
INTODUCTION
Maintenance of the integrity of the mucosa lining of the

human gastrointestinal tract (GIT) is a challenging task for the
gastric epithelium and subsequently, a critical factor for the
survival of the organism. Different stimuli of endogenous origin,
like hormones and cytokines or exogenous origin, may influence
the reaction of the epithelial cells. Gastric mucosal epithelium is
the front line defence against noxious action of ingested food or
contaminating patogenes such as Helicobacter pylori (Hp) that,
can colonize mucous layer of the stomach and persist there for
many years or even the entire life (1-3). This unique Hp feature
is possible due to the presence of a special enzyme – urease,
catalyzing the hydrolysis of urea to ammonia and forming the
alkaline microenvironment, counterbalancing the deleterious
effect of gastric acid on the bacteria (4, 5). The adaptative
changes of gastric mucosa induced by the bacteria have been
found to damage this mucosa and to result in chronic gastritis,
atrophy or even cancer (6-8).

Heat shock system is one of the most substantial factor in
maintaining the cell viability and resistance to the deleterious
effects of various physiological and enviromental stressors (9). It

consists of several types of proteins, sharing structural
similarities and biochemical properities. The range of heat shock
proteins (HSPs) functions is very broad and depends on the type
of protein or applied stressor. The HSP70 family consist of
highly conserved proteins located in various cellular
compartments including mitochondria, endoplasmic reticulum,
cytosol and nucleus. They participate in the synthesis of cellular
proteins (10-12). Through their ability to bind, unfold and
prevent the aggregation of the polypeptides, they play a role of
central chaperone system within the cell (13, 14). Heat shock
protein 70 has been shown to act as an inhibitor of apoptosis,
especially that dependent on the caspases (15-17). However, the
molecular mechanism whereby HSP70 prevents apoptosis still
remains unsolved.

Apoptosis, which is characterized by cell shrinkage,
membrane blebbing, nuclear breakdown, and DNA
fragmentation, is indispensable for embryogenesis, tissue
homeostasis, and activation of the immune system. Malfunctions
of apoptosis have been implicated in human diseases, particulary
carcinogenesis, neurodegenerative disorders, and ischemic
stroke (18-20). Apoptosis can be induced by a variety of
different signals, including activation of the Fas or tumor
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Physiological process of cell death, apoptosis, plays a beneficial role in organism survival, but in some pathologies, like
gastric Helicobacter pylori (Hp) infection, this process may turn against the host organism causing tissue damage.
Knowledge of the mechanisms controlling apoptosis may have potential significance in treatment of these pathologic
states. Therefore, we sought to determine whether apoptosis induced in the gastric epithelial cells exposed to live Hp
involves the alteration in heat shock protein 70 (HSP70) expression and activation of caspase-3 in peroxisome
proliferator-activated receptors (PPARγ dependent manner). Experiments were performed with KATO III, gastric
epithelial cells, exposed to CagA and Vac A positive live Hp, water Hp extracts or Hp culture supernatant over different
time periods. Total cellular RNA and proteins were isolated for PCR, western-blot and EMSA studies. Genomic DNA was
isolated to analyze apoptosis status. We propose new model of Hp induced HSP70 dependent, caspase-3 executed apoptosis
in human gastric epithelium. KATO III cells exposed to Hp, showed an increase in caspase-3 activity accompanied and
preceeded by activation of nuclear translocation of PPARγ peaking at 48 h of culture. Moreover, heat shock factor 1 (HSF-
1) bound up with phosphorylated STAT-3 was unable to activate HSP70 protein synthesis in KATO III exposed to Hp. Lack
of protective effect of HSP70, activation of caspase-3 - dependent apoptosis pathway caused by Hp and alteration of the
bax/bcl-2 cellular equilibrium led to gastric epithelial cell death. The observed phenomenon might be helpful in
understanding of the mechanism of Hp related gastrointestinal tract diseasess, especially gastric cancer.
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necrosis factor alpha (TNF-α) receptors, growth factor
deprivation, excessive DNA damage, treatment with
chemotherapeutic drugs, or stress such as heat shock,
hyperosmotic shock, or ultra violet (UV) irradiation (21-24). In
spite of numerous stimuli that can activate apoptosis, the
signaling pathways induced by them converge into a common
death pathway either at a mitochondrial step culminating in the
release of cytochrome c from mitochondria to the cytosol (25) or
at the activation of Asp-Glu-Val-Asp (DEVD)-specific caspase-
3-like cysteine proteases, that are also called the executioners of
apoptosis (26). Active caspases cleave a limited set of cellular
proteins and this caspase-mediated cleavage often inhibits the
function of their substrates. Some substrates are activated by
caspases either directly by the cleavage of the enzyme or
indirectly by activation/inactivation of regulatory proteins. It has
been shown that activation of peroxisome proliferator-activated
receptors (PPARs), especially PPARγ, leads to apoptosis
associated with down-regulation of B-cell lymphoma 2 (Bcl-2)
gene expression (27). PPARs in epithelial cells may be
responsible for triggering the caspase-3 dependent apoptotical
pathways what has been evidenced in many cell types (28).

PPARs are transcription factors belonging to the
steroid/thyroid/retinoid nuclear hormon receptors gene family
(29, 30), which are characterized by distinct tissue distribution
patterns and metabolic functions. PPARs function as ligand -
dependent transcription factors, which, upon heterodimerization
with the 9-cis-retinoic acid receptor, bind to specific response
elements termed peroxisome proliferator-response element
(PPRE), thus regulating the expression of target genes (31).

The aim of our study was to determine the effect of live Hp
and/or its cytotoxic products present in the crude Hp water
extract or in the bacterial culture supernatant on the gastric
epithelial cells in vitro. The most interesting aspect of the Hp
infection is its interaction with gastric epithelial cells but
question remains, weather bacteria or its cytotoxic products, are
capable of inducing the apoptosis in gastric epithelium and what
might be the molecular mechanism involved in the regulation of
this process.

In this paper we propose that live Hp induces caspase-3 -
dependent apoptosis in gastric epithelium. Abolition of HSP70
gene expression and activation of nuclear translocation of
PPARγ seem to play an essential regulatory role in Hp induced
apoptosis of epithelial cells.

MATERIAL AND METHODS

Bacterial culture and extracts preparation
The selected strain 60190 of Hp (ATCC number 49503)

expressing CagA and VacA protein was grown on the Columbia
solid agar medium supplemented with 5% of the fresh horse
blood (BioMerieux, Belgium). Before the experiment bacteria
were harvested and suspended in sterile phosphate buffered
saline (PBS). The bacteria were densitometrically counted
according to McFarland scale before the administration to the
cell culture and suitable dilutions were prepared. For water
extracts preparation 1X109 of live Hp were suspended in 100 µl
of steril deionized water for 20 min at room temperature.
Fragments of bacteria were sedimented by centrifugation at
13000 rpm for 10 min in 4°C. Collected supernatant was used
for stimulation of one 100 mm culture dish with human gastric
epithelial cells. Bacterial culture supernatant was collected from
liquid culture of Hp in Brucella broth medium supplemented
with 10% foetal bovine serum (FBS) (Biochrom GmbH,
Germany). Bacteria were sedimented by centrifugation at 13000
rpm for 10 min in 4°C. 1 ml of clear supernatant was used for

stimulation of one 100 mm culture dish of KATO III cells.
Control cultures (not stimulated with the bacteria or its products)
were supplemented with appropriate volumes of PBS, deionized
water or Brucella broth respectively.

Cell culture
KATO III, human gastric carcinoma cells, were grown in

RPMI 1640 medium (Sigma) supplemented with 10% FBS.
Before the experiment cells were seeded on 100 mm dish in
RPMI 1640 with addition of 2% FBS and no antibiotics added.
Cultures were infected with 1X109 of live Hp per dish or
stimulated with suitable amount of Hp water extracts and/or
bacterial culture supernatant. All presented results were obtained
in 4 consecutive experiments and are representative for the
observed phenomenon.

RT-PCR
Total cellular RNA was isolated using TRIzol Reagent

(Gibco-BRL) according to the manufacturer protocol. The
synthesis of the first strand cDNA was performed with Reverse
Transcription System (Promega) using 1 µg of RNA. For PCR
2 µl of cDNA and oligo primers were used. All PCR reactions
were performed employing Promega PCR reagents. Specific
primers, listed below, were synthesised by Sigma-Genosys
(Pampisford, UK). Human primers: β-actin s-5’-
AGCGGGAAATCGTGCGTG-3’, a-5’-GGGTACATG GTGG
TGCCG-3’; bax s-5’-TGG CAG CTG ACA TGT TTT CTG AC-
3’, a-5’- CGT CCC AAC CAC CCT GGT CT-3’; bcl-2 s-5’-
CAG ATG CAC CTG ACG CCC TT-3’; HSP 70 s-5’-TTTG
ACAACAGGCTGGTGAACC-3’, a-5’-GTGAAG ATCTGCG
TCTGCTTGG-3’.

Products of RT-PCR reactions were analysed using EtBr
agarose gel electrophoresis. The abundance of cDNA for each
sample was estimated employing Foto/Analyst Fotodyne System
supported with Gel-Pro Analyzer program (Fotodyne
Incorporated, USA). Semi-quantitative results were expressed as
ratio using β-actin gene product as a reference for each sample.

Electrophoretic mobility shift assay (EMSA)
The nuclear extracts (10 µg of proteins per lane) were

prepared as described previously (32) and examined for band
shift with 5 pmol of biotinylated DNA probe containing
consensus PPAR-γ binding element (PPRE) from the acyl-
coenzyme A (acyl-coA) oxidase gene (5’-GTCGACAGGGGA
CCAGGACAAAGGTCACGTTCGGGAGTCGAC-3’). For
biotinylation Light Shift Chemiluminescence EMSA kit (Pierce
Biotechnology, USA) was used. Complexes were separated by
native 6% polyacrylamide gel electrophoresis and electro-
blotted to the Hybond N+ (Amersham Pharmacia Biotech, UK)
membrane. After UV cross-linking membrane was subjected to
the procedures according to the manufacturer’s protocol to
detect bands. Unlabelled PPAR-γ probe was used for
competition studies. Unlabelled AP-1 binding oligo probe was
used as a non-competitor.

Western blot
The whole cell extracts were prepared as described

elsewhere (33). Equal load of protein in each sample was
assessed using QuantiPro BCAAssay Kit (Sigma, USA). Protein
samples were boiled in western-blot sample buffer and loaded on
the 12% SDS-polyacrylamide gel. After electrophoresis and
transfer of the samples, the PVDF membrane (BioRad, USA)
was blocked with blocking buffer (5% non-fat dried milk in
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PBS) for 1 h in room temperature. Blocking procedure was
followed with 1 h exposure to primary antibody diluted 1:1000
and secondary antibody diluted 1:1000 in blocking buffer.

After each antibody probing membrane was washed three
times for 15 min in TBST buffer (0,1 M Tris pH 8.0; 1,5 M
NaCl; 0,5% TritonX-100). Detection of membrane bound
proteins was performed using BM Chemiluminescence Blotting
Substance (Boehringer Mannheim, Germany). Antibodies (goat
anti human caspase-3 p20 polyclonal IgG, rabbit anti-goat IgG
HRP conjugated) used in the western blot reactions were
purchased from Santa Cruz Biotechnology (Santa Cruz, USA).

DNA fragmentation ladder assay
After induction of apoptosis, cells (5×106/sample, both

attached and detached cells) were lyzed with 150 µl hypotonic lysis
buffer (edetic acid 10 mM, 0.5% Triton X-100, Tris-HCl, pH 7.4)
for 15 min on ice and were precipitated with 2.5% polyethylene
glycol and 1 M NaCl for 15 min at 4°C. After centrifugation at
13000×g for 10 min at room temperature, the supernatant was
treated with proteinase K (0.3 g/L) at 37°C for 1 h and precipitated
with isopropanol at -20°C. After centrifugation, each pellet was
dissolved in 10 µl of Tris-EDTA (pH 7.6) and electrophoresed on a
1.5% agarose gel containing ethidium bromide. DNA ladder
pattern was identified under ultraviolet light.

RESULTS

Determination of apoptosis related gene status by RT-PCR
Gastric epithelial cells cultures were incubated with live Hp,

bacterial water extracts and bacterial culture supernatants over
different time periods. Total cellular RNA was isolated from
control cells (not exposed to any stimuli but only vehiculum:
PBS, deionized water or Brucella broth respectively) and from
the cells that were treated with described above factors for 12 h,
24 h, 48 h and 72 h. After reverse transcription, cDNA was
subjected to amplification in PCR reaction designed to determine
the expression status of HSP70, bax, bcl-2 and β-actin genes.
Cells cultured in the presence of live Hp exhibited radical,
gradual and time dependent changes in the expression level of
analyzed genes. The most significant difference was observed in
the expression of HSP70. After stimulation of KATO III cell with
live Hp, the level of HSP70 mRNA gradualy decreased starting at
12 h to complete disappearance at 72 h culture when compared to
the controls (Fig. 1A). Similar tendency of the transcript decrease
was observed for bcl-2 gene. Level of bcl-2 mRNA was
noticeable lower at 72 h of culture comparing to controls or early
experimental time points (12 and 24 h). Oposite profile changes
with gradual time - dependent increase of the abundance of the
transcript was noticed for bax gene (Fig 1A). Semiquantitave

121

Marker  Control 6h       12h       24h 48h        72h

β-actin (307 bp)

bcl-2 (235 bp)

bax (195 bp)

HSP 70 (590 bp)

HSP 70/β-actin RATIO

bax/β-actin RATIO

bcl-2-2/β-actin RATIO

0

50

100

150

200

250

300

6h 12h 24h 48h 72h

0

20

40

60

80

100

120

140

6h 12h 24h 48h 72h

%
O

F
C

O
N

T
R

O
L

%
 
O

F
 
C

O
N

T
R

O
L

A.

B.

bax/bcl-2 HSP 70

Fig. 1. RT-PCR analysis of HSP70, bax
and bcl-2 genes expression status in
human epithelium infected with live
Hp. RT-PCR analysis of total cellular
RNA isolated from the KATO III cells
exposed to Hp. Panel A presents PCR
reactions for HSP70, bax, bcl-2 and β-
actin genes respectively. Lane marked
as a control presents PCR products
from the material isolated from the
control cells (not treated with bacteria).
Following lanes marked with 6 h, 12 h,
24 h, 48 and 72 h show respectively the
products of PCR analysis of the RNA
isolated from the cell cultures infected
with Hp for indicated time. Panel B
represents semiquantitave analysis, of
these results, expressed as a β-actin
ratio and recalculated as a percent of
control value.



analysis of these results expressed as a bax or bcl-2 to β-actin
ratio, confirms the effects described above (Fig. 1B).

The influence of Hp water extracts and bacteria culture
supernatants on the expression level of HSP70 as well as an
apoptosis related bax and bcl-2 genes was negligible (Fig. 2). In
case of Hp water extracts treatment of the cell cultures only
slight decrease in the abundance of bax and HSP70 mRNA was
detected (Fig. 2A). The bcl-2 mRNA detection levels were
comparable in all analysed samples with non-significant
increase at 72 h (Fig. 2B). Hp culture supernatants were
completely ineffective to influence the expression level of any of
the tested genes in the KATO III cells culture (Fig. 3A, B).

Western-blot analysis of caspase-3 protein abundance in whole
cell extracts

Whole cell extracts collected from all cell cultures (treated
with live Hp, or bacterial water extracts or bacterial culture
supernatants) were subjected to Western-blot analysis. Samples
were exposed to anti human caspase-3 detecting full-length
precursor as well as p20 subunite of active form of caspase-3.
Only extracts isolated from the cell cultured in the presence of
live bacteria, exhibited significant changes in the cellular
contents of p20 subunite of active form of caspase-3 as
compared to the controls which gradualy increased in
subsequent experimental time points peaking at 72 h of culture

with live Hp (Fig. 4A). The abundance of full-length precursor
of caspase-3 remained constant in all experimental time points.
Two other types of Hp originated stimuli (water extracts and
bacterial culture supernatants) had no effect on the detected
protein level of caspase-3 at any time period tested (Fig. 4B, C).

The effect of live Hp on the apoptosis of gastric epithelial cells
The apoptosis in the cell cultures infected with live Hp was

estimated by employing DNA fragmentation ladder assay as well
as TUNEL staining. In both cases, apoptosis rate increased along
with the incubation time with bacteria. TUNEL staining revealed
apoptosis positive cells at 24 h (data not shown) when in DNA
fragmentation ladder assay apoptotic feature, characteristic pattern
of intranucleosomal DNA cleavage, was detected in the cultures
incubated with live Hp at least 48 h with full development was
observed at 72 h time point (Fig. 5A). In contrast, no traces of
DNA fragmentation at any experimental time point were detected
in the samples harvested from cells cultured in the presence of Hp
extracts (Fig. 5B) as well as Hp culture supernatant (Fig. 5C).

EMSA analysis of nuclear translocation of PPARγ in gastric
epithelium under infection with Hp

Gastric epithelial cells demonstrated gradual increase in
nuclear abundance of PPARγ with the peak of its nuclear
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Fig. 2. RT-PCR analysis of HSP70,
bax and bcl-2 genes expression status
in human gastric epithelium treated
with Hp water extracts. RT-PCR
analysis of total cellular RNA isolated
from the KATO III cells exposed to
Hp water extracts. Panel A presents
PCR reactions for HSP70, bax, bcl-2
and β-actin genes respectively. Lane
marked as a control presents PCR
products from the material isolated
from the control cells (not treated with
bacterial water extract). Following
lanes marked with 12 h, 24 h, 48 and
72 h show respectively the products of
PCR analysis of the RNA isolated
from the cell cultures incubated with
Hp water extract for indicated time.
Panel B represents semiquantitave
analysis, of these results, expressed as
a β-actin ratio and recalculated as a
percent of control value.



translocation observed at 48 h after introduction of live Hp to the
culture, but high binding activity revealed also nuclear extracts
isolated at 72 h of culture (Fig. 6).

DISSCUSION
Apoptotic processes induced by Hp during gastric infection

in vivo have been studied long time before, but the convincing
molecular mechanism of this phenomenon remained unknown.
Decrease of acid secretion and hypergastrinaemia as a
consequence of Hp infection were believed to be a major cause
of gastric Hp - dependent pathology (2, 34-36). The fact that, the
infection of gastric mucosa with virulent strains of Hp
expressing cagA and vacA genes, is accompanied by occurrence
of mucosal pathologies, fails to provide any explanation of the
possible molecular mechanism of its development (37-39).
Although Covacci et al. (40) and Stein et al. (41) proposed very
elegant mechanism of Hp cagA protein action “injected” into the
host cell to serve as “Trojan horse”, this model of so called
“type-IV secretion”, unfortunately, failed to examine further
pathological effects of cytotoxic bacterial products on the
cellular level (42). Some reports showed that the induction of
intracellular protein kinases pathways (43) or caspase-3 (44)
with Hp cytotoxic products are a major cause of Hp dependent
apoptosis in the gastric epithelium.

The results of our study might help to understand the
molecular basis, of at least one process induced by Hp bacteria
in gastric epithelium, namely apoptosis. We showed that only
cell cultures infected with live Hp, expressed typical features of
apoptosis including pro-apoptotic changes in bax/bcl-2
equilibrium (Fig. 1) and intranucleosomal DNA fragmentation
(Fig. 5A) that remain in agreement with observation of Cho et
al. (44). Cells treated with Hp extract or Hp supernatant did not
reveal any significant apoptotic response (Figs. 2, 3 and 5B, C).
Also specific down regulation of HSP 70 in the KATO III cells,
occurred only in the presence of live Hp (Fig. 1). Similar
observation was made by Konturek et al. (45) in the mice model
of in vivo stomach infection with live Hp. Hp extract or Hp
supernatant had no effect on the expression of the HSP70
mRNA (Figs. 2 and 3) and HSP70 protein synthesis. This
implies an active participation of live Hp in the attenuation of
HSP70 gene expression. It is well known that Hp, employing
special (type IV secretion) transport system, is able to introduce
its cytotoxic products into the eucaryotic cells (40). These
proteins, phosphorylated by cellular kinases, may interfere with
cellular signal transduction systems (41, 42). In our previous
paper we have explained in details possible molecular
mechanism responsible for induction of pro-apoptotic changes
observed in the gastric cells exposed to live Hp. In the KATO
III cell cultures infected with live Hp bacterial cytotoxic
proteins lead to perturbation in typical action of HSF-1 and
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Fig. 3. RT-PCR analysis of HSP70,
bax and bcl-2 genes expression status
in human gastric epithelium treated
with Hp culture supernatant. RT-PCR
analysis of total cellular RNA isolated
from the KATO III cells exposed to
Hp culture supernatant. Panel A
presents PCR reactions for HSP70,
bax, bcl-2 and β-actin genes
respectively. Lane marked as a control
presents PCR products from the
material isolated from the control
cells (not treated with bacterial culture
supernatant). Following lanes marked
with 12 h, 24 h, 48 and 72 h show
respectively the products of PCR
analysis of the RNA isolated from the
cell cultures incubated with Hp
culture supernatant for indicated time.
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analysis, of these results, expressed as
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signal transducers and activators of transcription (STATs)
signalling pathways, resulting in HSF-1/STATs complexes
formation and in consequence in abolition of HSP70 gene
expression responsible for cellular integrity. Phosphorylated
form of STAT-3 is involved in “sweeping away” of all
transcriptionally active forms of HSF-1 from nucleus in KATO
III cells infected with live Hp (46). In our opinion this is the
basis of molecular mechanism of the abolishment of HSP70
gene expression in cultured gastric epithelial cells in the
presence of live Hp. In consequence, lack of HSP70 makes cells
susceptible for stimuli inducing and executing the apoptosis,
accelerating their elimination from the tissue.

Western-blot analysis revealed significant increase in p20
subunite of active form caspase-3, reaching maximum at 48 h
after administration of Hp (Fig. 4). The activation of caspase-3
was accompanied and preceeded by activation of nuclear
translocation of PPARγ peaking at 48 h of culture in the presence
of live Hp (Fig. 6). PPARγ involvement in apoptosis regulation
in different cell types have been suggested by many authors
showing multiple possible mechanisms regarding regulation of
gastrin or leptin gene expression (47, 48) or interaction with heat
shock system (49). But PPARγ was also shown to be responsible
for induction of apoptosis in several cell systems utilizing
caspase-3 dependent mechanisms of action (28, 50-53).
However, to confirm the correlation between nuclear
translocation of PPARγ and activation of caspase-3 dependent

execution of apoptosis some additional studies involving
antagonist of PPARγ are required. But still, based on all these
results, it may be reasonable to conclude, that 1) only live Hp is
capable of inducing apoptosis in cultured mucosal epithelial
cells and 2) Hp - induced apoptosis in these cells, may starts with
nuclear translocation of PPARγ followed with caspase-3
activation. At the same time, bax/bcl-2 balance is shifted towards
proapoptotic state. The third important component of Hp
induced apoptosis is HSP70, that is subjected to down regulation
only by live bacteria on the transcriptional level. HSP70 appears
to play a pivotal role in the protection against caspase-3
dependent apoptosis (15-17, 46, 54, 55). Attenuation of HSP70
gene expression elicited by the live Hp in the gastric epithelium
might act as a trigger of apoptosis.

Therefore, we propose a novel regulatory mechanism of Hp
induced, HSP70 dependent, caspase-3 executed apoptosis shown
schematically on Fig. 7. It considers involvement of PPARγ in
caspase-3 activation or at least enhancement of its action.
Additionally, it involves published prior mechanism of the
formation of transcriptionally inactive complexes of
phosphorylated STAT-3 with HSF-1, leading subsequently to
abolishment of HSP70 expression and lack of its inhibitory
effect on the intracellular proapoptotic events. Especially
abstention of the caspases system activation in the infected cells.
Moreover, observed in the infected with live Hp cell cultures bax
and bcl-2 balance is shifted towards proapoptotic state. Those
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Fig. 4. Western-blot analysis of
cellular proteins for caspase-3 in the
whole cells extracts of human gastric
epithelial cll cultures. Lane marked as
a control presents western-blot
analysis in the cellular proteins
samples isolated from the control cells
(not treated with live bacteria,
bacterial water extract or culture
supernatant). Following lanes marked
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Fig. 6. EMSA analysis of nuclear
translocation of PPARγ in gastric
epithelial cells in experimental Hp
infection. Control line contains nuclear
extract (10 µg of proteins per lane)
from the cell not treated with the
bacteria. Lanes marked with 12 h, 24 h,
48 and 72 h show the increasing
nuclear translocation and binding
activity of PPARγ to its labelled
oligonucleotide probe in respective
experimental time points. For
competition studies samples from time
point with maximal nuclear
translocation of PPARγ 48 h of
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changes, taken together, may explain the mechanism which give
rise to the apoptosis induction in the gastric epithelium infected
with Hp (Fig. 7).
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Fig. 7. Schematic representation of
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