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ABSTRACT

We measured the concentrations of the soluble forms of the
intercellular adhesion molecule-1 (sSICAM-1) and L-selectin in 95
autoantibody-positive siblings of children with type 1 diabetes
and 95 sex- and age-matched siblings testing negative for dia-
betes-associated autoantibodies to assess the possible role of
soluble adhesion molecules as markers of progressive f-cell
destruction in preclinical diabetes and their ability to discrimi-
nate between those siblings who progress to clinical disease and
those who remain nondiabetic. We observed an inverse correla-
tion between age and the levels of both sSICAM-1 (r = —0.31, p
< 0.001) and st-selectin (r = —0.27, p < 0.001) in the control
siblings but no association with HLA-DR phenotypes. There was
no difference in the circulating levels of soluble adhesion mole-
cules between the antibody-positive and negative siblings.
Among the antibody-positive siblings, those with at least three
autoantibodies had higher sSICAM-1 levels (p < 0.01) than those
testing positive for only one, and siblings with three autoanti-
bodies or more had higher concentrations of sr-selectin (p <
0.01) than those with two autoantibodies. Siblings with an islet
cell antibody level of 20 Juvenile Diabetes Foundation units or
more had higher sSICAM-1 concentrations than those with a level
below 20 (p < 0.001), and those testing positive for antibodies to
the protein tyrosine phosphatase-related IA-2 antigen had in-
creased levels of both sSICAM-1 (p = 0.03) and sL-selectin (p =
0.02) compared with siblings who tested negative. The antibody-
positive siblings who progressed to clinical type 1 diabetes were

Type 1 diabetes is an organ-specific autoimmune disease
with a subclinical prodrome characterized by destruction of the
insulin-producing B cells in the pancreatic islets of Langer-
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significantly younger than the nonprogressors (p < 0.001) and
had higher levels of sSICAM-1 initially (p < 0.001). The differ-
ence in SICAM-1 concentrations remained significant (p = 0.03)
after age adjustment. Our results indicate that concentrations of
soluble adhesion molecules are increased in the autoantibody-
positive siblings who have the highest risk of developing clinical
diabetes, suggesting that B-cell destruction is reflected in in-
creased circulating levels of these molecules. This is supported
by the observation of elevated sSICAM-1 concentrations in the 29
siblings who actually progressed to clinical type 1 diabetes.
Peripheral levels of soluble adhesion molecules are not able to
discriminate between progressors and nonprogressors, however,
due to substantial overlapping between these two groups.
(Pediatr Res 49: 24-29, 2001)

Abbreviations
FPIR, first-phase insulin response
GADA, antibodies to the 65-kD isoform of glutamic acid
decarboxylase
IAA, insulin autoantibodies
IA-2A, antibodies to the protein tyrosine phosphatase-related
IA-2 antigen
ICA, islet cell antibodies
ICAM-1, intercellular adhesion molecule-1
IVGTT, i.v. glucose tolerance test
JDF, Juvenile Diabetes Foundation

hans. During the pathogenetic process, the islets become infil-
trated by inflammatory mononuclear cells, mainly lymphocytes
(1) but also macrophages (2), giving the histopathologic lesion
characteristic of insulitis. The migration of autoreactive lym-
phocytes and other leukocytes from the bloodstream into the
target organ is a key feature in the etiology of many organ-
specific autoimmune/inflammatory disorders such as type 1
diabetes. This migration is controlled by selective expression
and functional regulation of cell adhesion molecules on the
surface of lymphocytes and vascular endothelial cells (3, 4).
Expression of adhesion molecules is cytokine-dependent, and
at least tumor necrosis factor-a (TNF-«), y-interferon, and
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IL-10 have been shown to stimulate their expression (5, 6).
These cytokines are also essential for the development of
insulitis (7-10).

ICAM-1 is the best-characterized cell surface adhesion mol-
ecule. It has five Ig-like domains and belongs to the immuno-
globulin superfamily. ICAM-1 expression on vascular endo-
thelial cells has been shown to be increased in the pancreas of
patients with newly diagnosed type 1 diabetes (11). Moreover,
studies in vitro have demonstrated that induction of ICAM-1
on endothelial cells and interaction with its counter receptor,
lymphocyte function-associated antigen-1, are critically in-
volved in antigen-specific T cell activation (12, 13). It has also
been suggested that ICAM-1 accelerates the -cell destruction
driven by cytotoxic T cells (14). L-Selectin is a member of the
selectin family characterized by an amino-terminal carbohy-
drate-binding lectin domain. r-Selectin, expressed on essen-
tially all monocytes, on all naive T and B cells, and on a subset
of natural killer (NK) cells, acts as a mediator in the initial and
transient attachment or rolling of lymphocytes on vascular
endothelial cells (15, 16).

Soluble forms of ICAM-1 (sICAM-1) and r-selectin (sL-
selectin) are detectable in the peripheral circulation and have
been reported to be increased in various inflammatory disor-
ders including type 1 diabetes (17-19). Additionally, there is
evidence from both in vitro and in vivo studies that these
adhesion molecules may have an immunoprotective function
when in soluble form (20, 21).

A proportion of healthy family members of patients with
type 1 diabetes share a number of immunologic abnormalities
with their affected relatives. Positivity for multiple disease-
associated autoantibodies increases substantially the risk of
progression to clinical diabetes in first-degree relatives, and the
risk is further enhanced by an impaired early insulin response
to i.v. glucose (22-24). The present study is aimed at compar-
ing the levels of soluble ICAM-1 and r-selectin in unaffected
siblings of diabetic children in relation to HLA-defined genetic
risk, autoantibody status, and insulin secretory capacity and at
assessing whether these soluble adhesion molecules could be
used to estimate the risk of future type 1 diabetes in siblings of
affected children.

METHODS

Subjects. The population was derived from the nationwide
Childhood Diabetes in Finland (DiMe) study (25). From Sep-
tember 1986 to April 1989, 801 index cases aged less than 15y
with newly diagnosed type 1 diabetes and their families were
invited to take part in the study aimed at evaluating the role of
genetic, environmental, and immunologic factors in the devel-
opment of type 1 diabetes. The study protocol had been
approved by the ethical committees of all 31 participating
hospitals, and informed consent was obtained from the subjects
and/or their parents. The 801 families contained altogether 977
initially unaffected siblings under the age of 20 y, and sequen-
tial blood samples were taken from these siblings for the
analysis of diabetes-associated autoantibodies. The first blood
sample for each sibling was obtained at or close to the diag-
nosis of the index case, and subsequent samples were taken at
intervals of 3—6 mo over the first 2 y and thereafter at intervals

of 12 mo for up to 4 y. The siblings were observed to the end
of December 1997 unless type 1 diabetes was diagnosed before
that date. Diagnosis was based on clinical symptoms and an
increased random blood glucose concentration (>10 mmol/L),
or elevated fasting blood glucose (>6.7 mmol/L), or random
blood glucose >10 mmol/L on two occasions in the absence of
symptoms. There were 755 siblings with at least one blood
sample available (77.3%). The first sample for each of the
siblings was analyzed for ICA, IAA, GADA, and TA-2A. The
population of this case-control study included all 95 siblings
whose initial sample was positive for at least one autoantibody
specificity out of the four analyzed. The control group com-
prised 95 sex- and age-matched (+6 mo) siblings who re-
mained antibody-negative throughout the follow-up. The mean
age of the cases was 9.78 y (range, 1.1-18.9) and that of the
controls 9.79 y (range, 1.4—18.6). The levels of sSICAM-1 and
si-selectin were measured in the first blood sample available,
and these samples were stored at —20°C or lower temperature
until analysis. Twenty-nine autoantibody-positive siblings had
progressed to clinical type 1 diabetes by the end of 1997.

Soluble adhesion molecule assays. sSICAM-1 and st-selectin
concentrations were analyzed with specific ELISA kits (Bender
Medsystems Diagnostics GmbH, Vienna, Austria). The assays
are based on two MADb directed against different epitopes on
the soluble adhesion molecules. Diluted serum samples (1:10
for SICAM-1 and 1:200 for sc-selectin) were added as dupli-
cates to the microtiter wells, which were precoated with murine
MADb to human ICAM-lor c-selectin. A second horseradish
peroxidase-conjugated murine MAb was then added to bind a
second epitope on the molecule captured by the first antibody,
and the plates were incubated at room temperature for 1 h in
the ICAM-1 assay and for 2 h in the rL-selectin assay. After
thorough washing to remove the unreactive component,
3,3,5,5-tetramethylbenzidine was added to the wells to form a
colored end product, and the plates were incubated for an
additional 15 min. The process was stopped by adding phos-
phoric acid, and the absorbances were measured at a wave-
length of 450 nm with a Multiscan MS photometer (Lab-
systems, Helsinki, Finland). The results were read from a
standard curve and expressed as wg/L. The coefficient of
intraassay variation in the sSICAM-1 assay was less than 5%
and that of interassay variation less than 8%, the corresponding
figures for the si-selectin assay being less than 4 and 5%,
respectively.

Autoantibody assays. ICA levels were determined by a
standard immunofluorescence method using sections of frozen
human group 0 pancreas (26). All sera with detectable ICA
were titrated to end-point dilution, and the results were ex-
pressed in JDF units. The detection limit was 2.5 JDF units.
Our laboratory has participated in the international workshops
on the standardization of the ICA assay in which our sensitivity
was 100%, specificity 98%, validity 98%, and consistency 98%
in the most recent round.

IAA levels were quantified with a radio-binding assay mod-
ified from that described by Palmer et al. (27). Endogenous
insulin was removed with acid charcoal before the analysis.
Free and bound insulin was separated after incubation with
mono-'*°I (Tyr*'*) human insulin (Novo Research Institute,
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Bagsvaerd, Denmark) for 20 h in the absence or presence of an
excess of unlabeled insulin. IAA levels were expressed as
nU/mL, where 1 nU/mL corresponds to a specific binding of
0.01% of the total counts. The interassay coefficient of varia-
tion was less than 8%. A subject was considered positive for
IAA when specific binding exceeded 54 nU/mL (99th percen-
tile in 105 nondiabetic subjects). The disease sensitivity of our
TAA assay was 26%, and the specificity was 97%, based on 140
samples derived from the 1995 Multiple Autoantibody Work-
shop (28).

GADA and IA-2A antibodies were analyzed with a radio-
binding assay described in detail elsewhere (29-31). Briefly,
recombinant cDNA encoding human islet GAD65 or the in-
tracellular part of the IA-2 molecule was transcribed and
translated according to the manufacturer’s instructions (Pro-
mega, Madison, WI, U.S.A.). Serum samples were incubated
overnight with *>S-methionine-labeled GAD65 or IA-2. On the
next day, protein A sepharose (Pharmacia, Uppsala, Sweden)
diluted with Tris-buffered saline with Tween was added to
isolate the immune complexes. After incubation on a shaker,
the samples were washed with Tris-buffered saline with
Tween, after which their activity was measured in a liquid
scintillation counter. All samples were analyzed in duplicate.
The results were expressed in relative units (RU) either linked
to a strongly positive standard (GADA) or based on a standard
curve run on each plate (IA-2A). The cutoff for antibody
positivity (99th percentile in more than 370 nondiabetic chil-
dren and adolescents) was 6.6 RU for GADA and 0.43 RU for
IA-2A. The disease sensitivity of the GADA assay was 79%
and the specificity 97% based on the 1995 Multiple Autoanti-
body Workshop (28). The corresponding characteristics of the
[A-2A assay were 62 and 97% based on 140 samples derived
from the Multiple Autoantibody Workshop (28).

IVGTT. IVGTT were performed after a preceding fast of
10—16 h by infusing 0.5 g glucose per kilogram body weight in
a 20% solution i.v. over a period of 3 min = 15 s. Blood
samples were taken before the infusion (0 min) and 1, 3, 6, 10,
20, 30, 40, 50, and 60 min after its completion. Serum insulin
concentrations were measured by RIA (32). The FPIR to
glucose was defined as the sum of the 1- and 3-min serum
insulin concentrations. FPIR levels <45 mU/L, which corre-
spond to the third percentile of FPIR values measured in
healthy control subjects (33), were considered abnormally low.
This limit was defined after correction for assay differences on
the basis of an insulin standardization round within the ICA
Register User Study. Blood glucose levels were quantified by
the glucose oxidase method (34). The glucose disappearance
rate (K,) was calculated to evaluate the degree of glucose
tolerance and was expressed as the percentage decrease in
blood glucose per minute. A K, < 1.30%/min was considered
abnormal.

HLA-DR alleles. HLA-DR alleles were typed using conven-
tional HLA serology as described by Tuomilehto-Wolf et al.
(39).

Statistical analyses. The data were analyzed by linear re-
gression, ANOVA, and ¢ test. Analysis of covariance was used
to adjust for the effect of age on the circulating concentrations
of soluble adhesion molecules. Based on the assumption of a

TOIVONEN ET AL.

mean SICAM-1 level of 250 ug/L and an SD of 75 ug/L in
siblings of children with type 1 diabetes, the present study
design provided the possibility to detect a 17% difference in
mean sICAM concentrations between the two groups studied at
a statistical power of 80%.

RESULTS

The autoantibody-positive siblings had a mean serum
SICAM-1 concentration of 277 (74; SD) ug/L, which was
similar to that seen in antibody-negative siblings [279 (78)
ng/L]; nor was there any significant difference in serum st-
selectin levels between the two groups [2750 (940) ug/L
versus 2720 (830) wg/L]. The boys and girls had comparable
concentrations of sSICAM-1 and st-selectin among the autoan-
tibody-negative siblings (data not shown). An inverse associ-
ation existed between age and both the sSICAM-1 levels (r =
—0.31, p < 0.001) and sc-selectin concentrations (r = —0.27,
p < 0.001) in the control siblings, and the sICAM-1 and
sL-selectin concentrations were correlated (r = 0.46, p <
0.001). No relationship was observed between sICAM-1 and
st-selectin levels and the degree of HLA identity with the
proband (data not shown) or various HLA-DR phenotypes
(Fig. 1) among the antibody-negative children.

Among the autoantibody-positive siblings, subjects with
high ICA levels (=20 JDF U) had higher serum sICAM-1
concentrations than those with low ICA levels, even after
adjustment for age [314 (82) wg/L versus 254 (59) ng/L, p <
0.001], whereas the sL-selectin concentrations were of the same
magnitude in these two groups. Siblings testing positive for
IA-2A had higher st-selectin and sSICAM-1 concentrations than
those without detectable IA-2A [si-selectin 3010 (1020) ug/L
versus 2570 (830) wg/L, p = 0.02; and sICAM-1 296 (77)
ng/L versus 263 (70) wg/L, p = 0.03]. There were no signif-
icant differences in circulating concentrations of soluble adhe-
sion molecules between the siblings testing positive for GADA
or IAA and those who were negative for them. Siblings testing
positive for two or more antibodies had significantly higher
SICAM-1 levels than those with only one detectable autoanti-
body specificity or none at all [297 (83) ug/L versus 272 (72)
ng/L, p < 0.05]. A more detailed analysis showed increased
sICAM-1 concentrations (p = 0.006), particularly in those with
three or four antibodies, relative to those testing positive for
only one antibody (Fig. 24). Siblings with three or four auto-
antibodies had higher si-selectin concentrations than those
testing positive for two antibodies (p = 0.005; Fig. 2B). There
were no significant differences in the circulating concentrations
of sSICAM-1 and st-selectin between the siblings with a re-
duced FPIR in their first IVGTT and those with a normal FPIR
(data not shown).

Those siblings who later progressed to clinical type 1 dia-
betes had higher sSICAM-1 levels than the nonprogressors [313
(66) ng/L versus 260 (72) png/L, p < 0.001]. This difference
remained significant (p = 0.03) after adjustment for age. With
a cutoff level of 332 ug/L (mean + 1 SD in the nonprogres-
sors), an elevated sSICAM-1 concentration had a sensitivity of
38%, a specificity of 83%, and a positive predictive value of
52% for type 1 diabetes. Correspondingly, with a cutoff level
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Figure 1. Levels of sSICAM-1 (4) and sL-selectin (B) in antibody-negative
siblings by HLA-DR status. One-way ANOVA: F . _ ; = 1.24, p = 0.30 for
SICAM-1 and Fy _ 5 = 2.25, p = 0.09 for sL-selectin.

of 404 pg/L (mean + 2 SD in the nonprogressors), the disease
sensitivity was 10%, the specificity 95%, and the positive
predictive value 50%. No significant difference in sr-selectin
concentrations was seen between the progressors and nonpro-
gressors [2878 (879) ug/L versus 2697 (960) ug/L, p = 0.40].

DISCUSSION

Elevated levels of sSICAM-1 and st-selectin have been re-
ported in patients with type 1 diabetes and in subjects at risk for
type 1 diabetes, and this has been interpreted as reflecting an
active immune process resulting in increased release of soluble
adhesion molecules (17). In the present study, we observed
higher sSICAM-1 levels in siblings with three or four autoanti-
bodies than in those with one antibody, and also higher con-
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Figure 2. Levels of SICAM-1 (4) and sL-selectin (B) in relation to number of
antibodies in antibody-positive siblings of children with type 1 diabetes.
One-way ANOVA: Fy._ ; = 4.18, p = 0.007 for sSICAM-1 and F; _ ; = 4.05,
p = 0.008 for sL-selectin. 4b indicates antibodies.

centrations of sL-selectin in siblings with three or four antibod-
ies than in those with two antibodies. Positivity for three or
more antibodies could reflect an ongoing destructive immune
process in pancreatic islets, because the combination of three
or four autoantibodies has been reported in a series of family
studies to have a substantially higher predictive value for type
1 diabetes than positivity for a single antibody (22, 24, 36).
Whereas the normal concentrations of circulating soluble
adhesion molecules are extensively reported in healthy adults
(17, 37, 38) and available from the manufacturers of commer-
cial kits, reference ranges for children have not been estab-
lished. One has also to remember that absolute values are not
comparable between various studies on soluble adhesion mol-
ecules, because different reagents may result in variable con-
centrations due to differences in antibody specificity and in
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standards used. So far, no international workshop has been
arranged to compare different assays for soluble adhesion
molecules. Our study confirms the earlier finding that levels of
soluble adhesion molecules are higher in young children than
in older children and adults (39-41), as we observed an
inverse correlation between age and both sSICAM-1 and st-
selectin concentrations. This emphasizes the need to use age-
matched controls in all analyses of the possible clinical impact
of circulating concentrations of soluble adhesion molecules. In
the present survey, the cases and controls were carefully
matched for age, which has not been the case in previous
reports on the possible role of soluble adhesion molecules in
type 1 diabetes (17, 20).

We also observed substantial interindividual variations in
the circulating levels of both soluble adhesion molecules,
suggesting that there is a multitude of endogenous and exog-
enous factors affecting SICAM-1 and st-selectin concentrations
in the peripheral circulation. In contrast with earlier reports
(17, 41), we observed a significant correlation between circu-
lating sSICAM-1 and st-selectin levels, whereas there was no
difference in the concentrations of soluble adhesion molecules
between the boys and the girls.

There was a trend for lower SICAM-1 and st-selectin con-
centrations in antibody-negative siblings with the HLA-DR3/
non-DR4 phenotype than in those who were heterozygous for
HLA-DR3/4 or carried the DR4/non-DR3 or non-DR3/non-
DR4 combinations, but the difference remained nonsignificant
for both adhesion molecules. This suggests that HLA genes do
not play a crucial role in regulating the circulating levels of
soluble adhesion molecules.

The siblings with an ICA level of 20 JDF U or more had
higher sSICAM-1 concentrations than those with a lower ICA
titer. An ICA level of 20 JDF U or more has previously been
found to be highly predictive of progression to clinical disease
in first-degree relatives of children with type 1 diabetes (42).
We also observed higher sSICAM-1 and st-selectin concentra-
tions in the siblings who tested positive for IA-2A than in the
IA-2A-negative ones. [A-2A have been reported to appear
relatively late in the prediabetic phase and to reflect a high risk
of progression to clinical disease (42, 43).

The early insulin response to i.v. glucose has been used as an
indirect measure of the remaining (3-cell mass, and the FPIR
has been shown to decrease along with progression to clinical
type 1 diabetes (33, 36). We could not find any difference in the
levels of soluble adhesion molecules between the autoanti-
body-positive siblings with a reduced FPIR and those with a
normal FPIR.

Our observations show that the siblings with the highest risk
of manifesting clinical type 1 diabetes, i.e. those with three or
four diabetes-associated autoantibodies, have increased con-
centrations of sICAM-1 and st-selectin in their peripheral
circulation. In addition, the antibody-positive siblings who
progressed to clinical diabetes during prospective observation
had higher initial levels of SICAM-1 than those who remained
nondiabetic. There was a substantial overlapping in the circu-
lating levels of soluble adhesion molecules between the pro-
gressors and nonprogressors, however, implying that cross-
sectional peripheral sSICAM-1 levels can hardly provide a

clinically meaningful tool for identifying those children who
will present with clinical type 1 diabetes. We suggest that
levels of soluble adhesion molecules reflect nonspecific gen-
eralized endothelial or mononuclear cell activation rather than
a specific pathophysiologic mechanism in the pathogenesis of
type 1 diabetes. The initially increased concentrations of cir-
culating sSICAM-1 in those who later progressed to clinical
diabetes may alternatively reflect defensive mechanisms
against progressive (3-cell destruction, because there are indi-
cations that SICAM-1 may play a protective role (20, 21). This
cross-sectional case-control study cannot rule out the possibil-
ity that soluble adhesion molecules may be of predictive value
in preclinical type 1 diabetes. This issue should be addressed
by means of longitudinal follow-up studies of subjects with an
increased risk of progression to type 1 diabetes.
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