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Lysosomal cysteine cathepsins are the family of 11
proteases including cathepsins B, C, L, H, S and others
[1]. During the past ten years, overview on cysteine
cathepsins’ role has been changed. It was established
that these enzymes participate in remodeling and deg-
radation of extracellular matrix proteins [2–5], control of
immune response [6, 7], tumor metastasis and invasion
[8, 9] and aging alterations in cell [10, 11]. Moreover,
their ubiquity alone makes them potential targets for an-
ticancer drugs [12], and their levels in tumor tissue ex-
tracts and extracellular fluids may serve as new pro-
gnostic factors for different tumor types [9, 13, 14].

 Cysteine peptidehydrolases (EC 3.4.22) represent
proteolytic enzymes with SH-group of cysteine in cata-
lytic group of active site that are active in the presence
of thyol containing compounds. Cysteine cathepsins are
localized in lysosomes [15–17]. Salama et al. [18] re-
vealed that about 65–80% of soluble lysosomal pepti-
dehydrolases belong to cysteine family.

Cathepsin H (EC 3.4.22.19) is a peptidehydrolase
that was firstly isolated from rat liver by Kirschke et al.
[19], and then identified in liver, kidney, spleen and brain
of different mammals. This enzyme has both ami-
nopeptidase and endopeptidase activities. The increase
of this enzyme activity and expression were found in
blood sera of patients with melanoma, colorectal, lung
and head and neck cancer [13].

The increase of expression and secretion of cys-
teine proteases in tumor tissues may be due to the
changes in translation/transcription, posttranslational
processing, and/or intracellular transport of those en-
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zymes upon malignant transformation. The role of
cathepsin H in human neoplasia is poorly studied yet.
Immunohistochemical research has demonstrated that
expression of cathepsin H in melanoma metastases is
higher than that in primary tumor, and that cathepsin
H-like enzyme may participate in destruction of extra-
cellular matrix components of melanoma cells thus in-
fluencing proliferation and metastasis [20, 21].

The present study was aimed on comparative ana-
lysis of physicochemical properties of cathepsin H iso-
lated and purified from human normal neocortex and
brain tumor tissue.

MATERIALS AND METHODS
In the work, the samples of tissues of human brain

neocortex and human brain tumor (biopsy material)
were studied. Autopsy human brain neocortex sam-
ples were taken from the victims of accidents without
CNS injuries in the Mechnikoff Regional Hospital
(Dniepropetrovsk, Ukraine) not later than 12 h after the
death. Biopsy brain tumor sample was received during
the surgery in Neurosurgery Department of the same
hospital, and classified by malignant grade and histo-
logical type according to [22].

All manipulations with brain tissue samples were
carried out at +4 °C. Cathepsin H activity was deter-
mined by hydrolysis of L-leucine β-naphthylamide
(Leu-NA) (Koch-Light Laboratories, England) with
some modifications using Nα-benzoyl-DL-arginine-
β-naphthylamide (BANA) (Reanal, Hungary) [23]. The
reaction of hydrolysis was carried out in 1.0 ml of incu-
bation mixture after 15 min preincubation of the en-
zyme with 2 mM 2-mercapthoethanol (2-ME) and
2 mM Na2EDTA. The activity toward BANA and Leu-
NA was expressed in µM of naphthylamine (NA) per
1 mg protein per min.

Tissues were homogenized in 0.02 M Tris-HCl buff-
er (pH 7.2) at the ratio 1 : 1.2 and centrifuged at 10 000 g
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for 20 min. Then the extracts were fractionated using
ammonium sulfate in 30–80% saturation range [24],
dialyzed against 0.05 M citrate (or 0.02 M phosphate)
buffer containing 0.8 M NaCl, 0.002 M 2-ME and
0.001 M EDTA; otherwise, gel-filtration on Sephadex
G-25 was used. Then affine chromatography on Con-
canavaline-A (ConA) Sepharose and Azocasein-
Sepharose was carried out. The sorbent was synthe-
sized using CNBr-activated Sepharose 4B (Pharma-
cia, Sweden). The column was washed with buffer
solution (0.1 M acetate buffer, pH 6.0 with 0.5 M NaCl,
1 mM CaCl2, 1 mM MnCl2, 1 mM MgCl2) to remove
proteins that did not bind with Con-A Sepharose. The
elution of proteins that bind with Con-A Sepharose was
held using the buffer with 10% methylglucoside, and of
those, bind with azocasein — by buffer with 1 M NaCl,
0.001 M 2-ME (pH 9.0). For further purification of cathe-
psin and for determination of its molecular weight, the
gel-filtration of proteins that did not bind with Azo-
casein-Sepharose was carried out using Sephadex
G-100 (75) (Pharmacia, Sweden) both. The column
with Sephadex was balanced with 0.01 M phosphate
buffer, pH 7.5 with 2 mM EDTA and calibrated by solu-
tions of bovine serum albumin (Sigma,USA), hemo-
globin, trypsin, soya trypsin inhibitor, RNAse. The
evaluation of protein concentration in the samples the
methods of Bradford [25], Lowry [26] and spectropho-
tometry [24] were applied.

RESULTS AND DISCUSSION
Purification of cathepsin H from tissue samples of

neocortex and brain fibrous meningioma with micro-
concentric structures was carried out as follows (see
Materials and Methods): homogenization, (NH4)2SO4

precipitation, affine chromatography on ConA-
Sepharose, chromatography on Azocasein-Sepharose
for fractions that bound with Con-A, and gel-chroma-
tography on Sephadex G-100, G-75.

The application of affine chromatography on ConA-
Sepharose resulted in 410- and 1420-folds purifica-
tion of cathepsin H glycoprotein from neocortex tissue
and brain tumor tissue in comparison with homoge-
nate, respectively (Fig. 1, 3). The peak of cathepsin H
activity in both cases coincided with protein peak in frac-
tions that bound to ConA-Sepharose. That fraction
underwent further purification by chromatography on
Azocasein-Sepharose (Fig. 2, 4). Kirschke et al. [19]
to obtain high-purity preparation of cathepsin H, used
the affine chromatography on Hg-Sepharose or ConA-
Sepharose. From different sources it is known that
molecular weight of the enzyme is 28 kDa–30 kDa and
pI is ranging from 6.5 to 7.5 [18, 19]. Besides, the cathe-
psin H molecule isolated from rat liver is composed from
220 amino acid residues and shares high sequence
homology with cathepsin B from the same source and
papain [27]. The presence of mannose residues in oli-
gosaccharide component of cathepsin H explains its
high affinity to Concanavaline A and proves its lysoso-
mal localization [19, 27].

Next, the fraction that did not bind with azocasein
was studied by gel-filtration on Sephadex G-100 to

Fig. 1. Affine chromatography on concanavaline A sepharose.
The elution profile of cathepsin H from normal neocortex frac-
tions that were eluted by 10% methylglucoside (met-Glu)

Fig. 2. The elution profile of normal neocortex cathepsin H frac-
tions, bound with concanavaline A sepharose, after chromatog-
raphy on azocasein-sepharose

Fig. 3. The elution profile of brain meningioma cathepsin H frac-
tions after affine chromatography on concanavaline A sepharose
(the fractions that had affinely bound with the carrier were eluted
by 10% methylglucoside (met-Glu))

Fig. 4. The elution profile of brain meningioma cathepsin H frac-
tions, bound with concanavaline A sepharose, after chromatog-
raphy on azocasein-sepharose
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determine the molecular weight of the enzyme. Estab-
lished molecular weights of cathepsin H from neocor-
tex tissue and brain tumor tissue were 28 kDa and
25 kDa, respectively. Our data are in agreement with
the data of Sivaparvathi et al. [28] that had showed
that cathepsin H molecular weight was 27 kDa and
25 kDa in normal brain and tumor samples (gliomas)
correspondingly. The applied 5-stage scheme of puri-
fication resulted in 1795 fold-and 2457-fold purifica-
tion of cathepsin H from human neocortex tissue and
human brain tumor in comparison with homogenate re-
spectively. During both the research of cathepsin H
activity dependence on substrate concentration and
determination of Vmax and Km kinetic values, the graphi-
cal analysis methods of Michaelis-Menten and Line-
weaver-Burk were used [29].

We have shown that Km value for cathepsin H from
human brain neocortex is 5 · 10-5 M, and Vmax is 0.12 µM
NA/mg protein/min. These values are close to the data
obtained by Azaryan et al. [30] that have shown that
Km value for enzyme from human brain toward argi-
nine-N-naphthyleamide and benzoyl-arginine-
N-naphthylamide were 1.0 · 10-4 and 7.0 · 10-4 M re-
spectively.

It is known that the cathepsin H activity levels in
human astrocytomas, gliomas and glioblastomas are
noticeably higher than those in normal brain and glio-
mas with low grade of malignancy [28]. Guinec et al.
[31] demonstrated that the highest level of cathepsin H
activity in tumor tissues is observed in the pH range of
5.0–7.0. Besides, they showed that cathepsin H par-
ticipates in protein degradation of basal membrane and
thus promoting tumor progression.

It was found that Vmax for the enzyme in brain tumor
was 0.41 µM 2NA /mg protein/min, that was in 3.5 folds
higher than Vmax for normal brain cathepsin H, and Km

was 3.9 · 10-5 M.
The increase in brain tumor lysosomal cysteine

cathepsin H activity level may be probably caused by
increased enzyme expression on protein and mRNA
levels [28, 32], as well as alterations in processing [33],
subcellular localization and endogenous inhibitor regu-
lation [34].

The influence of pH value on the rate of hydrolysis
of synthetic substrates BANA and Leu-NA by cathep-
sin H isolated from human neocortex is presented on
Fig. 5, a. One may see that the dependence of Leu-
NA hydrolysis on pH value reaches the maximum at
pH 6.0 that points to aminopeptidase activity of the
cathepsin. At the same time, even insignificant shifts of
pH from the optimal value led to abrupt reduction of
cathepsin H activity (for example, at pH 5.0 the en-
zyme activity yields only 7.6% from the maximal level,
at pH 6.5 — 35%). The maximal activity toward BANA
was also reached at pH 6.0, pointing for the presence
of endopeptidase activity of cathepsin H. Those data
are in agreement with the data of other authors on sub-
strate specificity of cathepsin from human brain, bo-
vine spleen, muscles [28, 30] demonstrating that com-
bination of thioldependent endopeptidase and ami-

nopeptidase activities is the characteristic feature of
cathepsin H. The dependence of cysteine cathepsin H
aminopeptidase activity from brain fibrous meningio-
ma with microconcentric structures on pH milieu
(Fig. 5, b) indicated that maximum activity value re-
sponds to pH 6.0 too. It was shown, that there was no
shift in pH optimum for cathepsin H activity from tumor
brain tissue in comparison with that in normal brain.

Fig. 5. Influence of  pH on the activity of cathepsin H from neo-
cortex (a) and brain fibrous meningioma with microconcentric
structures (b)

a

b

In conclusion, we have shown that cathepsin H iso-
lated from human fibrous meningioma with microcon-
centric structures possesses higher activity levels and
Vmax value and lower molecular weight than the en-
zyme from normal human neocortex tissue, without al-
teration in its pH optimum and Km value.
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ÍÅÊÎÒÎÐÛÅ ÎÑÎÁÅÍÍÎÑÒÈ ÔÈÇÈÊÎ-ÕÈÌÈ×ÅÑÊÈÕ ÑÂÎÉÑÒÂ
ÊÀÒÅÏÑÈÍÀ Í, ÂÛÄÅËÅÍÍÎÃÎ ÈÇ ÌÅÍÈÍÃÈÎÌÛ ×ÅËÎÂÅÊÀ

Öåëü äàííîé ðàáîòû — ñðàâíèòåëüíûé àíàëèç íåêîòîðûõ ôèçèêî-õèìè÷åñêèõ ñâîéñòâ êàòåïñèíà Í, âûäåëåííîãî
èç íîðìàëüíîé òêàíè ìîçãà ÷åëîâåêà è ìåíèíãèîìû. Ìåòîäû: ôåðìåíò âûäåëÿëè ïóòåì ïîñëåäîâàòåëüíîé
ãîìîãåíèçàöèè òêàíè, âûñàëèâàíèÿ ñóëüôàòîì àììîíèÿ (30–80% íàñûùåíèå), õðîìàòîãðàôèè íà êîíêàíàâàëèí
À-ñåôàðîçå è àçîêàçåèí ñåôàðîçå, ãåëü-ôèëüòðàöèè íà ñåôàäåêñå G-100 (75). Ðåçóëüòàòû: êàòåïñèí Í áûë
î÷èùåí â 1795 ðàç èç íåîêîðòåêñà ãîëîâíîãî ìîçãà ÷åëîâåêà è â 2457 ðàç — èç îïóõîëåâîé òêàíè. Óñòàíîâëåíî,
÷òî çíà÷åíèå V

max
 äëÿ êàòåïñèíà Í èç ìåíèíãèîìû ãîëîâíîãî ìîçãà â 3,5 ðàçà ïðåâûøàëî òàêîâîå äëÿ êàòåïñèíà Í

íîðìàëüíîãî ìîçãà, à K
m
 ôåðìåíòà ìåíèíãèîìû áûë â 1,3 ðàçà íèæå íîðìû. Ìîëåêóëÿðíûå ìàññû êàòåïñèíà Í,

âûäåëåííîãî èç íîðìàëüíîé è îïóõîëåâîé òêàíåé ìîçãà ñîñòàâèëè 28 êÄà è 25 êÄà ñîîòâåòñòâåííî. Âûâîäû:
êàòåïñèí Í, âûäåëåííûé èç òêàíè ôèáðîçíîé ìåíèíãèîìû ÷åëîâåêà, îáëàäàåò áîëåå âûñîêèìè çíà÷åíèÿìè
àêòèâíîñòè è V

max
 è áîëåå íèçêîé ìîëåêóëÿðíîé ìàññîé, ÷åì ôåðìåíò íîðìàëüíîé òêàíè ìîçãà, íî íå îòëè÷àåòñÿ

îò òàêîâîãî ïî âåëè÷èíå K
m
 è îïòèìàëüíîìó çíà÷åíèþ ðÍ.
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