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Fig. 3. Changes in the numbers of SP immunoreactive (ir) cells in the cerebral cortex of 11-week-old NPC = (C, F, I), NPC %) (B, E, H), and NPC /" (A,
D, G) mouse. Both in NPC*'*? and in NPC = mouse, SP-ir cells were present in I-V1 layers of parietal cortex 1 (A, B), and the temporal cortex area 1 (D, E)

and occipital cortex area 1 (G, H). SP immunoreactivity was largely localized in cell bodies and proximal dendritic processes. In NPC

=/~ mouse, the number

of SP-ir neurons was markedly reduced and their dendritic branches were hardly observed, especially in occipital area 1 (I). Magnified images of SP-ir neurons
in frontal cortex 1 of NPC ") (J), and NPC ‘™) mouse (K) showing that SP-ir neurons in NPC #*) (J) have long and prominent processes compared to those
of NPC == mouse (K). The arrows (J. K) indicate the overall sizes of SP-ir somata, SP-ir somata of NPC =) mouse were larger than those of NPC **
mouse. The arrowheads (J, K) denote dendrite lengths of large neurons. Scale bar = 100 um in A-I, 100 um in J, K.

(Fig. 3J). Interestingly, some SP-ir cells in the 11-week-old
NPC /=) mouse cortex were larger than those in NPC "
mouse though the number of SP-ir cells were reduced (Fig.
3K). Distinct localization of SP-ir cells was also observed
throughout the cortices of three mice types [NPC ",
NPC @2 NPC ~/~] at 4 weeks of age (Fig. 4). In layer V/
VI, the majority of cells in 4-week-old NPC ") mouse
cortex (i.e., frontal, occipital cortex) were bipolar or multi-
polar in shape (Fig. 4). When we compared all three mouse
types, there were no statistically significant differences in the
number of SP-ir cells across mouse cortical areas (Figs. 1D~
F). The IR of cell bodies was dense in all population of stained
cells. The dendritic staining using SP antibody was relatively
confined to proximal portions of the dendritic tree (Fig. 4).
Further, in the layer V of occipital cortex area 1, many arrays
of SP-containing fibers were observed (Fig. 4D).

The present study provides first morphological evidences
of VIP, NPY, and SP-ir cell number in the NPC ¢/~ mouse
cortex as well as NPC " and NPC “/~), and provides in-
formation on the altered distribution patterns of those neu-
ropeptides. In the NPC =) versus NPC **) or NPC ¢/
mouse cortex, VIP and NPY-ir cells were not decreased, but
SP-ir cells in frontal cortex areas 1, 2, and 3, occipital cortex
areas 1 and 2, and retrosplenial granular/agranular and
piriform cortices showed >90% reductions. Spatial selective
changes in neuropeptide systems have also been reported in
neurodegenerative diseases such as Alzheimer’s disease
(AD). With regard to VIP, 20-30% decreases in VIP-ir were
reported in the temporal lobes of AD patients [17], and
another study also found reduced levels of this peptide in the
insular and angulate cortices of AD patients [2]. However,
other investigators found no change in VIP [20] and NPY [7]
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Fig. 4. Distinct localizations of SP immunoreactive (ir) cells in the frontal cortex area 1 (A, B, C) and occipital cortex area 1 of 4-week-old NPC ==, P,
NPC *=' (B, E), and NPC ) (A, D) mouse. In all three types of mice, SP-ir cells were present prominently in the IV=V1 layers. Interestingly, SP-ir cells in
the 4-week-old NPC *** occipital cortex 1 (D) had long and prominent processes. Scale bar = 100 um.

levels in the cerebral cortex of the AD brain. Although no
report is available concerning the distribution of NPY-ir cells
in the cerebral cortex of NPC mouse. Several have described
age-related changes of NPY-ir cells in the rat cerebral cortex.
Cha et al. [4] reported 10-50% reductions in NPY-ir neurons
in the cerebral cortices of aged rats, and Zoli et al. [29]
reported a 50% reduction in NP Y-ir neuron count in the aged
rat neostriatum. These discrepancies concemning VIP and
NPY may be due to different pathogeneses, species, or the

experimental methods used, as has been found in many other

neurotransmijtter systems.
SP, a representative of the tachykinin peptide family, is
the first bioactive peptide derived from neural tissue [13]

and has many known functions (e.g., pain transmission, and’

the control of the respiratory and cardiovascular systems).
SP-ir cells have been shown to be widely distributed in the
CNS [16]). In the monkey, many SP-ir cell bodies and fibers
were observed in layers II-VI throughout the cerebral
cortex, and the majority of these cells had bipolar or
multipolar morphologies [10]. In line with our data, a
previous study in the rat also found that SP-ir cells [as
revealed by another SP antibody (Biogenesis, Cat. No.
AR1768)] were scattered throughout the cerebral cortex,
and the number of SP-ir cells were 386-545 in the rat
cerebral cortex [25]. SP may also be associated with
neurodegenerative disease: AD and Huntington’s disease
(13]. An examination of SP distribution in the AD
isocortex and allocortex, using a monoclonal anti-SP
antibody, showed SP depletion in AD [13]. SP-IR was
also found to be significantly attenuated in the cerebral
cortex of Rett syndrome, a motor disability disease that
occurs in women [5]. In the present study, we did not find
any statistically significant (P < 0.05) differences between
the SP-ir cell number staining with 20064 and MAB 356
SP antibody. Major differences were found between
NPC 7 and NPC “™), and between NPC ™~ and
NPC ) in all three regions of the frontal and parietal 1

cortex. The reasons for these regional variations between
the NPC /= versus NPC “*'*) are not determinable by this
morphological study alone.

German et al. suggested that all neurons are not equally
vulnerable to degeneration in NPC '~ mouse. At 11 weeks
of age, low levels of neuron loss were evident in the thalamus
and prefrontal cortex of NPC =/~ mouse, though they show
a 96% loss of Purkinje cells in the cerebellum [8]. Thus, in
NPC ~'=) mouse, specific neurons are targeted by disease
whereas other neurons are less vulnerable to degeneration. In
the 3-week-old NPC '~ mouse, there was an age-related

 reduction in the number of neurons in the prefrontal cortex

(28% reductions) and. thalamus. (20% . reductions) [8].
However, in this study, no substantial cell losses were found
in any cortex area of the 4-week-, 11-week-old NPC (==
mouse versus age-matched NPC " or NPC “/~) mouse by
cresyl-violet staining (Figs. 1D-F). This may indicate that no
massive degeneration or apoptosis occurred to the NPC </~
mouse cortex by 11 weeks of age. Therefore, given the
fundamental role of NPC1 in intracellular lipid transport, we
suggest that abnormal lipid accumulation may be the primary
defect in NPC and that this leads to secondary neurological
impairment [23]. Previous studies demonstrated that the
increased cellular accumulation of lysosomes causes an
increase in lysosomal hydrolases (e.g., cathepsin-D), which
can have a toxic effect on cells [19,26]. The levels of
cathepsins D and E were significantly increased during
normal aging process [18]. In the NPC model mouse, age-
related elevations in cathepsin-D have been observed in both
neurons and microglial cells [9]. Microglial activation is also
needed by the neurodegenerative process of another lysoso-
mal storage disease, Sandhoff disease [26]. Cathepsin-E
hydrolyzed tachykinins, such as substance P and neurokinin
A, with specific cleavage of essential sequences for their
activity [11]. Thus, the reduced numbers of SP-ir cells in NPC
=) ‘mouse appear not to represent a developmental
abnormality, but rather appear to be related with an abnormal
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lysosomal metabolism. However, based on the results of the
present study in isolation, it is not possible to determine
whether reduced SP-ir cell numbers are directly related to the
etiology of this disease. Overall, these results suggest that the
neuropathological consequences of NPC are highly influ-
enced by the neurotransmitter system, especially, SP, in the
cerebral cortex.

The present study demonstrates significantly reduced SP-
ir cell numbers in the cerebral cortex of 1l-week-old
NPC /=) mouse, which suggests that a pathway rather
than one involving NPC1 protein itself may be responsible
for the disease consequences observed in the NPC ¢~/
mouse cerebral cortex. We hope that our study provides
useful data for future investigations.
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AD : Alzheimer’s disease (7 VY /4 < —3)
ApOE : apolipoprotein E (7K # % YRUE E)
HDL : high density lipoprotein (BEEY ARy
S YNRTE)
IDL : intermediate density hpoprotem (PE%E
BURSY V2B

FPHRURZINJEE (ApoE) BRIV ZAFO-IRYEESETBELTRUREONIET
BERAWEFPILINLT—§% (AD) Dfg
BEFTHE_ELSrBELSIICET. CORRER, ApoEDSH2IL A FO—ILEEUAD
FEERECETAMRIERE, TholbH37IY T+ — AKENEBADS ADRIE
EHBALES ETHEBIFHS LTS LA, EEICAPENENL S BIREEN ADR
ECEET 30ROV TRERBROSDECATHY, EFML ApoEMEEICHEE L 14
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REEAPHCOC LABRNIBESERATRETH L
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BERY, #EEHEARONGIERY, BAREET
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L-miEiapim s A 574 E LTOERS ©, HDL
EEERS Y, TIuAFEE V37K (AB) it
HOREFLTEABRBRICHTLERY, MRy
eI AEH, €LTRERAT Y Py
SEGORABRICHTHERAL LICBITS ApoET

AL RO ERZAVA |

LDL : low density hpoprotem (BEEYRSY
N7 R)

MCI : mild cognitive impairment (BEEERA
EE) '

VLDL : very low density lipoprotein (GE{E®E
YRS TR

Alzheimer's disease and apolipoprotein E

Makoto Michikawa : Department of Alzheimer's Disease Research, National Center for Geriatrics and Gerontology (B EFER
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