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Sequence of neurofibrillary changes in aging
and Alzheimer’s disease: A confocal study
with phospho-tau antibody, AD2
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In the present study, neurons of the entorhinal cortex,
hippocampus and frontal lobe from non-demented and
Alzheimer’s disease (AD) cases, were stained in order to
study neurofibrillary changes. We have used double immuno-
labeling with a phosphorylation dependent monoclonal an-
tibody (mAb) to tau, AD2, and the histochemical dye thi-
azin red (TR). MAb AD2 specifically recognizes phosphory-
lated Ser396 and Ser404, while TR shows binding sites for
amyloid-β and tau when they are in fibrillar states. We show
a morphological sequence of changes in the development of
neurofibrillary tangles (NFTs), starting from mAb AD2 dif-
fuse labeling in non-NFT bearing cells recognized by mAb
AD2, then going through two subtypes of intracellular NFTs,
to a final stage as extracellular-NFTs. Morphometric analy-
sis of the density of AD2 immunoreactive structures showed
the NFT density in hippocampus and frontal lobe were the
best parameters to differentiate normal aging from AD. Den-
sities of AD2 immunoreactive structures in hippocampus and
frontal lobe correlated with the Clinical Dementing Rating
score. Based upon the variety of appearances of immunore-
activity displayed by mAb AD2, we were able to stage neu-
rofibrillary changes at the level of individual neurons and
brain areas. Our results demonstrate that the intensity of neu-
rofibrillary changes in the hippocampus as well as the extent
of the degeneration process in association areas differentiate
normal aging from AD, and are well correlated with cognitive
impairment.
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1. Introduction

The classic histopathological hallmarks of Alzheimer
disease (AD) are neurofibrillary tangles (NFTs) and se-
nile plaques. The neurofibrillary pathological struc-
tures are first seen in limbic cortical areas, then spread
in a predictable, non-random way across the isocorti-
cal brain areas [6,26,34,38]. Their density in isocorti-
cal areas has been related to the cognitive impairment
observed in AD [1,3,15,16]. In AD, NFT formation
is associated with neuronal loss [12,23,24] and there
is a strong correlation between neuronal degeneration
and the transition between intracellular and extracel-
lular NFTs [8]. In addition, it is generally assumed
that extracellular NFTs presumably represent neuronal
death [12,21,23,24].

Hyperphosphorylatedtau proteins are the major anti-
genic components of paired helical filaments (PHF),
which form NFTs, dystrophic neurites in neuritic
plaques and neuropil threads [13,22,25,31]. Therefore,
phosphorylation of tau protein has been considered an
important event of PHF formation. Phosphorylation
dependent antibodies were suited to study the gradual
development of neurofibrillary structures [2,5,17] as
well as to identify the phosphorylatedsites that presum-
ably are important in PHF assembly [4,32]. Based on
immunocytochemical preparations, Kimura et al. [28]
studied the changes in tau phosphorylation state with
NFT development. These authors found that phospho-
rylation of sites Ser199, Ser202, Ser409 and Ser422 oc-
curs early in NFT development and these sites remain
phosphorylated throughout later stages of neurodegen-
eration. Tau protein sites Thr231 and Ser396 may also
be phosphorylated in the more advanced stages of NFT
formation [28].
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Monoclonal antibody AD2 (mAb AD2) recognizes
phosphorylation on Ser396 and to a lesser extent on
Ser404 [11]. This antibody detects a phosphorylation
event that seems to be of great importance for micro-
tubule assembly [19] and for all types of tau pathol-
ogy [10]. Using confocal microscopy, we have ana-
lyzed the immunochemical characteristics of mAb AD2
at different stages of NFT formation that are detected
by thiazin red [29,30]. Our confocal analysis provides
further support that mAb AD2 is an useful immunocy-
tochemical probe to define the pathological phospho-
rylation processing of PHF-tau protein.

In this report, we have examined the distribution of
mAb AD2 immunoreactive NFTs in different brain ar-
eas of well-characterized AD and control patients. The
NFT densities were correlated with the Clinical De-
menting Rating (CDR) score, a clinical parameter of
cognitive state [27]. Our findings support that the ex-
tent of neurofibrillary changes associated with abnor-
mally phosphorylated tau protein in the hippocampus
and neocortical areas correlate with cognitive impair-
ment in AD.

2. Materials and methods

2.1. Subjects

Brains were obtained at autopsy (postmortem delay:
7–48 h). Tissue was fixed by immersion in buffered
10% formalin for at least three weeks. 10 demented
cases age 69 to 92 (mean 85± 7 years) diagnosed as AD
and 10 non-demented patients age 63 to 93 (mean 83 ±
10 years) were included. Clinical, neuropathological,
and biochemical data for these cases have been previ-
ously reported [14]. Briefly, brains for AD patients di-
agnosed according to NINCDS-ADRDA criteria, were
neuropathologicaly evaluated according to CERAD cri-
teria. Cognitive status was retrospectively evaluated
with the Clinical Dementia Rating (CDR) score [27].
The CDR values are as follows: 0 = no memory loss,
0.5 = questionable, 1 = mild, 2 = moderate and 3 =
severe dementia. Six of the non-demented group had
a CDR of 0. The other four cases had a CDR of 0.5,
however, did not conform to CERAD criteria for AD
diagnosis. The number of AD cases, by increasing in-
dex of severity, were: 1 at 1; 3 at 2; and 6 at 3. The
patient with CDR score at 1 was diagnosed as an early
or preclinical AD.

2.2. Immunocytochemistry

Paraffin-embedded 8 µm-thick sections were ob-
tained from entorhinal cortex, hippocampal formation
and frontal cortex Brodman area 9 (BA9) regions of
each case. Prior to immunolabeling, sections were
incubated with 0.5% hydrogen peroxide in phosphate
buffered saline (PBS), pH 7.4, for 30 min. Sections
were then incubated overnight, at 4◦C, with the mAb
AD2, diluted 1:500 in PBS containing 0.2% Triton X-
100. An anti-mouse IgG coupled with horseradish per-
oxidase was used as secondary antibody. Visualization
of immunoreactive products was achieved by the per-
oxidase catalyzed reaction of 0.06% diaminobenzidine
with H2O2. The reaction was stopped by immersion
of the slide in PBS and sections were counterstained
with cresyl violet, then dehydrated and coverslipped
in DPX mounting medium (Electron Microscopy Sci-
ences, Washington). Control sections were processed
in which the primary antibody was omitted. In con-
trol preparations, no immunoreactive structures were
detected.

2.3. Confocal microscopy

Selected sections from the hippocampus were
double-labeled with mAb AD2 and the dye thiazin red
(TR; Fluka, Busch). After incubation with mAb AD2,
overnight at 4◦C, sections were then incubated with
FITC-tagged goat anti-mouse IgG, at room tempera-
ture for 1 h. Sections were counterstained with TR
(0.001% in water) for 7 min, washed and mounted in
anti-quenching media (Vectashield, Vector Labs). TR
is a red fluorescent dye that has staining properties sim-
ilar to thioflavin S [36]. It has been extensively used
in our laboratory to differentiate between fibrillar and
non-fibrillar states of aggregation of PHF-associated
tau protein [29,30]. The double-labelled slides were
viewed with a x60 (NA 1.4) oil immersion objective
on a Nikon microscope with attached confocal system
(Bio-Rad MRC 600, Watford, UK). Sections were ex-
cited with green (blue exciter filter, 418 nm) and red
(green exciter filter, 514 nm) for mAb AD2 and TR,
respectively. From each area, 5–15 serial optical Z-
sections (0.2–0.5 µm thick) were collected using the
dual channel image system. Data were stored on re-
writable optical disk cartridges. The criteria to identify
TR-positive intracellular NFTs was based upon tightly-
arranged tangles and the presence of a black rounded
hole, corresponding to the nuclear space. Likewise,
TR-positive extracellular NFTs were defined on the
bases of a loosely-arranged tangles in the absence of
nuclei and associated lipofuscin granules.
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2.4. Morphometry and statistics

The density of intracellular NFTs was determined
by counting three different fields randomly chosen in
each region. The fields of the hippocampus formation
were counted as the: CA3-CA2 and CA1-subiculum.
Entorhinal cortical layers II and IV were considered
together. Polymodal association cortex of BA9 in the
frontal cortex was considered alone. Counting was
made using a 20x objective lens. The density of AD2-
immunoreactive intracellular NFTs was expressed as
the number of structures per mm2. Data were com-
piled and processed using standard software. The com-
parisons between 10 AD and 10 non-demented cases
were made using the t-student test. Demented and non-
demented cases were considered in the analysis of the
correlation between density of intracellular NFTs and
CDR score using the Spearman’s r coefficient.

3. Results

3.1. Double labelling with mAb AD2 and thiazin red
in the hippocampus

A. Neurons devoid of NFTs
Both in control cases and AD, pyramidal neurons

with morphological normal appearance which were
present in the hippocampus, mainly in CA1 and subicu-
lum, exhibited perinuclear (arrow in Fig. 1(a)) and cy-
toplasmic diffuse granular mAb AD2 immunoreactiv-
ity (arrows in Fig. 1(b)). These mAb AD2 immunore-
active deposits were, in general, not detected with TR,
suggesting a non fibrillar state of the first neuropatho-
logical changes related to mAb AD2 antigen (Figs 1(b)
and 3(B)). However, in some non NFT-bearing neu-
ronal cells the mAb AD2 immunoreactivity that was
found in association with endogenous membranes colo-
calized with TR, while no traces of AD2 immunoreac-
tivity were observed within the karyoplasm (Figs 1(a)
and 3(A), arrow). MAb AD2 immunoreactivity was
frequently observed mingled with autofluorescent lipo-
fuscin granules located in the cytoplasmic compartment
(arrowhead in Figs 1(a) and 3(A); arrows in Figs 1(b)
and 3(B)).

B. Intracellular-NFTs
Intracellular-NFTs were immunolabeled with mAb

AD2. Using double labeling confocal microscopy with
this antibody and TR, the fibrillar state of aggrega-
tion of AD2 immunoreactive products was analyzed in

Fig. 1. a–c Double labeling with mAb AD2 and TR in AD brains.
(a) a Patchy perinuclear mAb AD2 immunoreactivity is observed in
the green channel (left side, arrow) that is faintly detected by TR in
the red channel. A fraction of the autofluorescent lipofuscin granules
located on the vicinity of the nucleus is also detected by mAb AD2
(arrowhead). b) Granular mAb AD2 immunoreactivity (arrows) was
observed mingled with lipofuscin granules deposits (arrowheads)
which are detected in the red channel. Asterisks correspond to the
nuclei of the cells. (c) An intracellular tangle that is detected by TR
in the red channel displays a mAb AD2 immunoreactivity that takes
the form of dense amorphous granular material distributed in patches
along the structure (left side, thick arrow). The immunoreactive de-
posits observed toward the upper part of the cells is not TR associated
(left side, thin arrow). The nucleus of the cell appears as a black hole
(asterisk). Scale bars = 10 µm.

these tangles. This approach evidenced two consis-
tent subtypes of intracellular-NFTs (Figs 3(C) and (D)).
As Fig. 1(c) shows, the somatic compartment of neu-
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Fig. 2. a–c Double labeling with AD2 and TR. (a) A typical intra-
cellular-NFT (arrow) is double labeled with mAb AD2 in the green
channel (left side) and TR (right side) in the red channel. Autoflu-
orescent lipofuscin granules deposits are only observed in the red
channel (arrowhead). (b) Extracellular NFT located in the upper part
of the image is only detected by TR in the red channel (thick arrow).
The extracellular-NFT located in the lower part of the image dis-
played a residual coarse granular mAb AD2 immunoreactivity (thin
arrow). (c) Dystrophic neurites associated with a neuritic plaque
whose core is constituted by amyloid-β deposits (asterisk) displayed
an heterogeneity in both shapes and patterns of immunolabeling with
mAb AD2. Large and round neurites were either double labeled with
the two markers (thick arrows) or identified only by mAb AD2 (ar-
rowheads). The long and slender neurites were double labeled with
mAb AD2 and TR (thin arrows). Scale bars = 10 µm.

ronal cell displayed the first subtype of intracellular-
NFTs that was characterized by granular mAb AD2 im-
munoreactivity (Fig. 1(c) left) and positive labeling by

Fig. 3. A Merged color image corresponding to Fig. 1(a) for dou-
ble labeling AD2 and TR. B Merged color image corresponding to
Fig. 1(b). C Merged color image corresponding to Fig. 1(c). D
Merged color image corresponding to Fig. 2(a). E Merged color im-
age corresponding to Fig. 2(b). F Merged color image corresponding
to Fig. 2(c). Scale bars = 10 µm.

TR (Fig. 1(c), right). When both channels were merged
the spatial relation between mAb AD2 granular im-
munoreactivity in green color and PHFs detected by TR
in the red channel was observed unevenly distributed
along the citoplasmic surface of the cell (Fig. 3(C)).

The second subtype of intracellular-NFTs was the
typical NFT. This lesion was characterized by double
labeling of fibrillar appearance which was evident in
both channels (Fig. 1(d), left and right arrows). The
merged image showed the colocalization (in yellow
color) between mAb AD2 fibrillar immunoreactivity
and TR (Fig. 3(D)). This differential mAb AD2 labeling
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found in these two subtypes of tangles may reflect the
state of aggregation of hyperphosphorylated tau in the
intracellular-NFTs. For all the cases studied, the second
subtype of intracellular-NFTs was the prevalent form
of tangles.

C. Extracellular-NFTs
It has been established that PHF-associated tau pro-

tein from intracellular-NFTs, during their transition to
the extracellular space to become a “ghost”, lose its
whole amino terminus and portions of the carboxyl
terminus [9,18]. In double labeling mAb AD2 and
TR, we identified two subtypes of extracellular NFTs
whose differences appeared to be related to the degree
of proteolysis in the extracellular space. In subtype 1
extracellular-NFT, illustrated in Fig. 2(b) (thin arrow),
mAb AD2 immunoreactivity took the form of granular
material (green channel) distributed in “patches” along
the surface of the loosely-arranged tangle detected by
TR in the red channel (Figs 2(b) and 3(E), thin arrow).

We have called subtype 2 extracellular-NFTs those
which appear to be highly degraded. These NFTs have
lost all traces of antigenicity for mAb AD2 and are only
detected by TR in the red channel (Figs 2(b) and 3(E),
thick arrow).

D. Dystrophic neurites and neuropil threads
The large amounts of dystrophic neurites present in

neuritic plaques allowed us to better analyze the differ-
ent subtypes of such structures as detected by mAb AD2
(Fig. 3(F)). We were able to identify a heterogeneity of
immunoreactive dystrophic neurites based upon their
size, shape, degree of immunoreactivity and differential
distribution. The majority of mAb AD2 immunoreac-
tive neurites associated with the amyloid-β fibrillar de-
posits detected by TR in the red channel (Figs 2(c) and
3(F), asterisk) were large and round (Fig. 3(F)). Some
of these enlarged neurites were double labeled by mAb
AD2 and TR (Figs 2(c) and 3(F), thick arrows) while
some other presented a granular pattern of mAb AD2
immunoreactivity rather than fibrillar and were unde-
tected by TR (Figs 2(c) and 3(F), arrowheads). These
patterns of labeling suggest differential states of phos-
phorylated tau aggregation. Large and round neurites
associated to amyloid plaques were observed mainly in
molecular layer of the dentate gyrus, CA1 and subicu-
lum regions. Conversely to the latter neurites, long and
slender neurites distributed in the neuropil could be as-
sociated or not to amyloid-β deposits. These neurites
were mAb AD2 immunoreactive and double labeled
by TR (Figs 2(c) and 3(F), thin arrows). This kind

of neurites when observed randomly distributed in the
neuropil did not present any preferential location in the
areas studied but were particularly abundant in the most
severe cases of AD.

3.2. Densities of mAb AD2 immunoreactive structures
in AD and non demented control cases

When we quantified the number of mAb AD2 im-
munoreactive cells displaying the perinuclear and cy-
toplasmic diffuse patterns both in AD and control cases
by areas, non statistical difference was found.

The quantification of mAb AD2 immunoreactive
intracellular-NFTs in CA3-CA2 (P = 0.003), CA1-
subiculum (P < 0.0001), entorhinal cortex (P =
0.0009) and BA9 (P = 0.008), revealed that their den-
sity were significantly different between AD and non-
demented groups (Fig. 4). In AD cases the highest
density of intracellular-NFTs was found in the CA1-
subiculum region, followed by entorhinal cortex, BA9
in the frontal cortex and in CA3-CA2 areas in the hip-
pocampus. Control cases did not show this distribution
pattern (Fig. 4).

3.3. Correlation between tangles and CDR

No correlation was found between the density of
mAb AD2 immunoreactive cells displaying the perin-
uclear and cytoplasmic diffuse patterns and cognitive
impairment among the cases studied.

On the other hand, the density of mAb AD2 im-
munoreactive intracellular-NFTs in the 20 cases cor-
related with the cognitive impairment which was pre-
viously established with the CDR score for each case.
When all the regions in the hippocampus were con-
sidered together, the correlation between density and
CDR was statistically significant (r = 0.7964, P <

0.0001). Additionally, when each region was analyzed
separately the densities of mAb AD2 immunoreac-
tive intracellular-NFTs correlated significantly with the
CDR value in CA3-CA2 (r = 0.7948, P < 0.0001),
CA1-subiculum (r = 0.814, P < 0.0001) and in
entorhinal cortex (r = 0.6979, P = 0.0006). The
highest correlation was found in the frontal cortex
(r = 0.8274, P < 0.0001).
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Fig. 4. Regional distribution of mAb AD2 immunoreactive NFTs in demented and non-demented groups. Three regions in the hippocampus
(CA3-CA2, CA1-subiculum and entorhinal cortex) and one in the frontal lobe (BA9) were assessed. Density of NFTs corresponded to the average
of 10 AD-cases and 10 non-demented cases. NFTs counts were performed using a 20x objective. Error bars represent standard error of the mean
(SEM). For each region the statistical significance of the differences between density of NFTs for AD and non-demented groups was *P < 0.01
for CA3-CA2 and BA9, and **P < 0.001 in CA1-subiculum and entorhinal cortex areas.

4. Discussion

The present study focused on the spatio-temporal
formation of neurofibrillary changes that occur in nor-
mal aging and AD [2,5,17]. The study was performed
using mAb AD2, an antibody that detects a phospho-
rylated epitope of the tau protein which is generated by
phosphorylation of Ser396 and Ser404 residues [11].
Our quantitative study compared the changes in ag-
ing versus those observed in AD. Both in AD and
non-demented cases, we found non-NFT bearing neu-
rons which displayed a diffuse and granular AD2 im-
munoreactivity in the perinuclear area. Characteristi-
cally, these amorphous deposits were undetected by TR
in the red channel (Figs 1(b) and 3(B)) suggesting a
non-fibrillar state of such deposits. In addition, both
in control and AD cases, these AD2 immunoreactive
deposits were frequently associated with membranous
structures like nuclear envelope (Figs 1(a) and 3(A))
and lipofuscin granules (Figs 1(b) and 3(B)). These
findings agree with previous reports which demonstrate
close association of tau immunoreactivity and endoge-
nous membranes such as mitochondria, rough endo-
plasmic reticulum and lipofuscin granules [7,20,29]. In
general, we interpret these results as representing early
stages of tau accumulation probably occurring mem-
brane bound. In this regard, membranous support may
act as a template for the nucleation of the phosphory-
lated tau leading to PHFs formation as is showed in
Figs 1a and 3A. The finding of mAb AD2 immunore-
active deposits in a non-fibrillar state as demonstrated

with TR (Figs 1(b) and 3(B)), supports previous publi-
cations suggesting that abnormally phosphorylation of
tau protein precedes NFTs formation [2,5]. According
with this, the non-fibrillar AD2 immunoreactive de-
posits may correspond to Braak’s group 1 [5] or stage
0 of Bancher’s classification [2]. Our findings appear
to contrast with Kimura et al., in which they report
that phosphorylation at Thr231 and Ser396 occurs after
PHF assembly [28], a result that could be due to the ad-
ditional recognition of mAb AD2 of a phosphorylated
site on Ser404 in the tau molecule.

In this confocal microscopical analysis we were
able to distinguish subtypes of NFTs based upon their
patterns of AD2 immunoreactivity and TR counter-
staining. In this regard, a subpopulation of TR posi-
tive intracellular-NFTs displayed an AD2 immunore-
activity which was diffuse granular rather than fib-
rillar, and distributed along the surface of the TR
positive tangle (see Figs 1(c) and 3(C)). The second
subpopulation of TR positive intracellular-NFTs was
characterized by a clear colocalization between AD2
immunoreactivity and TR (Fig. 2(a)). This type of
intracellular-NFT appeared green-yellow in the merged
image (see Fig. 3(D)). Following Braak classification
of NFT [5] the first population of structures charac-
terized by diffuse granular mAb AD2 immunoreactiv-
ity (Figs 1(c) and 3(C)) would correspond to Group 2,
while the second population (Figs 2(a) and 3(D)) to
Group 3. As the AD cases used in our study were
classified with moderate to severe dementia we ex-
pected to find mainly Group 3 mAb AD2 immunore-
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Fig. 5. Schematic drawing summarizing stages of mAb AD2 immunoreactivity in tangles. Stage 1 (pre-tangle stage I) corresponds to
perinuclear and diffuse AD2 immunoreactivity which is generally undetected by TR. Stage 2 is characterized by amorphous granular mAb AD2
immunoreactivity located throughout the cytoplasm (pre-tangle stage II). TR fails to detect this stage. Stage 3 was characterized by granular AD2
immunoreactivity distributed along the intracellular tangle which is detected by TR. (tangle stage I). Stage 4. The typical intracellular tangle with
fibrillar appearance is double labeled with AD2 and TR (tangle stage II). Stage 5 corresponds to a transitional stage in which the intracellular-NFT
has become extracellular but still displays a coarse and sparse granular AD2 immunoreactivity (E-NFT stage I). Eventually the “ghost” tangle
lacks antigenicity for mAb AD2 (E-NFT stage II).

active intracellular-NFTs. In general, the amount of
the Group 2 intracellular-NFT was lower than Group 3
intracellular-NFTs. This observation is consistent with
Group 2 intracellular-NFTs preceding Group 3.

A scheme of the staging of NFT formation based
upon AD2 immunoreactivity and TR counterstaining is
illustrated in Fig. 5. According with this, stage 1 corre-
sponds to the structure illustrated in Fig. 3(A) and char-
acterized by AD2 (+) immunoreactivity of perinuclear
and diffuse appearance and TR (−). Stage 2 (illustrated
in Fig. 3(B)) is characterized by dense AD2 (+) im-
munoreactivity TR (−) widespread in the perinuclear
area and the cytoplasm. These states would correspond
to “pre-tangle” stages. Stage 3 (illustrated in Fig. 3(C))
is characterized by either AD2 (+) of granular appear-
ance and TR (+). Stage 4, intracellular-NFT is shown
in Fig. 3(D) and characterized by full colocalization
AD2 (+) and TR (+). The last stage 5 (illustrated in
Fig. 3(E)) may correspond to Group 4 from Braak’s
classification [5]. This stage 5 tangle was characterized
by an AD2 immunoreactivity similar to that present in
stage 3 NFT formation, i.e. granular appearance rather
than fibrillar. As the immunoreactivity to phospho-
dependent antibody AD2 present on extracellular-NFTs
is not possible to originate in the extracellular space, it
may result from gradual proteolysis of the AD2 antigen
in the transition of the intracellular-NFT to the extracel-

lular space to become an extracellular-NFT. Eventually,
as shown in Fig. 3(E) (thick arrow) AD2 immunoreac-
tivity would be lost in mature extracellular-NFTs. As
it has been previously demonstrated, this structure will
immunoreact with antibodies against ubiquitin [33] or
truncated tau protein [29]. Furthermore, TR binding
sites are also lost in the later stages of NFT degrada-
tion [30]. Similar stages of NFT formation as we il-
lustrate in Fig. 5 have been recently described using a
variety of immunological markers which identify PHF-
associated tau protein [8,12,20,24]. All these reports
provide evidences that intracellular-NFTs develop to
extracellular-NFTs and that these lesions are in part
related to neuronal death.

MAb AD2 labels PHFs at the electron microscopic
level [35] and PHF-tau on immunoblots, allowing us to
use it to define the biochemical pathway of neurofibril-
lary degeneration both in normal aging and AD [14].
Here, we analyzed the distribution and density of mAb
AD2 immunoreactive intracellular-NFTs. The mor-
phometric analysis evidenced differences between non
demented aged cases and AD, related to the regional
distribution and density of intracellular-NFTs found.
As Fig. 4 shows, in AD cases intracellular-NFTs were
found in high amount throughout the hippocampus, en-
torhinal cortex and frontal cortex, therefore we believe
that measurements of mAb AD2 tangles densities could
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be a suitable parameter to differentiate AD from non-
demented cases.

On the other hand, it is generally accepted that the
relationship between cognitive dysfunction and neu-
rofibrillary degeneration is established only when they
occur in the neocortex [1,3,15,16]. However, some
studies have shown correlation between the density of
neurofibrillary structures and the cognitive impairment
in the hippocampus as it is shown in this paper [20,21,
24]. We studied the relationship between the density
of AD2 immunoreactive NFTs and cognitive status as
defined by the CDR score. We found the highest corre-
lation in the BA9 (r = 0.8274, P < 0.0001) and CA1-
subiculum (r = 0.814, P < 0.0001) areas. Likewise,
in CA3-CA2 and entorhinal cortical regions the den-
sity of intracellular-NFTs also correlated significantly
with the CDR. These findings provides evidences that
the increment in the density of mAb AD2 intracellular-
NFTs in the hippocampus also influences cognitive im-
pairment in AD. Taken all these data together, we can
conclude that the extent of neurofibrillary changes both
in the hippocampal and in the polymodal association
neocortical areas, correlate well with cognitive impair-
ment. However, these findings do not exclude the pos-
sibility that other mechanisms different to NFT for-
mation may be involved in neuronal degeneration and
death observed in vulnerable regions like hippocampus
during AD.

In conclusion, our result provide evidence for the se-
quence of tangle formation as detected by mAb AD2.
Our observations suggest that this process is charac-
terized by a number of serial discrete stages. In ad-
dition, mAb AD2 immunoreactive intracellular-NFTs
occurs in normal aged people, however, in significantly
lower amounts than in AD cases and mainly distributed
in entorhinal cortex and CA1-subicular regions. This
study also indicates that the increase in the number of
mAb AD2 immunoreactive intracellular-NFTs in sus-
ceptible regions, is related closely to the severity of de-
mentia in AD. Finally, these findings demonstrate the
value of the combination of accurate immunological
markers with TR in confocal microscopy to understand
the complex tau pathological processing leading to the
PHFs assembly in AD and the disruption of neuronal
networks.
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