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Abstract The nuclei of the pontine parabrachial region
(medial parabrachial nucleus, MPB; lateral parabrachial
nucleus, LPB; subpeduncular nucleus, SPP) together with
the intermediate zone of the medullary reticular formation
(IRZ) are pivota relay stations within central autonomic
regulatory feedback systems. This study was undertaken
to investigate the evolution of the Alzheimer’s disease-re-
lated cytoskeletal pathology in these four sites of the lower
brain stem. We examined the MPB, LPB, SPP and IRZ in
27 autopsy cases and classified the cortical Alzheimer-re-
lated cytoskeletal anomalies according to an established
staging system (neurofibrillary tangle/neuropil threads
[NFT/NT] stages 1-V1). The lesions were visualized ei-
ther with the antibody AT8, which is immunospecific for
the abnormally phosphorylated form of the cytoskeletal
protein tau, or with amodified Gallyas silver iodide stain.
The MPB, SPB, and IRZ display cytoskeletal pathology
in stage| and the LPB in stage 11, whereby bothstages cor-
respond to the preclinical phase of Alzheimer’'s disease
(AD). In stages I11-1V (incipient AD), the MPB and SPP
are severely affected. In all of the stage |11V cases, the
lesionsin the LPB and IRZ are well developed. In stages
V and VI (clinical phase of AD), the MPB and SPP are
filled with the abnormal intraneuronal material. At stages
V-VI, the LPB is moderately involved and the IRZ shows
severe damage. The pathogenesis of the AD-related cy-
toskeletal lesions in the nuclei of the pontine parabrachial
region and in the IRZ conforms with the cortical NFT/NT
staging sequence 1-VI. In the event that the cytoskeletal
pathology observed in this study impairs the function of
the nerve cells involved, it is conceivable that autonomic
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mechanisms progressively deteriorate with advancing cor-
tical NFT/NT stages. This relationship remains to be es-
tablished, but it could provide insightsinto theillusive cor-
relation between the AD-related cytoskeletal pathology
and the function of affected neurons.
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Introduction

From a cytopathological standpoint, the “calling cards,”
so to speak,of Alzheimer’s disease (AD) are the intraneu-
ronal neurofibrillary tangles (NFTs) and neuropil threads
(NTs). These solid bundles of non-soluble fibril networks
have their pathogenesisin anomalies of the neuronal cyto-
skeleton caused by the abnormally phosphorylated form
of the cytoskeletal protein tau [5, 18, 29, 43]. Accompa-
nying abnormalities, i.e., the extracellular deposition of
the protein B-amyloid, evolve independently [7, 9].

The abnormal tau protein appears in immunoreactions
with the antibody ATS8 at first as an evenly distributed
non-argyrophilic materia in the neuronal cell processes
and somata of involved nerve cells [5, 18, 19, 30, 43]. Ag-
gregation of this material presumably results in solid ar-
gyrophilic fiber bundles. The latter present in the somata
asNFTsandin dendritesas NTs[8, 16, 18, 28, 43]. Cross-
sectional studies reveal that AD-related cytoskeletal pa-
thology within the cerebral cortex follows a specific pat-
tern which displays only little inter-patient variation and
passes through six NFT/NT stages[7, 9, 26].

At present, AD is a progressive degenerative disorder
of the human brain capable of being diagnosed only when
patients are in the final stages of the disease [42]. In spite
of intense research efforts on multiple fronts, tangible pro-
gress towards development of effective early diagnostic
and monitoring strategies for AD patients based on neu-
ropsychological testing methods remains elusive [42, 50].

Although, in the search for such clinical parameters, it
is legitimate to check the functional integrity of brain
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stem nuclei known to be involved in AD by administering
clinical or neurophysiological tests[17, 25, 36, 39, 51], it
remains to be determined neuropathol ogically whether the
brain stem nuclei involved in specific autonomic CNS
functions are among the early targets of the AD-related
cytoskeletal pathology at al and, if so, whether the devel-
opment of the interneuronal lesions in these nuclei corre-
lates with the progression of the six cortical NFT/NT sta-
ges that reflect the clinical progression of theillness[2, 7,
9.

Neuropathologists have known since the late eighties
that the nuclel of the pontine parabrachial region (medial

ml

(==
C

<

Fig.1 A Median view of a mediosaggital section through the hu-
man brain. The lines drawn through the brain stem indicate the
sectional plane of the frontal sections presented in B—D (line B sec-
tional plane of the section in B, line C sectional plane of the sec-
tionin C, line D sectional plane of the section in D). B-D Schema-
tized frontal sections cut perpendicular to the brain stem axis of
Meynert showing the nuclel of the pontine parabrachial region and
the IRZ outlined by bold lines (for orientation, see A). B Rostral
pons with the rostral portions of the LPB and the rostral portions of
the MPB. C Rostral pons with the caudal portions of the LPB, the
caudal portions of the MPB, and the SPP. D Medulla oblongata
with the caudal portions of the IRZ (A ambiguus nucleus, ARC ar-
cuate nucleus, CR central raphe nucleus, DR dorsal raphe nucleus,
DTG dorsal tegmental nucleus [nucleus of Gudden], ECU external
cuneate nucleus, |C intercalated nucleus of the medulla oblongata,

parabrachial nucleus, MPB; lateral parabrachial nucleus,
LPB; subpeduncular pigmented nucleus, SPP) are among
the victims of the neurofibrillary tangle pathology [17,
36]. We know that all three of the aforementioned nuclei
are vital relay stations within central autonomic neuronal
circuits [3, 11, 20, 22, 36, 40]. Closely connected with the
nuclei of the pontine parabrachial region is the intermedi-
ate zone of the medullary reticular formation (IRZ), the
central autonomic region of the medulla oblongata [24,
33, 40]. Although AD-related NFTS/NTs have been docu-
mented in the medullary reticular formation previously
[29, 54], it has not yet been shown whether the intermedi-

MPB

D

10 inferior olive, IRZ intermediate zone of the medullary reticular
formation, LC locus coeruleus, Il lateral lemniscus, LPB lateral
parabrachial nucleus, LR lateral reticular nucleus, me V mesen-
cephalic trigeminal tract, ml medial lemniscus, mif medial longitu-
dinal fascicle, MPB medial parabrachial nucleus, MR media nu-
cleus of the medullary reticular formation, MV medial vestibular
nucleus, PBB pontobulbar body, PCR parvocellular reticular nu-
cleus, PN pontine nuclei, PNO pontine reticular formation, oral nu-
cleus, PPT peduncul opontine tegmental nucleus, RMG raphe mag-
nus nucleus, RPA raphe pallidus nucleus, RTG reticulotegmental
nucleus of the pons [nucleus of Bechterew], SAG sagulum, SC sub-
coeruleus nucleus, scp superior cerebellar peduncle, sol solitary
tract, SPC spinal trigeminal nucleus, sp V spinal trigeminal tract,
SPP subpeduncular pigmented nucleus, 4 V fourth ventricle, IX/X
dorsal glossopharyngeal and vagal area, XIl hypoglossal nucleus)



ate zone is involved in the neurofibrillary cytoskeletal
pathol ogy.

As such, this study had two aims: First, to determine at
what point in time the three nuclei of the pontine para-
brachial region show the initial signs of AD-related cyto-
skeletal pathology and whether the latter conforms with
the developmental stages of the lesions as they are known
to us from the cerebral cortex. Second, we wanted to see
whether and in which of the six cortical stagesthe IRZ be-
comes affected by the cytoskeletal lesions.

Anatomical remarks

The nuclel of the pontine parabrachial region include the
MPB, LPB together with the SPP. All three are situated in
the rostral portions of the pons and encircle the superior
cerebellar peduncle (Fig. 1A-D) [11, 36, 38, 40]. Rostral-
ly, the nuclel of the pontine parabrachial region are re-
placed by the pedunculopontine nucleus and the sagulum
(Fig.1B). The former terminate at the caudal end of the
superior cerebellar peduncle. With their afferent and effer-
ent fiber tracts, these pontine nuclei link up medullary au-
tonomic centers (e.g., the intermediate reticular zone, the
dorsal glossopharyngeal and vagal area) with telence-
phalic autonomic centers (e.g., amygdala, hypothalamus)
[3, 11, 20, 22, 24, 33, 35, 40].

The demarcation lines of the IRZ were defined in
1986. In frontal sections through the lower brain stem, the
IRZ appears as an oblique band of nerve cells which
sweeps arch-like through the medulla oblongata (Fig. 1D).
Dorsally, both the rostral and the cauda parts of the IRZ
abut on the glossopharyngeal and vagal area, and in so do-
ing harbor the ambiguus nucleus (Fig.1D). The rostral
portions of the IRZ are situated | aterally from the giganto-
cellular reticular nucleus, medially from the parvocellular
reticular nucleus, and extend nearly to the surface of the
medulla oblongata. The caudal portions separate the me-
dial reticular nucleus from the laterally situated dorsal
reticular nucleus and extend to the lateral reticular nucleus
(Fig.1D). The medium-sized fusiform nerve cells and tri-
angular neuronsof the IRZ are oriented with their longitu-
dinal axes parallel to the arch-like course of the IRZ [24,
33, 40]. The IRZ isamgor link between the dorsal glos-
sopharyngeal and vagal area and the nuclei of the
parabrachial region. It is known as an important center of
respiratory and cardiovascular autonomic activities [24,
33, 40].

Material and methods

We investigated 27 cases at autopsy (16 females, mean age 80.1+
6.8 years; 11 males, mean age 78.7+8.7 years). Following fixation
in a 4% aqueous formaldehyde solution, the brain stems of al
27 cases were severed perpendicular to the brain stem axis of
Meynert at the level of the inferior colliculus. Blocks of tissue ex-
cised from the hemispheres were embedded in polyethylene glycol
(PEG 1000, Merck) and cut perpendicular to the intercommissural
axis into uninterrupted series of 100 pm sections. The brain stems
were not dissected further, but rather dehydrated in toto, embedded
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in PEG, and microtomed into unbroken series of 100 pum frontal
sections [7, 52].

On the 1gt, 11th, 214t, etc. of these serial sections, which were
stained with aldehyde-fuchsin Darrow red [7], we defined the bor-
ders of the LPB, the MPB, the SPP and the IRZ [24, 33, 36, 38,
40]. We stained the 2nd,12th, 22nd, etc. sections of these series
with the modified Gallyas silver iodide technique to ascertain the
presence of AD-related neurofibrillary pathology [8, 16, 28]. The
3rd, 13th, 23rd, etc. sections of al series were stained with the
Campbell-Switzer silver-pyridine technique for identifying depo-
sits of the protein B-amyloid. Finally, we treated the 4th, 14th,
24th, etc. of the serial sections from 24 selected cases with the
monoclona antibody AT8 to visualize existing abnormal cy-
toskeletal tau protein (Innogenetics, Ghent, Belgium; dilution 1:
2000) [5, 19, 34]. The free-floating brain stem sections were incu-
bated for about 40 h at 4°C after application of the antibody AT8.
Following processing with the second biotinylated antibody (anti-
mouse 1gG, 2 h) immunoreactions were visualized with the ABC
complex (Vectastain) and 3,3’ -diaminobenzidine-tetrahydrochlo-
ride/H,0, (DAB, D5637 Sigma). This set of sections from 7 cases
was counterstained with aldehyde-fuchsin Darrow red.

All of the cases were classified using parameters of the AD
staging procedure, which differentiates six stages (I-VI) of in-
creasingly severe cortical neurofibrillary pathology and three sta-
ges (A-C) in the evolution of intracerebral 3-amyloid deposits [7,
9] (Table 1). In each instance, an average of six Gallyas-stained,
six Campbell-Switzer-stained, and immunohistochemically treated
frontal sections from the pontine parabrachial region and IRZ were
evaluated semiquantitativelyto determine the severity of the AD-
related neurofibrillary pathology and that of the AT8-immunoreac-
tive cytoskeletal pathology. All tissue sections assessed were done
so blinded to the above-mentioned AD staging results.

With the help of the one-way analysis of variance according to
Kruskal and Wallis (H-test), we looked to see if the severity of the
AT8-immunoreactive material as well as that of the AD-related
neurofibrillary lesions in the four sites under discussion were de-
pendent upon the stages 1-VI. We tested our a priori working hy-
pothesis to the effect that the severity of the AT8-immunopositive
alterations and that of the AD-related neurofibrillary pathology in
the four brain stem structures selected for this study increase stage
for stage with the severity of cortical neurofibrillary pathology by
means of a nonparametric trend analysis. With the help of Ken-
dall’s rank correlation coefficient tau (1), we described the rela-
tionship between the severity of the immunopositive cytoskeletal
lesions and that of the neurofibrillary pathology [4].

Results

AT8-immunoreactive cytoskeletal aterations
in the nuclel of the parabrachial pontine region

In al of the cortica NFT/NT stage | cases (i.e., the pre-
clinical phase of AD) investigated in this study, the MPB
and SPP display some AT8-immunopositive cellular pro-
cesses and somata (Table 1, Fig.2A). The LPB likewise
exhibits AT8-immunopositive somata and cellular proces-
ses in cases with preclinical stages. In this nuclear gray,
the immunopositive material appears consistently in cases
at cortical stage |l (Table 1). In all three nuclel, the sever-
ity of the AT8-immunoreactive cytoskeletal aterationsin-
creases in cortical stages I11-1V (Table 1, Fig.2B). In
these stages, the severity of the immunopositive cyto-
skeletal lesionsis clearly higher in the MPB and SPP than
inthe LPB (Table 1). In all cortical stage V and VI cases
studied, the MPB and SPP display an abundance of AT8-
immunopositive somata located within a dense weave of
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Tablel Summary of AD-re-
lated cytoskeletal alterationsin
the nuclel of the pontine para-
brachial region and in the IRZ
at cortical NFT/NT stages |-V
together with B-amyloid stages
(0—C). For each nucleus (MPB,
LPB, SPP, IRZ), the semiquan-
titatively determined severity
of the neurofibrillary pathology
(NFTS/NTS), severity of ATS-
immunopositive cytoskel etal
alterations (O none, 1 sparse,

2 moderate, 3 marked, 4 se-
vere, — not determined), and
the median and range of the
severity of neurofibrillary and
AT8-immunopositive lesions
for each stage are given (AD
Alzheimer’s disease, MPB me-
dial parabrachial nucleus,

LPB lateral parabrachia nu-
cleus, SPP subpeduncular pig-
mented nucleus, IRZ interme-
diate zone of the medullary
reticular formation, NFT neu-
rofibrillary tangle, NT neuropil
thread)

Case Age Sex B-Amy- MPB LPB SPP IRZ
loid
NFTs AT8 NFTs AT8 NFTs AT8 NFTs AT8
NTs NTs NTs NTs

Stage |

1 57 M 0 0 1 0 0 0 1 0 1

2 73 F 0 0 1 0 1 0 1 0 1

3 77 M 0 1 2 0 0 0 1 0 1

4 79 M 0 1 1 0 0 0 1 0 1

5 80 F 0 1 1 0 1 0 1 0 1
Median 1 1 0 0 0 1 0 1
Range 1 1 0 1 0 0 0 0
Stage 11

6 73 M 0 1 2 1 1 0 1 1 1

7 75 F 0 0 1 0 1 0 2 1 2

8 77 M 0 0 2 0 1 0 2 1 1

9 80 M 0 1 2 0 1 0 1 1 1
10 88 M 0 1 2 0 1 1 2 1 2
Median 1 2 0 1 0 2 1 1
Range 1 1 1 0 1 1 0 1
Stage 11
11 76 F B 2 2 1 1 1 2 1 2
12 79 F B 1 - 1 - 1 - 1 -
13 79 M B 1 - 1 - 2 - 2 -
14 83 M 0 2 3 1 1 1 3 1 2
15 84 M B 2 3 1 1 2 3 2 2
Median 2 3 1 1 1 3 1 2
Range 1 1 0 0 1 1 1 0
Stage IV
16 78 F C 3 3 1 2 3 3 1 2
17 78 F C 4 4 1 2 3 4 2 3
18 88 F B 3 3 1 2 3 3 2 2
19 90 F 0 3 3 1 2 2 3 2 2
Median 3 3 1 2 3 3 2 2
Range 1 1 0 0 1 1 1 1
Stage V
20 69 F C 4 4 2 2 4 4 3 3
21 80 F C 3 4 2 2 3 3 2 3
22 85 F C 3 4 2 2 3 4 3 3
23 85 F C 3 3 2 2 3 3 2 3
24 86 F C 4 4 2 2 4 4 3 3
25 89 M C 3 4 2 2 3 4 3 3
Median 3 4 2 2 3 4 3 3
Range 1 1 0 0 1 1 1 0
Stage VI
26 69 F C 3 4 2 2 3 4 3 3
27 91 F C 3 - 2 - 3 - 3 -
Median 3 4 2 2 3 4 3 3
Range 0 0 0 0 0 0 0 0

immunoreactive cellular processes (Table 1, Fig.2C). In
cortical stages V-VI, the LPB is moderately involved
(Table 1, Fig.2C). At dl three sites, the severity of theim-
munoreactive alterations conforms with the progression
of the cortical stages | to VI, a correlation characterized

by alinear trend (Table 2).

AD-related neurofibrillary pathology
in the nuclel of the parabrachial pontine region

In cortical stages| and |1, only some cases display AD-re-
lated NFTS/NTs in the pontine parabrachial nuclei, where-
asin cortical stage Il1, the MPB, LPB, and SPP routinely
are affected by NFTS/NTs (Table 1). The severity of the
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Fig.2A—C AD-related immunopositive cytoskeletal alterationsin
the lower portions of MPB and LPB as well as in the SPP. Elon-
gated arrows point to the cytoskeletal alterations in the LPB. Ar-
row indicates the cytoskeletal changes in the MPB. Arrowhead
marks the lesions in the SPP. For topographical orientation, see
Fig.1C. A Initial degree of AT8-immunoreactive cytoskeletal path-
ology in the MPB and SPP in cortical NFT/NT stage | (case 5,
Table 1). B Pronounced AT8-immunoreactive cytoskeletal anom-
alies in the MPB and SPP and dight alterations in the LBP of a
representative case at cortical NFT/NT stage Il (case 15, Table 1).
C Severe AT8-immunoreactive cytoskeletal alterations are seen in
the MPB and SPP, and moderate lesions are found in the LPB in
cases at the cortical NFT/NT stage V (case 22, Table 1). (See also
legend to Fig. 1). A—C PEG sections, AT8 immunostaining, 100 pm
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Table2 Results of the statistical analyses

MPB LPB SPP IRZ

ATS8: H corra 20.03 21.78 19.90 20.20

P <0.005 <0.001 <0.005 <0.005
ATS8: H linP 9.32 7.67 9.53 8.56

P <0.005 <0.01 <0.005 <0.005
NFTS/NTs: H corre 22.63 25.17 24.00 2291

P <0.0005 <0.0005 <0.0005 <0.0005
NFTS/NTs: H lind 12.03 13.92 13.86 16.21

P <0.001 <0.0005 <0.0005 <0.0005
AT8-NFTs/NTs: ¢ 0.83 0.76 0.86 0.83

P <0.005 <0.005 <0.005 <0.005

a0One-way analysis of variance for the AT8-immunopositive nerve
cell somata and cellular processes

bTrend analyses for the AT8-immunopositive nerve cell somata
and cellular processes

¢One-way analysis of variance for the NFTS/NTs

dTrend analyses for the NFTS/NTs

eKendall’s rank correlation tau between the severity of AT8-im-
munopositive lesions and the severity of the neurofibrillary pathol-

ogy

neurofibrillary pathology in al three nuclei still ismild in
cortical stagelll. Asisthe case with AT8-immunoreactive
material, the severity of the neurofibrillary lesions at al
three sites increases in cortical stages VI-VI and defi-
nitely is more pronounced in the MPB and SPP than in the
LPB (Table 1). In cortical stagesV and VI, the MPB and
SPP are infested with NFTS/NTs, and the LPB exhibits
moderate damage (Table 1; Fig.3A, B). The severity of
the neurofibrillary pathology in the three nuclei increases
gradually with the growing severity of the AT8-immuno-
positive lesions (Table 2) and correlates significantly with
the cortical stages I-VI. This correlation is characterized
by alinear trend (Table 2).

AD-related B-amyloid deposits
in the nuclel of the parabrachial pontine region

Deposition of the protein 3-amyloid is seen only in 2 of
27 cases. These 2 cases are at stage C in the evolution of
intracerebral B-amyloid deposits (cases 22 and 24, Table
1), which appear only in the medial parabrachial and sub-
peduncular nuclei in small nhumbers and contain no neu-
ritic components.

AT8-immunoreactive cytoskeletal aterationsin the IRZ

All cortical NFT/NT stages |1 casesinvestigated already
display isolated AT8-immunopositive nerve cell somata
and nerve cell processes (Table 1, Fig.4A). In cases at
cortical stages |11V, the immunoreactive cytoskeletal
pathology in the IRZ is more pronounced than in stages
-1 (Table 1, Fig.4B). At cortical stages V-VI, the IRZ
typically shows marked immunoreactive cytoskeletal le-
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Fig.3A, B AD-related NFTS/NTs in the nuclei of the pontine
parabrachial region in cortical NFT/NT stage V. For topographical
orientation, see Fig. 1C. Severe Gallyas-positive cytoskeletal pa-
thology inthe MPB (A) and in the SPP (B) in atypical case at cor-
tical NFT/NT stage V (case 20, Table 1). A, B PEG sections,
Gallyas silver iodide staining, 100 um

sions (Table 1, Figs.4C, 5). In these stages, large amounts
of immunopositive neuronal somata and cellular pro-
cesses cut an arch-shaped swath reaching from the dorsal
glossopharyngeal-vagal area to the surface of the medulla
oblongata rostrally and the lateral reticular nucleus cau-
dally (Fig.5). The severity of the immunoreactive lesions
in the IRZ correlates with the progression of the cortical
stages |-V, and this correlation, like the immediately pre-
ceding one, is expressed by alinear trend (Table 2).

AD-related neurofibrillary pathology in the IRZ

The IRZ is consistently involved in the AD-related neu-
rofibrillary pathology beginning in stage Il (Table 1). At
this stage, only isolated neuronsin the IRZ display NFTs/
NTs (Table 1). In stages 111-1V, NFTS/NTs in the IRZ ap-
pear with ever greater prevalence (Table 1). In cortica
stages V-VI, increasing numbers of nerve cellsin the IRZ
exhibit NFTS/NTs (Table 1). As such, it can be said that
the severity of the neurofibrillary pathology inthe IRZ in-

IRZ :
10
A 9.5 mm
I'..- : o ﬁ
IRZ
W, P
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R SR | .
; o e
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c St o 0.5 mm

Fig.4 AD-related immunopositive cytoskeletal alterations in the
IRZ. Arrows indicate AD-related lesions in the IRZ. For topo-
graphical orientation, see Fig.1D. A Slight AT8-immunoreactive
cytoskeletal pathology in the IRZ in a typica cortical NFT/NT
stage | case (case 2, Table 1). B Moderate AT8-immunoreactive
cytoskeletal alterations of acase at cortical NFT/NT stage Il (case
15, Table 1). C Marked AT8-immunoreactive changes occur in the
IRZ in cases at cortical NFT/NT stage V (case 20, Table 1). A—C
PEG sections, AT8 immunostaining, 100 pm

creases linearly with that of the AT8-immunoreactive le-
sions present there — and this in correlation with the corti-
cal stages|-VI (Table 2).



Fig.5 Pronounced AD-related
cytoskeletal pathology in the
IRZ in cortical NFT/NT

stage V (case 21, Table 1).

For topographical orientation,
see Fig. 1D, for abbreviations
see legend to Fig. 1. PEG sec-
tion, AT8 immunostaining and
counterstaining with aldehyde-
fuchsin Darrow red, 100 pm

AD-related -amyloid deposits in the IRZ

The IRZ is completely devoid of B-amyloid deposits.

250 ym’

the neurofibrillary pathology in the MPB, SPB, and IRZ
commences aready in cortical stage | and in the LPB in
cortical stagell. At al four sites, the progression of thele-
sions correlates linearly with the NFT/NT cortical staging

Discussion

Cytoskeletal anomalies emerge early in the nuclei of the
pontine parabrachia region and IRZ. The development of

Fig.6 Simplified diagrams
summarizing the progression
of the AD-related cytoskeletal
pathology through cortical
NFT/NT stages|, Ill, and V in
the lower portions of the pon-
tine parabrachial region and
IRZ. The growing severity of
the cytoskeletal pathology is
indicated by increased densi-
ties of shading. Upper row
Progression of the cytoskeletal
dterations in the MPB, LPB,
and SPP. Lower row Progres-
sion of the AD-related cyto-
skeletal pathology in the IRZ

sequence |-VI (Fig.6). This finding indicates, alongside
of results from other studies in which subcortical nuclear
grays have been analyzed for the presence of AD-related
cytoskeletal lesions, that the NFT/NT stages I-VI most
probably reflect not only the progress of the AD-related




562

cytoskeletal pathology in cortical areas but also its evolu-
tion in specific subcortical sites[7, 45, 49].

Our data show that the severity of the AT8-immunore-
active cytoskeletal alterations in the four lower brain stem
sites selected for study correlates positively with the sev-
erity of the neurofibrillary pathology encountered there,
whereby the antibody AT8 is capable of detecting the cy-
toskeletal alterations at earlier stages than the modified
Gallyas silver iodide stain. Second, our findings reinforce
the theory that the immunopositive intraneuronal material
made visible with the antibody AT8 may serve as the ba-
sis for the formation of the argyrophilic intraneuronal
fiber bundles underlying the AD-related neurofibrillary
lesions [5, 18, 43].

B-amyloid deposits (for the first time in stage C) de-
velop only in the MPB and SPP. Furthermore, they appear
at both of these sites late and inconsistently. This would
seem to indicate that the amyloid cascade hypothesis[21],
which postulates that deposition of 3-amyloid is required
for the formation of the cytoskeletal pathology, is not uni-
versally applicable.

In our introduction, we already made reference to ex-
isting studies devoted to the pontine parabrachial region
and itsinvolvement in the AD cytoskeletal pathology [17,
36]. Parvizi et al. [39] subsequently called attention to the
existence of greater numbers of AD-related cytoskeletal
anomalies in the MPB and SPP than in the LPB, and our
results substantiate the accuracy of their observations. The
degree, however, of nerve cell density in the various re-
gions of the LPB normally is considerably lower than that
in the MPB or SPP, and there are no studies to date in
which the density ratio of the affected neuronsin the LPB
has been determined.

Pending the results of such studies, therefore, it would
be untenabl e to extrapol ate from the mere observation that
the LPB displays fewer AD-related cytoskeletal lesionsto
the conclusion that the LPB is less prone than the other
two nuclel to develop the intraneuronal pathology. In fact,
the onset of the cytoskeletal aterations in the LPB lags
one stage behind that in the MPB and SPP. Accordingly,
inasmuch as the duration of asingle cortical NFT/NT stage
is approximately 7—10 years[37], thislag time on the part
of the LPB is presumably not inconsequential and consti-
tutes a more plausible criterion than numerical prevalence
for positing the greater resistance of LPB in the face of
the AD-related neurofibrillary changes.

The distribution pattern of the intracerebral AD-related
neurofibrillary lesions is typified by only minimal inter-
individual variations [7, 9]. In view of this fact, it is
hardly conceivable that such alesional distribution pattern
is the product of pure coincidence. Scientists have always
been fascinated by this problematic and have felt com-
pelled to explain it [10, 13, 17, 41, 44, 48]. These authors
[10, 13, 17, 41, 44, 48] view the anatomical connectivities
of agiven structure within the CNS as well asthe degreeto
which the axons establishing these connectivities are mye-
linated as two important criteria for determining whether
and when certain neuronal subtypes become targets of the
cytoskeletal pathology. Although on ethical and method-

ological groundsit isimpossible to demonstrate the valid-
ity of their criteria, their position can at least be backed up
by empirical observation.

The entorhinal area and basal nucleus of Meynert, both
of which display the AD-related cytoskeletal anomaliesin
cortical stages |1 very clearly and sustain heavy damage
in stages I11-V1 [7, 9, 49], are among the destinationsof
weakly myelinated efferent projections emerging from the
pontine parabrachial nuclei [27, 46]. More importantly,
the nuclei of the pontine parabrachia region and IRZ are
reciprocally connected via axons equipped with, at best,
thin myelin sheathes [35]. Together with the results of
other studies [6, 17, 36, 39, 45, 49] our observationthat the
nuclel of the pontine parabrachial region and the IRZ are
among the early targets of the AD-related cytoskeletal
pathology isin favor of the above-mentioned two-pronged
hypothesis.

Various clinical studies have reported a noticeably
higher incidence of cardiovascular and respiratory dys-
functions on the part of AD patients in comparison with
others in their age groups [1, 15, 23, 32, 53]. The MPB,
LPB, SPP, and IRZ are crucia relay stations within cen-
tral autonomic feedback systems and vital participants in
the regulation of cardiovascular and respiratory functions.
Autonomic regulative deficits in AD may be linked to
neuronal dysfunctions which originally were triggered by
cytoskeletal alterations not only in autonomic centers of
the forebrain [12, 14, 31, 47] but also in the MPB, LPB,
SPP, and IRZ.

The development of the AD-related cytoskeletal pa-
thology in the MPB, LPB, SPP, and IRZ fulfills al of the
necessary criteria which legitimate further study of the
possible functional consequences of these lesions. To-
gether with the IRZ, which represents the predominant
autonomic center of the human reticular formation, the
nuclel of the pontine parabrachial nuclei are among the
brain stem structures that become early targets of the AD-
related cytoskeletal pathology. The severity of the pathol-
ogy seen in the three nuclei ofthe pontine parabrachial re-
gion, like that seen in the IRZ, increases linearly with the
staging sequence |-V, which reflects the clinical course
of the disorder [2, 7, 9].

In conclusion, it is conceivable that a progressive dete-
rioration of cardiovascular and respiratory functions oc-
curs with advancing cortical NFT/NT stages. This rela-
tionship remains to be established by large-scale and care-
fully monitored clinicopathological studies dealing with
the following questions: (1) Do cardiovascular and respi-
ratory dysfunctions occur already during the preclincia
and clinically incipient phase of the AD? (2) If so, do they
manifest themselves in all or in a mgjority of individuals
in this phase of AD?(3) Finaly, provided the first two
guestions can be answered affirmatively, should cardio-
vascular and respiratory system deficits be included in
standardized clinical protocols of AD early symptoms
with a view toward improved early diagnosis, and might
not these same deficits serve as parameters for monitoring
the clinical progression of the disease?
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