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Abstract
·AIM: To examine phosphorylation of alphaB-crystallin
(p -琢BC), a vascular endothelial growth factor (VEGF)
chaperone, and immunohistochemically investigate
relationship between p -琢BC, VEGF and phosphorylated
p38-mitogen-activated protein kinase (p-p38 MAPK) in
the epiretinal membrane of human proliferative diabetic
retinopathy (PDR).

· METHODS: Eleven epiretinal membranes of PDR
surgically excised were included in this study. Two
normal retinas were also collected from enucleation
tissues due to choroidal melanoma. Paraformaldehyde -
fixed, paraffin-embedded tissue sections were processed
for immunohistochemistry with anti-p-琢BC, VEGF, CD31,
and p-p38 MAPK antibodies.

·RESULTS: Immunoreactivity for p -琢BC was observed
in all of the epiretinal membranes examined, where
phosphorylation on serine (Ser) 59 showed strongest
immunoreactivity in over 70% of the membranes. The
immunolocalization of p-琢BC was detected in the CD31-
positive endothelial cells, and co -localized with VEGF
and p -p38 MAPK in PDR membranes. Immunoreactivity
for p -琢BC, however, was undetectable in endothelial
cells of the normal retinas, where p -p38 MAPK
immunoreactivity was less marked than PDR membranes.

·CONCLUSION: Phosphorylation of 琢BC, in particular,
phosphorylation on Ser59 by p -p38 MAPK may play a
potential role as a molecular chaperon for VEGF in the
pathogenesis of epiretinal membranes in PDR.
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INTRODUCTION

A lphaB-crystallin (琢BC), a predominant protein of the
ocular lens [1-2], belongs to the small heat shock protein

family. In addition to being a structural protein, recent
studies reported that 琢BC was also expressed in various
non-lenticular tissues, which contributes to the protection of
cells from stress-induced damage by acting as a molecular
chaperone and anti-apoptotic regulator [3-7]. Furthermore, in
response to various stresses, 琢BC is known to be
phosphorylated at three serine (Ser) residues, Ser19 by
kinase which has not yet been identified, Ser45 by
extracellular signal-regulated kinase (ERK), and Ser59 by
p38-mitogen-activated protein kinase (p38 MAPK) [8-9].
Among these phosphorylation sites, phosphorylation on
Ser59 conferred maximal cytoprotection in various systemic
circulation disorders[10-12].
Proliferative diabetic retinopathy (PDR) is the advanced
stage of diabetic retinopathy, characterized by pathological
retinal angiogenesis and neovascular epiretinal membrane
formation. As a result, PDR membrane formation can lead to
subsequent retinal detachment and irreversible visual loss[13-14].
Among various molecules, a large amount of evidence has
shown that vascular endothelial growth factor (VEGF)-A
plays a critical role in the pathogenesis of retinal
neovascularization and epiretinal membrane associated with
PDR[15-17].
Recently, we showed that 琢BC played a critical role in the
promotion of angiogenesis as a molecular chaperone of
VEGF, and regulated pathological angiogenesis together with
VEGF, using a murine oxygen-induced retinopathy (OIR)
model and epiretinal membranes of human PDR [11,18].
Moreover, we examined the three phosphorylation sites of
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琢BC in human conjunctival squamous cell carcinomas, and
suggested that phosphorylation on Ser59 played a crucial role
in the tumor angiogenesis of the ocular tumor [19]. However,
phosphorylated 琢BC (p-琢BC) in PDR membrane,
particularly in terms of its association with expression of
VEGF and phosphorylated p38 (p-p38) MAPK, has not yet
been clarified.
In this study, we immunohistochemically examined p-琢BC
in the epiretinal membrane of PDR. Moreover, the
co-localization of p-琢BC and VEGF, as well as p-p38 MAPK
was also analyzed by double staining immunohistochemistry,
and compared with findings in normal retinas.
SUBJECTS AND METHODS
Human Surgical Samples Eleven epiretinal membranes
were surgically removed from patients with PDR between
2009 and 2013 at the Department of Ophthalmology,
Hokkaido University Hospital, Sapporo, Japan. The clinical
characteristics of all patients are summarized in Table 1.
Two normal retinas obtained by enucleation in two patients,
a man aged 58 and aged 69, due to choroidal melanoma
without medical history of diabetic mellitus, were also
examined as controls. Excised membranes and retinas were
fixed in 4% paraformaldehyde for immunohistochemistry.
This study was conducted in accordance with the tenets of
the Declaration of Helsinki. After receiving approval from
the institutional review board of Hokkaido University
Hospital (IRB #014-0294), written informed consent was
obtained from all patients.
Immunofluorescence Microscopy The slides were
dewaxed in xylene, dehydrated in ethanol of various
concentrations, and rinsed in phosphate-buffered saline for
10min. As pretreatment, microwave-based antigen retrieval
was performed in 10 mmol/L citrate buffer (pH 6.0). These
slides were incubated with 0.1% bovine serum albumin for
30min, and then incubated with the following primary
antibodies: rabbit anti-pSer19-琢BC (1:100 dilution; Novus
Biologicals, Littleton, CO, USA), rabbit anti-pSer45-琢BC

(1:100 dilution; Stressgen, Ann Arbor, MI, USA), rabbit
anti-pSer59-琢BC (1:100 dilution; Abcam, Tokyo, Japan),
mouse anti-VEGF (1:50 dilution; Abcam), and mouse
anti-p-p38 MAPK (1:50; Abcam) antibodies. Secondary
antibodies for fluorescent detection were AlexaFluor 488 and
546 (Life Technologies). Sections were visualized under a
BIOREVO microscope (Keyence, Osaka, Japan).
Immunoreactivity was compared for each of three
pSer-琢BCs among patients, and was evaluated as strong
(represented as ++), weak (represented as +), or negative
(back ground staining only, represented as -) by two masked
investigators.
Evaluation of Microvessel Density in Proliferative
Diabetic Retinopathy Membranes The number of
CD31-positive microvessels in PDR membranes was directly
counted at high magnification (objective lens: 40伊 ) in all
fields of specimen, and the area-adjusted number of
microvessels per 1 mm2 area was calculated as the
microvessel density (MVD). We compared the MVD among
the patients and examined the correlation with pSer59-琢BC
immunoreactivity. Results are presented as mean 依standard
deviation (SD). Statistical analysis was performed using the
two-tailed unpaired Student's -test, and the level of
significance was <0.05.
RESULTS
First, we confirmed immunoreactivity of all p-琢BCs in
CD31-positive endothelial cells in the epiretinal membranes
of human PDR (Figure 1), whereas their immunoreactivity
varied among patients. Eight patients showed strongly
positive immunoreactivity of pSer59-琢BC (Table 1). Double
staining immunohistochemistry revealed that pSer59-琢BC
immunoreactivity was co-localized in VEGF-positive
endothelial cells in PDR membranes (Figure 2A-2D).
Furthermore, based on the previous report demonstrating that
p-p38 MAPK was responsible for the phosphorylation of
Ser59-琢BC [9], we also performed double-staining of
pSer59-琢BC and p-p38 MAPK, and confirmed their

Table 1 Clinical characteristic of patients with PDP 
No. Age (a) Sex TRD VH DME Type of DM HbA1c (%) Immunoreactivity 

of pSer59-αBC 
Immunoreactivity of 

pSer19-αBC 
Immunoreactivity of 

pSer45-αBC 
Intravitreal injections of 

bevacizumab 

1 65 F - + - Ⅱ 12.0 ++ ++ ++ - 

2 20 F + - - Ⅱ 5.4 + + + + 

3 35 M - + - Ⅱ 9.2 + + + + 

4 41 M + + - Ⅱ 5.7 ++ + + + 

5 59 M + - - Ⅱ 5.9 ++ ++ ++ + 

6 52 M + + - Ⅱ 6.8 + + ++ - 

7 69 F - + + Ⅱ 7.2 ++ ++ ++ - 

8 60 M + + - Ⅱ 5.8 ++ ++ ++ + 

9 56 M + - + Ⅱ 6.1 ++ + ++ - 

10 49 F + - + Ⅱ 6.4 ++ + ++ − 

11 34 M - + - Ⅱ 8.2 ++ + ++ + 

PDR: Proliferative diabetic retinopathy; TRD: Tractional retinal detachment; VH: Vitreous hemorrhage; HbA1c: Hemoglobin A1c; DM: Diabetes mellitus. ＋＋: Strong; 
＋: Weak. 
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Figure 1 Immunohistochemistry for p-琢BCs and CD31 in the epiretinal membrane of PDR A, E, I: pSer59-琢BC, pSer19-琢BC,
pSer45-琢BC, arrows indicate the expression of p-琢BCs (red); B, F, J: Endothelial cells are clearly detected with anti-CD31 antibody
(arrows, green); C, G, K: Spindle-shaped nuclei of endothelial cells are detected with 4', 6-diamidino-2-phenylindole (DAPI) nuclear
staining (blue); D, H, L: Merging of A, B, C, and E, F, G, and I, J, K, respectively. Note that p-琢BCs expression is detected in endothelial
cells (arrows). Scale bar indicates 25 滋m.

Figure 2 Immunohistochemistry for p-琢BCs and VEGF-A in the epiretinal membrane of PDR A, E, I: pSer59-琢BC, pSer19-琢BC,
pSer45-琢BC, arrows indicate the expression of p-琢BC (red); B, F, J: VEGF expression is clearly detected in the epiretinal membrane
(arrows, green); C, G, K: Spindle-shaped nuclei of endothelial cells are detected with DAPI nuclear staining (blue); D, H, L: Merging of A,
B, C, and E, F, G, as well as I, J, K, respectively. Note that both p-琢BCs and VGEF expressions are detected in neovascular endothelial
cells. Scale bar indicates 10 滋m.

co-localization in endothelial cells situated in human PDR
membranes. By contrast, immunoreactivity of pSer59-琢BC

was not detected in normal human retinal endothelial cells
(Figure 3). In addition, the immunoreactivity of p-p38
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Figure 3 Immunohistochemistry for pSer59-琢BC and p-p38 MAPK in the epiretinal membrane of PDR (A, B, C, D) and normal
retina (E, F, G, H). A, E: Arrows indicate cytoplasmic immunoreactivity for pSer59-琢BC (red); B, F: p-p38 MAPK expression is clearly
detected in the epiretinal membrane (arrows, green); C, G: Arrows indicate spindle-shaped nuclei of vascular endothelial cells using DAPI
nuclear staining (blue); D, H: Merging of A and B, and C and D, respectively. Note that both pSer59-琢BCs and p-p38 MAPK expressions
are detected in neovascular endothelial cells (D), while almost no pSer59-琢BCs or relatively weak p-p38 MAPK expressions are detected in
normal retina vessels (H). GCL: Ganglion cell layer; INL: Inner nuclear layer. Scale bar indicates 50 滋m.

MAPK in normal human retinal blood vessels was less
marked than that in PDR membranes (Figure 3). MVD was
304依274 and 126依77 in cases with strong and weak-positive
for pSer59-琢BC, respectively, while there was no
statistically significant difference ( =0.12).
In this study, other phosphorylation sites were also examined
in PDR membrane tissues. Eight patients showed strong
immunoreactivity of pSer45-琢BC, while the remaining 3
patients showed relatively weak immunoreactivity. By
contrast, only 4 out of 11 patients showed strong, and the
remaining 7 patients showed relatively weak
immunoreactivity of pSer19-琢BC. Furthermore, 4 patients
(patient 1, 5, 7 and 8) showed strong immunoreactivity of all
three phosphorylation sites of 琢BC, and 2 patients (patient 2
and 3) showed weak immunoreactivity of all sites.
pSer45-琢BC and pSer19-琢BC showed marginal correlation
with VEGF expression compared with pSer59-琢BC (Figure
2E-2L).
We further investigated whether anti-VEGF intravitreal
injection treatment could affect immunoreactivities of
phosphorylated 琢BCs. Regardless of anti-VEGF intravitreal
injection treatment, no apparent difference could be
identified among the immunoreactivities of 琢BCs
phosphorylated at Ser59, Ser19 and Ser45 ( =0.66, 0.84
and 0.07, respectively).
DISCUSSION
We recently showed that 琢BC expression was detected in the
neovessels of PDR membranes [18], regardless of its

phosphorylation. This study demonstrated phosphorylation of
琢BCs in the neovessels of all human PDR membranes
examined. Our results also indicate that phosphorylation of
琢BC, especially phosphorylation of 琢BC on Ser59, may be
associated with p-p38 MAPK in PDR membrane, which was
not observed in the normal retinas.
We previously demonstrated that 琢BC binding to VEGF
protein promoted intraocular neovascularization in a murine
OIR model [11], and also reported the co-localization of 琢BC
and VEGF in epiretinal membranes of human PDR [18].
Furthermore, previous reports have revealed that
phosphorylation on Ser59 by p-p38 MAPK contributes most
to the function of 琢BC as a molecular chaperon [10-11]. Reddy

[20] demonstrated that pSer59-琢BC was significantly
up-regulated as compared to normal retinas in a rat model of
diabetes. Based on the reports, we conducted this study,
focusing on the phosphorylation of 琢BC, particularly
phosphorylation on Ser59, and hypothesizing that
phosphorylation on Ser59 by p-p38 MAPK, which is
activated by diabetes [21], would also contribute to the
pathogenesis of neovascularization in human diabetic
retinopathy.
Consistent with our hypothesis, almost no expression of
pSer59-琢BC could be detected in normal retinal vessels of
humans, while expression of pSer59-琢BC was markedly
detected in neovessels in all PDR membranes examined.
Double staining immunohistochemistry clearly demonstrated
that pSer59-琢BC was co-localized with VEGF in neovessels
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of PDR membranes. Similarly, immunoreactivity of p-p38
MAPK showed less marked signals in normal retinal vessels
than in neovessels of PDR, where 琢BC was phosphorylated
on Ser59. These results indicate p-p38 MAPK might
contribute to the phosphorylation of 琢BC on Ser59 in the
formation of PDR.
Recent reports suggest that 琢BC can lead to angiogenesis in
various tissues [11,22]. We further examined MVD in the PDR
membranes in order to determine whether 琢BC
phosphorylation was related with the neovascularization. As
a result, we found no significant correlation between pSer59
and MVD in human PDR membranes. In contrast, it is
known that VEGF immunoreactivity is associated with the
MVD [23], indicating that VEGF directly exerts angiogenesis
within the PDR membrane as an angiogenic factor.
Therefore, phosphorylation of 琢BC may contribute to
angiogenesis by functioning as a VEGF chaperone rather
than by itself, although the number of patients examined in
this study is limited.
Interestingly, strong pSer45-琢BC immunoreactivity was
detected in as many PDR membranes as pSer59-琢BC
immunoreactivity. In contrast, immunoreactivity of
pSer19-琢BC was less marked than that of pSer59-琢BC or
pSer45-琢BC. Ser45-琢BC phosphorylation is regulated by
ERK, while mechanisms underlying the phosphorylation on
Ser19 remain unknown [8]. Although pSer45-琢BC and VEGF
immunolocalization seemed to be marginal correlation rather
than pSer59-琢BC, further studies are needed to clarify a role
of pSer45 in retinal neovascularization and .
In this study, we could not find any statistically significant
effects of anti-VEGF intravitreal injection treatment on
phosphorylation immunoreactivities of 琢BCs. However,
immunoreactivities of 琢BCs phosphorylated at Ser45 tend to
be higher in patients given the treatment ( =0.07). Due to
the limitation of this study, a precise effect of anti-VEGF
intravitreal injection on the expression of phosphorylated
琢BC is required to be clarified in a larger study.
琢BC might be an interesting therapeutic target, given that it
prevents VEGF from being degraded as a molecular
chaperon [11]. Indeed, down-regulation of 琢BC by siRNA
transfection led to suppression of tumor growth [24-25], as well
as significantly low expression of VEGF [11]. Thus,
reducing 琢BC expression or regulating its phosphorylation
may be beneficial for controlling the development of PDR.
In this view, further investigations will be required to clarify
the precise mechanism of 琢BC phosphorylation and its
involvement with VEGF in the pathogenesis of retinal
neovascularization.
In conclusion, this study suggests that phosphorylation of
琢BC is associated with VEGF in the development of diabetic
retinopathy, where phosphorylation of Ser59-琢BC by p-p38
MAPK might be involved.
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