
www.landesbioscience.com	 Communicative & Integrative Biology	 739

Communicative & Integrative Biology 4:6, 739-741; November/December 2011; ©2011 Landes Bioscience

article addendum

Addendum to: Gangalum RK, Atanasov IC, 
Hong Zhou Z, Bhat SP. αB-crystallin is found in 
detergent resistant membrane microdomains 
and is secreted via exosomes from human 
retinal pigment epithelial cells. J Biol Chem 2011; 
286:3261–9; PMID:21097504;  
DOI:10.1074/jbc.M110.160135.

Key words: αB-crystallin, small heat 
shock protein, secretion, exosome, retinal 
pigment epithelium, HSP70, lipid rafts

Submitted: 08/03/11

Accepted: 08/03/11

DOI: 10.4161/cib.4.6.17610

*Correspondence to: Suraj P. Bhat;  
Email: bhat@jsei.ucla.edu

AlphaB-crystallin (αB) is an arche-
typical small heat shock protein 

whose physiological function is not 
clearly defined. The interest in this pro-
tein arises from its well-established but 
poorly understood association with a 
myriad of neurodegenerative diseases, 
cancer and cardiomyopathies. The 
discovery of the secretion of αB from 
human adult retinal pigment epithe-
lial cells (ARPE19) via exosomes not 
only points to the involvement of this 
protein in lateral transfer of informa-
tion between cells in the visual system 
but also to the status of this protein as 
a potential ligand that may activate or 
modulate immune and stress responses, 
normal growth and oncogenic pathways. 
Retinal pigment epithelium (RPE) is a 
single layer of polarized cells that sup-
ports photoreceptor physiology and 
function. We have initiated investiga-
tions on understanding the origin of 
the elevated levels of αB in extracellular 
sub-retinal proteolipid deposits (known 
as “drusen”) associated with the death 
of photoreceptor neurons in age-related 
macular degeneration (AMD). Here we 
discuss the potential implications of the 
presence and transport of αB in exo-
somes across cell membranes in RPE.

The presence of αB in cholesterol rich 
membrane microdomains (lipid rafts) 
1 provides a physiological basis for the 
historically recognized, yet unexplained 
association of this protein with mem-
branous components.2 Importantly lipid 
rafts are involved in exosome biogen-
esis.3 Although known to be a soluble 
protein4 we have demonstrated that αB 
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is a Golgi-membrane associated protein 
in many tissue and cells including the 
RPE.1,5 It follows, therefore, that the asso-
ciation of αB with perinuclear Golgi is 
related to trans Golgi network where lipid 
rafts are assembled.

αB and Exosome Biogenesis  
in ARPE

Based on the assumption that exosomes 
carry cell-specific cargo for extracellular 
destinations,6 it is likely that the protein 
composition of an exosome may sug-
gest clues about its biogenesis. Among 
the stress proteins, large heat shock pro-
teins (e.g., HSP70, hsc70) are known to 
be present in exosomes; they may have 
a role in chaperoning various proteins 
to exosomes directly or via lipid rafts.7-9 
The role of small heat shock proteins in 
exosome biogenesis, if any, is unknown. 
The reported anti-aggregation proper-
ties10 of αB, in particular its promiscuous-
ness in these interactions may yet have an 
important role in exosomal information 
transfer.

Exosomes contain a high concentra-
tion of tetraspanins,11 proteins known 
for enabling interactions among cytosolic 
and membrane proteins and facilitating 
membrane fission and fusion. The tet-
raspanin, CD63 is commonly employed 
to characterize exosomes. In ARPE cells 
co-localization of tetraspanin CD63 
and αB in some multivesicular bod-
ies (MVBs)/exosomes and perinuclear 
Golgi is easily visible (Fig. 1). However, 
it is interesting to note that αB (red, Fig. 
1) does not co-localize in CD63 positive 
MVBs/exosomes in the peripheral regions 
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known to be present in the Inter photore-
ceptor matrix.19

Intestinal epithelial cells produce dif-
ferentially loaded exosomes from their 
basal and the apical surfaces.22 We would 
speculate that under normal conditions 
the polarized RPE produces exosomes 
from its basal and apical facets with dif-
ferential molecular make up, thus catering 
to differential demands on the two sides of 
the interface of the blood-brain barrier. It 
is plausible that under pathological condi-
tions αB is predominantly secreted from 
basal face of the RPE, which would result 
in the accumulation of αB in the “drusen.” 
It will be interesting to find conditions 
that cause reversal of the polarity of exo-
some secretion or cause miss-recruitment 
of αB into exosomes targeted for transport 
via the basal face. Importantly, lipid rafts 
may have a significant role in this polar-
ized sorting.3

Finally, it is tempting to speculate that 
production of exosomes by RPE may be 
mechanistically related to the establish-
ment of the “immune privilege”20 asso-
ciated with the eye. This speculation is 
prompted by the reported production of a 
larger number of microvesicles by tumor 
cells that have been shown to be immuno-
suppressive.21 The veracity of these specu-
lations awaits experimental data. αB as a 
candidate exosomal gene product, how-
ever, promises a new insight into control 
and modulation of retinal pigment epithe-
lial cell physiology.

budding ILVs, a de-ubiquitinating activity 
removes the ubiquitin tag from the cargo 
protein, now in the vesicle. Notably, αB is 
known to be a component of the of FBX-
dependent ubiquitination of proteins13,14 
and therefore, could act as a catalyst for 
protein recruitment into the ILVs. Thus 
αB expressing cells may produce exosomes 
with specific proteins. It is obvious that 
this process may be modulated by addi-
tional cues, both from inside and outside 
of the cell, as exemplified by MHC class 
II sorting during dendritic cell and T cell 
interactions.15

Exosomes and the RPE Function

Exosome biogenesis is suggested to be 
directly associated with the endocytic 
pathway.6 This is interesting in light of 
the physiological preoccupation of the 
RPE cells in phagocytosis of the spent 
rod outer segments.16,17 This process oper-
ates on the apical face of this epithelium. 
Secretion of αB-containing exosomes 
is predominantly from the apical face of 
ARPE cells,1 which brings us to consider 
potential interactive links between these 
two processes. If αB has a role in exosome 
biogenesis (see above) then we would 
have established a molecular link between 
the physiology of RPE on one hand, and 
the functional health of neuroretina, on 
the other. This is relevant because αB is 
known to impart resistance to heat stress 
when expressed in cells in culture18 and is 

of the cell (green in Fig. 1, Merge). This 
observation is in agreement with the dif-
ferential location of tetraspanin enriched 
domains and the lipid rafts where αB 
resides. The relationship between the two 
remains to be sorted out.

Exosomes are assembled within the 
cell. Briefly, an exosome starts life as an 
intraluminal vesicle (ILV) in the late 
endosome.6 The assembly of ILVs entails 
invagination of the limiting membrane of 
the endosome creating a vesicle that must 
contain the proteins associated with the 
invaginating membrane and the immedi-
ate cytoplasm, now in its lumen. Repeated 
generation of such vesicles inside the endo-
some produces a MVB. The contents of 
the MVB, the exosomes or ILVs, are 
released out of the cell when it fuses with 
the plasma membrane. The invagination 
of the limiting membrane of the endosome 
involves participation of a multiprotein 
complex, ESCRT (Endosomal Sorting 
Complex Required for Transport), which 
recruits proteins from the membrane. 
Based on its anti-aggregation properties 
it is conceivable that αB associates with 
one of the ESCRT complexes to help 
sort specific set of proteins into MVBs. 
Although mechanistic details of this pro-
cess are unknown the ESCRT machinery 
(which is on the cytoplasmic face of the 
late endosome) is known to use a mono-
ubiquitination tag on a protein as a signal 
for its incorporation into a MVB.12 Once 
the proteins are directed to the inward 

Figure 1. A confocal z-section (2.5 μm depth) of ARPE19 cells labeled with anti αB (red) and antitetraspanin (CD63) (green). Note co-localization in the 
perinuclear Golgi (open arrows) and vesicular staining (yellow, thin arrows). Interestingly, the co-localization seems to be more prevalent nearer the 
perinuclear Golgi (indicated by thin arrows). Note that the green (CD63) and Red (αB) do not go together in the periphery of the cells (arrow heads). 
Not all vesicles labeled with anti CD63 label with anti αB, indicating that the role of CD63 in αB-containing exosomes may be either transitory or selec-
tive. Nuclei are stained with DAPI (blue); scale bar = 20 μm.
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