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Abstract
PKCε overexpression in FVB/N transgenic mice sensitized skin to ultraviolet radiation (UVR)-
induced development of squamous cell carcinomas (SCC) (Wheeler et al., 2004; Wheeler et al.,
2005) and suppressed formation of sunburn cells, which are DNA-damaged keratinocytes
undergoing apoptosis (Wheeler et al., 2004). Here, we elucidated the mechanisms associated with
inhibition of UVR-induced appearance of sunburn cells in PKCε transgenic mice. We found that
the inhibition of UVR-induced sunburn cell formation in PKCε transgenic mice may be the result
of the inhibition of the expression of Fas, Fas ligand (Fas-L) and the mammalian death adaptor
protein termed Fas-associated with death domain (FADD). The adaptor protein FADD is the key
component of the death inducing signaling complex of both Fas and tumor necrosis factor receptor
1 (TNF-R1). A decreased expression of epidermal FADD was observed after a single UVR
exposure. However, a complete loss of FADD expression was found after four (Monday,
Wednesday, Friday and Monday) repeated UVR exposures. FADD transmits apoptotic signals
from death receptors to the downstream initiator caspase-8 and connects to the mitochondrial
intrinsic apoptotic signal transduction pathway by the cleavage of Bid, a Bcl-2 family member.
PKCε-mediated loss of FADD expression inhibited UVR signals to the activation of both extrinsic
and intrinsic apoptotic pathways.
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INTRODUCTION
Skin cancer is the most common malignancy in the United States (American Cancer Society,
2008). It is well known that chronic exposure to ultraviolet radiation (UVR) is the major
etiological factor in epidermal carcinogenesis. The UV spectrum, a part of the
electromagnetic spectrum that lies between visible and X-rays, is divided conventionally
into three major categories: UVA (315–400 nm), UVB (280–315 nm) and UVC (190–280
nm). Since stratospheric ozone absorbs most of the radiation below 310nm, UVA and UVB
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are the most prominent and ubiquitous carcinogenic wavelengths in our natural
environment. Squamous cell carcinoma (SCC) and basal cell carcinoma (BCC) are he most
common non-melanoma forms of skin cancer (NMSC) (de Gruijl, 1999; Green et al., 1999;
Wang et al., 2007; Mukhtar et al., 1999; Morison, 1997). SCC, the second most common
skin cancer after BCC, affects more than 200,000 Americans each year. SCC, unlike BCC,
invades nearby tissues and metastasizes first to regional lymph nodes and subsequently to
distant sites such as the lung and brain (Moller et al., 1979). Although, mortality rate from
NMSC is low, skin cancer patients experience mortality from other non-cutaneous cancers
(American Cancer Society, 2008). Knowledge about regulatory molecules involved in UVR-
induced development of SCC are essential for the rational design of agents for prevention
and treatment of SCC. We have reported that protein kinase Cε PKCε, a Ca2+-independent,
phospholipid-dependent serine/theronine kinase sensitizes skin to the development of SCC
using either chemical tumor promotion by the DMBA-TPA protocol (Jansen et al., 2001;
Reddig et al., 2000) or by repeated exposure to UVR (Wheeler et al., 2004; Wheeler et al.,
2005). Since the etiology (UVR), pathology (poorly differentiated SCC), and the molecular
signatures (p53 mutation) of SCC in PKCε transgenic mice are similar to human SCC
(Jansen et al., 2001; Wheeler et al., 2004; Wheeler et al., 2005), PKCε overexpressing mice
provide a useful model for investigating the molecular mechanisms and the prevention
strategies of SCC.

During studies to find clues about the mechanisms by which PKCε sensitizes skin to UVR
carcinogenesis, we found that PKCε overexpression in transgenic mice, as compared with
their wild-type littermates, reduced the appearance of sunburn cells. Sunburn cells are DNA-
damaged keratinocytes undergoing apoptosis (Hill et al., 1999; Lu et al., 2007; Ziegler et
al., 1994). UVR is a complete carcinogen, which both initiates and promotes carcinogenesis.
UVR initiates photocarcinogenesis by directly damaging DNA (Berton et al., 1997; de
Gruijl et al., 2001; Kunisada et al., 2007), which results in the induction of p53 protein
(Berton et at., 1997; Wheeler et al., 2005; Ziegler et al., 1994). The p53 protein
transactivates p21WAF1/CIP1 inducing cell cycle arrest to allow DNA repair. If the damage is
not repaired, p53-dependent apoptosis is triggered to erase the DNA damage. The p53-
dependent apoptosis of UV-damaged normal cells (sunburn cells) is prevented due to p53
mutation. Thus, these mutated cells can clonally expand to form SCC after subsequent UVR
exposures. In this context, it is notable that mice deficient in p53 have reduced sunburn cell
formation and increased susceptibility to UVR-induced skin carcinogenesis (Li et al., 1998;
Ziegler et al., 1994). These findings indicate that apoptosis inhibition may be an important
component of the mechanism of UVR-induced skin carcinogenesis.

The Fas pathway is important in eliminating DNA-damaged cells both by augmenting p53-
mediated apoptosis (Muller et al., 1998) and by inducing apoptosis when p53 has been
mutated (Rossi and Gaidano, 2003). In Fas-mediated apoptosis, the homotrimeric Fas ligand
binds to the Fas receptor, inducing it to trimerize within the membrane (Rossi and Gaidano,
2003) (Figure 1). UVR is also able to activate the Fas receptor independently of its ligand by
inducing aggregation of the receptor, possibly through disruption of the plasma membrane
(Kulms et al., 1998). After the Fas receptor trimerizes, the intracellular death domain of the
receptor binds to Fas-associated with death domain (FADD), forming the death-inducing
signaling complex (DISC) (Chinnaiyan et al., 1995; Rossi and Gaidano, 2003). FADD then
induces the autocatalytic cleavage of initiator caspases 8 or 10, followed by the cleavage of
the effector caspases. The executioner caspases cause the cleavage of structural proteins,
such as poly(ADP-ribose)polymerases (PARP), leading to membrane blebbing, degradation
of nuclear proteins leading to nuclear collapse, fragmentation of nuclear DNA, and finally
cell death (Huppertz et al., 1999). FADD is a common adaptor protein in both Fas and
TNFR-mediated apoptosis (Gaur and Aggarwal, 2003; Sheikh and Huang, 2003; Sheikh and
Huang, 2003; Thorburn, 2004).
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In this communication, we determined the effects of PKCε overexpression in transgenic
mice on the UVR-induced Fas- and TNFR-mediated apoptotic pathways. We present here
for the first time that the inhibition of UVR-induced sunburn cell formation in PKCε
transgenic mice may be the result of the inhibition of the expression of the components of
Fas/Fas-L (Fas/Fas-L and FADD) and TNFα/TNFR1 (TNFα/TNFR1, FADD)-mediated
apoptotic pathways.

RESULTS
PKCε overexpression in the epidermis of FVB/N Transgenic mice suppresses UVR-
induced apoptosis

We have shown that UVR exposure in PKCε transgenic mice induced cutaneous damage
and the extent of photodamage was proportional to the level of expression of PKCε in
transgenic mouse lines (Wheeler et al., 2004; Wheeler et al., 2005). The PKCε transgenic
mouse line 224, when exposed to UVR (2kJ/m2 three times weekly) elicited increased SCC
multiplicity by 3-fold and decreased tumor latency by 12 weeks (Wheeler et al., 2004). To
obtain clues about the mechanisms by which PKCε sensitizes skin to the development of
SCC, we found PKCε overexpression suppressed the UVR-induced number of DNA-
damaged keratinocytes (sunburn cells) (Wheeler et al., 2004). In these experiments, PKCε
transgenic mice and their wild-type littermates were exposed to either single (4kJ/m2) or
chronic (2kJ/m2 four times) UVR. Sunburn cells were identified in hemotoxylin and eoison-
stained histologic skin sections. The UVR-induced formation of sunburn cells in PKCε
transgenic mice was significantly lower than their wild-type littermates at all time points
after either single or chronic UVR exposures (Wheeler et al., 2004). In this study, we further
determined whether PKCε transgenic mice showed altered susceptibility to apoptosis by
measuring TUNEL-positive cells in UVR-exposed PKCε transgenic mouse skin and their
wild-type littermates (Figure 1). TUNEL positive cells in PKCε transgenic mice were
significantly lower the than wild-type littermates (*p<0.005) (Figure 1a–c) after either acute
or chronic UVR treatments.

PKCε overexpression in the epidermis of FVB/N Transgenic mice stimulates UVR-induced
TNFR1 protein expression

Tumor necrosis factor (TNF) is a key mediator of inflammation, immunity, and apoptosis
(Tracey and Cerami, 1993). Although TNF can signal through two receptors, TNFR1 and
TNFR2, the majority of TNF-mediated biological events are mediated via TNFR1 signaling
(Chen and Goeddel, 2002; Locksley et al., 2001; MacEwan, 2002; Tartaglia and Goeddel,
1992; Vandenabeele et al., 1995). Furthermore, TNFR1 plays an important role in the
induction of several cancers (Arnott et al., 2004; Figueras et al., 2005; Houtenbos et al.,
2004; Lind et al., 2004; Wu et al., 2003). TNFα and TNFR1 have been linked to UVR
carcinogenesis (Moore et al., 1999; Suganuma et al., 1999; Starcher, 2000; Wheeler et al.,
2004; Wheeler et al., 2005; Zhuang et al., 1999). We have previously reported that PKCε
transgenic mice were more sensitive than their wild-type littermates to the induction of
epidermal TNFα when exposed to UVR (Wheeler et al., 2004). To determine how UVR-
induced TNFα may impart sensitivity to the development of SCC in PKCε transgenic mice
(Wheeler et al., 2004), we investigated the effects of UVR on the TNFR1-mediated
apoptotic signal transduction pathway. In these experiments, mice were exposed to either a
single (4kJ/m2) or repeated (2kJ/m2, four times) UVR treatment. TNFR1 expression level in
the epidermal extract was analyzed by Western Blot analysis. The results (Figure 2a, c)
indicated a biphasic response in the wild type littermates after a single UVR exposure. UVR
induced a substantial increase in TNFR1 expression at 1h followed by a decline to basal
levels at 12h in wild-type littermates (Figure 2a, c). This was followed by a second phase of
TNFR1 expression, which was apparent at 18h and sustained through at least 96h. Similar
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increases in TNFR1 expression levels were found in PKCε transgenic mice but the
expression level of TNFR1 was constitutively activated and the increase in expression was
more pronounced at 18 hr and 24 hr post UVR exposure compared to wild-type littermates
(Figure 2a, c). As shown in Figure 2b, d, PKCε overexpression also led to the induction of
TNFR1 at 1h and 3h after chronic UVR exposures. The effects of UVR on the
overexpression of TNFR1 in PKCε transgenic mice were specific because PKCδ transgenic
mice, which overexpress PKCδ protein (8-fold) (Reddig et al., 1999), did not affect TNFR1
expression after UVR exposure (Figure 2b).

PKCε overexpression in transgenic mice suppresses the signaling components of the
UVR-induced Fas/Fas-L apoptotic pathway

We determined whether the inhibition of UVR-induced sunburn cell formation in PKCε
transgenic mice was the result of inhibition of Fas/Fas-L mediated extrinsic pathway of
apoptotic signaling. Fas and Fas-L are complimentary receptor-ligand proteins that induce
apoptosis in many cell types (Redondo et al., 2002). The Fas/Fas-L pathway has been shown
to play an important role in the elimination of UVR-induced DNA-damaged cells (Hill et
al., 1999; Hill et al., 1999). In these experiments, PKCε overexpressing transgenic mice and
wild-type littermates were either exposed to either a single dose (4kJ/m2) or repeated UVR
doses (four times, 2kJ/m2, Monday, Wednesday, Friday, Monday). The expression of Fas/
Fas-L was analyzed in the epidermal extract at the indicated times. As shown in Figure 3a, c
and d, acute UVR treatment of PKCε transgenic mice resulted in a decrease in the
expression of Fas at 6h (Figure 3a, c) and Fas-L at 18h, 24h and 96h (Figure 3a, d) after
UVR exposure compared to their wild-type littermates. Our results also showed a reduced
expression of Fas (Figure 3b, e) and Fas-L (Figure 3b, g) in PKCε transgenic mice after
chronic UVR exposure. However, wild-type littermates had an increase in expression of Fas
and Fas-L at 3 hours post chronic UVR exposure (3b, e and g).

The Fas-associated death domain protein (FADD) is essential for death receptor (DR)-
induced apoptosis (Gaur and Aggarwal, 2003; Sheikh and Huang, 2003; Sheikh and Huang,
2003; Thorburn, 2004). The expression levels of pFADD and FADD were evaluated by the
immunoblot analysis (Fig. 4a, b). pFADD and FADD expression were decreased in PKCε
transgenic mice after acute UVR exposure (Figure 4a, c, and d). However, a complete loss
of pFADD and FADD expression level was observed in both PKCε transgenic mouse lines
(215 and 224) at 1 and 3 hrs after chronic UVR exposure (Figure 4b, f and g).

We also compared UVR-induced expression level of Death associated protein -1 (DAP-1) in
PKCε transgenic mice and wild-type littermates. DAP-1 is a 15 kDa, proline rich, cytosolic
protein. It has two potential cdk phosphorylation sites. The death domain of DAP-kinase
contains all boxes of homology and the conserved amino acids characteristic of analogous
domains in other death domain-containing proteins (Feinstein et al., 1995). DAP-1 has a
direct involvement in programmed cell death, involving the p55 TNF receptor, the Fas/
APO-1 receptor, DR3+5, FADD/MORT-1, RIP, TRADD and RAIDD (Ashkenazi and Dixit,
1998; Daniel et al., 2001; Liou and Liou, 1999). We found that after both acute (Figure 4a,
e) and chronic (Figure 4b, h) UVR exposure PKCε transgenic mice have decreased
expression of DAP-1. In contrast, wild-type mice have increased expression of DAP-1 6
hours after acute (Figure 4a, e) and both 1 and 3 hours after chronic (Figure 4b, h) UVR
exposure.

The extrinsic pathway of apoptosis is initiated via the formation of a DISC, where the
ligation of a death receptor, for example, CD95/Fas or TRAIL, facilitates the
oligomerization with the adaptor protein FADD. Subsequent recruitment of the initiator
caspase-8 concludes the assembly of the DISC and results in activation of caspase-8. We
compared the level of UVR-induced caspase-8 cleavage in PKCε transgenic mice to wild-
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type littermates. Immunoblot analysis of caspase-8 indicated that both acute and chronic
UVR exposed wild-type mice showed increased expression of cleaved caspase-8, whereas
PKCε overexpression (line 215) resulted in a decrease in cleavage forms of caspase-8 (43- to
41-kDa) after both acute (24h and 96h post-treatment) and chronic (1h and 3h post-
treatment) UVR exposure (Figure 5a–g).

Protein Kinase Cε overexpression in transgenic mice suppresses Bid truncation essential
to link the extrinsic to intrinsic apoptotic pathway

Intrinsic and extrinsic pathways of apoptosis are connected through caspase-8-mediated
processing and activation of the BH3 domain-only death protein Bid. Truncated Bid (tBid)
facilitates activation of Bak/Bax, the proapoptotic members of the Bcl-2 family and has
important implications for the sensitization of cancer cells to DNA-damaging anticancer
drugs (Daniel et al., 2001; Rudner et al., 2005; von Haefen et al., 2004). As shown in Figure
6a, PKCε overexpression inhibited the cleavage of the pro-apoptotic protein from 22 kDa to
its truncated form (14 kDa) after chronic UVR exposure at 1h and 3h of treatment (Figure
6a–c). Acute UVR exposure of PKCε transgenic mice did not increase Bax/Bcl-2 ratio
(Figures 6d, f). Also, both PKCε transgenic mouse lines exhibited a reduction in Bax/Bcl-2
ratio after chronic UVR treatment (Figure 6e, g).

Effect of UVR on the activation of caspase-3 in UVR exposed PKCε transgenic mice
Caspase-8 activates the downstream effector caspases-3, which mediate cleavage of a broad
range of substrate proteins (Fischer et al., 2007) and initiate DNA fragmentation and cell
death. The results indicate that either acute or chronic UVR exposure of PKCε transgenic
mice (line 215) resulted in a decrease in the procaspase-3 (Figure 7a–g). In contrast, wild-
type mice have an increased expression of the proteolytic cleavage forms of caspase-3 by
both acute and chronic (1h and 3h post-treatment) UVR exposures (Figure 7a–g).

Protein Kinase Cε overexpression suppresses UVR-induced PARP cleavage
Since Poly (ADP-ribose) Polymerase (PARP) cleavage is an indication of the commitment
to undergo apoptosis, we determined whether PKCε overexpression inhibits UVR-induced
PARP cleavage. In this experiment, PKCε transgenic mice and wild-type littermates were
exposed to either acute or chronic UVR, and the epidermal skin extracts were
immunoblotted with an antibody specific for PARP. PKCε overexpression inhibited PARP
cleavage either after acute (Figs. 8a, c) or chronic (Figs. 8b, d) UVR exposure.

We also determined the effects of PKCε overexpression on the expression of other caspase
substrates such as Lamin A/C, Lamin B1, and gelsolin after UVR exposures. PKCε
overexpression had no effect on Lamin A/C and Lamin B1 but there was a small decrease in
the expression of Gelsolin in both acute and chronic UVR exposure (data not shown).

DISCUSSION
The sun’s ultraviolet radiation is the most potent environmental carcinogen and is linked to
the development of skin cancer including SCC and BCC (Green et al., 1999; Wang et al.,
2007; Morison, 1997; Mukhtar et al., 1999). We have reported that PKCε, which is
expressed in both human and mouse epidermis (Wheeler et al., 2005), is an important
component of UVR-mediated signal transduction pathways to development of SCC
(Wheeler et al., 2004). PKCε overexpression in FVB/N transgenic mice sensitized skin to
UVR-induced development of SCC (Wheeler et al., 2004; Wheeler et al., 2005) and
suppressed formation of sunburn cells, which are DNA-damaged keratinocytes (Wheeler et
al., 2004). Repeated UVR exposures accompanied adecrease in number of apoptotic
keratinocytes. However, PKCε overexpression in PKCε transgenic mice attenuated UVR-
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induced apoptosis after both acute and chronic UVR exposures (Figure 1). This inhibition of
apoptosis in DNA-damaged cells (precancerous cells) may contribute to the susceptibility of
PKCε transgenic mice to the development of SCC. We now present that PKCε-mediated
inhibition of UVR-induced sunburn cell formation may be linked to the ability of PKCε to
inhibit both the extrinsic and intrinsic pathways of apoptotic signaling (Rossi and Gaidano,
2003).

UVR is a complete carcinogen, which both initiates and promotes carcinogenesis. UVR
initiates carcinogenesis by directly damaging DNA (Balint and Vousden, 2001; Berton et
al., 1997; de Gruijl et al., 2001; Li et al., 1998; Muller et al., 1998; Kunisada et al., 2007;
Rossie and Gaidano, 2003). DNA-damaged keratinocytes can be eliminated through sunburn
cell formation. Sunburn cell formation has been shown to be dependent on Fas-L, a pro-
apoptotic protein induced by DNA damage (Ouhtit et al., 2000). Loss of Fas-L expression
will inhibit elimination of precancerous cells through sunburn cell formation, a step essential
for development of skin cancer. Chronic UVR exposure appears to induce a loss of Fas-L
expression and a gain in p53 mutations leading to dysregulation of apoptosis and initiation
of skin cancer (Ouhtit et al., 2000). PKCε overexpression suppressed UVR induced
apoptosis (Figure 1) and the expression of Fas and Fas-L (Figures 3). A decrease in Fas-L
expression was early and more pronounced after chronic than acute UVR exposures (Figure
3a, b, d, and g).

The DISC contains the adaptor protein FADD and caspase-8, which can initiate the process
of apoptosis. Fas-L-induced clustering of Fas, FADD, caspase-8 or -10 within the DISC
results in autoproteolytic processing of these caspases by induced proximity and in release
of processed active proteases. Proper activation of effector caspases by Fas depends on an
amplification loop that relies on caspase-8-mediated cleavage of the pro-apoptotic Bcl-2
family member Bid. Truncated Bid initiates release of mitochondrial pro-apoptotic factors
cytochrome c and mitochondrial-derived activator of caspases to drive the formation of the
caspase-9 activating apoptosome. Active caspase 9 activates the executimer caspase-3 which
in turn activates caspase-8 outside the Fas DISC, thereby completing a positive feedback
loop. The loss of UVR-induced pFADD and FADD expression in PKCε transgenic mice
may block the Fas-induced apoptotic pathway.

The mechanism by which PKCε mediates loss of Fas-L and FADD is not known. It is also
unclear how UVR induces the upregulation of the expression of Fas, Fas-L, pFADD and
FADD in wild-type mice. In other reports, UVR has been shown to induce the expression of
Fas and Fas-L in T cells, where p38 MAPK has been shown to be involved in Fas-L
expression in tumor cells (Hsu et al., 1999). The Fas and Fas-L promoters have been studied
and the transcription elements NF-AT, NF-kB and AP-1 have been identified in the Fas-L
promoter (Kasibhatla et al.,1998; Latinis et al., 1997). Activation of NF-kB and AP-1 has
been found to contribute to stress-induced apoptosis via the expression of Fas-L (Kasibhatla
et al., 1998; Latinis et al., 1997). The regulation of FADD expression has been shown to
occur only at the protein level. Evidence indicates that FADD resides in the nucleus and is
shuttled between the nucleus and the cytoplasm (Sheikh and Huang, 2003).

We have reported that UVR-induced levels of epidermal TNFα mRNA and TNFα protein
correlate with the level of expression of PKCε protein in PKCε transgenic mouse lines
(Wheeler et al., 2004). Also, TNFα knockout mice are resistant to skin carcinogenesis
(Moore et al., 1999; Suganuma et al., 1999). We also found that UVR-induced severe
cutaneous damage (ulceration, hyperplasia and infiltration of inflammatory cells) in PKCε
transgenic mice (line 215) was partially prevented in bigenic PKCε transgenic-TNFα
knockout mice (Wheeler et al., 2004). Taken together, it appears that UVR-induced TNFα
expression is an important component on PKCε signal transduction pathway to the
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development of SCC. TNFα has the ability to regulate a vast array of cellular responses
including pro-apoptotic, anti-apoptotic, proliferation, and inflammation (Tibbetts et al.,
2003). However, it is unclear whether UVR-induced increased expression of TNFα is pro-
apoptotic or a proliferating signal in UVR-carcinogenesis. The results presented here
indicate that UVR-induced TNFα expression in PKCε transgenic mice is a proliferative
signal. TNFα exerts its biological effects by trimerization and binding to two distinct
receptors, TNFR1 and TNFR2 (Tartaglia and Goeddel, 1992). TNFR1 is ubiquitously
expressed whereas TNFR2 is found predominantly in hematopoietic and endothelial cells
(Starcher, 2000; Zhuang et al., 1999). Binding of TNFα induces trimerization of these
receptors and then recruits several signaling proteins to the cytoplasmic membrane. FADD
is the key component of both Fas and TNFR-mediated apoptosis (Gaur and Aggarwal, 2003;
Sheikh and Huang, 2003; Sheikh and Huang, 2003; Thorburn, 2004). The UVR-induced loss
of FADD expression in PKCε transgenic mice lends support to the conclusion that UVR-
induced level of TNFα is not pro-apoptotic, but rather may contribute to increased cell
proliferation of preneoplastic cells.

In summary, PKCε overexpression, which sensitizes skin to UVR-induced carcinogenesis,
suppresses UVR-induced sunburn (apoptotic) cell formation (Wheeler et al., 2004). UVR-
induced sunburn cell formation involves Fas/Fas-L and TNFα-TNFR1 interactions. FADD
is a common adaptor protein for both of these apoptotic pathways (Baud and Karin, 2001;
Chinnaiyan et al., 1995; Rossi and Gaidano, 2003; Tibbetts et al., 2003). PKCε attenuated
UVR-induced expression of FADD leads to inhibition of both intrinsic and extrinsic
apoptotic pathways. These results led us to hypothesize that UVR-induced activated PKCε
mediates two potential signals including one that facilitates accumulation of UVR-induced
DNA-damaged keratinocytes and the other to promote the proliferation of these DNA-
damaged keratinocytes (preneoplastic cells) to form SCC. PKCε exerts these effects through
Stat3 activation (Aziz), TNFα expression (Wheeler et al., 2004) and the inhibition of FADD,
component of the death inducing signaling complex.

MATERIALS AND METHODS
Materials

The acrylamide, bisacrylamide, sodium dodecyl sulfate (SDS), 0.45 μm supported
nitrocellulose membrane, Bio-Rad Protein Assay, and SDS-polyacrylamide gel
electrophoresis (PAGE) standards were purchased from Bio-Rad Laboratories (Hercules,
CA). The source of antibodies were: TNF-R1, Fas, Fas-L, FADD, Bax, Bcl-2, β-actin (Santa
Cruz Biotechnology, Santa Cruz, CA); Caspase-8, caspase-3, Bid, DAP-1 (Cell Signaling
Technology, Beverly, MA); PARP (BIOMOL International, L.P., Plymouth Meeting, PA);
Anti-Rabbit IgG (H+L) HRP conjugated (MP Biomedicals, Inc., Aurora, Ohio) and Anti-
goat IgG (H+L) peroxidase (Roche Diagnostics, Indianapolis, IN). Apoptag plus flurescein
in situ apoptosis detection kit S7111 (Chemicon International, Billerica, MA). The ECL
Western blotting reagents were purchased from Amersham Life Sciences Inc. (Arlington
Heights, IL). FS-40 sunlamps were purchased from National Biological/ETA Systems
(Twinsburg, OH). Kodacel filter was purchased from Eastman Kodak Company
(Rodchester, NY). FVB/N mice were purchased from Taconic (Germantown, NY).

PKCε Transgenic mice
PKCε transgenic mice were generated as described previously (Wheeler et al., 2004;
Wheeler et al., 2005). All animal care protocols were approved by an institutional review
board. Transgenic mice were maintained by mating hemizygous transgenic mice with wild-
type FVB/N mice. The mice were housed in groups of two to three in plastic bottom cages
in light-, humidity-, and temperature-controlled rooms; food and water were available ad
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libitum. The animals were kept in a normal rhythm of 12h light and 12h dark periods. The
transgene was detected by polymerase chain reaction analysis using genomic DNA isolated
from one cm tail clips (Wheeler et al., 2004; Wheeler et al., 2005)

UVR source and treatment
The UVR source was Kodacel-filtered FS-40 sunlamps (approximately 60% UV-B and 40%
UV-A). Mice were exposed to UVR from a bank of six Kodacel-filtered sunlamps. UVR
dose was routinely measured using UVX-radiometer. Mice were used for experimentation at
7–9 weeks of age. The dorsal skin of the mice was shaved 3–4 days before experimentation.
Mice were exposed to UVR as indicated in each experiment.

Histology
The tissue to be examined was excised promptly after euthanasia and placed immediately in
10% neutral buffered formalin. The tissue was fixed for 1h in formalin and then embedded
in paraffin. Sections of 4μm thickness were cut for hematoxylin and eosin staining.

TUNEL Assay
PKCε transgenic mice (line 215) and wild-type littermates were exposed to single UVR dose
(4 kJ/m2). The mice were sacrificed 24 hours after exposure. The tissue to be examined was
excised promptly after euthanasia and placed immediately in 10% neutral buffered formalin.
The tissue was fixed and then embedded in paraffin. Sections of 4μm thickness were cut for
Terminal deoxynucleotidyl transferase (TdT)-mediated dUTP Nick-End Labeling (TUNEL)
to detect apoptotic cells in UVR exposed skin tissue. Apoptotic cells were labeledusing
Apoptag Plus fluorescein in situ apoptosis detection kit S7111 (Chemicon International,
Billerica, MA) according to the manufacturer’s instructions and viewed by fluorescence
microscopy. DAPI (0.1 mg/L for 20 min) was used to counterstain all the nuclear DNA. The
TUNEL positive cells were identified and scored, based upon the presence of green
fluorescent nuclear staining for TUNEL. The sections were scored for a total of at least eight
views. Apoptotic cells were expressed as a percentage of total epidermal cells.

Western Blot Analysis
The mice were euthanized at the appropriate time after UVR treatment, the dorsal skin was
removed, and the epidermis was scraped off on ice with a razor blade. The epidermis from 4
mice were pooled and placed in immunoprecipitation lysis buffer (50 mM N-2-
hydroxyethylpiperazine-N′-2-ethanesulfonic acid (HEPES]) (pH 7.5), 150 mM NaCl, 10%
glycerol, 1% Triton X-100, 1.5 mM MgCl2, 10 μg/mL aprotinin, 10 μg/mL leupeptin, 1 mM
phenylmethylsulfonyl fluoride (PMSF), 200 μM Na3VO4, 200 μM NaF and 1 mM ethylene
glycol-bis(b-aminoethylether)-N,N,N′,N′-tetra-acetic acid (EGTA]), homogenized in a glass
teflon tissue homogenizer, and agitated for 30 min at 4°C. The homogenate was centrifuged
at 14, 000 X g for 30 min at 4 °C, the supernatant was used for western blot analysis. 25–35
μg of whole cell lysate was fractionated on 10 or 15% SDS-polyacrylamide gels. The
proteins were transferred to 0.45 um of Hybond-P polyvinylidene difluoride (PVDF)
transfer membrane (Amersham). The membrane was then incubated with indicated
antibodies followed by a horseradish peroxidase secondary antibody, and the detection
signal was developed with Amersham’s enhanced chemiluminescence reagent and
autoradiography using BioMax film obtained from Kodak Co., (Rochester, NY). The
quantitations of Western blots were performed by densitometric analysis using Totollab
Nonlinear Dynamic Image analysis software (Nonlinear USA Inc., Durham, NC).
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Abbreviations

CA Carcinoma

DAG Diacylglycerol

PKC Protein Kinase C

PS Phosphatidylserine

TNF Tumor Necrosis Factor

TPA 12-O-tetradecanoylphorbol-13-acetate

UVR Ultraviolet Radiation

DMBA 7,12-Dimethylbenzanthracene

K14 human keratin 14 promoter

SCC squamous cell carcinoma
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Figure 1. PKCε overexpression suppresses UVR-induced apoptosis
PKCε transgenic mice (line 215) and their wild-type littermates were exposed to acute
(single) UVR (4 kJ/m2) or chronic (repeated) UVR (2kJ/m2) four times (Monday,
Wednesday, Friday, and Monday). The mice were sacrificed at 24 hours after last UVR
exposure. Skin specimens were fixed in 10% neutral buffered formalin and embedded in
paraffin. Skin sections of 4-μm thickness were cut and analyzed for the presence of
apoptosis cells by TUNEL assay. (a) DAP1 counter stain and TUNNEL assay of WT mice
at 0 and 24 hrs post acute or chronic UV exposures (b). DAP1 counter stain and TUNNEL
assay of PKCε transgenic mice c: Quantitaion of TUNEL-positive cells 24 hours after acute
or chronic UVR exposures. Four mice were sacrificed at each time point, and eight
microscopic fields in each mouse were used to calculate average number of TUNEL-
positive cells. *, p<0.005. Bars= 50 μm.

Aziz et al. Page 13

J Invest Dermatol. Author manuscript; available in PMC 2010 April 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. PKCε overexpression sensitizes skin to UVR-induced TNF-R1 expression
(a): PKCε transgenic mice (line 215) and wild-type littermates (4 mice per group) were
exposed to single UVR (4 kJ/m2). The mice were sacrificed at 1, 3, 6, 12, 18, 24, and 96
hours after acute UVR exposure. (b): In a parallel experiment, PKCε (lines 215 and 224),
PKCδ transgenic mice and wild-type littermates were exposed to UVR (2kJ/m2) four times
(Monday, Wednesday, Friday, and Monday). The mice were sacrificed at 1 and 3 hours post
fourth treatment of UVR. Mouse epidermal exrtracts were prepared and TNFR1 and β-actin
were assessed by immunoblot analysis as described previously. (c,d): The quantification of
proteins (normalized to β-actin).
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Figure 3. PKCε overexpression suppresses UVR-induced Fas and Fas-L expression
Epidermal extract prepared for Fig. 2 was used to analyze Fas and Fas-L expression.
Immunoblot analysis of Fas expression after (a) acute (b) chronic UVR exposed samples and
(c–f) the quantification of Fas and Fas-L expression.
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Figure 4. PKCε overexpression completely suppresses the level of pFADD, FADD and DAP-1 in
UVR exposed PKCε transgenic mice
Epidermal extract prepared for Fig. 2 was used to analyze pFADD, FADD and DAP-1
expression. Immunoblot analysis of pFADD, FADD and DAP-1 expression after (a) acute
and (b) chronic UVR exposures. (c–h): The quantification of pFADD, FADD and DAP-1
expression.
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Figure 5. Effect of UVR on the activation of caspase-8 in UVR exposed PKCε transgenic mice
Epidermal extract prepared for Fig. 2 was used to analyze caspase 8 expression. Immunoblot
analysis of caspase-8 expression after (a) acute (b) chronic UVR exposed samples. (c–g):
The quantification of caspase-8 expression.
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Figure 6. PKCε overexpression inhibits tBid and Bax/Bcl-2 ratio in UVR exposed PKCε
transgenic mice
Epidermal extract prepared for Fig. 2 was used to analyze Bid and tBid expression and Bax
and Bcl-2 expression after (a,e) chronic and (d) acute UVR exposure. Quantification of (b)
Bid and (c) tBid and (f, g) Bax/Bcl-2 ratio after chronic UVR exposure.
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Figure 7. Effect of UVR on the activation of caspase-3 in UVR exposed PKCε transgenic mice
Epidermal extract prepared for Fig. 2 was used to analyze caspase-3 expression.
Immunoblot analysis of caspase-3 expression after (a) acute (b) chronic UVR exposure. (c–
g): Quantification of caspase-3 expression.
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Figure 8. PKCε overexpression inhibits PARP and its cleavage in UVR exposed PKCε transgenic
mice
Epidermal extract prepared for Fig. 2 was used to analyze PARP and its cleavage.
Immunoblot analysis of PARP and its cleavage product after (a) acute (b) chronic UVR
exposure. (c and d): Quantification of PARP and its cleavage product.
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