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Abstract 
Background and Objectives: Breast cancer is among the most common 
causes of cancer related mortality in women worldwide. Early detection and 
prompt diagnosis of tumor is the first step to prevent cancer-related morbidi-
ty and mortality, and a comprehensive understanding of the involved mole-
cular mechanisms can greatly help in this respect. Breast cancer, like many 
other types of cancer, is caused by a combination of genetic and epigenetic 
changes such as inactivation of tumor suppressor genes. Materials and Me-
thods: This study was performed on 40 breast cancer patients and 40 healthy 
controls. Quantitative real time reverse transcription polymerase chain reac-
tion (real time qRT-PCR) was used to assess the expression of carcinoem-
bryonic antigen (CEA) and mammaglobin mRNA in the peripheral blood of 
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patients and healthy controls. The two groups were compared using t-test. 
Results: The two groups were not significantly different in terms of the mean 
age. Twenty-nine out of 40 cancer patients were positive for CEA mRNA and its 
sensitivity was calculated to be 72.5%. Twelve out of 40 healthy controls were 
positive for CEA mRNA. Twenty-six out of 40 patients were positive for mam-
maglobin mRNA indicative of 65% sensitivity while only five out of 40 healthy 
controls were positive for mammaglobin mRNA. Conclusion: Both CEA and 
mammaglobin mRNA had high sensitivity in cancer patients; thus, they can 
be used for screening and early detection of breast cancer patients. Further 
studies with larger sample sizes are required to confirm the current findings. 
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1. Introduction 

Breast cancer is a common malignancy in women. It is the first cause of cancer- 
related mortality in women aged 40 to 55 years. It accounts for 18% of cancers in 
women and its prevalence in western countries is much higher than that in east-
ern countries [1]. Malignant breast tumors originate from mammary cells and 
involve one or both breasts. Breast cancer is among the most common causes of 
death due to cancer among women with approximately one million new cases 
annually worldwide [2]. Breast cancer is the result of unlimited growth and pro-
liferation of epithelial cells lining the mammary ducts or lobules and may occur 
in various parts of the breast. It may develop in different tissues such as the lac-
tiferous ducts, lactating cells or the parenchyma. Breast cancer is among the 
most common conditions affecting women worldwide [3]. Geographical differ-
ences noticed in the prevalence of breast cancer indicate the important role of 
environmental factors as risk factors for development of breast cancer. Wester-
nized life style is believed to be responsible for increasing prevalence of breast 
cancer in developing countries, in women in Eastern Asia and Asian women re-
siding in the United States [4]. Similar to other epithelial malignancies, the inci-
dence of breast cancer increases with age and almost three-fourths of the cases of 
breast cancer occur in women older than 50 years. Higher occurrence in older 
ages negatively affects all phases from diagnosis to outcome and even the success 
rate of treatment [5]. Although breast cancer is much more common among 
women, it also occurs in men [6].  

Tumor is defined as abnormal growth and proliferation of cells followed by 
cellular accumulation. In terms of growth and proliferation, tumors are divided 
into two groups of benign and malignant [7]. Metastasis is referred to as disse-
mination of malignant tumors by directly invading the adjacent tissues and for-
mation of secondary tumors [8]. If diagnosed early, breast cancer patients would 
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have a greater chance of recovery with simpler therapeutic strategies and lower 
intensity of treatment with 98% survival rate [9]. However, diagnosis after me-
tastasis decreases the survival rate to 27% [10]; this highlights the importance of 
early detection of breast cancer, which depends on sensitive screening methods. 
In other words, detection of breast cancer in early stages is the key to recovery 
[9]. In the recent years, improved diagnostic modalities have enabled earlier de-
tection of breast cancer and resulted in a reduction in the rate of metastasis and 
related mortality. However, high prevalence of breast cancer indicates the need 
for more efficient diagnostic and therapeutic strategies [10]. New diagnostic 
markers for early detection of breast cancer can greatly help in this respect and 
can even enable the oncologists to schedule an effective therapeutic strategy. The 
efficacy of several markers for detection of breast cancer has been evaluated in 
previous studies; however, only a few were accurate enough for application in 
the clinical setting [9] [11]. The characteristics of biomarkers must be detectable 
and measurable as their function and value. Biomarkers are measurable and are 
involved in functions of normal cells as well as the pathological processes or re-
sponse to drugs [12]. Biomarkers may be used as the key molecules for detection 
of metabolic pathways, signaling and detection of stage of disease [13] [14] [15].  

The CEA is a glycoprotein antigen present on the cell surface. It is produced 
in high amounts in human colon cancer; thus, its function and correlation with 
the occurrence of other types of cancers must be evaluated [16]. It has been re-
ported to be an important biomarker for detection of colon cancer and some 
other types of cancers. The proteins encoded by the CEA-subgroup genes are 
present in cell membrane and their expression shows a complex pattern in 
healthy and cancerous tissues. Proteins coded by a couple of genes in the CEA 
family are located on the cell surface and have adhesion properties while some 
others are part of bile glycoproteins [16] [17].  

The mammaglobin gene codes a secretory protein, which is a glycoprotein 
with 101 KD molecular weight. In humans, the expression of this gene is limited 
to the mammary glands [18] [19]. Use of mammaglobin gene as a molecular 
marker for clinical diagnosis of primary and metastatic breast cancer has been 
recently suggested. Expression of mammaglobin gene mRNA was noted in 60% 
of peripheral stem cells of breast cancer patients [20] [21]. 

Considering all the above, this study sought to assess the expression of CEA 
and mammaglobin mRNA in the peripheral blood of patients with early-stage 
breast cancer. Early detection leads to early treatment and yields more favorable 
results and fewer complications compared to late diagnosis. The efficacy of other 
markers must also be evaluated to find a collection of biomarkers for accurate 
and early detection of breast cancer.  

2. Materials and Methods 

This study was approved by the ethics committee of Masih Daneshvari Hopsital, 
affiliated to Shahid Beheshti University of Medical Sciences. After obtaining 
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ethical code to No.IR.SBMU.NRITLD.REC.1394.149, Forty breast cancer pa-
tients presenting with a definite diagnosis were randomly selected. Forty healthy 
controls were selected among those presenting for routine medical examina-
tions. 

Control subjects were confirmed to be cancer free following routine breast 
examinations.  

The patient group included breast cancer patients in stages 1 - 3 without dis-
tant metastasis. The patients had not undergone any medical (chemotherapy or 
radiotherapy) or surgical intervention. Breast cancer had been pathologically con-
firmed. The patients and control subjects were matched in terms of age range.  

Collection of peripheral blood sample:  
A total of 12 mL of peripheral blood was obtained from all participants; the 

first 2 mL was discarded due to possible contamination with epithelial cells. The 
samples were immediately transferred to a laboratory for RNA extraction. This 
volume of peripheral blood was calculated based on the sensitivity required for 
real time qRT-PCR.  

2.1. RNA Extraction Using RNeasy Midi Kit 

RNA extraction was done using RNeasy Midi Kit (Qiagen Cat no. 75144). First, 
red blood cells were lysed using a lysing buffer, centrifuged and the obtained cell 
mass was rinsed with phosphate buffered saline twice and entered into the ex-
traction phase. The obtained total RNA from each column was dissolved in the 
storage buffer provided in the kit. Pelleted leukocytes were first lysed using the 
solution available in the kit and the lysate was then homogenized. Ethanol was 
added and the lysate and the sediment (if present) were transferred to RNeasy 
Midi column for attachment of RNA to the column. The column was rinsed to 
eliminate excess materials and the extracted RNA was eluted. The extracted 
RNA was quantitatively and qualitatively analyzed using NanoDrop. 

2.2. Synthesis of cDNA 

The cDNA was synthesized using Viva 2-step RT-PCR Kit (Cat No. RTPL12). Of 
each RNA sample, three cDNA vials were synthesized and their quality was con-
trolled by NanoDrop; 15 mL of the RNA was used for the synthesis of cDNA. 
The synthesized cDNAs were stored at −80˚C until the conduction of real time 
RT-PCR.  

2.3. Primer Designing 

Specific primers for each marker were designed using AlleleD6 software and or-
dered for synthesis. Table 1 presents the primers and their amount for use in the 
final reaction of real time-PCR. 

2.4. Real time RT-PCR 

Real-time RT-PCR was performed using HotTaq EvaGreen qPCR Mix (Cat. No.  
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Table 1. Characteristics of the primers used in real time RT-PCR. 

 
Gene 

CEA Mammaglobin 18s rRNA 

F initiator ACCCTGGATGTCCTCTATGG TGCCATAGATGAATTGAAGGAATG GTAACCCGTTGAACCCCATT 

Primer length 20 24 20 

R initiator CAGGCATAGGTCCCGTTATTA TGTCATATATTAATTGCATAAACACCTCA CCATCCAATCGGTAGTAGCG 

Primer length 21 29 20 

Length of amplified 
segment 

174 89 152 

Optimal annealing 
temperature 

61.2˚C 61.4˚C 53.5˚C 

 
BT11101). The RT-PCR reaction components included: 

a) 2 μL of template sequence  
b) 4 μL of Master mix  
c) Primer based on the most suitable concentration found in primary set up 

tests 
d) Deionized distilled water to reach a final reaction volume of 20 μL. 

2.5. Statistical Analysis 

Sample size was calculated according to the ratio of positivity of markers in the 
two groups estimated primarily based on similar previous studies [22] and tak-
ing into account type 1 error of 5% and type 2 error of 20%. The data were sta-
tistically analyzed using SPSS version 22. The mean values were compared be-
tween the patient and control groups using t-test. Chi square test was applied to 
analyze the ratio of gene expression in the two groups. P ≤ 0.05 was considered 
statistically significant.  

3. Results 

The study was conducted on 40 patients with breast cancer and 40 healthy con-
trols. The mean age was 51.60 ± 14.46 years in patients and 49.12 ± 13.56 years 
in controls. According to t-test, the difference in the mean age was not signifi-
cant between the two groups (P = 0.539).  

In this study, 18 s rRNA gene was selected as the reference gene and studied in 
the two groups. Expression of this gene was relatively measured by real-time 
RT-PCR using ct value for each sample. The results showed no significant dif-
ference in this respect between the two groups, which confirmed the accuracy of 
its selection as the reference gene (P = 0.239).  

3.1. Expression of CEA mRNA and Mammaglobin mRNA 

After data extraction, number of subjects with positive expression of the markers 
was determined. Among breast cancer patients, 29 out of 40 were positive for 
CEA mRNA; thus, the sensitivity of this marker was found to be 72.5%. Among  
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Figure 1. The expression levels of MUC1 mRNA and CEA mRNA in peripheral blood 
from NSCLC patients and healthy group. 

 
healthy controls, 12 out of 40 were positive for CEA mRNA indicative of 30% 
false positive results; thus, the specificity of this marker was calculated to be 
70%. The difference in this respect between the patient and control groups was 
statistically significant (P = 0.003).  

Among breast cancer patients, 26 out of 40 were positive for mammaglobin 
mRNA indicating 65% sensitivity. Among healthy controls, five out of 40 were 
positive for this marker indicating 12.5% false positive results. Thus, specificity 
was calculated to be 87.5%. The difference between patients and controls in this 
respect was statistically significant (P = 0.004) (Figure 1).  

3.2. Assessment of Difference in Expression of Markers  
in Patients and Controls 

The relative difference in expression of CEA mRNA and mammaglobin mRNA 
was measured between patients and healthy controls using ΔΔCt method.  

Using 2−ΔΔCt formula, it was revealed that number of primary transcripts of 
this marker in patients was averagely 1.34 times the value in healthy controls and 
Mammaglobin mRNA was revealed that number of primary transcripts of this 
marker in patients was averagely 1.82 times the value in healthy controls (Figure 
2).  

4. Discussion 

Cancer is a non-communicable chronic disease with not only physical but also 
psychological and socioeconomic impacts. Cancer occurs following uncontrolla-
ble cell proliferation as the result of environmental and genetic factors [4].  

Breast cancer is among the most common malignancies in women and is the 
first cause of cancer related mortality in women aged 40 to 55 years. Breast can-
cer accounts for approximately 18% of all cancers in women with a much higher 
prevalence in western compared to eastern countries [1]. Breast cancer is the re-
sult of unlimited proliferation of epithelial cells lining the mammary ducts or  

https://doi.org/10.4236/ojcd.2017.74011


N. Khosravi et al. 
 

 

DOI: 10.4236/ojcd.2017.74011 109 Open Journal of Clinical Diagnostics 
 

 
Figure 2. Difference in expression of MUC1 mRNA and CEA mRNA in peripheral blood 
from NSCLC patients and healthy group. 

 
lobules and can occur in different parts of the breasts. It can involve ductal cells, 
lactating cells or parenchymal cells. Breast cancer is among the most common 
diseases in women worldwide [3] [23]. Annually, a large number of patients are 
diagnosed with breast cancer, many of which expire due to this condition. Breast 
cancer is an important epidemiological dilemma worldwide. Despite numerous 
advances in early detection and prompt treatment of breast cancer, it is still one 
of the most important causes of death due to cancer among women [3]. If diag-
nosed early, breast cancer would have a higher chance of recovery with simpler 
therapeutic strategies and less intense treatment yielding a survival rate of 98% 
[9]. This highlights the importance of early detection of breast cancer, which 
depends on sensitive and effective screening methods. In other words, early di-
agnosis of breast cancer is the key to recovery and favorable outcome [24]. Bio-
markers are measurable factors, which are involved in activities of normal cells, 
pathological processes or response to drugs [12]. RNA markers have relatively 
optimal properties for use as diagnostic tests; thus, this group of biomarkers was 
selected for this study. On the other hand, they can be detected even in very 
small amounts using real-time RT-PCR, which has high sensitivity and specific-
ity. This is an advantage of these markers compared to protein markers, which 
are often not detectable in very small amounts [25] [26] [27] [28]. In a study by 
Watson and Fleming on mammaglobin, it was shown that 80% of primary me-
tastatic cancers were positive for mammaglobin. In the current study, 65% of pa-
tients were positive for mammaglobin marker [29]. Saccani et al., in their study 
on CEA marker expression in 69 breast cancer patients, indicated an increase in 
expression of this marker in patients compared to healthy controls, which was in 
agreement with our finding [30]. Vizcarra et al., in their study used radioimmu-
noassay (RIA) for assessment of the expression of TPA, CA15.3 and CEA and 
reported an increase in expression of these markers in patients. Since the RIA 
method has lower sensitivity than the real-time PCR, studies using real-time 

https://doi.org/10.4236/ojcd.2017.74011


N. Khosravi et al. 
 

 

DOI: 10.4236/ojcd.2017.74011 110 Open Journal of Clinical Diagnostics 
 

PCR can better indicate the role of CEA as a suitable molecular biomarker for 
early detection of breast cancer [31]. Berois et al. in 2000 evaluated the expres-
sion of CK19, MUC1 and CEA genes using RT-PCR and demonstrated that ex-
pression of CK19 and CEA increased in patients with breast cancer, which was 
in line with the current results [32].  

In conclusion, the current study was a preliminary study of breast cancer tu-
mor markers, which introduced a diagnostic screening test for early detection of 
breast cancer at primary stages. Future studies with larger sample sizes are re-
quired to further confirm the current findings. 
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