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Elevated serum concentrations of soluble selectin and immunoglobulin
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Abstract: Adhesion molecules mediate the extravasa-
tion of leukocytes and their accumulation in inflamed
tissues. In the present study, serum concentrations of
the selectin (sP- and sE-selectin) and immunoglobulin
supergene family (sSICAM-1 and sVCAM-1) of adhe-
sion molecules were measured in 93 patients with in-
flammatory bowel disease (Crohn’s disease, n = 65;
ulcerative colitis, » = 28) and 58 age-matched normal
controls. sP-selectin serum concentrations (mean *
SEM ng/ml) of patients with Crohn’s disease (399 *
33ng/ml) and ulcerative colitis (385 = 42ng/ml) were
increased (P = 0.0067 and P = 0.0193, respectively)
compared to controls (251 * 33ng/ml). In contrast, E-
selectin serum levels of patients with Crohn’s disease
(58 = 5ng/ml) and ulcerative colitis (64 * 12ng/ml)
were not significantly higher than those of controls (53
*+ 5ng/ml). SICAM-1 serum concentrations of patients
with Crohn’s disease (420 * 19ng/ml) and those with
ulcerative colitis (375 = 40ng/mi) were elevated (P =
0.0001 and P = 0.0473, respectively) compared to con-
trols (297 = 8ng/ml). Further, sVCAM-1 levels of
patients with Crohn’s disease (664 * 43ng/ml) and ul-
cerative colitis (963 * 162ng/ml) were increased (P =
0.0222 and P = 0.0121, respectively) compared to con-
trols (510 *+ 31 ng/ml). With few exceptions, serum lev-
els of soluble adhesion molecules were not significantly
correlated to disease activity indices or disease localiza-
tion. Flevated circulating selectin and immunoglobulin
supergene type adhesion molecules may compete
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with membrane-bound forms for their cognate ligands
and thereby limit the rolling and stable adhesion of
leukocytes.
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Introduction

Inflammatory bowel disease (IBD) is characterized
by the infiltration of inflammatory cells, including
monocytes, neutrophils, and lymphocytes. Migration
of leukocytes into tissues is a central event in the in-
flammatory response. This migration is mediated by
adhesion molecules, which can be divided into three
groups according to their structural characteristics: the
immunoglobulin supergene family, the integrin family
of non-covalently linked variable a and 3 heterodimers,
and the selectin family.3

Intercellular adhesion molecule-1 (ICAM-1, or
CD54) and vascular adhesion molecule-1 (VCAM-1,
also known as INCAM-110, or CD106) are glycopro-
teins of the immunoglobulin supergene familiy of ad-
hesion molecules. ICAM-1 is constitutively expressed
on fibroblasts, leukocytes, endothelial and epithelial
cells, and many tumor cells, and its pression can be
upregulated by cytokines such as interleukin (IL) 1-8,
tumor necrosis factor (TNF)-o, or interferon (IFN)-
vi45 as described for lymphocytes, endothelial cells,
fibroblasts, biliary epithelial cells, and hepatocytes.
ICAM-1 plays a role in adhesion of leukocytes through
the B2 (CD18) ligands LFA-1 (CD11a) and Mac-1
(CD11b)*7 and mediates transendothelial migration of
neutrophils and eosinophils.l” Compared to ICAM-1,
the expression of VCAM-1 is more limited. It is
found on endothelium and dendritic cells.!*®* VCAM-1
interacts with the integrin ligand very late activation



M. Goke et al.: Soluble adhesion molecules in IBD

antigen-4 (VLA-4 = o,p,) and is involved in adhesion of
monocytes, lymphocytes, and eosinophils to activated
endothelium.!11-14

E-selectin (formerly ELAM-1 or LECAM-2) and
P-selectin (also known as GMP-140, CD62, LECAM-
3, or PADGEM) are transmembrane cell surface
glycoproteins of the selectin class of adhesion mol-
ecules.! 31518 E-selectin is expressed on cytokine-stimu-
lated vascular endothelium and mediates the adherence
of neutrophils, monocytes, and a subpopulation of
memory T-cells to activated endothelium,?315161920
Known ligands for E-selectin include the sialyl
Lewis* antigen, Lewis® antigen, related fucosylated
N-acetyl-lactosamines, the recently described high af-
finity ligand E-selectin ligand-1, and also the P-selectin
glycoprotein ligand-1 on circulating white blood cells
and on certain tumor cells.>>#-* P-selectin is present
in the a-granules of platelets and Weibel-Palade bodies
of endothelial cells.'1825 After stimulation with throm-
bin, histamine, or leukotrienes, P-selectin is translo-
cated to the cell surface within minutes and mediates
adhesion of neutrophils and monocytes to activated
platelets and endothelial cells.*3?62 Ljgands for P-
selectin are, in part, the same as those for E-
selectin.2?2429-31

While selectins (L-, P, and E-selectins) are thought to
control the initial attachment and rolling of leukocytes,
integrins and immunoglobulin supergene family adhe-
sion molecules mediate stable adhesion to the endothe-
lium and extravasation.!-330-32
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In recent years, soluble forms of several adhe-
sion molecules, including sICAM-1/2, sVCAM-1, sE-
selectin, and sP-selectin, have been identified in human
serum or plasma.** Elevated serum concentrations of
circulating adhesion receptors have been described in
inflammatory, infectious, and malignant diseases.’»* In-
creased expression of adhesion molecules in the in-
flamed intestine may lead to elevated serum levels of
these molecules, which, conversely, may compete with
membrane-bound forms for binding to their cognate
ligands, thereby modulating leukocyte migration. Mea-
surement of these soluble receptors might permit
monitoring of inflammatory diseases such as IBD and
improve understanding of their immunopathogenesis.
Therefore, it was the objective of this study to measure
these circulating adhesion molecules in sera of patients
with Crohn’s disease (CD) and ulcerative colitis (UC) in
comparison to healthy (normal) controls and evaluate
correlations between serum levels and clinical and labo-
ratory markers of disease activity.

Patients and methods

Blood samples were collected after overnight fasting
from a total of 93 patients with IBD (CD, n = 65; UC,
n = 28) defined according to standard clinical, histologi-
cal, and radiological methods. Exclusion criteria were
chronic liver or kidney disease, previous transplanta-
tion, malignancy, acute or chronic infection, and other

Table 1. Characteristics of patients with inflammatory bowel disease and normal controls

Normal controls

Crohn’s disease (CD) Ulcerative colitis (UC)

Patients/controls (men/women) 58 (33/25) 65 (27/38) 28 (14/14)
Mean age in years (range) 32.7 (22-58) 35.1 (17-60) 37.4 (16-65)
CDAI (mean * SE) — 127.5 + 12.8 —
van Hees index (mean * SE) — 1452 + 6.1 —
Colitis score (mean = SE) — — 57 09
Patients with active/inactive CD — 28/37 —
(mean CDAI) (182.4/116.2)
Patients with active/inactive UC — — 9/19
(mean colitis score) (11.8/3.2)
Localization of CD (percentage of patients)
Small intestine only — 16.9 —
Small and large intestine — 523 —
Large intestine only — 30.8 —
Localization of UC (percentage of patients)
Proctitis — — 321
Left colon — — 21.4
Pancolitis — — 46.5
Medication (percentage of patients)
None 100 234 214
Prednisone 0 422 214
Sulfasalazine 0 25.0 35.7
Mesalazine 0 40.6 35.7

CDALI, Crohn’s disease activity index



482

chronic inflammatory disease (e.g., psoriasis, systemic
lupus erythematosus, theumatoid arthritis). Disease ac-
tivity indices were calculated for all IBD patients. In
CD patients, disease activity was evaluated using the
Crohn’s disease activity index according to Best et al.
(CDAI)* and the van Hees activity index.” For all UC
patients, the colitis score according to Gomes et al.*® was
calculated. CD was considered active if the van Hees
index was more than 150; UC was considered active in
patients with a colitis score of more than 6. Sera ob-
tained from 58 healthy persons served as controls. The
characteristics of patients and controls are shown in
Table 1.

All patients and controls gave their informed consent
for blood sampling and evaluation of their data. The
study was preformed in accordance with the World
Medical Association Helsinki Declaration.

Measurement of soluble adhesion molecules in sera
of patients and controls

Serum samples were prepared within 30min of
venipuncture by centrifugation at 2500g for 20min.
Samples were stored at —70°C until analysis. Serum
concentrations (ng/ml) of circulating sICAM-1,
sVCAM-1, sE-selectin, and sP-selectin were measured
with enzyme linked immunosorbent assay (ELISA) sys-
tems (British Bio-Technology, Abingdon, UK). Inter-
and intra-assay coefficients of variation for all ELISAs
were less than 10%.

Detection of human anti-mouse anfibodies

To avoid false positive results in the ELISA measure-
ments of soluble adhesion molecules, sera of all patients
and controls were analyzed for the presence of nonspe-
cific human anti-mouse antibodies (HAMA). The de-
tection assay was performed as previously described.*
Only those patients and controls without detectable
HAMA were included in this study.

Other laboratory tests

At the time of blood sampling, a complete blood count
was conducted and erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), albumin concentra-
tion, and serum protein electrophoresis, including
0,- and y-globulin levels, were measured in all IBD
patients.

Statistics

Values are expressed as means = SE. The Mann-
Whitney U-test (two-tailed) was used to assess differ-
ences between different groups. Differences were
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considered significant if the P value was less than 0.05.
Spearman’s rank coefficient r was calculated for linear
correlation of values. Statistical calculations were made
using the SPSS program (version 5.0, SPSS, Chicago, IL,
USA) on an IBM compatible 486 DX PC.

Results

Soluble selectins in sera of patients with IBD

P-selectin serum levels of patients with CD (399 *
33ng/ml; n = 43) and UC (385 = 42ng/ml; n = 23) were
significantly increased (P = 0.0067 and P = 0.0193,
respectively) compared to levels in the healthy controls
(251 = 33ng/ml, n = 23) (Fig. 1a).

E-selectin serum concentrations of patients with CD
(58 % 5ng/ml; n = 31) and UC (64 * 12ng/ml; n = 13)
were also higher than those of controls (53 = 5ng/ml;
n = 9) as shown in Fig. 1b. However, these differences
were not significant as assessed by Mann-Whitney
U-test.

Soluble immunoglobulin supergene family adhesion
molecules in sera of patients with IBD

As shown in Fig. 2a, the concentrations of sSICAM-1 in
sera of patients with CD (420 £ 19ng/ml; n = 56) and
UC (375 = 40ng/ml; n = 25) were significantly elevated
(P = 0.0001 and P = 0.0473, respectively) compared
to concentrations in normal controls (297 * 8ng/ml;
n = 42).

sVCAM-1 serum levels of patients with CD (664 *
43ng/ml; n = 35) and even more in those with UC (963
*+ 162ng/ml; n = 15), were significantly increased (P =
0.0222 and P = 0.0121, respectively) compared to con-
trols (510 = 31ng/ml; n = 15) as shown in Fig. 2b.

Serum levels of soluble adhesion molecules in relation
to laboratory and clinical markers of IBD activity,
localization, and medication

For evaluation of the associations between soluble ad-
hesion molecule levels and clinical or laboratory mark-
ers of IBD activity, correlations between sP-selectin,
sE-selectin, SICAM-1, and sVCAM-1 serum concentra-
tions and several laboratory parameters of inflamma-
tion, including ESR, complete blood count, CRP,
albumin, a,- and y-globulins, were examined. Overall,
there was no strong correlation between the soluble
adhesion receptors studied and these laboratory mark-
ers. However, SICAM-1 serum levels were significantly
correlated with CRP in UC patients (r = 0.63; P =
0.001) and with a,-globulins in CD patients (r = 0.37;
P = 0.007) and sE-selectin concentrations in patients
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with CD were significantly correlated with platelet
counts (r = 0.41; P = 0.029) and CRP levels (r = 0.41;
P =0.03).

In CD patients, no significant correlations between
soluble adhesion molecule serum concentrations (sP-
selectin, sE-selectin, SICAM-1, and sVCAM-1, respec-
tively) and activity indices were found as summarized in
Table 2. Of note, sSICAM-1 serum levels in CD patients
with van Hees index values >150 (471 * 35ng/ml; n =

24) were higher than those of patients with van Hees
index values = 150 (381 = 17ng/ml; n = 32). However,
this difference was not significant (P = 0.071). In UC
patients, a moderate correlation was found between
sSICAM-1 serum concentrations and the colitis score
according to Gomes et al.®® (r = 0.43; P = 0.036). No
significant correlations were found between sP-selectin,
sE-selectin, or sVCAM-1 serum levels and colitis index
values as shown in Table 2.
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Table 2. Correlations between serum concentrations of soluble adhesion molecules
and IBD activity indices in patients with Crohn’s disease and those with ulcerative

colitis

CD-CDAI% CD-van Hees index* UC Colitis score®
sICAM-1 —0.04 (0.78) 0.01 (0.99) 0.43 (0.036)
sVCAM-1 0.014 (0.94) —0.198 (0.58) 0.13 (0.65)
sE-selectin 02 (0.3) 011 (0.57) —0.28 (0.38)
sP-selectin -0.17 (0.29) -0.35 (0.2) —0.13 (0.56)

r, Spearman’s correlation coefficients are shown. P, values are shown in parentheses. SICAM-1,
soluble intercellular adhesion molecule-1; sVCAM-1, soluble vascular adhesion molecule-1

To evaluate associations between soluble adhesion
receptor levels and the type of IBD medication, adhe-
sion molecule serum concentrations in different treat-
ment groups (no therapy; steroids only; steroid plus
S-aminosalicylic acid/5-aminosalicylic compound alone)
were compared. Overall, no significant differences in
serum levels of adhesion molecules were found in pa-
tients in different treatment groups. Interestingly, IBD
patients receiving 5-aminosalicylic acid (40 % 4ng/ml;
n = 18) had significantly lower sE-selectin serum levels
compared to levels in IBD patients receiving no medica-
tion (64 + 6ng/ml; n = 10; P = 0.005) or a combination
of steroids and 5-aminosalicylic acid (74 * 12ng/ml;
n = 14; P = 0.012).

No significant differences in serum levels of soluble
adhesion molecules were found in patient groups with
different localizations of IBD (involvement of small in-
testine, large intestine, or both small and large intestine)
in either CD or UC patients (data not shown).

Discussion

Before their extravasation, leukocytes need to interact
with the vascular endothelium in the following sequen-
tial steps, mediated by adhesion molecules: (1) margin-
ation (i.e., displacement of leukocytes from the axial
blood stream); (2) attachment to and rolling along the
endothelium; (3) formation of a firm stable adhesion to
the blood vessel wall; and finally (4), diapedesis and
further migration into the extravascular tissue upon ac-
tivation by chemotactic agents.

Serum levels of soluble immunoglobulin supergene
and selectin types of adhesion molecules have been re-
ported to be elevated in inflammation, infection, and
cancers.4044 Only few studies have examined serum
alterations of soluble adhesion molecules in patients
with IBD;¥* most attention has been paid to serum
levels of the soluble immunoglobulin supergene family
adhesion molecule sSICAM-1, which has been found to
be elevated in patients with CD and those with UC.4#
sVCAM-1 serum levels have also been found to be
elevated in IBD patients.® However, little information

existed about soluble selectins in IBD. sE-selectin se-
rum concentrations have been studied in one recently
published report in which median values for both IBD
patient groups were slightly higher than in controls.* To
our knowledge, data about sP-selectin serum levels in
IBD patients have not previously been reported.

The present study confirms earlier reports of in-
creased serum levels of SICAM-1 and sVCAM-1 in pa-
tients with IBD. Furthermore, the findings presented
here add new information about two different circulat-
ing molecules of the selectin class of adhesion molecules
in sera of IBD patients. Selectins are of particular inter-
est because these molecules, in contrast to immunoglo-
bulin supergene type adhesion receptors, are involved
in the rolling of leukocytes, an early event within the
cascade of leukocyte extravasation and subsequent ac-
cumulation in the inflamed tissue. The present data
indicate that sP-selectin serum concentrations are sub-
stantially increased in patients with CD and those with
UC compared to normal controls. In contrast, sE-
selectin levels in sera of IBD patients were not found to
be significantly higher than those of controls.

Serum elevations of soluble selectin and immunoglo-
bulin supergene adhesion molecules may be involved in
altered leukocyte rolling along and subsequent adhe-
sion to the endothelium of blood vessels in the inflamed
intestine. The mechanism by which soluble adhesion
molecules are released, their biological half-time in the
blood, their ligand affinity, and the physiological role of
these circulating adhesion molecules are largely un-
known. Therefore, the pathophysiological importance
of the elevations of soluble adhesion molecules in sera
of IBD patients described here remains to be eluci-
dated. It is possible that increased circulating adhesion
molecules compete with the membrane-bound recep-
tors for binding to their cognate ligands, thereby limit-
ing leukocyte adhesion and subsequent extravasation
into the inflamed intestine. Alternatively, soluble adhe-
sion molecules may modulate the activation of signal
transduction pathways after binding to ligand-bearing
cells.®

The cellular source of elevated circulating SICAM-1
and sVCAM-1 in IBD patients is undefined. Among
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others, vascular endothelial cells may be a possible
source. For circulating sP-selectin and sE-selectin it ap-
pears even more likely that vascular endothelial cells
that are activated by cytokines such as IL-1p3, TNF-a,
and IFN-y are cellular sources. Whether increased cir-
culating soluble selectin and immunoglobulin super-
gene adhesion molecules merely reflect increased local
tissue expression is unknown at present.

E-selectin, which was not or was weakly detected in
normal colonic mucosa, was found to be expressed on
endothelial surfaces in association with active inflam-
mation in patients with either UC or Crohn’s colitis.®-!
Expression of endothelial P-selectin has also been
found to be increased in veins, venules, and capillaries
in patients with active CD and those with UC.52 Because
of the restricted expression of P-selectin in endothelial
cells, as well as in a-granules of platelets, it is possible
that platelet-derived sP-selectin contributes to serum
elevations of this molecule. This may even add further
evidence for a pathogenic role of platelets in IBD,
which has been discussed in a recent review.”® Since P-
selectin has previously been shown to have anti-
inflammatory activity and to down-regulate CD18-
dependent neutrophil adhesion and respiratory
burst, 35 the increased presence of sP-selectin may be
important for preventing the inappropriate activation of
neutrophils in the circulation.

Vascular endothelia also showed higher expression of
ICAM-1 in inflamed tissue sections from patients with
CD and those with UC compared to expression in
control specimens, whereas endothelial staining for
VCAM-1 was not strikingly different in sections from
UC and CD patients compared to staining in controls.*
Interestingly, anti-o, integrin antibodies have been
demonstrated to attenuate colitis in the Cotton-top
model of ulcerative colitis.”® This may indicate the
possible importance of the VLA-4/VCAM-1 pathway
in the pathophysiology of IBD, although VLA-4
also binds ligands other than VCAMS-1, including
fibronectin.!?t?

Collectively, the present data clearly show that serum
concentrations of sP-selectin and the immunoglobulin
supergene family adhesion molecules sSICAM-1 and
sVCAM-1 are elevated in patients with CD and patients
with UC compared to concentrations in normal con-
trols. Increased leukocyte adhesiveness and aggregation
has recently been shown to be a useful indicator of
disease activity in patients with IBD.* Therefore, it ap-
pears plausible that elevation of soluble adhesion mol-
ecules may be involved in altered leukocyte migration
and the inflammatory response in IBD. Furthermore,
medication may influence the measured adhesion mol-
ecule concentration, as shown in this report for E-
selectin serum levels in IBD patients. This finding is
supported by in vitro studies indicating a dose-
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dependent inhibition of E-selectin expression in li-
popolysaccharide-stimulated human umbilical vein en-
dothelial cells after the addition of sulfasalazine.” Since
elevated serum levels of the soluble adhesion receptors
described here have also been found in other inflamma-
tory and infectious illnesses, as well as in cancers of
various organs,**#344 they do not appear to be specific
indicators of intestinal inflammation in patients with
IBD. Further studies will be needed to elucidate serum
levels of soluble adhesion receptors in other intestinal
diseases (i.e., infectious diarrhea, diverticulitis, and
gluten-sensitive enteropathy).

With the exception of sSICAM-1 in UC patients, se-
rum levels of soluble adhesion receptors did not show
significant correlations to clinical and laboratory mark-
ers of disease activity, or to the localization of IBD.
Therefore, routine serum measurement of these soluble
adhesion molecules for clinical monitoring of patients
with UC or CD does not appear to be justified.

Acknowledgments. We thank Ms. M. Olesch for her help in
obtaining blood samples and Mr. J. Lobers for his assistance in
performing statistical analysis of the data.

References

1. Springer TA. Adhesion receptors of the immune system. Nature
1990;346:425-434.

2. Butcher EC. Leukocyte-endothelial cell recognition: Three (or
more) steps to specificity and diversity. Cell 1991;67:1033-1036.

3. Lasky LA. Selectins: Interpreters of cell-specific carbohydrate
information during inflammation. Science 1992;258:964-969.

4. Dustin ML, Rothlein R, Bhan AK, et al. Induction by IL 1 and
interferon-y: Tissue distribution, biochemistry, and function of a
natural adherence molecule (ICAM-1). J Immunol 1986;137:245-
254.

5. Pober JS, Gimbrone Jr MA, Lapierre LA, et al. Overlapping
patterns of activation of endothelial cells by interleukin 1, tumor
necrosis factor, and immune interferon. J Immunol 1986;
137:1893-1896.

6. Marlin SD, Springer TA. Purified intercellular adhesion
molecule-1 (ICAM-1) is a ligand for lymphocyte function-
associated antigen 1 (LFA-1). Cell 1987;51:813-819.

7. Smith CW, Marlin SD, Rothlein R, et al. Cooperative interactions
of LFA-1 and Mac-1 with intercellular adhesion molecule-1 in
facilitating adherence and transendothelial migration of human
neutrophils in vitro. J Clin Invest 1989;83:2008-2017.

8. Wegner CD, Gundel RH, Reilly P, et al. Intercellular adhesion
molecule-1 (ICAM-1) in the pathogenesis of asthma. Science
1990;247:456-459.

9. Sano H, Nakagawa N, Nakajima H, et al. Role of vascular cell
adhesion molecule-1 and platelet-activating factor in selective
eosinophil migration across vascular endothelial cells. Int Arch
Allergy Immunol 1995;107:533-540.

10. Rice GE, Bevilacqua MP. An inducible endothelial cell surface
glycoprotein mediates melanoma adhesion. Science 1989;246:
1303-1306.

11. Osborn L, Hession C, Tizard R, et al. Direct expression cloning of
vascular cell adhesion molecule 1, a cytokine-induced endothelial
protein that binds to lymphocytes. Cell 1989;59:1203-1211.

12. Elices MJ, Osborn L, Takada Y, et al. VCAM-1 on activated
endothelium interacts with the leukocyte integrin VLA-4 at a site



486

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

distinct from the VLA-4/fibronectin binding site. Cell 1990;60:
577-584.

Pulido R, Elices MJ, Campanero MR, et al. Functional evidence
for three distinct and independently inhibitable adhesion activi-
ties mediated by the human integrin VLA-4. J Biol Chem
1991;266:10241-10245.

Van Dinther-Janssen ACHM, Horst E, Koopman G, et al. The
VLA-4/VCAM-1 pathway is involved in lymphocyte adhesion to
endothelium in rheumatoid synovium. J Immunol 1991;147:4207—
4210.

Bevilacqua MP, Pober JS, Mendrick DL, et al. Identification of an
inducible endothelial-leukocyte adhesion molecule. Proc Natl
Acad Sci USA 1987;84:9238-9242.

Bevilacqua MP, Stengelin S, Gimbrone Jr MA, et al. Endothelial
leukocyte adhesion molecule 1: An inducible receptor for neutro-
phils related to complement regulatory proteins and lectins. Sci-
ence 1989;243:1160-1165.

McEver RP, Martin MN. A monoclonal antibody to a membrane
glycoprotein binds only to activated platelets. J Biol Chem
1984;259:9799-9804.

Johnston GI, Kurosky A, McEver RP. Structural and biosynthetic
studies of the granule membrane protein, GMP-140, from human
platelets and endothelial cells. J Biol Chem 1989;264:1816-1823.
Picker LI, Kishimoto TK, Smith CW, et al. ELAM-1 is an adhe-
sion molecule for skin-homing T cells. Nature 1991;349:796-799.
Shimizu Y, Shaw S, Graber N, et al. Activation-independent bind-
ing of human memory T cells to adhesion molecule ELAM-1.
Nature 1991;349:799-802.

Phillips ML, Nudelman E, Gaeta FCA, et al. ELAM-1 mediates
cell adhesion by recognition of a carbohydrate ligand, sialyl-Le*.
Science 1990;250:1130-1132.

Walz G, Aruffo A, Kolanus W, et al. Recognition by ELAM-1 of
the sialyl-Le* determinant on myeloid and tumor cells. Science
1990;250:1132-1135.

Steegmaier M, Levinovitz A, Isenmann S, et al. The E-selectin-
ligand ESL-1 is a variant of a receptor for fibroblast growth factor.
Nature 1995;373:615-620.

Sako D, Chang XJ, Barone KM, et al. Expression cloning of a
functional glycoprotein ligand for P-selectin. Cell 1993;75:1179-
1186.

Johnston GI, Bliss GA, Newman PJ, et al. Structure of the human
gene encoding granule membrane protein-140, a member of the
selectin family of adhesion receptors for leukocytes. J Biol Chem
1990;265:21381-21 385.

Larsen E, Celi A, Gilbert GE, et al. PADGEM protein: A recep-
tor that mediates the interaction of activated platelets with neu-
trophils and monocytes. Cell 1989;59:305-312.

Hamburger SA, McEver RP. GMP-140 mediates adhesion of
stimulated platelets to neutrophils. Blood 1990;75:550-554.
Geng JG, Bevilacqua MP, Moore KL, et al. Rapid neutrophil
adhesion to activated endothelium mediated by GMP-140. Na-
ture 1990;343:757-760.

Polley MJ, Phillips ML, Wayner E, et al. CD62 and endothelial
cell-leukocyte adhesion molecule 1 (ELAM-1) recognize the
same carbohydrate ligand, sialyl-Lewis x. Proc Natl Acad Sci
USA 1991;88:6224-6228.

Tedder TF, Steeber DA, Chen A, et al. The selectins: Vascular
adhesion molecules. FASEB J 1995;9:866-873.

Lasky LA. Selectin-carbohydrate interactions and the initiation
of the inflammatory response. Annu Rev Biochem 1995;64:113-
139.

Ley K, Tedder TF. Leukocyte interactions with vascular endothe-
lium. New insights into selectin-mediated attachment and rolling.
J Immunol 1995;155:525-528.

Rothlein R, Mainolfi EA, Czajkowski M, et al. A form of circulat-
ing ICAM-1 in human serum. J Immunol 1991;147:3788-3793.
Seth R, Raymond FD, Makgoba MW. Circulating ICAM-1
isoforms: Diagnostic prospects for inflammatory and immune dis-
orders. Lancet 1991;338:83—-84.

3s.

36.

37.

38.

39.

40.

41.

42,

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

M. Goke et al.: Soluble adhesion molecules in IBD

Lobb R, Chi-Rosso G, Leone D, et al. Expression and functional
characterization of a soluble form of vascular cell adhesion mol-
ecule 1. Biochem Biophys Res Commun 1991;178:1498-1504.
Lobb RR, Chi-Rosso G, Leone DR, et al. Expression and func-
tional characterization of a soluble form of endothelial-leukocyte
adhesion molecule 1. J Immunol 1991;147:124-129.

Katayama M, Handa M, Ambo H, et al. A monoclonal antibody-
based enzyme immunoassay for human GMP-140/P-selectin.
J Immuno! Methods 1992;153:41-48.

Dunlop LC, Skinner MP, Bendall LJ, et al. Characterization of
GMP-140 (P-selectin) as a circulating plasma protein. J Exp Med
1992;175:1147-1150.

Gearing AJW, Hemingway I, Pigott R, et al. Soluble forms of
vascular adhesion molecules, E-selectin, [CAM-1, and VCAM-1:
Pathological significance. Am NY Acad Sci 1992;667:324-331.
Gearing AJH, Newman W. Circulating adhesion molecules in
disease. Immunol Today 1993;14:506-512.

Best WR, Becktel JM, Singleton JW, et al. Development of a
Crohn’s disease activity index. National Cooperative Crohn’s Dis-
ease Study. Gastroenterology 1976;70:439-444,

Van Hees PAM, van Elteren PH, van Lier HJJ, et al. An index
of inflammatory activity in patients with Crohn’s disease. Gut
1980;21:279-286.

Gomes P, Du Boulay C, Smith CL, et al. Relationship between
disease activity indices and colonoscopic findings in patients with
colonic inflammatory bowel disease. Gut 1986;27:92-95.
Hoffmann JC, Dengler TJ, Knolle PA, et al. A soluble form of the
adhesion receptor CD58 is present in human body fiuids. Eur J
Immunol 1993;23:3003-3010.

Wellicome SM, Kapahi P, Mason JC, et al. Detection of a circulat-
ing form of vascular cell adhesion molecule-1: Raised levels in
rheumatoid arthritis and systemic lupus erythematosus. Clin Exp
Immunol 1993;92:412-418.

Katayama M, Handa M, Araki Y, et al. Soluble P-selectin is
present in normal circulation and its plasma level is elevated
in patients with thrombotic thrombocytopenic purpura and
haemolytic uraemic syndrome. Br J Haematol 1993;84:702-710.
Dippold W, Wittig B, Schwaeble W, et al. Expression of intercel-
lular adhesion molecule 1 (ICAM-1, CD54) in colonic epithelial
cells. Gut 1993;34:1593-1597.

Nielsen OH, Langholz E, Hendel J, et al. Circulating soluble
intercellular adhesion molecule-1 (SICAM-1) in active inflamma-
tory bowel disease. Dig Dis Sci 1994;39:1918-1923.

Jones SC, Banks RE, Haidar A, et al. Adhesion molecules in
inflammatory bowel disease. Gut 1995;36:724-730.

Koizumi M, King N, Lobb R, et al. Expression of vascular adhe-
sion molecules in inflammatory bowel disease. Gastroenterology
1992;103:840-847.

Ohtani H, Nakamura S, Watanabe Y, et al. Light and electron
microscopic immunolocalization of endothelial leucocyte adhe-
sion molecule-1 in inflammatory bowel disease. Virchows Arch A
Pathol Anat Histopathol 1992:420:403-409.

Schiirmann GM, Bishop AE, Facer P, et al. Increased expression
of cell adhesion molecule P-selectin in active inflammatory bowel
disease. Gut 1995;36:411-418.

Collins CE, Rampton DS. Platelet dysfunction: A new dimension
in inflammatory bowel disease. Gut 1995;36:5-8.

Wong CS, Gamble JR, Skinner MP, et al. Adhesion protein
GMP140 inhibits superoxide anion release by human neutrophils.
Proc Natl Acad Sci USA 1991;88:2397-2401.

Podolsky DK, Lobb R, King N, et al. Attenuation of colitis in the
Cotton-top tamarin by anti-a4 integrin monoclonal antibody.
J Clin Invest 1993;92:372-380.

Arber N, Berliner S, Hallak A, et al. Increased leucocyte adhe-
siveness/aggregation is a most useful indicator of disease activity
in patients with inflammatory bowel disease. Gut 1995;37:77-80.
Pooley N, Ghosh L. Up-regulation of E-selectin and intercellular
adhesion molecule-1 differs between Crohn’s disease and ulcer-
ative colitis. Dig Dis Sci 1995;40:219-225.



