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ABSTRACT

Chromium compounds are widely used in diverse industries including pigment manufacturing, painting,

metal plating and leather tanning. With the wide uses of chromium, various adverse effects of the compounds
on the environment and human health have been reported. Among them, hexavalent chromium [Cr (VI)],
which is a carcinogenic heavy metal, has been widely studies. Epidemiological investigations have shown that
respiratory cancers had been found in workers who had been occupationally exposed to Cr (VI). In this study,
cell toxicity and induction of reactive oxygen species (ROS) by Cr (VD) (1, 2, 4, 8 uM) in cultured human
bronchial epithelial cells were investigated. Exposure of the cells to Cr (VI) led to cell death, ROS increase,
and cytosolic caspase-3 activation. The ROS increase was related with the decreased level of GSH. Chromatin
condensation and fragmentation were occurred by Cr (VI) when evaluated by DAPI staining or agarose gel
electrophoresis of the extracted DNA. Expression of ROS related genes including glutathione S-transferase,
heme oxygenase-1, metallothionein were significantly induced in Cr (VI) treated cells. This result suggests the
toxicity in cultured celis by Cr(VI) was expressed through the apoptotic process with ROS induction.
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Aol A 7] AFu) A 29 BEAS-2B cell
line2 ATCCA} (American Tissue Culture Cell)ol] A
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7 & 2mg/mLe] MTT (3-[4, 5-dimethylthiazol-2-
yl]-2, 5-diphenyl tetrazolium bromide)-8-4-& wellt
40uLH Yoy wfckr[Hol A 44]7F A x whEAIZ
t}. plated] e AFSHE A As DMSO (Di-
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308 A= JPEA E50] F3 540nmellM FE=
£ A3 7 e 4 welld 33] o] A
sglen] ZA7ke] 0.DFE dx+2 0.0} ¥lm
ey wBE-g-= FA|sledc} (Choi er al. 2004, Hsiao
et al. 2000).
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DCFH-DA (2°,7’-dichlorofluorescein diacetate) 2 7}
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%<k 2371 & DCFH-DAZ 37°CellA 302 %
b WA PBSZ AR ¥ aandos
a8l v} (Fotakis et al., 2005; Elbekai et al., 20053;
Park et al., 2006). '
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2006).
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6. DNA EXAIH

DNA 274 (fragmentation)2 #¢15}7] €3] Pro-
mega Corporation (W1, Madison, USA)2] Genomic
DNA purification kit o] &3t 23 DNAE
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t}(Spallarossa et al., 2004).

7. DAPI HMAIH
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Table 1. Primer sequences for RT-PCR of oxidative stress related-genes

Gene name Size GB No. Primer sequences
reme oxeense | 0 MO GTAGOGCTTTATOY
NAD (P)H dehydrogenase, quinone | 260 NMO00903.1 E’: ziaﬁiﬁgggi‘;giégéggs
meloioni MO TCTOAACHTTTOCT
hioredorineductse AR GAATGCITATOG0C S
— 0 NMIOITZ2 L GATAGGCAAAAAG.Y
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Mascareno et al., 2005).
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Fig. 1. Effect of Cr(VI) on viability of BEAS-2B cell lines
in vitro. Cells were treated with the indicated con-
centration of Cr (VI) as of K,Cr,O7 for 24, 48, 72
and 96 hr. Cell viability was assessed by MTT
assay. Data are presented as the percentage of the
control group. Cell viability was greatly reduced in
a dose- and time-dependent manner by Cr (VI).
Results represent means of three independent ex-
periments, and error bars represent the standard
error of the mean.
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Fig. 2. Effect of Cr (VI) on ROS production in BEAS-2B
cell line. Cells grown in confluent were pretreated
with Cr (VI), washed with phosphate buffered
saline, and then incubated with DCFH-DA 40 uM.
At the end of DCFH-DA incubation, the cells were
lysed with NaOH and fluorescence of aliquot was
measured. Results represent means of three inde-
pendent experiments, and error bars represent the
standard error of the mean. Asterisks indicate a sta-
tistically significant difference (*: p<<0.03, **: p<
0.01) from the control group.
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Fig. 3. Qualitative characterization of ROS generation by DCFH-DA staining using fluorescence microscopy. (A): Cells
grown in confluent were pretreated with Cr (VI), washed with PBS, and then loaded with 40 uM DCFH-DA. After
washing with PBS, cells were visualized by fluorescent microscopy ( x 100). (B): Images of phase contrast

microscope ( X 100} are shown in lower panel.

el St £ qleh (g, 1996; Wang er al.,
2006). BEAS-2B M| ZFo| ZEE 1,2, 4, 8uM=E
24417k A2lste] YR7bee] WkE B = A
3}, Fig. 204 #3EE= AR Fi7ter) 229
Exoz Frhlden suMz AL 75 )
Aelett viws) oF 129 A= Frlstdo ROS
9 At A|dA oz Felsl Al § chamber slide
o BEAS-2B cell& 2x 10° cells2 ¥-2A|7)31 =
FE 2,4, 8uME 747} X2|sled 244)7ke] A
$ B0 E olfild WIE JAF A,
Fig. 3¢]A] B3= upe} zhe] §h7lwe] wislr} 8
UM el FelstA] #lE g
ROS7H Z7}sh 3hael = thekal A7}
Aok Aoz el ok 7129 AFE B9
AbEPA] AEE A0l Aol gl Aoz 4Rl o
ogf‘s} FAAS] el 1,2, 4, SuME 48417 22
Zo] mRNA &3 SuUME. 6, 12, 24, 48X 7}F
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UMEZ 48X17F x]2]3t 72, catalase®} thioredoxin
reductase 1 UM A 7[R F213 2712 Bl &
rwoExoz 7k A 7L we) upy gluta-
thione S-transferase®} heme oxygenase-1, metallo-
thionein-1, NADPH quinone oxydase®] 7-$+ 4
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Fig. 4. Effect of Cr (VI) on the induction of oxidative
stress-related genes. Right: Cells were treated with
Cr (VI) of 8 uM for the indicated time. Left: Cells
were treated with the indicated concentration of Cr
(VD) for 24 hr. mRNA transcription was detected by
RT-PCR analysis using respective primers described
in Table 1. (A): glutathione S transferase, (B): cata-
lase, (C): heme oxygenase-1, (D): metallothionein,
(E): NADPH quinone oxydase, (F): thioredoxin
reductase.
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Fig. 5. Effect of Cr (VI) on the level of intracellular reduc-
ed glutathione (GSH). Fluorometric method using o-
phthaldehyde was used to measure the intracellular
GSH. Results represent the average of three dif-
ferent analyses. GSH was calculated as nmol of glu-
tathione per mg of protein and then was presented as
the percentage of the control group. All treated
group showed statistically significant difference by
Student’s t-test (p<0.01) from the control group.

(Fig. 4).
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Fig. 6. Effect of Cr (V1) on the caspase-3 activity. The cell

ol w2 W #FIY

lysate was tested for protease activity by the addi-
tion of a caspase specific substrate DEVD-AMC.
The cleavage of the peptide by the caspase releases
the chromophore pNA, which can be quantitated
using fluorescent microplate reader at a wavelength
of 360 (ex) and 460 (em). (A): dose dependent
change, (B): time dependent change. Asterisks in-
dicate a statistically significant difference (*: p<
0.05, **: p<0.01) from the control group.
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Fig. 7. DNA fragmentation and DAPI staining in BEAS-2B
cells exposed to Cr(VI) for 24 hours. Cells were
exposed to 8 uM Cr(VI) for 24 hours, DNA was
extracted and fragmentation was shown using 1.5%
agarose gel electrophoresis (A). DAPI (4, 6-diami-
dino-2-phenylindole) staining was performed in
Cr(VI) treated cells (B). DAPI solution was applied
to cultured cells in 8 chamber slide, and the slides
were incubated for 10 min in the dark at 37°C, and
the images of nucleus were made by fluorescent mi-
croscope. The cells treated with Cr(VI) 8 uM show-
ed the chromosome condensation or breakages.
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