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1. Structure

Glial fibrillary acidic protein (Molecular name: GFAP-
HUMAN; Accession # P14136) is a 54 kDa, type III interme-
diate filament (IF) protein that is the major constituent of glial
filaments in astrocytes (Eng et al., 2000) (Fig. 1).

2. Function

Müller cells in mammalian retina normally contain only a
low level of GFAP or none at all. GFAP level is, however,
strongly upregulated in Müller cells in response to photore-
ceptor degeneration, retinal detachment, ischemia or trauma
(Sarthy and Ripps, 2001). Because Müller cells contain
substantial amounts of another type III IF protein, vimentin
(vim), it has been difficult to elucidate the biological function
of GFAP in the mammalian retina. Recent studies with
GFAP�/�, vim�/� mice show that although the histological
structure of the retina appears normal in the absence of the
IFs, mechanical stress leads to local separation of the internal
limiting membrane and adjacent tissue from the rest of the
retina (Lundkvist et al., 2004). Furthermore, this detachment
occurs at the end foot region of Müller cells. It was also
reported that there was abnormal retinal neovascularization in
the mutant mice. These studies strongly suggest that GFAP is
important for continued maintenance of mechanical integrity
of the Müller cell end feet and the ILM. Müller cell hypertro-
phy is also seen in experimental retinal detachment. Using the
GFAP�/�, vim�/� mice, the role of the IFs in this phenomenon
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has also been examined. The result suggests that the two IFs are
not required for Müller cell hypertrophy.

3. Disease involvement

GFAP is known to be upregulated in Müller cells in a vari-
ety of degenerative conditions including Age-related Macular
Degeneration (AMD) and Glaucoma (Sarthy and Ripps, 2001).
Furthermore, in the case of AMD, it has been suggested that
GFAP upregulation in the inner retina and in astrocytes is pre-
dominantly associated with drusen whereas GFAP upregula-
tion in Müller cells in the outer retina is associated with
disruption of the RPE and blood-retinal barrier. In these cases,
GFAP expression in Müller cells appears to be a secondary re-
sponse to loss of retinal neurons. In other situations, however,
GFAP is expressed even when the retina appears normal histo-
logically, with no signs of cellular degeneration or loss (Sarthy
and Ripps, 2001). The reason for GFAP upregulation is not
known in these cases, but Müller cells could be sensing some
abnormal changes in the retina or in the neighboring retinal
pigment epithelium. In general, GFAP expression is a hallmark
of stress response in the mammalian eye.

Recent molecular genetic studies have shown that missense
mutations in GFAP lead to Alexander disease, a fatal neuro-
degenerative disorder resulting from leukodystrophy (Brenner
et al., 2001). The most frequent mutations affect arginine at
position 79 or 239, which is replaced by cysteine or histidine.
The pathological hallmark of Alexander disease is the cellular
protein deposit rich in intermediate filaments, called Rosenthal
fibers, seen in astrocytes. It is not known how mutations in the
GFAP gene lead to Alexander disease, but it appears that the
mutant protein interferes with the assembly of intermediate fil-
aments and other proteins. The blocked assembly leads to their

mailto:vjsarthy@northwestern.edu
http://www.elsevier.com/locate/yexer


382 V. Sarthy / Experimental Eye Research 84 (2007) 381e382
toxic accumulation and interferes with normal astrocyte func-
tion, and the interactions of astrocytes with neurons or other
glial cells.

4. Future studies

The premier questions in the field are (1) why does the
Müller cell express GFAP in response to loss of retinal neu-
rons or stress, and (2) what is the mechanism of GFAP induc-
tion. The experimental work with GFAP�/�, vim�/� knockout
mice suggest that GFAP may be involved in maintaining the
integrity of the internal limiting membrane and its attachment
to the vitreous. Because Müller cells contain large amounts of
vimentin, the potential relationship between retinal detach-
ment and GFAP needs to be explored further. It would be use-
ful to express GFAP in normal Müller cells to examine its
impact on retinal structure or detachment. Gene regulation
studies in cell cultures and transgenic mice indicate that
GFAP gene transcription is highly complex, and is regulated
by a combination of positive regulatory sequences and

Fig. 1. Structure of GFAP. Like all Type III IF proteins, GFAP consists of a

a-helical rod domain flanked by a non-helical N-terminal head and a C-terminal

tail. The central rod domain is highly invariant in its residues with at least 70%

homology between class III IF proteins and consists of four tracts (1A, 1B, 2A

and 2B) of repetitive heptads. There are three non-helical segments linking

these tracts (L1, L2, L12). Between the N-terminal segment and the rod

domain there is a well-conserved segment named H1. GFAP possess a highly

charged N-terminal segment, which contains five phosphorylation sites. It also

has a well-conserved, non-helical C-terminal segment that is not charged.
tissue-specific negative elements. The retina-specific regula-
tory elements remain to be identified. One of the important
outcomes of studying GFAP gene regulation has been the
identification of a GFAP promoter that can be used to selec-
tively express transgenes in Müller cells. With regard the in-
ductive signal responsible for GFAP expression in Müller
cells, the identity of the inducer remains unknown. The cyto-
kine, ciliary neurotrophic factor (CNTF), appears to be an ex-
cellent candidate because CNTF injection can rapidly induced
GFAP in Müller cells. Finally, because GFAP expression is
one of the earliest indicators of retinal damage, its onset could
be used as the point for initiating therapeutic agent testing in
animal models of retinal degenerative diseases.
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