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Abstract. Soluble vascular cell adhesion molecule (sVCAM-1) and soluble intercellular adhesion molecule
(sICAM-1) are adhesion molecules that are detectable in the serum of patients with cancer, cardiovascular
diseases (CVD), and type 2 diabetes. This report describes enzyme-linked immunosorbent assays (ELISAs)
on microplates for sVCAM-1 and sICAM-1. The ELISAs have the sandwich test format; polyclonal antibodies
are coated on microwells and a one-step procedure is used in which the serum specimen and detecting
antibody are added simultaneously to an antibody-coated well. These assays both use HRP-conjugated
sheep anti-mouse-IgG to generate the color for quantification. Sensitivities for detecting sVCAM-1 and
sICAM-1 are 49 and 40 ng/ml, respectively. Coefficients of variation for within-day and day-to-day replicate
analyses are <10%. Results by these in-house ELISAs for serum sVCAM-1 and sICAM-1 compared well
with those obtained with commercial kits from R&D Systems, Inc. (correlation coefficients = 0.98 and
0.99 for sVCAM-1 and sICAM-1, respectively). Reference values for serum sVCAM-1 and sICAM-1 levels
were measured in 369 apparently healthy Chinese adults, age 30 to 79 yr. There was no significant effect of
gender on the reference values for sVCAM-1 or sICAM-1.  Serum sVCAM-1 levels (mean ± SD) were
higher in subjects 60 yr old (625 ± 126 ng/ml), compar ed to those <60 yr old (525 ± 110 ng/ml) (p
<0.001).  Age did not significantly affect the reference values for serum sICAM-1 levels (mean ± SD, 249
± 86 ng/ml). The authors believe that these simple, inexpensive ELISAs will be useful for assessing the risks
for development of cancer, CVD, and type 2 diabetes. (received 3 February 2005; accepted 8 February 2005)
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Introduction

Inflammation, the body’s natural defense against
microbial invasion or injury, is recognized as a risk
factor for the development of many diseases [1]. This
is especially true of chronic inflammation, which
has recently been found to play a role in the patho-
genesis of cancers, cardiovascular diseases (CVD),
type 2 diabetes, and many other diseases [2-4].

At the site of inflammation, expression of
various adhesion molecules can usually be detected.
The expression of adhesion molecules is upregulated
by proinflammatory cytokines through signal

transduction pathways, such as activation of a
transcription factor, NF-κB [5]. Among the various
adhesion molecules, vascular cell adhesion molecule
(VCAM-1) and intercellular adhesion molecule
(ICAM-1, CD 54) are products of the immuno-
globin gene superfamily involved in adhesion on
endothelial and epithelial cells. Increased expression
of VCAM-1 and ICAM-1 is associated with
endothelial dysfunction in patients with CVD [21].
Elevated concentrations of soluble VCAM-1 and
ICAM-1 have been reported in patients with type 2
diabetes and those with cancer [2,6]. Moreover,
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inflammatory diseases are associated with various
expression patterns of VCAM-1 and ICAM-1,
suggesting that they have different pathogenic roles.

Adhesive interactions are implicated in tumor
progression and metastasis, enabling tumor cells to
establish metastatic colonies [6]. Elevated circulating
adhesion molecules in serum have been detected in
Hodgkin’s disease [7], and cancers of the  bladder
[8], lung [9], thyroid [10], urinary tract [11], liver
[12], and ovary [13].

We have begun to recognize that expression of
adhesion molecules on the arterial endothelium
recruits leukocytes to the site of a lesion, which is
an early event in inflammation and precedes plaque
formation in atherosclerosis [14-17].  For example,
expression of VCAM-1 occurs in response to
endothelial dysfunction, recruiting the adhesion of
leukocytes to injured endothelial cells; the
subsequent migration of  leukocytes across the endo-
thelium is a key step in the pathway to atherogenesis.
Increased circulating levels of adhesion molecules
may be an early signal for atherosclerosis [18].
Adhesion molecules might conceivably represent
therapeutic targets because of their key roles in the
pathogenesis of various diseases.

Inflammation is a major risk factor for type 2
diabetes [19,20]. Circulating adhesion molecules
such as sVCAM-1 and sICAM-1 have been
proposed as early markers for the development of
type 2 diabetes [21].

In this study, we have developed ELISAs on
microtiter plates for measuring serum sICAM-1 and
sVCAM-1 levels. Our experience suggests that it is
important to measure sICAM-1 and sVCAM-1
simultaneously for risk assessment of various
diseases. Measuring the pattern of sVCAM-1 and
sICAM-1 responses has also been emphasized by
Iiyama et al [22] in a study of experimental
atherogenesis in animals [22].

In addition to developing ELISAs for sVCAM-
1 and sICAM-1, we have also established reference
values using serum specimens from apparently
healthy Chinese subjects. We found that individuals
60 yr old hav e significant higher serum levels of

sVCAM-1. No significant differences were found
between men and women in the reference values
for serum levels of either adhesion molecule.

Materials and Methods

Reagents. Sheep anti-human ICAM-1 polyclonal antibody
(pAb) and sheep polyclonal anti-human antibody to the
extracellular domain of VCAM-1 were obtained from R&D
Systems, Inc. (Minneapolis, MN). Calibration standards
(recombinant proteins), monoclonal anti-human ICAM-1
antibody for detection, and ELISA kits for both sICAM-1 and
sVCAM-1 (for the purpose of comparison assays) were also
from R&D Systems. Monoclonal anti-human VCAM-1
antibody for detection was from Calbiochem (San Diego, CA).
HRP-conjugated sheep anti-mouse-IgG (Amdex) was from
Amersham Life Science (Piscataway, NJ). Maxisorp F8
removable well strips were from Nunc (Nunc, Inc., Roskilde,
Denmark). Tetramethylbenzidine (TMB) substrate (K-Blue)
was from Neogen Corp. (Lexington, KY)

Serum specimens. To establish reference values for sVCAM-1
and sICAM-1 we collected serum specimens from 369
apparently healthy Chinese adults (187 women, 182 men) who
visited Chang Gung Memorial Hospital in Taipei, Taiwan, for
annual health check-ups. The subjects’ ages ranged from 30 to
79 yr.  All individuals included in this study had normal clinical
chemistry profiles, including normal liver and kidney function
tests.

Enzyme-linked immunosorbent assays (ELISAs). The in-house
ELISAs for sICAM-1 and sVCAM-1used microtiter plates and
followed the sandwich format. They were established by first
coating microwells with polyclonal anti-ICAM-1 antibody or
anti-VCAM-1 antibody for capturing the analytes.  Monoclonal
antibodies were used for detection in both ELISAs. The ELISAs
involve a one-step procedure in which the serum sample and
detecting antibody are added simultaneously into the antibody-
coated well. The final color signal in both ELISAs is produced
by reacting the bound detecting antibody with Amdex HRP-
conjugated sheep anti-mouse-IgG. Because  up to 80 molecules
of HRP are conjugated in this reagent, the signal is greatly
amplified. The ELISA procedures are diagrammed in Fig. 1
and the details are listed in Table 1.

Fig. 1. Diagram of the sandwich format of the in house ELISAs
for sICAM-1 and sVCAM-1.

ELISAs for serum sVCAM-1 and sICAM-1

13 Chang 312-317 7/20/05, 2:20 PM313



314

Table 1. Outlines of the in-house ELISAs for sVCAM-1 and sICAM-1.

Analyte Major Step Materials Parameters

sVCAM-1 Coating antibody Sheep polyclonal antibody to the extracellular 100 µl/well, 2 µg/ml,
domain of human VCAM-1. 4°C, overnight

Sample + detection 10 µl of sample (10x prediluted*) + 90 µl of 1 hr, 30°C,
antibody monoclonal antibody to human VCAM-1. (1;20,000)
Signal antibody 100 µl of Amdex rabbit anti-mouse-IgG-HRP 1 hr, 30°C,

antibody (1:10,000)
Substrate 100 µl of K-Blue solution (tetramethylbenzidine) 10 min, room temperature
Stop Solution 100 µl of H2SO4, 1 mol/L A 450 nm/620 nm reading†

sICAM-1 Coating antibody Sheep polyclonal antibody to human ICAM-1 100 µl/well, 1 µg/ml,
4°C, overnight

Sample + detection 50 µl of sample (20x prediluted*) + 50 µl of 1 hr, 30°C,
antibody monoclonal antibody to human ICAM-1 (1:1,000)
Signal antibody 100 µl of Amdex rabbit anti-mouse-IgG-HRP 1 hr, 30°C,

antibody (1:2,000)
Substrate 100 µl of K-Blue solution (tetramethylbenzidine) 10 min, room temperature
Stop Solution 100 µl of H2SO4, 1 mol/L A 450 nm/620 nm reading†

* Sample prediluted in buffer (phosphate buffer, pH 7.2, 0.01 mol/L, containing bovine serum albumin, 1%, v:v).
† Samples and calibrators were read at 450 and 620 nm (background).  The absorbances at 450 nm minus that at 620 nm were
used to construct the calibration curves and calculate the results.
Please consult an earlier publication [23] for technical details about ELISA procedures.

Table  2. Characteristics of the ELISAs for sVCAM-1 and sICAM-1.

Analyte Parameters Results

sVCAM-1 Concentration range of the 0 to 4000 ng/ml
calibration curve

Assay sensitivity 49 ng/ml

Assay precision
Within-day CV 4.2% (1836 ±77 ng/ml, n = 24)

5.2% (523 ± 27 ng/ml, n = 24)

Between-day CV 4.1% (1941 ± 80 ng/ml, n = 10)
6.8% (536 ± 37 ng/ml, n = 10)

sICAM-1 Concentration range of the 0 to 1000 ng/ml
calibration curve

Assay sensitivity 40 ng/ml

Assay precision
Within day CV 2.1% (596.8 ± 12.7 ng/ml, n = 24)

2.3% (271 ± 6.4 ng/ml, n = 24)

Between-day CV 3.3% (659.2 ± 21.6 ng/ml, n = 15)
3.8% (286.2 ± 11.0 ng/ml, n = 15)

Assay sensitivity was determined by assaying serially diluted calibrators at low concentrations until there was no longer a significant
decrease in absorbance.  Assay sensitivity was defined as the concentration of the diluted calibrator that produced the lowest
absorbance.
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Fig. 2. Calibration curves for ELISAs of serum sVCAM-1
and sICAM-1 concentrations.

Fig. 3. Comparisons between the results obtained by the in-
house ELISAs  for sVCAM-1 and sICAM-1 and those obtained
by kits obtained from R & D Systems, Inc. (Minneapolis, MN).
For sVCAM-1 the serum concentrations ranged from 0 to 2600
ng/ml (n = 34); the SE of the slope was 0.036, the SE of the
intercept was 39.98; and the SE of regression was 123.4.  For
sICAM-1, the serum concentrations ranged from 0 to 700 ng/
ml (n = 28); the SE of the slope was 0.031, the SE of the
intercept was10.23; and the SE of regression was 25.9.

Table 3.  Reference values for sVCAM-1 and sICAM-1 concentrations in serum from apparently healthy Chinese subjects, categorized
according to gender and age.  Data are listed as mean ± SD and (n).

Age group Serum sVCAM-1 (ng/ml) Serum sICAM-1 (ng/ml)
women men women men

30 to 39 yr 533 ± 94 (58) 506 ± 108 (37) 238 ± 73 (58) 267 ± 129 (37)

40 to 49 yr 528 ± 175 (38) 496 ± 91 (47) 235 ± 90 (39) 249 ± 79 (47)

50 to 59 yr 550 ± 57 (31) 545 ± 99 (30) 235 ± 78 (30) 259 ± 74 (30)

60 to 69 yr 589 ± 143 (30) 595 ± 174 (36) 262 ± 68 (30) 235 ± 73 (36)

70 yr 683 ± 178 (30) 637 ± 137 (32) 291 ± 95 (30) 230 ± 84 (31)

Overall 568 ± 143 (187) 550 ± 134 (182) 249 ± 82 (187) 248 ± 90 (181)

ELISAs for serum sVCAM-1 and sICAM-1
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Results

Assay characteristics. The assay characteristics of the
in-house ELISAs are listed in Table 2. The calibration
curves established using commercial recombinant
proteins from R&D Systems, Inc., covers the
concentration range from 0 to 1000 ng/ml for
sICAM-1 and from 0 to 4000 ng/ml for sVCAM-1
(Fig. 2). Assay sensitivities were determined to be
40 and 49 ng/ml for sICAM-1 and sVCAM-1,
respectively. The coefficients of variation (CVs) for
replicate assays (within-day and day-to-day) were
all less <10% (Table 2).

Comparison with commercial kits. We compared our
in-house developed ELISAs with commercial kits
for both sICAM-1 and sVCAM-1from R & D
Systems, Inc. (Fig. 3), by paired assays of serum
samples.  The comparisons  gave excellent
correlation, with correlation coefficients of 0.99 for
sICAM-1 and 0.98 for sVCAM-1.

Reference values. Reference values for sICAM-1
levels were established by assays of serum specimens
from 368 apparently healthy Chinese subjects (187
women, 181 men) (Table 3). Serum sICAM-1 levels
were not significantly different in men and women.
There were no significant differences in serum
sICAM-1 levels among the age groups. Serum
sICAM-1 levels in the entire group of 369 subjects
averaged 249 (SD ± 86) ng/ml.

Reference values for sVCAM-1 levels were
established by assays of serum specimens from 369
apparently healthy Chinese subjects (187 women,
182 men) (Table 3). Serum sVCAM-1 levels were
not significantly different in men and women.
However, serum sVCAM-1 levels were significantly
higher in individuals 60 yr old (625 ± 162 ng/ml,
n = 128), compared to those <60 yr old (525 ± 110
ng/ml, n = 241; p <0.001.

Discussion

Inflammation is involved in the pathogenesis of
many diseases, including cancer, CVD, and type 2
diabetes [1-6]. Proinflammatory cytokines,
inflammatory markers, and adhesion molecules are

detectable in the serum of these patients. Cytokine-
induced adhesion molecules recruit leukocytes to
the site of lesions  early  in the inflammatory process
[3,14]. Detecting circulating adhesion molecules has
been reported in patients with inflammatory diseases
[24,25], various malignancies, heart diseases, and
type 2 diabetes [15-21].

Since the patterns of expression of sVCAM-1
and sICAM-1 vary in different diseases, measuring
these 2 adhesion molecules simultaneously is likely
to achieve higher sensitivity and earlier detection
for specific diseases.  The in-house ELISAs that are
described in this paper have sufficient sensitivity and
precision for routine use in clinical laboratories. Both
ELISAs involve a one-step procedure that shortens
the assay time. The serum specimen and detecting
antibody are added to the antibody-coated well
simultaneously in order to save an incubation step.
The ELISAs can readily be adapted to a microplate
autoanalyzer for assays of large numbers of samples.

Increased inflammation in elderly subjects has
been reported frequently [26-28]. Therefore, it is
not surprising that we found a significantly higher
mean value for serum sVCAM-1 levels in apparently
healthy persons who were 60 yr old.
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