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Breast cancer is an increasing public health problem. Substantial advances have been made in the 
treatment of breast cancer, chemotherapy treatment for tumors induce apoptosis in malignant cells. 
Soluble PDCD-4 and Cytochrome c are key elements in the process of apoptosis. The objective of this 
study was to evaluate the changes in the serum concentrations of these parameters in breast cancer 
patients undergoing chemotherapy. Sixty two patients with histopathologically proven breast cancer 
were included in the present study. The blood samples were taken after surgery before chemotherapy 
and after 4 weeks of administration of the first cycle of chemotherapy. Thirty five healthy female controls 
were selected for comparison. PDCD-4 and Cytochrome c were estimated in serum by ELISA technique. 
Significantly increased concentrations of soluble PDCD-4 and Cytochrome c were found in group I and 
group II of breast cancer patients after chemotherapy compared with concentrations before 
chemotherapy (P<0.0001). Cytochrome c shows positive correlation with breast cancer stages while 
PDCD-4 shows negative correlation with breast cancer stages. Serum concentrations of apoptotic 
markers such as PDCD-4 and Cytochrome c were increased after administration of chemotherapeutic 
drugs. The measurement of these circulating apoptotic markers may help in evaluating treatment 
efficacy in breast cancer. 
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INTRODUCTION 

Current cancer research focuses on the use 
of biomarkers that can be exploited to detect early 
neoplastic changes. Statistics show that one in 
eight deaths worldwide is due to cancer, as most 
cancers are often diagnosed at a late stage with 
concomitant poor prognosis (American Cancer 
Society, 2007). Currently, most methods for 
discovering and testing tumors are difficult and 
labor-intensive procedures. The invasive, 
unpleasant, and inconvenient nature of current 
diagnostic procedures, for example needle 
aspirations and biopsies, limits the number of 
individuals undergoing such procedures. Hence, 
there is a great need for identification of novel 

non-invasive biomarkers for early tumor detection 
(Duffy, 2007). Biomarkers with its simplicity of 
being sampled from body fluids, such as serum or 
urine, are particularly desirable. The ability to 
detect cancers at early stages is a key factor in 
increasing survivability with promising prognosis 
and better response to treatment (Rifai et al., 
2006). 

In Egypt; breast cancer is the most widely 
common cancer, it is the main cause of death 
among cancer patients. It is critical that patients at 
high risk of breast cancer must be identified and 
given high quality early treatment and follow up. 
Metastasis development is a complex process 
involving many biochemical and immunological 
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changes (World Health Organization, 2009). 
Apoptosis is a natural barrier to tumorigenesis and 
malignancy progression. Cancer cells struggle to 
avoid apoptosis to escape from the supervision of 
the body and to survive in the difficult tumor 
environment (Chu et al., 2014). Changes in the 
apoptotic pathways are complicated, with genetic 
alterations of the upstream regulatory proteins 
that can be targets for many drugs. Programmed 
cell death 4 (PDCD4) is a tumor suppressor gene 
which has been involved in the apoptotic 
mechanism and progression of tumors by 
interacting with translation initiation factors eIF4A 
and eIF4G. PDCD4 protein expression is down-
regulated in human malignancies. Some 
mechanisms are involved in PDCD4 
dysregulation; the oncogenic micro RNA miR-21 
has been shown to specifically target the PDCD4 
3′ un translated region, which negatively regulates 
PDCD4 expression. Inactive IBDs, miRNA 
expression profiling consistently features disease-
specific signatures, and miR-21 has been 
pinpointed as one of the most dysregulated 
genes. PDCD4 is involved in IBD-associated 
colon carcinogenesis. Nuclear down-regulation of 
PDCD4 expression is controlled by IBD and IBD- 
associated intraepithelial neoplasia; in histology 
doubtful cases (differential diagnosis between 
regenerative and dysplastic lesions), nuclear 
protein down-regulation can be considered as 
supporting information in favor of a neoplastic 
intraepithelial lesion (Wang et al., 2008; Fassan et 
al., 2010) 

Cytochrome c is a small globular protein 
containing iron porphyrin cofactor (heme c) that is 
covalently bound to the only polypeptide chain. 
The main function of Cytochrome c is its 
involvement in the electron transport chain of the 
mitochondrial inner membrane. It is a key element 
that ensures cellular respiration (Wang et al., 
1999). Cytochrome c was identified as a 
component required for the cru-cial steps in 
apoptosis, caspase-3 activation and DNA 
fragmentation. Cytochrome c was shown to 
redistribute from mitochondria to cytosol during 
apoptosis in intact cells (Bossy-Wetzel et al., 
1998). Cytochrome c has a well-defined role in 
triggering apoptosis and as a marker of apoptosis 
(Abu-Qare and Abou-Donia, 2001).  

The aim of this work was to evaluate the 
changes in the serum concentrations of PDCD-4 
and Cytochrome c in breast cancer patients 
undergoing chemotherapy. 
 
MATERIALS AND METHODS 

Sixty two patients with histopathologically 
proven breast cancer from the National Cancer 
Institute, Cairo University, Egypt were included in 
the present study; patients underwent surgical 
removal for the breast cancer. Their age ranged 
from 29-62 years. Clinical staging was expressed 
according to the TNM classification system based 
on evaluation of findings of physical examination, 
routine laboratory tests, radiological reports (chest 
X-ray, liver echography, bone scan and computed 
tomography) and pathological records. Thirty five 
healthy female controls were selected for 
comparison. The study was approved by the 
Ethical Committee and after obtaining prior written 
consent; 5 ml of venous blood was drawn after 
surgery, before chemotherapy and 4 weeks after 
administration of the first cycle of treatment. 

Detection of apoptotic markers in serum was 
carried out using this assay employed the 
quantitative sandwich enzyme immunoassay 
technique. The kits (Glory Science Co., Ltd, USA) 
use double-antibody sandwich enzyme-linked 
immunosorbent assay (ELISA) to assay the level 
of Human Programmed cell death protein 4 
(PDCD4) and Human Cytochrome c in serum 
samples. 

Estrogen receptor (ER) and progesterone 
receptor (PR) in the cytosol fractions were 
determined by enzyme immunoassay (Abbott 
Laboratories, Chicago, USA); frozen tissues were 
obtained from patients after surgery homogenized 
on ice, the homogenate were filtered and 
centrifuged for 15 minutes at 4 degrees, the pellet 
collected centrifuged, the supernatant (cytosol) 
was collected, the protein concentration was 
adjusted and then ER and PR were measured. 

Statistical analysis  
Analysis of data was done IBM computer 

using SPSS Version 17; quantitative data were 
presented using the mean and standard deviation. 
Qualitative data were presented using the 
frequency and percentage. Comparison of 
quantitative data was done using independent T 
test (Unpaired Student T-test). Paired Student T-
test was used to compare between related 
samples. Pearson correlation (Linear Correlation 
Coefficient) was done to estimate the correlation 
between quantitative data. 
 
RESULTS 

Table (1) shows the clinicopathological 
characteristics of studied patients 
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Table (2) shows the serum level of PDCD-4 
and Cytochrome c in healthy controls, early stage 
(Group I) and late stage breast cancer patients 
(Group II) before and after treatment. Cytochrome 
c serum levels were significantly increased 
(P<0.05) in early stage group and highly 
significantly increased in late stage group 
compared to control group before treatment 
(P<0.001). There was significant increase in 
Cytochrome c after administration of 
chemotherapy as compared to concentrations 
before chemotherapy and concentrations in 
healthy controls in both groups (P<0.001). PDCD-
4 serum levels were significantly increased in 
early stage group before therapy and after therapy 
compared to the control group, also it was 

increased in early stages before therapy 
compared to early stages after therapy and 
control group. In the late stage PDCD-4 was 
significantly decreased before treatment and after 
treatment compared to control group. Also after 
therapy; it was significantly increased compared 
to before treatment (P value<0.05).  

Table (3) shows the correlation between 
PDCD- 4 and Cytochrome c levels in different 
stages of breast cancer. Cytochrome c shows 
positive correlation with breast cancer stages 
while PDCD-4 shows negative correlation with 
breast cancer stages. 

 
 

 
Table 1: Clinicopathological characteristics of studied patients 

Patients numbers 62 

Age: 
Range 
Status: 
Premenopausal 
Postmenopausal 
Diagnosis: 
Invasive ductal carcinoma 
Invasive lobular carcinoma 
Receptor status: 
ER+ ( Positive Estrogen Receptor) 
PR+ ( Positive Progesterone Receptor) 
TNM Stage: 
Stage II 
Stage III 

 
44-65 

 
30 
32 

 
42 
20 

 
48 
41 

 
33 
29 

 
Table 2: PCDC4 and Cytochrome c in healthy controls and in stage II and stage III breast cancer 

patients before and after chemotherapy 

Subjects                                          PCDC-4(ng/ml)                Cytochrome c (ng/ml) 

Healthy control group                                 4.53±0.75                        4.69±0.56 
Breast cancer patients 

Group I 
stage II before Chemotherapy                     9.23±2.9 *§                     12.66±2.4* 
stage II after therapy                                   5.98±0.61                         17.2±2.2*§ 

Group II 
stage III before therapy                             2.66±0.75 *                         20.43±3.1* 
stage III after therapy                               3.88±0.52 §                          28.1±3.5*§ 

*P< 0.05 significant in comparison to controls 
§ P<0.05 significant in comparison between groups before treatment and after treatment 

Table 3: Correlation between PDCD-4 and Cytochrome c levels and different stages of breast 
cancer patients 

Parameters                                                              Different stages 
                            Pearson P value correlation               P value 

PDCD-4 (ng/ml)                              -0.772*                                       P<0.05 
Cytochrome C (ng/ml)                      0.834*                                       P<0.05 

*P<0.05 significant 
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DISCUSSION 
Cancer occurs as the result of multiple 

sequences of genetic changes during which a 
normal cell is transformed into malignant cell, 
while avoidance of cell death is one of the 
essential changes in a cell that cause this 
malignant transformation (Dorrello et al., 2006). 
Cessation of apoptosis plays a vital role in 
carcinogenesis. There are many ways a malignant 
cell can acquire apoptosis resistance. Generally, 
the mechanisms by which evasion of apoptosis 
occurs can be broadly divided into: (1) disrupted 
balance of proapoptotic and antiapoptotic 
proteins, (2) reduced caspase function and (3) 
impaired death receptor signaling (Lee et al., 
2011). 

Detection of breast cancer outcome and its 
prognosis is important step in cancer therapy 
(Debatin and Krammer, 2004). In this study we 
investigated the effect of chemotherapy on 
apoptotic biomarkers as PDCD-4 and Cytochrome 
c in breast cancer patients.  Our results showed 
that serum levels of PDCD-4 were significantly 
increased in early stages of breast cancer but 
decreased significantly in late stages of disease, it 
correlated negatively with the disease 
progression. These results were in agreement 
with Leupold et al., (2007) who stated that PDCD-
4 increases in early stages of cancer in an attempt 
to limit growth of tumor cells and there is link 
between the rate of apoptosis and tumor 
proliferation rate. As increased cell death may be 
an attempt to limit the expansion of the tumor cell 
population, the rate of apoptosis indicates the rate 
of proliferation of adenomas and carcinomas. 
PDCD-4 is up regulated on induction of apoptosis 
and down-regulated in certain aggressive tumors. 

Yang et al., (2006) stated that PDCD-4 is a 
tumor suppressor protein induced by apoptosis 
(Shibahara et al., 1995; Cmarik et al., 1999). 
PDCD-4 binds to the translation initiation factor 
eIF4A and inhibits its RNA-helicase activity, thus 
inhibiting protein translation (Yang et al., 2003; 
2004). It is linked to tumor progression (Jansen et 
al., 2005; Schmid et al., 2008), and its expression 
is decreased in several type of cancers, including 
colon, lung, liver and breast cancers (Chen et al., 
2003; Mudduluru et al., 2007). PCDC-4 is an 
important target of oncogenic microRNA that is up 
regulated in solid tumors and leads to PDCD-4 
down regulation and it associated with bad 
outcome and poor prognosis.  Authors showed 
that there is inverse correlation of PDCD-4 protein 
expression with advanced tumor stages and 

indicated that loss of PDCD-4 protein is a 
negative prognostic marker for cancers. Down-
regulation of PDCD4 is often associated with up-
regulation of the oncogenic micro RNA miR-21. 
High miR-21 expression is associated with HER2 
positive status in primary breast tumors, and over 
expression of HER2 significantly induces miR-21 
in breast cancer cell (Lee et al., 2011; Li et al., 
2012). Ivshina et al., (2006) determined the 
correlation between PDCD4 and histologic grade 
of tumors and found that lower level of PDCD-4 in 
patients with high grade tumors than in patients 
with low grade and it is usually accompanied by 
treatment resistance and bad prognosis. 

Our results showed that the serum levels of 
Cytochrome c were highly increased in sera of 
stage II and stage III breast cancer compared with 
normal controls before treatment and also 
increased in breast; after chemotherapy 
administration; these results were in agreement 
with Barczyk et al., (2005) who stated that serum 
Cytochrome c is a sensitive apoptotic marker and 
its increase in breast cancer patients may be 
associated with sFasL and granzyme B-induced 
apoptosis in cancer cells or activated immune 
system cells. Granzyme B and soluble Fas ligand 
induce apoptosis in target cells by release of 
Cytochrome c from mitochondria and further 
activation of the caspase cascade (Debatin and 
Krammer, 2004). Barczyk et al., (2005) indicated 
that possibly some of the serum Cytochrome c 
was released from healthy tissue because 
chemotherapy treatment as they are toxic to the 
adjacent normal cells.  

Also, these results were in accordance with 

Osaka et al., )2009( who reported that serum 

Cytochrome c level was significantly higher in 
patients with malignant tumors than patients with 
benign tumors but no difference in the levels of 
Cytochrome c were found among different types 
of cancer indicating that the change in serum level 
is not specific to certain tumor but reflect cancer 
burden. A crucial step that control apoptosome 
pathway is the release of Cytochrome c. 
Translocation of Cytochrome c into cytosol is an 
early event in apoptosis; which is caused by death 
receptor independent stimuli. Some investigators 
have shown that Cytochrome c is not only 
released from the mitochondria upon apoptosis 
induction by anticancer drugs, but furthermore it 
leaves the cell and can even be detected in the 
serum of cancer patients upon chemotherapy, 
Cytochrome c is released from apoptotic but not 
from necrotic cells; it is released through rupture 
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of mitochondria and permeability transition (Renz 
et al., 2001) Cytochrome c is a sensitive apoptotic 
indicator; its increase during chemotherapeutic 
treatment indicates an increase in apoptosis and 
cell turnover in vivo.  Furthermore, high-serum 
Cytochrome c may appear to be a negative 
prognostic marker during cancer therapy, 
probably being indicative of high tumor mass 
(Barczyk et al., 2005). 

CONCLUSION 
The noninvasive assessment of apoptotic 

markers PCDC-4 and Cytochrome c may help in 
evaluating treatment efficacy and determine cell 
turnover in breast cancer patients. 
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