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Abstract: Relevance. Alzheimer’s disease (AD) is the most cause of disability and dementia, which is the 7th leading cause
of death worldwide. Diagnosis of AD includes detection of amyloid plaques and hyperphosphorylated tau protein (pTau) in
the brain. However, in recent years the amyloid hypothesis of AD development has been criticized and revised, and a growing
pool of data emerges indicating more complex pathogenetic mechanisms leading to neurodegeneration in AD. The aim of our
work was to evaluate the presence and distribution of amyloid plaques and pTau fragments in different regions of the cerebral
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cortex in patients > 60 years old with diagnosed dementia and without cognitive impairment, as well as in people <60 years
old. Materials and Methods. The amount of B-amyloid and pTau fragments in three groups of patients was measured on IHC
stained histological sections in the regions of parahippocampal, temporal, and occipital cortex. Results and Discussion. Amyloid
plaques were detected in all patients over 60 years of age (with and without dementia), while in younger individuals 60 years of
age they were found in 66% of cases. The largest amyloid-f burden was observed in the occipital cortex. pTau was detected in
all cortical areas in the three groups of patients. Also, the amount of pTau was higher in the occipital cortex in patients over 60
years of age both with and without dementia than in the group of people under 60 years of age. Conclusion. Thus, accumulation
of pTau occurs earlier than f-amyloid. The amount of pTau was higher in patients over 60 years of age with clinically manifested
dementia, while in some regions the amount of amyloid conglomerates is higher in cognitively intact patients. The findings point
to much more complex mechanisms of the neurodegenerative diseases development with the formation of amyloid plaques being
a consequence rather than cause of the disease.
Keywords: Alzheimer’s disease, B-amyloid, tau-protein, age-related diseases
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Introduction

Alzheimer’s disease (AD) is the most cause of
disability and dementia, which is the 7th leading cause
of death worldwide. [1]. AD is an age-related disease
and usually occurs in older people >60—65 years of
age. AD also refers to socially significant pathologies,
which means that social support should be provided
from the federal budget in accordance with Federal
Law N 323-FZ “On the fundamentals of protecting

HISTOLOGY

the health of citizens in the Russian Federation” [2].
Limited epidemiological studies and extrapolation of
data obtained in other countries suggest that in 2020, in
the Russian Federation there could live about 1.4 million
patients with AD, while by 2035, their number will reach
2—3.6 million [3]. However, there is still no unified
registry for patients with AD, as well as accessible and
effective methods of intravital diagnosic approaches,
especially early ones, which would allow validating the
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diagnosis [4]. Only about 10% of all cases are taken
into account in official morbidity statistics [5]. Current
clinical guidelines indicate that the main part in the
pathogenesis is violation of metabolism of amyloid
precursor protein (APP) and the formation of insoluble
[-amyloid conglomerates, as well as accumulation of
hyperphosphorylated tau protein, which stabilizes the
neuronal cytoskeleton microtubules. According to the
amyloid theory, its hyperphosphorylation is initiated
by already formed amyloid plaques. while the clinical
manifestation and severity of the disease depends on the
accumulation and distribution of these pathognomonic
morphological AD signs [6, 7]. However, in recent
years, the amyloid hypothesis of AD development has
been criticized and revised, while a growing pool of data
indicate much more complex pathogenetic mechanisms
leading to neurodegeneration in AD. The aim of our
work was to evaluate the presence of amyloid plaques
and hyperphosphorylated tau protein fragments, as
well as their distribution in different regions of the
cerebral cortex, in patients >60 years old with diagnosed
dementia and without cognitive impairment, as well as
in people <60 years old.

Materials and Methods

Patients

Autopsy material for a retrospective study and
anamnesis data from the medical records of patients
>60 years old with diagnosed dementia were provided
by the pathology department of Alekseev Psychiatric
Clinical Hospital No. 1. Autopsy material and medical
history data from patients > 60 years of age without
diagnosed dementia and patients <60 years of age
were provided by the pathology department of the City
Clinical Hospital No. 31 of the Moscow Department
of Health (Table). Pathoanatomical autopsies were
carried out in accordance with the order of the
Ministry of Health of the Russian Federation No. 354n
dated 06.06.2013 “On the procedure for conducting
pathological autopsies”. The study was approved by
the local ethics committee of Alekseev Psychiatric
Clinical Hospital No. 1 (Protocol No. 2 of October
28, 2020).
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Immunohistochemical and morphometric study

After fixing brain tissue samples (fragments 1x 1x0.5cm)
in 10 % buffered formalin (BioVitrum, Russia), they were
processed through alcohols of increasing concentration
and poured into histomix according to the standard
protocol, after which histological sections 5 pm thick were
prepared. Immunohistochemical staining, morphological
and morphometric assessment of histological preparations
of the brain were carried out. Primary antibodies used:
anti-Af3 1—42 1:1000 (ab201060, Rabbit); anti-TAU-2
1:1000 (sigma5530, Mouse); secondary antibodies:
Donkey-anti-Rabbit HRP 1:500 (Novex lifetechnologies
A16035); Goat-anti-Mouse HRP 1:500 (ab6789). The
average number of amyloid plaques was assessed
at a magnification of x100 (standard field of view
96,000 pm2), and fragments of phosphorylated tau
protein (pTau) — at a magnification of x400 (field of
view 25,000 pm2). Counting was carried out in the areas
of the parahippocampal, temporal and occipital cortex.
The areas were recommended by the National Institute
on Aging — Alzheimer’s Association guidelines for the
neuropathologic assessment of Alzheimer’s disease [8].

Statistical analysis

The morphometric study data were statistically
processed using GraphPad Prism 8.1 software. Statistical
differences between groups were assessed by multiple
comparisons using the nonparametric Kruskal — Wallis
test with the Dwass — Steele — Crichlow — Fligner
post-hoc test. p < 0.05 differences between groups were
considered significant.

Results and Discussion

In the group of patients with clinically confirmed
dementia, $-amyloid deposits were detected in 100 %
of cases, while the size of amyloid plaques and the
intensity of their staining varied significantly both
between cortical regions in one patient and between
patients in the corresponding cortical regions. In the
occipital and temporal regions of the cortex, these
structures were observed in 100 % of cases, while in
the parahippocampal region of the cortex they were
found only in 66 % (4/6) of patients (Fig. 1).
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Table
Data from medical records of patients included in the study
Patient Age Sex Major disease Age-related diseases
Patients > 60 years with diagnosed dementia
Diffuse small-focal cardiosclerosis. Stenosing atherosclerosis Hypertension,
N1 84 F : ;
of the coronary arteries atherosclerosis
Diffuse small-focal cardiosclerosis. Stenosing atherosclerosis Hypertension,
N2 86 F ; .
of the coronary arteries atherosclerosis
Diffuse small-focal cardiosclerosis. Stenosing atherosclerosis Hypertepsnon, diabetes
N3 74 F : mellitus type 2,
of the coronary arteries )
atherosclerosis
Diffuse small-focal cardiosclerosis. Stenosing atherosclerosis Hypertension,
N4 75 F ; ;
of the coronary arteries atherosclerosis
N5 89 F Cardiac arrhythmia, unspecified No data
N6 82 F Postinfarction cardiosclerosis No data
Patients > 60 years without diagnosed dementia
N7 94 F Postinfarction cardiosclerosis Hypertensmn_,
atherosclerosis
N8 72 F Chronic cerebral ischemia with encephalopathy Hypertensmn_,
atherosclerosis
Diabetes mellitus
N9 98 F Ischemic cardiomyopathy, atherosclerosis of the coronary arteries type 2, Hypertension,
atherosclerosis
N10 76 F Ovarian adenocarcinoma Atherosclerosis
Patients < 60 years
N11 52 F Neuroendocrine tumor of the pancreas tail Hypertensmn_,
atherosclerosis
N12 48 F Child-Pugh C alcoholic liver cirrhosis Hypertensmn_,
atherosclerosis
N13 58 M Adenocarcinoma of the colon splenic flexure Hypertenswq,
atherosclerosis
N14 47 M Child-Pugh C liver cirrhosis of mixed origin (HCV + toxic) None
N15 48 M Adenocarcinoma of the sigmoid colon None
N16 39 M Pancreatic necrosis None

Similar morphological changes were observed
in a group of elderly patients without diagnosed
dementia. Conglomerates of $-amyloid were also
detected in all samples of the occipital and temporal
cortical regions, while in the parahippocampal region
were visualized in 75 % (3/4) of patients (Fig. 1).

At the same time, in the group of patients
<60 years old, amyloid plaques were detected in
only 66 % (4/6). In the occipital, temporal and
parahippocampal regions of the cortex, a positive

HISTOLOGY

immunohistochemical reaction with antibodies to
B-amyloid was recorded only in 16 % (1/6), 33 % (2/6)
and 16 % (1/6) of cases, respectively (Fig.1).

At the same time, pTau fragments were detected in
100 % of patients in each group in all studied regions
of the cerebral cortex (Fig. 2).
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Al A2 A3
B1 B2 B3
C1 Cc2 C3

Figure 1. Distribution of amyloid plaques in the occipital (1), temporal (2), and parahippocampal (3) regions of the cerebral cortex
in patients >60 years old with diagnosed dementia (A1, A2, A3), patients >60 years old without diagnosed
dementia (B1, B2, B3) and patients <60 years old (C1, C2, C3). Immunohistochemical staining, primary antibodies
anti-AB 1—42 (Rb) + secondary antibodies Donkey-anti-Rabbit HRP, staining with hematoxylin, magnification x100
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Al A2 A3
B1 B2 B3
C1 C2 C3

Figure 2. Distribution of fragments of phosphorylated tau protein (pTau) in the occipital (1), temporal (2)
and parahippocampal (3) regions of the cerebral cortex in patients >60 years old with diagnosed dementia (A1, A2, A3),
patients >60 years old without diagnosed dementia (B1, B2, B3) and patients <60 years old (C1, C2, C3). Immunohistochemical
staining, primary antibodies anti-TAU-2 (Rb) + secondary antibodies Goat-anti-Mouse HRP, counterstaining with hematoxylin,
magpnification x400
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Analysis of the distribution of B-amyloid
conglomerates revealed a significant increase in the
mean number of amyloid plaques per standard visual
field in the occipital region of the cerebral cortex in both
elderly patients with and without diagnosed dementia
compared with the group of patients <60 years of age.
However, no differences were found for regions of the
temporal and parahippocampal cortex, despite a trend
towards an increase in the number of amyloid plaques
in patients without dementia compared to patients with
confirmed dementia (Fig. 3).

When assessing the distribution of pTau fragments
in the occipital region of the cortex, an increase in
the number of these structures was observed, similar
to the distribution of f-amyloid deposits — in both
groups of elderly patients it was significantly greater
than in patients <60 years old. In the temporal and
parahippocampal cortical regions, the number of pTau
fragments was significantly higher in patients with
dementia compared to the group of patients <60 years
old, while no differences in this indicator were found
between the groups of elderly patients without confirmed
dementia and patients <60 years old (Fig. 3).

In accordance with the amyloid hypothesis
of Alzheimer’s disease [7], still dominant among
researchers and clinicians, it is assumed that as the
disease progresses, brain regions are affected in a certain
order. Typically, the highest concentration of senile
plaques, neurofibrillary tangles and neuronal death
are detected in the mediobasal regions of the frontal
and temporal lobes and the hippocampus; at the next
stage, the posterior parts of the temporal and parietal
lobes are involved in the pathological process, and
the last ones are the frontal and occipital lobes of the
brain [6]. However, recent studies using mathematical
modeling have shown that amyloid plaques more likely
form simultaneously in different cortical regions and
subcortical structures than spread from primary affected
areas to others [9]. In turn, neurofibrillary threads and
tangles formed as a result of phosphorylation and
subsequent misfolding of pTau manifest themselves in
the entorhinal cortex, hippocampus and amygdala, and
only then do they appear in various areas of the cortex.
However, although it was previously believed that pTau
fragments are formed after the formation of 3-amyloid
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deposits as a consequence of its toxic effects [10,11],
it was later found that pTau is detected much earlier,
including in young people aged <30 years [12, 13].

Figure 3. Distribution of amyloid plaques and fragments
of phosphorylated tau protein (pTau) protein in the occipital,
temporal, and parahippocampal cortex of the brain in
patients <60 years old (<60 years, n = 6) patients >60 years
old without diagnosed dementia (> 60 years D-, n = 4), and
patients > 60 years old with diagnosed dementia (> 60 years
D+ n=6)

Note: *—p < 0.05. Multiple comparisons using the nonparametric
Kruskal — Wallis test.
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Our results confirm later literature data
regarding the distribution and order of occurrence
of pathognomonic morphological signs of AD: pTau
fragments were identified in all patients, and their
number was statistically significantly higher in all
studied cortical areas in patients with diagnosed
dementia compared to the group of patients <60 years.
A significant increase in the number of amyloid plaques
was recorded only in the temporal region of the cortex.
At the same time, the localization and average number
of amyloid plaques and pTau fragments in a standard
visual field area did not correlate with the clinical
manifestations of the disease, the rate of its progression
and the severity of the course in patients included in
this study.

These observations can be explained by the
complex polyetiological nature of AD and the
influence of a large number of modifiable and non-
modifiable factors — for example, inflammation.
As people age, cells inevitably age too, which is
manifested by the acquisition of the senile pro-
inflammatory secretory phenotype (SASP) and the
formation of inflammaging — systemic chronic low-
level inflammation [14]. It is important to note that
the vast majority of patients included in the study
had a history of concomitant somatic age-associated
diseases, which were identified as risk factors for the
development of dementia [15]. The most frequently
mentioned disease was atherosclerosis, as well as
type 2 diabetes mellitus, which are characterized by
a systemic increase in the expression of inflammatory
markers [16]. It is worth noting that some of the data
from the medical records of patients with dementia
was censored, and it was not possible to further
clarify the presence or absence of age-associated
diseases. Inflammatory responses, both systemic and
limited to the central nervous system, are a debated
risk factor not only for Alzheimer’s disease, but also
for other mental illnesses such as schizophrenia [17].
However, it is AD that is an age-associated pathology
with a high level of prevalence and a tendency to
further increase; in addition, effective diagnosis and
therapy for this neurodegenerative process have not
yet been developed.

HISTOLOGY

Conclusion

The presented data are evidence of the
heterogeneous formation and distribution of
pathognomonic signs of AD in the cerebral cortex —
amyloid plaques and pTau fragments. It was noted that
accumulation of pTau occurs earlier than -amyloid. The
average number of pTau fragments was significantly
increased in patients with manifested dementia, while
in some cortical regions the number of amyloid
conglomerates was higher in cognitively intact elderly
patients. Considering this, as well as the growing
volume of data regarding more complex mechanisms
underlying the pathogenesis of neurodegenerative
diseases in general and AD in particular, it is advisable
to continue experimental studies in the paradigm of
non-amyloid hypotheses.
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AnHoTanus: AxmyanbHocmb. Bonesns AnbireiiMepa (BA) siBnsieTcst ofHON 13 Haubonee paclipoCTpaHEHHBIX IPUUUH
WHBa/IMZHOCTH ¥ OCHOBHOM IMPUYMHOM Pa3BUTH IeMEHLIMM M HaXOAUTCS Ha 7-M MeCTe CpeJii BeYILHX IIPUUMH CMePTH BO BCEM
mupe. [JuarHoctuka BA BK/rOUaeT orpeziesieHHe aMUJIOMIHBIX OJisiiieK U rurnep¢ochopunipoBaHHOro Tay-rpoterHa (pTau)
B royioBHOM Mo3re. O7iHaKO B TIOC/Ie{HHe TO/ibl aMUJIOH/{HAs TUTIOTe3a pa3BUTHsl BA mozBepraeTcst KpUTHKe U TIepecMOoTpy,
Y TIOSIB/ISIETCST BCe Oorblile JaHHBIX, CBU/ETeIbCTBYIOLINX 0 O0Jiee CJIOKHBIX MaTOreHeTUUeCKUX MeXaHW3MaX, IPUBOZSIIX
K HelipogiereHeparuu rpu BA. Ienbto Haitlelt paboThl ObII0 OLIeHUTH IPUCYTCTBHE Y pacipeiesieHeM aMUIOUHBIX O/1siek
U ¢parmeHToB pTau B pa3sHbIX perMoOHax KOpbl TOJIOBHOTO MO3ra y MarjueHToB >60 jieT ¢ JUarHoCTUPOBaHHOM JjeMeHLel
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1 6e3 KOTHUTHUBHBIX HapyILEeHWH, a Takxke y moged <60 siet. Matepuasbl 1 MeToAbl. Ha IMMYyHOTMCTOXUMUUECKH OKPAIIeHHBIX
THCTOJIOTMYeCKUX CpPe3ax B 30HaX IaparvmnrokKaMraabHON, BUCOYHOU U 3aThIIIOYHON KOPBI OLIEHUBA/IM KOJIMUECTBO [3-aMuionza
u hparmenToB pTau B Tpex Tpymnrax nayeHToB ¢ BA. Pe3yibmamsl u 0bcyscoeHue. AMUNOUIHBIE OJISIIKY BBISBIISUTUCH Y BCEX
nanueHToB crapiue 60 sieT (¢ u 6e3 JeMeHIMU), TOTAA Kak y jui| miaziie 60 ieT OHU BCTpeyanuch B 66 % ciyuaes. [Tpuuem
HauboTbIlIast MJIOTHOCTD 3-amMusionja Hab/ozaIach B 3aThIJIOUHOM 30HEe KOpbI. pTau 00Hapy>KUBAJICS BO BCEX 30HAX KOPbI Y TPeX
rpyTIax MalydeHToB, OJHAKO B 3aTHUIOUHOM 30He KOPHI y TTaljueHToB cTapiie 60 jieT ¢ u 6e3 geMeHIMH KoyrmdecTBO pTau 66110
3HAYMMO BBILIIE, UeM B Tpyrre juL miazire 60 jet. Bbigoobl. Takum 06pa3om, HakoryieHHe pTau MPOUCXOJUT PaHblile, YeM
[-amunonzga. Kpome Toro, kommuectBo pTau Bblille y marpieHToB cTapiie 60 ieT ¢ MaHH(eCTUPOBaBILEH 1eMeHL1eH, Torja Kak
B HEKOTODPBIX pervoHax KOpbl KOJIMUeCTBO KOHIVIOMEPATOB aMU/I0K/ia BhIllle Y KOTHUTHBHO COXPAHHBIX MOXKUJIBIX MMal{ieHTOB.
[MonyueHHbIe JAHHBIE YKA3bIBAIOT Ha O0JIee C/I0KHBIM MeXaHU3M Pa3BUTHsI HelpoiereHepaTUBHbIX 3a00/1€BaHUM, PU KOTOPBIX
06pa3oBaHKe aMUIOU/IHBIX OJISIIIIEK MOXKET SIBJISITHCS C/Ie/ICTBUEM, a He MPUYUHON 3a00/1eBaHuUsl.
KnroueBble ciioBa: 60s1e3Hb AnblreiiMepa, 3-aMmunons, Tay-6eok, Bo3pacTHble 3a00/1eBaHUs
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