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Abstract

Background: Destruction of dopaminergic neurones decreases hippocampal Dentate Gyrus (DG) neurogenesis
in rodents and primates. Post-mortem work in Parkinson’s Disease (PD) patients identified evidence of compromised
hippocampal neurogenesis. In both animals and man, difficult discriminations in tests which require discrimination
between previously seen objects and closely similar ones (object pattern separation tasks) reflect DG activity and
thus potentially neurogenesis. The object of this study was to use such a task in PD patients to seek evidence of
compromised DG activity.

Methods: The CDR System picture recognition task has been validated as an object pattern separation task. In
the task pictures of objects and scenes are presented which later must be discriminated from closely similar pictures.
fMRI work in man has identified that difficult discriminations in object pattern separation tasks (i.e deciding whether
or not a closely similar object was previously presented) to selectively result in increased DG activity. Data from this
task in 72 patients with Parkinson’s disease were compared with 62 age and gender matched controls.

Results: The PD patients showed selective, marked and highly significant deficits to the DG-sensitive measure
which was unrelated to dopaminergic medication. Such a pattern was not seen on a word recognition paradigm,

which is consistent with fMRI work showing verbal tasks are not related to DG activation.

Conclusions: This is the first behavioural demonstration of compromised OPS in Parkinson’s patients,
supporting work with rats and primates. This finding is consistent with impairment to DG function and thus
potentially compromised neurogenesis. Implications for current and novel PD therapies will be discussed, in
relation to compounds such as rasagiline which promote neurogenesis.
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Introduction

The discovery that the human Dentate Gyrus (DG) retains its
ability to generate neurons throughout life, has led numerous groups
to study whether adult neurogenesis is compromised in various
neurodegenerative disorders [1]. In Parkinson’s disease for example,
speculation is growing that that impaired or failed neurogenesis may
contribute to cognitive decline in the disorder [2]. There is accumulating
evidence from animal models of Parkinson’s disease and human post-
mortem studies that adult neurogenesis is impaired in the condition.
For example, the over expression of alpha-synuclein in transgenic mice
had a negative impact on adult neurogenesis, and reduced levels of
adult neurogenesis were seen in the hippocampal dentate gyrus [3]. The
mechanism by which alpha-synuclein promotes neurotoxicity has been
shown to be the inhibition of histone acetylation, and the neurotoxicity
can be reversed by histone deacetylase inhibitors [4]. Considerable
evidence has now accumulated that histone deacetylase inhibitors
promote adult neurogenesis in the hippocampal dentate gyrus; leading
to predictions that this may be a therapeutic target for Parkinson’s
disease [5]. Evidence has just appeared firmly linking RbAp48 (a
histone-binding protein that modifies histone acetylation) with dentate
gyrus neurogenesis and age-related memory loss [6]. Overall, this
body of data clearly links alpha-synuclein, histone acetylation in the
hippocampal dentate gyrus, and cognitive dysfunction in Parkinson’s
disease. Finally, a study of post-mortem brain autopsy tissue of PD
patients identified a reduced number of neural precursor cells in the
dentate gyrus, suggesting that the generation of neural precursor cells

is impaired in PD as a consequence of dopaminergic denervation [7].
However, in vivo evidence of reduced neurogenesis in PD is lacking.

The human hippocampus supports the formation of episodic
memory without confusing new memories with old ones [8]. To
accomplish this, the brain must disambiguate memories and this is now
widely recognised as a key role of the dentate gyrus (DG). Schmidt et al.
write: “Over the course of the last 20 years, the overwhelming majority
of data have supported the notion of the DG as a critical mediator of
pattern separation within the hippocampal formation” (page 57) [8].
Human evidence from fMRI work has accumulated over the last few
years linking the DG to performance on Object Pattern Separation
(OPS) tasks. In OPS tasks, a series of pictures is presented and subjects
have to decide whether or not each subsequent picture has been
presented earlier. The consistent finding from different groups using
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OPS tasks has been that fMRI DG measured activity is highest when
closely similar pictures are presented, and lowest when the original
pictures or completely different ones are presented [9-11]. Thus in man
OPS tasks can provide an index of DG activity by assessing the ability
of subjects to correctly reject closely similar pictures, ie to perform
difficult pattern separations. The CDR System picture recognition task
has been validated as an OPS, and the DG sensitive measure has been
found to selectively decline in normal aging, which is consistent with
known age-related changes to hippocampal DG neurogenesis [12,13].

Ifhippocampal dentate gyrus activity is compromised in Parkinson’s
disease, the prediction would be that performance on difficult OPS
would be selectively impaired in the patients. The purpose of this
analysis is to determine the pattern of performance of PD patients on
an OPS task as well as a test of verbal recognition.

Methods
Subjects

72 Parkinson’s disease patients (27 female, 45 male), mean age 70.1
years (SD 7.8) and mean MMSE 27.4 (SD 2.4) participated in this study.
62 controls were also recruited (25 female, 37 male), mean age 71.3
years (SD 6.7) and mean MMSE 28.5 (SD 1.4). For the patients, the
average duration of illness was 7.5 years (SD 5.1) and age of onset was
62.9 years (SD 9.5). The UPDRS II mean score for the patients was 13.7
(SD 6.5), UPDRS III 27.3 (SD 12.5) and Hoehn and Yahr score 2.4 (SD
0.7). All patients provided signed, written informed consent. The study
was conducted according to the provisions of the Helsinki Declaration
and was approved by the Northumberland Healthcare Trust Ethics
Committee.

Methods

Patients were tested on the CDR System tests of delayed word
and picture recognition, the testing being conducted by a trained
administrator [14].

The CDR system: The CDR System is a set of automated tests of
cognitive function which has been used previously in Parkinsons
disease (e.g. 15). Tests of attention, working memory and episodic
memory were administered, the data from two tasks being reported in
this analysis:

CDR System Picture Recognition test: A series of 20 pictures of
everyday scenes and objects was presented on the screen at the rate
of 1 every 3 s for the patient to remember. Around 12 minutes later
the 20 pictures were re-presented mixed with 20 novel pictures which
were individually matched to the original pictures to be closely similar.
For each picture the patient was required to decide whether it was an
originally presented picture or a novel picture by pressing the YES or
NO button as appropriate as quickly as possible. Both the accuracy and
speed of each response was recorded.

CDR System Word Recognition test: A series of 15 words was
presented on the screen at the rate of 1 every 2 s for the patient to
remember. Around 12 minutes later the 12 words were re-presented
mixed with 12 novel words. For each word the patient was required to
decide whether it was an originally presented word by pressing the YES
or NO button as appropriate as quickly as possible. Both the accuracy
and speed of each response was recorded.

Results and Discussion

CDR System data were available for all 72 patients and 62 controls.
The CDR System picture recognition task has been validated as an object

pattern separation (OPS) task [12] and is directly comparable to the
task used in fMRI studies [10,11] in which Dentate Gyrus (DG) activity
has been found to be specifically high during trials when patients are
presented with a closely similar picture to one of the original pictures;
and asked to determine whether or not it was the original. In contrast
original pictures when re-presented are associated with considerably
less DG activity. If the DG is not functioning optimally for the patient’s
age, the ability to correctly reject the closely similar pictures should be
impaired to a greater degree than controls. Further, while patients may
be less accurate in recognising the original pictures than controls, the
difference between these two aspects of task performance should be
greater if DG activity is impaired. As a control for the performance of
patients in forced-choice recognition tasks, the data for the picture task
were contrasted to those from word recognition. Brickman et al. have
confirmed that difficult discriminations in OPS tasks are associated
with increased DG activity, but that not in verbal tasks; which instead
increase activity in the entorhinal cortex [9].

The patients had significantly lower MMSE scores than controls
[27.4 vs. 28.6, F(1,131)=11.4, p<0.001], and to control for this, plus the
small but not significant disparity in average age, both MMSE and age
were fitted as covariates to the analyses. The SAS procedure MIXED was
used to conduct a 2-factor ANCOVA of the accuracy scores from the
picture and word recognition tasks. In each analysis: group (control vs.
PD), type of response (original items vs. novel items) and the interaction
between them were fitted as fixed terms; subject being fitted as a random
term. For the pictures there were significant main effects of group and
type of response (both p<0.001), and also a significant interaction
between them [F(1,132)=4, p<0.05]. These results are illustrated
graphically in Figure 1. There was no difference between the groups
on the non-DG sensitive measure, the ability to correctly recognise the
original pictures (p=0.57), but there was a highly significant difference
on the DG sensitive difficult OPS separations (p=0.0001). The Cohen’s
d effect size of this impairment was 0.68, a medium to large sized effect,
which exceeds the 0.5 criterion of a clinically relevant effect [15,16]. To
examine whether the dopaminergic treatment was related to the pattern
of results, the patients were divided into two groups, one which was not
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Figure 1: Performance of PD patients and controls on the CDR System object
pattern separation task.
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Figure 2: Performance of PD patients and controls on the CDR System word
recognition task.

on medication (n=7) and the other on medication (n=65). Repeating
the analysis with the PD population divided into these 2 groups had
no effect on the outcome, the interaction term between group and type
of response remaining significant [F(2,131)=3.15, p<0.05]. There were
significant differences for the novel pictures between controls and each
of the two PD groups, but no difference between the PD groups on this
measure. Thus it appears that the finding is not related to whether or not
the patients in this sample were receiving dopaminergic medication.

For the words, there was no main effect of group (p=0.121) or
interaction (p=0.52), but a significant difference between the overall
responses to original and novel words (p<0.0001). Figure 2 highlights
the difference in patterns between the two tasks, patients and controls
finding it more difficult to reject the closely similar pictures than to
identify the original ones; whereas the pattern is reversed for word
recognition, patients finding it easier to reject the novel words than
correctly identify the original ones.

Overall, the PD patients showed a selective, large and statistically
significant decline on difficult discriminations on the OPS task. As
this measure has been associated with dentate gyrus activity from
fMRI studies [9-11], the effect seen in this study is consistent with
disrupted activity in this region in PD patients. The dentate gyrus is
widely acknowledged to be the area where hippocampal neurogenesis
occurs, and the findings are therefore consistent with preclinical PD
models and post-mortem PD autopsy brain tissue findings of reduced
neurogenesis in the dentate gyrus [3,7]. These are, to our knowledge,
the first data from an OPS task in PD.

As enhanced neurogenesis has been shown to improve pattern
separation, compounds which promote neurogenesis may help reverse
these deficits in PD [17]. O’Sullivan et al. have shown L-Dopa to
promote neurogenesis in post-mortem PD brain tissue [18]. The present
study had too few patients who were not treated with dopaminergic
agonists (n=7) to properly examine this hypothesis, but future work
could examine this possibility. Newer treatments such as rasagiline have
been shown to promote neurogenesis, and also to reverse neurogenesis
related olfactory deficits in a mouse model of PD [19,20]. Future work

with OPS could assess whether this mechanism is effective in PD
patients. A research project funded by the Michael ] Fox foundation is
also underway entitled: “Increasing Endogenous Neurogenesis Using
Neurosteroids: A Novel Therapeutic Strategy to Treat Parkinsons
disease” [21].

In clinical studies in PD of compounds targeted to improve
neurogenesis, OPS tasks will be useful as they will serve, firstly, as
non-invasive biomarkers which can provide ‘proof of mechanism, and
secondly, as efficacy endpoints.
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