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Hypoxanthine phosphoribosyl transferase assay of lead mutagenicity on

Kkeratinocytes
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ABSTRACT An improved hypoxanthing phospho—
ribosyl tramsferase (HPRT) assay system was used to
investigate the genotoxicity in human and rat
keratinocytes exposed to Pb®* 0.1-100 pmols ml™
in vifro. Autoradiography was applied te determine
the number of labeled cells/ cm® of culture with
PHITdR and liquid scintillation spectrometry was
used to determine the incorporation of PHJTAR into
DNA counting of 6—thioguanine (TG}—resistant
cells, The ratio between the number of labeled cells in
the Pb* treated group (T) and in the control group
{C) was calculated. When tbe cells exposed to Pb** 6
pmol= L™" for 4 h, the T/ C ratios reached 1.75
{scintillation. ‘S). and 2 07 {autoradiography, A)in
buman and 1.37(S). and 1.77 {A) in rat cells. A pos-
itive relation existed between tbe concentration of
Pb’* and mutagenicity. Lead shoukd be considered
as a weak mutagen in buman and rat keratinocytes,
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Both inorganic and organic lead compounds are
carcinogenic in experimentat animals'V, There is as
. yet no proof that lead is carcinogenic in humans. The
association of sister chromatid exchange (SCE) in
peripheral lymphocytes and exposure to lead in indus-
trial workers is still in doubt™™. No change was seen
in the rates of micronuclei in lead exposed V79 cells in
vitro, but there was slight mutagenic activity in vivo',
Tbe above results were concordant with those of the
experiments from rat keratinocytes in vitro”".  In this
paper, a modified hypoxanthine phospboribosyl
transferase (HPRT) assay was adopted for evaluation
of the mutagenic intensity of buman and rat Keratino~
cytes exposed to lead in vitro, since keratinocyte is
suitable to indentify the environmental carcinogens,
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MATERIALS AND METHODS

Culture of epidermal keratinocytes The culture
technique for the buman and rat keratinocytes fol-
lowed Brown ¢ o with some modifications,
Keratinocytes were isolated from skin of 10 normal
huoman adults (332 08 a 5 M, 5 F) and 98 new
bororats (CFN strain. 1-2 d). After purified by
centrifugation at 18 000x g for 15 min at 4C . the
basal cells were collected trom the band at a density of
1062 g» mI' and were suspended in normal minimal
essential medium (MEM) at a concentration of 2
x 10° cells- mli™ 03 ml of basal cells suspension
was placed upon a cover glass 484 mm’ in a culture
dish (35 mm) and incubated in 5% CO, at 35T, The
medium was not changed until ihe cells adbered onto
cover glass after about 24 h. When the culture was
about 80% confluent, the medium was changed to
low calcium MEM (LCMEM]). which rendered the
cells growing in monolayers without stratification™.

Lead exposare  The cultures were exposed lead
acetate to 0.1, 1, 6, 10, and 100 gmol+ ml™* for
2. 4, 8, and 24 h, They were washed twice with
Eagle’s Buffered Saline Solution (EBSS) and incu-
bated in LCMEM with 2% Byclone Bovipe Calf Se-
rum (BCS)at 35T for3. 5, 7, and 9dtoallowex-
pression of the mutated gene. when cultures were
treated with TG 1 pmol* ml™ for2d.

Autoradiographic counting of TG—resistant {TG")
cells  After an exposure to TG for 48 h,  all cultured
cells were labeled with PH)thymidine 74 kBg* mi™
in the presence of TG for 2 b at 35 T . The number of
labeled cells/cm® (area randomly selected) was
counted. T.C (autoradiography, A) represemed
the ratio of the number of labeled cells in lead treated
group (T) to that in the control group (C).

Liquid scintillation spectrometry The cultured

-cells. labeled with [PH]TdR 74 kBq+ ml”' for 2 h at
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35C were rinsed twice with ice—cold PBS. Then, |
ml of 7% trichloroacetic acid was added to each dish
and kept overnight al 4T V' Radioactivity was de-
termined by liquid scintillation spectrometry { Packard
lpstruments). T/ C { scimillalion, $) represenied the
ratio of counts per min in the DN A of treated cells {T)
to those of the contrel group(C).

RESULTS

T/ C increased with Lhe rising concentration of
lead. The maximal value was seen al 6 ymol+ L7,
Owing to cytotoxicity, the higher concentrations re-
sulted ina lower T/ C (Tab 1).

Human keratinocyle cullures were exposed Lo
Pb* 6 ymol= L' for 2, 4,8 and 24 hond 5 after
the cells were plated. The {*’H]TdR incorporation into
DNA and \he number of labeled cells / em?® were the
highes\ afier exposure for4 h.

After human keralinocyles were exposed to Pb**
6 pmole L' for 4 h and treated with TG 1
pumol+ L™ for2d. 5 d was found to be the optlimal
time for expression of the mutated gene. With a long-
er cullivation lime. more cells died while labeled cells
decreased in both control and treated cultures (Tab 2),

IMSCUSSION

The HPRT assay has been widely applied as a
component of genoloxicity test batleries. A modified
HPRT assay was adopted in this project. TG® cells

Tab 1. Incorporation of PHITAR into DNA of
kerationocytes after exposed to Pb*" ford h. #=12
samples from one man and 10 samples pooled from 98

rats x* s "P> 005 “P<0.05 "P<0.01 vs
control.
2 Jncorporation of
Pb™, [’HITdR into DNA Labeled
Cells pmo]l dpm / ml
. - 2
L oxtracl TAC  cells/cm® T/C
Man 0 5 270% 230 1.00 99+ 52 1.00
01 5770+ 2510° L.10 11.0=56" 1.11
1 7080+ 1150* 134 104+52° 1.05
6 G230+ 1920°°7 175 20460 207
10 8310+ 1840°" 158 128+ 30" 130
100 6770+ 380" 127 60+30" 060
Rat 0O 43501000 100 97t2]1 1.00
0.1 4920+ 1580° 109 106+59% 122
1 4880+ 13507 1,12 118+397 136
6 5920+ 1150*°*137 1541 23" 1.77
10 3150+ 4607 0,73 571 1L7° 066

arc considered to be mutant al the HPRT locus. In
the modified method radicactivity was osed 0 meas-
ure the amount of labeled cells instead of counting
their number under microscope. This analylical ap-
proach reduced the labor intensity of the test. L has 3
advaniages: (1) the time needed for carrying oul the
determination s greatly reduced. (2) the method is
easy lo control, simpler than that of autoradio—
graphy. thus making the assay more attractive as a

Tab 2 Incorporation of PHITAR into DNA of buman keratinocytes after exposed to Pb** 6 ymol+ L' and treated

with 6-TG. »= 16 and 8 samples pooled from 5 women and 4 men, respectively. x* 5 “P>0.05. ~"P< (.05,
***P< 0.01 vs control.
Incorporation of PH]TdR into DNA 2
Time Samples dpm ¥ ml extract Labeled cells 7 cm
Treated Conlrol T/C  Trealed Conlrol T/ C
Exposure < h 2 16 8 0801 1000 7 770% 1 150 1.03 42+ 10" 41+ 11 1.02
4 16 96901 | 150°*" 7 380 770 130 S0x 12 39+ 10 1.28
B 16 9040+ 11907 76301 730 1.18 4+ 11° 38 10 1.15
24 16 9120= 1720" 7690 1 420 1.18 45+ 12° 42+ 10 1.07
Expression / d 3 8 11810 3850° 13 1501 4380 0.90 43 11" 38* 10 1.02
5 8 8 730% 12307 79201 1 150 1.10 33+ 8" 27+ 6 14
7 8 6730+ 1770" 56501 1920 1.00 21+ 4" 18+ 3 1.20
9 8 5230+ 1540° 5080+ 1340 1.00 6117 71 085
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screening tool for mammalian cell mutagens and 1he
approach i more objetive than the auteradiographic
one. When cultures of human and rat keratinocytes
were exposed to Pb™ 6 pmol- L™' for 4 h in vitro
and then, were incubated in the presence of TG |
pmols L™ for 2 d. the incorporation of PHITdR
and the number of {abeled cells / em®  increased 1.37
(rat. ) 1.75, and L.77 {rat. A). 2.07 folds over
the control valucs, respectively. The maximal re-
sponses both in human and rat keravinocyles in vifro
were observed aL Pb™ 6 ymols L™, When the con-
centration of Pb™  was raised to 10 pymol- L™, the
number of labeled cells and the level of incorporation
of tracer into DNA decreased rapidly due to
cytotoxicity, resulting in a lower T/ C value. The
results showed that human keratinocytes are concord-
ant with rat cells, and human keralinoeytes are more
sensitive than the rat cells (P < 0.05).

Bradley, ef af*!"' established a T/ C of 3 as the
minimum value for a positive response in the HPRT
assay. Although the highest value of T/ C obtained
in this study was less than 3, it appeared thal lead
should be considered as a weak mutagen since at Pb**

6 umol- L™ the treared group showed values fnr/t-'l'; ~ [4

percentage of labeled celis, and i1he incorporation of
tracer into DINA that were signficantly higher than
those of the controls (P< 0.05),
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