
Journal of Sciences, Islamic Republic of Iran 17(3): 221-224 (2006) http://jsciences.ut.ac.ir 
University of Tehran, ISSN 1016-1104 

The Role of Caspase 9 during Programmed Cell Death  
in Ciliary Ganglia of Chick Embryos 

 
A. Parvaneh Tafreshi,1 B. Zeynali,2,* and K. Krieglstein3 

 
1 Department of Biochemistry, The National Research Centre for Genetic Engineering and  

Biotechnology, P.O. Box 14155-6343, Tehran, Islamic Republic of Iran 
2 School of Biology, University College of Science, Tehran University, Tehran, Islamic Republic of Iran 

3 Centre of Anatomy, Department of Neuroanatomy, University of Gottingen, Gottingen, Germany 

 
Abstract 

During programmed cell death (PCD) apoptosis is controlled by many factors 
such as proteases. With no specific protease (s) known during PCD in the 
developing nervous system so far, we sought to determine if any specific protease 
(s) is involved in this process and therefore used different protease inhibitors 
during PCD (from embryonic day 6 to 10) in chick embryos. Among the 
inhibitors commercially available, those for the inhibition of caspase 8, caspase 9 
and calpain were used from embryonic day 6 to 9. Embryos were injected daily 
with 10 µg of the inhibitors, killed at embryonic day 10 with their ciliary ganglia 
(CG) excised and neurons counted. The results in this study show that only 
inhibition of caspase 9 but not that of caspase 8 or calpain results in a significant 
increase in neuron numbers of the ciliary ganglia. These results suggest a key role 
for caspase 9 in the intracellular pathway of programmed cell death. 
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1. Introduction 

During development of the nervous system, there is 
an overproduction of neurons corrected during 
programmed cell death (PCD). During this period more 
than 50% of the neurons die, even after the final 
synaptic contact with the target tissues [1]. It is believed 
that PCD is due to the lack of different target derived 
neurotrophic factors required for neuron survival [2]. 
Programmed cell death often occurs in a distinct pattern 
and plays a role in morphogenesis. One good example is 
cell death in distinct regions of developing limb bud 
leading to sculpting the limb [3]. This correction 
resulted from apoptosis controls the number of cells and 

therefore sizes and functions of organs. Two different 
internal (mitochondrial) and external (receptor 
mediated) pathways are known for PCD which meet 
each other in a common pathway of the activation of 
caspases. Therefore caspases are strong proteases and 
breaking key proteins in cell death [4,5]. 

Three major classes of peripheral and central nervous 
system neurons in chick embryos, parasympathetic 
ciliary ganglia (CG), sensory DRG and spinal lumbar 
motoneurons, undergo substantial ontogenic apoptosis 
between E6-E10 [6,7]. Due to the importance of PCD in 
development, the mechanisms involved in this 
programme have largely been investigated. Functionally 
different caspases and proteases are known, but none of 
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them has been specified to be involved in the process of 
PCD. Previous findings from our colleagues [8] have 
shown that general inhibition of caspases during the 
period of ontogenic neuron death (E6-E10) prevents 
PCD significantly in ciliary ganglia of developing chick 
embryos. Using the same model and looking at the same 
ganglia (ciliary ganglia), caspase 8, 9 and calpain were 
inhibited in vivo to determine if any of these proteases is 
specifically involved in PCD. According to our findings 
only inhibition of caspase 9 prevents PCD significantly 
similar to the general inhibition of caspases. 

2. Material and Methods 

Inhibitors of caspase 8 (Calbiochem; Z-LEHD-
FMK), caspase 9 (Calbiochem; ZETD-FMK) and 
calpain (Calbiochem; Z-Val-Phe-Cho) were purchased, 
dissolved in DMSO and diluted in PBS. Fertilized eggs 
were placed in a humid 37°C incubator and injected 
daily (from E6-E9) with 70 µl containing 10 µg of 
different inhibitors in DMSO through an opening of the 
shell onto chorio-allantoic membrane (as described by 
[9]). Control eggs received equal amounts of solvent (70 
µl of 2% DMSO in PBS). At E10, the embryos were 
killed with their ciliary ganglia dissected, fixed in 
Bouin's fixative for overnight and processed for paraffin 
embedding the day after. Eight μm sections were cut, 
stained with haematoxilin and eosin and neurons were 
counted in every 10 sections according to [9]. 

3. Results 

In the developing nervous system of chick and 
mammals, proteases are known to induce natural neuron 
death. To specify a protease(s), caspase or calpain, that 
might be involved in PCD, function of the known 
proteases was inhibited by using inhibitors of caspase 8, 
9 and calpain. Among the three classes of neurons, 
parasympathetic CG, sensory DRG and spinal lumbar 
motoneurons, ciliary ganglia were used as a model to 
examine the effects of the administered inhibitors. 

Experimental values of neuron counts in CGs of E10 
embryos treated with different protease inhibitors during 
E6-E9 have been shown in Figure 1. Neuron numbers in 
CGs of the embryos treated with caspase 9 inhibitor 
showed a significant increase (5510±258; p<0.001) 
compared to that in control embryos (3903±202). 
Despite a slightly increased neuron numbers of CGs 
from chick embryos treated with inhibitors of caspase 8 
(4587±588) or calpain (4574±230), statistical analysis 
showed that the values are not significantly different 
from that of the control. 

At a glance, an obvious increase in neuron numbers 

of CGs in chick embryos treated with caspase 9 
inhibitor (Fig. 2b) could also be seen in photo-
micrographs in comparison with that in control (Fig. 
2a). Despite significant changes in neuron numbers of 
CGs in embryos treated with caspase 9 inhibitor, the 
morphology of CGs as oval like structure having large 
neurons with prominent nuclei and nucleoli, was 
unchanged in comparison with that in control embryos. 
Taken together, these data indicate that caspase 9 is 
specifically involved in PCD. 

4. Discussion  

It is well known that PCD plays a major role in 
development of the nervous system with the mechanism 
(s) largely unknown. Caspases (cysteine-containing, 
aspartate-specific proteases) play key roles in apoptotic 
signaling in a wide range of cell types [10,11] including 
different neuron populations. 

The results presented in previous studies from our 
colleagues [8] and others [12] show that general 
inhibition of caspases in ovo inhibits PCD in ciliary 
ganglia and motoneurons to a great extent. Also 
findings from Yaginuma and colleagues [13] have 
shown that genetic deletion of caspases 3 and 9 in mice 
and in ovo treatments with caspase 3 and 9 inhibitors 
results in a delayed process of PCD in motoneurons. 
Although involvement of the proteases and among them 
caspases, is known to be essential for intracellular 
pathway of PCD, their large numbers and spatial 
overlapping distribution during development hint at the 
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Figure 1.  Experimental values of neuron counts in ciliary 
ganglia of E10 chick embryos treated with different protease 
inhibitors from E6-E9. While inhibition of caspase 9 
significantly increases neuron numbers in comparison with 
that in control (p<0.001), inhibition of caspase 8 or calpain 
does not change the numbers in comparison with control 
(p>0.1). 
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Figure 2.  Photomicrographs of histological sections of ciliary 
ganglia of chick embryos treated with either DMSO diluted in 
PBS as a control (a) or an inhibitor of caspase 9 dissolved in 
DMSO and diluted in PBS (b). An increased number of 
neurons can easily be seen following the inhibition of caspase 
9 (b) in comparison with its control (a). Scale bars represent 
42 µm. 

 
involvement of different caspases for development of 
different neuron populations. To specify the type of 
protease (s) involved during PCD, we have used 
inhibitors of caspase 8, 9 and calpain during PCD in ovo 
and showed that only inhibition of caspase 9 is as 
effective as general inhibition of caspases in preventing 
PCD in neurons of ciliary ganglia. Moreover, our 
preliminary results show that inhibiting caspase 9 
prevents PCD in motoneurons as well (data not shown) 
to an extent reported previously by general inhibition of 
caspases [8,12]. To our knowledge this is the first 
evidence that specifies caspase 9 responsible for 
programmed cell death in vivo. Although in vivo studies 
in caspase 9-deficient mice have shown that caspase 9 is 
an inducer of neuron death in mouse brain and thymus 
[14,15], and is upregulated during development and 
downregulated in the adult rat brain [16], no evidence so 
far has been reported regarding the in vivo role of 

caspase 9 at the time of programmed cell death. There 
are indications however, which point to the key role of 
caspase 9 in the activation of other caspases such as 3, 6 
and 7 [17]. For example, caspase-3 activation is 
abolished in caspase-9 knockout mice [15]. Also, Li and 
colleagues [18] have shown that there is an enhanced 
caspase-9 like activity in dying motoneurons. Moreover, 
performance of caspase 9 through two cytosolic protein 
factors, Apaf-1 and cytochrome c in mitochondria [19], 
which are known to be involved in neuron death, 
suggests that caspase 9 is the starting point for neuron 
death. 

Although some in vitro evidence have pointed to the 
contribution of caspase 8 in the death of cultured retinal 
ganglion cells or cerebellar granule neurons [20,21] 
other studies on neuronal cultures of cerebellum, 
striatum and substantia nigra have denied its 
involvement in neuron death [22,23]. Investigating the 
role of caspase 8 in vivo during PCD, we have shown 
that inhibition of caspase 8 has no effect on 
programmed cell death in ciliary ganglia. Furthermore, 
our preliminary studies in motoneurons reveals the same 
result (data not shown), confirming that caspase 8 is not 
a key point of downstream signaling during PCD in 
different neuron populations. 

In addition to the involvement of caspase family in 
neuron death, another family of proteases, the calpains, 
have also been introduced to be as effective as caspases 
in this process. According to a study by Villa and 
colleagues [24] in cultured ciliary neurons deprived 
trophically, inhibitors of calpains are as effective as 
those of caspases in preventing apoptosis and DNA 
fragmentation [24]. In contradiction with the results 
obtained in vitro, our results from in ovo studies show 
that inhibiting calpains during PCD does not prevent 
neuron apoptosis; a discrepancy that might be due to the 
difference between the mechanisms induce apoptosis 
under culture conditions and that induce apoptosis 
during PCD in ovo. 

Altogether, our result is indicative of the specific role 
of caspase 9 in the inhibition of PCD in PNS which 
would also be confirmed in CNS in our future studies. 
Among our other perspectives is to study the in ovo 
interactive actions of caspase 9 with other proteins such 
as Bcl-2, Bax and Apaf known to be involved in PCD. 

Acknowledgements 

This study was approved and supported by research 
committee of University College of Science, University 
of Tehran and Departments of Anatomy and Cell 
Biology, Universities of Heidelberg and Gottingen. 

223 



Vol. 17  No. 3  Summer 2006 Parvaneh Tafreshi et al. J. Sci. I. R. Iran 

References 

1. Clarke P.G. and Clarke S. Nineteenth century research on 
naturally occurring cell death and related phenomena. 
Anat. Embryol. Berl., 193: 81-99 (1996). 

2. Purves D. and Nja A. Effect of nerve growth factor on 
synaptic depression after axotomy. Nature, 260: 535-536 
(1976). 

3. Chu Wang I.W. and Oppenheim R.W. Cell death of 
motoneurons in the chick embryo spinal cord; I A light 
and electron microscopic study of naturally occurring and 
induced cell loss during development. J. Comp. Neurol., 
177: 33-57 (1978). 

4. Lawen A. Apoptosis – an introduction. BioEssays, 25: 
888-896 (2003). 

5. Pena C., Zhou Y., Lust D., and Pilar G. Restoration of 
mitochondrial function reverses developmental neuronal 
death in vitro. J. Comp. Neurol., 440: 156-176 (2001). 

6. Oppenheim R.W. Cell death during development of the 
nervous system. Annu. Rev. Neurosci., 14: 453-501 
(1991). 

7. Pena C. and Pilar G. Early morphologic alteration in 
trophically deprived neuronal death in vitro occur without 
alterations in cytoplasmic Ca+2. Ibid., 424: 377-396 
(2000). 

8. Krieglstein K., Richter S., Farkas L., Schuster N., Dunker 
N., Oppenheim R.W., and Unsicker K. Reduction of 
endogenous transforming growth factor B prevents 
ontogenic neuron death. Nat. Neurosci., 3: 1085-1090 
(2000). 

9. Oppenheim R.W., Prevette D., Haverkamp L.J., Houenou 
L., Yin Q.W., and McManaman J. Biological studies of a 
putative avian muscle-derived neurotrophic factor that 
prevents naturally occurring motoneuron death in vivo. J. 
Neurobiol., 24: 1065-1079 (1993). 

10. Salvesen G.S. Caspases and apoptosis. Essays Biochem., 
38: 9-19 (2002). 

11. Earnshaw W., Martins L., and Kaufmann S. Mammalian 
caspases: structure, activation, substrates and function 
during apoptosis. Annu. Rev. Biochem., 68: 383-424 
(1999). 

12. Milligan C.E., Prevette O., Yaginuma H., Homma S., 
Cardwell C., Fritz C.L., Tomase K.J., Oppenheim R.W., 
and Schwartz L.M. Peptide inhibitors of the ICE protease 
family arrest programmed cell death of motoneurons in 
vivo and in vitro. Neuron, 15: 385-393 (1995). 

13. Yaginuma H., Sato N., Homma S., and Oppenheim R.W. 
Roles of caspases in the programmed cell death of 
motoneurons in vivo. Arch. Histol. Cytol., 64(5): 461-74 
(2001). 

14. Kuida K., Haydar T.F., Kuan C.H., Gu Y., Taya C., 
Karasuyama H., Su S.S., Rrakic P., and Flavell R. 
Reduced apoptosis and cytochrome c-mediated caspase 

activation in mice lacking caspase 9. Cell, 94: 329-337 
(1998). 

15. Hakem R., Hakem A., Duncan G.S., Henderson J.T., 
Woo M., Soengas M., Elia A., De la Pompa J.L., Kagi D., 
Khoo W., Potter J., Yoshida R., Kaufman S.A., Lowe 
S.W., Penninger J., and Mak T.W. Differential 
requirement for caspase 9 in apoptotic pathways in vivo. 
Cell, 94: 339-352 (1998). 

16. Cao G., Luo Y., Nagayama T., Pei W., Stetler R.A., 
Graham S.H., and Chen J. Cloning and characterization 
of rat caspase-9: Implications for a role in mediating 
caspase-3 activation and hippocampal cell death after 
transient cerebral ischemia. J. Cereb. Blood Flow Metab., 
22: 534-46 (2002). 

17. Budihardjo I., Oliver H., Lutter M., Luo X., and Wang X. 
Biochemical Pathways of caspase activation during 
apoptosis. Annu. Rev. Cell. Dev. Biol., 15: 269-290 
(1999). 

18. Li L., Oppenheim R.W., and Milligan C.E. 
Characterization of the execution pathway of developing 
motoneurons deprived of trophic support. J. Neurobiol., 
46(4): 249-64 (2001). 

19. Li P., Nijhawan D., Budihardjo I., Srinivasula S.M., 
Ahmad M., et al. Cytochrome c and dATP-dependent 
formation of Apaf- 1/caspase-9 complex initiates an 
apoptotic protease cascade. Cell, 91: 479-89 (1997). 

20. Fuchs C., Forster V., Balse E., Sahel J.A., Picaud S., and 
Tessier L.H. Retinal-cell-conditioned medium prevents 
TNF-alpha-induced apoptosis of purified ganglion cells. 

H

Invest. Ophthalmo. Vis. Sci., 46: 2983-91 (2005). 
21. Beier C.P., Wischhusen J., Gleichmann M., Gerhardt E., 

Pekanovic A., Krueger A., Taylor V., Suter U., Krammer 
P.H., Endres M., Weller M., Schulz J.B. FasL 
(CD95L/APO-1L) resistance of neurons mediated by 
phosphatidylinositol 3-kinase-Akt/protein kinase B-
dependent expression of lifeguard/neuronal membrane 
protein 35. J. Neurosci., 25: 6765-74 (2005). 

22. Smith W.W., Jiang H., Pei Z., Tanaka Y., Morita H., 
Sawa A., Dawson V.L., Dawson T.M., Ross C.A. 
Endoplasmic reticulum stress and mitochondrial cell 
death pathways mediate A53T mutant alpha-synuclein-
induced toxicity. Hum. Mol. Genet., 14(24): 3801-11 
(2005). 

23. Chou A.H., Yeh T.H., Kuo Y.L., Kao Y.C., Jou M.J., Hsu 
C.Y., Tsai S.R., Kakizuka A., Wang H.L.. Polyglutamine-
expanded ataxin-3 activates mitochondrial apoptotic 
pathway by upregulating Bax and downregulating Bcl-
x(L). Neurobiol. Dis., [Epub ahead of print] (2005). 

24. Villa P.G., Henzel W.J., Sensenbrenner M., Henderson 
C.E., and Pettmann B. Calpain inhibitors, but not caspase 
inhibitors, prevent actin proteolysis and DNA 
fragmentation during apoptosis. J. Cell Sci., 111: 713-722 
(1998). 

224 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Fuchs+C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Forster+V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Balse+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sahel+JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Picaud+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tessier+LH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tessier+LH%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Invest%20Ophthalmol%20Vis%20Sci.');
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Beier+CP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Wischhusen+J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Gleichmann+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Gerhardt+E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Pekanovic+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Krueger+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Taylor+V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Suter+U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Krammer+PH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Krammer+PH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Endres+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Weller+M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Schulz+JB%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Neurosci.');
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Smith+WW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Jiang+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Pei+Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tanaka+Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Morita+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Sawa+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Dawson+VL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Dawson+TM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Ross+CA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Hum%20Mol%20Genet.');
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Chou+AH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Yeh+TH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kuo+YL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kao+YC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Jou+MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hsu+CY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Hsu+CY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Tsai+SR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Kakizuka+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&term=%22Wang+HL%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Neurobiol%20Dis.');

	1. Introduction
	2. Material and Methods
	3. Results
	4. Discussion 
	Acknowledgements
	References

