Introduction

Although H>O; generally considered a toxic by-pro-

The Effects of Peroxiredoxin . on Human HelLa Cell
Proliferation

Soonyoung Choi' and Sangwon Kang2

’quan‘mmz‘ of Biological Science, Sookmynng Women's University, Seoul, Korea, “The Center Sor Cell
Signaling Research, Ewha Womans University, Seoul, Korea

ABSTRACT

Background: Peroxidases (Prx) of the peroxiredoxin family reduce hydrogen peroxide
and alkyl hydroperoxides to water and alcohol respectively. Hydrogen peroxide is
implicated as an intracellular messenger in various cellular responses such as proliferation
and differentiation. And Prx I activity is regulated by Cdc-2 mediated phosphorylation.
This work was undertaken to investigate the proliferation role of peroxiredoxin III as
a member of Prx family in Prx III overexpressed Hela cell line. Methods: To provide
further evidence of proliferation, we selected Prx III stably expressed Hela Tet-off cell
lines. Cell proliferation was examined by using proliferation reagent WST-1 in the
presence or absence of doxycycline. Prx III, 2-cys Prx enzymes exist as homodimer.
The activation of Prx III heterodimer with induced and endogenous Prx III was
examined by immunoprecipitation. Results: Immunoprecipitation analysis of the induced
and endogenous Prx III with anti-myc showed that the induced wild type (WT) and
dominant negative (DN) Prx III from HeLa Prx III Tet-off stable cell heterodimerized
with endogenous Prx III each other. And the expression level of induced Prx III was
examined after addition of doxycycline. By 72 hr, the expression level of induced Prx
III was diminished gradually and the half-life of the induced wild type Prx III was
approximately 17 hr. The proliferation experiment demonstrated that the relative
proliferation value of induced and endogenous WT Prx III stable cell has no changes
but the DN Prx III induced Hela Tet-off stable cells were lower than endogenous
Prx III. Conclusion: In conclusion, the Hela dominant negative Prx III Tet-off stable
cells were decreased the proliferation. (Immune Network 2003;3(4):276-280)
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(13,14). Members of the Prx family can thus be di-
vided into two subgroups as follows: 2-Cys Prx
proteins, which contain both the NHz- and COOH-

duct of respiration, recent evidence suggests that the
transient generation of H»O» is an important signaling
event triggered by activation of many cell surface
receptors (1-4). It has thus been proposed that HxO;
is an intracellular messenger that mediates various
cellular functions, including the activation of trans-
cription factors such as NF- B (5) and AP-1 (6,7) as
well as the inactivation of protein-tyrosine phos-
phatases (8-12). Members of the Prx family of pero-
xidases are present in organisms from all kingdoms
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terminal Cys residues, and 1-Cys Prx proteins, which
contain only the NH»-terminal Cys (15).

Prx isoforms are distributed differentially within
cells: Prx 1 and II are localized to the cytosol (16,
17); Prx III is synthesized with a mitochondrial-tar-
geting sequence and is restricted to mitochondtia; Prx
IV is synthesized with an NH»-terminal signal sequ-
ence for secretion and is present in the endoplasmic
reticulum as well as in the extracellular space; Prx V
is expressed in long and short forms that are located
in mitochondria and peroxisomes, respectively (18);
and Prx VI is found in the cytosol (19,20). When
overexpressed in various cell types, Prx enzymes
efficiently reduced the increase in the intracellular
concentration of H»O; induced by platelet-derived
growth factor or tumor necrosis factor-@, inhibited



the activation of NF-B induced by tumor necrosis
factor-a, and blocked apoptosis induced by ceramide
(19,21,22), suggesting that they function in signaling
cascade by removing H»O,. Purified Prx I is phos-
phorylated on Thr90 by cycline-dependent kinase
(CDKs), resulting in a marked inhibitionof thepero-
xidase activity of Prx 1. From these Prx I inactivation,
the accumulated intracellular HO» might take part in
cell cycle progression (23). In this paper, we demon-
strated that mitochondrial form inducible Prx ITI-WT
Hela stable cell showed no difference with endogen-
ous Prx III Hela cell in proliferation. But the indu-
cible Prx III-DN Hela cell showed apparent decrease
in proliferation. These results suggested that the non-
functional, dominant negative Prx III is responsible
for HyO; increase in Hel.a cells and that the accu-
mulated intracellular H>O, might be a role in the
HeLa cell proliferation in the mitochondria.

Materials and Methods

Materials. Dulbecco's Modified Eagle's Medium (DMEM),
penicillin, streptomycin, G418 and trypsin-EDTA
were obtained from Life Technologies Inc.; Hela
Tet-off cells, pTRE vector, pTK-Hyg plasmid, Tet-
system approved fetal bovine serum (FBS) were from
Clontech; Superfect was from Qiagen; Doxycyclin
was from Sigma. Antibody sources were as follows:
Santa Cruz; anti-phosphotyrosine (4G10), anti-tubulin
(B-5-1-2), Sigma. Rabbit polyclonal antibody to Prx
III was prepared as described (19).

Plasmid constructs. Prx 111 (D49396) was amplified
from a human liver cDNA library by PCR and sub-
cloned into pShooter vector (Invitrogen) at Pst I and
Not I restriction site. In order to construct myc-
epitope-tagged Prx III, we made the forward primer
(5"-TTAATAGGATCCAACCCACTGCTTACTGG
CA-3") and the reverse primer for an myc epitope
sequence at C-termini (5-AGTATAGGATCCGCT-
GATC AGCGAGCTTCTAG-5") and ran PCR with
pShooter-Prx III as template. The PCR product
directly ligated into pTRE vector (Clontech) at BamH
I restriction site, named as pTRE-III-WT. The iden-
tity of all PCR products was confirmed by nucleotide
sequencing (NCI-Frederick Cancer Research & De-
velopment Center). A Serine mutation at Cys108
(C108S) of Prx III was made by standard PCR-
mediated site-directed mutagenesis with pTRE-Prx
III as template and complementary primers contain-
ing a single-base mismatch that converts the codon
for Cys to one for Ser. The C108S mutant of Prx
IIT subcloned into pTRE vector was used as template
for second round of mutagenesis to yield the Cys108
and 229 double mutant named as pTRE-III-DN.
Cell culture, transfection and stable cell lines. Human Hela
Tet-off cells (Clontech) were cultured in DMEM
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supplemented with 10% FBS, penicillin (100 U/ml),
streptomycin (100 U/ml) and G418 (100pg/ml) at
37°C in 5% COy incubator. Cells were plated at a
density of 2x10° per 60 mm dish and allowed to
recover for 24 h. They were then co-transfected with
5ug of pTRE-III-WT or pTRE-III-DN, 0.5 g pTK-
Hyg (Clontech) and 30Ul Superfect reagent (Qiagen)
in 1.35 ml serum free DMEM. After 2.5 hr, 3 ml
of DMEM containing 10% FBS, doxycycline (1pg/
ml, sigma) and G418 (100Ug/ml) were added to the
trans-fection mixture, and the cell were incubated for
an additional 24 hr. After incubation, the cells were
transferred to 150 mm culture dish to select hygro-
mycin-resistant clones after further incubation. The
media containing 10% Tet-system approved FBS,
doxycycline, G418 and hygromycin (200g/ml).
Immunoprecipitation and immunoblot analysis. Hela cells
were washed once with ice-cold phosphate-buffered
saline, and lysed at 4°C for 20 min in lysis buffer
containing 25 mM HEPES, pH 7.4, 150 mM NaCl,
2 mM EGTA, 1 mM dithiothreitol, 25 mM gly-
cerophosphate, 1 mM NasVOy4, 1 mM NaF, 1% Tri-
ton X-100, 1 mM phenylmethylsulfonyl fluoride, 10
Jg/ml aprotinin, and 10Ug/ml leupeptin. Cleared
lysates were obtained by centrifugation at 12,000 g
for 10 min and the protein concentration was mea-
sured by Bradford assay. For immunoprecipitations,
cleared lysates (1,000ig in 1 ml) were precleared
with protein G-sepharose beads (Amersham Phar-
macia Biotech) for 1 hr at 4°C. 1Ug of anti-myc
monoclonal antibody was added and incubated
overnight at 4°C with rotating. Protein G-sepharose
was added and incubated at 4°C for 1 hr. Im-
munoprecipitates were washed four times with 1 ml
of ice-cold lysis buffer, resuspended in 2 Laemmli
sample buffer, and processed for immunoblotting.
For immunoblot assay, samples were resolved by
12% SDS-PAGE, transferred to nitrocellulose mem-
brane, and immunoblotted with an appropriate anti-
body.

Cell proliferation assay. We used the cell proliferation
reagent WST-1 (4-3-(4-iodophenyl)-2-(4-nitrophenyl)-
2H-5-tetrazolio-1.3-benzenedisulfonate sodium salt,
Roche) for assay of cell proliferation. Cells were re-
suspended in DMEM medium in the presence or ab-
sence of doxycycline and seeded in 96 well Falcon
3,072 plates (Becton Dickinson, Lincoln Park, NJ). 10
W of WST-1 solution was added to 100Ul of PBS
buffer per well and the cells were then incubated for
1 hr. The plates were read on a Molecular Devices
Thermo max Microplate reader, using a test wave-
length of 450 nm, a reference wavelength of 595
nm.
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Results
Expression of PrxIIl in Hel.a cells under the control of
tetracycline. 'To investigate a physiological role of Prx

III, we established stable expression of myc-epitope
tagged wild (pTRE-III-WT) and cysteine mutant Prx
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Figure 1. Expression of wild and mutant Prx III in HelLa cells
after removal of doxycycline. A. HelLa Tet-off cells were stably
transfected with wild type (WT) and mutant type (DN) of Prx
III, respectively. Cells were cultured in either the presence (+)
or absence (-) of doxycycline (Ijg/ml) for indicated time
points. Analysis of induced Prx III degradation. Hela Tet-off
cells were stably transfected with wild type (WT) Prx IIL. To
induce an expression of Prx III, cells were cultured in the
absence of doxycycline for 48 hr. After doxycycline (1pg/ml)
was added into culture media, cells were further cultured for the
indicated time points. B, lysates (5lg proteins) were resolved by
12% SDS-PAGE, transferred to nitrocellulose membrane, and
immunoblotted with anti-Prx III antibody. C, chemiluminescence
signals developed and collected in Kodak Image Station and
quantitated by using Image-Quant software, according to manu-
facturer's instruction. Molecular size standards in kilodaltons are
shown on the left.

III (pTRE-III-DN), where two conserved and active
site cystein residue was replaced by serine residue. We
cotransfected pTRE-III-WT or pTRE-III-DN. After
selection, 49 Prx III WT and 36 DN surviving colo-
nies were screened by the western blotting with Prx
III antibody, each 8 and 10 colonies were selected.
Based on expression level, we chose a clone of Hela
cells. For screening the elevated levels of myc-tagged
wild and mutant Prx III proteins, we induced expres-
sions of Prx III-WT-Myc and Prx II-DN-myc by
removal of doxycycline. After 3 days, the expression
levels of each type of cells were similar to those of
endogenous Prx III, respectively (Fig. 1A). Next
question is how long the induced protein is lasting
in the cells. So we quantitatively analyze the degra-
dation of induced Prx III after the addition of doxy-
cycline. By 72 hr, the expression level of induced Prx
III was diminished gradually (Fig. 1B). From quanti-
tative analysis, the half-life of induced Prx III was
approximately 17 hr (Fig. 1C).

Proliferation. To investigate how mitochondrial Prx I1I
related to cell growth in the cells, Prx III DNA was
stably transfected into Hela cells. Tetrazolium salt
has been used to develop a quantitative colorimetric
assay for cell survival. The assay detects living, but
not dead cells and the signal generated is depend on
the degree of activation of the cells. For this purpose,
we used MTT derivative WST-1, which is indicator
of mitochondrial dehydrogenase in viable cell. A role
in normal growth was demonstrated in Hela cells by
using human Prx III, resulted in a no difference in
serum-dependent growth (Fig. 2A). But dominant nega-
tive stable cell line resulted in a decrease (Fig. 2B).

Discussion

Subcellular distribution of Prx III is in mitochondria.
The 2-Cys Prx III enzymes exist as homodimers with
the two monomers otiented in a head-to-tail manner
(13,15). To investigate a physiological role of Prx 111,
we established stable expression of myc-epitope tag-
ged wild and cystein mutant dominant negative in
Hella Tet-off cells. But Prx III dimerization is re-
quired for the activation in Prx III inducible stable
cells. The expressed mutant Prx III can form hetero-
dimer with endogenous proteins (data not shown). So
we use this cell line for further Prx III physiological
study.

Moreover expressed inducible Prx III is maintained
for about 72 hr after the addition of the doxycycline.
Even the half-life of Prx IIT is 17 hr. This results
shows the stability of inducible Prx III is enough to
examine the cell proliferation for 3 days. After 17hrs
expression of Prx III inducible stable cells, at least
the 50% of the induced Prx IIT form the dominant
negative heterodimer and works as a dominant ne-
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Figure 2. Role of Prx III in Hela Tet-off cell proliferation. HelLa Tet-off cells were stably transfected with wild type (WT) in and
mutant type (DN) of Prx III, respectively. Cells were seeded onto 96-well plate (1x10* cells per well) and cultured in either the
presence (white) or absence (black) of doxycycline (1 Pg/ml) for indicated time points. After washing with PBS buffer, cell proliferation
was quantified using cell proliferation reagent WST-1 (Roche). A, Prx IIT WT and B, Prx III-DN stable cell. Values are the meantSE.M.
(n=8). *, P<0.001, significant difference between Hel.a cells in the presence and absence of doxycycline.

gative mutants.

In the experiment of the mitochondrial Prx III
relation to cell growth in the cells, we used Prx III
stable cell with wild type and dominant negative type,
respectively.

Induced Prx III WT protein of stable cell line had
no effect in the cell growth. From this result, endo-
genous Prx III protein of Prx III WT stable cell line
might be enough amounts to functioning in mito-
chondria. Base on unique Prx structural feature, cys-
tein double mutant of Prx where two conserved, acti-
ve site cystein residues are replaced by serine resi-
dues, served as a dominant negative mutant to titrate
out the endogenous wild-type proteins. And domi-
nant negative Prx IIl protein has no more activity as
a peroxidase. Mitochondria are a major physiological
source of reactive oxygen species (ROS), which can
be generated during mitochondrial respiration (24).
Superoxide radicals, formed by mitochondrial elec-
tron transport chain or by an NADH-independent
enzyme, can be converted to H2Oz and to the hydro-
xyl radical (25).

Thus mitochondria are continually exposed to ROS
that cause peroxidation of membrane lipids, cleavage
of mitochondrial DNA, and impairment of ATP
generation, with resultant irreversible damage to mito-
chondria.

Arai et al. shows that mitochondrial PHGPx (phos-
pholipids hydroperoxide glutathione peroxidase) was
prevent cell death that was caused by ROS generated

in mitochondria and by exogenously added hydro-
peroxides (26). The result of dominant negative Prx
III stable cell reflects that generated ROS in mito-
chondria causes cell death.

Prx V, the member of the Prx family, is localized
intracellulary to cytosol, mitochondria and peroxi-
somes. The mitochondrial fraction of Prx V has the
possibility to affect Prx III overexpressed Hela Tet-
off cell proliferation. Seo et al. showed the amounts
of various Prx isoforms in mammalian cells (16). In
Hela cells, the amount of Prx III and V was similar
and relatively smaller than other isoforms. Moreover,
PrxIII was mitochondrial dominant form, but one
third of total Prx V was mitochondrial form. Prx V
could not overcome the effect of Prx III in Prx III
overexpressed Hela Tet-off cell. Therefore, our re-
sult suggest that Prx III in mitochondria has an im-
portant effect in cell growth.

Acknowledgement

We thank Dr. Rhee S. G. and Dr. Chang T.S. for
expert advice.

References

1. Rhee SG: Redox signaling: hydrogen peroxide as intracellular
messenger. Exp Mol Med 361;23-59, 1999

2. Rhee SG, Bae YS, Lee SR, Kwon, J: Science's STKE, www.
Stke.org/cgi/content/full/OC_sigtrans; 2000/53/pel, 2000

3. Finkel T: Oxygen radicals and signaling. Curr Opin Cell Biol
10;248-253, 1998

4. Thannickal V], Fanburg BL: Reactive oxygen species in cell



10.

11.

12.

13.

14.

15.

16.

280

Soonyoung Choi, et al.

signaling. Am ] Physiol 279;1.1005-1.1028, 2000

. Schreck R, Rieber P, Bacuerle PA: Reactive oxygen inter-

mediates as apparently widely used messengers in the acti-
vation of the NF-kappa B transcription factor and HIV-1.
EMBO ] 10;2247-2258, 1991.

. Pahl HL, Baecuerle PA: Oxygen and the control of gene

expression. Bioessays 16;497-502, 1994.

. Lo YT, Cruz TF]: Involvement of Reactive Oxygen Species

in Cytokine and Growth Factor Induction of c-fos Expression
in Chondrocytes. J Biol Chem 270;11727-11730, 1995

. Barrett WC, DeGnore JP, Keng YF, Zhang ZY, Yim MB,

Chock PB: Roles of Superoxide Radical Anion in Signal
Transduction Mediated by Reversible Regulation of Protein-
tyrosine Phosphatase 1B. ] Biol Chem 274;34543-34546, 1999

. Lee SR, Kwon KS, Kim SR, Rhee SG: Reversible Inactivation

of Protein-tyrosine Phosphatase 1B in A431 Cells Stimulated
with Epidermal Growth Factor. ] Biol Chem 273;15366-
15372, 1998

Mahadev K, Zilbering A, Zhu L, Goldstein BJ: Insulin-
stimulated Hydrogen Peroxide Reversibly Inhibits Protein-
tyrosine Phosphatase 1B i» 1770 and Enhances the Early
Insulin Action Cascade. ] Biol Chem 276; 21938-21942, 2001
Meng TC, Fukadam T, Tonks NK: Reversible oxidation and
inactivation of protein tyrosine phosphatases 7z vivo. Mol Cell
9;387-399, 2002

Blanchetot C, Tertoolen LG, den Hertog: Regulation of re-
ceptor protein-tyrosine phosphatase alpha by oxidative stress.
J EMBO ] 21;493-503, 2002

Chae HZ, Chung §J, Rhee SG: Thioredoxin-dependent pero-
xide reductase from yeast. ] Biol Chem 269;27670-27678,
1994

Rhee SG, Kang SW, Chang TS, Jeong W, Kim K: Pero-
xiredoxin, a novel family of peroxidases. IUBMB Life 52;
35-41, 2001

Kang SW, Baines IC, Rhee SG: Characterization of a Mam-
malian Peroxiredoxin That Contains One Conserved Cys-
teine. J Biol Chem 273;6303-6311, 1998

Seo MS, Kang SW, Kim K, Baines IC, Lee TH, and Rhee,
SG: Identification of a New Type of Mammalian Peroxire-

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

doxin That Forms an Intramolecular Disulfide as a Reaction
Intermediate. ] Biol Chem 275;20346-20354, 2000
Mizusawam H, Ishii T, Bannai S: Peroxiredoxin I (macro-
phage 23 kDa stress protein) is highly and widely expressed
in the rat nervous system. Neurosci Lett 283; 57-60, 2000
Oberley TD, Verwicbe E, Zhong W, Kang SW, Rhee SG:
Localization of the thioredoxin system in normal rat kidney.
Free Radic Biol Med 30;412-424, 2001

Kang SW, Chae HZ, Seo MS, Kim K, Baines IC, and Rhee
SG: Mammalian Peroxiredoxin Isoforms Can Reduce Hydro-
gen Peroxide Generated in Response to Growth Factors and
Tumor Necrosis Factor-a. | Biol Chem 273;6297-6302, 1998
Matsumoto A, Okado A, Fujii T, Fujii ], Egashira M, Niikawa
N, Taniguchi N: Cloning of the peroxiredoxin gene family
in rats and chatacterization of the fourth member. FEBS Lett
443;246-250, 1999

Zhang P, Liu B, Kang SW, Seo MS, Rhee SG, Obeid LM:
Thioredoxin Peroxidase Is a Novel Inhibitor of Apoptosis
with a Mechanism Distinct from That of Bcl-2. ] Biol Chem
272;30615-30618, 1997

Ichimiyam S, Davis JG, O'Rourke DM, Katsumata M, Greene
MI: Murine thioredoxin peroxidase delays neuronal apoptosis
and is expressed in areas of the brain most susceptible to
hypoxic and ischemic injury. DNA Cell Biol 16;311-321,
1997

Chang TS, Jeong W, Choi SY, Yu S, Kang SW, Rhee S G:
Regulation of peroxiredoxin I activity by Cdc2-mediated
phosphorylation. ] Biol Chem 277;25370-25376, 2002
Guarnieri C, Muscari C, Caldarera CM: A novel superoxide
radical generator in heart mitochondria. Free Radicals and
Aging (Emerit, 1., and Chance, R., eds) pp. 73-77, Birkhauser
Verlag Basel 1992

Nohl H: FEBS Lett 214;169-273, 1987

Masayoshi Arai, Hirotaka Imai, Tomoko Koumura, Madoka
Yoshida, Kazuo Emoto, Masato Umeda, Nobuyoshi chiba,
Yasushito Nakagawa: Mitochondrial phospholipids hydro-
peroxide glutathione peroxidase plays a major role in
preventing oxidative injury to cells. ] Biol Chem 274;4924-
4933, 1999



