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Abstract

Prohibitin (PHB) plays a role in regulation of ultraviolet B light (UVB)-induced apoptosis of 

human keratinocytes, HaCaT cells. The regulatory function of PHB appears to be associated with 

its lipid raft translocation. However, the detailed mechanism for PHB-mediated apoptosis of these 

keratinocytes upon UVB irradiation is not clear. In this report, we determined the role of lipid raft 

translocation of PHB in regulation of UVB-induced apoptosis. Our data show that upon UVB 

irradiation PHB is translocated from the non-raft membrane to the lipid rafts, which is correlated 

with a release of both Akt and Raf from membrane. Overexpression of Akt and/or Raf impedes 

UVB-induced lipid raft translocation of PHB. Immunoprecipitation analysis indicates that UVB 

alters the interactions among PHB, Akt, and Raf. Reduced expression of PHB leads to a decreased 

phosphorylation of Akt and ERK, as well as a decreased activity of Akt, and increased apoptosis 

of the cells upon UVB irradiation. These results suggest that PHB regulates UVB-induced 

apoptosis of keratinocytes via a mechanism that involves detachment from Akt and Raf on the 

plasma membrane, and sequential lipid raft translocation.
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Introduction

Lipid rafts play a role in regulation of UVB-induced apoptosis of skin cells [1–3]. By 

changing major components upon stimuli, lipid rafts regulate apoptotic signaling pathways 

by recruiting as well as inducing aggregation and activation of lipid raft-associated proteins, 

including but not limited to membrane receptors (such as Fas, CD5, and CD20), kinases 

(such as Akt, JNK, Src, and PKC), and calcium channels [4–11]. Our recent report indicated 

that PHB translocates onto lipid rafts upon UVB irradiation [3]. This report also indicated 

that reduced expression of PHB enhanced UVB-induced apoptosis [3]. However, the 
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detailed mechanism of lipid raft translocation of PHB in regulation of UVB-induced 

apoptosis remains unknown.

Recent studies have found that PHB is essential in the activation of both PI3K/Akt and 

Raf/ERK signaling cascades [12–20]. PHB interacts with and is phosphorylated at threonine 

258 by Akt [21], which was suggested to be critical for the activation of the Akt signaling 

cascade [15]. PHB regulates Raf activity via two mechanisms: (1) PHB interacts with Raf, 

which promotes Raf membrane localization and activation [12,16,22]; and (2) PHB may 

compete with Raf in binding and being phosphorylated by Akt [23]. Both PI3K/Akt and 

Raf/ERK signaling cascades are main cell survival signaling pathways mediating UVB-

induced apoptosis in skin cells [24–29]. However, it is unknown if lipid raft translocation of 

PHB in regulation of UVB-induced apoptosis is mediated by PI3K/Akt and Raf/ERK 

signaling cascades. In this report, we reveal a novel mechanism demonstrating that lipid raft-

translocation of PHB mediates UVB-induced apoptosis via alternating interactions and 

localization of PHB, Akt and Raf.

Materials and Methods

Cell culture

The HaCaT cells (human keratinocyte cell line, kindly provided by Dr. Nihal Ahamad, 

University of Wisconsin, Madison, WI) and H1299 cells were maintained in Dulbecco’s 

Modified Eagle’s Medium (DMEM, Mediatech, Manassas, VA) supplemented with 1% 

penicillin-streptomycin (Mediatech, Manassas, VA) and 10% fetal bovine serum (FBS, 

Denville Scientific, Metuchen, NJ). The cells were cultured at 37 °C with 5% CO2.

UVB irradiation

UVB light (290–320 nm) was generated from 15 W UVB tubes (UVP, Upland, CA). The 

intensity of UVB light was measured using a UVX digital radiometer (UVP, Upland, CA). 

The cells were irradiated with 50 mJ/cm2 or 5 mJ/cm2 of UVB light. The culture medium 

was replaced with PBS during exposure and was added back to the culture plates after UVB 

treatment.

Isolation of lipid raft

Lipid rafts fractions were isolated using Optiprep™ (Sigma, St. Louis, MO) density gradient 

(40% – 5%) as previously reported [3]. Briefly, the cells were collected, cross-linked with 

DTSSP, pelleted, and frozen at −80 °C overnight. Then the cells were lysed with cold 0.1% 

Triton X-100 membrane raft isolation buffer (50 mM Tris-HCl, PH 7.4, 150 mM NaCl, 5 

mM EDTA and 0.1% Triton X-100, and the protease inhibitor cocktail). Equal volume of the 

lysates were applied to a discontinuous gradient (40% – 5%) and centrifuged using a SW60 

rotor (Beckman Coulter, Brea, CA) at 31,300 rpm for 5 h at 4 °C. Five 0.8 mL fractions 

were collected from each gradient for future western blotting analysis.

Isolation of plasma membrane proteins

Plasma membrane extracts were prepared using Mem-PER™ plus membrane protein 

extraction kit (Pierce, Rockford, IL). Plasma membrane and cytosolic proteins were 
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extracted according to the manufacturer’s protocol. Na+/K+ - ATPase and GAPDH were 

used as markers of plasma membrane and cytosolic proteins, respectively.

Lysis of cells

Cells were collected, pelleted, and lysed by Nonidet P-40 (NP-40) lysis buffer (2% NP-40, 

80 mM NaCl, 100 mM Tris-HCl, 0.1% SDS) containing protease inhibitor cocktail 

(Calbiochem, La Jolla, CA). The cell lysate was incubated on ice for 15 min and centrifuged 

at 11,000 rpm for 10 min at 4 °C. The supernatant was collected and protein concentration 

was determined by Bio-Rad Dc Protein Assay kit (Bio-Rad, Hercules, CA).

Western blotting analysis

The proteins were boiled in 5-fold Laemmli buffer (0.25 M Tris–HCl, pH 6.8, 0.5 M DTT, 

10% SDS, 50% glycerol and 0.03% bromophenol blue), separated on SDS-PAGE, and 

transferred to a nitrocellulose membrane. The membranes were blocked in 5% milk (w/v) in 

TBST buffer for 30 min at room temperature and then incubated with primary antibodies 

against PHB (sc-28259), Akt-1 (sc-55523), ERK (sc-135900), caspase-3 (sc-7148), Na+/K+ 

- ATPase (sc-21712), GAPDH (sc-25778) and Caveolin-1 (sc-894) (Santa Cruz 

Biotechnology, Santa Cruz, CA), p-Akt (9271s), and p-ERK (4377) (Cell Signaling, 

Danvers, MA), and β–actin (A5316) (Sigma, St. Louis, MO) at 4 °C overnight. After 

washing with TBST, the membrane was incubated with corresponding secondary 

horseradish peroxidase (HRP)-conjugated antibodies for 30 min at room temperature. The 

signals were detected using Supersignal West Pico chemilluminescent substrate (Pierce, 

Rockford, IL).

Immunoprecipitation

The cell lysate (150 μL) was incubated with 5 μL primary antibody against PHB (sc-28259), 

Raf-1 (sc-133), Akt-1 (sc-55523), p-Thr (sc-5267), p-Ser (sc-81514), or p-Tyr (sc-7020) 

(Santa Cruz Biotechnology, Santa Cruz, CA) with gentle rocking overnight at 4 °C. The 

protein A/G agarose beads (Pierce, Rockford, IL) were added followed by another 30 min 

gentle rocking at 4 °C. The cell lysate-beads mixture was centrifuged for 30 sec at 1,000 

rpm in a benchtop centrifuge (Eppendorf, Hamburg, Germany) and washed three times with 

700 μL 1X TBST at 4°C. The lysate-beads mixture was boiled in 5-fold Laemmli buffer, and 

then separated on SDS-PAGE. The samples were analyzed by western blotting.

Akt kinase activity

The cell lysates were prepared using Akt kinase assay kit (9840) (Cell Signaling, Danvers, 

MA). Akt kinase assay was performed according to the manufacturer’s protocol.

Flow cytometry

Cells were collected and pelleted by centrifugation, washed twice with PBS, fixed with 4% 

formaldehyde for 10 min and cooled on ice for 1 min. Cells were then blocked in PBS 

containing 1% BSA for 30 min. Cells were incubated with antibodies against PHB 

(ab75766) (Abcam, Cambridge, MA) or the isotype control anti-rabbit IgG, for 1 h at room 

temperature, washed twice with PBS, and incubated with FITC-conjugated secondary 
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antibodies for 1 h. Cells were washed, and resuspended in PBS for cell surface PHB 

expression analysis on a FACSort analyzer (BD Biosciences, Franklin Lakes, NJ).

Immunofluorescence microscopy

Cells were incubated with 1 μg/mL FITC-conjugated cholera toxin β-subunit (Sigma, St. 

Louis, MO) for 15 min at 4 °C, and washed with PBS. Cells were fixed with 4% 

formaldehyde for 10 min, permeabilized with 0.1% Triton X-100 for 30 min, and then 

blocked in PBS containing 1% BSA for 30 min. Cells were incubated with antibody against 

PHB (ab75766) (Abcam, Cambridge, MA), Raf-1 (sc-133), and Akt-1 (sc-55523) (Santa 

Cruz Biotechnology, Santa Cruz, CA) for 1 h at room temperature, washed twice with PBS, 

and then incubated with DyLight 549 secondary antibody (Vector Laboratories, Burlingame, 

CA) for 1 h. Cells were washed with PBS, mounted on slides with Vectashield mounting 

medium (Vector Laboratories, Burlingame, CA), and analyzed by fluorescence microscopy 

(Nikon ECLIPS E600, Melville, NY).

PHB silencing using the RNA interference method

Cells were seeded in a 6-well tissue culture plate in antibiotic-free medium until 60–80% 

confluent. The medium was then replaced with 0.5 mL transfection mixture, containing 

either scrambled siRNA (60 nM, sc-37007) or PHB siRNA (60 nM, sc-37629), siRNA 

Transfection Medium and siRNA Transfection Reagent (Santa Cruz Biotechnology, Santa 

Cruz, CA). The cells were first incubated at 37 °C with 5% CO2 for 6 h and then incubated 

in 1.0 mL antibiotic-free DMEM with 20% FBS overnight. The cells were incubated for 

another 18–24 h with DMEM with 10% FBS before harvesting.

Generation of stable PHB shRNA cell line

HaCaT cells were transfected with pLKO.1-Neo-CMV-tGFP vectors containing PHB 

shRNA or scrambled control shRNA (Sigma, St. Louis, MO) using Lipofectamine LTX and 

PLUS following the manufacture’s protocol (Invitrogen, Carlsbad, CA). The transfected 

cells were maintained for 2 weeks in DMEM with G418. Stable cell lines were generated by 

isolating single cell-derived colonies. The PHB expression in each cell line was determined 

by western blot.

Construction of Akt and Raf expression vectors and transient transfection

Total RNAs from HaCaT cells were extracted using RNeasy Mini kit (Qiagen, Germantown, 

MD) and reverse-transcribed into first-strand DNA using oligo(dT)20 (Invitrogen, Carlsbad, 

CA). The full-length human Akt and Raf cDNA was prepared by PCR using the following 

primers:

Akt primer F: 5’-ATGCGGATCCCCACCATGAGCGACGTGGCTATTGTGAAG-3’;

Akt primer R: 5’-ATGCTCTAGATCAGGCCGTGCTGCTGGC-3’;

Raf primer F: 5’-ATGCGGATCCCCACCATGGAGCACATACAGGGAGCTT-3’;

Raf primer R: 5’-ATGCTCTAGACTAGAAGACAGGCAGCCTCG-3’).
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The amplified Akt or Raf cDNA fragments were ligated into the BamH1-Xba1 sites of 

pcDNA6/V5-His (Invitrogen, Carlsbad, CA). Raf and Akt overexpression plasmids were 

purified using MidiPrep (Qiagen, Germantown, MD), followed by gene sequencing at 

Genomics Facility (Ohio University, Athens, OH). The expression vector(s) were transiently 

transfected into H1299 cells using Lipofectamine 2000 following the manufacture’s protocol 

(Invitrogen, Carlsbad, CA).

Clonogenic assay

Cells (6×103) were seeded in a 6-well tissue culture plate and incubated at 37 °C with 5% 

CO2 for 6 d. The cells were then washed with PBS twice and fixed in cold methanol for 10 

min at −20 °C. The fixed cells were stained by 1% crystal violet in 25% methanol for 

another 10 min, and then washed with ddH2O. The colonies with a size more than 0.5 mm 

were counted.

Results

Lipid raft-association of PHB is correlated with translocation of Akt and Raf upon UVB 
irradiation

Since PHB serves as a scaffold in regulating Akt and Raf signaling [23], we examined 

whether lipid raft-translocation of PHB is correlated with a subcellular redistribution of Akt 

and Raf at 6 h post-UVB, the time that PHB took to translocate to lipid raft as we previously 

reported [3]. Caveolin-1, a lipid rafts-associated protein, was used as a marker. Our data 

indicated that the translocation of PHB into fraction 2 (lipid raft fraction) was accompanied 

by Akt and Raf translocation out of fraction 3 (non-rafts membrane fraction) in HaCaT cells 

at 6 h post-UVB (50 mJ/cm2) (Figures 1a). Further analysis using immunofluorescence 

staining showed that while PHB distributed homogenously in the unirradiated cells, it was 

accumulated and co-localized with cholera toxin B subunit (CTB) stained 

monosialoganglioside1 (GM1), a marker of lipid raft, in the HaCaT cells at 6 h post-UVB 

(50 mJ/cm2) (Figure 1b). Our data also showed that the increased association of PHB in 

lipid rafts was due to translocation but not induced expression of PHB since total PHB 

protein level remained almost the same within 24 h after UVB irradiation (Figure S1a), and 

the cell surface PHB protein level remained almost unchanged 6 h after UVB irradiation 

(Figure S1b).

UVB-induced lipid raft translocation of PHB is dependent on expression levels of Akt and 
Raf

Since there appeared to be a relationship between lipid raft translocation of PHB and PHB 

binding to Akt and Raf, we determined whether overexpression of Akt, Raf or Akt plus Raf 

had an effect on the PHB membrane redistribution. The H1299 cell line was used in this 

study because of its high transfection efficiency. Our data showed that Akt and/or Raf were 

overexpressed in both unirradiated and UVB-irradiated H1299 cells (Figure 2a, Lanes 2–4 

and 6–8 vs. 1 and 5). Further analysis using immunofluorescence staining showed that in 

H1299 cells, Akt and/or Raf were overexpressed highly in the cells, in both the plasma 

membrane and cytosol (Figure 2b). The fluorescence microscopic images revealed that PHB 

was homogeneously distributed without UVB irradiation and then co-localized with GM1 in 
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H1299 cells transfected with empty vector at 6 h post-UVB (50 mJ/cm2) (Figure 2c, Vector), 

which indicated that PHB behaves similarly in H1299 cells and HaCaT cells (Figure 2c vs. 

1b). In contrast, UVB has no effect on GM1 localization of PHB in the cells overexpressing 

Raf, Akt or both (Figure 2c). Interestingly, while overexpression of Akt or Akt+Raf 

inhibited the lipid raft translocation of PHB after UVB irradiation, overexpression of Raf 

appeared to promote the cell membrane translocation without UVB irradiation (Figure 2c). 

These results suggest that lipid raft translocation of PHB might due to an increased affinity 

between the lipid rafts and PHB; or a decreased affinity among PHB, Akt and Raf upon 

UVB irradiation.

PHB, Akt, and Raf interactions in HaCaT upon UVB irradiation

To further analyze the affinities among PHB, Akt and Raf, we analyzed the interaction 

between Akt-PHB, Raf-PHB and Akt-Raf after UVB irradiation using immunoprecipitation. 

Antibody heavy chain (HC) serves as the internal control of the co-immunoprecipitation 

experiment. Our data showed that the interaction between Akt-PHB decreased at 6 h post-

UVB (50 mJ/cm2), while the interaction between Akt-Raf increased upon UVB irradiation 

(Figure 3a). The interaction between Raf-PHB was not significantly changed post-UVB 

(Figure 3a). Since UVB induces Akt phosphorylation and activation [30–34], we determined 

the role of Akt activation in regulating the binding of PHB with Akt by analyzing the Akt 

phosphorylation in different subcellular localization after UVB irradiation. GAPDH and 

Na+/K+-ATPase were used as markers of cytosolic protein and plasma membrane-associated 

protein, respectively. Western blotting analysis revealed that p-Akt increased in the cytosolic 

fraction, but decreased in the plasma membrane fraction at 6 h post-UVB (50 mJ/cm2) 

(Figure 3b). These results suggest that p-Akt might have a weaker affinity than Akt for 

binding to PHB, and, thus, became detached from PHB and subsequently freed from the 

plasma membrane to the cytosol.

Since activated Akt can phosphorylate PHB at Thr258 [17], we determined whether UVB-

induced Akt phosphorylation is correlated to PHB Thr phosphorylation. Our data indicated 

that total Thr phosphorylation on PHB was slightly decreased at 6 h post-UVB, which 

correlated with the detachment and translocation of PHB from Akt and from the membrane 

into the lipid rafts (Figure 3c). In addition to Thr phosphorylation, we also analyzed Ser and 

Tyr phosphorylation on PHB as they are also associated with PHB activity [23]. Our data 

showed that while the Ser phosphorylation on PHB was not significantly changed, Tyr 

phosphorylation was also slightly decreased at 6 h post-UVB. These results suggest that the 

lipid raft translocation of PHB might be associated with PHB dephosphorylation at certain 

amino acid residues and, thus, alter the interaction among PHB, Akt and Raf.

Regulation of apoptosis by PHB knockdown in HaCaT upon UVB irradiation

We previously reported that reduced expression of PHB enhances UVB-induced apoptosis 

[3]. To further determine the regulatory mechanism of PHB-mediated apoptosis upon UVB 

irradiation, we examined the effect of PHB knockdown on phosphorylation of Akt and ERK 

(a downstream target activated by Raf). Our data showed that UVB induced phosphorylation 

of Akt and ERK in cells treated with scrambled or PHB siRNA (Figure 4a, lane 5 vs. lane 2, 

lane 6 vs. lane 3). Compared with scrambled siRNA, treating cells with PHB siRNA slightly 
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increased Akt phosphorylation without UVB treatment (Figure 4a, lane 3 vs. lane 2), while it 

decreased the inducibility of Akt phosphorylation by UVB (Figure 4a, lane 6/3= 2.11 vs. 

lane 5/2= 7.63). Our data also showed that treating cells with PHB siRNA inhibited UVB-

induced ERK phosphorylation (Figure 4a, lane 6 vs. lane 5). To confirm that Akt 

phosphorylation regulates UVB-induced apoptosis, we examined UVB-induced caspase-3 

cleavage in cells treated with Akt kinase inhibitor (Akt I). Akt I inhibits Akt phosphorylation 

in vivo, and its IC50 is 58 nM for Akt1. Our data showed that treatment with Akt I resulted 

in a decrease in Akt phosphorylation, but an increase in UVB-induced caspase-3 cleavage 

(Figure 4b), confirming that Akt kinase activity protects cells from UVB-induced apoptosis 

[35,36].

To determine whether the inhibition of PHB-mediated Akt phosphorylation leads to the 

inhibition of Akt kinase activity upon UVB irradiation, we established a stable PHB shRNA 

knockdown HaCaT cell line (HaCaTPHB-KD). Our data showed that PHB expression levels 

were reduced significantly in HaCaTPHB-KD compared to HaCaT cells (Figure 5a). Akt 

kinase activity assay showed that the phosphorylation of GSK-3α/β increased in HaCaT 

cells, but deceased in HaCaTPHB-KD cells at 6 h post-UVB (50 mJ/cm2) (Figure 5b), 

indicating that Akt kinase activity was regulated by PHB upon UVB irradiation. In addition, 

HaCaTPHB-KD cells formed fewer colonies than HaCaT cells after UVB irradiation (5 

mJ/cm2) (Figure 5c), demonstrating that reduced expression of PHB enhances UVB-induced 

HaCaT cell growth arrest and death.

Discussion

Our previous report indicated that PHB-mediated apoptosis is correlated with a lipid raft 

translocation of PHB upon UVB irradiation [3], suggesting a potential novel mechanism 

involving PHB in regulation of an apoptotic pathway. In this report, we explored the role of 

lipid raft translocation of PHB in regulation of Akt and Raf-mediated apoptosis upon UVB 

irradiation. Our results indicated that the lipid raft translocation of PHB was accompanied 

with the detachment of Akt and Raf from the non-raft membrane upon UVB irradiation 

(Figure 1a). The freed Akt and Raf are likely to be released into the cytosol from the 

membrane since we didn’t detect any Akt and Raf in the lipid rafts fraction (Figure 1a). 

However, we didn’t detect an increased level of Akt or Raf in the cytosol either, which could 

be due to the fact that Akt and Raf mainly reside in the cytosol and a slight increase due to 

translocation from the membrane might not be detected. The detachment of PHB from Akt 

was also indicated by the reduced total Thr phosphorylation on PHB (Figure 3c) as previous 

reports indicated that Akt interacts with and phosphorylates PHB at Thr 258 [21,37].

The lipid raft translocation of PHB may be due to a reduced affinity of PHB to Akt and Raf, 

since overexpression of Akt and/or Raf, which increased Akt and Raf in both cytosol and 

plasma membrane, allows PHB to be retained on plasma membrane post-UVB (Figure 2c). 

The affinity of PHB for Akt and Raf appears to be regulated by the activation of Akt and 

Raf. Our results indicated that the phosphorylation of Akt, an indication of Akt activation, 

was reduced in the plasma membrane (Figure 3b) when PHB dissociated from Akt (Figure 

3a). This agrees with the previous report that demonstrates that the PHB-Akt interaction is 

critical for the activation of the Akt signaling cascade [15,21,23]. While we don’t have data 
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to demonstrate Raf activation on the membrane post-UVB, we showed that Raf detached 

from membrane (Figure 1a), which can lead to Raf activation as suggested in a previous 

report [16,38]. The increased phosphorylation of ERK (Figure 4a) also supports the theory 

that Raf was activated after detached from PHB. Moreover, we show that the interaction 

between Akt and Raf was increased upon UVB irradiation (Figure 3a), which could be a 

result of the release of Akt and Raf from PHB on the membrane, allowing them to bind to 

each other in the cytosol as previously reported [23,39–41].

Our previous report showed that reduced expression of PHB enhances UVB-induced 

apoptosis [3]. Since PHB mediates the activation of Akt and Raf on the membrane upon 

UVB as showed above, we determined whether PHB protects cells from apoptosis via 

activating PHB-dependent Akt and Raf pathways after UVB irradiation. Our data showed 

that PHB knockdown inhibited the phosphorylation of Akt and ERK (Figure 4a), as well as 

inhibited the Akt kinase activity (Figure 5b) upon UVB irradiation. The PHB knockdown-

inhibited Akt and Raf activation is correlated with cell growth arrest and death (Figure 5c) in 

addition to apoptosis after UVB irradiation, as we previously reported [3]. These results and 

previous report indicate that PHB is essential for Akt and Raf activation on the membrane, 

which plays a critical role in protecting cells from UVB-induced apoptosis. Based on all 

these evidence, we propose a model (Figure 6) that UVB irradiation induces activation of 

PHB-associated Akt and Raf on the plasma membrane, which leads to detachment from 

PHB and sequent release into the cytosol in order to regulate downstream anti-apoptotic 

signaling pathway. While the freed PHB on the plasma membrane translocates onto lipid 

rafts, the activated Akt and Raf in the cytosol will gradually form Akt-Raf dimers and be 

deactivated.
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Figure 1. 
PHB translocation and expression after UVB irradiation. HaCaT cells were irradiated with 

UVB (50 mJ/cm2) and harvested at 6 h (a and b). (a) PHB, Akt, Raf, and Caveolin-1 in each 

fraction of the gradient were assessed by western blotting analysis. 30 mL of fractions (1, 3–

5), and 15 mL of fractions (2) were subjected to the analysis. The error bars represent S.D. 

of three independent experiments. *: p<0.05 versus corresponding fraction 3 in control 

group. **: p<0.05 versus corresponding fraction 2 in control group. (b) The cells were 

incubated with FITC-conjugated CTB, followed by fixation, permeabilization, and 

development for PHB fluorescence detection. The arrow: PHB colocalization with lipid 

rafts. Scale bar, 10 μm. The data represents three independent experiments.
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Figure 2. 
Effects of Akt and Raf overexpression on PHB translocation. H1299 cells were transfected 

with Akt and/or Raf expression plasmid. Empty plasmid was transfected into H1299 cells as 

a control. (a) The cells were lysed at 6 h post UVB (50 mJ/cm2) and the expression of Akt, 

Raf, and β-actin were assessed by western blotting analysis. The data represents three 

experiments. (b) The expressions of Akt and Raf in the transfected cells were detected by 

immunofluorescent staining. (c) The expressions of CTB and PHB in the transfected cells 

with or without UVB (50 mJ/cm2, 6 h) were detected by immunofluorescent staining. The 

arrow: PHB colocalization with lipid rafts. Scale bars, 20 μm. The data represents three 

independent experiments.
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Figure 3. 
PHB interaction with Akt and Raf, PHB phosphorylation, and Akt phosphorylation in 

HaCaT cells upon UVB irradiation. HaCaT cells were irradiated with UVB (50 mJ/cm2) and 

harvested at 6 h post-UVB. (a) PHB, Akt, and Raf interactions were determined by 

immunoprecipitation followed by western blot analysis. The data represents three 

independent experiments. (b) The levels of p-Akt, Akt, ATPase, and GAPDH on plasma 

membrane or in cytosol were assessed by western blotting analysis. The data represents 

three experiments. (c) The phosphorylated threonine, serine, and tyrosine residues on 

immunoprecipitated PHB were determined by western blot analysis. The data represents 

three experiments.
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Figure 4. 
The role of PHB in UVB-induced apoptosis in HaCaT cells. (a) HaCaT cells were 

transiently transfected with scrambled siRNA or PHB siRNA. The cells without transfection 

were used as control. The levels of PHB, p-ERK, ERK, p-Akt, Akt, and β-actin in the 

transfected cells with or without UVB (50 mJ/cm2, 6 h) were assessed by western blotting 

analysis. The data represents three experiments. (b) The levels of p-Akt, Akt, caspase-3, and 

β-actin in Akt I (1 μM) and/ or UVB (50 mJ/cm2, 6 h) treated cells were assessed by western 

blotting analysis. The data represents three experiments.
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Figure 5. 
The effect of PHB knockdown on Akt kinase activity as well as cell survival and 

proliferation upon UVB irradiation. HaCaT cells were stably transfected with scrambled 

shRNA (control) or PHB shRNA (PHB knockdown). (a) PHB expression in the cells was 

examined by western blotting analysis. The data represents three experiments. (b) Phospho-

Akt in the cells treated or not treated with UVB (50 mJ/cm2, 6 h) was immunoprecipitated 

by immoblilized p-Akt primary antibody and incubated with GSK 3 fusion protein. Then the 

phosphorylation of GSK-3α/β was detected by western blotting analysis. The data 

represents three experiments. (c) Survival and proliferation of the cells treated or not treated 

with UVB (5 mJ/cm2) were assessed by clonogenic assay. The data represents the means ± 

SD of three independent experiments.
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Figure 6. 
Proposed model for UVB-induced PHB-mediated apoptosis.
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