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Abstract
	 Background:	 The	 mitochondrial	 DNA	 (mtDNA)	 10398	 polymorphism	 is	 hypothesised	
to	 alter	 a	 mitochondrial	 subunit	 of	 the	 electron	 transfer	 chain	 and	 is	 associated	 with	 several	
neurodegenerative	disorders	and	cancers.	
	 Methods:	In	this	study,	an	mtDNA	polymorphism	at	nucleotide	position	10398	was	screened	
in	101	Malay	female	patients	with	invasive	breast	cancer	and	90	age-matched	healthy	female	controls	
using	minisequencing	analysis.	
	 Results: The	Malay	women	with	the	10398G	variant	showed	a	significantly	increased	risk	of	
invasive	breast	cancer	(OR	=	2.29,	95%	CI	1.25–4.20,	P	=	0.007).	Immunohistochemistry	analysis	
was	conducted	 to	 investigate	 the	effect	of	 this	polymorphism	on	 the	 levels	of	apoptosis	 in	breast	
cancer	cells.	The	level	of	Bax	(a	pro-apoptotic	protein)	expression	was	significantly	higher	than	that	
of	Bcl-2	 (an	anti-apoptotic	protein)	 in	patients	 carrying	 the	G	allele	 (P	 =	0.016)	but	not	 in	 those	
carrying	the	A	allele	(P	=	0.48).	
 Conclusion: Based	on	these	findings,	we	propose	that	the	mtDNA	10398	polymorphism	may	
be	a	potential	risk	marker	for	breast	cancer	susceptibility	in	the	Malay	population.
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Introduction

        Mitochondria are a major site and target of 
intracellular reactive oxygen species (ROS), which 
are a natural by-product of electron transport 
chain activity (1,2). Mitochondrial DNA (mtDNA) 
is vulnerable to the effect of these molecules and 
has a limited ability to repair itself. Therefore, the 
excessive formation and continuous accumulation 
of ROS could lead to a cellular stress response and 
the inhibition of apoptosis (3). Several findings 
(4–6) show that both defects and reduction in the 
apoptosis threshold can extend the life span of 
the cell, contributing to continuous proliferation 
that may lead to cancer development. However, 
the exact role of mtDNA mutations in inhibiting 
apoptosis, either by suppression of pro-apoptotic 
genes or by activation of anti-apoptotic genes, has 
not been defined.
 Several mutations, including single 
nucleotide polymorphisms in certain genes in 
both the nuclear and mitochondrial genomes, are 
implicated in breast cancer susceptibility (7,8). 
An A to G polymorphism at nucleotide position 

10398 in the mitochondrial genome causes 
a non-conservative amino acid substitution 
from threonine to alanine within the NADH 
dehydrogenase (ND3) subunit of Complex I 
(9,10). This particular polymorphism has also 
been reported to alter both mitochondrial pH 
and intracellular calcium levels (11,12); these 
alterations have been associated with the 
modulation of ATP production and apoptosis 
(13). The structural alteration and impairment 
of Complex I may lead to increased production 
of free radicals and has been associated with 
increased risk of several mitochondrial disorders, 
such as Parkinson’s disease (14,15) and bipolar 
disorders (16).
 The association of the mtDNA 10398 
polymorphism in Complex I with breast cancer 
was first studied by Canter et al. (17), which 
showed that the risk of invasive breast cancer was 
significantly higher in African-American women 
carrying the 10398A allele compared with non-
carriers. This polymorphism is also associated 
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with an increased risk of prostate cancer in 
African-American men (18) as well as an increased 
risk of breast cancer and oesophageal cancer in 
individuals of Indian descent (19). However, the 
opposite was observed in Polish populations and 
non-Jewish European American populations 
as the frequency of the 10398G variant was 
significantly higher percentage in breast cancer 
patients of these groups compared with the 
controls (20). Similar results were obtained in 
a study of a non-Jewish European American 
population (21). Finally, the 10398G variant 
was reported at high frequency in several Asian 
populations (22,23). As different populations 
have a variable risk of breast cancer susceptibility 
associated with this polymorphism, in this work, 
we determined whether this association held in 
the Malay population of Peninsular Malaysia. 
The effect of this polymorphism on the levels of 
apoptosis in breast cancer tissues was studied 
through the expression levels of the pro- and anti-
apoptotic proteins, Bax and Bcl-2, respectively, 
using immunohistochemical analysis.

Materials and Methods

Sample	collection	
 Ethical clearance for this study was obtained 
from the human ethics committee, Universiti 
Sains Malaysia. A total of 101 paraffin-embedded 
breast cancer tissue samples of Malay females 
(from 2003 until 2009) were obtained from the 
Department of Pathology, School of Medical 
Sciences, Universiti Sains Malaysia. Buccal swabs 
were collected from 90 age-matched healthy 
Malay females with no history of breast cancer in 
their family as controls.

DNA	extraction	and	PCR	amplification
 Total DNA was extracted from buccal swab 
samples using a Puregene DNA Extraction Kit 
(Gentra System, US), while DNA extraction from 
paraffin-embedded tissues was performed using a 
QIAamp DNA FFPE Tissue Kit (Qiagen, USA), both 
according to the manufacturer’s protocol. mtDNA 
fragments bearing the 10398 polymorphism were 
amplified by the polymerase chain reaction (PCR) 
technique using the following primers: 10342-F 5’ 
CAT CAT CCT AGC CCT AAG TC 3’ and 10518-R 5’ 
GAA GTG AGA TGG TAA ATG CTA G 3’. The final 
PCR product was 176 bp in length. The following 
PCR thermal cycle conditions were performed:  
94 °C for 10 min, followed by 30 cycles of 94 °C 
for 30 s, 49 °C for 30 s, 72 °C for 45 s, and a final 
extension step at 72 °C for 10 min.

Minisequencing
 Minisequencing analysis was performed 
using the ABI PRISM SNaPshot Multiplex Kit 
(Applied Biosystems, US). The PCR products were 
purified using 5 µL (1 unit/µL) of shrimp alkaline 
phosphatase (SAP) and 0.1 µL (20 unit/µL) of         
Exo I. The minisequencing reactions contained                                                                                                                   
1.0 µL (10 pM/µL) of HPLC purified minisequencing 
primer (5’ CTA CAA AAA GGA TTA GAC TGA 
3’), 3 μL of SNaPshot Multiplex Reddy Mix and                                                                                                                    
1 µL of purified PCR template. Single base extension 
of 25 cycles were performed on GeneAmp PCR 
System 9700 (Applied Biosystems, US) using the 
following conditions: 96 °C for 10 s, at 48 °C for 
5 s, and 60 °C for 30 s. SAP (1 unit) was added 
to the post-extension product and incubated at 
37 °C for 1 h. The product was then incubated at 
75 °C for 15 min to deactivate the enzyme. The 
purified product was subjected to electrophoresis 
in ABI PRISM 3130xl Genetic Analyzer (Applied 
Biosystems, US). Each well contained 9 µL of                                                                                                          
Hi-Di formamide, 0.5 µL of minisequencing 
product, and 0.5 µL of GeneScan-120 LIZ size 
standard. The results were analysed using 
GeneMapper ID software.

Immunohistochemistry
 Paraffin-embedded breast tissues were cut 
into 4 µm sections and mounted on poly-L-lysine 
treated microscope slides. After deparaffinisation 
and hydration, antigen retrieval step was 
performed using antigen retrieval solution 
(citrate buffer, pH 7.6) in a stainless steel pressure 
cooker. Samples were incubated for 30 min with 
either monoclonal anti-human Bcl-2 (Dako, US) 
or polyclonal rabbit anti-human Bax (Dako, US) 
overnight at 1:100 dilutions. The slides were then 
incubated with the corresponding biotinylated 
secondary antibodies for 30 min, followed 
by incubation with streptavidin–horseradish 
peroxidase solution for 30 min. The samples 
were subsequently incubated with the substrate, 
diaminobenzidine, in the presence of H2O2. After 
washing with Tris-buffered saline, the slides 
were counterstained and mounted. Negative 
and positive controls (tonsil tissue for Bcl-2 and 
Hodgkin’s lymphoma for Bax) were included 
routinely. 
 Protein expression, visualised as a brown 
staining pattern, was assessed using light 
microscopy (Nikon, JP). The areas with the 
highest levels of antibody staining within 
the tumour sections were assessed at low 
magnification (40×) according to Van Diest et 
al.’s method (24) to obtain a general impression 
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of the overall distribution of tumour cells. The 
percentage of immunopositive cells (Figure 1) 
was quantitated at higher magnification (400×) 
(25,26) independently by 2 investigators without 
knowledge of the scoring data. The scoring 
method used was based on Umemura et al., (27) 
with some modifications: 1 (< 10%), 2 (< 50%),             
3 (< 80%), and 4 (> 80%). 

Statistical	analyses
 Statistical analyses were performed using 
the SPSS version 12.0 for Windows (SPSS Inc., 
Chicago, Illinois, US). Chi-square analysis was 
carried out to establish the association of the                                                                                                                       
10398 polymorphism with invasive breast cancer. 
The Wilcoxon signed ranks test was used to compare 
the expression of both Bax and Bcl-2 proteins in 
patients with 10398A and 10398G variants. A                                                                                                                   
P	 value of less than 0.05 was considered 
significant.

Results

 Statistical analysis revealed a significant 
correlation between the 10398 polymorphism 
and invasive breast cancer in the Malay samples 
(Table 1). A chi-square test indicates a P value 
of  0.007 (P < 0.05) with an odds ratio (OR) of 
2.29 (95% CI 1.25–4.20). The frequency of the 
10398G allele (73%) is much higher than that of 
the 10398A allele (27%) in breast cancer patients. 
The frequency of 10398G is also higher in patients 
(73%) compared with controls (54%). 
 Paraffinised tissues from 20 patients carrying 
the 10398A allele and 50 patients carrying 
10398G allele were successfully immunostained 
for both Bax and Bcl-2 antibodies. The level of Bax                                                                                                             
(pro-apoptotic protein) expression was 
significantly higher than Bcl-2 (anti-apoptotic 
protein) expression in patients carrying the G allele                                                                                                 
(P = 0.016), but not in those carrying the A allele 
(P = 0.48) (Figure 2). 

Figure	 1:	 Immunohistochemistry staining of the Bax protein in breast 
cancer tissue. A: The protein expression levels (stained brown) 
were assessed in both tumour cells (T) and normal cells (N) 
(40× magnification). B: Immunopositive and immunonegative 
cells within the tumour sections (100× magnification).                                                           
C: Immunopositive and immunonegative cells within the tumour 
sections (400× magnification).
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Discussion

 Alterations or polymorphisms of the mtDNA 
have emerged as new biomarkers in population 
studies and for the detection of a variety of 
diseases and tumours (28,29). Various mutations 
in both the non-coding and coding regions of the 
mitochondrial genome are associated with an 
increased risk of breast cancer (29,30). Despite the 
established role of both nuclear and mitochondrial 
genes in breast cancer susceptibility, the list of 
genetic factors involved is still incomplete. More 
effort will be required to determine additional 
genetic alterations that would identify individuals 
with increased risk, who then would undergo 
intensive screening, prevention, and treatment 
programmes (28,29). 
 The mtDNA 10398 polymorphism has been 
reported to alter the ND3 subunit of the electron 
transport chain Complex I and to cause oxidative 
stress (9–12). Recently, an increasing number 
of studies have reported the significance of this 

polymorphism in cancers. However, the literature 
contains multiple conflicting reports regarding 
which nucleotide is associated with cancer. 
Several reports suggested that the 10398A allele 
is associated with breast cancer susceptibility             
(17–19), while others suggested the association 
of the 10398G allele with invasive breast cancer 
(20,21). The differing results may be due to the 
variability of risk modifiers that exist in diverse 
geographical areas (32–34). 
 In this study, we found that the 10398G allele 
can be considered a potential risk marker for breast 
cancer susceptibility in the Malay population. To 
the best of our knowledge, this study represents 
the first mtDNA polymorphism screening in 
breast cancer in Malaysia. Understanding the 
pathological impact of this polymorphism is 
important, and indeed, several papers have 
reported on the mtDNA 10398 polymorphism 
in cancer. Although no apoptosis data 
associated with this polymorphism are currently 
available, we hypothesise that the mtDNA                                                                                        

Table	1: Frequencies  of the mtDNA 10398 variant in the Malay population. 
Allele Patients

(n	=	101)
Controls
(n	=	90)

OR	(95%	CI) P	value

A 27 (27%) 41 (46%) 2.29 (1.252–4.200) 0.007
G 74 (73%) 49 (54%)

Abbreviations: OR = odds ratio, CI = confidence interval.

Figure	2:	The expression of Bax and Bcl-2 (immunopositive score) in breast 
cancer cells in relation to the 10398 variant.
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10398 polymorphism increases the production 
of ROS as a result of altered Complex 1 function, 
thus inhibiting the apoptotic mechanism. 
The mtDNA 10398G variant was found to be 
associated with breast cancer susceptibility in 
the Malay population of our study, suggesting 
that cells carrying the 10398G allele may express 
a high level of anti-apoptotic protein Bcl-2. It 
was reported that Bcl-2 expression increased in 
cells with respiratory defects involving Complex                                                            
I (35,36). However, in the present study, Bax 
expression levels were found to be significantly 
higher than Bcl-2 expression levels in patients 
carrying the G allele, but the expression levels of 
these 2 proteins showed no significant difference 
in patients carrying the A allele. 
 This result is not in agreement with previous 
studies (37,38), which reported that levels 
of the pro-apoptotic protein Bax are low and 
undetectable compared with the significantly 
higher levels of Bcl-2 in human breast cancer. 
Other studies showed similar findings in which 
Bax was expressed along with Bcl-2 (26,39). We 
suggested that alterations in Complex I of the 
electron transport chain may cause dysfunction of 
proteins involved in apoptosis signaling cascades 
and sensitise normal cells to undergo apoptosis, 
allowing cancerous cells, which are protected 
against the induction of cell death, to become 
the dominant, surviving cells. The presence of 
anti-apoptotic proteins other than Bcl-2 in breast 
tumours may also counteract the suppression of 
cell death, presumably by forming heterodimers 
with Bax; however, excessive of anti-apoptotic 
proteins may also inhibit apoptosis by antagonizing 
the activated conformation of Bax (5,26,40,41). 
Based on this finding, we suggest that the                                                                                                    
10398 polymorphism demonstrates a relationship 
between the levels of apoptosis and the incidences 
of breast cancer. Further understanding of this 
polymorphism at the molecular and biochemical 
level is necessary to elucidate its role in breast 
cancer. 

Conclusion

 From the present study, we can conclude that 
mtDNA 10398 polymorphism may be useful as a 
risk marker for breast cancer susceptibility in the 
Malay population. Intensive screening program 
for individuals carrying this polymorphism should 
perhaps prevent late detection and increase the 
chance of recovery. Significant increase of Bax 
expression observed in patients carrying the 
G allele may indicate its role in the apoptosis 
signaling cascades in breast cancer. 

Acknowledgement

 We would like to thank all individuals who 
participated in this study as well as surgeons and 
staffs of Department of Surgery and Department 
of Pathology, Universiti Sains Malaysia, for 
their generosity, cooperation, valuable time, 
and assistance. We would also like to thank                              
Dr Rapeah Suppian and Dr Hasmah Abdullah 
for their input in the study design, Professor           
Norazmi Mohd Nor for the initial review 
and editing of the manuscript, and Professor                         
Dr Zulkifli Ahmad and Dr Mohd Normani 
Zakaria for their help in the statistical analyses. 
Special thanks to Universiti Sains Malaysia for 
funding this research under the Short Term Grant                                                                         
(304/PPSK/6131564).

Authors’ Contributions

Conception and analysis, obtaining of funding, 
critical revision and final approval of the article, 
administrative, technical, or logistic support: ZZ
Provision of study materials: JH
Collection and assembly of the data, drafting of 
the article: TBN
Analysis and interpretation of the data: JH, TBN

Correspondence

Associate Professor Dr Zafarina Zainuddin
MSc Molecular Biology (USM), PhD DNA Profiling 
(University of Glasgow) 
School of Health Sciences
Universiti Sains Malaysia Health Campus
16150 Kubang Kerian
Kelantan, Malaysia
Tel: +609-767 7616 
Fax: +609-767 7515
Email: zafarina@kck.usm.my

References

1. Turrens JF. Mitochondrial formation of reactive 
oxygen species. J	Physiol. 2003;552(Pt	2):335–344.

2. Boveris A, Chance B. The mitochondrial generation of 
hydrogen peroxide. General properties and effect of 
hyperbaric oxygen. Biochem J. 1973;134(3):707–716.

3. Higuchi M, Honda T, Proske RJ, Yeh ETH. Regulation 
of reactive oxygen species-induced apoptosis and 
necrosis by caspase 3-like proteases. Oncogene. 
1998;17(21):2753–2760.

4. Reed JC. Dysregulati on of apoptosis in cancer. J	Clin	
Oncol. 1999;17(9):2941–2953.

5. Reed JC. Balancing cell life and death: Bax, apoptosis 
and breast Cancer. J	 Clin	 Invest. 1996;97(11):          
2403–2404.



  Original Article | Mitochondrial DNA 10398 polymorphism in breast cancer

www.mjms.usm.my 41

6. Thompson CB. Apoptosis in the pathogenesis and 
treatment of disease. Science. 1995;267(5203):  
1456–1462.

7. Yu M, Shi Y, Zhang F, Zhou Y, Yang Y, Wei X, et al. 
Sequence variations of mitochondrial DNA D-loop 
region are highly frequent events in familial breast 
cancer.	J	Biomed	Sci. 2008;15(4):535–543.

8. Zhang L, Zhang, Z, Yan W. Single nucleotide 
polymorphisms for DNA repair genes in breast cancer 
patients. Clinica	 Chimica	 Acta. 2005;359(1–2):  
150–155.

9. Anderson S, Bankier AT, Barrell BG, de Bruijin 
MH, Coulson AR, Drouin J, et al. Sequence and 
organization of the human mitochondrial genome. 
Nature. 1981;290(5806):457–465. 

10. MITOMAP: mtDNA coding region sequence 
polymorphisms [Internet]. [cited 2009 Mar 
07]. Available from: http://www.mitomap.org/
MITOMAP/PolymorphismsCoding.

11. Kazuno AA, Munakata K, Nagai T, Shimozono 
S, Tanaka M, Yoneda M, et al. Identification of 
mitochondrial dna polymorphisms that alter 
mitochondrial matrix pH and intracellular calcium 
dynamics. PLoS	Genet. 2006;2(8):1167–1177.

12. Kazuno AA, Munakata K, Kato N, Kato T. Mitochondrial 
DNA-dependent effects of valproate on mitochondrial 
calcium levels in transmitochondrial cybrids. Int	 J	
Neuropsychopharmacol. 2008;11(1):71–78. 

13. Bernardi P. Modulation of the mitochondrial 
cyclosporin A-sensitive permeability transition pore 
by the proton electrochemical gradient. Evidence that 
the pore can be opened by membrane depolarization. 
J	Biol	Chem. 1992;267(13):8834–8839.

14. Kosel S, Grasbon-Frodl EM, Mautsh U, Egensperger 
R, von Eitzen U, Frishman D, et al. Novel mutations 
of mitochondrial complex I in pathologically proven 
Parkinson disease. Neurogenetics. 1998;1(3):            
197–204.

15. Shoffner JM, Brown MD, Torroni A, Lott MT, Cabell 
MF, Mirra SS, et al. Mitochondrial DNA variants 
observed in Alzheimer disease and Parkinson disease 
patients. Genomics. 1993;17(1):171–184.

16. Kato C, Kunugi H, Nanko S, Kato N. Mitochondrial 
DNA polymorphisms in bipolar disorder. J	 Affect	
Disord. 2001;62(3):151–164.

17. Canter JA, Kallianpur AR, Parl FF, Millikan RC. 
Mitochondrial DNA G10398A polymorphism and 
invasive breast cancer in African-American women. 
Cancer	Res. 2005;65(17):8028–8033.

18. Mims MP, Hayes TG, Zheng S, Leal SM, Frolov A, 
Ittmann MM, et al. Mitochondrial DNA G10398A 
polymorphism and invasive breast cancer in African-
American Women. Cancer	 Res. 2006;66(3):            
1880–1881.

19. Darvishi K, Sharma S, Bhat AK, Rai E, Bamezai 
RN. Mitochondrial DNA G10398A polymorphism 
imparts maternal Haplogroup N a risk for breast 
and esophageal cancer. Cancer	 Lett. 2007;249(2):          
249–255.

20. Czarneka AM, Krawczyk T, Zdrozny M, Lubinski J, 
Arnold RS, Kukwa W, et al. Mitochondrial NADH-
dehydrogenase subunit 3 (ND3) polymorphism 
(A10398G) and sporadic breast cancer in Poland. 
Breast	Cancer	Res	Treat. 2009;121(2):511–518.

21. Covarrubias D, Bai RK, Wong LJC, Leal SM. 
Mitochondrial DNA variant interactions modify 
breast cancer risk. J	Human	Genetics. 2008;53(10):  
924–928.

22. Zafarina Z. The analysis of human mitochondrial 
DNA in Peninsular Malaysia [PhD thesis]. Glasgow 
(GB): University of Glasgow; 2004.

23. Kato C, Umekage T, Tochigi M, Otowa T, Hibino H, 
Ohtani T, et al. Mitochondrial DNA polymorphisms 
and extraversion. Am	J	Med	Genet	B	Neuropsychiatr	
Genet. 2004;128B(1):76–79.

24. Van Diest PJ, van Dam P, Henzen-Logmans SC, Berns 
E, van der Burg ME, Green J, et al. A scoring system 
for immunohistochemical staining: Consensus report 
of the task force for basic research of the EORTC-
GCCG. J Clin Path. 1997;50(10):801–804.

25. Suzuki K, Kazui T, Yoshida M, Uno T, Kobayashi T, 
Kimura T, et al. Drug-induced apoptosis and p53, 
BCL-2 and BAX expression in breast cancer tissues in 
vivo and in fibroblast cells in vitro. Jpn	J	Clin	Oncol. 
1999;29(7):323–331.

26. Krajewski S, Thor AD, Edgerton SM, Moore DH 2nd, 
Krajewska M, Reed JC. Analysis of Bax and Bcl-2 
expression in p53-immunopositive breast cancers. 
Clin	Cancer	Res. 1997;3(2):199–208.

27. Umemura S, Kurosumi M, Moriya T, Oyama T, 
Arihiro K, Yamashita H, et al. Immunohistochemical 
evaluation for hormone receptors in breast cancer: 
A practically useful evaluation system and handling 
protocol. Breast	Cancer. 2006;13(3):232–235.

28. Esserman LJ, Shieh Y, Park JW, Ozanne EM. A role 
for biomarkers in the screening and diagnosis of 
breast cancer in younger women. Expert	 Rev	 Mol	
Diagn. 2007;7(5):533–544.

29. Levenson VV. Biomarkers for early detection of breast 
cancer: What, when and where? Biochim	 Biophys	
Acta. 2007;1770(6):847–856.

30. Tseng LM, Yin PH, Chi CW, Hsu CY, Wu CW, 
Lee LM, et al. Mitochondrial DNA mutations and 
mitochondrial DNA depletion in breast cancer. Genes	
Chromosomes	Cancer. 2006;45(7):629–638.

31. Cai Q, Shu XO, Wen W, Cheng JR, Dai Q, Gao YT, et al. 
Genetic polymorphism in the manganese superoxide 
dismutase gene, antioxidant intake, and breast cancer 
risk: Results from the Shanghai Breast Cancer Study. 
Breast	Cancer	Res. 2004;6(6):R647–655.

32. Setiawan VW, Chu LH, John EM, Ding YC, Ingles 
SA, Bernstein L, et al. Mitochondrial DNA G10398A 
variants is not associated with breast cancer in 
African-American women. Cancer Genet	 Cytogenet. 
2008;181(1):16–19.

33. Beckmann MW, Bani MR, Fasching PA, Strick 
R, Lux MP. Risk and risk assessment for breast 
cancer: Molecular and clinical aspects. Maturitas. 
2007;57(1):56–60.



42 www.mjms.usm.my

Malays J Med Sci. Jan-Mar 2012; 19(1): 36-42

34. Bai RK, Leal SM, Covarrubias D, Liu A, Wong LJ. 
Mitochondrial genetic background modifies breast 
cancer risk. Cancer	Res. 2007;67(10):4687–4694.

35. Ibi T, Sahashi K, Jing L, Zhang G, Mitsuma 
T. Immunostaining of anti-Bcl-2 antibody in 
diseased human muscles. Rinsho	 Shinkeigaku. 
1996;36(6):735–740.

36. Robinson BH. Human complex I deficiency: Clinical 
spectrum and involvement of oxygen free radicals 
in the pathogenecity of the defect. Biochim	Biophys	
Acta. 1998;1364(2):271–286. 

37. Binder C, Marx D, Binder L, Schauer A, Hiddemann 
W. Expression of Bax in relation to Bcl-2 and other 
predictive parameters in breast cancer. Ann	 Oncol. 
1996;7(2):129–133.

38. Bargou RC, Daniel PT, Mapara MY, Bommert K, 
Wagenert K, Kallinich B, et al. Expression of the 
bcl-2 gene family in normal and malignant breast 
tissue: Low bax-α expression in tumor cells correlate 
with resistance towards apoptosis. Int	 J	 Cancer. 
1995;60(6):854–859.

39. Dong M, Zhou JP, Zhang H, Guo KJ, Tian YL, Dong 
YT. Clinicopathological significance of Bcl-2 and 
Bax protein expression in human pancreatic cancer. 
World	J	Gastroenterol. 2005;11(18):2744– 2747.

40. Rolland P, Spendlove I, Madjid Z, Rakha EA, Patel 
P, Ellis IO, et al. The p53 positive Bcl-2 negative 
phenotype is an independent marker of prognosis in 
breast cancer. Int	J	Cancer. 2007;120(6):1311–1317.

41. Tang HL, Yuen KL, Tang HM, Fung MC. Reversibility 
of apoptosis in cancer cells. Br	 J	 Cancer. 
2009;100(1):118–122.


