@lid ~iatinn- ; ;
columng, and cation-free buffer with EDTAopen columns b L- ciation; however, a high local concentration of receptor

Selectin antibody. L-Selectin-lgG microspheres incubated olBcreases the chance that any dissociated ligand will im-
sections in the presence of polyclonal chicken antibody to rapfiediately rebind to a neighboring receptor. Immobiliz-
L-Selectin ppen columnsor with control chicken IgY<olid col- ing the bivalent recombinant L-Selectin-lgG probe on
umng. ¢ Phosphomannan core monoester (PPME). L-Selectin-Igfsicrospheres generated high local concentrations of L-

microspheres incubated over sections in the presemn (col- . . - .
umng or absencesplid columny of PPME.d Sulfatides. L-Selec- Selectin, which essentially acted as a trap to hold the li-

tin-lgG microspheres incubated over sections in the prese@@nd to the solid phase. Further, tham-diameter mi-
(open columnjsor absencesplid column} of sulfatide: crospheres were large enough to be resolved by standard

brightfield light microscopy; thus, the signal amplifica-

tion and detection steps, which are components of most
PPME, and sulfatides were found to significantly inhibitnmunohistochemical protocols, were not required.
binding of L-Selectin-lgG microspheres to HEWIhese steps entail multiple prolonged washes and incu-
(Fig. 4c, d). bations in the absence of free probe, which in the case of
a low affinity interaction might result in detachment of
bound probe and loss of signal.
Discussion L-Selectin-IgG was coupled to microspheres by bind-

ing its carboxy-terminal Fc region to protein A, which
Our data demonstrate that L-Selectin-lgG microsphetesd previously been covalently immobilized on the sur-
can be used to identify cells expressing L-Selectin face of the microspheres. This allowed the amino-termi-
gands in tissue sections. Initial experiments using a salal L-Selectin domains to be uniformly directed exter-
ble recombinant form of L-Selectin and a standard imally, optimizing opportunities for ligand binding. The
munohistochemical technique failed to demonstrate ghtein A-Fc interaction is of such high affinity that it is
expected binding to lymph node HEV, possibly due &ssentially non-dissociable under physiological condi-
the low affinity binding of rabbit L-Selectin to its li-tions (Goding 1978). Thus, coupling did not require any

Fig. 4a—d Effect of selectin inhibitors on L-Selectin-lgG microg}nds_ In contrast, immobilization of L-Selectin on mi-
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chemical crosslinking procedure involving the L-Sele®eFrees SA, Kosch W, Way W, Paulson JC, Sabesan A, Halcomb

tin-lgG molecule, which could have affected ligand bind- Ri't-ib;"é?/”lg_gé'l*éc't?':‘_igvr\:?h\eﬂsi\gloi?]%ig;&&s&@ﬂ;@;@ggﬁ%lr-_
ing. The same protein A microspheres could also be usecﬂmtional analysis of bivalent‘sialyl lewis x an,alogs. J Am

to detect tissue antigens by binding to any antibody with chem Soc 117:66—-79
a suitable Fc region. Alternatively, any antibody could I&der JH, Alexander S (1982) Endo-béteacetylglucosaminidase
directionally immobilized, through anti-immunoglobu- F: endoglycosidase fronfrlavobacterium meningosepticum

: ; " : that cleaves both high-mannose and complex glycoproteins.
lins bound to microspheres. In addition, a wide range of 5 0. (20" x2S USA 79:4540-4544

alternative coupling techniques are available from sufsding Jw (1978) Use of staphylococcal protein A as an immu-
pliers of microspheres, and essentially any soluble re-nological reagent. J Immunol Methods 20:241-253

combinant protein probe could be immobilized on mordon IL, Drgye{_fWJt,_ YenfSPS,_ RegbalémTA (ﬁ97b7) Light mi-f

H H inlei croscope identirication or murine an cells by means o

crospheres by dlr(.eCt.Chemlcal CrOSS“n.kmg' . functional polymeric microspheres. Cell Immunol 28:307—
Microsphere binding can be readily quantitated by 354

counting numbers of microspheres per target struct@g@en PJ, Yuen C-T, Childs RA, Chai W, Miyasaka M, Lemoine

and we have demonstrated that frequency histograms alR, Lubineau A, Smith B, Ueno H, Nicolaou KC, Feizi T

low the effects of interventions to be compared. Fluoro- (1995) Further studies of the binding specificity of the leuko-

: . : cyte adhesion molecule, L-Selectin, towards sulphated oligo-
chrome-impregnated microspheres are available andsaccharides - suggestion of a link between the selectin- and the

could be utilized for operator-independent morphomet- integrin-mediated lymphocyte adhesion systems. Glycobiolo-

rics. gy 5:29-38 _ _
Relatively large microspheres [n-diameter) were Hakes DJ, Dixon JE (1992) New vectors for high level expression

utilized in this study to allow detection by brightfield mi- of recombinant proteins in bacteria. Anal Biochem 202:293—

croscopy. This may have limited detection sensitivity dygjimann R, Jutila MA, Smith CW, Anderson DC, Kishimoto TK,
to failure to penetrate below the surface of the sectionedButcher EC (1991) The peripheral lymph node homing recep-

tissue. It is possible that the use of smaller particles, in-tor, LECAM-1, is involved in CD18-independent adhesion of

; il _ human neutrophils to endothelium. Biochem Biophys Res
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tection, would _Iead to even gre'ater SEDSItIVIty. . Harlow E, Lane D (1988) Antibody-antigen interactions. In: Anti-
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use of receptor-immobilized microspheres, in addition 685
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tin interactions with tissue ligands, may well be a sensi- thelial ligand for L-selectin is a novel mucin-like molecule.
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