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Effect of cathepsin B on thymocyte apoptosis in spontaneously

hypertensive rats!
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ABSTRACT

AIM: To further investigate the mechanism of the thy-
mus dysfunction in spontaneously hypertensive rats.
METHODS : The location of cathepsin B expression was
determined by in sind hybridization. The expression of
cathepsin B was analyzed by Northem blot, and thymo-
cyte apoptosis was detected by TUNEL and flow cytome-
ter, respectively. RESULTS: The expression of
cathepsin B in thymus paralieled with thymocyte apoptosis
both in vitro and in vive. Cathepsin B transcripts were
located in the plasma of thymocytes and were more over-
expressed of 6- and 8-week-old SHR than those in the
thymus of WKY. CONCLUSION: Thymocyte apopto-
sis in SHR is increased and this phenomenon is associated
with the expression of cathepsin B.

INTRODUCTION

Spontaneously hypertensive rats (SHR) have long
been established as an animal model for buman essential
hypertension'". Besides hypertension and other cardio-
vascular complications, SHR also show various abnormal-
ities of the immune system: a progressive decline of T
cell functions with aging®?, the appearance of natural
thymocytotoxic autoantibody ( NTA) beginning in the
first month of age'®), and a deficiency of thymic hormone
related to T cell differentiation'> . Growing evidence in-
dicates that there is a close relationship between changes
in the immune system, especially the dysfunction of thy-
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mus, and the development of hypertension in both SHR
and humans'® ?, However, the molecular mechanism
associated with the dysfunction of thymus in SHR is still
unknown

The thymus is one of the most important immune or-
gans. It hosts pre-T cells and is responsible for the de-
velopment and maturation of T cells. By using cDNA
representational difference analysis (cDNA-RDA), com-
bined with differential screening technique, we compared
the difference in gene expression of thymus between SHR
and its normotensive control Wistar Kyoto rats ( WKY)
and found that cathepsin B was over-expressed in the thy-
mus of SHR'® .

Cathepsin B is a cysteine proteinase. It was report-
ed that cathepsin B contributed to bile-salt-induced apop-
tosis of rat hepatocytes® and participated in the apoptosis
of PC12 cells following serum deprivation” . Further
smdy indicates that cathepsin B shows caspase-processing
activity. It can activaie the caspase-11, and trigger the
caspase-activating cascade, then lead to apoptosis of
cell™ . Singhal'™® er al reported that morphine induced
apoptosis of splenocytes and enhanced the expression of
cathepsin B mRNA. In our study, the over-expression
of cathepsin B in thymus of SHR strongly suggests that
there might be an increased thymocyte apoptosis in SHR
and a relationship between cathepsin B over-expression
and thymocyte apoptosis. This study was to compare the
thymocyte apoptosis between SHR. and WKY, and to in-
vestigate the possible connection of expression of cathep-
sin B with thymocyte apoptosis in thymus.

MATERIALS AND METHODS

Animals Male SHR and WKY rats { supplied by
Shanghai Institute of Hypertension, Grade [[ , Certificate
No 0237-1) were used. Afier sacrifice, thymus was
quickly removed and rinsed in Hanks’ solution at room
temperature.  Tissues were gently blotted and stored in
liquid nitrogen for subsequent analysis as described be-
low.
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Total RNA isolation Total RNA was prepared
from SHR and WKY thymus using a guanidine thio-
cyanate protocol™ . The resulting RNA was resuspend-
ed in diethyl-pyrocarbonate-treated water, quantitated by
UV absorption measurements at 260 nm, and fractionated
in 1 % denatured agarose gel. The absorption value ra-
tio of ODogy/ ODggy was between 1.8 and 2.0, and the
ratio of 285/18S was greater than 1.5.

Northern blot analysis For Northern blot analy-
sis, up to 30 pg of total RNA, extracted from SHR and
WKY thymus or cultured thymocytes, was subjected to
1 % denatured agarose gel electrophoresis, and capillary-
transferred to Hybond N* nylon membranes( Amersham,
USA). The transferred RNA was linked to the nylon
membranes by a UV-cross linker, then pre-hybridized in;
6 x SSC, 2 x Denhardt’s solution, 0.1 % SDS, and
salmon sperm DNA 200 mg/L at 65 T for 3 h, and hy-
bridized in the same condition, adding [ &P }dCTP-ran-
dom-radiolabeled cDNA fragments which were derived
from differentially expressed gene clones, and incubated
overnight at 65 T. Blois were washed under stringent
conditions (2 x SSC, 0.1 % SDS, at 65 T for 3 x 30
min) and autoradiographed for 48 h at — 80 T with in-
tensifying screens. Rat Glyceraldehyde-6-Phosphate De-
hydrogenase ( GAPDH) was used as control. The result
was analyzed with [mage Analysis System ( HP Vectra
PC).

In situ hybridization After careful fixation with
4 % polyformalin (PFA) and saturation with 30 % su-
crose, thymus tissue was embedded in Optimal Cutting
Temperature { OCT) compound (Miles, Elkhart, USA)
for crystal section. Five-pm sections were immersed in 2
g/L glycine for 10 min at room temperature. Rinsed
twice with PBS, the sections were digested with pro-
teinase K (1 g/1.) at 37 C for 30 min, and immediately
treated with 0.25 % acetic anhydride/ triethanolamine 0. 1
mol-L~" buffer pH 8.0 at room temperature for 10 min.
The sections were washed with 2 x SSC for 2 x 5 min and
dehydrated in ethanol. The dehydrated sections were im-
mediately subjected to hybridization with cathepsin B cD-
NA probes 20 pg/L at 42 C ovemight, which were la-
beled with digoxin utilizing a random primer labeling sys-
tem { Boehringer Mannheim, Gemmany ) as the
manufacture’s procedures.  After pretreatment, anti-
digoxin antibody 1 mL (1:5000)was added onto the sec-
tion for 2h, and stained with NBT/BCIP solution
(Bochringer Mannheim, Germany) .

TUNEL assay Thymus was frozen in OCT com-
pound ( Miles, Elkhart, USA) in liquid nitrogen.

Frozen tissue sections were fixed in 2 % buffered PFA for
20 min at room temperature.  After washed with PBS for
30 min, sections were treated in 0.1 % Triton X-160/
0.1 % sodium citrate for 2 min at 4 C. The sections
were rinsed with PBS twice, blotted, and immersed in 50
pL. TUNEL reaction mixture solution [ In sity cell death
detection kit { Fluorescein) , Boehringer Mannheim, Ger-
many ] in a humidified atmosphere at 37 °C for 1 h. The
reaction was terminated by rinsing with PBS thrice and
subjected to fluorescent microscopic analysis.

Cell culture  Thymus was obtained from 4-week-
old WKY. Thymocytes were isolated with a mesh and
suspended in RPMI-1640 medium supplemented with
15 % RCS, penicillin 200 U/L, streptomycin 200 pg/
L, 2-ME 50 umol/L.. The cells were adjusted to 1 x
10" cells/L and cultured at 37 T/5 % CO, for 18 h.

Flow cytometer analysis of thymocyte apop-
tosis Thymocytes were fixed with 70 % ethanol. Af-
ter PBS washing, they were successively treated with
trypsin 30 mg/L at room temperatre for 10 min, with
trypsin inhibitor 50 g+ L.~'/RNase 100 mg* L' at room
temperature for 10 min, and stained with propidium io-
dide (P1) (P 416 mg/L, spermine 1.16 g/L ) at 4
for 15 min. At last, the stained thymocytes were sub-
jected to apoptotic cell count by flow cytometer,

The resulis were displayed as ¥ + s and tested by
analysis of variance.

RESULTS

The location of cathepsin B transcripts in
thymus Labeled with digoxin, cathepsin B cDNA was
used to probe the location of its transcripts in thymus
cryosections in situ. The hybridization signal indicated
that the transcripts of cathepsin B were located in thymo-
cyte cytoplasma in the cortex region in SHR.

Temporal expression of cathepsin B mRNA in
SHR and WKY thymus Cathepsin B was over ex-
pressed in SHR thymus, especially in 6- and 8-week-old
SHR thymus {Fig 1).

Apoptosis of thymocytes The apopiotic cells
were detected in thymus of 6- and 8-week-old SHR and
WKY rats. The TUNEL results indicated that the num-
ber of apoptotic cells of 8-week-old SHR was greater than
that of of 8-week-old WKY thymus (Fig 2).

The acutely isolated thymocytes from 6-week-old
SHR and WKY were subjected to apoptotic cell count by
flow cytometer (FCM),  The rates of apoptotic cells in
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Fig 1. Northern blot analysis of cathepsin B transcripts
temporally expressed in SHR and WEKY thymus,
Cathepsin B was over-expressed in 6-week and 8-week
old SHR thymus than in WKY thymus., GAPDH was
used as control to equalize the loading quantity of total
RNA, n=4.

Fig 2.

In situ detection of apoptotic cells in cryosec-
tions of thymus with TUNEL method ( x 200) .

SHR and WKY thymocytes were 7.19 % and 4.31 %,
respectively {Fig 3).

Fig 3. Flow cytometer analysis of apototic cells in thy-
mius. Thymocytes were acutely isolated from 6-week-
old WKY rat and SHR, subjected to propidium iodide
staining. n=4. xzxs. "P<0.05 vs WKY.

The expression of cathepsin B mRNA and
thymocyte apoptosis induced by dexamethasone
{Dex) and norepinephrine (NE} Cultured for 24
h, thymocytes from WKY rats were treated respectively
with Dex 0.1 mmol/L, Dex 0.001 mmol/L, NE 0.1
mmol/L, NE 0.01 mmol/L, and PBS for 5 h, and the
rales of apoptotic cells were counted by FCM and the ex-
pression of cathepsin B mRNA was analyzed by Northermn
blot. The rates of apoptotic cells were 23,52 %
(PBS}, 28.85 % (NE 0.01 mmol/L), 31.73 % (NE
0.1 mmol/L), 44.81 % (Dex 0.01 mmol/L )}, and
51.21 % (Dex 0.1 mmol/L) (Fig 4).
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Fig 4. Histogram of thymocyte apoptosis induced by
NE- and Dex-treatment. n = 4. “P<0.01 vs PBS
Eroup.

Similarly, the expression of cathepsin B mRNA in-
creased in the same order shown by Northern blot analy-
sis, i, PBS induced the least and Dex 0.1 mmol/L in-
duced the most expression of cathepsin B mRNA { Fig
5). But there was no correlation after statistical analy-
sis.
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Fig 5. Northemn blot amilysis of the tanscripts of
cathepsin B in Dex-and NE-treated thymocytes.
xxs5. P<0.01 vs PBS group.

n=4.

DISCUSSION

Our previous study indicated thal cathepsin B mRNA
was over-expressed in SHR thymos.  The present study
shiswed that the expression of cathepsin B in thymus par-
alleled with thymocyte apoptosis both in vive und in vii-
rr,  Cathepsin B was exprossed in thymocyies and was
much more expressed in thymus of 6- and 8-week-old
SHR than that in WKY . Although there was no comela-
tion in statistic, cathepsin B expression lended o be di-
rectly proportional to the number of thymocyte apoptosis.
This phenomenon was again confirmed in coltured thymo-
cytes, These maybe show (he complexily of apoptotic
cause or result fom inadequate sample.

Apoptesis, a critical process in the immamre thymo-
cytes, requires pew gene and protein synthesis.  Al-
though many factors in thymus can trigger the apoptosis
of thymoeyies through multiple signals, and each signal
engages a unique signal-transduction pathway mediated by
the products of separated genes, ihe finml siep might be

common, in which proteins or deoxynucleotides are de-
graded by proteases or endonucleasess™ . Cathepsin B
was recently found o be relaied to apoptosis of some
cells. It has exo- as well as endo-peptidase activily,
The endopeptidase activity of enthepsin B prefers, but is
not limited 1o, a basic and hydrophobic amino acid at the
Pl and P2 substrate sites, respectively!™ . Such a pre-
ferted site is present in murine procaspase-11 ( residues
264-TR-255) as well as in human caspase-1 ( residues 295
and 206G, respectively). ‘Lhese residues are highly con-
served. An in vitro study'" proved that procaspase-11
andd capase-1 were readily processed by cathepsin B and
procaspase-2, -0, -7, -1 were weak substrale, while
procaspase-3 wag 4 very poor substrate and procaspase-12
was nol substrate at all for cathepsin B, Caspase-11 and
caspase-1 belong to the class of inifiator caspascs, while
caspase-3 i an exceutioner.  Thus, given the speciticity
of cathepsin B for caspase-11 and caspase-1 and not for
caspase-3, cathepsin B may play a regulatory role in the
activation of initiator caspases rather than executioner cas-
pases,

Dexamethasone (Dex) is a very sensitive inducer of
thymoeyle apoplosis-'® . Norepinephrine ( NE ) can
slightly increase the apoptosis of thymocytes' '™, In this
study . while different concentmtions of Dex and NE in-
duced different levels of thymocyte apoptosis, the expres-
sion of cathepsin B3 paralleled o the extent of apoptosis.
Several other Finex of rescarch pinpoint a role for cathep-
sin B as an intraceliular protease in active cell death or
apoptosis. It has been shown thal cathepsin B plays a
role in spoplosis of lumingl epithelial cells of the prostate
and mammary gland that occurs after hormone abla-
tion' "', An increased expression of cathepsin B was ob-
served in apoptotic cells and the protein was subsequently
localized in the apopiotic bodies.
munohistochemical sudy!™ in infiluative breast carcino-
mis of the namral cysteine protease inhibitor cysiatin A,
which inhibits cathepsin B and also cathepsin H, L, and
S, suppests that the decrensed apopiosis observed in -
mars that express cystatin A may be due w cystatan A-
mediated inhibition of cathcpsin B and/or other cathep-
Still another line of research ' indicated that a
role of cathepsin B in 1, 25-dihydroxyvitamine D3 [ 1,23
{DI-[)zl')‘i‘f-iruimui apoplssis.  In cultured MCFT cells,
1,25(0OH}, Ty can up-regulate the expression of clusterin
and cathepsin B, downregulate that of bel-2, amd exhibil
increased sensitivity o apoplosis which might comelated
with the presence of cathepsin B.  Herein, our results
provided turther evidence for the mssociation hetween

Moreover, an im-

TR
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apoptosis and cathepsin B in thymocytes.

A pivotal process during T cell development is the
clonal deletion of some sub-populations induced by apop-
tosis. As a result, some cells are survived, potentially
autoreactive immature thymocytes are deleted, and the
homeostasis of the immune system is maintained™® ,

Large numbers of precursor cells migrate into the
thymus daily, where they are subjected to selection.
The majority (90 % — 95 %) of these cells, however,
die as a result of neglect (ie they are neither positively
nor negatively selected). Those cells bearing TCR that
recognize self major histocompatibilty proteins ( MHC)
are positively selected. A subset of these cells recognize
MHC with high affinity and are directed towards negative
selection by apoptosis[m]. Therefore, apoptosis plays a
key role in the balance of immune reaction. In some
cases, defects of normal cell death can lead to disease.
The best example of this comes from studies of two
groups of patients, each with mutations in FasZ' 20
Thus, following immunization with superantigens or pep-
tide antigens, the activated specific peripheral T lympho-
cytes can not be appropriately reduced or eliminated upon
stimulation by apoptosis, and they continue to expand.
The individuals in both groups are, for the most part,
quite ill and have lymphoproliferative disorders reminis-
cent of those observed in 1pt/lpr mice, named the human
autoimmune lymphoproliferative syndrome. In SHR, the
number of apoptotic thymocytes increased and CD8* cell
decreased in thymus'®, and the number of periphery T
cells also decreased'?®), These may destroy the home-
ostasis of immune system, and associate with the dys-
function of the immune system in SHR.

In conclusion, we found that thymocyte apoptosis in
SHE. was increased, and that cathepsin B was possibly re-
lated to apoptosis in thymocytes. This work might be
very helpful to interpret the dysfunction of thymus in
SHR.
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