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Applicability of Serum Krebs von den lungen-6 as a Biological Exposure Index
for Workers Exposed to Indium

Yong Lim Won * Gwang Yong Yi - Mi-Young Lee * Eun-A Kim*

Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: Although several cases of lung diseases caused by indium have been reported in Japan, the United States and China, South
Korea, which is estimated to have been the world’s largest consumer of indium, has not yet established a criteria for the diagnosis
of lung diseases caused by indium exposure. In this study, we tried to determine the applicability of the Krebs von den lungen-6,
which has been widely recognized for its use with interstitial lung disease in Japan, as a biological exposure index for indium.

Methods: Methods: The analysis of indium in serum was conducted by inductively coupled plasma mass spectrometry and the
analysis of KL-6 in serum was carried out using enzyme-linked immunosorbent assay Kkit.

Results: The indium levels in serum were distributed from below the detection limit to a peak of 125.78 pg/L, and the values of
the KL-6 were distributed from 104.5 U/mL to 2162.2 U/mL. The serum indium and KL-6 showed good correlation
(R*=0.389,pfortrend=0.000) and smoking did not affect the KL-6.

Conclusions: The usefulness of KL-6 as a specific biomarker for interstitial lung disease has been recognized. In addition, it is
expected that effective prevention of health problems can be achieved by determining the lung-damage progress at an early stage
according to individual susceptibility.

Key words : indium, indium-tin oxide, KL-6
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Table 1. Analytical condition of indium in serum by ICP-MS

Parameter Condition

Nebulizer Micromist nebulizer (400 pL/min)

Spray chamber  Double passed scott spray chamber

Frequency : 27.12 MHz

RE Generator 0 output : 600 W - 1600 W

Plasma gas : 18.0 pL/min
Ar Flow rate Auxiliary gas : 1.5 pL/min
Nebulizer gas : 1.00 pL/min
Sampler cone Pt 1.0 mm
Skimmer cone Pt 0.5 mm

Vacuum Interface < 4 torr, Quadrupole < 3x10°® torr

Peak hopping, 10 ms scan time, 30 scan
rate, 3 replicate

In 115

Measurement mode Quantification mode

Data acquisition

Analysis mass
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Table 2. General characteristics of subjects
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ng/Lol el 118 VIZE 744 e Aow Uehten
1% V7F 7V A Iti(Table 2).

SeIn (s/L) group Total I i 11 v \% VI p-value’
~1.49 1.5~2.9 3.0~5.9 6.0~119  12.0~239 24.0~
No. of subjects 207 131 16 20 15 12 13
Average age (year) 349 7.6 342+ 71 364+88 395+97 351+50 329+68 356+96  0.072
No. of smokers (% rate) 121(58.5)  80(61.1) 8(50.0) 10(50.0) 9(60.0) 6(50.0) 8(61.5) 0.380
History of smoking 1y ¢ 66 122472 105+41 126+78 105+50 11042 99+54 0878
(pack year)
Work(ir‘r‘]%n‘:;‘)raﬁon 47.0 + 35.1 444 + 359 47.1 +30.6 558 + 323 593 +28.5 683 +40.1 17.5+ 133  0.008
" ANOVA
S-In, Serum indium
Table 3. Levels of Indium and KL-6 in serum and urinary cotinine
S-In (ug/L) group Total I 11 m v \ VI p for trend
~1.49 1.5~2.9 3.0~5.9 6.0~11.9 12.0~23.9 24.0~
No. of subjects 207 131 16 20 15 12 13
Serum In(ng/L)
GM 0.18 0.02 221 4.13 8.10 15.73 58.47 0.000
GSD 28.20 7.22 1.21 1.23 1.24 1.21 1.60
Minimum ND ND 1.64 3.30 6.32 12.77 2437
Maximum 125.78 1.48 2.95 5.96 11.74 23.68 125.78
Serum KL-6(U/mL)
GM 346.8 234.5 349.1 561.6 828.4 848.2 1355.8 0.000
GSD 2.09 1.53 1.52 1.78 1.74 1.66 1.50
Minimum 104.5 104.5 1772 167.0 265.5 289.0 446.8
Maximum 2162.2 7912 876.3 1584.4 1570.9 1665.6 21622
Prevalence” (rate, %) 55(26.6)  8(6.1) 3(18.7) 9(45.0) 13(86.7) 10(83.3) 12(92.3)
Urine cotinine(mg/g creatinine)
GM 0.38 0.40 0.27 0.33 0.42 0.27 0.46 0.430
GSD 3.18 3.33 2.62 3.01 3.20 3.06 2.79

* Reference value regulated in Japan, KL-6 < 500 U/mL

KL-6, Krebs von den lungen-6; GM, geometric mean; GSD, geometric standard deviation
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Figure 1. Linear regression analysis result between serum indium
and KL-6

KL-6 = 370.593 + 15.742 x Indium

R-square = 0.389

Controled by age, smoking(urinary cotinine) and working dura-

tion

KL-6, Krebs von den lungen-6
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