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Changes in the activity of lysosomal cysteine proteases of plasma
mononuclear and polymorphonuclear blood leukocytes in Alzheimer’s disease
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ABSTRACT

Aim. To study the level of activity of lysosomal cysteine proteases (cathepsins H, B, L) in blood plasma and
fractionated leukocytes (polymorphonuclear and mononuclear) in patients with Alzheimer’s disease in comparison
with similar indicators in persons without signs of neurodegeneration as a possible marker of Alzheimer’s disease
development and diagnosis.

Materials and methods. The spectrofluorimetric study of cathepsins B, L, H activity level in plasma and
fractionated leukocytes was conducted in 22 patients diagnosed with Alzheimer’s disease in comparison with the
same indicators in 22 patients matched by sex, age and associated diseases with patients of the observation group,
but having no signs of neurodegeneration.

Results. The activity of all three enzymes, and especially cathepsin H, increased significantly in blood plasma. A sig-
nificant increase is also noted in the activity of cathepsins H, B, and L in homogenates of fractionated leukocytes. At
the same time, in both polymorphonuclear and mononuclear leukocytes the greatest degree of changes is demonstrated
by the activity of cathepsin B, and the least is the activity of cathepsin L. Given the available data on an increased
cathepsin B activity in the cerebrospinal fluid of patients with Alzheimer’s disease, we can assume a correlation
between the state of lysosomal proteases activity in the Central nervous system and in the peripheral blood cells.

Conclusion. Alzheimer’s disease is associated with increased activity of cysteine cathepsins in plasma,
polymorphonuclear and mononuclear leukocytes of peripheral blood, which can be considered as one of the
possible markers of development and diagnosis of the disease.

Key words: Alzheimer’s disease, neurodegeneration, proteolysis, cysteine cathepsins, blood plasma,
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PE3IOME

Hens. M3y4nTs ypoBeHs aKTHBHOCTH JIN30COMAJIBHBIX IIICTENHOBEIX MpoTenHa3 (karerncuHoB H, B, L) B mma3sme
KpPOBH M ()PaKIMOHUPOBAHHBIX JEHKOIHUTaX (TOIMMOP(HOAAEPHBIX U MOHOSIEPHBIX) MAMEHTOB C OOJIE3HBIO
AnbrreiiMepa B CpaBHEHHH € aHAJIOTMYHBIMH ITOKA3aTEISIMHI Y JIHII, He IMEIONNX MPI3HAKOB HeifpoereHepamnmy,
KaK BO3MOXKHBIH MapKep pa3BUTHS U JHATHOCTHKHU OOJIe3HH AJbIreiiMepa.

MatepuaJjbl 1 MeToabI. [IpoBeieHo crieKTpodyopruMeTpHIECKOe UCCIIEI0BaHIE YPOBHS AKTUBHOCTH KaTEIICHHOB
B, L, H B ia3me kpoBu 1 QpaKMOHUPOBAHHBIX JIEHKOIMTAX 22 MALMEHTOB C 1MarH030M «bone3np Anbureiimepay
B CPAaBHEHUH C aHAJIOTUYHBIMU ITOKA3aTENAMH 22 MALMEHTOB, COMIOCTABUMBIX I10 MOJTy, BO3PACTY U COITY TCTBYIOIHM
3a00JI€BaHMSM C NMAIMEHTAMH I'PYIIbI HAOIIOJCHHUS, HO HE UMEIONINX MPU3HAKOB HEHpOaereHepaIuy.

Pe3yJIl)TaTI:I. B mnasme KpOBU CTATUCTUYCCKHM 3HAYMMO IIOBbIINICHA AKTHBHOCTH BCEX TPEX d)epMeHTOB,
B HauOOJbIIEH CTErneHW — aKTUBHOCTH KarernicuHa H. B romorenarax (bpaKL[HOHHpOBaHHBIX J'leﬁKOL[PITOB
TAKXE OTMCUACTCA CTATUCTUYCCKHU 3HAYMUMOC IMOBBIMICHHUEC AKTHUBHOCTH KATCIICMHOB H, B, L, Ipyu 5TOM KakK B
HOJ'[PIMOp(bHOHZ[epHBIX, TaK U B MOHOSAACPHBIX JICWKOILIUTAX B HauOOJbIIEH CTENEHH W3MEHSETCS aKTHBHOCTD
KaTCriCuHa B, HavMeHbIIeH —KaTericuHa L. YuuTeiBas HUMCIOIIUECA JaHHBIC O MOBBINICHUH aKTUBHOCTH KaTCIICHUHA
BB uepe6pocrn«lHanLHoﬁ KHUJIKOCTH MallUCHTOB C 00JIE3HBIO Am)urei?lMepa, MOJKHO MPEAIOJI0XUTh B3aUMOCBA3b
MEXAY COCTOTHUEM aKTUBHOCTHU JIM30COMAJIBHBIX IPOTEUHA3 B I.IeHTpaJ'ILHOfI HepBHOﬁ CUCTEME U nepn(bepnquKHx
KJIETKaxX KpOBH.

3akumwouenue. bonesHp AﬂbureﬁMepa acconyupoBaHa ¢ HapaCTaHUEM AKTHUBHOCTH HUCTCUHOBBIX KAaTCIICUHOB B
miiasme, HOHHMOp(i)HO}I[IepHLIX U MOHOAACPHBIX JIEUKOLIUTAX Hepnq)epnqecxoﬁ KPOBH, UTO MOKET paCCMaTpUBATHCA
KaK OJUH U3 BO3MOXKHBIX MapKEPOB Pa3BUTUS U JUAT'HOCTUKHN 3a00JIeBaHUSI.

KuoueBsble ciioBa: 6osie3Hb Asblireiimepa, HelpoereHepanus, NpoTeosn3, IIUCTEHNHOBBIE KATEIICUHBI, TIa3Ma
KPOBH, OJTUMOP(PHOSICPHBIC JICHKOIIMThI, MOHOSICPHBIC JICHKOIUTHL.

KoHduuKT HHTEpecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SBHBIX M ITOTCHIMAJIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HaCTOSIIEeH CTaThH.

HUcTounuk q)l/lHal-lCPlpOBaHl/lﬂ. ABTOpLI 3asBJIAIOT 00 OTCYTCTBHUHU (bHHaHCI/IpOBaHI/ISL

CooTBeTcTBHE MPUHIMIAM 3THKHU. Bce manueHTsl moanucand WHPOPMUPOBAHHOE COTNIACHE HA y4yacTHE B
uccnenopanun. MccienoBanue 000pEHO JTOKAIBHBIM 3THYECKUM KomuTeToM Ps3I’MY mmM. akaxa. W.II. [1aBnoBa
(mpotoxou Ne 6 ot 6.11.2018).

Ja nuruposanusi: Copoxkuna M.I'., ®omuna M.A., Ilerpos [I.C., Koporkosa H.B. 3MeHeHHEe aKTUBHOCTU
JIM30COMAIIBHBIX IMCTEMHOBBIX POTEa3 IIa3Mbl, MOHOSICPHBIX U MOIMMOP(HOSICPHBIX JICHKOLMTOB KPOBH IIPH
Oonesnu Aunblreiimepa. broaemens cubupckoi meouyunst. 2020; 19 (3): 83-88. https://doi.org: 10.20538/1682-
0363-2020-3-83-88.

Changes in the activity of lysosomal cysteine proteases of plasma

INTRODUCTION

Every year, the world’s population of elderly people
is growing, which leads to an increase in the number of
patients with neurodegenerative diseases. Alzheimer’s
disease (AD) occupies a leading position among them
in both prevalence and economic expenses. An import-
ant and unresolved problem is the late diagnosis and, ac-

cordingly, the late start of treatment, which only begins
at the stages of clinically apparent dementia. Therefore,
the issue of finding diagnostic methods for AD at the
earliest (pre-demented and asymptomatic) stages of the
development of the neurodegenerative process, which,
according to a number of studies, is 15-20 years ahead
of the formation of clinically apparent dementia, remains
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relevant. To apply such preventive strategies in relation
to AD, it is necessary to search for peripheral biomar-
kers in environments easily accessible for research (blood
serum, saliva, urine). Given the multifactorial nature of
neurodegeneration in AD, the creation of a multimodal
diagnostic panel is considered more justified [1-3]. One
of the possible biomarkers of AD may be a change in the
activity of lysosomal enzymes of various cells.

Correct functioning of lysosomes is especially im-
portant for neurons, since they cannot reduce the content
of accumulated toxic molecules and aggregates by cell
destruction [2]. Disruption of lysosomal function plays
an important role in the degeneration of neurons and in
the pathogenesis of numerous neurodegenerative disea-
ses [4]. In recent years, information indicating the par-
ticipation of lysosomal proteases in the pathogenesis of
AD has appeared [2, 3], although the data are very frag-
mented and not always unambiguous. However, there is
no doubt that proteolytic enzymes are a very sensitive
marker of cellular “trouble”, and information about the
level of activity of these enzymes can be used for early
diagnosis and determination of the severity of a number
of pathological conditions [5].

It has been proven that the amyloid precursor pro-
tein (APP) plays a key role in the pathogenesis of AD.
The full-sized APP belongs to the type I transmembrane
protein family and is thought to be involved in the regu-
lation of protein transport [6]. The most studied extracel-
lular region consists of several domains: E1, consisting
of two subdomains (growth factor-like domain and cop-
per-binding domain), and E2, linked by an acid domain
(AcD). APP can undergo various types of proteolytic
treatment [4, 5]. Successive cleavage of the protein by
alpha and gamma secretase leads to the formation of p3
peptides (non-amyloidogenic pathway). In the case of
alternative processing with the help of beta and gamma
secretase, a polypeptide consisting of 40—43 amino acid
residues (B-amyloid), insoluble in water, aggregating
with the formation of polymers deposited in the form of
plaques, is formed [7].

APP is the subject of extensive proteolytic treatment;
therefore, theories about the effect of lysosomal proteas-
es on the occurrence of AD, the possibility of a diagnos-
tic study of cathepsin activity as a marker, and the use of
their inhibitors or inducers in the treatment of the disease
have been developed for a long time [8]. Cathepsin B
is one of the proteins involved in the regulation of the
number of AP peptides, but its role in the pathogenesis
of AD requires further research. Paradoxically, on the
one hand, since it possesses [-secretase activity, it can
participate in the formation of AP peptides, and on the
other hand, it can also participate in the processes of their
degradation [6].

It was proved that the cathepsin B sulthydryl group
of cysteine (Cys32) cleaves the AP peptide from the
carboxyl end at the location of the glutamic acid resi-
due (Glull), and a decrease in the production and ac-
tivity of cathepsin B initiates the accumulation of A
peptides [9].

It is also known that cysteine cathepsins B and L are
involved in the degradation of not only amyloid peptides,
but also C-terminal fragments of APP and B-secretase
(BACE1), and affect cholesterol metabolism in neurons.
A decrease in the activity of these cathepsins or their in-
hibition leads to lysosomal deficiency, impaired synthe-
sis of NPC1 and ABCA1 proteins that are involved in the
release of cholesterol, and impaired degradation of key
AD proteins [4].

A recent study showed that cathepsin B can ac-
celerate the metabolism of AP peptides via ly-
sosomal pathways and reduce memory deficit
associated with AD. Hippocampal injections of the ad-
eno-associated virus expressing cathepsin B decreased
AP levels, increased Lamp1 and improved learning and
memory [10].

At the same time, it is known that pyroglutamate-
amyloid-B-peptides (pGlu-AB), which are especially
harmful forms of amyloid-B-peptides present in the brain
in AD, exist. PGlu-Ap peptides are N-terminal truncated
forms of full-sized AP peptides in which the N-terminal
glutamate is cyclized to pyroglutamate to form pGlu-Af
(3-40/42). Cathepsin B gene switching off the leads to a
decrease in the level of pGlu-Ap, and the use of an in-
hibitor of this enzyme (E64d experimental drug) demon-
strated a decrease in memory deficit in experimental an-
imals [11].

There is extensive evidence that the accumulation
of mononuclear phagocytes, including microglial cells,
monocytes and macrophages at the sites of B-amyloid
deposition in the brain, is an important pathological
characteristic of AD, and the concentration of these cells
grouped around A deposits is several times higher than
in neighboring brain regions [12]. Since the blood-brain
barrier is permeable to mononuclear and polymorphonu-
clear leukocytes, it can be assumed that changes in the
metabolism of these cells may indirectly indicate patho-
logical changes in brain tissue and be a peripheral marker
of the neurodegenerative process. The aim of this study
is to study the level of activity of lysosomal cysteine
proteases (cathepsins H, B, and L) in blood plasma and
fractionated leukocytes (polymorphonuclear (PMNL)
and mononuclear leukocytes (MNL)) in patients with
Alzheimer’s disease and to compare with similar indi-
cators in individuals without signs neurodegeneration as
a possible marker of Alzheimer’s disease development
and diagnosis.
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MATERIALS AND METHODS

Clinical material for the study were blood plasma
and fractionated leukocytes (PMNL and MNL) obtained
from 22 patients with Alzheimer’s disease who under-
went in-patient treatment and dispensary observation
at the N.N. Bazhenova Regional Clinical Psychiatric
Hospital. All patients included in the observation group
have a diagnosis confirmed by instrumental laboratory
methods according to modern diagnostic criteria. As a
comparison group, we used blood plasma and fraction-
ated leukocytes obtained from 22 patients of the same
hospital, comparable in age and gender to patients of the
observation group, but who did not have clinical signs
of dementia and neurodegeneration. The study complies
with ethical standards developed in accordance with the
Helsinki Declaration of the World Medical Association
“Ethical Principles for the Conducting of Scientific Med-
ical Research with Human Participation” as amended in
2000 and the “Rules of Clinical Practice in the Russian
Federation” approved by the Order of the Ministry of
Health of the Russian Federation of June 19, 2003 No.
266.

Blood sampling was performed once on an empty
stomach from the ulnar vein in an amount of 10 ml, hep-
arin was used as an anticoagulant. Separation of leuko-
cytes into fractions was carried out by the isopycnic cen-
trifugation method [13]. Counting of leukocytes isolated
from samples was carried out in the Goryaev chamber
using a R-15 “Biolam” binocular microscope (Russia).

The resulting precipitation of washed leukocytes was
brought to a concentration of 106 cells/ml with distilled
water containing 0.1% X-100 triton solution and subject-
ed to freezing and thawing three times to destroy plasma
and lysosomal membranes. The resulting lysates were
used to determine the activity of the studied enzymes
[14-16].

The activity of cathepsins L, B, and H was stud-
ied by the spectrofluorimetric method of Barrett and
Kirschke [17] with the measurement of the fluores-
cent reaction product 7-amido-4-methylcoumarin,
which is formed upon cleavage of specific fluorogen-
ic substrates: Na-carbobenzoxy-L-phenylalanyl-argi-
nine-7-amido-4-methylcoumarin ~ (N-CBZ-Phe-Arg-7-
amido-4-methylcoumarin, Sigma, USA) for cathepsin
L, arginine-7-amido-4-methylcoumarin  (Arg-7-ami-
do-4-methylcoumarin, Sigma, USA) for cathepsin H, and
Na-carbobenzoxy-arginine-arginine-7-amido-4-methi-
coumarin (NaCBZ-Arg-Arg-7-amido-4-methylcouma-
rin, “Sig ma “, USA).

The activity of cathepsins in blood plasma was cal-
culated in ncat/ml, and the activity of leukocytes in
ncat/10¢ cells. For statistical processing of the results,
Microsoft Excel and Statistica 10 programs were used.

The normality of the distribution of the sample was eval-
uated by the Shapiro — Wilk test. The groups were com-
pared using the nonparametric Mann — Whitney U-test.
The result was statistically significant at p < 0.05. The
results are presented as median, upper and lower quar-

tiles Me (Q,-0,).

RESULTS AND DISCUSSION

In the blood plasma of patients with AD, the activ-
ity of cathepsins H, B, L was statistically significantly
increased compared to patients who did not have signs
of neurodegeneration. Among the studied enzymes, the
most significant increase was in the activity of cathepsin
H (22-fold increase relative to the comparison group),
while the activity of cathepsin B increased 2.8 times, and
cathepsin L was 1.9 times (Fig. 1).

In PMNL, the activity of cathepsins B and H was in-
creased 5 and 5.4 times, respectively, and the cathepsin
L activity was 2 times (Fig. 2).
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Fig. 1. Activity of plasma cathepsins in patients with
Alzheimer’s disease (observation group) and patients without
signs of neurodegeneration (comparison group), ncat/ml

* marked statistically significant data.

The following pattern is noted in MNL: the most pro-
nounced change in the cathepsin B activity is a 5 times
increase relative to the comparison group, the cathepsin
H activity is increased by 3.5 times, and cathepsin L in-
creased by 1.7 times (Fig. 3).

A significant increase in the activity of cathepsin H
in the blood plasma of patients with AD is of interest.
Cathepsin H is an aminopeptidase with endopeptidase
activity. It is possible that the increase in activity is rel-
ative, since the decrease in the activity of cathepsins B
and L correlates with the accumulation of A [10].
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* marked statistically significant data

However, on the other hand, an increase in the activ-
ity of cathepsin H can be explained by the participation
of this enzyme in the metabolism of modified low-den-
sity lipoproteins, which include aprotein E (ApoE). The
participation of ApoE in both the formation of amyloid
plaques and the metabolism of APP has been proven.
The ApoE4 isoform is the most susceptible to protease
cleavage, and the resulting C-terminal fragment of the

molecule has pronounced neurotoxic properties [6]. The
increased activity of cathepsin B can be explained by its
ability to penetrate the blood-brain barrier [8], as well as
the active participation of this enzyme in the metabolism
of APP.

The obtained results suggest the involvement of ly-
sosomal leukocyte proteases in the neurodegenerative
process, which is consistent with literature data on the
participation of these blood cells in this pathology.

In fractionated leukocytes, the following unidirec-
tional tendency is observed: a predominant increase in
the cathepsins B and H activity against the background of
a slight increase in the cathepsin L activity. Specific neu-
trophil granules contain more than 20 different types of
proteases, and a huge number of receptors that determine
their functional activity (for various interleukins, com-
plement system factors and other biologically active mol-
ecules) are located on cell membranes. PMNLSs contain
a large number of lysosomes; various factors, including
hypoxia, oxidative stress, and decreased insulin synthe-
sis, can lead to a violation of the integrity of the lyso-
somal membrane [18]. Numerous studies in recent years
prove the correlation between insulin resistance in brain
tissue and neurodegenerative processes [19]. The de-
struction of PMNL lysosomal membranes and the release
of cathepsins B and H into the cytoplasm can be consid-
ered a pathogenetically significant factor in AD and the
development of neurodegeneration. Given the increased
concentration of these cells around A and the ability of
leukocytes to penetrate the blood-brain barrier, a change
in the activity level of blood leukocyte cathepsins is an
important biomarker of the neurodegenerative process.

In literature there are references to an increase in the
cathepsin B activity in the cerebrospinal fluid of patients
with AD [20], which suggests a correlation between
the state of lysosomal cysteine proteases activity in the
central nervous system and peripheral blood cells. This
means the studied parameter can be considered as a pos-
sible marker for the AD diagnosis.

CONCLUSION

Alzheimer’s disease is associated with increased ac-
tivity of plasma cysteine cathepsins, and polymorpho-
nuclear and mononuclear peripheral blood leukocytes,
which can be considered as one of the possible markers
of the development and diagnosis of the disease.
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