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ABSTRACT

 MicroRNA -34a للـ  المتداولة  المستويات  دراسة  الأهداف: 
المريضات  تشخيص  في  للأذى  مسببه  غير  حيوية  كعلامة 

المصابات بسرطان الثدي.

الكيمياء  قسم  في  والشواهد  الحالات  دراسة  أجريت  المنهجيه: 
ديسمبر  من  النهرين  جامعة   ، الطب  كلية   ، الحيوية  والكيمياء 
2018 إلى أبريل 2019. تم استخدام تقنية ال  PCR في الوقت 
في    miRNA34 ل   الجيني  التعبير  ودراسة  لتحليل  الحقيقي 
بسرطان  مريضه   30( مشاركه   90 من  الدم  مصل  من  عينات 
الثدي ، و 30 مريضه تعاني من أورام الثدي الحميدة و 30 عينه 
النووي  الحمض  استخراج  بعد  ذلك   الصحيحات(و  النساء  من 
الريبي و استخدام تقنية النسخ العكسي. تم قياس CA15-3 و 
CEA بواسطةتقنية ال ELISA. بالإضافة إلى ذلك ، قمنا بتحليل 
منحنيات التشغيل المميزة للمستقبل من مختلف العلامات ، بما 
في ذلك miRNA-34a و CA15-3 و CEA ، لتقييم القدرة 

التشخيصية لكل علامة.

في  ملحوظ  بشكل  أقل   miRNA-34a تعبير  كان  النتائج: 
وتم   ، التحكم  مجموعة  في  به  مقارنةً  الثدي  سرطان  مجموعة 
ورم  مجموعة  في  كبير  بشكل   miRNA-34a تعبير  تقليل 
السيطرة.  مجموعة  في  الموجودة  بتلك  مقارنةً  الحميد  الثدي 
ميرنا  للغاية من مجتمعة  قوة تمييزية جيدة   ROC وأظهر تحليل 
34a و CA15-3 )خصوصية = %77.7 ؛ حساسية = 83.3% 

و AUC = 0.842( لمرضى سرطان الثدي.

لل  الجيني  التعبير  في  انخفاضا  الدراسه  خلال  وجد  الخلاصة: 
المصابين  المرضى  مصل  في  ملحوظ  بشكل    miRNA-34a
بسرطان الثدي حيث  يمكن استخدام ال miRNA-34a كعلامة 

جزيئية غير مؤذيه محتملة للتشخيص المبكر لسرطان الثدي.

Objectives: To investigate the circulating levels of 
microRNA-34a (miRNA-34a) as a novel non-invasive 
biomarker of breast cancer (BC).

Methods: The case-control study was conducted at the 
Department of Chemistry and Biochemistry, College 
of Medicine, Al-Nahrain University, Baghdad, Iraq, 
from December 2018 to April 2019. Real-time 

quantitative polymerase chain reaction has been
employed to analyze miRNA-34a expression in the 
samples of serum from 90 participants (30 patients 
with BC, 30 patients with benign breast tumors, 
and 30 control subjects) after RNA extraction and 
reverse transcription. Cancer antigen 15-3 (CA15-3) 
and carcinoembryonic antigen (CEA) were measured 
by ELISA. Additionally, we analyzed the receiver 
operating characteristic curves of various markers, 
including miRNA -34a, CA15-3, and CEA, to assess 
the diagnostic power of each marker.

Results: The expression of miRNA-34a has been 
significantly lower in the group of breast cancer 
compared with that in the group of control, and 
miRNA-34a expression has been significantly 
reduced in the group of benign breast tumor 
compared as that in the group of control. Receiver 
operating characteristics analysis showed a very good 
discriminative power of combined miRNA-34a and 
CA15-3 (specificity=77.7%; sensitivity=83.3% and 
areas under the curve =0.842) for BC patients.

Conclusion: MicroRNA-34a expression is 
significantly decreased in the patients’ serum with the 
cancer of breast, and miRNA-34a can be employed 
as a potential non-invasive molecular marker for the 
early diagnosis of BC.
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Breast cancer (BC) is one of the states of cancers 
which leads to mortality in the women globally.1,2 

Breast cancer is one of the genetically heterogeneous 
diseases; hence, diagnostic and clinical outcomes are 
extensively different, and routine clinicopathological 
agents for prognosis or diagnosis of BC are probably 
limited.3 Undoubtedly, the early stages of diagnosis, 
and detection of BC can decrease rates of mortality.3 
Core needle biopsy and mammography are the most 
reliable detection methods.4 Nevertheless, these routes 
are not sensitive and uncomfortable enough to the 
woman to be selected as routine tests.4 Currently, the 
markers of serum-based tumors are the most efficient 
screening method for BC diagnosis and detection of 
recurrence.1,2 However, inaccessibility of insurance 
of hospital, low specificity, and sensitivity, high-false 
positive, complications, and high costs are the essential 
limitations of the use of this diagnostic biomarker 
for monitoring and following up the progression and 
recurrence of disease.1 For example, circulating tumor 
biomarkers, like tissue polypeptide specific antigen 
and carbohydrates antigen 15-3 (CA15-3), are already 
employed in the clinical diagnosis; however, they have 
low diagnostic specificity, and sensitivity.2-4 Lacking 
sensitivity for early stage diseases coupled with the 
absence of specificity prevents the early diagnosis of 
BC using all currently available markers of serum.5 For 
example, levels of CA15-3 are elevated in approximately 
10% of the patients with the stage-I cancer of breast, 
in 20% patients with the stage-I-II, in 40% patients 
with the stage-III, and in 75% patients with stage-IV 
illness.5,6 Carbohydrates antigen 15-3 concentrations 
5-10 times higher than that of the reference value can 
alert a doctor to the existence of the metastatic disease 
depending to the expert panel of ASCO (American 
Society of Clinical Oncology).5,6 However, metastasis 
cannot be excluded by a low marker concentration.5,6

Carbohydrates antigen 15-3 has limited specificity 
for BC detection in addition to the lack of sensitivity 
to early disease. Moreover, a small proportion 
(approximately 5%) of apparently healthy people can 
have elevated marker levels; a similar pattern is observed 
in the patient with certain benign disease, particularly 
liver diseases, and in the patient with other kinds of 
the advanced adenocarcinoma.5,6 Therefore, new non-
invasive biomarkers with high sensitivity and early BC 

specificity are required.7 The micro-ribonucleic acid 
(miRNA)  is single stranded, short, non-coding RNAs 
approximately 18-24 nucleotides in size that regulates 
the expression of various oncogenic genes and plays 
a significant use in different cellular activities, such 
as the cycle of cell, growth, proliferation, apoptosis, 
and differentiation.7-9 All miRNAs target numerous 
distinct mRNAs and all mRNAs are controlled using 
various miRNAs creating complex pathways of tight 
regulation.7 The dysregulated expression of particular 
miRNAs impacts a number of oncogenes and suppressor 
genes that impact on the initiation, development, and 
metastasis of cancer.7 In human tissues, more than 
2000 miRNAs have been identified.7 MicroRNA-34a 
is a new tumor suppressor miRNA class that negatively 
suppresses expression of oncogene by binding target 
mRNAs at their 3’-untranslated regions.1,10 MicroRNA-
34a antagonizes various oncogenic mechanisms; it 
inhibits proliferation, differentiation, invasion and 
migration of tumor cell and increases cell arrest and 
apoptosis.1 MicroRNA-34a assists in suppression 
of tumor by transcriptional regulation of the notch 
signaling pathway, epithelial-mesenchymal transition 
and transformation of growth factor beta signaling 
pathways.1 The current research aimed to test the 
diagnostic power of miRNA-34a in the cancer of breast 
and to study the association of circulating miRNA-34a 
with routine BC tumor markers.

Methods. A case-control research conducted at the 
Teaching Oncology Hospital, Baghdad Medical City, 
Baghdad, Iraq in 90 Iraqi women between December 
2018 and April 2019. The ages of the subjects range 
from 18-65 years (mean±standard deviation [SD] of 
43.37±11.12 years). The study involved 30 patients with 
BC (19 patients with the invasive ductal carcinoma, 
9 patients with the ductal carcinoma in situ, and 2 
patients with the invasive lobular carcinoma) classified 
according to the Union for Intentional Cancer Control. 
Only 10 patients had stage-I, 12 patients had stage-II; 
and 8 patients had stage-III. The study included 30 
patients with the tumors of benign breast and 30 
healthy women were assigned as a control group. In the 
current research, the stage of tumor has been classified 
depending to the revised classification of the American 
Joint Committee on cancer tumor-node metastasis. The 
data of histopathology have been obtained from the 
reviewing of medical lab records. However, this work 
has been approved by the Institutional Review Board 
of AL-Nahrain University, Baghdad, Iraq. The principle 
for the participation in the work has been obtained 
from all patients. This work was in accordance with the 
Helsinki declaration.

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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The samples of serum from the subjects were collected 
according to the criteria: 1) samples were collected at the 
stage of diagnosis before taking treatments or surgery; 
2) serum samples of the cancer of breast have been 
obtained from the diagnosed patients as having early 
BC, involving invasive BC at the stage-I, stage-II, and 
stage-III; 3) samples of the control have been obtained 
from healthy volunteers without any conditions of 
current inflammatory or history of cancers. Samples 
that lacked the information on pathological stage or 
histological grade were excluded. However, 5 ml of 
the blood sample was collected from each patient at 
8:00 a.m. in a plain tube for serum separation. The 
specimens have been instantly transported to the central 
lab of Chemistry and Biochemistry Department, 
AL-Nahrain University, College of Medicine, Baghdad, 
Iraq, and centrifuged at 3,300 g for 10 minutes. 
Subsequently, samples of serum were put in the tubes 
of polypropylene and stored at -70ºC until analysis to 
measure microRNA-34a, serum CA15-3, and CEA. In 
addition , the serum specimens of the group of control 
have been collected from healthy women who were 
in a good health on basis of self-reporting and had 
no history of cancer. Table 1 presents detailed patient 
characteristics.

One hundred microliters of serum were added 
to 300 μl TRI Reagent® (1:3) and the contents were 
thoroughly mixed for 5 minutes. Centrifugation was 
carried out to enhance particulate debris. Into RNase 
free tubes, the supernatants have been transferred. 
Equal volumes of 100% ethanol and the specimen lysed 
using TRI Reagent® have been thoroughly mixed; then, 
the mixture have been transferred into the column of 
Zymo-Spin™ IICR in a suitable tube and then centrifuged 
(16000 x g) for 30 seconds at room temperature. After 
that, the column has been transferred to a clean tube 
and the flow-through has been discarded. Moreover, 
400 μl of the Direct-zol™ RNA prewash was added to 
the column and the specimens have been centrifuged 
at 16000 x g for 30 seconds. The RNA extraction kit 
(Direct- zol TM RNA miniPrep) was purchased from 
Zymo Research (R2051) United States of America. After 
centrifugation, the flow-through was discarded. This 
step was repeated twice. However, 700 μl RNA wash 
buffer was put to the column and the specimens have 
been centrifuged (16000 x g) for 2 minutes to ensure 
completing removal of the wash buffer. Carefully, the 
column was transferred to RNase-free tubes. The RNA 
was eluted with 50μl DNase/RNase-free water added 
directly to the column matrix and the specimens have 
been centrifuged (16000 x g) for 30 seconds at room 
temperature. All RNA specimens have been stored at 
≤ -70°C.11

The reagent kit of Prime Script RT was designed to 
achieve the reverse transcription optimized for real-time 
PCR. The kit uses Prime Script reverse transcriptase, 
which produces excellent extendibility and enables fast 
and efficient synthesis of template of complementary 
deoxyribonucleic acid (cDNA) for real-time PCR.11 
Highly pure samples of RNA are essential for the higher 
yield of cDNA. It was suitable for inhibiting activity 
of RNase in the samples and to protect from RNase 
derived from the equipment and reagents employed in 
the procedure. After extraction of total RNA, genomic 
DNA was removed by recombinant DNase-1 (RNase-
free) (Cat#2270A, Takara Bio Inc, Kusatsu, Japan) 
treatment. DNase-1 should be inactivated after the 
reaction either by treatment with heat or by extraction 
using a phenol/chloroform mixture.

The solution of reverse transcription reaction was 
prepared on ice as follows: 2 microliters of (5X) Prime 
Script RT master mix with a final concentration of (1X) 
were added to 10μl of RNase-free distilled water and 
500 ng (3μL) of total RNA. The reverse transcription 
reaction was performed after gentle mixing under the 
following conditions: 37°C for 15 minutes (reverse 
transcription reaction); 85°C for 5 seconds (for 
heat inactivation of reverse transcriptase); Then, the 
temperature was lowered to 4°C. The solution of reverse 
transcription reaction was prepared on ice as follows: 2 
microliters of (5X) Prime Script RT master mix with 
a final concentration of (1X) were added to 10μl of 
RNase-free distilled water and 500 ng (3μL) of total 
RNA. The reverse transcription reaction was performed 
after gentle mixing under the following conditions: 
37°C for 15 minutes (reverse transcription reaction); 
85°C for 5 seconds (for heat inactivation of reverse 
transcriptase); Then, the temperature was lowered 
to 4°C.  The specific primers of the miRNA-34a 5p 
sequence were as follows: the forward primer sequence (5’ 
TCGTATCCAGTGCAGGGTCCGAGGTATTCGC
ACTGGATACGACACAAAC3’) with a Tm 
52.1°C, with a GC content of 45% and reverse (5’ 
TACACATGGCAGTGTCTT 3’) with a Tm 55.6°C 
and a GC content of 47.6%. The specific primers of 
U6 stem-loop (reference gene or housekeeping gene) 
were (5’) while the forward primer sequence is (5’ AGC 
GAA GTC CCT TCG GGG 3’), the Tm=52.1°C and 
GC content 45%, the reverse primer sequence was (5’ 
GTG CAG GGT CCG AGG T 3’), the Tm was 55.6°C 
and GC content was 47.6%.

The mixture of PCR has been prepared as follows: 
12.5μl of KAPA SYBR Fast qPCR master mix (2x) with 
a final concentration of 1X was added to 2μl of RT 
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reaction solution (cDNA solution), 1μl of PCR reverse 
primer (10μM) in a final concentration of 0.4μM, 1μl of 
PCR forward primer (10μM) with a final concentration 
of 0.4μM, then the volume was completed with 8.5μl of 
sterile double distilled water to a final volume of 25μl. 
The KAPA SYBR R FAST q PCR Master Mix (2X) kit 
was obtained from Takara Bio Inc (2270A) Japan. 

Initial denaturation at 95ºC for 30 seconds, 40 
denaturation cycles at 95ºC for 5 seconds, annealing at 
60ºC for 30 sec and extension at 72ºC for 20 seconds. 
After the reaction was completed, the amplification and 
melting plots were checked. The values of threshold 
cycle (Ct) were obtained for all samples of miRNA 
and then normalized for obtaining the values of ∆Ct 
which were employed to plot the values of relative 
expression. The datum is presented as the mean±SD; 
U6 is employed as an internal reference12.

Methods of immunohistochemistry (IHC) 
include special tissue-staining methods by labeling 

with antibodies; the methods require pathology lab 
infrastructure; quality control is useful to ensure 
accuracy of the test.13 Immunohistochemistry for 
estrogen receptor (ER)  and progesterone receptor (PR) 
included initial fixing by formalin (10%) and staining 
of the paraffin-embedded sections of cell blocks for PR 
and ER by the primary monoclonal antibodies against 
PR (Clone PgR636; USA; CA, Carpinteria, DAKO,Cat 
No. M 3569) and ER (Clone ID5; Denmark; 
Glostrup, DAKO, Cat No. M7047) at the dilution 
1:50 depending to the specifications of manufacturer. 
The American Society of Clinical Oncology/College 
of American Pathologists guideline recommendations 
were used for assessment of the hormone receptors. 
The tumor cells were considered to have positive ER 
or PR status if ≥1% of the cells of tumor demonstrated 
nuclear staining; if nuclear staining was less than 1%, 
the cells were considered negative. In all cell block 
preparations, normal breast tissue was used as a positive 

Table 1 - The characteristics of study groups’ participants (N=30).

Variables Benign breast tumor patients Breast cancer patients Control P-value
Age, year (mean±SD)   46.73±9.14   43.37±11.12 45.67±14.27 0.525
BMI, kg/m2 (mean±SD) 29.87±4.1 27.86±3.02 27.3±3.41 0.160
Menopausal status

Premenopausal
Postmenopausal

22   (73.3)
8 (26.6)

14 (43.3)
16 (56.6)

23 (76.7)
7 (23.3) 0.028

History of BC
No
Yes

20   (66.7)
10   (33.3)

26 (86.7)
4 (13.3)

27 (90.0)
3 (10.0) 0.044

Histological type
ILC
NOS
DCIS

-
2   (6.7)

19 (63.3)
9 (30.0)

TNM stage
I
II
III
IV

4 (13.3)
13 (43.3)
12 (40.0)
1   (3.3)

Histological grade
I
II
III

10 (33.3)
12 (40.0)
8 (26.7)

Tumor diameter
≥2 cm
<2 cm

19 (63.3)
11 (36.7)

Estrogen receptor
Positive
Negative

14 (46.7)
16 (53.3)

Progesterone receptor
Positive
Negative

14 (46.7)
16 (53.3)

HER-2/neu receptor
Positive
Negative

6 (20.0)
24 (80.0)

Values are presented as numbers and percentages (%). BMI - body mass index, BC - breast cancer, 
ILC - invasive lobular carcinoma, NOS - invasive ductal carcinoma, DCIS - ductal carcinoma in situ
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external control.14 Immunohistochemistry for human 
epidermal growth factor receptor 2 (HER-2) involved 
initial fixing by formalin and staining of the paraffin-
embedded sections of blocks of the cell for HER 2 using 
HER- 2/neu (polyclonal; Denmark; Glostrup, DAKO, 
Cat No. A0485) at the dilution 1:50 depending to the 
specification of manufacturer. Staining was calculated 
by guidelines of ASCO/CAP 2013; the samples were 
considered HER2-IHC 3+ when >10% of cells of 
tumor showed the pattern of homogeneous dark 
circumferential (chicken wire). The moderate/weak or 
incomplete membrane staining and staining of more 
than 10% of cells of tumor or complete membrane 
staining of high intensity and of less than or =10% 
of the cells of tumor was interpreted as equivocal 
HER2-IHC 2. The incomplete membrane staining that 
was weak / barely perceptible and of >10% of the tumor 
cells was considered HER2-IHC-1+; HER2-IHC-0 
was characterized by lack of observed staining or 
membrane staining that is incomplete and weak / barely 
perceptible and is present in 10% of the cells of tumor. 
HER2-IHC-1+ and HER2-IHC-0 were interpreted 
as HER2-negative.15 Cancer antigen 15-3 and CEA 
were measured by ELISA kits (CALBIOTECH, USA; 
CA240T and CE236T, respectively. 

Statistical analysis. The statistical analysis were 
performed using the Statistical Package for Social 
Sciences for Windows, version 24 (IBM Corp, 
Armonk, NY, USA).16 Results of this research have 
been expressed as the mean±SD (standard deviation) 
and all statistical comparisons have been achieved 
using analysis of variance (ANOVA) and independent 
t-test or using test of Wilcoxon rank sum when the 
datum wasn’t following the normal distribution. The 
categorical variables have been presented as proportions 
and counts and have been compared using the 2-sided 
Fisher’s exact tests or test of Chi square. The normality 
of distribution has been checked by Shapiro-Wilk and 
Kolmogorov-Smirnov tests. All statistical tests with a 
p level of <0.05 were considered significantly different. 
Additionally, curves  of areas under the curve (AUC) 

of receiver operating characteristic (ROC) have been 
calculated and the specificity and the sensitivity were 
estimated.17

 

Results. Normality test revealed normal 
distributions of the variables in 3 groups. Hence, 
ANOVA was used to compare the means between 
these groups. No significant differences were recorded 
between the 3 groups in age and body mass index as in 
Table 1. On the other hand, postmenopausal women 
were more frequent in the BC group (56.6%) than 
those in the group of benign breast tumor (26.7%) or in 
the healthy control group (23.3%) and the differences 
were significant. Finally, one-third of the BC group had 
a family history of BC; the family history incidence was 
10% in the healthy control group and 13.3% in the 
benign breast tumor group, and the differences were 
significant. 

Approximately two-thirds of the BC cases 
were invasive ductal carcinoma, whereas invasive 
lobular carcinoma has been reported in just 6.7% of 
women (Table 1). The vast majority of malignancies 
were of stage-II (43.3%) or stage-III (40%); the 
histopathological grades I (33.3%) or II (40%) were 
the most prominent. The tumor diameter was less than 
2 cm in 63.3% of cases. Estrogen receptor and PRs 
positive cases were 46.7% of all cases, while only 20% 
of the cases were HER-2/neu positive.

Biochemical characteristics of the study population. 
Fasting serum glucose and HbA1c levels were similar 
between the 3 groups, and the differences were not 
significant (Table 2). However, the average of serum 
level of CA15-3 in BC women was 50.98±23.89 U/mL, 
which is significantly higher than that in women with 
the benign breast tumor (38.02±12.21 U/mL); in 
turn, the latter value was higher than that in the 
healthy control groups (28.59±5.46 U/mL) and these 
differences were significant (Table 2). The mean serum 
levels of CEA in the BC was 4.15±4.0 ng/mL, groups of 
benign breast tumor was 3.28±0.9 ng/mL and healthy 
control was 3.13±0.76 ng/mL, and the values were not 

Table 2 - Biochemical characteristics of the research population (N=30).

The variable Benign breast tumor patients Breast cancer patients Control P-value
Mean±SD

Fasting serum glucose, (mmol /L) 5.17±0.6 5.16±0.5   5.21±0.69 0.934
HbA1c (%)   5.03±0.44      4.91±0.57   4.97±0.52 0.694
CA15-3 (U/mL)   38.02±12.21   50.98±23.89 28.59±5.46 0.001
CEA (ng/mL) 3.28±0.9 4.15±4.0   3.13±0.76 0.213
miRNA-34a (∆Ct)   5.20±0.58   5.60±0.71   4.80±0.50 0.021

HbA1c - glycated hemoglobin, CA - cancer antigen, CEA - carcinoembryonic antigen, ∆Ct - delta threshold cycle
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different between the 3 groups in significant (Table 2).
MiRNA-34a level measurements. Women with BC 

show a significant (p<0.05) reduction in miRNA-34a 
(∆Ct=5.6±0.71) in comparison with that in the healthy 
control group (∆Ct=4.8±0.50); on the other hand, there 
is a significant reduction in miRNA-34a expression 
in the benign breast tumor group (∆Ct=5.20±0.58) 
compared with that in the control group (Table 2).

Diagnostic value of miRNA-34a and CA15-3. The 
levels of these 2 biomarkers were significantly higher 
in BC women; hence, they were incorporated in the 
receiver operating characteristic curve either alone or as 
a combination to estimate their diagnostic value for the 
detection of BC and benign breast tumors. 

Figure 1 shows ROC curves for CA15-3 in the 
context of discrimination between BC and benign 
breast tumors. The AUC was 0.666, 95% confidence 

interval (CI)=0.524-0.807, p=0.028. The specificity 
(56.7%) and the sensitivity (66.7%) of the test at the 
cut-off value of CA15-3= 37.9 U/mL, indicating a poor 
discriminative value.

These diagnostic values were slightly elevated in 
the context of discrimination between the BC and 
control groups (Figure 2); the AUC was 0.829, 95% 
CI=0.712-0.946, p<0.001. The specificity (73.3%)
and sensitivity (80%) of the test at the cut-off value of 
CA 15-3= 31.7 U/mL, indicating a good discriminative 
value.

Nevertheless, there was a remarkable decrease in 
the discriminative capacity of CA15-3 to differentiate 
between the benign breast tumor, and control groups 
(Figure 3). In this case, the AUC was 0.756, 95% 
CI=0.631-0.882, p=0.001. The specificity (63.3%) and 
the sensitivity (76.7%) of the experiment at the cut-off 
value of CA15-3= 29.3 U/mL, indicating a moderate 
discriminative value.

MicroRNA-34a was used to differentiate between 
the BC and control groups (Figure 2). The AUC was 
0.669, 95% CI=0.529-0.81, p= 0.024. The specificity 
cut-off value of miRNA-34a=5.05 ∆Ct was 63% and 
the sensitivity of the test was at 60%. Since either 
CA15-3 or miRNA-34a cannot adequately differentiate 
between the BC, benign breast tumor and control 
groups, a combination of the 2 markers was used. 
Certain increase in the sensitivity of this combination 
was achieved in differentiation between the BC and 
benign breast tumor groups; however, the specificity 
remained low (Figure 1). The AUC was 0.661, 95% 
CI=0.518-0.805, p=0.032. The specificity of the test at 
the cutoff value of miRNA-34a=5.05 ∆Ct was 56.7% 
and the sensitivity of CA15-3=37.9 U/mL was 83.3%, 

Figure 3 -	Discriminative power of micro ribonucleic acid-34a, cancer 
antigen (CA)15-3, carcinoembryonic antigen and micro 
RNA-34a+CA15-3between the patients with benign breast 
tumors and the healthy control subjects.

Figure 1 -	The discriminative power of micro ribonucleic acid-34a, 
cancer antigen 15-3 (CA 15-3), carcinoembryonic antigenm, 
and miRNA-34a+ CA15-3 between patients with breast 
cancer and patients of benign breast tumors.

Figure 2 -	Discriminative power of micro ribonucleic acid-34a, cancer 
antigen (CA)15-3, carcinoembryonic antigen (CEA) and 
micro RNA-34a+CA15-3 between patients with breast cancer 
and the healthy control subjects.
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indicating a good discriminative value.
In the case of the differentiation between the BC and 

control groups, the resulting AUC was 0.842, p<0.001, 
CI=0.732-0.953. At the cutoff value of CA15-3=29.2 
U/mL and of miRNA-34a= 5.02 ΔCt, the obtained 
specificity was 77.7% and the sensitivity was 83.3%.  
indicating a very good discriminative value (Figure 2). 

Essentially similar results were obtained in the 
context of discrimination between the benign breast 
tumor and healthy control groups. The AUC=0.804, 
CI=0.893-0.916, p<0.001. At the cutoff value of 
CA15-3=24.7 U/mL and of miRNA-34a=4.82 ΔCt, 
the obtained specificity was 86.7% and the sensitivity 
was 70% indicating a very good discriminative value 
(Figure 3).

Serum levels of miRNA-34a and tumor markers 
in samples of tissue with various levels of expression 
of the hormone receptors status. Table 3 shows serum 
concentrations of CA15-3, CEA, and miRNA-34a 
in tissues with various status types of expression of 
the hormone receptors in BC patients. There was 
a remarkable elevation in CA15-3 in HR-negative 
patients compared to that in HR-positive patients and 
a significant difference has been noticed between the 
PR-negative and PR-positive statuses. However, the 
opposite was true for the HER-2 status although the 
difference did not reach a significant level. On the other 
hand, the concentrations of CEA and miRNA-34a were 
comparable between various levels of the BC status and 
no significant differences were detected.

Discussion. Cancer of breast is one of the most 
wide spread cancers between women globally. The rates 
of mortality are decreasing; however, BC still ranks 
the second among the most usual causes of cancers 
mortality in women.18,19

The core needle biopsy and mammography are 
the most reliable detection methods. Nevertheless, 
these approaches aren’t comfortable or sensitive to the 
woman for selecting them as methods of the routine 

examination.18 The existing markers like CA15-3 or 
carcinoembryonic antigen, are not advised for the 
diagnosis or screening of the cancer of breast due to 
their low sensitivity in the early detection.18,19 Recent 
evidence demonstrates that microRNAs can become the 
biomarkers for the prognosis and diagnosis of various 
diseases involving the cancer of breast.19

MicroRNAs are small non coding RNAs with length 
18-25 nucleotides that arrange expression of gene using 
sequence specific base pairing at area of 3’-untranslated 
of the target mRNAs resulting in translation inhibition 
or mRNA degradation. Altered miRNA expression 
was related with different kinds of human cancer 
involving the cancer of breast.19-21 MicroRNA-34a is a 
potential tumor suppressor miRNA that is significantly 
downregulated in a variety of solid tumors and is 
directly included in the migration and invasion of BC 
using transcriptional regulation of the p53 network 
pointing out its potential usage as a goal for BC therapy 
and detection.1 Significant reduction in levels of the 
circulating miR-34 a in patients of BC highlights the 
potential usage of miR-34 a as a novel noninvasive 
biomarker in the BC.1

In this work, we analyzed the levels of expression 
of circulating human miR-34a in the patients with the 
cancer of breast and benign breast tumors and in healthy 
control subjects to investigate the potential usage 
of miR-34 a as a diagnostic biomarker. In this study, 
serum levels of miRNA-34a have been significantly 
(p<0.05) lower in patients of BC compared as that in 
healthy control group and in the patients of benign 
breast tumors. MiR-34a can significantly discriminate 
between patients of the BC and the healthy control 
group and patients with tumors of benign breast. 

The detection of decreased circulating miR34-a 
levels in cancer of breast agrees with other researches 
that recorded down-regulated miR-34a expression in 
the patients’ serum of the cancer of breast.1,9,22,23

Over the part years, Imani et al,1 reported that 
significantly decreased circulating levels of miR-34a in 

Table 3 - Serum levels of micro ibonucleic acid-34a and tumor markers in samples of tissue with various levels of expression of the hormone receptors 
status.

Variables ER PR Her-2
Positive Negative P-value Positive Negative P-value Positive Negative P-value

Mean±SD Mean±SD Mean±SD
CA15-3 (U/mL) 43.97±21.14 58.02±25.07 0.10 40.91±19.71 61.06±24.0 0.01 62.85±22.57 48.02±23.72 0.17
CEA (ng/mL) 3.7±1.1 3.28±0.89 0.26 3.68±1.14 3.3±0.85 0.31 4.13±1.31 3.33±0.88 0.08
MiRNA-34a (∆Ct) 5.21±0.67 5.29±0.91 0.80 5.07±0.78 5.43±0.76 0.29 4.78±0.76 5.37±0.76 0.10

SD - standard deviation, CA - cancer antigen, CEA - carcinoembryonic antigen, ∆ Ct - delta threshold cycle, ER - estrogen receptor, PR - progesterone 
receptor, Her-2 - human epidermal growth factor receptor 2
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patients of BC highlight the potential usage of miR-34a 
as a novel non-invasive biomarkerin BC making this 
molecule an excellent candidate biomarkerthat reflects 
different pathological and physiological cases of BC.1 
The results of hormone receptor expression status 
were similar to the data of Imani et al,1 who suggested 
that conventional histological biomarkers to BC 
diagnosis, like the levels of human epidermal growth 
factor receptor 2, receptor of progesterone, receptor of 
estrogen, and fall short from being the perfect diagnostic 
routes essentially due to their high cost, low diagnostic 
specificity and sensitivity, and substantial invasiveness.1

Carbohydrate antigen returns to the family of 
Mucin 1 (MUC1). The gene of MUC1 is detected in 
many tissues and synthesizes an apparently identical 
core proteins. The variation in the extent of content 
of carbohydrates (glycosylation) is the property that 
discriminates between various sources of tissue.24 The 
gene of MUC1 is over-expressed in tumors of malignant 
breast thus enabling the usage of the product of gene, 
CA15-3, as a marker of tumor of the cancer of breast.25 
Levels of CA15-3 in the blood can be employed to 
screen the BC and other malignancies, including 
cancers of ovarian, pancreatic, lung, liver and colon. 
Nevertheless, CA15-3 levels have also been recorded to 
be elevated in diseases of breast and benign liver (false 
positive results).26

It was proposed that the CEA and CA15-3 must be 
considered complementary in detection of recurrence 
of the cancer of breast; however, the sensitivity of 
these markers is low and they are independent of the 
generality of the prognostic parameters that maybe 
considered before relapse.27 In this study, CA15-3 has 
been significantly elevated (p<0.05) in the patients with 
the cancer of breast compared as that in the patients 
with the benign breast tumor and healthy women, 
whereas CEA did not show any significant increase 
between all studied groups. These results were similar to 
those obtained previously.2,5,7

The combination of  miRNA-34a and CA15-3 
is the best for differentiation between the benign 
breast tumor, BC, and control groups with increased 
specificity and sensitivity. The differentiation 
between the benign breast tumor and BC group 
(sensitivity=83.3%, specificity=56.7%, AUC=0.666) 
indicates that this parameter has a good discriminative 
value. Considering differentiation between the cancer 
of breast and control groups, the resulting ROC curve 
for combined miRNA-34a and CA15-3 has the value 
of sensitivity (83.3%), specificity (77.7%) and AUC 
(0.829), indicating a very good discriminative value. 
Nearly similar results were obtained in the context of 
discrimination between the healthy control and benign 

breast tumor groups; the value of sensitivity (86.7%), 
specificity (78%), and AUC (0.756), indicating a very 
good discriminative value. These findings demonstrate 
improved discriminative power of combined 
miRNA-34a and CA15-3 and are similar to the results 
of Zaleski et al.22

The results of this study are promising; however, 
several limitations should be addressed: (i) since the size 
of sample is small, further studies are recommended with 
a larger sample size; (ii) it is uncertain whether decreased 
expression of miRNA in the serum is particular for 
certain sub-types of the cancer of breast and whether 
this biomarker can be employed for differentiation of 
sporadic from familial kinds of the disease; therefore, 
additional researches are essential to investigate and 
compare the serum levels of miRNA-34a in various 
BC subtypes; (iii) it is very important for examining 
whether the miRNA levels are different in patients 
undertaking hormonal or cytotoxic chemotherapy; and 
(iv) next-generation sequencing technologies will be 
used in the future to measure or identify miRNAs in 
the serum.

In conclusion, the reduction of serum miRNA-34a 
in patients with the cancer of breast was recorded in 
this study. The combination of serum miRNA-34a 
and CA15-3 is the best, displaying a very promising 
diagnostic performance and the improved sensitivity for 
the early detecting the cancer of breast.

Acknowledgment. The authors gratefully acknowledge language 
editing services by Elsevier for the English Language Editing.

References
  
  1.	 Imani S, Zhang X, Hosseinifard H, Fu S, Fu J. The diagnostic 

role of microRNA-34a in breast cancer: a systematic review 
and meta-analysis. Oncotarget 2017; 8: 23177-23187.

  2.	 Li X, Dai D, Chen B, Tang H, Xie X, Wei W. Determination 
of the prognostic value of preoperative CA15‑3 and CEA in 
predicting the prognosis of young patients with breast cancer. 
Oncol Lett 2018; 16: 4679-4688. 

  3.	 O’Hanlon DM, Kerin MJ, Kent P, Maher D, Grimes H, Given 
HF. An evaluation of preoperative CA 15-3 measurement in 
primary breast carcinoma. Br J Cancer 1995; 71: 1288-12891.

  4.	 Xie S, Ding X, Mo W, Chen J. Serum tissue polypeptide-
specific antigen is an independent predictor in breast cancer. 
Acta Histochem 2014; 116: 372-376. 

  5.	 Duffy MJ. Serum tumor markers in breast cancer: Are they of 
clinical value? Clin Chem 2006; 52: 345-351. 

  6.	 Somerfield MR. Clinical practice guidelines for the use of 
tumor markers in breast and colorectal cancer. J Clin Oncol 
1996; 14: 2843-2877. 

  7.	 Zaleski M, Kobilay M, Schroeder L, Debald M, Semaan A, 
Hettwer K, et al. Improved sensitivity for detection of breast 
cancer by combination of miR-34a and tumor markers CA 
15-3 or CEA. Oncotarget 2018; 9: 22523-22536. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=The+diagnostic+role+of+microRNA-34a+in+breast+cancer%3A+a+systematic+review+and+meta-analysis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+diagnostic+role+of+microRNA-34a+in+breast+cancer%3A+a+systematic+review+and+meta-analysis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+diagnostic+role+of+microRNA-34a+in+breast+cancer%3A+a+systematic+review+and+meta-analysis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Determination+of+the+prognostic+value+of+preoperative+CA15%E2%80%913+and+CEA+in+predicting+the+prognosis+of+young+patients+with+breast+cancer.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Determination+of+the+prognostic+value+of+preoperative+CA15%E2%80%913+and+CEA+in+predicting+the+prognosis+of+young+patients+with+breast+cancer.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Determination+of+the+prognostic+value+of+preoperative+CA15%E2%80%913+and+CEA+in+predicting+the+prognosis+of+young+patients+with+breast+cancer.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Determination+of+the+prognostic+value+of+preoperative+CA15%E2%80%913+and+CEA+in+predicting+the+prognosis+of+young+patients+with+breast+cancer.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serum+tissue+polypeptide-specific+antigen+is+an+independent+predictor+in+breast+cancer.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serum+tissue+polypeptide-specific+antigen+is+an+independent+predictor+in+breast+cancer.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serum+tissue+polypeptide-specific+antigen+is+an+independent+predictor+in+breast+cancer.
https://www.ncbi.nlm.nih.gov/pubmed/16410341
https://www.ncbi.nlm.nih.gov/pubmed/16410341
https://www.ncbi.nlm.nih.gov/pubmed/8874347
https://www.ncbi.nlm.nih.gov/pubmed/8874347
https://www.ncbi.nlm.nih.gov/pubmed/8874347
https://www.ncbi.nlm.nih.gov/pubmed/29854296
https://www.ncbi.nlm.nih.gov/pubmed/29854296
https://www.ncbi.nlm.nih.gov/pubmed/29854296


1226

MiRNA-34a & CA15-3 levels in breast cancer ... Raheem et al

Saudi Med J 2019; Vol. 40 (12)      www.smj.org.sa

  8.	 Engkvist ME, Stratford EW, Lorenz S, Meza-Zepeda LA, 
Myklebost O, Munthe E. Analysis of the miR-34 family 
functions in breast cancer reveals annotation error of miR-34b. 
Sci Rep 2017; 7: 9655.

  9.	 Agarwal S, Hanna J, Sherman ME, Figueroa J, Rimm DL. 
Quantitative assessment of miR34a as an independent 
prognostic marker in breast cancer. Br J Cancer 2015; 112: 
61-68.

10.	 Misso G, Di Martino MT, De Rosa G, et al. Mir-34: A new 
weapon against cancer? Mol Ther Nucleic Acids 2014; 3: e195. 

11.	 Ng EK, Chong WW, Jin H, Lam EK, Shin VY, Yu J, et al. 
Differential expression of microRNAs in plasma of patients 
with colorectal cancer: a potential marker for colorectal cancer 
screening. Gut 2009; 58: 1375-1381. 

12.	 Livak KJ, Schmittgen TD. Analysis of relative gene expression 
data using real-time quantitative PCR and the 2-ΔΔCT 
method. Methods 2001; 25: 402-408.

13.	 Gelband H, Jha P, Sankaranarayanan R, Horton S. Disease 
Control Priorities, third edition (volume 3): Cancer. In: 
Cancer: Disease Control Priorities, third edition (volume 3). 
Washington (DC): The International Bank for Reconstruction 
and Development / The World Bank; 2015 Nov.

14.	 Francis IM, Altemaimi RA, Al-Ayadhy B, Alath P, Jaragh M, 
Mothafar FJ, et al. Hormone receptors and human epidermal 
growth factor (HER2) expression in fine-needle aspirates from 
metastatic breast carcinoma – Role in patient management. J 
Cytol 2019; 36: 94. 

15.	 Wolff AC, Hammond MEH, Hicks DG, et al. 
Recommendations for human epidermal growth factor 
receptor 2 testing in breast. J Clin Oncol 2013; 31: 3997-4013. 

16.	 IBM Corporation. Statistical Package for  Social Sciences 
Windows, version 24.0. 2016. [Cited 2019 April 30]. Available 
from: https://www.ibm.com/sa-en/analytics/spss-statistics-
software

17.	 Perkins NJ, Schisterman EF. The inconsistency of “optimal” 
cutpoints obtained using two criteria based on the receiver 
operating characteristic curve. Am J Epidemiol 2006; 163: 
670-675. 

18.	 Yu X, Liang J, Xu J, Li X, Xing S, Li H, et al. Identification 
and validation of circulating microRNA signatures for breast 
cancer early detection based on large scale tissue-derived data. 
J Breast Cancer 2018; 21: 363. 

19.	 Matamala N, Vargas MT, González-Cámpora R, Miñambres 
R, Arias JI, Menéndez P, et al. Tumor microRNA expression 
profiling identifies circulating microRNAs for early breast 
cancer detection. Clin Chem 2015; 61: 1098-1106. 

20.	 Rui X, Zhao H, Xiao X, Wang L, Mo L, Yao Y. Microrna-
34a suppresses breast cancer cell proliferation and invasion by 
targeting notch1. Exp Ther Med 2018; 16: 4387-4392. 

21.	 Wang G, Wang L, Sun S, Wu J. Wang Q. Quantitative 
measurement of serum microRNA-21 expression in relation 
to breast cancer metastasis in Chinese females. Ann Lab Med 
2015; 35: 226-232. 

22.	 Zaleski M, Kobilay M, Schroeder L, Debald M, Semaan A, 
Hettwer K, et al. Improved sensitivity for detection of breast 
cancer by combination of miR-34a and tumor markers CA 
15-3 or CEA. Oncotarget 2018; 9: 22523-22536.

23.	 Ng EK, Li R, Shin VY, Jin HC, Leung CP, Ma ES, et al. 
Circulating microRNAs as specific biomarkers for breast 
cancer detection. PLoS One 2013; 8: e53141. 

24.	 David JM, Hamilton DH, Palena C. MUC1 upregulation 
promotes immune resistance in tumor cells undergoing 
brachyury-mediated epithelial-mesenchymal transition. 
Oncoimmunology 2016; 5: e1117738. 

25.	 Manuali E, De Giuseppe A, Feliziani F, Forti K, Casciari C, 
Marchesi MC, et al. CA 15-3 cell lines and tissue expression 
in canine mammary cancer and the correlation between serum 
levels and tumour histological grade. BMC Vet Res 2012; 8: 86. 

26.	 Bahrami-Ahmadi A, Makarian F, Mortazavizadeh MR, Yazdi 
MF, Chamani M. Symptomatic metastasis prediction with 
serial measurements of CA 15.3 in primary breast cancer 
patients. J Res Med Sci 2012; 17: 850-854. 

27.	 Darlix A, Lamy PJ, Lopez-Crapez E, et al. Serum HER2 extra-
cellular domain, S100ß and CA 15-3 levels are independent 
prognostic factors in metastatic breast cancer patients. BMC 
Cancer 2016; 16: 428. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Analysis+of+the+miR-34+family+functions+in+breast+cancer+reveals+annotation+error+of+miR-34b
https://www.ncbi.nlm.nih.gov/pubmed/?term=Analysis+of+the+miR-34+family+functions+in+breast+cancer+reveals+annotation+error+of+miR-34b
https://www.ncbi.nlm.nih.gov/pubmed/?term=Analysis+of+the+miR-34+family+functions+in+breast+cancer+reveals+annotation+error+of+miR-34b
https://www.ncbi.nlm.nih.gov/pubmed/?term=Analysis+of+the+miR-34+family+functions+in+breast+cancer+reveals+annotation+error+of+miR-34b
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quantitative+assessment+of+miR34a+as+an+independent+prognostic+marker+in+breast+cancer
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quantitative+assessment+of+miR34a+as+an+independent+prognostic+marker+in+breast+cancer
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quantitative+assessment+of+miR34a+as+an+independent+prognostic+marker+in+breast+cancer
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quantitative+assessment+of+miR34a+as+an+independent+prognostic+marker+in+breast+cancer
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mir-34%3A+A+new+weapon+against+cancer%3F
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mir-34%3A+A+new+weapon+against+cancer%3F
https://www.ncbi.nlm.nih.gov/pubmed/19201770
https://www.ncbi.nlm.nih.gov/pubmed/19201770
https://www.ncbi.nlm.nih.gov/pubmed/19201770
https://www.ncbi.nlm.nih.gov/pubmed/19201770
Analysis of relative gene expression data using real-time quantitati�
Analysis of relative gene expression data using real-time quantitati�
Analysis of relative gene expression data using real-time quantitati�
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hormone+receptors+and+human+epidermal+growth+factor+(HER2)+expression+in+fine-needle+aspirates+from+metastatic+breast+carcinoma+�+Role+in+patient+management.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hormone+receptors+and+human+epidermal+growth+factor+(HER2)+expression+in+fine-needle+aspirates+from+metastatic+breast+carcinoma+�+Role+in+patient+management.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hormone+receptors+and+human+epidermal+growth+factor+(HER2)+expression+in+fine-needle+aspirates+from+metastatic+breast+carcinoma+�+Role+in+patient+management.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hormone+receptors+and+human+epidermal+growth+factor+(HER2)+expression+in+fine-needle+aspirates+from+metastatic+breast+carcinoma+�+Role+in+patient+management.
https://www.ncbi.nlm.nih.gov/pubmed/24101045
https://www.ncbi.nlm.nih.gov/pubmed/24101045
https://www.ncbi.nlm.nih.gov/pubmed/24101045
https://www.ibm.com/sa-en/analytics/spss-statistics-software
https://www.ibm.com/sa-en/analytics/spss-statistics-software
https://www.ibm.com/sa-en/analytics/spss-statistics-software
https://www.ibm.com/sa-en/analytics/spss-statistics-software
https://www.ncbi.nlm.nih.gov/pubmed/16410346
https://www.ncbi.nlm.nih.gov/pubmed/16410346
https://www.ncbi.nlm.nih.gov/pubmed/16410346
https://www.ncbi.nlm.nih.gov/pubmed/16410346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Identification+and+Validation+of+Circulating+MicroRNA+Signatures+for+Breast+Cancer+Early+Detection+Based+on+Large+Scale+Tissue-Derived+Data
https://www.ncbi.nlm.nih.gov/pubmed/?term=Identification+and+Validation+of+Circulating+MicroRNA+Signatures+for+Breast+Cancer+Early+Detection+Based+on+Large+Scale+Tissue-Derived+Data
https://www.ncbi.nlm.nih.gov/pubmed/?term=Identification+and+Validation+of+Circulating+MicroRNA+Signatures+for+Breast+Cancer+Early+Detection+Based+on+Large+Scale+Tissue-Derived+Data
https://www.ncbi.nlm.nih.gov/pubmed/?term=Identification+and+Validation+of+Circulating+MicroRNA+Signatures+for+Breast+Cancer+Early+Detection+Based+on+Large+Scale+Tissue-Derived+Data
https://www.ncbi.nlm.nih.gov/pubmed/26056355
https://www.ncbi.nlm.nih.gov/pubmed/26056355
https://www.ncbi.nlm.nih.gov/pubmed/26056355
https://www.ncbi.nlm.nih.gov/pubmed/26056355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Microrna-34a+suppresses+breast+cancer+cell+proliferation+and+invasion+by+targeting+notch1
https://www.ncbi.nlm.nih.gov/pubmed/?term=Microrna-34a+suppresses+breast+cancer+cell+proliferation+and+invasion+by+targeting+notch1
https://www.ncbi.nlm.nih.gov/pubmed/?term=Microrna-34a+suppresses+breast+cancer+cell+proliferation+and+invasion+by+targeting+notch1
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quantitative+measurement+of+serum+microRNA-21+expression+in+relation+to+breast+cancer+metastasis+in+Chinese+females
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quantitative+measurement+of+serum+microRNA-21+expression+in+relation+to+breast+cancer+metastasis+in+Chinese+females
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quantitative+measurement+of+serum+microRNA-21+expression+in+relation+to+breast+cancer+metastasis+in+Chinese+females
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quantitative+measurement+of+serum+microRNA-21+expression+in+relation+to+breast+cancer+metastasis+in+Chinese+females
https://www.ncbi.nlm.nih.gov/pubmed/29854296
https://www.ncbi.nlm.nih.gov/pubmed/29854296
https://www.ncbi.nlm.nih.gov/pubmed/29854296
https://www.ncbi.nlm.nih.gov/pubmed/23301032
https://www.ncbi.nlm.nih.gov/pubmed/23301032
https://www.ncbi.nlm.nih.gov/pubmed/23301032
https://www.ncbi.nlm.nih.gov/pubmed/?term=MUC1+upregulation+promotes+immune+resistance+in+tumor+cells+undergoing+brachyury-mediated+epithelial-mesenchymal+transition
https://www.ncbi.nlm.nih.gov/pubmed/?term=MUC1+upregulation+promotes+immune+resistance+in+tumor+cells+undergoing+brachyury-mediated+epithelial-mesenchymal+transition
https://www.ncbi.nlm.nih.gov/pubmed/?term=MUC1+upregulation+promotes+immune+resistance+in+tumor+cells+undergoing+brachyury-mediated+epithelial-mesenchymal+transition
https://www.ncbi.nlm.nih.gov/pubmed/?term=MUC1+upregulation+promotes+immune+resistance+in+tumor+cells+undergoing+brachyury-mediated+epithelial-mesenchymal+transition
https://www.ncbi.nlm.nih.gov/pubmed/?term=CA+15-3+cell+lines+and+tissue+expression+in+canine+mammary+cancer+and+the+correlation+between+serum+levels+and+tumour+histological+grade.
https://www.ncbi.nlm.nih.gov/pubmed/?term=CA+15-3+cell+lines+and+tissue+expression+in+canine+mammary+cancer+and+the+correlation+between+serum+levels+and+tumour+histological+grade.
https://www.ncbi.nlm.nih.gov/pubmed/?term=CA+15-3+cell+lines+and+tissue+expression+in+canine+mammary+cancer+and+the+correlation+between+serum+levels+and+tumour+histological+grade.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Symptomatic+metastasis+prediction+with+serial+measurements+of+CA+15.3+in+primary+breast+cancer+patients
https://www.ncbi.nlm.nih.gov/pubmed/?term=Symptomatic+metastasis+prediction+with+serial+measurements+of+CA+15.3+in+primary+breast+cancer+patients
https://www.ncbi.nlm.nih.gov/pubmed/?term=Symptomatic+metastasis+prediction+with+serial+measurements+of+CA+15.3+in+primary+breast+cancer+patients
https://www.ncbi.nlm.nih.gov/pubmed/?term=Symptomatic+metastasis+prediction+with+serial+measurements+of+CA+15.3+in+primary+breast+cancer+patients
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serum+HER2+extra-cellular+domain%2C+S100�+and+CA+15-3+levels+are+independent+prognostic+factors+in+metastatic+breast+cancer+patients.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serum+HER2+extra-cellular+domain%2C+S100�+and+CA+15-3+levels+are+independent+prognostic+factors+in+metastatic+breast+cancer+patients.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serum+HER2+extra-cellular+domain%2C+S100�+and+CA+15-3+levels+are+independent+prognostic+factors+in+metastatic+breast+cancer+patients.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serum+HER2+extra-cellular+domain%2C+S100�+and+CA+15-3+levels+are+independent+prognostic+factors+in+metastatic+breast+cancer+patients.

	Title
	ABSTRACT
	Introduction
	Methods
	Results
	Discussion
	References
	Acknowledgment

