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15.1-473.1 pg/L); SCS CK-MB = 0.954(RxL CK-MB) —
0.119; r = 0.996; Sy‘x = 1.55 (n = 50; range, 0-132.1 ug/L);
SCS Tnl = 0.693(RxL Tnl) + 0.946; r = 0.966; S, = 1.56
(n = 74; range, 0-49.02 pg/L).

The best results according to Bland-Altman statistical
analysis were obtained for CK-MB (bias = 0.76; 95% CI,
—0.0420 to 1.56), whereas Tnl (bias = 2.57; 95% CI, 1.48 to
3.65) showed a wide dispersion of values, particularly at
high concentrations. This was probably related to the
decreasing linearity for concentrations >20 ug/L, as
confirmed by the improvement found in comparison
studies, when only samples with Tnl value <16 ug/L
(n = 50; range, 0-15.52 ug/L) were analyzed [SCS Tnl =
0.956(RxL. Tnl) + 0.049; r = 0.981; S, = 0.94; bias =
—0.103; 95% CI, —0.39 to 0.18]. For Myo determinations,
the statistically significant bias found (—8.122; 95% ClI,
—13.79 to —2.46) stresses the need for better standardiza-
tion, even for methods from the same manufacturer.

In conclusion, our findings confirm the overall good
performance of the Stratus CS analyzer, thus indicating
the analytical reliability of all methods used currently, as
observed elsewhere (8). Furthermore, the system evalu-
ated satisfies the requirements specified in IFCC (7) and
National Academy of Clinical Biochemistry (9) recom-
mendations for the use of biochemical markers in acute
coronary syndrome, thus allowing the simultaneous mea-
surement of early (Myo) and definitive (troponin) mark-
ers for the rapid ruling in or out of patients, and of CK-MB
when of clinical importance, in relation to hospital policy.
Finally, the verified stability of reagents, samples, and
calibration curves, as well as the on-board centrifugation
capability, system and quality-control lockout, and the
low turnaround time (14 min plus 4 min for further
results) enhance the practicability of the analyzer for use
by either laboratory or non-laboratory personnel in the
management of patients with chest pain, even in the
emergency department.
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5-100 protein concentrations in serum are considered a
quantitative marker of the extent of damage to the central
nervous system (CNS) (1-3), including possible cerebral
injury following procedures such as coronary artery by-
pass surgery (4, 5). There are 19 5-100 proteins, of which
S-100A1 and S-100B are the most prevalent (6). S-100A1
and S-100B form dimeric proteins that previously were
labeled S-100a (S-100A1-B), S-100b (S-100B-B), and S-100a,
(S-100A1-Al) (7-9). Initial studies of S-100 protein re-
ported that this protein is present only in the CNS (7), but
later studies found various concentrations of S-100A1 and
S-100B in tissues outside the CNS, including the heart and
aorta (10). At present, there are questions about the
subtype specificity of S-100 assays, about which subtype
of S-100 is associated with different clinical entities, and
how the results obtained using various assays compare.
To answer these questions, we used the Sangtec 100®° LIA
and the immunofluorometric (IFMA) S-100 assay to ana-
lyze purified recombinant monomeric S-100 proteins,
purified dimeric S-100 proteins isolated from bovine
brain, and blood samples from patients with various CNS
diseases, malignant melanoma, or post cardiac surgery
and compared the results.

Serum (Sangtec 100 LIA) or heparinized plasma (IFMA
5-100) samples were drawn from 218 patients (141 males,
77 females; ages, 16—89 years; mean, 55.4 *= 16.2 years)
and 121 healthy blood donors (64 males, 57 females; ages,
18-65 years; mean, 37.8 * 12.7 years). The study was
approved by the local Research Ethics Committee, and all
subjects gave informed consent to the procedure. One
hundred four of the patients suffered from CNS disease:
subarachnoid hemorrhage (n = 41), intracerebral hemor-
rhage (n = 17), head trauma (n = 19), ischemic cerebral
infarction (n = 4), cerebral tumor (n = 12), hydrocephalus
(n = 1), or lumbar disc herniation (n = 10). Twenty-nine
of the patients had malignant melanoma, and 85 had
undergone cardiac surgery involving the use of cardio-
pulmonary bypass. Samples were centrifuged within 6 h
and stored at —70 °C until analysis. Measurements were
performed in duplicate.

The Sangtec 100 LIA immunoluminometric assay uses
tubes, coated with two monoclonal antibodies, as solid
phase and a monoclonal antibody for detection. The assay
measures concentrations of 5-100 protein over the range
0-20 ug/L. Measurements were performed according to
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Table 1. S-100 subtype cross-reactivity of the Sangtec 100 LIA and the S-100 IFMA.?

Sangtec 100 LIA

$-100 IFMA

$-100 subtype Actual value, pg/L Measured value, pg/L

S-100A1 6390 <0.02
63 900 0.029
S-100B 0.13 5.04
1.3 >20
S-100A1-A1 1000 1.76
10 000 12.8
S-100A1-B 1.0 13.8
10 >20
S-100B-B 0.1 2.02
1.0 4.82

Measured value, % Measured value, ug/L Measured value, %

<0.015
<0.001 <0.015
3877 2.19 573
7.45 1685
0.18 0.58 0.06
0.13 6.63 0.07
1380 1.29 129
5.18 51.8
2020 2.38 2380
482 6.0 600

? Given are the actual concentrations of monomeric S-100A1 and S-100B as determined using the Lowry method; of dimeric S-100A1-A1, S-100A1-B, and S-100B-B
as specified by the manufacturer; the measured values in ug/L; and the calculated cross-reactivity in percentage obtained using both assays.

the instructions of the manufacturer. The IFMA 5-100 is
an immunofluorometric assay that uses microtiter plates
coated with a monoclonal anti-S-100B antibody and a
polyclonal detection antibody as described elsewhere (1).
A 1:1 (by volume) mixture of S-100A1-B and S-100B-B
(Sigma) was used for calibration. S-100 protein concentra-
tions between 0.015 and 25 pg/L were measured.

To determine the assay specificities for different S-100
subtypes, solutions with known concentrations of puri-
fied recombinant monomeric S-100A1, S-100B, and the
dimeric proteins S-100A1-Al, S-100B-B, and S-100A1-B
(Sigma) were measured. S-100A1 and S-100B were pro-
duced as described previously (11,12). Stock solutions
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Fig. 1. S-100 protein was measured in blood samples of 218 patients
using both the Sangtec 100 LIA and the IFMA S-100 assay systems.

The scatter plot of all samples and the linear regression line are shown. The
S-100 measurements obtained using both assays were closely correlated, with
R? = 0.95 (intercept, 0.06; slope, 1.59) in all patients; R? = 0.97 (intercept,
—0.02; slope, 1.49) in the patients with neurological disease; R? = 0.94
(intercept, 0.07; slope, 1.85) in the patients post cardiac surgery; and R? = 0.99
(intercept, 0.00; slope, 1.89) in the melanoma patients.

contained 6.39 g/L S-100A1, 1.3 g/L S-100B (as deter-
mined using the Lowry method), and 1 g/L S-100A1-A1l,
S-100A1-B, and S-100B-B (as specified by the manufactur-
er). Stock solutions were diluted in assay diluent (Sangtec
100 LIA) or horse serum (IFMA S-100). Analytical recov-
ery was determined by mixing six patient samples con-
taining various amounts of S-100. The lower detection
limit for 5-100 protein in each assay was calculated by
adding 2 SD to the mean of 20 (IFMA) or 15 (100 LIA)
measurements of the assay diluents. We sought to iden-
tify correlations between S-100 protein concentrations and
clinical conditions by linear regression analysis of S-100
protein concentrations for all patients and for either type
of assay in patients with neurological disease, malignant
melanoma, or post cardiac surgery. Differences in the
slopes of the regression lines were evaluated for statistical
significance at P <0.05 (two-tailed).

The results of the S-100 subtype cross-reactivity evalu-
ation are summarized in Table 1. Recovery rates of S-100B
protein from analyzed samples were 94.8-113.2% for the
Sangtec 100 LIA and 89.7-100.6% for the IFMA S-100. The
calculated lower limit for detection for S-100B was <0.015
pg/L in the IFMA S5-100 and <0.02 ug/L in the Sangtec
100 LIA. The precision was calculated for concentration
ranges of <0.1, 0.1-0.49, 0.5-1.0, and >1.0 ug/L for 222
samples. The median CVs were 15%, 5.7%, 3.7%, and 2.5%
for the Sangtec 100 LIA and 7.9%, 3.6%, 3.2%, and 2.2% for
the IFMA S-100. The median concentration of S-100 pro-
tein in specimens from the blood donors assayed using
the Sangtec 100 LIA was 0.014 ug/L (10th percentile, 0.0
wng/L; 90th percentile, 0.089 ug/L). In a previous study
using the S-100 IFMA, we found a median plasma con-
centration of 0.052 ug/L S-100 (10th percentile, 0.023
png/L; 90th percentile, 0.097 pg/L) in 200 healthy blood
donors (ages, 18—65 years) and no dependence of S-100
concentration on age or sex (13). The scatter plot of
patient samples and linear regression analyses for each of
the three groups and all groups together are shown in Fig.
1. S-100 measurements obtained using the two assays
correlated well (R*= 0.95). Comparison of the slopes of
the regression lines, however, showed significant differ-
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ences between S-100 concentrations in the blood of pa-
tients with a CNS disorder and patients who had under-
gone cardiac surgery (t = 6.92; df = 185; P <0.05,
two-tailed) and also between patients with a CNS disor-
der and patients suffering from malignant melanoma (t =
5.64; df = 129; P <0.05, two-tailed). The patients who had
undergone cardiac surgery did not differ from the mela-
noma patients (f = 0.60; df = 110; P >0.05, two-tailed).

To the best of our knowledge, this study is the first to
report validation data of the Sangtec 100 LIA assay. Our
results showed that both assays are reliable methods with
comparable lower limits of detection, measurement
ranges, precision profiles, and reference ranges. Both
assays are specific for monomeric S-100B. S-100A1 was
not detected by both methods. However, the extent of
cross-reactivity between the different dimeric proteins
(5-100A1-A1, S-100A1-B, and S-100B-B) differed between
both methods. Only small amounts of the A1-Al dimer
were detected by both assays, and differences between the
methods were small. Although both assays were compa-
rable regarding the measurement of S-100B-B, which has
been claimed to be relevant in neurological disorders,
there was a clear difference in the measurement of
S-100A1-B. The Sangtec 100 LIA returned ~10-fold higher
S-100A1-B values than the IFMA S-100, which may be
attributable to highly different affinities of the antibodies
to the dimeric S-100A1-B molecule. It may be speculated
that the conformation of the S-100B molecule is altered
during formation of the S-100A1-B dimer. This may
increase the affinity of the antibodies used in the Sangtec
100 LIA to their binding sites.

Linear regression analyses of the clinical samples dem-
onstrated a good correlation between both assays. The
absolute values of the Sangtec 100 LIA were ~twofold
higher than the results of the IFMA S-100, which may be
explained by two mechanisms: Because no international
reference preparation for S-100 protein is available, this
may reflect differences in calibration. In addition, the
different subtype cross-reactivities of both methods may
contribute to these results.

In immunohistochemical studies using antibodies spe-
cific for S-100A1, S-100B, or other S-100 proteins, the
distribution of these proteins in human tissues has been
reported (10). However, no study has been able to define
the extent to which the different S-100 subtypes are
released into cerebrospinal fluid and blood in distinct
clinical entities. Moreover, for methodological reasons, we
do not know whether the S-100 proteins are present in
monomeric or dimeric forms in the human body. There
are numerous reports in the literature about the measure-
ment of 5-100 in different diseases. Several authors have
claimed, for example, that CNS damage should increase
the concentrations of S-100B-B (1-5, 8, 9, 14, 15), whereas
S-100A1-Al is released from cardiac tissue (16). Contro-
versial results have been reported in malignant mela-
noma, in which either only S-100B or S-100A1 and S-100B
were found to be increased (17, 18). The conclusions of all
authors, however, were based only on their usage of
polyclonal or monoclonal antibodies against the subunits

S-100A1 and S-100B. The subtype specificities of these
antibodies for the dimeric 5-100 proteins have not yet
been studied. To be specific for a dimeric protein (e.g.,
S5-100B-B), an antibody should be able to detect the
connection region of the two subunits. There are no
reports on such antibodies against S-100 proteins. Thus, it
is not clear which forms of S-100 proteins have been found
by the investigators cited above.

Using purified recombinant S-100A1 and S-100B pro-
teins, we were able to define the subtype cross-reactivities
of two widely used S-100 assays. If the assumption holds
true that different S-100 subtypes are present in neurolog-
ical disease, malignant melanoma, and heart disease, the
results of two S-100 assays with different subtype cross-
reactivities should differ between these groups. In our
study, we were able to show statistically significant dif-
ferences between the neurologically diseased patients
compared with the patients who underwent cardiac sur-
gery or suffered from malignant melanoma. In most
clinical studies cited above, the authors have considered
the monomeric S-100 subunits to be increased. However,
there is evidence that in vivo specific functional properties
of 5-100B depend on its dimeric status (19). It has been
questioned whether the monomeric forms can even exist
in solution (6). Therefore, we conclude that although this
study utilized assay systems based on monoclonal anti-
bodies directed against S-100B subunits, our data may
support the hypothesis that different patterns of dimeric
S5-100 proteins are present in various clinical entities and
thus should be taken into account when interpreting
“S-100B” values.
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Detection of hemoglobinopathies in newborns is critical
for the identification of those infants in need of follow-up
care [reviewed in Ref. (1)]. For example, infants homozy-
gous for the sickle cell mutation are at greater risk for
developing fatal pneumococcal infections and sepsis,
which can be prevented by prophylactic antibiotic ther-
apy. At present, the majority of newborn screening for
hemoglobin (Hb) variants is done by electrophoresis,
isoelectric focusing, or HPLC (2) using Hb extracted from
dried blood spots. Nevertheless, detection of adult Hb
variants often is complicated by the presence of fetal Hb
in neonatal blood. Alternative approaches to these pro-
tein-based methodologies have been developed that di-
rectly detect the presence of hemoglobinopathy-associ-
ated mutations in newborn DNA (3), and some have been
adapted to use blood spots (4,5). Using the S and E
mutations in the B-globin gene as examples, we have
developed a multiplexed, high-throughput methodology
that uses an array of allele-specific fluorescent beads and
the Luminex'” analyzer (Luminex Corporation, Austin,
TX; www.luminexcorp.com). This methodology distin-
guishes between the S and E alleles and their wild-type
counterparts, HbA and non-E, of the B-globin gene in
each specimen, making it possible to determine the geno-
type at each locus.

The methodology is based on the principle that fluores-
cent microspheres with unique fluorescent profiles, called
classifications, can be cross-linked to different analyte-
specific reagents and used to create a fluorescence-based

array capable of simultaneously assaying multiple ana-
lytes in each sample (6). The bead classifications were
obtained separately from the Luminex Corporation with
surface carboxyl groups for chemical cross-linking to
different analyte-specific reagents, which in our studies
were 5'-amino-modified oligodeoxynucleotides. As indi-
cated above, each bead classification has a unique spectral
address based on its 658 nm /712 nm emission ratio when
excited by the 635 nm laser in the Luminex'” instrument.
The Luminex software uses this spectral profile to assign
beads to their classifications, and each classification occu-
pies a known position on a dot plot of 658 nm vs 712 nm
fluorescence. Thus, multiple bead classifications can be
combined in one sample, and the Luminex software
processes the fluorescent signals to generate an array of
bead classifications on the dot plot of 658 nm/712 nm
fluorescence. Determination of the amounts of the differ-
ent analytes bound to each bead classification is accom-
plished by coincident excitation of the beads with the 532
nm laser in the Luminex'” instrument. Thus, labeling
bead-bound analytes with a fluorescent reporter molecule
such as phycoerythrin, which emits at 575 nm when
excited at 532 nm, produces a third fluorescent signal that
allows the amounts of analytes bound to the beads to be
quantified. Thus, in each sample, the amounts of multiple
analytes can be determined from the emissions of a single
fluorescent reporter molecule because the analyte speci-
ficity and position of each bead classification in the array
is known.

The following oligodeoxyribonucleotides (ODNs) used
in our studies were purchased from Oligos Etc, and the
positions of the S and E mutations are indicated in bold:
5’-amino-modified 18mer ODNs for coupling to beads
were HbA, GCAGACTTCTCCTCAGGA; HbS, GCA-
GACTTCTCCACAGGA; non-E, CAGGGCCTCACCAC-
CAAC; HbE, CAGGGCCTTACCACCAAC; nonsense
(NS), GCATACTCCGTCTCAAGG. 5'-Biotinylated ODNs
complementary to HbA, HbS, non-E, HbE, and NS were
also used to quality control coupling efficiency of 5'-
amino ODNs to the beads.

The five 5'-amino-ODNs were coupled in separate
reactions to five different bead classifications. More spe-
cifically, 2.5 X 10° beads were coupled to 0.5 nmol of ODN
with freshly made 1-ethyl-3(3-dimethylaminopropyl)car-
bodiimide HCl, using the protocol provided by the Lumi-
nex Corporation.

PCR was performed after treatment of 1-mm blood-spot
punches with methanol and boiling water as described
(5). A 327-bp region of the B-globin gene between nucle-
otides 62010 and 62336 of the GenBank sequence (Acces-
sion No. U01317.1) was amplified using Qiagen 10X PCR
buffer and Taq polymerase with a 5’-biotinylated PCR
primer (ACGGCTGTCATCACTTAG) and an unmodified
reverse PCR primer (TCCCACATGCCCAGTTTC). Am-
plification conditions were 5 min at 95 °C and 35 cycles of
95 °C for 30 s, 57 °C for 30 s, and 72 °C for 30 s, followed
by extension for 5 min at 72 °C. PCR amplification was
verified by agarose gel electrophoresis using an aliquot of
each reaction. Both the S and E loci are present in the



