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Abstract
Selenoprotein H (SelH) is one of the 25 so far identified selenoproteins. Selenoproteins may function
as antioxidants, heavy metal antidotes, and neural survival factors. Previous studies have shown that
overexpression of SelH in HT22 cells protected the cells from UVB irradiation-induced death by
reducing superoxide formation. The objective of this study was to determine the effects of SelH on
cell signaling pathways after UVB irradiation. We exposed both human SelH- and vector-transfected
HT22 cells to UVB irradiation and collected samples at 5- and 17-hrs of recovery. Cell viability was
assessed, as well as protein levels of caspase-3,-8,-9, apoptosis-inducing factor (AIF), P53, nuclear
respiratory factor-1 (NRF-1) and heat shock protein 40 (HSP40). Mitochondrial membrane potential
was determined by flow cytometry. Overexpression of SelH protected cells against UVB-induced
injury by blockade of the mitochondria-initiated cell death pathway, prevention of mitochondrial
membrane depolarization, and suppression of the increase of p53. Furthermore, overexpression of
SelH increased levels of NRF-1, an antioxidant, and HSP40, a protein chaperone that repairs
denatured protein. We conclude that SelH protects neurons against UVB-induced damage by
inhibiting apoptotic cell death pathways, by preventing mitochondrial depolarization, and by
promoting cell survival pathways.
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Introduction
Selenoprotein H (SelH) is one of the 25 so far identified selenoproteins (Burk and Hill, 2005;
Chen and Berry, 2003). Many selenoproteins, including SelH, have been shown to contain a
CXXU motif, indicative of a redox active protein and a significant subset of the mammalian
selenoproetome has been associated with cellular detoxification functions (Gromer et al.,
2005) Some well-known selenoproteins include perioxidases and reductases such as
glutathione peroxidase (GPx), phospholipid hydroperoxide glutathione peroxidases (PHGPXs)
and thioredoxin reductases (TRs). Although the functions of selenoproteins are not fully
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defined, studies have shown that selenoproteins may function as antioxidants, heavy metal
antidotes, and neural survival factors. For example, selenoprotein P catalyzes the reduction of
phospholipid hydroperoxide by glutathione (GSH) (Saito et al., 1999) or thioredoxin (Takebe
et al., 2002), functions as a peroxynitrite scavenger (Arteel et al., 1998) and promotes cell
survival (Hirashima et al., 2003; Yan & Barrett, 1998). Disruption of the selenoprotein P gene
in mice resulted in increased susceptibility to oxidative stress and impaired neurological
function (Hill et al., 2003; Schomburg et al., 2003).

Although SelH has not been studied as extensively as selenoprotein P, emerging evidence has
indicated that silencing drosophila SelH (dSelH) reduces, and overexpression of dSelH
increases, cell viability and antioxidant concentrations (Morozova et al;, 2003). Furthermore,
down-regulating SelH by RNA interference was shown to increase the sensitivity of mouse
lung cancer LCC1 cells to hydrogen peroxide challenge (Novoselov et al., 2007). On the
contrary, overexpression of SelH in the murine hippocampal neuronal HT22 cell line resulted
in higher levels of glutathione, total antioxidant capacities, and glutathione peroxidase enzyme
activity than control cells after treatment with l-buthionine(S,R)-sulfoximine to deplete
glutathione (Panee et al., 2007). We have previously shown that overexpression of human SelH
(hSelH) in HT22 cells protected cells from UVB irradiation induced death by reducing
superoxide formation (Ben Jilani et al., 2007). The objective of this study was to determine the
effects of hSelH on cell signaling pathways and mitochondrial membrane potentials relative
to UVB irradiation. We exposed both SelH-transfected HT22 (SelH-HT22) cells and vector-
transfected HT22 (Vector-HT22) cells to UVB irradiation, and then measured cell viability,
protein levels of cleaved caspases, AIF, p53, and mitochondrial membrane potential. We also
identified changes in two pro-survival proteins, NRF-1 and HSP40. Our data showed that
overexpression of SelH protected cells against UVB-induced injury by inhibiting cell death
pathways, preventing mitochondrial membrane depolarization, and promoting cell survival
pathways.

Materials and methods
Cell Maintenance and Treatment

Stably transfected murine hippocampal HT22 neuronal cells which carried either the MSCV
expression vector alone (vector-HT22) or encoded hSelH (SelH-HT22) were obtained from
Dr. Panee at the University of Hawaii. The transfection procedures and efficacy of transfection
have been previously reported (Ben Jilani et al., 2007, Panee et al., 2007). The hSelH mRNA
levels are about 34-fold higher than the gene levels of endogenous mSelH (Panee et al.,
2007). Cells were propagated in Dulbecco’s Modified Eagle Medium (DMEM) containing
10% fetal bovine serum (FBS), 2 mM glutamine, and 200 mM streptomycin/penicillin
(Invitrogen) and then maintained at 90%–95% relative humidity in 5% CO2 at 37°C. The
culture medium was renewed every 3 days. For cell viability assays, cells were seeded in 6-
well cell culture plates (Corning, Aton, MA, USA) and were allowed to reach 80 % optical
confluency prior to UVB treatments. All experiments were performed in triplicate or repeated
on at least three occasions.

UVB Irradiation
Cells were seeded in 96 or 24 well plates and cultured to 80% cell confluence. Prior to UVB
irradiation, the cultures were washed twice with cold PBS to remove residual serum and non-
attached cells. Cells were incubated in serum-free medium and exposed to 7J/cm2 dose of UVB
radiation from a Fisher UV Transilluminator FB-TI-88A over a period of 5 min. After UVB
radiation, cells were returned to the culture incubator for various periods of recovery at 37°C.
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Cell Viability Assay
The percentage of viable cells was determined using propidium iodide exclusion and flow
cytometry (Dolbeare et al., 1990) on a FACSAria™ flow cytometer (Becton Dickinson, San
Jose, CA) at 17 hrs following UBV challenge.

Mitochondrial Membrane Potential Assay
Cells were grown in 6 well plates to 70% confluence, washed with PBS twice and incubated
in serum-free medium for 1 hr prior to treatment. The cells were then challenged with 7J/cm2
of UVB and allowed to recover for 5 hrs prior to assessment of mitochondrial membrane
potentials. The mitochondrial membrane potential of control and irradiated samples were
examined via flow cytometry using the dye JC-1. Test samples were loaded (30 min at 37°C)
with 2.5 μg/ml of JC-1 (Molecular Probes) and data were collected on a BD FACSAria™

cytometer using FACSDiva™ software version 6.1. Controls included “untreated” vector-
HT22 and SelH-HT22 cells as well as FCCP-treated samples providing “depolarized”
populations of the two cell types. FCCP treated cells were used to produce gates separating
cells exhibiting mitochondrial depolarization from those with normally polarized
mitochondria. To enhance spectral separation, the red “J-aggregate” fluorescence of normally
polarized mitochondria was monitored via a 610nm bandpass filter and the green fluorescence
of JC-1 monomer was detected using a 530nm bandpass filter. FCCP (Molecular Probes) at
20μM was applied to non-irradiated samples for 1 hr to generate fully depolarized controls.
The resulting data files were analyzed using FlowJo™ software (Tree Star, Inc. Ashland, OR).
Nested gates of forward versus side scatter and the predominate forward scatter width peak
were used to limit the 2-parameter display of JC-1 fluorescence at 610 and 530 nm.
Fluorescence compensation (610 minus 530) was employed during data analysis to further
enhance resolution of cells with decreased mitochondrial membrane potential. The resulting
2-parameter plots of JC-1 fluorescence show population compression characteristic of
electronic compensation at the lower limits of detection.

Western Blot Analysis
At 17 hrs following UVB treatment, cells were collected and lysed on ice in lysis buffer
containing 20 mM Tris pH7.4, 10 mM KCL, 3 mM MgCl2, 0.5% NP40 and complete inhibitors
(Millipore). Lysates were centrifuged at 2,000 g for 10 min, and the resulting supernatant was
designated as the cytoplasmic fractions. The pellets were washed twice with lysis buffer and
resuspended in lysis buffer containing 1%SDS. The resulting lysates were sonicated briefly on
ice (Misonix, Ultrasonic Cell Disrupter) and then centrifuged at 20,800 g for 30 min. The
supernatants were designated as nuclear fractions. Protein lysates were separated in 10%
NuPAGE BT gels (Invitrogen), transferred to PVDF membrane (Millipore) and probed with
p53 (Santa Cruz, 1:250 dilution); AIF (Santa Cruz, 1;500 dilution), caspase-3 (Cell Signaling:
1:1000 dilution); caspase-9 (Cell Signaling, 1:1000 dilution); caspase-8 (Millipore, 1:1000
dilution); HSP40 (Assay designs, 1:1000 dilution; NRF-1(Santa Cruz, 1:500 dilution).

Statistical analysis
All data were presented as means ± SD. ANOVA followed by Tukey’s Multiple Comparison
Test was used to analyze data. A p value <0.05 was considered as significant.

Results
Cell Viability in Vector-HT22 and SelH-HT22 Cells

Cell viability was measured using flow cytometric analysis of propidium iodide stained cells
(Fig. 1). In cells transfected with vector alone, treatment with UVB irradiation resulted in a
close to 50% reduction in cell viability compared with non-UVB treated cells (p<0.001).
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However, overexpression of SelH significantly protected cells from UVB-induced damage. As
a results, 80% of the SelH-HT22 cells remained viable at 17 hrs following irradiation (p<0.01
vs. vector-HT22 cells irradiated by UVB).

SelH Reduced activated Caspase-3 and -9 after UVB irradiation
To determine whether overexpression of SelH prevents cell death by inhibiting cell death
pathways, we measured active caspase-3 following UVB treatment in both vector-HT22 and
SelH-HT22 cells. The results displayed a significant increase in cleaved caspase-3 at 17 hrs in
the cytosolic fraction of the vector-HT22 cells (p<0.05 vs. non-irradiated vector-HT22
samples) and such increase was not evident in SelH-HT22 cells (p<0.01 vs. UVB-irradiated
vector-HT22 cells). Similarly, in the nuclear fractions from UVB treated cells, an increase in
cleaved caspase-3 was identified in vector-HT22 samples (p<0.001) and this increase was
ameliorated in SelH-HT22 cells (p<0.001 vs. UVB-irradiated vector-HT22 cells). A
representative caspase-3 protein blot and summary bar graphs are given in Figs. 2A & 2B.
Levels of AIF were also measured and neither SelH- nor vector-transfected cells displayed
increases of AIF in the nuclear fractions after UVB irradiation (data not shown).

To investigate whether the activation of caspase-3 is mediated through the mitochondria-
initiated intrinsic cell death pathway or a receptor-ligand triggered cell death pathway, we
measured cleaved caspase-9 and caspase-8 levels using Western blotting. The results showed
that cleaved caspase-9 levels increased in vector-HT22 cells following UVB irradiation
compared with non-irradiated vector-HT22 controls (p<0.01). Overexpression of SelH
significantly ameliorated this increase (Figs. 2C & 2D). The baseline levels of capsase-8 were
higher in the SelH-HT22 than in the vector-HT22 cells, albeit the difference did not reach a
statistical significance. The levels of cleaved caspase-8 were not elevated after UVB
irradiation. In SelH-HT22 cells, the active caspase-8 levels were increased when compared to
vector-HT22 cells after UVB treatment; however, there were no significant increase when
compared to their own baseline levels (Figs. 2E & 2F), suggesting that overexpression of SelH
failed to reduce caspase-8 activation.

SelH Stabilized Mitochondrial Membrane Potential
Since the above results suggested that the reduction of UVB-induced cell death was associated
with blockade of a mitochondria-initiated cell death pathway, we decided to measure
mitochondrial membrane potential using JC-1. The results indicated an early depolarization in
vector-HT22 cells following UVB exposure. Thus, as shown in Fig. 3, untreated vector-HT22
cells exhibited depolarized fraction of 17.42% (Fig. 3A). At 5 hrs following UVB treatment,
the depolarized population increased to 53.47% (Fig. 3B). In contrast, mitochondrial membrane
was maintained in SelH-Ht22 cells at baseline level (11.01%, Fig. 3C) and following UVB
treatment (29.38%, Fig. 3D). Compared to vector-HT22 cells, overexpression of SelH
prevented mitochondrial membrane depolarization in a large population of cells.

Prevention of p53 translation in SelH-Transfected Cells
Previous studies have shown that UVB irradiation causes an increase in levels of p53 protein
(for review, see Culmsee and Mattsson, 2005). To determine whether overexpression of SelH
protects neurons from UVB-induced damage by blocking p53 activation, we measured p53
levels in the nuclear fractions from both vector-HT22 and SelH-HT22 cells. As shown in Fig.
4, a faint 53 kD band was visible in non-UVB treated vector-HT22 cells, while this band was
absent in SelH-HT22 cells. After at 17 hrs of recovery following UVB, p53 protein band
intensity increased significantly in vector-HT22 cells (p<0.001). In contrast, overexpression
of SelH significantly prevented the increase of p53 after UVB-treatment (p< 0.001 vs. UVB-
irradiated vector-HT22 samples).
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Increases of NRF-1 and HSP40 in SelH-Transfected Cells
The above results suggested that overexpression of SelH blocked the UVB irradiation-driven
effects of activation of a mitochondria-initiated cell death pathway by stabilizing mitochondrial
membrane potential. These findings prompted us to explore the effects of UVB irradiation and
SelH on cell survival signaling pathways. In this part of our study, we focused on 2 proteins,
NRF-1 and HSP40, which are responsible for anti-oxidative defense and repair of denatured
proteins, respectively. In contrast to the observed expression pattern of caspase-3 and p53, the
levels of NRF-1 in the nuclear fractions from vector-HT22 cells were not detectable at 17 hrs
following UVB irradiation (Figs. 5A & 5B). Conversely, overexpression of SelH enhanced
NRF-1 level following UVB exposure (p<0.05 vs. UVB treated vector-HT22 cells). Notably,
elevated levels of NRF-1 were observed in the untreated SelH-HT22 cells compared with the
untreated vector-HT22 controls although it did not reach statistical significance.

In the cytosolic fraction (Figs. 5C& 5D), basal levels of HSP40 in vector-HT22 were the same
as in SelH-HT22 cells. After UVB irradiation, levels of HSP40 decreased equally in both
vector-HT22 and SelH-HT22 cells as reflected by the band intensity ratio of HSP40 to β-actin
(Fig. 5D). In the nuclear fraction (Figs. 5C & 5E), however, HSP40 level was higher in
untreated SelH-HT22 cells than in untreated vector-HT22 cells (p<0.01). Following UVB
irradiation, HSP40 levels were decreased in vector-HT22 cells (p<0.05) while they were
maintained in SelH-HT22 cells (p<0.05 vs. UVB-irradiated vector-HT22 samples).

Discussion
Our results have demonstrated that UVB irradiation triggers death of HT22 neuronal cells by
activating a mitochondrial initiated apoptotic cell death pathway which includes activation of
caspase-9 and -3 via depolarization of the mitochondrial membrane potential in the early
recovery period. In addition, UVB irradiation increases p53 levels and decreases pro-survival
factors such as NRF-1 and HSP40. Overexpression of human SelH in HT22 cells reduced
UVB-induces neuronal cell death by stabilizing mitochondrial membrane potential, inhibiting
the activation of a mitochondrial initiated cell death pathway, and suppressing p53 activation.
Furthermore, SelH activates cell survival signaling pathways.

Our previous study has shown that UVB induces cell death in the murine HT22 cells by
increasing the production of superoxide (Ben Jilani et al., 2007). In the current study, we have
confirmed these previous findings and further demonstrated that UVB irradiation results in cell
death through activation of caspase-3, a key player in executing apoptosis. Since both
mitochondrial dysfunction and receptor binding activate caspase-3 dependent cell death, we
measured cleaved caspase-8 and caspase-9 protein levels to discern the pathways through
which caspase-3 was being activated. Since only caspase-9, not caspase-8, was increased after
UVB treatment in vector-HT22 cells, this suggests that UVB irradiation activates the
mitochondria-initiated cell death pathway, but not the receptor-mediated death pathway. Our
results on capase-8 are at variance with published data showing that UVB treatment triggers
both intrinsic and extrinsic pathways by activating caspase-9 and -8, and/or interleukin -1 in
human keratinocyte cells (Park and Lee, 2007; Simbula-Rosenthal 2006), Jurkat cells derived
from human T cell leukemia (Mutou et al., 2008), and the human epidermoid carcinoma cell
line A431 (Caricchio et al., 2003). The observed difference may be related to the types of cells
and intensity of UVB irradiation employed. It is not known why baseline caspase-8 levels were
high in SelH-HT22 cells. However, since caspase-8 levels were not reduced in SelH-HT cells
after UVB irradiation, this suggests that SelH does not exert its effect on caspase-8. We also
measured AIF levels in the nuclear fraction and observed no significant change, suggesting
that AIF does not mediate UVB induced damage in our experimental model.
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It is well established that maintenance of membrane potential is a requisite for normal
mitochondrial function. Hyperpolarization inhibits the electron transport, resulting in increased
ROS production, while depolarization induces the formation of the mitochondrial permeability
transition pore (MPTP), allowing release of mitochondrial matrix proteins, subsequently
triggering intrinsic cell death pathways. To assess the changes in mitochondrial membrane
potential after UVB irradiation, we labeled cells with JC-1 and monitored relative membrane
potential using flow cytometry. Using our model, we observed an increased fraction of
depolarized mitochondria in vector-HT22 cells at 5 hrs post irradiation. This result, together
with our caspases data, suggests that UVB activates caspases by mitochondrial depolarization
that favors the formation of MPTP.

Our results further demonstrate that overexpression of SelH blocks the UVB irradiation
induced activation of capspase-9 and -3, and stabilizes mitochondrial membrane potential in
the early recovery phase, suggesting that a SelH-related function protects the mitochondria and
prevents the mitochondria initiated cell death pathway. These results are in line with previous
studies providing evidence that overexpression of SelH reduces superoxide formation in UVB
irradiated HT22 cells and increases levels of glutathione, glutathione peroxidase activity and
antioxidant capacities (Ben Jilani et al., 2007; Panee et al., 2007). It has been established that
increases of reactive oxygen species, including superoxide, facilitate the formation of the
mitochondrial membrane permeability transition pore (Bernadi, 1996). Taken together, these
data suggest that SelH exerts its neuroprotective effects by protecting the mitochondria.

P53 is a tumor suppressor and a transcription factor that modulates the cellular stress response.
A range of stress events can activate p53, including DNA damage, hypoxia, withdrawal of
trophic factors, hypoglycemia, oxidative stress, viral infection and UV irradiation (Culmsee
and Mattson, 2005; Morrison et al., 2003; Timares et al., 2008). Activation of p53 can trigger
apoptosis by inducing the expression of p21, BAX, and NH3-only protein PUMA (p53
upregulated modulator of apoptosis), causing mitochondrial membrane permeabilization
(Jeffers et al., 2003). Our results showed that p53 protein levels increased significantly after
UVB irradiation, in accordance with published results (Burren et al., 1998; She et al., 2000).
It has been previously reported that UVB activates p53 through the MAPK-mediated pathways
(She et al., 2000). Our results demonstrate that overexpression of SelH prevents the increase
of p53 after UVB treatment, thus inhibiting p53-mediated UVB-induced damage.

Although the effect of UVB on NRF-1 has not been reported, one recent study has described
a suppressive effect of UVB on NRF-2, NRF-dependent heme oxygenase-1 (HO-1) and phase
II detoxifying enzymes in human skin cells (Kokot et al., 2009). Our results indicated that UVB
radiation suppressed NRF-1 levels in vector-HT22 cells and overexpression of SelH elevated
NRF-1 contents. Our data suggest that SelH increased the resistance of HT22 cells to UVB
induced damage by enhancing neuroprotective factor NRF-1. NRF-1 was first identified by
Evans and Scarpulla (1989) as the main activating factor for cytochrome c promoter activity
(Dhar and Wong-Riley, 2009; Evans and Scarpulla,1989). Recent studies have shown that
NRF-1 regulate mitochondrial biogenesis in coordination with nuclear and mitochondrial gene
expression, mitochondrial transcriptional factor A (TFAM), and peroxisome proliferator-
activated receptor coactivator-1 (PGC-1) (Scarpulla,, 2006, 2008). NRF-1 may also function
as a neural growth factor as it promotes neurite outgrowth (Chang et al., 2005). Neuronal stress
induced by kainic acid intracerebral injection or hypoxic ischemia resulted in a marked increase
in NRF-1 mRNA and protein levels (Hertel et al., 2002; Yin et al., 2008). Mice with
homozygous deletion of NRF-1 show reduced mitochondrial DNA content and lethality at day
E3.5-E6.5, while heterozygous animals are smaller than normal with a defect in succinate
oxidation in the kidney (Huo and Scarpulla, 2001; Scarpulla 2002; for review, see Goffart and
Wiesner, 2003).
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HSP40, also known as DNAJB1, is a member of the family of heat shock proteins that respond
to stress and serve as molecular chaperones preventing irreversible protein aggregation,
misfolding, unfolding, translation, and degeneration (Vos et al., 2008). All HSP40 proteins
contain the J domain through which they bind to HSP70s and stimulate the ATPase activity of
HSP70s (Qiu et al., 2006; Zhao et al., 2008). Therefore, HSP40 determines the activity of
HSP70s. Upregulation of HSP70s with heat treatment or stress protein activators protected
human keratinocytes from subsequent UVB-induced damage (Merwald et al., 2006; Trautinger
et al., 1995, 1996) and neurons from hypoxic/ischemic injuries (Giffard et al., 2004; Yenari et
al., 2005; Zhao et al., 2008). UVB is capable of inducing HSP70s; however, there has been no
report available on the effects of UVB-treatment and SelH on HSP40. Our results demonstrated
a suppression of HSP40 after UVB challenge in vector-Ht22 cells. Overexpression of SelH
maintained not only relative high levels of HSP40 in naïve SelH-Ht22 cell but also prevented
the fall after UVB irradiation. These data suggest that SelH protected cells from UVB-induced
damage by increasing the basal levels of HSP40 and by preventing the reduction of HSP40
after UVB irradiation.

In summary, our data suggest that SelH prevents UVB-induced cell death in two ways. First,
SelH helps to maintain the mitochondrial membrane potential and blocks cell death pathways
involving caspase-9, -3 and p53. Second, overexpression of SelH promotes cell survival
pathways involving NRF-1 and HSP40.
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Fig. 1.
Cell viability in vector-HT22 and SelH-HT22neuronal cells at 17 hrs following UVB
irradiation. Viability reduced after UVB treatment in vector-HT22 cells compared to naïve
control. Overexpression of SelH improved cell viability after UVB challenge. ANOVA
followed by Tukey’s test, ***p<0.001 vs. sham and ††p<0.01 vs. UVB-treated vector cells.
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Fig. 2.
Western blotting analyses of cleaved caspases at 17 hrs of recovery following 7J/cm2 UVB
challenge. Caspase-3 and caspase-9 are significantly increased while caspase-8 is not altered
in vector-HT22 cells after UVB challenge. Overexpression of SelH reduced the levels of
cleaved caspase-3 and caspase-9. A, Cleaved caspase-3 protein band in both the cytosolic and
nuclear fractions; B, semiquantitative changes of cleaved caspase-3 in the cytosolic and nuclear
fractions; C, Cleaved caspase-9 protein band in the cytosolic fraction; D, semiquantitative
changes of cleaved caspase-9; E, Cleaved caspsase-8 protein band in the cytosolic fraction;
F, semiquantitative changes of cleaved caspase-8. Beta-actin was used as an internal protein
loading control. Protein band intensity was presented as ratio of cleaved caspases to β actin
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and value from vector-HT22 cells was converted to 1.0. ANOVA followed by Tukey’s test,
*p<0.05, **p<0.01, and ***p<0.001 vs. sham and †† p<0.01, ††† p<0.001 vs. UVB-treated
vector-HT22 cells.
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Fig. 3.
Changes in mitochondrial membrane potential in vector- and SelH-HT22 cells at 5 hrs recovery
following 7J/cm2 UVB treatment. Cells were loaded with JC-1 and analyzed by flow cytometry
to assess affects on relative mitochondrial membrane potential following UVB insult. The data
are presented as 2-parameter plots of JC-1 and “J-aggregate” fluorescence, the later exemplified
by relatively high fluorescence at 610 nm. Percentages of cells in the non-depolarized “J-
aggregate“ fractions (quadrant 2) and depolarized fractions (quadrant 4) are shown. SelH-HT22
cells demonstrated resistance to UVB-mediated mitochondrial depolarization compared to
vector-HT22 cell under the same conditions. Panel A, vector-HT22 cells; Panel B, vector-
HT22 cells challenged with UVB; Panel C, SelH-HT22 cells; Panel D, SelH-HT22 cells
challenged with UVB.
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Fig. 4.
Western blot analysis of p53 in the nuclear fraction at 17 hrs of recovery following 7J/cm2
UVB challenge in the vector-HT22 and SelH-HT22 cells. A, representative p53 protein blot;
B, semiquantitative changes of p53. Beta-actin was used as an internal protein loading control.
P53 protein band intensity was presented as ratio of p53 to β actin and value from vector-HT22
was converted to 1.0. ANOVA followed by Tukey’s test, ***p<0.001 vs. sham and †††
p<0.001 vs. UVB-challenged vector-HT22cells.
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Fig. 5.
Western blot analysis of NRF-1 and HSP40 at 17 hrs of recovery following 7J/cm2 UVB
treatment in the vector-HT22 and SelH-HT22 cells. A, NRF-1 protein bands in the nuclear
fraction; B, semiquantitative changes of NRF-1. C, HSP40 protein bands in the cytosolic and
nuclear fractions; D, semiquantitative changes of NRF-1. Beta-actin was used as an internal
protein loading control. Protein band intensity was presented as ratio of NRF-1 or HSP40 to
β-actin and value from vector-HT22 was converted to 1.0. ANOVA followed by Tukey’s test,
*p<0.05, **p<0.01 vs. sham and †p<0.05, †† p<0.01 vs. UVB challenged vector-HT22 cells.
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