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Glyceraldehyde-3-phosphate dehydrogenase as a
target for small-molecule disease-modifying

therapies in human neurodegenerative disorders

Mark D. Berry

ALviva Biopharmaceuticals Inc., Saskatoon, Sask.

Introduction

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH
[EC 1.2.1.12]) is widely regarded as a ubiquitously

occurring, nonregulated enzyme that functions exclu-
sively within the glycolytic pathway. Despite an in-
creasing number of publications showing that GAPDH
mRNA levels vary in response to a variety of stimuli,
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Recent articles have highlighted numerous additional functions of glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) that are independent of its well-documented glycolytic function. One of the most intrigu-
ing of these functions is as an initiator of programmed cell death cascades. This activity involves a nuclear
appearance of GAPDH, a considerable proportion of which requires synthesis of new GAPDH protein
and has characteristics suggesting the involvement of a novel isozyme. The relevance of such findings to
human neurodegenerative conditions is emphasized by the increased nuclear GAPDH observed in post-
mortem samples from patients with Parkinson’s disease, Alzheimer’s disease, Huntington’s disease and
glaucoma, among others. A number of small-molecule compounds have now been identified that show
anti-apoptotic activity because of their ability to interact with GAPDH and prevent its nuclear accumula-
tion. These compounds, one of which is currently being tested in late-stage Phase II clinical trials as a
disease-modifying therapy for Parkinson’s disease, have potential utility in the treatment of human neurode-
generative conditions.

Des articles récents ont décrit de nombreuses fonctions supplémentaires de la glycéraldéhyde-3-phosphate
déshydrogénase (GAPDH) indépendantes de sa fonction glycolytique bien documentée. Une des plus in-
trigantes de ces fonctions est celle de catalyseur de cascades d’apoptose. Cette activité met en cause une
apparition dans le noyau de la GAPDH, dont une proportion importante nécessite la synthèse de nouvelle
protéine de GAPDH et a des caractéristiques qui indiquent la présence d’un isozyme nouveau. L’élévation
de la GAPDH nucléaire observée dans des échantillons postmortem prélevés chez des patients atteints de
la maladie de Parkinson, la maladie d’Alzheimer, la chorée d’Huntington et le glaucome, notamment, met
en évidence la pertinence de ces constatations dans le cas de problèmes neurodégénératifs humains. On a
maintenant identifié un certain nombre de composés à petites molécules qui ont une activité anti-
apoptotique parce qu’ils peuvent réagir avec la GAPDH et l’empêcher de s’accumuler dans le noyau. Ces
composés, dont l’un fait actuellement l’objet d’essais cliniques de phase II, qui achèvent, comme traite-
ment de fond contre la maladie de Parkinson, offrent des possibilités pour le traitement des maladies neu-
rodégénératives humaines.



GAPDH is still widely used as a “housekeeping” gene
for standardizing Northern blots. Several recent re-
views, however, have highlighted the multifunctional
nature of GAPDH.1–3 One of the most intriguing of the
nonglycolytic functions of GAPDH is as an initiation
signal for cellular apoptosis or programmed cell death
(PCD), which may be significant for a number of hu-
man disorders. The role of GAPDH in some PCD cas-
cades has recently been reviewed,4 and a detailed dis-
cussion of this is beyond the scope of the current
article. Rather, this commentary will focus on recent
advances in determining the mechanism by which
GAPDH initiates PCD and the clinical relevance of
GAPDH-mediated PCD, with particular emphasis on
the potential of GAPDH as a target for novel, small-
molecule, anti-apoptotic, disease-modifying therapies.

Relevance of GAPDH to human
neurodegenerative disorders

Although still questioned by some, accumulating evi-
dence suggests that PCD pathways play at least some
role in both chronic and acute human neurodegenera-
tive disorders.5–10 As previously discussed,4,11 there is
now good evidence showing that GAPDH can play a
role in the initiation of some PCD cascades in a variety
of cell culture models. Whether GAPDH is also in-
volved in the initiation of PCD cascades in humans,
and more specifically during neurodegeneration, has
rarely been examined. Recent studies suggest, how-
ever, that GAPDH does indeed play a role.

Polyglutamine-repeat disorders

By far the best documented evidence for this role
comes from studies of the polyglutamine-repeat disor-
ders. These diverse diseases occur because of the pres-
ence of long polyglutamine repeats in the disease pro-
teins. In each instance, the disease is known to be the
result of the presence of the expanded polyglutamine
tract. Shortly after the causal relation between these
polyglutamine tracts and disease severity and progres-
sion was demonstrated, it was reported that the poly-
glutamine regions selectively bound to a number of
proteins. One of these proteins is GAPDH.12 The result-
ing protein aggregates are found within the nucleus,
and it has been suggested that the presence of these
proteins within the nucleus is sufficient for cell death
cascades to be initiated.13,14 This finding is remarkably

similar to those of previous cell culture studies where
the appearance of GAPDH in the nucleus appears to
trigger cell death cascades. Recently, nuclear GAPDH
has been shown to be present in vulnerable neurons in
postmortem samples from patients with Machado–
Joseph disease15,16 and dentatorubral-pallidoluysian at-
rophy (DRLPA),16 which are both polyglutamine
expansion diseases, and not in control samples. In-
triguingly, the presence of nuclear GAPDH was
demonstrated using an antibody raised against the nu-
clear GAPDH isolated from cells undergoing apopto-
sis, which appears to show selectivity toward nuclear
GAPDH. Further, white-matter lesions associated with
variant forms of DRLPA have recently been reported
to be associated with increased GAPDH immunoreac-
tivity.17 A high molecular weight GAPDH immunore-
active protein has also been observed in nuclear frac-
tions from fibroblasts of patients with Huntington’s
disease. Similar GAPDH species were not observed in
fibroblasts from age-matched controls.18

Parkinson’s disease

Nuclear GAPDH immunostaining has now been
shown in melanized substantia nigra neurons from
postmortem samples from patients with Parkinson’s
disease.19 Again, these are the neurons primarily af-
fected in Parkinson’s disease. Similar observations
have also been made using the nuclear-selective
GAPDH antibody.15 Further, recent reports suggest that
a fraction of less than 10 kd isolated from the cere-
brospinal fluid (CSF) of patients with Parkinson’s dis-
ease causes apoptosis when added to cells in culture.
Equivalent fractions from the CSF samples of individu-
als who did not have Parkinson’s disease showed no
such toxicity. Remarkably, the toxicity of the CSF from
individuals with Parkinson’s disease appears to be pre-
vented by treatment of cells with either a GAPDH anti-
sense oligonucleotide,20 suggesting that synthesis of
new GAPDH protein is required in order to initiate the
cell death cascade, or with the anti-apoptotic GAPDH
ligand, R-deprenyl.21

Alzheimer’s disease

Several years ago, it was shown that antibodies raised
against Alzheimer’s disease plaques reacted with nu-
clear GAPDH in cells undergoing apoptosis in culture.22

More recently, the antibody raised against nuclear
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GAPDH from dying cells was shown to react with amy-
loid plaques from postmortem samples obtained from
patients with Alzheimer’s disease.15,16 In this regard, it is
of interest to note that GAPDH was previously shown
to bind to the C-terminal region of the amyloid precur-
sor protein (APP).23 C-terminal fragments of APP have
received considerable attention recently as a possible
neurotoxin in Alzheimer’s disease. The presence of a
high molecular weight GAPDH immunoreactive
species has also been reported in Alzheimer’s disease,
but not in fibroblasts from healthy controls.24

Glaucoma

Postmortem retinal samples from patients with glau-
coma have also been reported to show an accumula-
tion of nuclear GAPDH in the susceptible retinal gan-
glion cells.25 Glaucoma may be regarded as a form of
retinal ischemia and, in this regard, it is interesting to
note that in an animal model of focal ischemia, the ap-
pearance of nuclear GAPDH has been documented to
occur in both the ischemic core and the penumbral re-
gions.26

Relevance of GAPDH

From the preceding, it is clear that there is increasing
evidence that nuclear accumulation of GAPDH initiat-
ing cell death mechanisms in cell culture systems has
relevance to a number of human neurodegenerative
disorders.

GAPDH mechanisms: protein translocation or
new protein synthesis?

The mechanism(s) by which the nuclear appearance of
GAPDH initiates cell death remains unknown.
GAPDH has been shown to have a number of nongly-
colytic roles in the nucleus that could be of importance,
including activation of transcription and nuclear DNA
repair.1–4 This latter function is seen as uracil DNA gly-
cosylase activity.27 Previous studies, however, have
demonstrated that changes in GAPDH-associated
uracil DNA glycosylase activity are not involved in the
initiation of cell death.28 At present, activation of tran-
scription by nuclear GAPDH is perhaps the most likely
explanation for the induction of PCD cascades.

Examination of the literature regarding GAPDH and
apoptosis reveals frequent references to translocation

of GAPDH to the nucleus being required for the initia-
tion of cell death.29–31 There are, however, few direct
demonstrations of pre-existing GAPDH protein reloca-
tion to the nucleus directly initiating PCD. Rather,
most studies show the appearance of GAPDH in the
nucleus. Indeed, there appears to be very good evi-
dence that rather than a translocation of existing
GAPDH per se, PCD is initiated following the synthe-
sis of new GAPDH protein.

Shashidharan et al,32 using GAPDH tagged with
green fluorescent protein (GFP), have shown that there
is a time-dependent appearance of fluorescent signal in
the nucleus, following exposure of transfected cells to
H2O2. Although this is consistent with a translocation
of pre-existing GAPDH, as previously discussed,11 such
a translocation was detected in only a small proportion
of cells (about 10%), and H2O2 treatment routinely
causes a much higher level of apoptosis. Ishitani et al16

have also recently reported a time-dependent appear-
ance of GFP-tagged GAPDH in about 13% of cells dur-
ing the 48 hours after transfection. These cells did not
appear to have been stimulated to undergo apoptosis,
other than that resulting from an overexpression of
GAPDH, which the authors reported was sufficient to
induce cell death. Whether the nuclear-accumulated
GAPDH correlated with apoptosis was not reported. A
previous study did report that translocation to the nu-
cleus of a fraction of overexpressed GFP-tagged
GAPDH resulted in an increase in the basal level of
apoptosis.30

In contrast to the translocation evidence, there is
much evidence that synthesis of new GAPDH protein
is required for initiation of PCD cascades. By far the
most convincing evidence is the demonstration that
pretreatment with GAPDH antisense oligonucleotides
prevents not only the increases seen in GAPDH
mRNA33–35 and nuclear GAPDH protein,28,33,34 but also
cell death.29,33,34,36,37 This effect was similar to that ob-
served with both the protein synthesis inhibitor cyclo-
heximide and the inhibitor of transcription actino-
mycin D.38 The effect of GAPDH antisense
oligonucleotides is dose dependent, with an observed
maximum protective effect in excess of 80%.11 Al-
though there is still controversy as to the precise mech-
anism by which antisense treatments work, there is no
suggestion in the literature that antisense treatment can
prevent the translocation of existing protein from one
subcellular compartment to another. Thus, whereas
there may be a small amount of GAPDH that initially



translocates from the cytoplasm to the nucleus, the vast
majority of nuclear GAPDH appears to be derived
from new protein synthesis. Such a conclusion is in
agreement with the apparent almost-complete preven-
tion of the appearance of nuclear GAPDH reported fol-
lowing either antisense treatment28,33,34 or administration
of protein synthesis inhibitors,38 and with the recent de-
scription of increased Golgi apparatus GAPDH im-
munoreactivity before the appearance of GAPDH in
the nucleus, observed in cells that subsequently un-
dergo apoptosis.31

At least a proportion of the induced nuclear GAPDH
appears to be a novel isozyme. Six nuclear GAPDH
species have been identified by Saunders et al28 using 2-
dimensional gel electrophoresis. Induction of cell death
is associated with the appearance of distinct acidic iso-
forms of GAPDH, an effect that is prevented by anti-
sense pretreatment.28 This prevention of acidic GAPDH
appearance by antisense pretreatment suggests that
these isoforms represent newly synthesized, distinct
protein, rather than post-translationally modified exist-
ing protein. Our own preliminary studies appear to
confirm this appearance of acidic GAPDH isoforms
(Fig. 1; Dr. Paula Ashe, ALviva Biopharmaceuticals
Inc., Saskatoon, Sask.: personal communication, 2003).

We have extended these initial observations to show
that the appearance of GAPDH in the nucleus follow-
ing 6-hydroxydopamine treatment is associated with
different nuclear compartments. In excess of 50% of

this new GAPDH is resistant to standard extraction
procedures, in comparison with less than 5% of nuclear
GAPDH under control conditions (Fig. 2; Dr. Paula
Ashe: personal communication, 2003). We are currently
in the process of replicating these findings; they are
however, similar to those of Sawa et al,29 who reported
that induced nuclear GAPDH was not extractable.

Finally, Ishitani et al38 have reported the preparation
of an antibody to nuclear GAPDH from cells undergo-
ing PCD. This antibody appears to react selectively
with the induced nuclear GAPDH, having little cross-
reactivity to cytosolic GAPDH.16 Paradoxically, these
authors have been unable to detect changes in the pri-
mary sequence of GAPDH during PCD. As such, the
basis of the antigenic selectivity remains to be eluci-
dated. It is worth noting that although there is a large
increase in nuclear GAPDH, this still represents only a
small proportion (< 10%) of total cellular GAPDH
(Fig. 2). Thus, attempts to detect novel GAPDH se-
quences should be directed toward GAPDH isolated
from distinct subcellular compartments, under both
control and PCD conditions. Which, if any, of the ap-
parent novel isoforms described here this nuclear
GAPDH antibody recognizes is not known.

With respect to the possible involvement of GAPDH
isoforms, it is worth noting that, although they receive
little attention, isoforms of GAPDH have previously
been described.39–41 Indeed, multiple copies of the
GAPDH gene are present, with in excess of 20 believed
to be present in the human genome.42 Although these
multiple copies have largely been discounted as being
pseudogenes, in light of recent data this should be re-
visited, bearing in mind that a lack of glycolytic activ-
ity need not preclude a functional, nonglycolytic role
for any expressed GAPDH protein.

From the evidence presented here, our research
group has developed a working model to explain the
role of GAPDH in the initiation of PCD (Fig. 3). A cen-
tral tenet of this model is that the synthesis of new
GAPDH protein is an absolute requirement. The initia-
tion events for this new GAPDH protein may vary and
include, although are not limited to, 1 or more of the
following:
• translocation of small amounts of existing GAPDH

to the nucleus
• altered p53 signalling, which has been reported to

regulate GAPDH transcription35

• hypoxia-induced transcription factors (the GAPDH
gene contains hypoxia response elements43,44)
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Fig. 1: Appearance of acidic isoforms of glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) after treatment
with 6-hydroxydopamine (6-OHDA). Human neuroblas-
toma (SH-SY5Y) cells were induced to undergo pro-
grammed cell death (PCD) by treatment with 6-OHDA.
Cells were subcellular fractionated and nuclear extracts
subjected to 2-dimensional gel electrophoresis. Control
cultures were treated identically with the exception of
vehicle treatment in place of 6-OHDA. The cultures
treated with 6-OHDA show a pronounced appearance of
acidic GAPDH bands in the nuclear fractions. Similar
bands are absent from the control culture nuclear frac-
tions.
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GAPDH, when present in the nucleus, has been
shown to act as a transcriptional activator.45 In our
model, there is an initial translocation of small
amounts of GAPDH to the nucleus. This occurs follow-
ing release of a small proportion of GAPDH from its
cytoplasmic binding sites, which, it has been sug-
gested, may occur in response to, for example, reactive
oxygen species.46 Translocation to the nucleus does
not directly initiate PCD and occurs on a small scale,

possibly below the detection limits for GFP-tagged
GAPDH in most cells. The mechanism by which
GAPDH enters the nucleus is unclear and may or may
not require 1 or more chaperone proteins. The translo-
cated GAPDH in the nucleus then acts as a transcrip-
tion factor for the synthesis of new GAPDH protein,
which is nuclear targeted and has characteristics of a
novel isozyme (e.g., acidic pI values). The novel isozyme
then acts as a transcription factor for pro-apoptotic

Fig. 2: Changes in nuclear GAPDH after treatment with 6-OHDA. SH-SY5Y cells
were induced to undergo PCD by the addition of 6-OHDA. Cells were subcellular
fractionated and GAPDH in the nuclear fractions examined. Upper panel: 6-OHDA
treatment was associated with a pronounced increase in nuclear GAPDH levels.
Lower panel: under control conditions, most (> 80%) of the low levels of nuclear
GAPDH present were readily extracted as a soluble fraction after centrifugation.
Less than 5% of nuclear GAPDH was inextractable by RNase/DNase/2M salt treat-
ment under control conditions. After treatment with 6-OHDA, only 35% of the in-
creased nuclear GAPDH was extractable as a soluble fraction by centrifugation. In
excess of 55% of nuclear GAPDH was resistant to extraction by RNase/DNase/2M salt
after 6-OHDA treatment. SEM = standard error of the mean, S420 = the soluble frac-
tion from a 420-mmol/L salt extraction, SRNase = the soluble fraction following
RNase treatment, SDNase = the soluble fraction following DNase treatment, S2M =
the soluble fraction following 2-mol/L salt extraction, P2M = the insoluble fraction fol-
lowing 2-mol/L salt extraction.
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signals. This model explains all the observations made
so far and most notably explains the previous descrip-
tion of GAPDH antisense oligonucleotides preventing
“translocation” of GAPDH to the nucleus, while still al-
lowing for the translocation observed using GFP-
tagged GAPDH. Further, whereas this model involves
an initial, small-scale translocation of existing GAPDH

protein, this is not an absolute requirement. Expression
of the novel isozyme could equally be stimulated by
other induced transcription factors or activators of
transcription, although this requires verification. Inter-
estingly, PCD-specific promoter regions have recently
been described in the GAPDH gene,16 although their
binding factors have yet to be identified.

GAPDH and anti-apoptotic compounds

From the preceding, it is readily apparent that GAPDH
may serve as a target for small-molecule anti-apoptotic
compounds with the potential to slow or prevent the
progression of neurodegenerative disorders. Indeed, a
number of well-documented anti-apoptotic agents
have been shown to interact with GAPDH (Table 1).47–49

Although for 17β-estradiol this interaction has yet to be
correlated with anti-apoptotic activity, it has been sug-
gested that R-desmethyldeprenyl (the active metabolite
of R-deprenyl) and CGP 3466 may be anti-apoptotic be-
cause of their binding to GAPDH.48,49

We have developed a series of aliphatic compounds,
initially using the propargylamine moiety found in de-
prenyl. The first example of these compounds, R-2HMP
(R-N-(2-heptyl)-N-methylpropargylamine hydrochlo-
ride), has previously been reported to possess anti-
apoptotic activity resulting from an interaction with
the same binding site as R-deprenyl.50 In agreement
with this, we have now obtained evidence that these
compounds bind selectively to GAPDH. Intriguingly,
using affinity columns and purified human recombi-
nant GAPDH, these aliphatic compounds appear to
bind only to a subset of GAPDH protein. As such, if
unbound GAPDH (in excess of 90% of that initially
loaded) from an initial run through an immobilized
drug-affinity column is collected and added to a
second naive drug-affinity column, very little further
GAPDH binding is observed. This occurs despite the
use of recombinant and, in theory, single-species
GAPDH. It is of interest that although a single molecular
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Fig. 3: A schematic representation of the GAPDH-
mediated PCD cascade. A minor fraction of GAPDH is
initially released from cytoplasmic binding sites. This mi-
nor fraction translocates to the nucleus and initiates syn-
thesis of a novel nuclear-targeted GAPDH isoform.
Transcription of this novel, nuclear GAPDH could also
conceivably be induced by other factors. The novel, nu-
clear GAPDH then initiates PCD cascades through regu-
lation of transcription, leading to loss of mitochondrial
membrane potential and cell death. Small-molecule anti-
apoptotic compounds have been identified that selec-
tively bind to a fraction of GAPDH, preventing the in-
crease in nuclear GAPDH and downstream events.
Tetrahydroaminoacridine (THA) and donepezil have
been reported to act at the level of new GAPDH tran-
scription by binding to promoter regions. Aliphatic com-
pounds, which like THA and donepezil have been shown
to prevent increases in GAPDH mRNA, could also act at
the level of transcription, although this has yet to be
studied. Binding of small molecules to the newly synthe-
sized GAPDH, thereby preventing its expression in the
nucleus, is also possible in addition to binding to GAPDH
released from cytoplasmic binding sites. The question
marks above arrows indicate possible sites of action that
have yet to be studied.

Pro-apoptotic/toxic signal

Release of cytoplasmic GAPDH 
Minor (novel?) fraction only

Translocates to nucleus

New GAPDH synthesis

Nuclear overexpression of novel GAPDH isoform

Initiation of PCD cascade
Regulation of transcription

Loss of mitochondrial membrane potential
COMMITMENT POINT

CELL DEATH

Other regulators 
of transcription?

p53

Aliphatic compounds 
Desmethyldeprenyl  

CGP 3466

THA 
Donepezil 

Aliphatic compounds? 
THA 

Donepezil 
Aliphatic compounds? 

?

?

Table 1: Anti-apoptotic compounds shown to bind to
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

Compound Study

17β-estradiol Ramirez et al47

Desmethyldeprenyl Carlile et al48

CGP 3466 Kragten et al49

Aliphatic compounds Author’s unpublished data
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weight GAPDH protein is identified with denaturing
polyacrylamide gel electrophoresis, multiple bands are
observed during isoelectric focusing. We are currently
confirming these observations, and examining in more
detail the nature of this apparent GAPDH subspecies.
The possibility that the fraction of GAPDH that is se-
lectively bound by our aliphatic compounds corre-
sponds to a fraction of GAPDH that is more susceptible
to release from cytoplasmic binding sites is intriguing
and requires investigation. Likewise, the ability to
distinguish a subset of an apparently homogeneous
recombinant protein requires further study and expla-
nation.

How binding of anti-apoptotic compounds to
GAPDH can prevent apoptosis is unclear at present.
Carlile et al48 have proposed that drug binding causes a
change in the multimeric nature of GAPDH in solu-
tion. It has been proposed that this change may pre-
vent GAPDH from entering the nucleus and, thus, by
preventing initial translocation, apoptosis is prevented.
We have not observed a similar change in the multi-
meric state of recombinant human GAPDH following
aliphatic compound binding, despite having previ-
ously reported good evidence for these aliphatic com-
pounds, deprenyl/desmethyldeprenyl and CGP 3466
being active because of an interaction with the same
binding site. This may relate to species differences in
the purified GAPDH used. We used a recombinant hu-
man GAPDH, whereas Carlile et al48 used GAPDH
from Leishmania mexicana. Drugs designed to inhibit
Leishmania but not human GAPDH have been de-
scribed51 and, as such, species differences in the re-
sponse of GAPDH to binding ligands are not without
precedent. Further, we have observed no change in the
multimeric nature of cytosolic GAPDH in cells induced
to undergo apoptosis, in either the presence or absence
of anti-apoptotic GAPDH ligands.

It is clear, however, that the compounds described
here do prevent the increased nuclear accumulation of
GAPDH. Because these compounds have been shown
to bind to purified preparations of cytosolic
GAPDH48,49 and at least the aliphatic compounds pre-
vent the increase in GAPDH mRNA,52 it appears most
likely that these compounds bind to cytosolic GAPDH
and prevent its initial translocation to the nucleus fol-
lowing release from cytoplasmic binding sites. The
possibility that at least some of these compounds
show selective binding to released GAPDH is intrigu-
ing and merits further investigation. Whether such

binding involves a change in the multimeric state of
GAPDH in a cellular environment has yet to be con-
clusively demonstrated.

Finally, 3 compounds (tetrahydroaminoacridine
[THA], donepezil and ONO-1603) have been described
that, while preventing the increase in GAPDH mRNA
and therefore nuclear GAPDH accumulation that oc-
curs during PCD, thereby reducing apoptosis, do not
bind to GAPDH. Donepezil and THA, both of which
are marketed as symptomatic therapies for
Alzheimer’s disease, appear to be active by interacting
with promoter regions distinct for the nuclear
GAPDH.16 In contrast, ONO-1603, which is currently
undergoing clinical trials as an antidementia com-
pound, showed no such activity,16 and its mechanism
of action requires further study. These studies raise the
possibility that THA and donepezil may possess, in ad-
dition to symptomatic benefits, disease-modifying ef-
fects in patients with Alzheimer’s disease. There do not
appear to be, however, clinical reports suggesting such
a disease-modifying action of either donepezil or THA.

Conclusion

In summary, various cell culture models have conclu-
sively demonstrated that initiation of apoptosis by a
variety of insults involves an increase in the nuclear ex-
pression of GAPDH. This increased nuclear expression
is dependent on the synthesis of new GAPDH protein.
Whereas some GAPDH translocation from the cytosol
may occur, this appears to be on a small scale and re-
sults in the activation of GAPDH transcription. This
new GAPDH protein appears to have novel character-
istics and is nuclear targeted. This nuclear-targeted
GAPDH then regulates transcription to initiate PCD
cascades. There is now accumulating evidence that
these observations may have relevance to human neu-
rodegenerative conditions. As such, recent reports
have shown increased nuclear GAPDH associated with
susceptible neurons in postmortem samples from pa-
tients with a variety of neurodegenerative conditions.
Small-molecule compounds with demonstrated anti-
apoptotic activity that selectively interact with GAPDH
have been identified. These compounds have also been
shown to prevent the increase in nuclear GAPDH asso-
ciated with the cell culture models in which they show
anti-apoptotic activity. It is proposed that this effect is
the result of binding to GAPDH, preventing the sub-
sequent increase in GAPDH synthesis and nuclear



accumulation. One of these compounds, CGP 3466, is
currently undergoing Phase II clinical trials as a
disease-modifying agent for Parkinson’s disease, while
others are in development.

Additional note

Following acceptance of this manuscript, Kusner et al53

reported nuclear accumulation of GAPDH in human
retinal Muller cells undergoing apoptosis because of
high glucose concentrations, effects that were pre-
vented by treatment with R-deprenyl. In addition,
Takasaki et al54 reported that GAPDH autoantigens
were involved in the autoimmune response in patients
with systemic lupus erythematosus, whereas Mazzola
and Sirover55 provided evidence of structural changes
in GAPDH protein associated with age-related neu-
rodegenerative conditions. Further, Brown et al56 have
reported that the nuclear accumulation of GAPDH is
the result of a novel CRM-1-mediated nuclear export
signal. Finally, it has been reported by Kanai et al57 that
several histone deacetylase inhibitors that show anti-
apoptotic activity also prevent the associated nuclear
accumulation of GAPDH.
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