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INTRODUCTION
Sialylated carbohydrate antigen KL-6 (hereinafter
referred to as "KL-6"), an MUC-1 molecule recognized
by the anti-KL-6 monoclonal antibody established by
Kohno, et al., is a transmembrane glycoprotein expressed
on the surface of type 2 alveolar epithelial cells.1) KL-6 is
highly specific to interstitial pneumonia,2) particularly to
the active form rather than inactive interstitial
pneumonia, and is therefore widely used as a marker for
the diagnosis of interstitial pneumonia and as an indicator
of disease activity.3) In this paper, we report the results of
a fundamental study of the fully automated immunoassay
analyzer HISCL™ (Sysmex Corporation), which employs
a chemiluminescent enzyme immunoassay (CLEIA)
detection method, and its HISCL™ KL-6 Reagent. In this
study, we evaluated their basic performance and
usefulness in routine testing. We also compared the
reagent with PicoLumi KL-6, a reagent used in
conjunction with the electrochemiluminescence
immunoassay device PicoLumi.

I. MATERIALS AND METHODS

1. Materials

Human serum samples purchased from overseas were
used for the evaluation of precision, dilution linearity,
and the hook effect. To evaluate the effect of potentially
interfering substances, two different concentrations of
control serum samples were used. For other evaluations,
EDTA-added plasma (which was included in a plan
reviewed and approved by the hospital's ethical
committee and was then concurrently collected with
human sera) was used. We used the residual serum and
plasma samples that had been anonymized in an
unlinkable fashion, in accordance with the Japanese
Society of Laboratory Medicine's "policy on the use of
leftover laboratory test samples for other tests, education,
and research."4) The study was approved by the hospital's
ethical committee.
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2. Devices and Reagents

The device studied was the fully automated immunoassay
analyzer HISCL-5000 (CLEIA, Sysmex) with its HISCL
KL-6 Reagent. As a control assay, the
electrochemiluminescence immunoassay device
PicoLumi (ECLIA, EDIA) and its reagent PicoLumi KL-
6 were used.

3. Measurement Principle

HISCL KL-6 Reagent (EDIA Co., Ltd.) is a two-step
sandwich assay to quantify the level of KL-6 in a serum
or plasma sample by CLEIA using the anti-KL-6
monoclonal antibody developed by Kohno, et al. The
measurement procedures are shown in Fig. 1.

1) Biotin-binding anti-KL-6 monoclonal antibodies
(mouse) in Reagent 1 (R1) specifically react with
KL-6 in the sample. They then bind to streptavidin-
binding magnetic particles in Reagent 2 (R2).

2) After removing unreacted liquid, add Reagent 3 (R3).
ALP-labeled anti-KL-6 monoclonal antibodies
(mouse) specifically react with KL-6 on the magnetic
particles.

3) After removing unreacted liquid, add Reagents 4 and
5 (R4 and R5). The luminescent substrates CDP-
Star™ undergo enzymatic degradation via the ALP on
the magnetic particles. Measure the resulting
luminescence intensity.

4) The luminescence intensity increases as the
concentration of KL-6 in the samples increases. By
measuring the KL-6 level in the samples containing
KL-6 at known concentrations (HISCL KL-6
Calibrators C0 to C4) and preparing calibration
curves, the KL-6 concentrations in the samples can
be measured.

4. Methods

To determine precision, human serum samples with three
different concentrations of KL-6 were used to assess the
within-run reproducibility in 10 repeated measurements.
The between-run reproducibility was also examined by
measuring the KL-6 concentrations in these samples for
20 days.
For the evaluation of the minimum detection sensitivity,
a dilution series was prepared using reference standards
with the zero and lowest concentrations of KL-6 for

Fig. 1  Measurement Principle of HISCL KL-6 Reagent
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calibration curve preparation. Using these samples and
the reference standard with zero concentration, a total of
10 repeated measurements were made to determine the
mean ± 2 standard deviation (SD) of the luminescence
intensity (counts). The detection limit was defined as the
concentration at which the mean + 2SD of the
luminescence intensity for the reference standard and the
mean - 2SD of that for each sample in the dilution series
do not overlap.
For the evaluation of the dilution linearity, a dilution
series was prepared using three samples with high
concentrations of KL-6 and HISCL Sample Diluent 2.
Based on the test results, the quantitative range of the
assay was determined.
To assess the presence or absence of the hook effect, a
dilution series was prepared using samples showing
abnormally high levels of KL-6 and a reference standard
with zero concentration for calibration curve preparation.
Based on the test results, it was ascertained if there was
any hook effect.
The effect of interfering substances was examined by
adding Interference Check A Plus and RF Plus (Sysmex)
to control sera L and M at two different concentrations

(300 to 800 U/mL and 900 to 2,500 U/mL, respectively)
and assessing the variation in test results.
For the evaluation of the correlation between assays, test
results from 84 human serum samples were compared
between HISCL KL-6 and PicoLumi KL-6. In addition,
test results were obtained for 83 concurrently collected
EDTA-added plasma samples to examine the effect of
the difference in the sample type.

II. RESULTS

Table 1 shows results for the within-run reproducibility.
The mean and coefficient of variation (CV) of the within-
run reproducibility were 488.7 U/mL and 1.0% for Level
1, 956.0 U/mL and 1.0% for Level 2, and 3,958.1 U/mL
and 2.2% for Level 3, respectively. The mean and CV of
the between-run reproducibility determined using the
same samples were 503.5 U/mL and 1.7% for Level 1,
985.0 U/mL and 2.0% for Level 2, and 4,157.5 U/mL and
2.0% for Level 3, respectively (Table 2).
The minimum detection sensitivity was observed for the
sample with a theoretical KL-6 concentration of 0.5
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Table 1 Within-Run Reproducibility

Mean



U/mL, which yielded the mean - 2SD (11,197 counts) for
the dilution series not overlapping the mean + 2SD
(4,253 counts) of the luminescence intensity of the zero
concentration sample (Table 3).
When the dilution linearity was examined using three
samples with a KL-6 concentration of 2,000 to 4,500
U/mL (Samples A, B, and C), all of these samples
showed linearity converging on the origin up to 4,450
U/mL (Fig. 2).
Regarding the hook effect, the measured values increased
in a semi-linear fashion up to 56,811,876 counts of

luminescence intensity (the theoretical KL-6
concentration of 6,307 U/mL). After this peak, no further
increase or hook effect was observed (Fig. 3).
When examining the effect of potentially interfering
substances, no change in measurements was shown for
bilirubin F up to 19 mg/dL, for bilirubin C up to 21
mg/dL, for hemolyzed hemoglobin up to 500 mg/dL, for
chyle up to 1,410 FTU (formazinturbidity unit), and for
rheumatoid factor (RF) up to 500 IU/mL, as compared
with KL-6-free samples (Fig. 4).
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Fig. 2 Dilution Linearity
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Fig. 3 Hook Effect

Fig. 4 Effect of Potentially Interfering Substances



For the correlation between PicoLumi-KL-6 (x) and
HISCL-KL-6 (y) in 84 samples with concentrations of
PicoLumi-KL-6 ranging from 121 to 5,268 U/mL, the
regression equation was y = 1.02x - 52.31 and the
correlation coefficient was r = 0.997 (Fig. 5a). In 53
samples with KL-6 concentrations at the cutoff value5) of
500 U/mL or lower, the regression equation was y =

0.98x - 20.70 and the correlation coefficient was r =
0.958 (Fig. 5b).
A comparison of test results between the serum (x) and
plasma (y) samples (83 cases) produced a regression
equation of y = 0.92x + 3.92 and a correlation coefficient
of r = 0.999 (Fig. 6).
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Fig. 6 Correlation between Plasma and Serum Samples in HISCL KL-6 Reagent

Fig. 5a Correlation between HISCL KL-6 and PicoLumi KL-6 (Serum) Fig. 5b Correlation between HISCL KL-6 and PicoLumi KL-6 in

Samples Containing KL-6 at 500 U/mL or Lower (Serum)



III. DISCUSSION

Commercially available KL-6 assay reagents include the
widely used latex agglutination assay6) (LIA)-based
reagents, reagents for ECLIA, which was used as the
control in the present study, and reagents for CLEIA.7)

The reagent studied, HISCL KL-6 Reagent, is a CLEIA-
based reagent.
Regarding precision, HISCL KL-6 Reagent had a CV
(%) of the within- and between-run reproducibility at
each concentration of 2% or lower, showing similar or
better performance compared with other assay
reagents.6,7)

The minimum detection sensitivity was 0.5 U/mL,
indicating that HISCL KL-6 Reagent can detect KL-6 at
concentrations that are significantly lower than the cutoff
value of 500 U/mL for the diagnosis of interstitial
pneumonia and the concentration range in healthy
individuals5) of 100 to 300 U/mL. With the reported
minimum value being 10 U/mL, HISCL KL-6 Reagent
demonstrated superior performance for detection of low
levels of KL-6 compared with other assay reagents.6)

Dilution linearity was observed up to 4,450 U/mL. Due
to its measurement principle (a two-step sandwich assay)
and double B/F separation process, HISCL KL-6 Reagent
provided a measurement system producing less hook
effect, with measurement values increasing in a semi-
linear fashion up to approximately 6,000 U/mL. The
results confirmed that KL-6 can be measured up to the
highest concentration in the reference solution for
calibration curve preparation (approximately 6,000
U/mL) without diluting the samples.
None of the following coexisting substances had any
effect on the results: bilirubin F, bilirubin C, hemolyzed
hemoglobin, chyle, rheumatoid factor.
The correlation with PicoLumi KL-6 was shown to be
favorable, with no major divergence observed between
the two reagents. In samples containing KL-6 at the
cutoff value of 500 U/mL or lower, measurement values
were slightly lower for HISCL KL-6 than that for
PicoLumi KL-6. However, there were no divergent
samples, showing a good correlation.

Using serum and EDTA-added plasma samples, we
examined the effect of sample type on the test results. An
8% decrease was observed in the KL-6 levels in the
plasma samples compared with the serum samples but
with a favorable correlation at r = 0.999. Therefore, both
types of samples were considered appropriate for HISCL
KL-6.

CONCLUSION

We evaluated the basic performance of the HISCL KL-6
Reagent for the fully automated immunoassay analyzer
HISCL and its usefulness in routine testing. Results
showed that the reagent is useful in the diagnosis and
follow-up of interstitial pneumonia when it is used in
laboratory tests.
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