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ABSTRACT

Activator protein-2 (AP-2) is a transcription factor with transactivating and transrepressing potential in different
promoter contexts. AP-2 contains seven cysteines, and its in vitro DNA binding activity is redox-sensitive. Su-
peroxide dismutase-2 (SOD2), which encodes the antioxidant enzyme manganese superoxide dismutase (MnSOD),
is a putative tumor suppressor gene whose loss of expression is associated with the malignant phenotype. SOD2
promoter mutations that generate new AP-2 sites are associated with loss of MnSOD expression in cancer cells.
In the current study, we have identified an inverse expression pattern between AP-2 and MnSOD in normal ver-
sus transformed human cells. MRC5 cells are a normal human lung fibroblast cell strain that is mortal and senesces
after a certain number of passages in vitro. MRC5-VA is a simian virus transformed variant of MRC5. We deter-
mined the levels of expression of MnSOD and AP-2 in these two cell types at the levels of mRNA, protein, and
activity. Our results indicated that MnSOD expression was significantly decreased in MRC5-VA cells compared
with MRC5 cells at each level of investigation, whereas AP-2 showed an opposing pattern of expression and DNA
binding activity. These results suggest that AP-2 may participate in the mechanism(s) underlying decreased ex-
pression of SOD2 in transformed cells. Antioxid. Redox Signal. 3, 387–395.
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INTRODUCTION 

ACTIVATOR PROTEIN-2 (AP-2) is a family of
cell type-specific, developmentally regu-

lated transcription factors that have been im-
plicated as critical regulators of gene ex-
pression during vertebrate development,
embryogenesis, and carcinogenesis (3, 25, 26,
29). Although AP-2 is generally considered to
be a transcriptional activator, it has also been
shown to negatively regulate the transcription
of several genes, including type I collagen (23),
acetylcholinesterase (8), hepatocyte growth fac-
tor (16), retinal fatty acid binding protein (2),

and C/EBPa (CAAT enhancer binding protein-
a) (17), to name a few. In most of these cases,
it has been proposed that AP-2 functions as a
repressor by displacing or competing with a
positive transcription factor(s) that has a bind-
ing site that overlaps, or is adjacent to, the AP-
2 recognition site.

SOD2 (superoxide dismutase-2) is a nuclear
gene that encodes the mitochondrially targeted
antioxidant enzyme manganese superoxide
dismutase (MnSOD; EC 1.15.1.1) (6). MnSOD
catalyzes the conversion of superoxide, pro-
duced as a by-product of oxidative phospho-
rylation, to hydrogen peroxide (10). SOD2 is
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also a putative tumor suppressor gene whose
loss of expression is associated with mainte-
nance of the malignant phenotype (4). How-
ever, with the exceptions of malignant mela-
noma and glioma (20, 24), loss of constitutive
MnSOD expression is seldom accompanied by
deletion of the SOD2 gene. Thus, the mecha-
nism(s) responsible for down-regulated ex-
pression of MnSOD in some cancers remains to
be determined. Our previous work suggested
that epigenetic alterations involving aberrant
methylation near a transcriptional enhancing
cis-element in the second intron of the human
SOD2 gene might contribute, at least in part, to
its decreased expression in transformed human
cells (14). In addition, mutations in the SOD2
promoter that generate new AP-2 binding sites
have been associated with loss of MnSOD ex-
pression in human cancer cells (31). Although
the mechanism(s) for loss of SOD2 expression
in cancer is currently unknown, it is clear that
enforced overexpression of MnSOD in cancer
cells leads to at least partial reversion of their
malignant phenotype (7, 19, 21, 33, 34). 

In the current study, we have established an
inverse correlation between AP-2 activity and
MnSOD expression in a matched pair of nor-
mal and transformed human lung fibroblasts.
MRC5 cells are a normal human lung fibroblast
cell strain that is mortal and senesces after a
certain number of passages in vitro (15). MRC5
cells lack detectable AP-2 activity (12) and have
abundant MnSOD expression. In contrast,
MRC5-VA is a simian virus 40 (SV40) immor-
talized variant of MRC5 (5, 9) that has gained
constitutive AP-2 activity (12) and concomi-
tantly lost MnSOD expression. This work es-
tablishes a new model system for studying the
mechanism(s) of transcriptional repression of
the SOD2 gene in transformed cells compared
with their normal cell counterparts. 

To examine the superoxide-scavenging ac-
tivity of these cells, we measured the levels of
expression and activity of MnSOD in these two
cell types at the levels of mRNA, protein, and
enzyme activity. Our results indicated striking
differences in the SOD2 gene expression and
activity profiles in these two cell types that
were opposite of the pattern of AP-2 activity.
This model system should be useful for future
studies investigating the mechanism(s) under-

lying differential expression of SOD2 in virally
transformed cells specifically and malignantly
transformed cells in general.

MATERIALS AND METHODS

Cell culture 

MRC5 cells were obtained from ATCC (Amer-
ican Type Culture Collection). SV40 transformed
MRC5 cells, MRC5-VA, were a kind gift from Dr.
Peter Karran. Cells were routinely maintained in
Dulbecco’s modified Eagle’s medium (Life Tech-
nologies/BRL) supplemented with 10% fetal
bovine serum and 100 units/ml penicillin/strep-
tomycin. Cells were grown at 37°C in humidi-
fied air with 5% CO2.

Northern blot analysis

Total cellular RNA was isolated with Trizol
RNA isolating reagent according to the proto-
col specified by the supplier (Life Technolo-
gies/BRL). Fifteen micrograms of total cellular
RNA was electrophoresed on an agarose gel
containing formaldehyde and transferred to
nylon membrane (DuPont). The membrane
then was incubated in the prehybridization so-
lution (50% formamide, 103 Denhardt’s solu-
tion, 10% dextran sulfate, and 200 mg/ml
salmon sperm DNA) for at least 6 at 42°C. EcoRI
restriction fragments from pcDNA3.1-MnSOD
and pcDNA3.1-CuZnSOD containing full-
length human SOD2 and SOD1 cDNAs, re-
spectively, or AP-2a cDNA were gel-isolated
and labeled with 32P using a random primed
DNA labeling kit (Boehringer-Mannheim) fol-
lowing the instructions provided by the sup-
plier. The cDNA probes were added to the pre-
hybridization solution and incubated for an
additional 12–18 h at 42°C. The membrane was
then washed in the 13 saline–sodium citrate
buffer (SSC) with 1% sodium dodecyl sulfate
(SDS) at 65°C for 30 min, followed by 0.13 SSC
at room temperature for 30 min. The membrane
was wrapped in plastic wrap and exposed to
x-ray film at 280°C for 2–24 h.

Immunoblot analysis

For SOD western blots, total cell proteins
were prepared by first scrape harvesting cells
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in 0.25 M Tris buffer, pH 7.5, and then pellet-
ing the cells by centrifugation at 500 g for 2 min
at 4°C. The resulting cell pellets were sonicated
in 200 ml of Tris buffer, followed by centrifu-
gation at 2,000 g for 5 min at 4°C. The protein
concentrations in the supernatants were quan-
tified spectrophotometrically using bicin-
choninic acid (BCA) reagent (Amersham), and
the proteins were used in western analysis. Fif-
teen micrograms of nuclear or total cell protein
isolated from MRC5-VA and MRC5 was boiled
for 5 min in the presence of reducing sample
buffer (0.5 M Tris-HCl, pH 6.8, 2% SDS, 10%
glycerol, 0.1% bromphenol blue). Proteins were
resolved by electrophoresis in 12.5% polyacry-
lamide gels at 35 mA for 40 min. The proteins
were electroblotted to nitrocellulose membrane
in cold transfer buffer (39 mM glycine, 48 mM
Tris base, 0.037% SDS, 20% methanol) at 100 V
for 2–4 h. The membranes were blocked in
TBST (10 mM Tris, 150 mM NaCl, and 0.05%
Tween 20) containing 3% powdered milk. The
membranes were then immunoblotted with an-
tibodies specific for either MnSOD or copper-
and zinc-containing superoxide dismutase
(CuZnSOD) at final dilutions of 1:1,000. The
membranes were washed three times with
TBST and probed with horseradish peroxidase-
conjugated goat anti-rabbit IgG. The mem-
branes were then washed with TBST again, and
the immunoreactive proteins were detected
with enhanced chemiluminescence (ECL)
reagent (Amersham). For AP-2 western blots,
25 mg of nuclear extract (described below) was
loaded per well and subsequently separated on
12.5% SDS-polyacrylamide gels and trans-
ferred to nitrocellulose. The membranes were
then immunoblotted with antibodies specific
for AP-2a (Santa Cruz Biotechnology, Santa
Cruz, CA, U.S.A.) at a final dilution of 1:1,000,
followed by horseradish peroxidase-conju-
gated goat anti-rabbit IgG secondary antibody
at 1:10,000 (Amersham Pharmacia Biotech). De-
tection was performed with ECL reagent
(Amersham Pharmacia Biotech). 

SOD activity gels

Total cellular proteins were obtained by son-
ication and measured by BCA reagent (Pierce
Biochemical). Protein samples were loaded on

12.5% native polyacrylamide gels with 5%
stacking gels after preelectrophoresis for 1 h.
After electrophoresis at 4°C, the native gels
were stained for SOD activity as previously de-
scribed (1).

SOD enzyme activity assay

SOD activity was quantified using an indi-
rect competition assay between SOD and an
indicator molecule, nitro blue tetrazolium. This
assay was performed with crude cellular ho-
mogenates as previously described (30). So-
dium cyanide (5 mM) inhibits CuZnSOD.
Therefore, activity in the crude homogenate in
the presence of NaCN indicates only MnSOD
activity. The difference between total SOD ac-
tivity and cyanide-insensitive activity repre-
sents CuZnSOD activity.

Gel mobility shift assays

A double-stranded oligonucleotide (upper
strand, 59-AGCTCAAGCCCGCGGGCTC-39;
lower strand, 59-TCGAAGAGCCCGCGGGC-
TTG-39) was end-labeled with [32P]dCTP by a
Klenow fill-in reaction and was used as a probe
in gel mobility shift assays. This probe con-
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FIG. 1. SV40 transformed human lung fibroblasts dis-
played decreased steady-state levels of MnSOD mRNA
compared with their normal counterpart MRC5 cell
strain (upper panel). Steady state levels of CuZnSOD
mRNA were slightly higher in MRC5-VA cells than in
MRC5 parental cells (middle panel). GAPDH mRNA
served as the control for RNA loading and transfer (lower
panel). The experiment was repeated twice, and typical
results are shown. Lane 1, MRC5-VA; lane 2, MRC5.
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tained a consensus AP-2 binding site in the con-
text of the human SOD2 promoter from 
nucleotides 226 to 214 relative to the major
transcription start site. Nuclear proteins were
extracted from the cells as follows. Cells were
scraped into 0.5 ml of cold buffer A (10 mM
HEPES, pH 7.9, 1.5 mM MgCl2, 10 mM KCl;
and 0.5 mM dithiothreitol), lysed with 20
strokes of a Dounce homogenizer (Kontes Sci-
entific Glassware, Vineland, NJ, U.S.A.), and
centrifuged for 30 s. After centrifugation, the
supernatants were removed, and the pellets
were resuspended in buffer C (20 mM HEPES,
pH 7.9, 25% glycerol, 0.42 M NaCl, 1.5 mM
MgCl2, 0.2 mM EDTA, 0.5 mM phenylmethyl-
sulfonyl fluoride, and 0.5 mM dithiothreitol).
These mixtures were placed on ice for 15 min
and microcentrifuged for 5 min at 4°C. Then
the supernatants were harvested and diluted
1:6 with buffer D (20 mM HEPES, pH 7.9, 20%
glycerol, 0.1 M KCl, 0.2 mM EDTA, 0.5 mM
phenylmethylsulfonyl fluoride, and 0.5 mM
dithiothreitol). The protein concentrations of
the extracts were determined with BCA protein
assay reagents (Pierce Biochemical). Gel mo-
bility shift assays were performed by incu-
bating 5 mg of nuclear protein or 10 mg of to-
tal cellular protein together with the
32P-radiolabeled oligonucleotide probe in the
presence of 1 mg of poly(dIdC) (Pharmacia
Inc., Piscataway, NJ, U.S.A.) and 1 3 gel shift

buffer (10 mM Tris, pH 7.5, 50 mM NaCl, 1
mM MgCl2, 0.5 mM EDTA, 0.5 mM dithio-
threitol, and 4% glycerol) at room tempera-
ture for 15 min. The binding reactions were
loaded onto a 5% polyacrylamide gel 
and run at 35 mA for , 40 min in 1 3 Tris–bo-
rate–EDTA. The gels were wrapped in plas-
tic wrap and exposed to x-ray film (Kodak)
overnight at 280°C. To assess the specificity
of the binding reaction, antibodies specific to
AP-2 were used in gel supershift assays to
verify that the DNA binding activity mea-
sured was due specifically to AP-2 (Santa
Cruz Biotechnology). For gel supershift, 1 ml
of anti-AP-2a antibody was incubated with
each binding reaction for 30 min before load-
ing onto the gel.

RESULTS

MRC5-VA cells express decreased steady-state 
levels of MnSOD mRNA, but increased 
steady-state levels of AP-2a mRNA

To assess comparative levels of antioxidant
enzyme expression in MRC5 and MRC5-VA
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FIG. 2. AP-2 mRNA is abundantly expressed in trans-
formed but not normal human lung fibroblasts. North-
ern blots containing 10 mg of total RNA were probed for
AP-2a (upper panel) and GAPDH (lower panel) mRNA
expression. Typical results from two replicate northern
blots are shown. Lane 1, MRC5-VA; lane 2, MRC5.

FIG. 3. SV40 transformed human lung fibroblasts dis-
played markedly decreased MnSOD protein expression
compared with their normal counterpart MRC5 cells
(upper panel). Levels of CuZnSOD protein expression
were slightly higher in the MRC5-VA cells than their nor-
mal cell counterpart, MRC5 (lower panel). Typical results
from two replicate western blots are shown. Lane 1,
MRC5-VA; lane 2, MRC5.



cells, we initially used northern blot analysis of
total cellular RNA. The results, shown in Fig.
1, indicated that steady-state levels of SOD2
mRNA were considerably greater in MRC5
cells than in their SV40 transformed counter-
part, MRC5-VA. In contrast, steady-state levels
of SOD1 mRNA were slightly higher in the
MRC5-VA cells as compared with the MRC5
cells. Expression of glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH), a constitu-
tively expressed gene, was essentially equiva-
lent in the two cell types and served as the
control for RNA loading and transfer. AP-2 is
a putative transcriptional regulator of the
SOD2 gene. To determine whether AP-2 
mRNAs were differentially expressed in these
cell lines, we probed the northern blots with an
AP-2a cDNA. Results of this experiment are
shown in Fig. 2. In contrast to the MnSOD
mRNA expression pattern, AP-2a steady-state
mRNA levels were abundant in the SV40 trans-
formed MRC5-VA cells, whereas they were
barely detectable in the MRC5 normal cells.

AP-2 and MnSOD protein expression are
inversely related in MRC5-VA cells

To establish that the differentially expressed
SOD2 and AP-2 mRNA transcripts observed in
the northern blot analyses were translated into
proteins, we performed western blot analyses
with rabbit anti-human antibodies specific to
MnSOD and AP-2a, respectively. We also de-
termined CuZnSOD protein expression levels
by western blot analysis. Our results from the
SOD immunoblots, shown in Fig. 3, indicated

that MnSOD protein was abundantly ex-
pressed in MRC5 cells, but undetectable in
MRC5-VA cells. In agreement with the north-
ern blot analysis, CuZnSOD protein levels were
also slightly elevated in the MRC5-VA cells
compared with to the MRC5 cells. Conversely,
AP-2a proteins were only detectable in the
SV40 transformed MRC5-VA cells and not in
the parent MRC5 fibroblasts (Fig. 4).

MRC5-VA cells express decreased levels of
MnSOD enzyme activity

To determine whether the increased MnSOD
protein was enzymatically active, we per-
formed two different activity assays. First, we
used an in-gel activity assay for SOD activity,
the results of which are shown in Fig. 5. The
assay measures both CuZnSOD and MnSOD
activities that are separable because of their dif-
ferent electrophoretic mobilities. Figure 5
shows that, consistent with the northern and
western blots, the activity of CuZnSOD was
higher in the SV40 transformed MRC5-VA cell
line. In contrast, the levels of MnSOD activity
were strikingly different in the two cell lines,
with the parent MRC5 cell strain showing con-
siderably greater activity than its SV40 trans-
formed counterpart.
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FIG. 4. AP-2a protein is expressed in transformed but
not normal human lung fibroblasts. Total cellular pro-
teins (25 mg) were electrophoresed and transferred to ni-
trocellulose. Western blots were blocked and probed with
anti-human AP-2a antibody. Typical results from two
replicate western blots are shown. Lane 1, MRC5-VA; lane
2, MRC5.

FIG. 5. SV40 transformed human lung fibroblasts ex-
hibited dramatically decreased MnSOD enzyme activ-
ity compared with their normal counterpart MRC5 cell
strain in an activity gel assay. The CuZnSOD enzyme ac-
tivities between the two cell types were also different, in
accordance with the protein expression data. The lower
band was cyanide-sensitive, confirming it as CuZnSOD.
Typical results from two replicate activity gels are shown.
Lane 1, MRC5-VA; lane 2, MRC5.
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Although the SOD activity gels provide a
qualitative comparison of the SOD enzyme ac-
tivities, they are not quantitative assays. To
quantify the SOD activities in these two cell
types, we performed biochemical enzyme ki-
netic assays. The results, shown in Table 1, in-
dicate that CuZnSOD activity was elevated in
the MRC5-VA cells compared with MRC5 cells.
Conversely, MnSOD activity was dramatically
higher in MRC5 parent cells than in MRC5-VA
cells. 

Thus, the SV40 transformed MRC5-VA cells
showed decreased MnSOD mRNA, protein,
and enzyme activity as compared with its nor-
mal counterpart, MRC5. MRC5-VA joins a
number of other virally transformed cell lines
that display diminished MnSOD expression
(22, 28, 32).

MRC5-VA transformed cells but not MRC5
normal cells exhibit constitutive AP-2 DNA
binding activity

To determine whether the AP-2a proteins in
the MRC5-VA cells were able to interact with
a known AP-2 cis-element in the SOD2 gene
promoter region, we performed gel mobility
shift analyses with a radiolabeled probe from
a sequence contained within the 59 flanking re-
gion of the human SOD2 gene. Our results,
shown in Fig. 6, clearly demonstrate that AP-
2a-specific DNA binding activity is constitu-
tively present in MRC5-VA cells, but unde-
tectable in MRC5 parent cells. This DNA
binding activity was positively identified as
AP-2 by supershift analysis with an anti-AP-2a
antibody. These data indicate that AP-2 bind-
ing to the a sequence in the human SOD2 pro-
moter is abundant in transformed cells with de-

creased SOD2 expression and suggest that AP-
2 may mediate transcriptional down-regulation
of MnSOD expression during transformation.

DISCUSSION

SOD2 has an unconventional tumor sup-
pressor activity. The MnSOD protein func-
tions to detoxify superoxide radicals formed
by one-electron reduction of oxygen by elec-
trons that leak off the mitochondrial electron
transport chain during oxidative phosphory-
lation. In general, tumor cells express lower
amounts of MnSOD mRNA, protein, and ac-
tivity than the normal cells from which they
were derived (27). The absence of MnSOD
contributes to an altered redox state in the cell,
accumulation of reactive oxygen species, and
formation of clastogenic free radicals. This
heightened cellular prooxidant state reached
after diminution of MnSOD activity may then
contribute to genomic instability, leading to
maintenance and progression of the malignant
phenotype.

During our analysis of differential transcrip-
tion factor activities and availabilities in the
MRC5 and MRC5-VA model system, we ob-
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TABLE 1. SOD ACTIVITIES IN MRC5 
AND MRC5-VA CELL LINES

MnSOD CuZnSOD Total SOD

MRC5 414 22 436
MRC5-VA 65 58 149

SV40 transformed human lung fibroblasts MRC5-VA
display decreased MnSOD enzyme activity (units/mg of
protein) compared with their normal counterpart MRC5
cell strain. Data presented are the average of two 
replicates.

FIG. 6. AP-2 DNA binding activity is constitutively ex-
pressed in transformed MRC5-VA cells, but not in nor-
mal MRC5 fibroblasts. Nuclear proteins (5 mg) were in-
cubated with a 32P-labeled probe containing an AP-2
binding site from the human SOD2 promoter. The gel
shifted band was positively identified as AP-2 with an
anti-AP-2a antibody in a supershifted complex. Lane 1,
MRC5-VA nuclear extract; lane 2, MRC5-VA nuclear ex-
tract 1 anti-AP-2a antibody; lane 3, MRC5 nuclear ex-
tract; lane 4, MRC5 nuclear extract 1 anti-AP-2a anti-
body. Typical results from two replicate gel shifts are
shown. Arrow, AP-2:DNA complex; arrowhead, super-
shifted AP-2:DNA:antibody complex.
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served that transcription factor AP-2 is abun-
dant in MRC5-VA, but absent in MRC5 (12).
We had previously shown that DNA methyla-
tion of an AP-2 binding site in the SOD2 pro-
moter could inhibit not only AP-2 DNA bind-
ing, but also SOD2 promoter activity (13).
Moreover, we had demonstrated that AP-2
DNA binding was redox-sensitive (11). Con-
sidering these previous findings, we reasoned
that AP-2 was somehow participating in the
transcriptional regulation of SOD2. Thus, the
marked difference in AP-2 activities in these
two cell types prompted us to examine their ex-
pression of SOD2. Our findings indicate that
AP-2 activity and SOD2 expression are in-
versely related and suggest that AP-2 may play
an active role in down-regulating MnSOD ex-
pression. 

In the current study, we determined expres-
sion of both AP-2 and SOD2 in these two cell
types at the levels of mRNA, protein, and ac-
tivity. Our results indicated that SOD2 gene ex-
pression was strikingly decreased in MRC5-VA
cells compared with MRC5 cells at each level
of investigation. In contrast, AP-2 expression
was up-regulated at each of these levels of in-
vestigation. The decrease in antioxidant en-
zyme expression was specific for SOD2, be-
cause SOD1 expression was, in fact, slightly
elevated in the SV40 transformed cells. This
may be the result of a cellular compensatory
mechanism associated with loss of MnSOD ex-
pression, or due to transcriptional activation of
SOD1 by AP-2 as has been previously sug-
gested (18). The observation that there is di-
minished expression of SOD2 in the SV40 trans-
formed cells is consistent with previous
findings for SOD2 expression in other types of
virally transformed cells (22, 28). Interestingly,
we have observed a similar inverse relationship
between AP-2 and SOD2 in another matched
pair of normal and transformed cells, WI38 and
WI38-VA13 (12; and unpublished observa-
tions). The mechanism underlying MnSOD re-
pression, however, remains unknown. The cell
types described here that displayed differential
SOD2 and AP-2 expression should provide a
valuable model system in which to explore fur-
ther the mechanisms for differential regulation.
Indeed, several insights into mechanism have
already emerged from this model system.

We previously identified a possible epige-
netic mechanism for transcriptional repression
of SOD2 expression involving DNA methyla-
tion of intronic regulatory elements in the
SOD2 gene (14). Nevertheless, based on our
finding that AP-2 activity is abundant in
MRC5-VA, but undetectable in MRC5, it is rea-
sonable to hypothesize that AP-2 may act as a
transcriptional repressor of SOD2 gene expres-
sion. This would not be surprising because AP-
2 has been previously shown to act as a re-
pressor of several other genes as discussed
above (2, 8, 16, 17, 23). Interestingly, mutations
in the SOD2 promoter in certain cancer cell
lines with decreased MnSOD expression lead
to the acquisition of new AP-2 DNA binding
sites. This finding suggests that AP-2 may act
as an active repressor of MnSOD expression
rather than simply competing with SP1 as has
been suggested (31). Clearly more studies are
needed to elucidate the mechanism(s) in-
volved, and the description of this model sys-
tem should help set the stage for definition of
these mechanisms.
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ABBREVIATIONS

AP-2, activator protein-2; BCA, bicin-
choninic acid; C/EBPa, CAAT enhancer bind-
ing protein-a; CuZnSOD, copper- and zinc-
containing superoxide dismutase; ECL,
enhanced chemiluminescence; GAPDH, glyc-
eraldehyde-3-phosphate dehydrogenase; Mn-
SOD, manganese-containing superoxide dis-
mutase; SDS, sodium dodecyl sulfate; SOD,
superoxide dismutase; SOD1, superoxide dis-
mutase 1 gene encoding CuZnSOD; SOD2, su-
peroxide dismutase 2 gene encoding MnSOD;
SSC, saline–sodium citrate; SV40, simian
virus 40; TBST, Tris-buffered saline with
Tween 20.
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