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Abstract

The aim of present study was assessment of reticular pathway of nitric oxide induced programmed cell death. In intrinsic path-
way if apoptosis the mitochondria or endoplasmic reticulum are involved. This is the result of cellular stress and destruction endoplas-
mic membranes in the cell. In experiment we used rats divided into two groups. Animals from experimental group received L-arginine --
precursor of nitric oxide. Specimens taken from liver of decapitated rats was prepared to immunohistochemical method detected caspase 12.
Caspase 12 is the enzyme in endoplasmic reticulum. We used standard three step method. In the slides of the liver of rats from experi-
mental and control group we didn’t detect overexpression of caspase 12.
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Introduction

Caspase 12 is the enzyme from family of cysteine pro-
tease proteins known as caspases. Some members of this
family are part of a proteolytic cascade that plays a main role
in cell death by apoptosis. Inactive Caspase-12 is localized in
the endoplasmic reticulum in the cell. The endoplasmic
reticulum (ER) consists of some membranes This organel-
lum is responsible for the production of the protein and lipid
components of cell's organelles. There are two types of ER -
rough, which contains ribosomes, and smooth one. Rough ER
is the surface of protein synthesis. The main role of smooth
ER is detoxication of ethanol. Caspase 12 is activated by
perturbation of endoplasmic reticulum calcium homeostasis,
hypoxia, glucose starvation, treatment of cells with ER stress
inducers and accumulation of excess proteins.

There are two main pathways leading to cell apop-
tosis [1]: Extrinsic pathway is induced by an external signal
and is connected with the death receptors on cell's mem-
brane or with attack of cytotoxic T lymphocytes. In intrinsic
pathway the mitochondria or endoplasmic reticulum are
involved. Sometimes amplification of proapoptotic signal is
observed when both pathways are induced.The intrinsic
pathway is activated by cellular stress [2, 3]. Cellular stress
may occur during the cell exposure to radiation, chemical
substances, viral infection. Moreover, it may result from
growth factor damage or oxidative stress. The intrinsic
pathway initiates apoptosis via involvement of mitochondria
or endoplasmic reticulum. The damage of ER leads to the
activation of caspase 12 located inside the reticulum.
The activation of caspase 12 triggers the caspase cascade [4].

Copyright © 2011 Medical University of Lublin

The last activated caspase is caspase 3. Its action re-
sults in: the damage of nuclear enzymes, protein in cy-
toskeleton and fragmentation of DNA between individual
nucleosomes.

The dying cell is divided into small pices - apoptotic
bodies. The apoptotic bodies are recognized by the adja-
cent cells, macrophages responsible for their phagocyto-
sis thanks to the receptors on their surface. Newer and
newer Kinds of receptors are being discovered. Recently,
the phosphatidylserine receptor (PSR) protein has been
discovered on the surface of the immune cells responsible
for engulfing apoptotic cells, which binds phosphatidylse-
rine present on the apoptotic cell surface. It has been ob-
served that the cells lose their ability to phagocytose the
apoptotic cells when PSR proteins are blocked by antibo-
dies while the cells to which the PSR protein encoding gene
has been introduced recognize and engulf the apoptotic
cells [5,6]. The other discovered receptors located on the
apoptotic cells include: complement receptor 3 (CR3) [7],
complement receptor 4 (CR 4) [8], vitroectin and throm-
bospondin receptors, CD 14. These receptors are recog-
nised by macrophages and other cells which phagocytose
the apoptotic bodies.

In present study we analyzed caspase 12 activation
stimulated by L-arginine- induced damage of endoplas-
mic reticulum in hepatocytes of rats’ liver.

Material and methods

The rats used in present study were divided into 2
equal groups. The rats in experimental one were adminis-
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tered L-arginine every other day in the amount of 40 mg/kg
body weight for 2 weeks. The rats in control one received
2 ml of distilled water every other day for 2 weeks. The
animals were decapitated after 3 weeks of the experiment.

After decapitation the hepatic specimens collected
for immunohistochemical examinations were fixed in
10% formalin, dehydrated in the alcohol series and em-
bedded in paraffin blocks. The slides was made. Next
paraffin was removed in xylene and in a graded alcohol
series. The specimens were subjected to thermal prepara-
tion in the acid medium. Next endogenous peroxidase
was blocked and after that the specimens were incubated
with rabbit primary antibody caspase 12 (Lab Vision RB-
9259-P0) in 1% TBS/BSA, dilution 1/100. Then the Dako-
Cytomation kit was used for immunohistochemical reac-
tions, which included: biotinylated secondary antibody,
streptavidin conjugated with horse-radish peroxidase and
AEC substrate. After chromatogen staining the specimens
were placed in the haematoxylin solution and rehydrated.
The photographic documentation was prepared using the
computer-guided Colour Video Camera CCD-IRIS(Sony).

The results of immunohistochemical examinations
were subjected to qualitative evaluation and quantitative
evaluation using the Analysis-pro software, version 3
(Soft Imaging System GmbH, Germany). The microscopic
images, magnification x125 were analysed assessing the
protein expression in 3 randomly chosen areas,
781193.35um?, each. The surface area of cells with posi-
tive reaction (+) was calculated.

The results were presented as means and standard
deviation of the mean using the ANOVA, t-student tests.
5% error risk and statistical significance at p<0.05 were
accepted.

Results

The caspase 12 reaction with the antibody was was
focal and concerned the cytoplasm which it filled evenly.
The adjacent hepatocytes were characterized by various
intensity of positive caspase 12 reaction.

Quantitative evaluation of immunohistochemical
reaction in experimental group was comparable with the
control group.(Fig. 1, 2, Tab. 1).

Discussion

Procaspase 12 is proapoptotic enzyme activated by
many factors. One of them is caspase 7 [9]. This is an
effector caspase, which is involved in or initiate the de-
struction of cellular DNA, which leads to cell destruction.
Caspase 7/Mch3/ICE/LAP3/CMH-1 (Mammalian CED-3
homologue 3/ICE-like apoptotic protease 3); in its struc-
ture and function is similar to caspase 3 [10]. Bitko and
Barik [11] have demonstrated that apoptosis induced by
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Fig.1. CONTROL GROUP. Medium-intensive caspase 12
reaction in the rat liver section. AEC+H staining. Magnifi-
cation about x 140.

Fig.2. EXPERIEMNATL GROUP. The liver section of the L-
Arg-treated rat. Medium intensive caspase 12 reaction.
AEC+H staining. Magnification about x 280.

Table 1. Mean area occupied by caspase 12 reaction in the
rat liver in control and experimental group. Statistical
significance of differences. ONE WAY ANOVA test

. ONE WAY
Group Control Experimental ANOVA
Caspase | 302.8um? | 164.63um? ~0.36
12 | +/-21889 | +/-169.81 p=L

infection with Respiratory Syncytial Virus in the lung
epithelial cell line A549 occurs through an endoplasmic
reticulum stress response that activates caspase-12.
Apoptosis is important for correct development of
multicellular organism. This cellular death is helpful in
keeping of tissue homeostasis. Too much or too little
apoptosis can be cause of many diseases. Stress in the
endoplasmic reticulum (ER) can result in apoptosis. ER
contains procaspase-12 which is activated by ER stress,
including disruption of ER calcium homeostasis and ac-
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cumulation of excess proteins in ER, but not by mem-
brane- or mitochondrial-targeted apoptotic signals [4].

TRAF2 has been shown to couple ER stress sensors
with activation of caspase-12 by interacting with procas-
pase-12 and promoting procaspase-12 activation [12].

Hetz et al.[13] proved that misfolded prion protein
(PrPs) in prion diseases toxicity is associated with an
increase of intracellular calcium released from endop-
lasmic reticulum (ER).

Activation of death receptors and mitochondrial dam-
age are well-described common apoptotic pathways. [14].
Mehmed H [15] showed that if during apoptosis the cas-
pases were activated near the cell membrane (extrinsic,
receptor pathway) or mitochondrial membrane (mito-
chondrial pathway), caspase 12 was not activated.

Liu et al. noticed that, the caspase 12 plays an im-
portant role in cisplatin-induced apoptosis. It is proposed
that the oxidative stress that results from the interaction
of cisplatin with the ER cytochrome P450 leads to activa-
tion of procaspase 12, resulting in apoptosis.[16]

Apoptosis induced by adriamycin via ER pathway
was also described by Jang YM and colleagues [17].

In present study we didn’t observe an increase of
caspace 12 activation connected with L-arginine induced
apoptosis.

References

1. Bielak-Zmijewska A. Mechanizmy opornosci komérek nowotwo-
rowych na apoptoze. Kosmos. Problemy nauk biologicznych,
2003; 52: 157-171.

2. Herr L, Debatin K.M. Cellular stress response and apioptosis in
cancer therapy. Blood, 2001; 98: 2603-2614.

3. Igney F.H, Krammer P.H. Death and anti-death: tumor resistance
to apoptosis. Nat Rev Cancer, 2002; 2: 277-288.

4. Nakagawa T., Zhu H., Morishima N,, Li E,, Xu ]., Yankner B, Yuan J.
Caspase-12 mediates endoplasmic-reticulum-specific apoptosis
and cytotoxity by amyloid-b. Nature, 2000; 403: 98-103.

5. Fadok V., Bratton D.M., Rose A, Pearson R, Alan B., Ezekewitz
P.M., Henson P.M. A receptor for fosfatidyloserine - specific
clearance of apoptotic cells. Nature, 2000; 405: 85-90.

6. Green D.R, Beere H.M. Gone but not forgotten. Nature, 2000;
405: 28-29.

7. Colucci-Guyon E., Niedergang F., Wallar B.]., Peng ], Alberts A.S.,
Chayrier P. A Role for Mammalian Diaphanous-Related Formins
in Complement Receptor (CR3)-Mediated Phagocytosis in Ma-
crophages. Curr Biol, 2005; 15: 2007-2012.

8. Gafa V. Manches 0., Pastor A., Drouet E., Ambroise-Thomas P.,
Grillot R, Aldebert D. Human cytomegalovirus downregulates
complement receptors (CR3, CR4) and decreases phagocytosis
by macrophages. ] Med Virol, 2005; 76: 361-366.

9. Rao R\V., Hermel E., Castro-Obregon S., del Rio G., Ellerby L.M.,
Ellerby H.M., Bredesen D.E. Coupling endoplasmic reticulum
stress to the cell death program. Mechanism of caspase activa-
tion., 2001; 276: 33869-33874.

10. Mroz P., Miynarczuk I. Mechanizmy indukcji apoptozy i zastosowania
TRAIL w terapii nowotworéw. Post Biol Kom, 2003; 30: 113-212.

11. Bitko V. Barik S. An endoplasmic reticulum-specific stress-
activated caspase (caspase-12) is implicated in the apoptosis of
A549 epithelial cells by respiratory syncytial virus. ] Cell Bio-
chem, 2001; 80:441-454.

12. Yoneda T., Imaizumi K., Oono K., Yui D., Gomi F., Katayama T.,
Tohyama M. Activation of caspase-12, an endoplastic reticulum
(ER) resident caspase, through tumor necrosis factor receptor-
associated factor 2-dependent mechanism in response to the ER
stress, 200; 276:13935-13940.

13. Hetz C., Russelakis-Carneiro M., Maundrell K., Castilla J., Soto C.
Caspase-12 and endoplasmic reticulum stress mediate neurotox-
icity of pathological prion protein EMBO ], 2003; 5435-5445.

14. Xie Q. Khaoustov V.1, Chung C.C, Sohn J., Krishnan B., Lewis D.E.,
Yoffe B. Effect of tauroursodeoxycholic acid on endoplasmic reti-
culum stress-induced caspase-12 activation. Hepatology, 2002;
36:592-601.

15. Mehmet H. Caspases find a new place to hide. Nature, 2000;
.403: 29-30.

16. Liu H., Baliga R. Endoplasmic Reticulum Stress-Associated
Caspase 12 Mediates Cisplatin-Induced LLC-PK1 Cell Apoptosis ]
Am Soc Nephrol, 2005; 16: 1985-1992.

17. Jang Y.M,, Kendaiah S., Drew B., Philips T., Selman C,, Julian D.,
Leeuwenburgh C. Doxorubicin treatment in vivo activates cas-
pase-12 mediated cardiac apoptosis in both male and female
rats. FEBS Lett, 2004; 577: 483-490.

Correspondence address

Agnieszka Pedrycz

Department of Histology and Embryology Medical University in
Lublin, ul. Radziwittowska 11, 20-080 Lublin

e-mail address: apw4@wp.pl; tel. 81 528 84 04

Curr. Probl. Psychiatry 2011; 12(4): 587-589


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rao%20RV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hermel%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Castro-Obregon%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22del%20Rio%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ellerby%20LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ellerby%20HM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bredesen%20DE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Rao%202001%20caspase%207
http://www.ncbi.nlm.nih.gov/pubmed/11135374
http://www.ncbi.nlm.nih.gov/pubmed/11135374
http://www.ncbi.nlm.nih.gov/pubmed/11135374
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yoneda%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Imaizumi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oono%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yui%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gomi%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Katayama%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tohyama%20M%22%5BAuthor%5D
mailto:apw4@wp.pl

