
 

 

 
 

 

 
 

 
 

 

 

 

 
Abstract—To investigate the role of mitogen-

activatedprotein kinases (MAPK) in the response of the 

retinal pigment epithelium (RPE) to oxidative stress (OS), a 

well-characterized RPE cell line (ARPE-19) was exposed to 

an oxidant-generating system catalyzed by glucose oxidase 

and glucose (GO/G). ARPE-19 cells were characterized for 

morphological changes, mitochondrial membrane 

permeability (MMP), and cell survival following exposure 

to GO/G. The effects of GO/G on MAPK activity were 

determined by assaying for p38MAPK expression and 

activity in the presence or absence of SB203580, a specific 

p38MAPK inhibitors, or p38MAPK siRNA. ARPE-19 cells 

exposed to GO/G showed morphological changes, increased 

MMP, and cell death. Exposure to OS promoted increased 

phosphorylation of p38MAPK and hsp27, a downstream 

target of p38MAPK. SB203580, but not p38 MAPK siRNA, 

inhibited ARPE-19 cell death. In conclusion, activation of 

p38MAPK may promote downstream pathways responsible 

for the morphological changes observed in RPE cells during 

oxidative damaging, however, these pathways do not 

appear to be responsible for OS-induced RPE degeneration. 

 
Index Terms—oxidative stress, retinal pigment epithelium, 

mitogen activated protein kinases, p38MAPK, age-related 

macular degeneration, reactive oxygen species 

 

I. INTRODUCTION 

Age-related macular degeneration (AMD), leading 

cause of permanent blindness in the United States, is 

characterized by progressive degeneration of the retinal-

pigment epithelium (RPE) and neighboring 

photoreceptors in the retina. This often leads to severe 

visual impairment and permanent blindness [1], [2]. 

According to epidemiological studies, 11% of 65-74 

years old people have AMD, with the incidence rising to 

28% in people aged 75-85. About 2% of elderly suffer 

from blindness due to AMD [3]. It is estimated that the 

incidence will increase 50% by 2020 [4]. In spite of the 

downstream signaling pathways including hsp27, these 
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advances in medicine, the treatment of AMD also 

remains unsatisfactory. 

Although the visual loss results from the loss of 

photoreceptor cells, the initial pathogenesis most likely 

involves degeneration and atrophy of RPE. The 

progressive RPE dysfunction and eventual RPE cell 

death cause subsequent degeneration of rod and cone 

photoreceptors, perhaps due to loss of trophic support 

and defense barrier. Oxidative stress has been 

acknowledged as a leading cause of the degenerative 

changes, but the exact role of reactive oxygen species 

(ROS) in this disease remains to be established. 

Moreover, while mitogen-activated protein kinases 

(MAPKs) are suggested to be involved in oxidative 

stress-induced RPE degeneration, the precise functions 

and molecular mechanisms of MAPKs in RPE 

degeneration remain elusive [5-7]. The goal of this study 

is to establish an oxidative stress-induced RPE 

degeneration model and elucidate the role of MAPKs in 

RPE cell death. 

In this study, a well-characterized RPE cell line 

(ARPE-19) was exposed to a glucose-based oxidant-

generating system catalyzed by glucose oxidase (GO/G). 

ARPE-19 cells were characterized for morphological 

changes, mitochondrial membrane permeability (MMP), 

and cell survival following prolonged exposure to GO/G. 

The effects of OS on MAPK activity were determined by 

assaying for p38MAPK expression and activity in the 

presence or absence of pharmacological inhibitors or 

siRNA. 

II. MATERIALS AND METHODS 

A. Reagents 

Calcein AM, ethidium homodimer-1, H2DCFH-DA, 

JC-1, Rhodamine-phallodin, and Alexa-conjugated 

secondary antibodies were obtained from Invitrogen 

(Carlsbad, CA). Anti-phospho-p38 MAPK antibody and 

the Cell Titer 96 Aqueous Cell Proliferation Assay (MTS) 

kit was obtained from Promega (Madison, WI). 

SB203580 was purchased from Calbiochem (EMD 
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Biosciences, San Diego, CA) while p38 MAPK siRNA 

and antibodies against p38 MAPK, hsp27, and phospho-

hsp27 were from Cell Signaling (Danvers, MA). Glucose 

oxidase, D-glucose, and N-Acetyl Cysteine were 

obtained from Sigma (St. Louis, MO). 

B.  Cell Culture 

A spontaneously transformed human retinal pigment 

epithelial cell line, ARPE-19 cells was used in this study. 

ARPE-19 cells maintain the major characteristics of RPE 

cells including expression of specific cell markers, tight 

junction formation, and retinoid metabolism [8]. ARPE-

19 cells were maintained in growth medium (Dulbecco's 

modified Eagle's medium, 10% fetal bovine serum, 2 

mM L-glutamine, 100 units/ml penicillin, 100 mg/ml 

streptomycin, and 15 mM HEPES buffer) at 37°C in a 

humidified atmosphere of 5% CO2 and 95% air. 

C. In Vitro Model for Oxidative Stress 

To investigate the effects of oxidative stress on the 

RPE, ARPE-19 cells were exposed to a glucose-based 

oxidant-generating system catalyzed by glucose oxidase 

(GO/G). Glucose oxidase catalyzes the oxidation of -D-

glucose to D-glucono-1,5-lactone and hydrogen peroxide, 

using molecular oxygen as the electron acceptor.  

ARPE-19 cells were plated in growth medium then 

transferred to glucose-free serum-free medium for 24h. 

The following day, cells were exposed to 0-30mU/ml 

glucose oxidase in the presence of 1 g/L glucose for 0-5h.  

To determine oxidative stress on RPE cells, the 

generation of intracellular reactive oxygen species (ROS) 

following GO/G treatment was measured using the 

fluorescent dye H2DCFH-DA. ARPE-19 cells were pre-

loaded with 10µM H2DCFH-DA for 30 minutes at 37°C. 

The unbound H2DCFH-DA was washed off and cells 

were treated with GO/G. H2DCFH-DA fluorescence
 
was 

detected using a fluorescent microplate reader (model 

FL600; Biotek, Highland
 

Park, VT). Readings were 

normalized to the untreated
 
control groups. 

D. Cell Survival Assay  

ARPE-19 cells plated on 96-well plates at 4X10
3
 

cells/well and treated with GO/G for 0-6hr were washed 

with serum-free DMEM and incubated with 2mM 

calceinAM and 4mM ethidium homodimer at 37C for 

30min. Cells were observed and images captured under a 

fluorescence microscope. 

To measure the amount of cell death, ARPE-19 cells 

were incubated for 1h with MTS reagent (3-4,5-

dimethylthiazol-2-yl)-5-(3-carboxymethosyphenyl)-2-(4 

sulfophenyl) -2H-tetrazolium) that is converted to a 

water-soluble formazan by dehydrogenase enzyme found 

in metabolically active cells. The quantity of formazan 

product was measured using a microplate reader at 

490nm. A standard curve was prepared for each set of 

experiments using 1.25-50 ×10
3
cells/well. Experiments 

were done at least three times. 

E. Mitochondrial Membrane Permeability 

ARPE-19 cells were seeded in 96-well plate overnight 

and washed twice with serum-free growth medium. After 

overnight incubation, the cells were treated with GO/G, 

washed once with HBSS buffer, then incubated with 1 

µg/mL JC-1 and 0.1% DMSO at 37 ° C for 20min. 

Afterwards, cells were kept on ice, washed twice with 

ice-cold DPBS, and overlaid with phenol red-free 

medium. Cells were examined and images were captured 

on a Nikon microphot FXA microscope with 

epifluorescent attachment (Nikon Corp., Tokyo, Japan). 

F. Immunocytochemistry 

ARPE-19 cells were plated on 8-well Lab-Tek 

chamber slides and fixed with 2% paraformaldehyde for 

20 minutes following treatment. Fixed cells were 

permeabilized with 0.05% saponin in phosphate buffered 

saline (PBS; 10mM phosphate [pH 7.4], 150mM NaCl) 

for 15 minutes, blocked in 0.5% BSA and 4% normal 

goat serum for 1 hour, and processed for immunostaining 

as previously published. Appropriate controls involved 

substituting primary antibodies with mouse or rabbit IgG. 

Cell nuclei were counterstained with DAPI.  

G. Western Blot Assay 

Lysates separated by SDS-PAGE were transferred to 

nitrocellulose membrane at 100V. Membranes were 

blocked with 5% non-fat dried milk for 1h and processed 

for Western blotting as previously published. Reactions 

were visualized using luminol reagent. 

H. siRNA Knockdown 

ARPE-19 cells were seeded at a density of 

15,000mcells/cm
2
 in 12-well plates overnight, then 

transfected with 20 nM p38MAPK siRNA. Briefly, 

20nM siRNA and 2ul transfection reagent were added to 

serum-free growth medium and equilibrated to room 

temperature for 5 minutes. 100ul of the combined 

solution was added to the cells. 24 hours post-

transfection, ARPE-19 cell were transferred to growth 

medium and incubated for another 24 hours prior to 

indicated treatment. A fluorescein-labeled non-targeted 

siRNA was used as control to monitor transfection 

efficiency. 

III. RESULTS 

A. GO/G-Induced RPE Cell Death Is Dose-Dependent 

To characterize the cell death and optimize the 

experimental parameters in this RPE degeneration model, 

we determined whether the effects of lethal oxidative 

stress on RPE cells were dose-dependent using MTS 

assay. In dose-response experiments, ARPE-19 cells 

were exposed to 0-30mU/ml glucose oxidase plus 1g/L 

glucose (GO/G) for 0-5 hours. There was no decrease of 

cell viability observed with exposure to 0-15 mU/ml 

GO/G for 5 hours. At 20mU/ml GO/G, there was 40% 

loss of cell viability, while most of the cells were dead 

when exposed to 25 and 30 mU/ml GO/G (Fig. 1A). 

Moreover, cells exposed to 25 mU/ml GO/G remained 

viable for 0-3 hours, with only ~40% survival after 4 

hours of treatment (Fig. 1B). 
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B. GO/G Induces Cell Death and MMP Depolarization  

 

Figure 1. Oxidative stress-induced cell death and depolarization of 
mitochondrial membrane potential in ARPE-19 cells. A, B: 

ARPE-19 cells were exposed to glucose oxidase (0-30 mU/ml) 

plus 1g/L glucose for 0-5 hours. 2mM ROS scavenger N-
Acetylcysteine (NAC) was used to inhibit cell death. Cell 

survival was examined by MTS assay. C: ARPE-19 cells were 

exposed to 25mU/ml glucose oxidase plus 1g/L glucose for 0 -5 
hours and labeled with calcein AM (CA) and ethidium 

homodimer (EH) for viability or JC-1 for MMP. D: ROS 

generated by cells exposed to GO/G were compared with those 
treated with 2 mM H2O2 using a fluorescent dye, H2DCFH-DA. 

Experiments were done in triplicates (n=3) and analyzed by 
Students’t-test. Data represent mean ± SD. 

To characterize the effects of oxidative injury on 

nuclear DNA, ARPE-19 cells were exposed to 25mU/ml 

GO/G for 4 hours and treated with calcein AM and 

ethidium homodimer to visualize live or dead cells, 

respectively. Injured ARPE-19 cells demonstrated 

nuclear DNA shrinkage, different from DNA 

fragmentation typical of apoptosis. Since oxidative 

injured RPE cells did not exhibit typical apoptotic 

characteristics, we tested potential changes in the 

mitochondrial membrane potential (MMP) using JC-1 to 

determine mitochondrial membrane integrity. ARPE-19 

cells were treated by 25mu/ml GO/G for 5 hours and JC-

1 fluorescence was quantitatively measured by a 

fluorescent microplate reader. After treatment with 

25mU/ml GO/G, there was significant increase in green 

staining of damaged mitochondria, along with decreased 

red staining of healthy mitochondria (Fig. 1C).  

C. GO/G Generates ROS 

Glucose oxidase catalyzes the production of hydrogen 

oxide using glucose and water as substrates. To measure 

the intracellular reactive oxygen species (ROS produced 

by glucose oxidase/glucose, the fluorescent dye 

H2DCFH-DA was employed in this study. In addition, 

we compared the generation pattern of ROS between 

GO/G and hydrogen peroxide. When ARPE-19 cells 

were treated with hydrogen peroxide, there was an acute 

and significant increase of ROS fluorescence at half an 

hour, followed by gradual dissipation of ROS with time 

(Fig. 1D). In contrast, when ARPE-19 cells were treated 

with GO/G, the production of ROS increased gradually 

and lasted 6 hours. Our study suggests that GO/G 

induces gradual generation of reactive oxygen species, 

which may resemble the long-term accumulation of 

oxidative stress in AMD patients. 

D. Oxidative Stress Induces Cytoskeletal Remodeling  

 

Figure 2. Prolonged exposure to oxidative stress induces cytoskeletal 
remodeling. ARPE-19 cells were exposed to 25mU/ml glucose 

oxidase plus 1g/L glucose for 0-5 hours, then stained with 
Rhodamine-phallodin to label filamentous actin. DAPI was used 

to counterstain the nucleus. 
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It is well established that oxidative stress induces 

cytoskeletal reorganization during cell death. To 

characterize the changes in the actin cytoskeleton, 

ARPE-19 cells were treated with 25mU/ml glucose 

oxidase plus 1g/L glucose for 0-5 hours and labeled with 

Rhodamine phallodin to stain filamentous actin. GO/G 

treated-cells displayed morphological changes within 2-3 

hours of treatment. Actin filaments re-organized around 

the nucleus in contrast to their distribution in the 

periphery of untreated cells (Fig. 2). Small rounded 

particles stained for actin appeared to be exosomes 

released by RPE cells (data not shown). To confirm this 

observation, we performed similar treatment using 

calcein AM, which identified live cells. Small round 

calcein AM-labeled particles were localized in the 

plasma membrane of live RPE cells similar to the above. 

Our findings suggest that oxidative stress promotes early 

cytoskeleton remodeling and perhaps membrane 

blebbing in RPE cells, which could contribute to drusen 

formation reported in AMD. 

E. Oxidative Stress Promotes Activation and Nuclear 

Translocation of p38MAPK 

To determine the role of p38MAPK signaling in RPE 

cells exposed to oxidative damage, the expression of 

activated p38MAPK was examined at various time 

points following exposure to 25mU/ml GO/G in 

immunoblots. p38MAPK was activated with 30 min. and 

peaked at 2-3 hours post-treatment. Activated p38MAPK 

levels were maintained above basal level even after 5 

hours of treatment (Fig. 3A).  

 

 

Figure 3. Oxidative stress promotes p38MAPK activation and nuclear 
translocation. A, ARPE-19 cells were exposed to 25 mU/ml 

glucose oxidase plus 1g/L glucose for indicated periods of time 
and the activation of p38 MAPK was examined by 

immunoblotting. Total p38MAPK was used as loading control. B, 

ARPE-19 was exposed to the same treatment for 3 hours and the 
distribution of activated p38MAPK was determined by 

immunocytochemistry using anti-phospho-p38MAPK antibody. 

DAPI was used to counterstain the nucleus. 

To determine the cellular distribution of p38MAPK, 

we examined the expression of the phosphorylated p38 

MAPK by immunostainning. ARPE-19 cells were 

exposed to oxidative stress for 3 hours and processed for 

labeling with an anti-phospho-p38MAPK antibody. 

Significant accumulation of activated p38MAPK was 

observed in the nucleus in contrast to non-detectable 

nuclear staining in untreated cells. Furthermore, the 

expression of activated p38MAPK was also increased in 

the cytoplasm, consistent with previous observations in 

immunoblots (Fig. 3B). 

F. SB203580 Promotes Survival during Oxidative 

Stress 

To further explore the function of p38MAPK in RPE 

degeneration, we used SB203580, a widely reported 

specific pharmacological inhibitor of p38MAPK, to 

block p38MAPK activity. ARPE-19 cells were pretreated 

with 5-20um SB203580 for 2 hours and subjected to 

25mU/ml GO/G for 5 hours. Cell viability was measured 

by either MTS assay or calcein AM/ethidium homodimer 

staining. SB203580 inhibited ARPE-19 cell death from 

GO/G-induced oxidative stress in a dose-dependent 

manner (Fig. 4A). Increased calcein AM staining and 

decreased ethidium homodimer labeling was consistent 

with the apparent protective effect of SB203580 against 

oxidative stress (Fig. 4B). 

 

Figure 4. p38 MAPK inhibitor, SB203580, suppresses oxidative 
stress-induced cell death and blocks the activation of hsp27. 

ARPE-19 cells were exposed to 25mU/ml glucose oxidase plus 

1g/L glucose for 5 hours in the presence of SB203580 at 

different concentrations (5-20uM). After overnight recovery, the 
cell viability was measured by MTS assay (A), or by staining 

with 2uM calcein AM and 4uM ethidium homodimer for 20mins 

(B), and tested for hsp27 activation using immunoblotting and a 
phospho-hsp27 antibody (C). Hsp27 staining was used as loading 

control. Experiments were done in triplicates (n=3) and analyzed 

by Students’t-test. Data represent mean ± SD.  

G. SB20358 Blocks p38MAPK-Mediated hsp27 

Activation 

In addition to regulating nuclear substrates, such as 

transcription factors, p38MAPK exerts its effects by 
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activating cytoplasmic substrates. For example, p38 

MAPK activates heat shock protein 27 (hsp27) and hence 

regulates cytoskeleton remodeling during apoptosis or 

differentiation. In this study, ARPE-19 cells were 

exposed to 25mU/ml GO/G for indicated period of time 

in the presence or absence of SB203580, and tested for 

activation of hsp27 using immunoblotting. Hsp27 was 

activated with increased duration of treatment, consistent 

with the activation pattern of p38MAPK (Fig. 4C). 

Furthermore, hsp27 phosphorylation was inhibited by 

SB203580. These results demonstrate that oxidative 

stress induces activation and nuclear accumulation of 

p38MAPK, which promoted downstream activation of 

hsp27.  

H. p38MAPK Knockdown Does not Inhibit Oxidative 

Stress-Induced RPE Cell Death 

To further verify the role of p38MAPK in RPE 

degeneration, we utilized p38MAPK siRNA to interfere 

with protein expression of p38MAPK. Briefly, ARPE-19 

cells were transfected with either p38MAPK siRNA or 

control siRNA for 48 hours. Transfected cells were 

harvested and the expression of p38MAPK was 

determined by immunoblotting. p38MAPK expression 

was significantly suppresed compared with the control 

group (Fig. 5A). However, siRNA-transfected cells 

exposed to oxidative stress did not survive the oxidative 

insult similar to cells transfected with control siRNA. No 

statistical difference between the p38MAPK knockdown 

group and control group was observed (Fig. 5B). Our 

findings argue against a role for p38MAPK in oxidative 

stress induced- RPE cell death. 

IV. DISCUSSION 

In the aging retina, oxidative stress and reactive 

oxygen species (ROS) have been hypothesized to play a 

major factor in the pathogenesis of AMD [2]. To 

simulate oxidative stress in vitro, a variety of oxidants 

have been employed to induce oxidative stress to RPE 

cells [9-12]. Both hydrogen peroxide and t-terbutyl 

peroxide are broadly used to elicit oxidative stress and 

induce RPE cell death. However, most of the oxidants 

promote immediate changes and decrease with time, a 

pattern different from the chronic increase in amounts 

ROS expected in during oxidative insult. Furthermore, in 

order to induce RPE cell death, high concentrations of 

hydrogen peroxide often have to be used, usually beyond 

physiological levels [12]. To mimic the progressive and 

long term ROS production and subsequent RPE 

degeneration observed in AMD, we utilized a glucose 

oxidase/glucose (GO/G) system to continuously generate 

hydrogen peroxide. GO/G has been used to induce 

oxidative stress both extracellularly and intracellularly in 

a variety of cell culture models [13-19]. Furthermore, 

glucose oxidase has been successfully delivered into 

animals to elicit oxidative stress in lung endothelial cells 

[20]. 

Oxidative stress induces membrane blebbing and 

cytoskeleton remodeling as part of the defense response 

of RPE cells to oxidative damage. A cell sheds off part of 

its membrane and cytoplasm to discard damaged plasma 

membranes, cellular organelles, or macromolecules 

following lipid peroxidation. Histopathological studies of 

human AMD specimens or animal models suggest that 

membrane blebbing of RPE cells in response to oxidative 

damage probably result in exosome formation that 

contribute to drusen accumulation, a characteristic sign 

of early AMD [21]. Several in vitro studies have been 

employed to induce membrane blebbing to investigate 

the composition of shed membrane particles and the 

molecular composition of drusen [21], [22].
 
Our studies 

showed that ROS generated from the GO/G reaction 

result in cytoskeleton remodeling and membrane 

blebbing characteristic of oxidative damage. 

 

Figure 1. Knock down p38 MAPK gene expression does not suppress 
glucose oxidase/glucose-induced RPE cell death. A. ARPE-19 
cells were transiently transfected with both p38 MAPK siRNA 

and control SiRNA and tested for expression of p38 MAPK by 

immunoblotting. β-tubulin was used as loading control. B: 

ARPE-19 cells transfected with SiRNA were exposed to 

25mU/ml glucose oxidase plus glucose for 5 hours. After 

overnight recovery, the cell survival was measured by MTS 
assay. Experiments were done in triplicates (n=3) and analyzed 

by Student’s-test. Data represent mean ± SD. 

Prolonged exposure of the ARPE-19 cell lead to lethal 

oxidative injury caused cell death in a dose-dependent 

and time-dependent manner. However, morphogical 

changes in the cells were different from those reported in 

classical apoptosis involving DNA fragmentation. 

ARPE-19 cells exposed to GO/G displayed DNA 

condensation but not fragmentation. A similar 

observation has been reported in caspase-independent 

PARP cleavage and AIF translocation to the nucleus 

during cell death [23].  
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The integrity of mitochondria is crucial for cells to 

maintain physiological functions. In apoptosis, 

depolarized mitochondria releases apoptotic proteins, 

such as cytochrome C and apoptosis-inducing factor 

(AIF), initiate the caspase cascade and subsequent DNA 

fragmentation [24]. Mitochondrial membrane potential 

depolarization is a hallmark of apoptosis, but it has also 

been shown in early phases of necrosis [24], [25]. In our 

study, mitochondrial membrane potential depolarization 

was observed in oxidative damaged RPE cells in the 

absence of other signs of apoptosis. Our study suggests 

that glucose oxidase/glucose induces RPE degeneration 

with characteristics of early changes of cytoskeleton 

remodeling and membrane blebbing that could contribute 

to drusen formation; followed by depolarization of 

mitochondrial membrane potential and DNA 

condensation without fragmentation, consistent with 

atypical RPE cell death observed during oxidative 

damage and AMD. 

In this study, also we investigated the molecular 

mechanism likely responsible for oxidative stress-

induced RPE cell death. Initially, we tested the effects of 

a wide array of pharmacological inhibitors to established 

signaling pathways on RPE cell death and found 

SB203580, an inhibitor of p38MAPK, solely effective in 

rescuing RPE cells from GO/G-induced oxidative 

damage [data not shown]. 

In response to environmental stresses, p38MAPK may 

stimulate [26], [27] or protect [28] [29] against cell death. 

Interestingly, the role of p38MAPK in regulating cell 

death or survival is dependent on specific cell type, 

stimulus, or p38MAPK isoform involved in the process. 

p38MAPKβ may attenuate the cell death induced by Fas 

ligation and UV irradiation, whereas p38MAPKα 

promotes cell death [28]. p38MAPK has also been 

suggested to induce RPE cell death in response to 

oxidative stress. For instance, lethal hydrogen peroxide 

activated p38MAPK and promoted cell death, both of 

which were inhibited by SB203580 [5]. However, 

p38MAPK has also been reported to protect RPE cells 

from oxidative damage in other studies utilizing the same 

ARPE-19 cell line.  

SB203580 is a specific p38MAPK inhibitor and 

extensively used to inhibit the activity of both 

p38MAPKα and p38MAPKβ and p38MAPK-mediated 

cell death. However, recent findings challenge the 

specificity of SB203580. For example, SB20350 could 

directly bind and activate Raf and MEK upstream of 

p42/44 MAPK. SB203580 was shown to activate Raf-1 

in a dose-dependent mode in quiescent smooth muscle 

cells [30], erythroleukaemic cells [31], rabbit aortic 

vascular smooth muscle cells [32], THP-1 monocytic 

cells and U937 cells [33]. In 3T3 cells and 293 cells, 

SB203580 at micromolar concentrations activated both 

c-Raf and MEK1 independent of p38MAPK inhibition 

[34]. Hence, activation of the Raf-MEK-p42/p44MAPK 

pathway, and not inhibition of the p38MAPK pathway, 

may be responsible for the protective effect of SB203580 

on GO/G-treated ARPE-19 cells. Moreover, interference 

with p38MAPK siRNA did not block RPE cell death, 

consistent with this idea. Preliminary data in our lab 

shows direct stimulation of the p42/p44MAPK pathway 

by SB203580. 

Heat shock protein 27 (hsp27) is a specific substrate of 

p38MAPK and regulates cytoskeleton reorganization in 

response to environmental stresses [35]. In our study, 

hsp27 was activated by GO/G-induced oxidative stress 

and the activation of hsp27 was inhibited by p38MAPK 

inhibitor, suggesting that p38MAPK may be involved in 

hsp27-mediated cytoskeleton remodeling and membrane 

blebbing. Clearly, additional studies are needed to 

investigate whether p38MAPK signaling via hsp27 could 

be involved in drusen formation in AMD. 
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