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Abstract
Ultraviolet radiation (UV) induces apoptosis and functional maturation in skin dendritic cells (DCs).
However, the molecular mechanisms through which UV activates DCs have not been thoroughly
investigated. In this study, we examined the mechanisms of activation and apoptosis of DC after UV
irradiation by focusing on epidermal growth factor receptor (EGFR). Our previous studies have
demonstrated that in addition to cognate ligands, EGFR is also activated by UVB irradiation in
cultured human skin keratinocytes in vitro and in human skin in vivo. We found for the first time in
this study that UV also induces EGFR activation in cultured mouse skin DCs (XS 106 cell line) as
well as mouse monocyte-derived dendritic cells (MoDCs). Pharmacological inhibition of EGFR
tyrosine kinase significantly inhibits UV-induced ERK, p38, and JNK MAP kinases, and their
effectors, transcription factors c-Fos and c-Jun. Inhibition of EGFR also suppresses UV-induced
activation of PI3K/AKT/mTOR/S6K and NF-κB signal transduction pathways. Our data
demonstrated that UV induces LKB1/AMPK pathway, also dependent on EGFR trans-activation.
We further observed that MAPK, LKB1/AMPK, PI3K/AKT/mTOR/S6K as well as NF-κB activation
are impaired in EGFR−/− cells compared to wide type MEF cells after UV radiation. Taken together,
we conclude that UV induces multiple signaling pathways mediated by EGFR trans-activation
leading to possible maturation, apoptosis and survival, and EGFR activation protects against UV-
induced apoptosis in cultured mouse dendritic cells.
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1. Introduction
Ultraviolet radiation (UV) impairs skin immune system both locally and systemically. In terms
of the former, UV abrogates the contact hypersensitivity reaction at the irradiated site and
induces tolerance for applied antigens [1]. UV also penetrates into papillary area of the dermis
(~0.2 mm) and induces DNA damage on residing dendritic cells (DC), that is, epidermal
Langerhans cells (LC) and dermal dendritic cells (DDC), as well as keratinocytes [2]. When
LCs are isolated and cultured in vitro and irradiated with UVB, they are perturbed both
phenotypically and functionally undergoing apoptosis [3]. In monocyte-derived dendritic cells
(or MoDC) that activation of caspases 3, 8, and 9 is involved in the apoptotic processes. Some
LCs, however, show maturation, when they are irradiated with UVB in vivo or ex vivo [4].
Thus far, the mechanisms through which UVB activates DCs have not been well studied.

Previous studies in skin keratinocytes have demonstrated that UV response comprises UV
activation of cell surface growth factor and cytokine receptors and their attendant downstream
signal transduction machinery such as MAPK and PI3K [5–7]. UV activation of four major
families of growth factor receptors has been demonstrated: epidermal growth factor receptor
(EGFR), platelet-derived growth factor receptor, fibroblast growth factor receptor, and insulin
receptor. Accumulating data have indicated that EGFR, among other growth factor receptors,
remains a critical mediator of ultraviolet B radiation-induced signal transduction [6].

Binding of EGF family ligands to EGFR triggers a complex network of signaling pathways,
culminating in responses ranging from cell division to death, and motility to adhesion
proteolysis [8]. Dysregulation of EGFR family protein tyrosine kinases (HER, erbB) has been
reported in multiple epithelial human cancers [9]. In addition to activation by their cognate
ligands, EGFR proteins are trans-activated by several other molecules or conditions. For
example, cellular stress conditions, treatment with inflammatory cytokines, oxidative stresses,
as well as UV radiation, induce either tyrosine phosphorylation or serine/threonine
phosphorylation of EGFR [5,6,10,11]. However, whether EGFR can be trans-activated by UV
in DCs and the effect of this trans-activation have not been studied.

Therefore, in this study, we examined the mechanisms of activation or apoptosis of DC after
UVB irradiation by focusing on EGFR using specific inhibitors for EGFR and EGFR genetic
manipulation, and clarified the roles played by EGFR and downstream signal transduction
cascades in the maturation and apoptosis of DC. We conclude, based on our data, that EGFR
is a critical mediator of UV-induced signal transduction in cultured mouse skin dendritic cells.

2. Materials and methods
2.1. UV light apparatus

As previously reported [11,12], UV-irradiation apparatus used in this study consisted of four
F36T12 EREVHO UV tubes. A Kodacel TA401/407 filter was mounted 4 cm in front of the
tubes to remove wavelengths <290 nm. Irradiation intensity was monitored using an IL443
phototherapy radiometer and a SED240/UV/W photodetector. Before UV irradiation, cells
were washed with 1 ml PBS and changed to fresh 0.5 ml PBS each well. Cells were irradiated
at the desired intensity without plastic dish lid. After UV irradiation, cells were returned to
incubation in basal medium with treatments for various time points prior to harvest.
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2.2. Chemicals and reagents
PD 153035, AG 1478, LY 294002, Wortmannin, Rapamycin, PD 98059, U 0126, SB 203580
and JNK inhibitor (JNKi) were from CalbioChem (San Diego, CA). EGFR (1005) antibody,
IκBα antibody, goat anti-rabbit IgG-HRP and goat anti-mouse IgG-HRP antibody were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Monoclonal mouse anti-β-actin
was obtained from Sigma (St. Louis, MO). phospho-AKT (Ser473), phospho-AKT (Thr308),
phospho-S6K (Thr389), phospho-4E-BP1(Ser65), total-AKT, phospho-EGFR (Tyr1068),
phospho-EGFR (Tyr1045), phospho-mTOR (Ser2448), phospho-AMPK (Thr172), phospho-
p38 (Thr180/Tyr182), phospho-LKB1 (Ser428), p-IκB (Ser32/36), SAPK/JNK, p38 antibody
and AKT antibody were all from Cell Signaling Technology (Danvers, MA).

2.3. Cell culture
Spontaneously immortalized human keratinocytes (HaCaT cell line) were used as previously
reported [12–14]. EGFR wild type MEFs (Mouse Embryonic Fibroblasts), EGFR knockout
MEFs [15] from Dr. Zhigang Dong, AKT wild type MEFs, AKT1, AKT1/2 knockout MEFs
were from Dr. Wen-ming Chu. Cells were maintained in a DMEM medium (Sigma, St. Louis,
MO), supplemented with a 10% fetal bovine serum (Invitrogen, Carlsbad, CA), Penicillin/
Streptomycin (1:100, Sigma, St. Louis, MO) and 4 mM L-glutamine (Sigma, St. Louis, MO),
in a CO2 incubator at 37°C. Cultured mouse skin dendritic cell line XS-106 (DCs) from Dr.
Takashima [16,17]. Primary cultured mouse monocyte-derived dendritic cells (MoDCs) from
Dr. Wenming Chu, were from mice bone marrow, maintained in a MEM medium (Sigma, St.
Louis, MO) supplemented with a 10% FBS plus GM-CSF (50 ng/ml). For Western blot
analysis, cells were reseeded in 6-well plates at a density of 0.2×106 cells/ml with fresh
complete culture medium.

2.4. Western blot analysis
As reported previously [12,13,18], cultured cells with and without treatments were washed
with cold PBS and harvested by scraping into 150 µl of RIPA buffer with protease inhibitor.
20 µg proteins were separated by SDS-PAGE and transferred onto PVDF membrane
(Millipore, Bedford, MA). After blocking with 10% milk in TBS, membranes were incubated
with specific antibodies in dilution buffer (2% BSA in TBS) overnight at 4°C followed by
horseradish peroxidase-conjugated anti-rabbit or anti-mouse IgG at appropriate dilutions and
room temperature for 1 h. Antibody binding was detected using enhanced chemiluminescence
(ECL) detection system from GE Biosciences (Piscataway, NJ) following manufacturer’s
instructions and visualized by fluorography with Hyperfilm.

2.5. Cell viability assay (MTT dye assay)
Cell viability was measured by the 3-[4,5-dimethylthylthiazol-2-yl]-2,5 diphenyltetrazolium
bromide (MTT) method [12]. Briefly, cells were collected and seeded in 96-well plates at a
density of 2×105 cells/cm2. Different seeding densities were optimized at the beginning of the
experiments (data not shown). After incubation for 24 h, cells were exposed to fresh medium
containing reagents at 37°C. After incubation for up to 24 h, 20 µl of MTT tetrazolium salt
(Sigma, St. Louis, MO) dissolved in Hank’s balanced solution at a concentration of 5 mg/ml
was added to each well and incubated in CO2 incubator for 4 h. Finally, the medium was
aspirated from each well and 150 µl of DMSO (Sigma, St. Louis, MO) was added to dissolve
formazan crystals and the absorbance of each well was obtained using a Dynatech MR5000
plate reader at a test wavelength of 490 nm with a reference wavelength of 630 nm.

2.6. Assessment of the percentage of apoptotic cells
To detect apoptotic cells [12], cells were stained with DNA binding dye Hoechst 33342 (Sigma,
St. Louis, MO). After the cells were exposed to UV and the test compounds for the allotted
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time periods, they were fixed with 4% formaldehyde in phosphate buffered saline (PBS) for
10 min at 4°C, and then washed with PBS. To stain the nuclei, cells were incubated for 20 min
with 20 µg/ml of Hoechst 33342. After washing with PBS, the cells were observed under a
fluorescence microscope (Zeiss Axiophoto 2, Carl Zeiss, Germany). Cells exhibiting
condensed chromatin and fragmented nuclei were scored as apoptotic cells. A minimum of
500 cells was scored from each sample.

2.7. Statistical analysis
The values in the figures are expressed as the means ± standard error (SE). The figures in this
study were representatives of at least 3 different experiments. Statistical analysis of the data
between the control and treated groups was performed by a student t test. Values of p < 0.05
were considered as statistically significant.

3. Results
3.1. UV radiation transactivates EGFR in cultured mouse skin dendritic cells

To investigate the cell signaling pathways in response to UV radiation in mouse skin dendritic
cells, first we tested whether UV induces EGFR activation in cultured DCs (XS 106 cell line).
As shown in Fig. 1A, UV (30 mJ/cm2) induces a transient EGFR activation (Tyr1068, but not
Tyr1045) in a time dependent manner. Furthermore, pretreatment of cells with 1 µM of
PD153035, an EGFR inhibitor, nearly completely blocks tyrosine phosphorylation of EGFR
by UVB irradiation (Fig. 1A). As a control, EGF (100 ng/ml) activates EGFR (T1068) in DCs,
which is blocked by PD 153035 and another EGFR tyrosine kinase inhibitor AG 1478 (Fig.
1B). As expected, UV also induces EGFR activation in cultured keratinocytes in both sites
(T1068 and 1045), which is blocked by PD 153035 (Fig. 1C). To further confirm EGFR
activation, EGFR knockout MEFs were applied. As shown in Fig. 1D, UV transactivates EGFR
in wild type but not in EGFR knockout MEFs. Similar to cultured skin dendritic cell line (XS
106 cell line), UV also transactivates EGFR (T-1068) in monocyte-derived dendritic cell or
MoDCs, which is inhibited by PD 153035 (Fig. 1E). Based on these data, we conclude that
UV transactivates EGFR in cultured skin dendritic cells.

3.2. EGFR activation mediates UV-induced MAPK activation in cultured mouse skin dendritic
cells

The data above show that UV induces EGFR activation in DCs (Fig. 1) and previous studies
have demonstrated that MAPK plays important roles in UV-induced biological responses such
as maturation and apoptosis of DCs [4,19], we next examined the effect of EGFR activation
on phosphorylation of p38, ERK1/2, and SAPK/JNK. As shown in Fig. 2A, B and C, UV
activates p38, JNK, and ERK. Pretreatment with EGFR inhibitor PD 153035 and AG 1478
inhibits UV-induced MAPK activation in cultured DC cells (XS 106 cell line). Since UV-
induced MAPK activation results in induction of c-Fos and c-Jun [20], we next investigated
whether EGFR activation is required for stimulation of downstream c-Fos and c-Jun activation.
As shown in Fig. 2D, UV radiation induces a marked increase in the level of c-Fos and c-Jun
at 2 hours after UV. Pretreatment with PD 153035 before UV irradiation inhibits c-Fos and c-
Jun induction. To further confirm the key role of EGFR in UV-induced MAPK activation,
EGFR knockout MEFs were used. As shown in Fig. 2E, the induction of MAPK in EGFR
knockout MEFs is much lower than in wild type MEFs. Furthermore, PD 153035 pretreatment
also inhibits UV-induced MAPK activation in MoDCs (Fig. 2F). Based on these data, we
conclude that EGFR plays important role on UV-induced MAPK activation in cultured mouse
skin dendritic cells.
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3.3. EGFR activation mediates UV-induced AKT/mTORC1/S6K/4E-BP1 activation in cultured
mouse skin dendritic cells

Previous studies in human skin keratinocytes have demonstrated that in addition to MAP
kinases, UV also activates PI3K/AKT [6,21,22] pathway, which protects against UV- induced
widespread skin cell damage. However, whether UV induces AKT activation in DCs and
possible signal pathway in this process are not well studied. As shown in Fig. 3A and B, UV
activates AKT, mTOR and downstream components s6k and 4E-BP1. Pretreatment with EGFR
inhibitor PD 153035 and AG 1478 almost completely blocks UV- induced AKT (Ser 473 and
Thr 308) and downstream mTOR/S6K/4E-BP1 signal pathway. UV induces S6K activation in
a time dependent manner (Fig. 3C and D). To further confirm that S6K is downstream of EGFR/
AKT in UV-treated DCs, EGFR inhibitor PD 153035 and PI3K/AKT inhibitor LY 294002
were used. The results showed that PD 153035 and LY 294002 almost completely block UV-
induced S6K activation (Fig. 3E and F). Further, the induction of AKT/mTOR signal is largely
impaired in EGFR knockout MEFs as compared to wild type MEFs (Fig. 3G). Similar results
were also seen in MoDCs, as PD153035 blocks UV- induced AKT/mTOR/S6K activation (Fig.
3H). Collectively, our data suggest that EGFR trans-activation mediates UV-induced AKT/
mTOR activation, which might serve as a survival signal against UV-induced widespread skin
cell damage.

3.4. EGFR activation mediates UV-induced NF-κB activation in cultured mouse skin dendritic
cells

Previous studies have suggested that NF-κB plays an important role in mediating UV-induced
dendritic cell response [23–25]. We next tested whether EGFR is involved in UV-induced NF-
κB activation in cultured skin dendritic cells. As shown in Fig. 4A and B, UV radiation induces
IκBα phosphorylation and degradation in a time dependent manner in cultured skin dendritic
cells (XS 106 cell line). Pretreatment with EGFR inhibitor PD153035 and AG 1478 largely
impairs UV-induced IκBα phosphorylation and degradation (Fig. 4C and D). Furthermore, the
activation of NF-κB (IκBα phosphorylation and degradation) was seen in wild type but not in
EGFR knockout MEFs (Fig. 4E and F). PD 153035 also inhibits UV-induced NF-κB activation
in MoDCs (Fig. 4G and H). Based on these data, we conclude that EGFR plays as a mediator
in UV-induced NF-κB activation in cultured mouse skin dendritic cells.

3.5. EGFR mediates UV-induced AMPK activation in cultured mouse skin dendritic cells
AMPK is a heterotrimeric serine-threonine kinase that senses depletion of intracellular energy
and responds by stimulating catabolic pathways that generate ATP [26,27]. Our recent studies
in cultured skin keratinocytes found for the first time that UV induces AMPK activation in a
LKB1 dependent way (unpublished data), and this AMPK activation plays a key role in UV-
induced skin cell damage by modulating downstream signals such as p38, p53 and ACC. In
this study, using cultured skin dendritic cells, we also found that UV radiation activates LKB1/
AMPK, which is abolished by EGFR inhibitors PD 153035 and AG 1478 (Fig. 5A).
Furthermore, EGF also induces AMPK phosphorylation in an EGFR dependent manner (Fig.
5B). The induction of LKB1/AMPK was seen in wild type but not in EGFR knockout MEFs
(Fig. 5C). PD 153035 also abolishes UV-induced AMPK activation in MoDCs (Fig. 5D).
Collectively, our data suggest that EGFR mediates UV-induced LKB1/AMPK activation in
cultured skin dendritic cells.

3.6. Trans-activation of EGFR protects dendritic cells from UV-induced cell death
Next we tested the functional result of EGFR trans-activation after UV radiation in dendritic
cells. As shown in Fig. 6A and D, EGFR activation protects against UV-induced dendritic cell
death and apoptosis, since PD 153035 and AG 1478 enhance UV-induced dendritic cell death
and apoptosis. Furthermore, while ERK and AKT inhibition enhances UV-induced cell death,
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inhibition of p38 and JNK protects it. All these inhibitors have no obvious effects on dendritic
cell viability (Fig. 6B). As a positive control, EGFR ligand, EGF also protects against UV-
induced dendritic cell death (Fig. 6C). To further confirm above findings, EGFR knockout
MEFs were used. As shown in Fig. 6E, EGFR knockout MEFs are more sensitive to UV-
induced cell death. AKT knockout and mTOR inhibition (by pretreatment with rapamycin)
also enhance UV-induced MEF cell death (Fig. 6F). Finally, the protective effect of EGFR
trans-activation against UV-induced cell death or apoptosis is also seen in MoDCs (Fig. 6G
and H). Based on these data, we conclude that trans-activation of EGFR exerts protective effects
against UV-induced dendritic cell death.

4. Discussion
When high dose of UV was irradiated (as used in this study), apoptosis or cell damage instead
of maturation was induced on skin dendritic cells [4,28,29]. Using Western-blotting analysis
and the experiments using a specific inhibitor for p38 MAPK, it is clarified that apoptosis of
MoDC is mediated at least partly by p38 MAPK [4]. However, the detailed signals, especially
the upstream signals, involved in this activation have not been fully uncovered. In this study,
we found for the first time that UV radiation induces EGFR trans-activation in cultured skin
dendritic cell line (XS 106 cell line) and monocyte derived dendritic cells (MoDCs) (Fig. 1),
which mediates activation of downstream signals such as MAPK (Fig. 2), AKT/mTORC1/
S6K/4EBP1 (Fig. 3), NF-κB (Fig. 4) and LKB1/AMPK (Fig. 5). Furthermore, this EGFR trans-
activation serves as internal protective effects against UV-induced dendritic cell death or
apoptosis (Fig. 6). Our study provides evidence to support the notion that EGFR acts as a key
mediator on UV-induced signal transduction in dendritic cells.

It has been reported that UV irradiation induces activation of EGF, tumor necrosis factor-α
(TNF-α), and interleukin-1 (IL-1) receptors and that consequent downstream signaling
resembled the sum of the three individual receptor-stimulated pathways in HeLa cells [10] and
in human skin in vivo [30]. In cultured skin keratinocytes (HaCaT cell line), EGFR, among
three of these cell surface receptors, plays a preeminent role in UV irradiation-induced
activation of multiple signal transduction pathways, including MAPK, AKT and PKC [31].
This finding suggests that interconnections among cell surface receptor activation and
downstream signaling pathways that are triggered in response to UV irradiation may differ
depending on cell type and cellular context. It should be noted that our studies were conducted
with human immortalized dendritic cells XS 106 cell line and Monocyte derived dendritic cells
(MoDCs), which may differ in their responsiveness to UV irradiation compared to normal
human skin dendritic cells in vivo.

In this study, we demonstrated that trans-activation of EGFR protects against UV-induced
dendritic cell death (Fig. 6). It seems inconsistent with previous results since EGFR is also
involved in UV-induced p38 and JNK activation, which is responsible of cell death or damage
(Fig. 2). There are some explanations to address this issue. First of all, blocking EGFR (by
pharmacological inhibition and genetic knockout of EGFR) only impairs (but not abolishes)
UV-induced p38, ERK and JNK activation (Fig. 2), other signals and other growth factor
receptors for examples, might be also involved in this activation. Second, EGFR trans-
activation also mediates UV-induced AKT/mTOR (Fig. 3) and NF-κB (Fig. 4) activation, of
which, at least AKT/mTOR serves as a protective mechanism against UV-induced cell death
(Fig. 6F). Third, other undefined and critical pro-survival signals might be dependent on EGFR
in UV-radiated dendritic cells. Taken all these together, we conclude that EGFR activation
serves as a pro-survival signal against UV-induced cell death. However, the detailed
mechanisms by which EGFR mediates pro-survival effects need further investigation.
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In this study, we also demonstrated for the first time AMPK activation in UV-radiated skin
dendritic cells (Fig. 5). AMPK is a heterotrimeric serine-threonine kinase that senses depletion
of intracellular energy and responds by stimulating catabolic pathways that generate ATP
[26,27]. One mechanism for sensing cellular energy levels involves allosteric activation of the
kinase activity of AMPK. Under conditions in which cellular energy demands are increased
(such as enhanced cell work or cell stress) or when fuel availability is decreased (because of a
reduced rate of glucose uptake), intracellular ATP is reduced and AMP levels rise. AMP then
allosterically activates AMPK. In addition to allosteric activation, AMPK activity can be
regulated by a mechanism involving covalent modification through the addition of a phosphate
group, such as LKB1 [26,27,32–40]. Until now, lots of stimuli have been found that can induce
AMPK activation. Our previous study using cultured skin keratinocytes (HaCaT cells) has
demonstrated for the first time that UV radiation activates LKB1/AMPK pathway, which plays
a critical role on UV induced skin cell pathology (unpublished data). In this study, we also
found that UV activates AMPK in cultured dendritic cells in an EGFR dependent manner (Fig.
5). However, the role of this LKB1/AMPK activation in dendritic cell physiology warrants
further study.

In conclusion, we, in this study, demonstrate for the first time that UV induces EGFR trans-
activation in cultured skin dendritic cells, this EGFR trans-activation serves as an upstream
signal and mediator for UV-induced downstream signals such as MAPK, AKT/mTOR, NF-
κB and LKB1/AMPK pathway (Fig. 7). Furthermore, EGFR activation also protects dendritic
cells against UV-induced dendritic cell death and apoptosis. Our studies provide insights into
understanding of the molecular mechanism of UV-induced skin aging and skin cancer.
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Fig. 1. UV radiation transactivates EGFR in cultured mouse skin dendritic cells
Cultured mouse skin dendritic cells (DCs, XS 106 cells) were pre-treated with EGFR inhibitor
PD 153035 (1 µM) for 1 hour, followed by UV radiation (30 mJ/cm2) (A) or EGF (100 ng/ml)
(B) for indicated time points, p-EGFR (Tyr 1068, Tyr 1045) and T-EGFR were detected by
Western blot. EGFR activation (Tyr 1068 and Tyr 1045) was detected in cultured human skin
keratinocytes (HaCaT cell line) treated with UV or UV plus PD 153035 (C). Wild type and
EGFR knockout MEFs (mouse embryonic fibroblasts) were treated with UV radiation (30 mJ/
cm2) and cultured for indicated time points, p-EGFR (Tyr 1068), T-EGFR and β-actin were
detected by Western blot (D). Primarily cultured mouse monocyte-derived dendritic cells
(MoDCs) were treated with UV or UV plus PD 153035, p-EGFR and T-EGFR were detected
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by Western Blot (E). Data are presented as mean ± s.e.m for at least three independent
experiments.
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Fig. 2. EGFR mediates UV-induced MAPK activation in cultured mouse skin dendritic cells
Cultured mouse skin dendritic cells (DCs, XS 106 cell) were treated with EGFR inhibitor PD
153035 (1 µM) or AG 1478 (1 µM) for 1 hour, followed by UV radiation (30 mJ/cm2) and
cultured for 15, 30 and 60 min, p-p38 (A), p-JNK (B), p-ERK (C) were detected by Western
blot and were quantified. c-fos and c-Jun level was detected in DCs treated with UV plus PD
153035 for 2 hours (D). Wild type and EGFR knockout MEFs (mouse embryonic fibroblasts)
were treated with UV radiation (30 mJ/cm2) and cultured for 15, 30 and 60 min, p-p38, p-JNK,
p-ERK were detected by Western blot (E). MAPK activation was detected in MoDCs treated
with UV plus PD 153035 (F). *P<0.05 vs. UV treated group. Data are presented as mean ±
s.e.m for at least three independent experiments.
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Fig. 3. EGFR mediates UV-induced AKT/mTOR/S6K/4E-BP1 activation in cultured mouse skin
dendritic cells
Cultured mouse skin dendritic cells (DCs, XS 106 cell) were treated with EGFR inhibitor PD
153035 (1 µM) or AG 1478 (1 µM) for 1 hour, followed by UVB radiation (30 mJ/cm2) and
cultured for 15, 30 and 60 min, p-AKT (Ser 473 and Thr 308), p-mTOR (Ser 2448), p-S6K
(Thr 389), p-4E-BP1(Ser 65) and T- AKT were detected by Western blot (A) and AKT
phosphorylation (Ser 473) was quantified (B). S6K phosphorylation was detected in DCs
treated different time points after UV radiation (C and D). DCs were pre-treated with PD
153035 and LY 294002 for 1 hour, followed by UV radiation, S6K phosphorylation was
detected by Western blot (E and F). UV-induced AKT/mTOR/S6K/4E-BP1 was detected in
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both wild type and EGFR knockout MEFs (G). AKT/mTOR/S6K/4E-BP1 activation was
detected in MoDCs treated with UV plus PD 153035 (H). *P<0.05 vs. untreated group.
**P<0.05 vs. UV treated group. Data are presented as mean ± s.e.m for at least three
independent experiments.
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Fig. 4. EGFR mediates UV-induced NF-κB activation in cultured mouse skin dendritic cells
Cultured mouse skin dendritic cells (DCs, XS 106 cells) were treated with UV radiation (30
mJ/cm2) and cultured for 15, 30 60 and 120 min, p- IκBα (Ser 32/36), T-IκBα and β-actin were
detected by Western blot (A and B). DCs (XS 106 cells) were treated with EGFR inhibitor PD
153035 (PD1, 1 μM) or AG 1478 (AG, 1 µM) for 1 hour, followed by UVB radiation (30 mJ/
cm2) and cultured for 1 and 2 hours, p- IκBα (Ser 32/36), T-IκBα and β-actin were detected
by Western blot (C and D). UV-induced NF-κB activation was detected in wild type but not
in EGFR knockout MEFs (E and F). NF-κB activation was detected in MoDCs treated with
UV plus PD 153035 (G and H). *P<0.05 vs. untreated group. #P<0.05 vs. UV treated group.
Data are presented as mean ± s.e.m for at least three independent experiments.
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Fig. 5. EGFR mediates UV-induced AMPK activation in cultured mouse skin dendritic cells
Cultured mouse skin dendritic cells (DCs, XS 106 cells) were treated with EGFR inhibitor PD
153035 (1 µM) or AG 1478 (1 μM) for 1 hour, followed by UVB radiation (30 mJ/cm2) (A)
or EGF (100 ng/ml) (B) and cultured for 15, 30 and 60 min, p-LKB1 (ser 428), p-AMPKα
(Thr 172) and T-AMPK were detected by Western blot. Wild type and EGFR knockout MEFs
(mouse embryonic fibroblasts) were treated with UV radiation (30 mJ/cm2) and cultured for
indicated time points, p-LKB1 (Ser 428), p-AMPKα (Thr 172) and β-actin were detected by
Western blot (C). LKB1 and AMPK phosphorylation were detected in MoDCs treated with
UV with or without PD 153035 (D). *P<0.05 vs. untreated group. #P<0.05 vs. UV treated
group. Data are presented as mean ± s.e.m for at least three independent experiments.
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Fig. 6. Trans-activation of EGFR protects dendritic cells from UV-induced cell death
Cultured mouse skin dendritic cells (DCs, XS 106 cells) were pre-treated with EGFR inhibitor
PD153035 (PD1, 1 µM), AG1478 (AG, 1 µM), PI3K/AKT inhibitor LY294002 (LY, 1 µM),
Wortmanin (WT, 1 µM), MEK/ERK inhibitor PD 98059 (PD9, 1 µM), U0126 (U, 1 µM), JNK
inhibitor JNKi (JNKi, 1 µM) and p38 inhibitor SB 203580 (SB, 10 µM) for 1 hour, followed
by UV radiation (30 mJ/cm2) for 24 hours, cell viability was detected by MTT assay (A). The
effects of these inhibitors alone on cell viability were shown in (B). XS106 cells were pre-
treated with or without EGF (100 ng/ml) for 1 hour, followed by UV radiation (30 mJ/cm2)
for 24 hours, cell viability was detected by MTT assay (C). The apoptosis rate (Hoechst assay)
of XS 106 cells treated with UV plus PD153035 (PD1, 1 µM) or AG 1478 (AG, 1 µM) for 18
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hours was shown in (D). The cell viability of wild type and EGFR knockout MEFs treated with
UV (30 mJ/cm2) with or without PD 153035 (1 µM) for 24 hours was shown in (E). Wild type,
AKT1/2 knockout or AKT1 knockout MEFs were pre-treated with mTOR inhibitor rapamycin
(20 nM) for 1 hour, followed by UV radiation (30 mJ/cm2), cell viability was detected by MTT
assay (F). Cell viability and apoptosis rate (Hoechst assay) of MoDCs treated with UV (30 mJ/
cm2) with or without PD1 (1 µM) were shown in (G) and (H) respectively. The data represent
mean ± SE of triplicate experiments. *P<0.05 vs. untreated group. #P<0.05 vs. UV treated
group. For the Hoechst experiment, a minimum of ten random fields and 500 cells were counted
for apoptotic death rate.
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Fig. 7. Proposed model of UV-induced signal transduction pathways in mouse skin dendritic cells
(A) EGFR mediates UV induced AKT/mTOR activation in cultured skin dendritic cells,
possibly leading to cell survival, (B) EGFR mediates UV-induced LKB1/AMPK activation,
inhibiting mTOR, (C) EGFR is involved in UV- induced NF-κB activation, possibly leading
to cell survival, activation or maturation of DCs, (D) EGFR is involved in UV induced-MAPK
activation, possibly leading to cell survival or apoptosis.
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