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Abstract. Episodic memory loss is a defining feature of early-stage Alzheimer’s disease (AD). A test of episodic-like memory
for the rat, the What-Where-Which occasion task (WWWhich), requires the association of object, location, and contextual
information to form an integrated memory for an event. The WWWhich task cannot be solved by use of non-episodic information
such as object familiarity and is dependent on hippocampal integrity. Thus, it provides an ideal tool with which to test capacity
for episodic-like memory in the 3xTg murine model for AD. As this model captures much of the human AD phenotype, we
hypothesized that these mice would show a deficit in the WWWhich episodic-like memory task. To test the specificity of any
episodic-like deficit, we also examined whether mice could perform components of the WWWhich task that do not require
episodic-like memory. These included object (Novel Object Recognition), location (Object Location Task, What-Where task),
and contextual (What-Which) memory, as well as another three-component task that can be solved without reliance on episodic
recall (What-Where-When; WWWhen). The results demonstrate for the first time that control 129sv/c57bl6 mice could form
WWWhich episodic-like memories, whereas, 3xTgAD mice at 6 months of age were impaired. Importantly, while 3xTgAD
mice showed some deficit on spatial component tasks, they were unimpaired in the more complex WWWhen combination task
(which includes a spatial component and is open to non-episodic solutions). These results strongly suggest that AD pathology
centered on the hippocampal formation mediates a specific deficit for WWWhich episodic-like memory in the 3xTgAD model.
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INTRODUCTION

Alzheimer’s disease (AD) is defined by early
episodic memory loss and the progressive accumu-
lation of amyloid-� (A�) and hyperphosphorylated
tau as well as cholinergic cell loss [1, 2]. The
3xTgAD mouse carries the familial AD transgenes
for A�PPSWE (KM670/671NL) and presenilin 1
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(PS1M146V), and an additional tauopathy mutation in
human tau TauP301L [3]. It mimics human AD pro-
gression, developing A� pathology throughout the
medial temporal lobe and neocortex in a manner
that is temporally and spatially matched to human
AD [3, 4]. The impact of 3xTgAD pathology on
cognitive performance has been investigated through
several behavioral paradigms, including water maze,
inhibitory avoidance, and contextual fear [5–7]. How-
ever, there are no reports specifically examining
episodic memory in the 3xTgAD mouse.

Although episodic memory has been considered
an uniquely human trait [8], recent work in birds

ISSN 1387-2877/13/$27.50 © 2013 – IOS Press and the authors. All rights reserved

mailto:j.gigg@manchester.ac.uk


682 K.E. Davis et al. / Episodic-Like Memory Deficit in 3xTgAD Mouse

[9, 10] and rats [11–14] has demonstrated episodic-
like memories in non-human species. In particular,
two tasks, termed What-Where-When (WWWhen)
and What-Where-Which-occasion (WWWhich), have
been developed as tests of episodic-like memory for
rodents. These tasks allow animals to demonstrate
memory for an object (What), its location (Where),
and the occasion (temporal or otherwise) on which it
was experienced (When or Which occasion). Forming
integrated and flexible associations between these three
components provides enough information to define
separate experiences and has been claimed to be crucial
to demonstrating episodic-like memory in WWWhen
[10] and WWWhich [12] memory tasks. Crucially,
although both WWWhen and WWWhich initially
appear to be open to familiarity-based solutions, both
have been argued to rely on episodic-like processes.
For example, Eacott and colleagues [15, 16] have
argued that the pattern of deficits and spared perfor-
mance on the WWWhich (and related tasks involving
its spatial or contextual components) are not compat-
ible with a deficit on the WWWhich task being one
of familiarity. Thus, it is claimed that performance in
tasks that require integration of object (what), location
(where), and occasion (temporal or otherwise) require
episodic-like memory. Here, the term ‘episodic-like’ is
used as we cannot demonstrate in non-human animals
that it includes the sense of self or autonoetic con-
sciousness required in Tulving’s definition of episodic
memory [8].

In support of the view that performance in the
WWWhich task relies on episodic-like memory, pre-
vious studies in the rat have shown that WWWhich
memories are dependent on the hippocampus [12,
17, 18] and dissociable from familiarity-based spa-
tial or contextual deficits [12]. Moreover, a recent
study [19] examined the subjective experience of
human participants given a WWWhich task mod-
eled closely on the WWWhich task given to rats.
The results suggested that above chance accuracy in
this task was associated with a sense of “remem-
bering”, while responses associated with a sense of
“knowing” were at chance levels. As human episodic
memory is accompanied by a feeling of remember-
ing, while familiarity processes are associated with
a feeling of knowing [20], this provides strong sup-
port for the view that above chance performance in
the WWWhich task is reliant on episodic memory
processes. Therefore, the WWWhich task is a good
candidate to examine episodic-like memory processes
in transgenic disease models with symptomatic hip-
pocampal pathology.

WWWhen memory tasks have also been claimed
to be reliant on episodic memory processes [14,
21]. However, this task has been criticized on the
basis that the temporal identifier ‘When’ is typically
defined in terms of “how long ago” the event took
place rather than memory for the specific temporal
occasion [22–24]. This can allow animals to use mem-
ory for object location (what-where) in combination
with trace strength to guide accurate performance.
If this strategy is adopted, the task no longer meets
the requirements of episodic-like memory in being
reliant on an integrated representation of the three
components (what, where, and occasion). For this rea-
son, the WWWhich task is a preferable measure of
episodic-like memory in non-human animals, as it
is less susceptible to such confounds. However, the
WWWhich task has to date only been used with rats. In
the present study, therefore, we adapted the WWWhich
task for use in mice. The aim of this study was to
determine whether both control and 3xTgAD mice
could form episodic-like memories in the WWWhich
task. For comparison, their ability to process single
(What and Where) and dual (What-Where and What-
Which) sub-components of the WWWhich task was
also examined. In addition, performance on the alter-
native three-component WWWhen task (which can be
solved either by episodic-like recall or non-episodic
memory trace strength) was determined. These further
tasks were included to explore the impact of task dif-
ficulty on performance and to gauge performance in
hippocampus-independent tasks.

METHODS

Animals

Behavioral experiments were performed using 12
female 3xTgAD mice carrying the AD transgenes for
A�PPSWE, PS1M146V, and the additional human tau
mutation for fronto-temporal dementia TauP301L [3]
and 10 age-matched female control mice. A further
subset of mice not included in the behavioral test-
ing was used for immunohistochemistry to determine
AD-like pathology (see below). All mice in this study
were bred in-house at the University of Manchester
from homozygous pairing of mice donated from the
original 3xTgAD and control lines [3]. Thus, control
mice were bred from the 129sv/c57bl6 founder strain
for the 3xTgAD line. Mice were housed in groups of
5 or 6 individuals on a 12 : 12 light/dark cycle with
access to food and water ad libitum. All experiments
were carried out using a longitudinal within-subjects
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design over a period of 8 months as follows (task/age):
1) WWWhich task (6 months old); 2) What-Where
task (9 months); 3) novel object recognition (NOR;
‘What’) and object location task (OLT; ‘Where’) tasks
(11 months); 4) What-Which task (12 months); and
5) WWWhen task (14 months). All mice were ear
punched for identification and genotyping (confirmed
in a random sample including one control and four
3xTgAD mice). All procedures conformed to the Euro-
pean Communities Council Directive of 24 November
1986 (86/609/EEC), were licensed by the UK Home
Office, and approved by the University of Manchester
research ethics committee.

The development of A� pathology in female
3xTgAD mice is accelerated compared to males, pos-
sibly due to increased �-secretase activity, decreased
neprilysin levels, and the involvement of estrogen and
progesterone on A� regulation [25, 26]. Therefore,
females were used in this study due to the expectation
of an earlier cognitive decline compared to males. Pre-
vious reports found intracellular A� to be the earliest
detectable pathology in the 3xTgAD mouse, devel-
oping from 3 months of age in hippocampus and
neocortex and in layers II and III of entorhinal cortex
[3, 4]. Extracellular A� plaque deposits initiate in CA1
and subiculum from 12 months of age [3, 4, 27], and
paired-helical filament tau pathology is detectable in
hippocampus from 12 months [3, 4]. It was expected,
therefore, that our 3xTgAD mice would have intra-
cellular A� pathology in hippocampus at the time of
WWWhich testing and that pathology would become
increasingly widespread and severe over the period of
testing for subsequent tasks. We confirmed the pres-
ence of A� pathology at 5, 8, 11, and 15 months of age
(i.e., at age points prior to the start of behavioral testing,
at two points used in component tasks, and at the end
of the longitudinal testing period) through immunohis-
tochemical analysis of a small subset of female mice
with the 6E10 A�PP/A� antibody. The numbers of
mice used for A� immunohistochemistry were as fol-
lows: 5 months (n = 4 3xTgAD and n = 2 control), 8
months (n = 6 3xTgAD and n = 2 control), 11 months
(n = 4 3xTgAD and n = 1 control), and 15 months (n = 2
3xTgAD and n = 2 control).

Apparatus

Two open field arenas were constructed from 5 mm
white Perspex (Gilbert Curry, white 050) with floor
dimensions of 30×30 cm and a wall height of 25 cm.
These were modified further into two different con-
texts by attaching a tactile floor made from a LEGO®

Fig. 1. Apparatus used in the study. The top two panels show exam-
ples of Context 1 (A) and Context 2 (B) for the What-Where-Which
task. Typical stimuli are displayed on the lower row. Examples of
‘letter’ (C, D) and LEGO® (E, F, G) objects. Combinations of object
type were used in all tasks.

base plate and a stripe around the wall at mouse rearing
height in one arena (context 1) and adding alternating
vertical strips using black tape in the second (context 2;
see Fig. 1A, B). Objects for testing were constructed
from LEGO® and a combination of plastic alphabet
letters glued to a single LEGO® block (Fig. 1C–G).
Objects were adhered to the base of the arena in context
1 by the LEGO® base plate and in context 2 via Blu-
Tack® hidden from view under the block. All objects
were made from plastic to prevent material preference
and to ease cleaning to prevent odor cues. Four identi-
cal copies of each object were constructed and different
copies were used in the acquisition and test phases to
control for olfactory cues.

Distal visual cues to the testing area included the
camera mounted on a tripod to the south wall, A4-sized
images of geometric shapes attached to the east wall
of the testing room, and a 3D cylindrical striped can
outside the arena on the North-West corner. Ambient
lighting was provided from four ceiling lights and a low
level spotlight attached to the video camera. All exper-
imental phases were videotaped and object exploration
was scored offline using a stopwatch.

Habituation

Following a 10-minute cage group habituation ses-
sion to each context on day 1, mice were exposed singly
to each context for 5 minutes per day over 5 days prior
to testing. One object was placed in the center of the
area during habituation to ensure animals became used
to the presence of an object and to prevent future object
neophobia (this object was then excluded from future
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test sessions). Mice were run in a consistent order
in cage mate sessions during habituation and testing
to maintain olfactory cues for the following mouse.
During the test and habituation sessions, the arenas
were left to saturate with scent, as it was previously
observed that thoroughly cleaning the arena for each
mouse elicited anxious behavior. As all experimental
phases were thoroughly counterbalanced, any build-up
of scent could not be used as a cue for either the position
or novelty of objects. In other words, any scent marking
by an animal could only have provided a cue in com-
bination with memory for what object was where on
which occasion when the marking was made. The latter
was controlled for by our counterbalancing procedure.
Urine and feces were removed from the arena between
groups, however, as an aseptic environment affected
the exploration of the first mouse in each cage, it was
only at the end of the daily session that the arenas were
cleaned thoroughly using 70% ethanol and/or soapy
water. This could have affected the first mouse on a
daily testing session; however, due to the counterbal-
ancing of cage start order, any effect would have been
spread evenly across genotypes.

Experiment 1: What-Where-Which task
for episodic-like memory

The WWWhich task [12] was the first task expe-
rienced when mice were 6 months of age. Each test
session was composed of two separate 3-minute acqui-
sition phases and one 3-minute test phase, separated by
one of five Inter-Trial-Intervals (ITIs). At test, mice
were presented with a familiar and a novel object-
location-context combination (Fig. 2A).

During the acquisition phases two objects (one ‘Let-
ter’ type and one made from LEGO®) were placed in
the top half of the context arena. The left/right position
of the objects was reversed between acquisition phases
1 and 2 (e.g., object type Letter appeared on the left
in context 1 and object type Lego® on the right, and
vice versa for context 2). Mice were given 3 minutes
to explore the context arena in acquisition phase 1 and
were then removed to a holding cage briefly (for less
than 20 seconds) so that the arena for acquisition stage
2 could be substituted in the location previously hold-
ing the first arena. The mouse was then placed in this
second context arena for a further 3 minutes. Mice were
observed at these acquisition stages to ensure that they
had approached the objects; however, no set exclusion
criteria were applied. Upon completion of acquisition
phase 2, mice were returned to a holding cage for one of
5 ITIs (either 2, 5, 10, 15, or 30 minutes) before testing.

Fig. 2. Behavioral protocols. Tasks were composed of either one
(NOR, OLT, What-Where) or two acquisition phases (What-Which,
What-Where-Which, What-Where-When) followed by a test. The
black arrow depicts ITI in holding age. In tasks A–F, novelty is shown
occurring at test on the left. Protocols are: (A) What-Where-Which
task; (B) What (NOR) task; (C) Where (OLT) task; (D) What-Where
egocentric position at test (black cross depicts starting position facing
the south wall); (E)] What-Where allocentric task where mice enter
the box on the opposite side to novelty at test, facing the north wall
(black cross); (F) What-Which task; (G) What-Where-When task
where at test A = Displaced-Old, B = Displaced-Recent, Star = Static-
Old, Square = Static-Recent.

Thereafter, the mouse was returned to one of the two
context arenas for the test phase, where it experienced
two copies of one of the objects presented at acquisi-
tion. Direct object exploration was recorded when the
mouse’s nose was within 1 cm and orientated toward
or touching the object. Periods where the mouse was
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either rearing or sitting on the object, or facing but
looking past the object, were excluded.

Mice were tested on one trial per day for 5 or 6
days per week, with each ITI being repeated 4 times
over a counterbalanced period of 20 testing days. Mice
were housed singly during the ITI delay in this and all
subsequent tasks. The order in which contexts were
experienced as phase 1 or 2, the choice of context for
the test session, the choice of Letter or Lego® objects
at test, and the left/right position of the novel configu-
ration were all counterbalanced in this and subsequent
tests. Upon entry at each stage, the mouse was placed
into the arena orientated to face the south wall away
from the objects (which always appeared in the middle
of the top half of the box). This south facing orien-
tation, referred to here as egocentric, was also used
in all other subsequent behavioral tests, except the
What-Where allocentric test. The following behavioral
tasks are presented in order of task complexity (num-
ber of components) rather than chronologically (see
above), as we provide these results for examination
of component features which could have influenced
performance on the WWWhich task at 6 months of
age, rather than to comment on the progression of AD
pathology.

Experiment 2: Novel Object Recognition (What)
and Object Location task (Where)

To examine whether memory capacities for ‘What’
and ‘Where’ were intact, mice were tested in a Novel
Object Recognition task (NOR) and Object Location
Task (OLT) at an ITI of 2 minutes. Each task com-
prised a 3-minute acquisition phase, followed by an
ITI delay of 2 minutes, and a final 3-minute test phase.
Both tasks took place in Context 1 and objects from the
WWWhich task were re-used in novel configurations
(with the addition of extra Lego® blocks to the original
object) and in novel pairings.

For the NOR acquisition phase, mice were presented
with two identical copies of an object in the middle of
the arena equidistant from the walls. They were then
removed to a holding cage for the 2-minute interval. At
test, one novel object and a copy of the original object
replaced the two acquisition objects. Increased explo-
ration of the novel object was taken as an indication of
intact object memory [28].

For the OLT acquisition phase, two identical copies
of an object were placed on the left and right of the bot-
tom half of the box. At test, the object on either the left
or the right was spatially displaced to the upper half of
the box (copies of the objects were used at test). This

acquisition phase procedure is reversed to the other
tests in order to prevent any effect of location neo-
phobia, as the latter was found previously to influence
the performance of both 3xTgAD and control mice in
the OLT (Fig. 2C). Novelty at test appearing on the
left or right was counterbalanced for each mouse, so
that they experienced it twice on the left and twice on
the right. Testing took place over 8 consecutive days
in a block of 4 days of OLT followed by 4 days of
NOR.

Experiment 3: What-Where task
of Object-Location spatial memory: allocentric
and egocentric

To examine whether mice could form an associa-
tion between an object and location, they were tested
in the What-Where paradigm. Mice were tested at an
ITI of 5 minutes first with an egocentric test start-
ing orientation and then with an allocentric novel
starting location. The latter was included to exam-
ine; (a) whether a novel starting location at test would
engage an allocentric strategy; and (b) to determine
whether an egocentric start point was sufficient to
make spatial judgments in these spontaneous tasks.
The What-Where task consisted of a single acqui-
sition phase of 5 minutes and an ITI of 5 minutes
before a 3-minute test phase (see Fig. 2D, E). In
the acquisition phase, mice were presented with two
different objects, located to the upper half of the
arena. Following the ITI delay in a holding cage,
mice were returned to the arena, now with two copies
of one of the previously presented objects. Thus,
at test one object appeared in a location that was
novel and one appeared in its previously encountered
location. Increased exploration of the novel object-
location combination would indicate memory for the
test object’s previous location. The left/right position
of the novel object-location combination was counter-
balanced for each mouse.

For the egocentric phase of this task, mice were
placed into the arena at test facing the south wall, as
per all other experiments described here (Fig. 2D). In
the allocentric test phase, mice were placed into the
box in a novel location that was to the side of the
static familiar object, facing the north wall (Fig. 2E).
This alternated left and right depending on the location
of novelty at test and was chosen to emphasize that
increased exploration of the novel combination (i.e.,
away from the allocentric starting location) demon-
strated the motivation to move toward and explore
novelty. Trials were run as follows; four allocentric
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and four egocentric tests at an ITI of 5 minutes,
alternating task type over 8 consecutive days. Due
to the alternation of egocentric and allocentric tasks
daily (and inherent random allocation of novel com-
bination to left or right side of the arena), it was
assumed that mice would have no pattern of experi-
ence with which to predict the side containing novelty
at test. In total, data from 8 trials (4 repeats × 2 task
start points) were collected. As in the NOR and OLT
tasks, only context 1 was used as the background set-
ting and novel object configurations were used for all
repeats.

Experiment 4: What-Which task
for Object-Context memory

Two-component memory performance was tested
further in an object-context (What-Which) memory
task. Two acquisition phases of 3 minutes (with min-
imal delay to move the mouse between them) were
followed by an ITI of 2 minutes prior to a 3-minute
test phase. Acquisition phase 1 consisted of two copies
of the same object presented in one context, followed
by acquisition phase 2 containing two copies of a dif-
ferent object in the other context. At test, a copy of
each object was presented in either context 1 or con-
text 2; thus, one of these objects was now in a novel
context (Fig. 2F). Memory for the What-Which associ-
ation was demonstrated as increased exploration of the
novel object-context combination. The order of expe-
riencing either context 1 or 2 first, and which context
was used at test, was counterbalanced such that data
from four trials were collected, with two from each
context at test.

Experiment 5: What-Where-When task
of episodic-like memory

In order to compare the performance of mice on
the WWWhich task with that of an alternative three-
component task, mice were run in the episodic-like
WWWhen task. The protocol for WWWhen testing
was adapted from that of Good et al. [21]. Combina-
tions of both Letter and Lego® objects were used and
all phases took place in context 1 only. Mice were run
on four occasions over four subsequent testing days.

Each test session comprised two acquisition phases
separated by an ITI of 2 minutes prior to one test
phase, also separated from the acquisition phases by
a 2 minute ITI (Fig. 2G). All phases were 5 minutes
in length. During acquisition phases 1 and 2, there
were two objects placed in the arena, either in the

top left and right corners, or bottom left and right
corners. The order in which phase (top or bottom)
occurred was alternated over the four trials. At test,
all four items were returned to the corners of the arena,
creating combinations as follows: one item from the
first acquisition phase remained in a static position
(Static-Old), one item from the first acquisition stage
was spatially displaced (Displaced-Old), one item from
the second acquisition phase remained in a static
position (Static-Recent), and finally one item from
the second acquisition phase was spatially displaced
(Displaced-Recent; Fig. 2G). For each trial the location
of the four object-location-temporal appearance com-
binations were moved, such that no combination (e.g.,
Static-Old) appeared in the same location at test more
than once. Increased exploration of the less recent,
spatially displaced object (Displaced-Old) would sug-
gest that the mouse has combined object-location and
temporal information to create a What-Where-When
memory.

Data analysis

Proportional differences in exploration between a
novel and familiar object/location/contextual combi-
nation (the displacement value D2) were calculated
as described previously [28]. Specifically, D2 equates
to the time of exploration for the novel combination,
minus the time exploring the familiar combination,
with the result divided by the total exploration time.
On this measure, a score of zero indicates no differ-
ence in exploration of the two objects and values above
zero (maximum of 1) indicate greater exploration of the
novel object or configuration. D2 values were analyzed
with a mixed ANOVA for WWWhich (or time in sec-
onds for WWWhen task) to detect main effects. Group
differences were compared using t-tests with Bonfer-
roni correction for WWWhich performance across the
5 ITIs and in WWWhen for the four object combina-
tions, and in the single and dual component tasks with
single two-tailed, unpaired t-tests. One-sample t-tests
(1-tailed) were also used in each task for comparing
the performance of each group to chance (a ratio of
0) for each test. For the WWWhen task, time in sec-
onds was used as the measure to allow comparison
to those reported previously [21]. However, analyzing
WWWhen data as a proportion of time spent exploring
each item (compared to chance at 0.25), and examining
preferences for the Displaced-Old object combina-
tion versus the other combinations revealed the same
result (data not shown). Locomotor activity (LMA)
in the arena at test was measured offline by counting
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the quadrant crosses made by the mouse during the
3-minute period. A quadrant cross was counted every
time the mouse moved its entire body across one of
the four imaginary lines separating the four quadrants
of the test arena. The total exploration time for both
objects at test was also analyzed to assess motivation
to approach and examine the objects (and to preclude
the possibility that a D2 value of zero simply repre-
sented no object exploration). For each animal, the D2
value was calculated for each task repeat and later com-
bined to produce an overall mean. When scoring videos
offline, it was impossible to blind the experimenter to
genotype at test as control and 3xTgAD mice often
appeared identifiable as control mice had a tendency to
wear out the fur on their nose through over-grooming.
However, all videos were re-coded prior to analysis to
blind the experimenter to both time delay and novelty
position.

Staining for Aβ in the 3xTgAD mouse using
the 6E10 anti-AβPP/Aβ antibody

A� pathology was determined using the 6E10 anti-
body to label the N-terminal 1-16 amino acids of A�
and also the non-proteolytically processed isoform
of human A�PP [3, 4]. While the 6E10 anti-body
also labels non-processed A�PP, there is a strong
correlation between the progression of 6E10 staining
and that of specific A�1-42 antibodies [4]. 30 micron
thick sections were incubated with primary antibody
(6E10, Signet 1 : 3000) in 0.1 M KPB/ 0.1% Triton-
x+1% normal horse serum overnight. Slices were then
incubated with secondary antibody (biotinylated anti-
mouse, Vector Labs, UK, 1 : 200) in 0.1 M KPB/0.1%
Triton-x 100 + 1% normal horse serum for 1 hour and,
thereafter, with Vectorstain Horseradish Peroxidase
ABC kit (Vector Labs, UK) for 30 minutes. Stain-
ing was visualized using a DAB peroxidise kit (Vector
Labs, UK) with nickel enhancement for a period up to
3 minutes. Sections were mounted in dH20 onto 2.5%
gelatine coated slides and left to dry overnight, prior to
cover-slipping using DPEX solution. Slices were visu-
alized under a light microscope (Olympus BX41) and
pictures were taken using a camera (Olympus DP11).

RESULTS

What-Where-Which task of episodic-like memory
at 6 months of age

D2 performance was analyzed in a 2 (geno-
type) by 5 (ITI) mixed ANOVA revealing an effect

of genotype (F(1,80) = 7.95, p < 0.05), but no effect
of delay (F(4,80) = 1.35, p > 0.05) or an interaction
(F(4,80) = 1.33, p > 0.05). The performance of control
mice was significantly above chance at ITI delays up to
10 minutes (all delays: t(9) = >2.93, p < 0.01) but there-
after fell to chance. In contrast, the performance of
3xTgAD mice did not significantly differ from chance
at any delay (Fig. 3, top). To test whether differences in
motivation might explain these results, a 2 (genotype) 5
(ITI) mixed ANOVA was conducted on both LMA
activity and on total object observation at test (Fig. 3,
bottom right and left). For LMA, there was a signifi-
cant effect of ITI (F(4,60) = 2.99, p < 0.05), but not of
genotype (F(1,80) = 4, p > 0.05). For total observation
there was no effect of ITI (F(4,80) = 0.73, p > 0.05),
and there were no significant differences in obser-
vation between genotypes (F(1,80) = 0.09, p > 0.05).
Due to a main effect of genotype for performance,
and the lack of significant performance versus chance
in the 3xTgAD mice, we conclude that 3xTgAD
mice are impaired in WWWhich episodic-like
memory.

Novel Object recognition (What)
and Object location task (Where)
at 11 months of age

In NOR, both 3xTgAD and control mice per-
formed significantly above chance levels (t(11) = 6.40,
p < 0.0001 and t(9) = 2.60, p < 0.05 respectively; Fig. 4,
top panel). Furthermore, there were no significant
differences between the performance of the two
groups (t(20) = 0.50, p > 0.05), nor between their total
object observation (t(20) = 1.39, p > 0.05) or LMA
(t(20) = 0.57, p > 0.05). In OLT, there were no sig-
nificant differences between the performance of the
two groups (t(20) = 1.193, p > 0.05; see Fig. 4, bot-
tom panel). Control mice performed significantly
above chance (t(9) = 3.63, p < 0.01). 3xTgAD perfor-
mance approached but did not quite reach significance
(t(11) = 1.74, p = 0.0545). There were no significant
differences between groups for either total observa-
tion (t(20) = 1.102, p > 0.05) or LMA (t(20) = 0.359,
p > 0.05).

In summary, we conclude that object (‘what’) mem-
ory is unimpaired in the 3xTgAD model. While the
performance of 3xTgAD mice did not differ signif-
icantly from controls in the OLT, their performance
did not quite reach significance. Thus, we conclude
that 3xTgAD mice have a mild deficit in memory for
spatial locations.
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Fig. 3. Episodic-like memory performance in the What-Where-Which task in 3xTgAD versus control mice. Results reveal an episodic-like
memory deficit in 3xTgAD mice at 6 months of age. Top panel: D2 values for 3xTgAD mice (n = 12) and controls (n = 10) at each delay. Bottom
left: Total observation. Bottom Right: Locomotor activity at test. Asterisks denote significantly better performance of control mice versus chance
at **p < 0.01 and *p < 0.05. Hash denotes pair-wise genotype difference in this and all other figures (#p < 0.05). All data in this and subsequent
figures are represented as Mean ± SEM.

What-Where task for Object-Location associative
memory at 9 months of age

The D2 results of the What-Where egocentric verses
allocentric task with an ITI of 5 minutes were analyzed
in a 2 (genotype) by 2 (task type) mixed ANOVA. There
was a significant effect of task type (F(1,20) = 6.10,
p < 0.05), but not genotype (F(1,20) = 0.10, p > 0.05)
with no interaction (Fig. 5, top panel). It was clear
that neither group was above chance in the allocen-
tric version of the task (control t(9) = 0.58, p = 0.29;
3xTgAD t(11) = 0.7, p = 0.25), whereas, control mouse
performances were above chance for the egocentric
task (t(9) = 2.52, p < 0.05). As with the OLT, the per-
formance of 3xTgAD mice approached, but did not
reach, significance (t(11) = 1.694, p = 0.059). Due to
the lack of genotype performance differences in the
allocentric and egocentric mixed ANOVA, and the
poor performance of both genotypes on the allocen-

tric task, D2 values for the egocentric task alone
were compared to identify any genotype differences
in a 2-way unrelated paired t-test. Although 3xTgAD
mice were slightly worse than controls on this ego-
centric task, with a lower performance mean, there
were no significant genotype differences (t(20) = 1.27,
p > 0.05).

To explore the results of the ITI 5 minute
What-Where task further, both LMA and total
observation results were analyzed in a 2 (geno-
type) by 2 (task type) mixed ANOVA (Fig. 5,
bottom panel). For LMA, there was a significant
effect of task type (F(1,20) = 4.36, p < 0.05) but not
genotype (F(1,20) = 2.99, p > 0.05). For total obser-
vation, there was a significant effect of task type
(F(1,20) = 4.96, p < 0.05), genotype (F(1,20) = 5.93,
p < 0.05), and an interaction (F(1,20) = 4.47, p < 0.05).
Post-hoc Bonferroni t-tests found this difference to
lie in the egocentric task (t(20) = 3.12, p < 0.01)
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Fig. 4. Memory for What and Where at a delay of 2 minutes. Top panel: Novel Object Recognition (NOR) task D2 for 3xTgAD and con-
trol mice suggests intact object memory. Top right: Exploratory measures for NOR. Bottom panel: Object Location task (OLT) D2 for
control mice suggests normal object-location memory. 3xTgAD performance approached but did not reach significance (p = 0.054). Bot-
tom right: Exploratory measures for OLT. Asterisks denote the significantly better performance of mice versus chance at *p < 0.05 and
***p < 0.0001.

with 3xTgAD animals showing increased total
observation.

As per the OLT task, no significant genotype dif-
ferences were seen in What-Where task performance.
However, as in the OLT task, 3xTgAD animals did
not show performance levels that were significantly
different from chance levels. Thus, we find a slight
impairment in object-location associative memory in
the 3xTgAD model (but see WWWhen memory sec-
tion and later Discussion).

What-Which task for object-context associative
memory at 12 months of age

D2 values for the What-Which task were com-
pared with t-tests between each genotype and versus
chance. Both 3xTgAD and controls performed sig-
nificantly above chance at the delay of 2 minutes
(3xTgAD t(11) = 3.40, p < 0.01, 129sv t(9) = 3.82,
p < 0.01) and a further unpaired t-test revealed no
significant differences in performance between geno-
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Fig. 5. Egocentric and Allocentric What-Where memory at a delay of 5 minutes. Top panel: What-Where D2 values for 3xTgAD and
control mice at ITI 5 minutes suggest impaired object-location memory in 3xTgAD mice. D2 value for 3xTgAD egocentric perfor-
mance was p = 0.059 whereas neither group could perform above chance in the allocentric trials. Bottom left: Locomotor Activity. Bottom
Right: Total observation displayed a pair-wise genotype difference (#p < 0.05). Asterisks denote the significantly better versus chance at
*p < 0.05.

types (t(20) = 0.78, p > 0.05: see Fig. 6). There were
also no significant genotype differences for total
object observation (t(20) = 0.45, p > 0.05) or LMA
(t(20) = 0.08, p > 0.05) at test. Thus, we conclude that
object-contextual memory is intact in the 3xTgAD
mouse.

What-Where-When episodic-like memory at 14
months of age

In order to control for multiple-component diffi-
culty, all mice were tested in a 3-component WWWhen
task. For this, we used exploration duration as the
measure of performance. A 4 (object combination)
by 2 (genotype) mixed ANOVA revealed an effect
of object combination (F(3,60) = 31.23, p < 0.0001)
and an interaction (F(3,60) = 3.72, p < 0.05), but
no effect of genotype (F(1,60) = 1.42, p > 0.05; see
Fig. 7, top panel). However, Bonferroni post hoc
t-tests revealed a significant genotype difference

for the Displaced-Old object (t(20) = 3.28, p < 0.01).
This was due to increased exploration of the
Displaced-Old object by 3xTgAD mice. Further
Bonferroni post-hoc t-tests revealed the Displaced-
Old object to have significantly higher exploration
than Static-Old for both groups (t(9/11) = >5.0,
p < 0.0001) and also higher than Static-Recent
(t(9/11) = >2.33, p < 0.05). Displaced-Old also had sig-
nificantly more exploration than Displaced-Recent for
3xTgAD mice (t(11) = 6.08, p < 0.0001), thus, both
3xTgAD and control mice preferentially explored the
Displaced-Old object combination, suggesting that
three-component memory (what-where-when) was
intact. This result, in contrast to the results of OLT
and What-Where tasks, suggests that under different
circumstances 3xTgAD mice are capable of demon-
strating intact object-location memory, observable in
their preferential exploration of the more remote
What-Where combination. There were no significant
genotype differences between either total observa-
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Fig. 6. What-Which memory at a delay of 2 minutes. Left Panel: What-Which D2 values show intact object-context performance. Right panels:
Exploratory measures. Asterisks denote the significantly better performance of mice versus chance at **p < 0.01.

tion (t(20) = 0.73, p > 0.05) or LMA (t(20) = 0.69,
p > 0.05).

Amyloid-β pathology in the 3xTgAD mouse,
localized with 6E10 anti AβPP/Aβ antibody

To confirm the presence and progression of A� intra-
cellular pathology, small cohorts of 5, 8, 11, and 15
month old female mice were screened with the 6E10
A�PP/A� antibody (Fig. 8). Multiple sections in the
horizontal and sagittal planes were examined to esti-
mate pathology in neocortex, hippocampus, medial
and lateral entorhinal cortex, and also in postrhinal
and perirhinal cortices (extra-hippocampal structures
associated with some of the component tasks). Intra-
cellular staining for A� was widespread throughout the
pyramidal cell layer of hippocampus proper (CA1 and
CA3) and subiculum at 5 months of age (Fig. 8A and
B, top row) while dentate gyrus remained unstained
at all ages examined (Fig. 8B). At 5 months of age,
deep, layer-specific staining could be seen throughout
cortical structures (Fig. 8A), with heavy labeling in
LEC and MEC (layer V) and sparse cell labeling in
perirhinal and postrhinal cortices (layer V) and neo-
cortex (IV and V). Clear labeling with 6E10 could be
seen in amygdala from 5 months onwards (data not

shown). By 11 months of age onwards, there were
the beginnings of extracellular A� pathology within
subiculum and this spread to CA1 by 15 months of
age (Fig. 8B, bottom). Non-transgenic control mice
displayed no specific staining for 6E10 at any age, con-
sistent with their lack of human AD transgenes (see
Fig. 8B at 5 and 15 months of age).

DISCUSSION

The results of this study show that control mice
can demonstrate memory for objects (What), locations
(Where), configurations of object and location (What-
Where), object and context (What-Which), object,
location, and recency (What-Where-When) and object,
location, and context (What-Where-Which occasion).
This demonstrates, for the first time, episodic-like
memory in control mice in the robust WWWhich-
occasion task. Similarly, 3xTgAD mice, carrying AD
transgenes for A�PPSWE, PS1M146V, and TauP301L
have intact object memory (What), object and context
memory (What-Which), and intact memory for object,
location, and recency (What-Where-When). However,
in stark contrast to controls, they are impaired at iden-
tifying a novel configuration of What, Where, and
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Fig. 7. What-Where-When episodic-like memory at a delay of 2 minutes. Top Panel: Both 3xTgAD and control mice display a significant
preference for the Displaced-Old (episodic-like) object combination over other object combinations suggesting intact What-Where-When
memory processing. Hash denotes genotype difference at #p < 0.05. See text for discussion of other post-hoc comparisons. Bottom right and
left panels: Exploratory measures show no significant genotype differences.

Which occasion and demonstrate slight impairment in
memory for locations (Where) and combinations of
object and location (What-Where). As the pattern of
pathology seen in the Manchester 3xTgAD colony is
qualitatively similar to that demonstrated previously
[3, 4, 27], it is likely that our 3xTgAD mouse cohort had
widespread intracellular hippocampal A� pathology
prior to the onset of WWWhich testing at 6 months of
age. Due to the longitudinal design of the study, we can
only compare the progression of A� pathology during
the subsequent months of testing with non-behavioral
animals sacrificed for the purpose of histology. How-
ever, it is extremely unlikely that the progression of
pathological hallmarks of AD in these mice would
not be identical to the presented immunohistological
data, which are entirely consistent with other published
accounts of 6E10 pathology in the 3xTgAD model
[3, 4].

We argue that this impairment in identifying a
novel configuration of What, Where, and Which occa-
sion represents a selective impairment in episodic-like
memory in the 3xTgAD mouse, without any major

influence from an underlying spatial deficit. While the
theoretical basis for the claim that performance on this
task represents episodic-like memory has been previ-
ously discussed [16, 22], there are specific issues to
be addressed with this demonstration in mice. First,
control mice performed above chance in this task only
at delays of up to 10 minutes, while rats show above
chance performance with delays of up to one hour [12]
and human episodic memory also typically lasts much
longer than this. Nonetheless, the limit of performance
in the WWWhich task does not necessarily reflect the
absolute limit of episodic-like memory: success here
relies on maintaining distinct details of two highly
similar events. Mice (or rats) may still retain signif-
icant information about aspects of the event even at
the delay at which they can no longer perform the task.
It is clear that without specific motivation to remember,
the ability to retain the details (and maintain separate
representation) of two highly similar events may not
last long, even in humans. Indeed, recent research sug-
gests that human patients with hippocampal damage
struggle to maintain object-in-scene information when
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Fig. 8. A�PP/A� pathology in 3xTgAD female mouse. (A) High-magnification pictures of pathology in 5-month old female mice reveal
intracellular A� within hippocampus and cortical structures. Scale bar 50 microns. (B) Dorsal hippocampus in 3xTgAD mice of 5, 8, 11, and 15
months of age at 4× magnification, corresponding to pre- and post-behavioral testing phases. Extracellular A� pathology is clear in subiculum
of 15-month-old 3xTgAD mice. Control mice show no straining or 6E10 at any age, consistent with their lack of the human A�PP transgene.
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memory load is high (i.e., when multiple representa-
tions are required to be held and/or for a period of
time longer than working memory [29]). Therefore,
the present mouse performance may be more compa-
rable to human episodic memory than it at first would
appear. Thus, we claim that the present control mice
are demonstrating episodic-like memory.

The episodic-like impairment in the 3xTgAD mice
could to be due to the presence of early AD pathology
within the hippocampal formation, as no motivational
differences were found for any of the present tasks.
Indeed, the presence of intracellular A� has been
shown to disrupt the performance of the 3xTgAD
mouse during spatial reference memory water-maze
testing, where performance was improved following
the hippocampal clearance of A� using anti-A� anti-
bodies [5]. It is highly unlikely that the deficit in
WWWhich task would have been influenced by tau
pathology, as this does not occur to any great extent
in the 3xTgAD model until at least 12 months of age
[3, 4].

An issue that does arise concerns the specificity
of the impairment in the 3xTgAD mice. While the
3xTgAD mice were impaired in the WWWhich
episodic-like memory task and were unimpaired in
some component tasks, these mice were tested longi-
tudinally at different ages and, therefore, would have
expressed advancing levels of pathology during the
period of testing encompassing the component tasks.
However, a benefit of this design is that mice acted as
their own controls throughout the testing period and
the impairment in episodic-like memory was demon-
strated at the earliest age point and the unimpaired
tasks were tested at later points, when pathology would
be more severe (or at least similar). While 3xTgAD
mice did not demonstrate unambiguously intact spa-
tial performance (i.e., significantly above chance) in
the spatial OLT and What-Where tasks in the months
after WWWhich testing, they were not significantly
different from control animals and their performance
approached significance. For the What-Where task,
there is a potential confound in that a longer acqui-
sition phase (5 minutes versus 3 minutes) was given;
thus, there is the possibility that more object encoding
during acquisition could facilitate performance during
test. While this additional encoding time resulted in no
obvious differences between the level of performance
of either control or 3xTgAD mice in the spatial compo-
nent tasks, it is possible that this additional time could
have masked a clear spatial impairment in the 3xTgAD
model. However, 3xTgAD mice were able to identify
spatially displaced objects in the WWWhen task to

exactly the same level as control mice (albeit with
a different task arrangement than in OLT and What-
Where tasks) suggesting that it is unlikely that such a
mild impairment in spatial (where) or object-location
(what-where) memory could account for the level of
poor performance seen in the WWWhich task. There-
fore, the pattern of WWWhich results is consistent with
a robust deficit in episodic-like memory rather than an
interpretation of an underlying deficit in the spatial task
components.

Our conclusion that a hippocampal deficit in
3xTgAD mice could underlie their WWWhich per-
formance deficit in the current study is supported by
selective hippocampal lesion data [12, 18]. Further-
more, our results are consistent with data suggesting
that lesions within the hippocampal system leave per-
formance on the component tasks intact [12, 30]. The
current results also support accumulating evidence that
the WWWhich-occasion task is a measure of episodic-
like memory that is dissociable from memory for its
components [16, 22, 31]. One possible criticism of this
view is that the three-component WWWhich task may
simply be more difficult than the single or dual com-
ponent tasks: that is, increased difficulty, rather than a
specific reliance on episodic processing mechanisms,
may be the cause of the dissociations observed here and
in previous reports. The current results argue against
this view: the 3xTgAD mice were severely impaired
on the three-component WWWhich occasion task yet
were unimpaired on the three-component WWWhen
task. Thus, the crucial parameter is not the number
of task components; it is rather the specific combina-
tion of component factors that meets the requirement
for episodic-like memory processes (What, Where,
and Which occasion). The current results are entirely
consistent with this view and supported by lesion
data [12, 18]. Thus, performance on component tasks
(supported by non-hippocampal cortical association
areas) remained largely intact here, whereas, pervasive
pathology in the hippocampus could have affected the
association of the three WWWhich components into
an integrated episodic-like memory.

The use of spontaneous recognition tasks, rather
than stressful behavioral paradigms (e.g., water maze),
avoids adding further factors to the interpretation of the
present results, such as an exaggerated stress response
in female 3xTgAD in water maze [32]. While the
current study represents the first time that 3xTgAD
mice have been tested for episodic-like memory in a
spontaneous recognition task, mice carrying the sin-
gle A�PP Swedish gene mutation (Tg2576) have been
tested on similar tasks. Good and colleagues [21, 33]
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reported that Tg2576 mice have similar impairments
to those shown here; however, some crucial differ-
ences are apparent. First, Tg2576 mice are reported
to be impaired on a variant of the What-Where task
[33], while in our spatial component tasks, 3xTgAD
mice were only mildly impaired at the ages we tested.
Moreover, 3xTgAD mice were able to detect a novel
object-location combination on the WWWhen task.
This result is seemingly paradoxical, as the single
gene mutation appears to have produced robust impair-
ment whereas the more inclusive triple gene mutation
has not. However, methodological differences might
account for these discrepancies: in the current study
in our component tasks, we used a constant start-
ing point, rendering the spatial tasks egocentric in
nature. Good and Hale’s [33] What-Where task used a
much bigger arena and had four objects spaced further
apart than in the current study, perhaps encouraging a
stronger allocentric spatial strategy. Specifically, mice
in an arena with widely spaced objects would have
a further distance to travel (and may have to view
each object in isolation), whereas in the current study,
pairs of objects could be seen simultaneously, facilitat-
ing egocentric processing. In addition, in the protocol
of Good and Hale [33], re-located objects swapped
positions; therefore, different mechanisms could be
required when recognizing this type of change (object
swap versus object relocation to a novel location). It
is possible that 3xTgAD mice express a mild deficit in
spatial processing that was not strongly revealed in our
egocentric What-Where task. In support of this argu-
ment, 3xTgAD demonstrated a preference for object
spatial relocation on the ‘harder’ three component
(WWWhen) spatial task. Thus, the What-Where task
used by Good and Hale [33] may be more spatially
taxing, eliciting allocentric processes and, therefore,
revealing a spatial impairment in the Tg2576 mice.
However, in our hands, neither controls nor 3xTgAD
mice were able to perform the allocentric version
of the What-Where task, perhaps because it repre-
sented a shift of strategy for the mice, which have
been using constant starting points for the other tasks
tested.

There is independent evidence that this difference
between egocentric and allocentric starting points
may be important in some spatial tasks. For exam-
ple, Langston and Wood [18] demonstrated that rats
with hippocampal lesions were unable to perform an
allocentric version of the What-Where task, whereas
they could perform the egocentric version. They could
not, however, form WWWhich episodic-like memo-
ries from an egocentric viewpoint, as used here. In the

current study, 3xTgAD mice with hippocampal pathol-
ogy could form an egocentric What-Where memory
to some extent (as a component of the WWWhich
task) but failed to show an egocentric WWWhich-
occasion memory, suggesting that further demands on
the hippocampus are required to make an episodic-
like judgment than for a What-Where combination,
regardless of starting orientation. Further, the 3xTgAD
pathology appears to elicit a similar effect to hip-
pocampal lesions in rats. We suggest that despite the
finding of a spatial processing deficit in similar AD
mice in the literature, our use of an egocentric starting
position allowed the mice to overcome this potential
impairment, at least in the WWWhen task. This sug-
gestion is supported by water maze data, where an
enforced allocentric strategy reveals spatial deficits in
young 3xTgAD mice [5, 32]. In conclusion, while
3xTgAD mice may show subtle deficits in spatial
processing at the ages tested here, the poorer perfor-
mance of 3xTgAD mice in these component tasks does
not account for the level of impairment seen in the
WWWhich task. Specifically, as object and contextual
information remained intact, we suggest that deficits
in WWWhich performance were not simply an addi-
tive impairment derived from an underlying spatial
impairment.

Another discrepancy between the results of the
3xTgAD and Tg2576 mice is the performance on the
WWWhen task [21]. This task is based on the sem-
inal work of Clayton and colleagues with birds [9,
10] and has been developed as a model of episodic-
like memory for rodents. It is thought that WWWhen
task performance, like that of WWWhich, depends
on the hippocampus functioning to associate object
and place information from the association cortices
with contextual or temporal information [16, 34].
However, the WWWhen task has been criticized for
being open to non-episodic solutions [19, 22, 23,
35] such that the differential trace strength of What-
Where memory can give results that may appear as an
integrated episodic memory for What-Where-When.
Indeed, Tg2576 mice showed an awareness of object
recency (What-When), exploring recently seen objects
less than objects presented earlier in the sequence
[21]. However, their deficit in What-Where was again
apparent in that they did not preferentially explore the
novel object-location configuration; thus, the failure
to demonstrate WWWhen memory in Tg2576 mice
[21] may be entirely dependent on the impaired spatial
component. In contrast, in the current study, 3xTgAD
mice were not impaired in WWWhen memory (includ-
ing the What-Where component of this task). This
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supports the suggestion that the WWWhen task is
open to trace strength confounds (i.e., a non-episodic
solution) rather than assuming that different neural
processes are required for the two tasks, as hippocam-
pal lesions are known to impair both WWWhich and
WWWhen types of memory [12, 13, 17, 18, 36].
It is possible rather than having intact WWWhen
episodic-like memory, that 3xTgAD mice were able
to use recency cues (i.e., trace strength) to guide per-
formance.

However, another potential explanation of the appar-
ently intact WWWhen memory in the 3xTgAD mice is
that, as a result of their memory impairment, the mice
could have forgotten (or have relatively weak mem-
ory for) the first presentation phase of the WWWhen
task. This would result in the remote objects appear-
ing to be (relatively) novel at test, inducing increased
exploratory behavior. Increased exploration of the old-
displaced object based on object familiarity differences
resulting from the forgotten first phase could be misin-
terpreted as evidence for WWWhen episodic memory.
However, such forgetting would result in both the
objects which appeared in the first presentation phase
appearing to be (relatively) novel and thus would
result not only in high levels of exploration of the
old-displaced object (as seen) but also equally high
exploration of the old-static object, which was not
seen in the present results. Therefore, this potential
explanation does not bear detailed scrutiny. Thus, due
to the potential of such non-episodic solutions being
employed in tasks with a ‘When’ component, we sug-
gest that the WWWhich-occasion task is a stronger
paradigm for assessing episodic-like memory in both
mice and rats.

In contrast to the WWWhen task, 3xTgAD mice
were severely impaired on the WWWhich episodic-
like task despite being unimpaired at some component
tasks at short time delays: What and What-Which.
It has been argued that the WWWhich task tests
episodic-like memory and is hippocampus-dependent
[18, 22]. Moreover, the task is dissociable from at least
some of its component tasks (What-Which [30]) as,
despite being a recognition task, it specifically tests
episodic (recollected) memory over familiarity-based
processes. Our behavioral evidence suggests, there-
fore, that the neural circuits responsible for object
recognition may be functionally intact for short delays
in the 3xTgAD model. In support of this argument,
the 3xTgAD mouse is impaired from 9 months of age
in the NOR task at long delays of 1.5 and 24 hours
[32]; however, these delays are likely to recruit the
hippocampus, not just perirhinal cortex [37], and from

our WWWhich results we show there is likely to be a
hippocampal impairment in the model. Interestingly,
although there is evidence for A� pathology within
association cortices, we did not see impairment in
the object and contextual memory tasks at the short
delays tested. Thus, it seems that the hippocampus
is more susceptible to impairment due to AD-related
pathology.

In contrast to our findings in the 3xTgAD mouse,
the previously reported deficit in WWWhen memory
in the single mutation Tg2576 mice can be attributed
directly to their impairment in the What-Where task
[33]. Therefore, the present results are the first report
of a selective deficit in a spontaneous recognition test
of episodic-like memory in a transgenic model of
AD. The results further suggest that there could be a
heightened susceptibility of the hippocampal forma-
tion to early AD pathology in the 3xTgAD mouse
that parallels the progression of early human AD,
where episodic memory is often lost and patients
become more reliant on familiarity-based processes
[38, 39]. In the current study design, determining the
pathological state of 3xTgAD mice tested for behav-
ior was not possible due to the longitudinal design;
however, in the months following WWWhich testing
we saw relatively intact component performance. In
our separate sample of mice sacrificed for immuno-
histochemistry at a later date, we saw worsening
of A� pathology from 5 months onwards; thus, it
appears that the observed specific and early impairment
in episodic-like memory was caused by the earli-
est stage AD pathology. For future work, it would
be beneficial to quantify AD pathology specifically
from 3xTgAD animals sacrificed from the behav-
ioral sample and to investigate whether episodic-like
memory is intact in younger 3xTgAD mice, which
carry a lower A� load. It would also be useful to
investigate multiple AD model strains to tease apart
the relative contribution or A� or tau pathology to
performance.

In summary, the current results demonstrate a selec-
tive impairment in episodic-like memory in mice
carrying the AD transgenes for A�PPSWE, PS1M146V,
and TauP301L. These results mirror the early stages of
AD in human patients, showing separation between
the levels of impairment seen in different forms of
memory (episodic versus familiarity-based). Finally,
the results also demonstrate dissociation between
performance on the WWWhich-occasion task of
episodic-like memory and the WWWhen task, suggest-
ing that the former is a more robust task for episodic
memory.



K.E. Davis et al. / Episodic-Like Memory Deficit in 3xTgAD Mouse 697

ACKNOWLEDGMENTS

Miss Roosa Tikkanen is gratefully acknowledged
for contribution to the 6E10 immunohistochemistry.
This work was funded by a BBSRC DTA studentship
to K. Davis.

Authors’ disclosures available online (http://www.j-
alz.com/disclosures/view.php?id=1498).

REFERENCES

[1] Selkoe DJ (1991) The molecular pathology of Alzheimer’s
disease. Neuron 6, 487-498.

[2] Schliebs R, Arendt T (2006) The significance of the cholin-
ergic system in the brain during aging and in Alzheimer’s
disease. J Neural Transm 113, 1625-1644.

[3] Oddo S, Caccamo A, Shepherd JD, Murphy MP, Golde TE,
Kayed R, Metherate R, Mattson MP, Akbari Y, LaFerla FM
(2003) Triple-transgenic model of Alzheimer’s disease with
plaques and tangles: Intracellular Abeta and synaptic dysfunc-
tion. Neuron 39, 409-421.

[4] Mastrangelo MA, Bowers WJ (2008) Detailed immunohisto-
chemical characterization of temporal and spatial progression
of Alzheimer’s disease-related pathologies in male triple-
transgenic mice. BMC Neurosci 9, 81.

[5] Billings LM, Oddo S, Green KN, McGaugh JL, LaFerla
FM (2005) Intraneuronal Abeta causes the onset of early
Alzheimer’s disease-related cognitive deficits in transgenic
mice. Neuron 45, 675-688.

[6] Gulinello M, Gertner M, Mendoza G, Schoenfeld BP, Oddo
S, LaFerla F, Choi CH, McBride SM, Faber DS (2009) Vali-
dation of a 2-day water maze protocol in mice. Behav Brain
Res 196, 220-227.

[7] Pietropaolo S, Feldon J, Yee BK (2008) Age-dependent phe-
notypic characteristics of a triple transgenic mouse model of
Alzheimer disease. Behav Neurosci 122, 733-747.

[8] Tulving E (1983) Elements of episodic memory, Oxford Uni-
versity Press, London.

[9] Clayton NS, Dickinson A (1998) Episodic-like memory dur-
ing cache recovery by scrub jays. Nature 395, 272-274.

[10] Clayton NS, Yu KS, Dickinson A (2001) Scrub jays (Aphelo-
coma coerulescens) form integrated memories of the multiple
features of caching episodes. J Exp Psychol Anim Behav Pro-
cess 27, 17-29.

[11] Babb SJ, Crystal JD (2006) Episodic-like memory in the rat.
Curr Biol 16, 1317-1321.

[12] Eacott MJ, Norman G (2004) Integrated memory for object,
place, and context in rats: A possible model of episodic-like
memory? J Neurosci 24, 1948-1953.

[13] Good MA, Barnes P, Staal V, McGregor A, Honey RC (2007)
Context- but not familiarity-dependent forms of object recog-
nition are impaired following excitotoxic hippocampal lesions
in rats. Behav Neurosci 121, 218-223.

[14] Kart-Teke E, De Souza Silva MA, Huston JP, Dere E (2006)
Wistar rats show episodic-like memory for unique experi-
ences. Neurobiol Learn Mem 85, 173-182.

[15] Eacott MJ, Gaffan EA (2005) The roles of perirhinal cor-
tex, postrhinal cortex, and the fornix in memory for objects,
contexts, and events in the rat. Q J Exp Psychol B 58, 202-
217.

[16] Easton A, Eacott MJ (2010) Recollection of episodic memory
within the medial temporal lobe: Behavioural dissociations

from other types of memory. Behav Brain Res 215, 310-
317.

[17] Langston RF, Stevenson CH, Wilson CL, Saunders I, Wood
ER (2010) The role of hippocampal subregions in memory
for stimulus associations. Behav Brain Res 215, 275-291.

[18] Langston RF, Wood ER (2010) Associative recognition
and the hippocampus: Differential effects of hippocampal
lesions on object-place, object-context and object-place-
context memory. Hippocampus 20, 1139-1153.

[19] Easton A, Webster LA, Eacott MJ (2012) The episodic nature
of episodic-like memories. Learn Mem 19, 146-150.

[20] Yonelinas AP (2001) Components of episodic memory: The
contribution of recollection and familiarity. Philos Trans R
Soc Lond B Biol Sci 356, 1363-1374.

[21] Good MA, Hale G, Staal V (2007) Impaired “episodic-like”
object memory in adult APPswe transgenic mice. Behav Neu-
rosci 121, 443-448.

[22] Eacott MJ, Easton A (2010) Episodic memory in animals:
Remembering which occasion. Neuropsychologia 48, 2273-
2280.

[23] Roberts WA (2008) The current status of cognitive time travel
research in animals. In Handbook of episodic memory, Dere
E, Easton A, Nadel L, Huston JP, Eds. Elsevier, Amsterdam,
pp. 135-154.

[24] Zentall TR (2006) Mental time travel in animals: A challeng-
ing question. Behav Processes 72, 173-183.

[25] Hirata-Fukae C, Li HF, Hoe HS, Gray AJ, Minami
SS, Hamada K, Niikura T, Hua F, Tsukagoshi-Nagai H,
Horikoshi-Sakuraba Y, Mughal M, Rebeck GW, LaFerla FM,
Mattson MP, Iwata N, Saido TC, Klein WL, Duff KE, Aisen
PS, Matsuoka Y (2008) Females exhibit more extensive amy-
loid, but not tau, pathology in an Alzheimer transgenic model.
Brain Res 1216, 92-103.

[26] Carroll JC, Rosario ER, Chang L, Stanczyk FZ, Oddo S,
LaFerla FM, Pike CJ (2007) Progesterone and estrogen regu-
late Alzheimer-like neuropathology in female 3xTg-AD mice.
J Neurosci 27, 13357-13365.

[27] Nicholson RM, Kusne Y, Nowak LA, LaFerla FM, Reiman
EM, Valla J (2010) Regional cerebral glucose uptake in
the 3xTG model of Alzheimer’s disease highlights common
regional vulnerability across AD mouse models. Brain Res
1347, 179-185.

[28] Ennaceur A, Delacour J (1988) A new one-trial test for neu-
robiological studies of memory in rats. 1: Behavioral data.
Behav Brain Res 31, 47-59.

[29] Jeneson A, Mauldin KN, Hopkins RO, Squire LR (2011) The
role of the hippocampus in retaining relational information
across short delays: The importance of memory load. Learn
Mem 18, 301-305.

[30] Norman G, Eacott MJ (2005) Dissociable effects of lesions to
the perirhinal cortex and the postrhinal cortex on memory
for context and objects in rats. Behav Neurosci 119, 557-
566.

[31] Easton A, Fitchett AE, Eacott MJ, Baxter MG (2011) Medial
septal cholinergic neurons are necessary for context-place
memory but not episodic-like memory. Hippocampus 21,
1021-1027.

[32] Clinton LK, Billings LM, Green KN, Caccamo A, Ngo J,
Oddo S, McGaugh JL, LaFerla FM (2007) Age-dependent
sexual dimorphism in cognition and stress response in the
3xTg-AD mice. Neurobiol Dis 28, 76-82.

[33] Good MA, Hale G (2007) The “Swedish” mutation of the
amyloid precursor protein (APPswe) dissociates components
of object-location memory in aged Tg2576 mice. Behav Neu-
rosci 121, 1180-1191.

http://www.j-alz.com/disclosures/view.php?id=1498


698 K.E. Davis et al. / Episodic-Like Memory Deficit in 3xTgAD Mouse

[34] Eichenbaum H, Sauvage M, Fortin N, Komorowski R, Lipton
P (2012) Towards a functional organization of episodic mem-
ory in the medial temporal lobe. Neurosci Biobehav Rev 36,
1597-1608.

[35] Naqshbandi M, Feeney MC, McKenzie TL, Roberts WA
(2007) Testing for episodic-like memory in rats in the absence
of time of day cues: Replication of Babb and Crystal. Behav
Processes 74, 217-225.

[36] Kart-Teke E, Dere E, Brandao ML, Huston JP, De Souza Silva
MA (2007) Reinstatement of episodic-like memory in rats by
neurokinin-1 receptor antagonism. Neurobiol Learn Mem 87,
324-331.

[37] Hammond RS, Tull LE, Stackman RW (2004) On the
delay-dependent involvement of the hippocampus in object
recognition memory. Neurobiol Learn Mem 82, 26-34.

[38] Perry RJ, Hodges JR (1996) Spectrum of memory dys-
function in degenerative disease. Curr Opin Neurol 9,
281-285.

[39] Hudon C, Belleville S, Gauthier S (2009) The assessment
of recognition memory using the Remember/Know proce-
dure in amnestic mild cognitive impairment and probable
Alzheimer’s disease. Brain Cogn 70, 171-179.


