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Introduction

Breast cancer is a significant global health problem, 
with a high rate of morbidity and mortality. Globocan 
(2018) showed that there were 2.1 million new cases of 
breast cancer annually worldwide [1]. In Indonesia, data 
showed that the incidence rate of breast cancer was 42.1 
per 100,000 women with a mortality rate of 17 per 100,000 
women [2]. There was no exact data of breast cancer 
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cases in Bali, but around 70% of patients were found in 
an advanced stage [3, 4].

The metastasis of breast cancer is initiated by the 
mesenchymal-epithelial transition of breast epithelial cells 
to a mutated type [5, 6]. The occurrence of metastasis 
might worsen the prognosis. Thus, recognizing the 
metastasis process early into the disease progression 
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would be a valuable step in further managing breast 
cancer. However, the initial process, which is known 
as the micrometastasis process, is still difficult to be 
detected even by the existing marker [7]. Further efforts 
are needed to find other molecular prognostic factors for 
early detection of metastasis.  

Mammaglobin-A, a breast-specific 93-amino acids, 
is overexpressed in most breast carcinomas [8]. Very 
little has been explored about its potential as a promising 
biomarker for breast cancer progression detection [9, 10]. 
Mitas et al., 2001 [11] reported that from 12 associated 
breast cancer genes, the most accurate diagnostic 
marker was mammaglobin-A (99.6%), followed by 
prolactin-inducible protein (PIP) (93.3%), cytokeratin 
19 (CK19) (91.0%), mammaglobin B (mamB) (87.9%), 
mucin 1 (muc1) (81.5%) and carcinoembryonic antigen 
(CEA) (79.4.0%). Several studies have shown that the 
serum level of mammaglobin-A was sensitive enough 
to detect breast cancer circulating tumor cells (CTC) 
[12-14]. This clinical biomarker could detect breast 
cancer metastasis greater than 0.2 mm2 [15]. In addition, 
several studies have shown the relationship between 
mammaglobin-A expression and clinical prognostic 
parameters of breast carcinoma [16-18]. However, the 
prognostic role of mammaglobin-A in breast carcinoma 
is still debated.

Conflicting studies have arisen regarding the impact 
of mammaglobin-A expression on cancer behavior and 
prognosis [19-22]. While some studies have linked 
higher mammaglobin-A levels to better prognosis and 
clinicopathological parameters, others have reported 
the opposite trend [23, 24]. Notably, in metastatic breast 
cancer, positive mammaglobin-A expression has been 
associated with a high prevalence of bone metastasis [19]. 
These findings reinforce the potential of mammaglobin-A 
as a biomarker for breast cancer progression. However, 
there is a dearth of research in Indonesia examining the 
role of mammaglobin-A mRNA in peripheral blood or its 
expression in primary tumors concerning the occurrence 
of distant metastasis in breast cancer patients. Therefore, 
this study aims to address this gap and investigate whether 
higher levels of mammaglobin-A mRNA in peripheral 
blood or its expression in primary tumors are indicative of 
an increased risk of developing breast cancer metastasis.

Materials and Methods

Study Design
This study was done by combining a cross-sectional 

and case-control design. The cross-sectional study 
aims to determine the difference in the average level of 
Mammaglobin-A mRNA in peripheral blood between 
metastatic and non-metastatic breast cancer patients while 
also determining an optimal cutoff point (Figure 1).

Then, after a cutoff point was obtained, a case-control 
study involving 40 patients selected from a cross-sectional 
sample consisting of 20 people as a case group (metastasis) 
and 20 people as a control group (nonmetastatic) was 
conducted.

The results of the cross-sectional study were then 

applied to complement the case-control design, which was 
applied to discover the magnitude of the risk of metastasis 
among breast cancer patients based on Mammaglobin-A 
mRNA levels circulating in the peripheral blood and its 
expression in primary tumor tissue (Figure 2).

Location and Duration
This study was conducted in several hospitals in 

Indonesia, namely the Division of Surgical Oncology 
in Sanglah Hospital Denpasar, Prima Medika Hospital, 
Ganesha Hospital, Ari Canti Hospital, Kasih Ibu Hospital, 
and Siloam Hospitals. The study was conducted between 
July 2017 and March 2018.

Study Parameters
The primary parameters in this study included the 

concentration of mRNA mammaglobin-A in peripheral 
blood, the level of mammaglobin-A expression in breast 
cancer tissue, and the presence or absence of metastasis. 
The secondary parameters are demographic data, cancer 
staging, and the history of treatment management.

Study Procedure
The criteria for allocation of participants to the 

case and control group can be found in Figure 2. From 
all the eligible subjects who consented to the study, 
demographic data about age, occupation, risk factors for 
mammary carcinoma, menstrual status, and a history of 
using hormonal drugs were collected. The subjects were 
asked to do imaging tests such as chest radiographs, liver 
ultrasound, and laboratory examinations. All subjects 
were required to have 2.5 ml of blood drawn in a special 
L6 tube. Blood samples were sent to the microbiology 
laboratory of the Faculty of Medicine of Hasanuddin 
University for a quantitative real-time polymerase chain 
reaction (PCR) examination to identify Mammaglobin-A 
mRNA expression.  

An open biopsy was performed as the gold standard 
in establishing a diagnosis of breast cancer. The biopsy 
sample was sent for histopathological examination and 
a standard immunohistochemistry (IHC) examination 
consisting of ER, PR, HER2, and Ki67. By IHC, the 
expression of Mammaglobin-A protein was then examined 
in the Anatomical Pathology Laboratory of Prima Medika 
Hospital.

Results

Demographic Analysis
From July 2017 to March 2018, there were 74 patients, 

aged 18-65 years, visiting the Division of Surgical 
Oncology in the locations of the study. Four patients 
were excluded because histopathology showed no tumors, 
metaplastic, ADH, and pleomorphic sarcomas. Of the 70 
remaining subjects, the mean age was 49.49 ± 9.37 years 
old, mostly had more than two children (85.5%), 73% 
breastfed for more than two years, 50.7% premenopausal, 
14.5% had a Karnofsky score of ≤ 70, and 11.6% had a 
history of breast cancer in the family. The mean diameter of 
the tumor was 7.7 ± 4.913 centimeters. Most of the tumors 
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Mammaglobin-A in Primary Breast Tissue Tumor and 
Mammaglobin-A mRNA Concentration in Peripheral 
Blood

The mean mRNA level of mammaglobin-A in the 
metastatic group was 11.59 ± 1.37-fold change, while in 
the non-metastatic group, it was 8.17 ± 1.27-fold change 
relative to the housekeeping gene beta microglobulin. 
An independent t-test demonstrated a significant difference 
in the mean mRNA level of mammaglobin-A between the 
metastatic and non-metastatic groups (p<0.001) (Table 2).

In the second arm of the study, we found that high 
mammaglobin-A mRNA levels were a risk factor for breast 
cancer metastasis (OR 9.0; 95% CI 2.15-37.66; p=0.002) 
compared to low mammaglobin- A mRNA level within the 
peripheral blood (Table 3). This study also showed that 
the overexpression of mammaglobin-A is a risk factor for 

(37.7%) had high-grade histological grading, 75.4% had 
positive tumor-infiltrating lymphocytes (TIL), and 71% 
had negative lymphovascular invasion (LVI). About 
forty-six percent (46.4%) had no enlargement of axillary 
lymph nodes, 30.2% experienced distant metastasis 
(17.4% lungs and 1.4% to the liver, brain, breast, and 
contralateral and bone, respectively). This study showed 
no difference in age, menstrual status, histology type, 
and grade between metastatic and non-metastatic groups, 
while there was a significant difference in Tumor, Node, 
Metastasis (TNM) stage and IHC status metastatic and 
non-metastatic group (p<0.05) as seen in Table 1.

Table 1. Characteristics of Subjects
Variable Metastatic Group (n=23) Non-Metastatic Group (n=47) p

N (%) N (%)
Age (mean ± SD) 47.65±10.74 50.38±8.61 0.255
Menstruation status 0.323
     Pre-menopause 13 (18.57) 23 (32.86)
     Post-menopause 10 (14.29) 24 (34.29)
Tumor stages 0.001*
     T1 1 (1.43) 0 (0.00)
     T2 3 (4.29) 25 (35.71)
     T3 0 (0.00) 10 (14.29)
     T4 19 (27.14) 12 (17.14)
Lymph node stages 0.001*
     N0 4 (5.71) 28 (40.00)
     N1 6 (8.57) 15 (21.43)
     N2 6 (8.57) 4 (5.71)
     N3 7 (10.00) 0 (0.00)
Type of histopathology 0.546
     Invasive 23 (32.86) 44 (62.86)
     Noninvasive 0 (0.00) 3 (4.29)
Grade 0.405
     Low/Moderate 12 (17.16) 32 (45.76)
     High 11 (15.71) 15 (21.43)
TIL 0.728
     Negative 5 (7.14) 12 (17.14)
     Positive 18 (25.71) 35 (50.00)
LVI 0.171
     Negative 14 (20.00) 36 (51.43)
     Positive 9 (12.86) 11 (15.71)
Breast cancer subtype 0.008*
     Luminal A 0 (0.00) 12 (17.14)
     Luminal B HER2-negative 13 (18.57) 16 (22.86)
     Luminal B HER2-positive 2 (2.86) 9 (12.86)
     HER2 Type 3 (4.29) 8 (11.43)
     TNBC 5 (7.14) 2 (2.86)

statistically significant if p < 0.05; LVI, Lymphovascular Invasion; N, Nodes; M: Metastasis; SD, Standard Deviation; T, Tumor; TIL, 
Tumor-Infiltrating Lymphocytes; TNBC, Triple-Negative Breast Cancer
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metastatic breast cancer by 7.36 times (OR = 7.36; 95% 
CI = 1.34-40.55; p = 0.013) compared to non-expression 
of mammaglobin-A in tumor tissues (Table 3).

Discussion

Breast cancer is thought to progress gradually through 
several stages, starting with hyperplasia and advancing to 
intraductal carcinoma, followed by invasion and growth 
within the breast. In some cases, this progression may be 
accompanied by metastasis to lymph nodes and distant 
organs [25, 26]. Despite significant advancements in 
treatment, approximately 30% of early breast cancer 
patients experience distant metastasis within 5 years [27]. 
Understanding the role of biomarkers can help explain the 
association between anaplasia, tumor size, vascularity, 
prognosis, and the likelihood of local recurrence, as these 
biomarkers may be indicative of the presence of seed 
cells that have disseminated, even after complete tumor 
excision [28]. 

In accordance with this study, there was a significant 
relationship between the increase in biomarkers 
mammaglobin-A in tumor cells and peripheral blood 
and the occurrence of metastasis in breast cancer. This 
correlation highlights the potential significance of 
mammaglobin-A as a predictive indicator of metastatic 
breast cancer. Notably, the variables of age, menstrual 
status, histopathological type, LVI, TIL, and grade in 
this study are comparable, with no significant differences 
observed between metastatic and non-metastatic cases. 
This further emphasizes the potential relevance of 
mammaglobin-A as a key factor associated with metastatic 

progression in breast cancer, distinct from the parameters 
examined in this study.

Significantly higher mean mRNA mammaglobin-A 
levels were observed in the metastatic group (p < 0.05). 
In the metastatic group, CTCs in the blood also exhibited 
significantly different mean levels compared to 
the non-metastatic group. These findings suggest that 
CTCs in metastatic breast cancer may originate not only 
from the primary tumor but also from metastatic tumors 
and bone marrow. The differences in CTC levels between 
stage IV and stage I/II highlight the evolving nature of 
CTC dynamics and their potential as an indicator of 
disease progression. It is worth noting that while CTCs 
can also be found in ‘carcinoma in situ’, their levels and 
behavior differ in advanced stage IV cancer, where they 
often exhibit increased aggressiveness [28, 29]. This 
underscores the importance of monitoring CTCs in the 
context of breast cancer pathophysiology.

There are retention properties of CTC in microvascular 
tissue reported in metastasis of breast and cervical cancer. 
Therefore, detecting the presence of CTC during the 
progression of cancer becomes an important tool for 
estimating the pathophysiological processes of breast 
cancer [30, 31].

Our study’s findings align with previous research [32] 
demonstrated a close correspondence between reverse 
transcription polymerase chain reaction (RT-qPCR) in 
the target gene and mRNA expression with primary 
tumor IHC protein and metastasis. This observation is 
consistent with the broader body of literature, which 
generally reports a high concordance between primary 
tissue and metastatic lesions. However, it’s important 
to acknowledge that there may be slight variations in 
mutation status, proliferative markers, or gene expression 
between primary and metastatic sites [33]. In our study, 
the IHC expression of mammaglobin-A in primary tumors 
closely mirrors the levels of mammaglobin-A mRNA 
in peripheral blood, underscoring its potential as an 
indicator of breast cancer metastasis. 

In the case-control study, it was found that the high 
level of mammaglobin-A mRNA was a risk factor 
for breast cancer metastasis by 9 times compared 
to low mammaglobin-A mRNA level. In addition, 
mammaglobin-A overexpression is a risk factor for 
breast cancer metastasis by 7.36 times compared to non-
expression of mammaglobin-A. It can be explained that 
the expression of mammaglobin-A mRNA is breast tissue-
specific; about 90% of primary breast cancers express 
mammaglobin-A [8]. 

Besides that, when compared to other genes that are 
overexpressed in breast cancer such as human epidermal 
growth factor receptor 2 (HER-2)/neuprotooncogene 

Table 2. The Mean Difference of Peripheral blood’s mRNA Mammaglobin-A in Metastatic and Nonmetastatic Breast 
Cancer

Subject groups n Mean difference SD t p
Metastatic 23 11.59 1.37 10.32 0.001*
Non-Metastatic 47 8.17 1.27

*statistically significant if p < 0.05

Figure 1. Cross-sectional Study Design
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(neu) and MUC1, mammaglobin-A is expressed at higher 
levels in breast cancer cell lines, including primary tumors 
[8]. Furthermore, almost 91% of patients with metastatic 
breast cancer tested positive for mammaglobin-A mRNA 
in lymph nodes and/or blood [34]. The most important 
finding is that mammaglobin-A mRNA is not detected in 
lymph nodes and or healthy donor blood samples, which 
means independently it has the potential to be an ideal 
marker that has the ability to specifically detect breast 
cancer cells accurately when compared to markers used 
previously such as HER2 / neu, CEA, and CK19 [31]. 
Using RT-PCR and Northern Blotting, a study showed 
that the expression of Mammaglobin-A mRNA in various 
fetal and adult tissues is mainly limited in adult breast 
glands [35, 36, 8]. 

Mammaglobin-A expression is also found to be 

related to the proliferation and terminal differentiation 
of the breast gland [37, 38]. The results of this study 
were also supported by several studies that stated that 
overexpression of mammaglobin-A occurs in breast tumors 
[39, 8]. Mammaglobin protein expression is controlled by 
steroid hormones in the normal human endometrium 
with its peak expression usually found during the luteal 
phase [40]. Based on its specific expression in breast 
cancer, it can be assumed that there is potential in which 
mammaglobin-A can detect the presence of CTC and 
DTC, and also allow for the confirmation of tissue origin of 
breast metastasis [41]. Watson et al., 1999 [36] reported 
the presence of mammaglobin-A in blood samples of 9 
out of 15 (60%) breast cancer patients, whereas Suchy et 
al., 2000 [42] reported the detection of mammaglobin-A 
protein expression in only 11/98 (11%) blood samples of 
breast cancer. However, it was reported that this study 
used a small amount of blood (150 microliters) for each 
reaction, which might pose as a limitation in their study. 
In addition, this study experienced a primary and probe 
error, so it is difficult to verify the sequence’s specificity. 
Several studies showed that in combination with CEA 
or cancer antigen 15-3 (CA15-3), there is an increase in 
mammaglobin-A’s diagnostic strength [43]. However, 
even as a single independent biomarker, mammaglobin-A 
mRNA was proven to have the potential to become a 
routine additional test as a marker for serum breast cancer.

This study demonstrates that mammaglobin-A 
mRNA levels exhibit a significant association with 
metastatic progression in breast cancer. These findings 
support the potential utility of mammaglobin-A as a 
biomarker for predicting the risk of metastasis. Moreover, 
overexpression of mammaglobin-A in breast tumor tissues 
appears to be indicative of an increased risk of metastasis. 
Furthermore, the elevated level of mammaglobin-A 
mRNA in peripheral blood emerges as a robust risk factor 
for metastasis when compared to primary tumor tissues.

This body of work provides evidence for the 
potential utility of mammaglobin-A as a biomarker in 
the diagnosis of primary breast cancer, particularly in 
the context of metastasis and prognosis. This biomarker 
identification can be done through peripheral blood 
and biopsy. Future research can further enhance our 
understanding of these biomarkers’ roles in metastasis 
diagnosis.

Table 3. Association between mRNA Mammaglobin-A Levels and Mammaglobin-A Expression with Breast Cancer 
Metastasis Risk

Variable Group OR 95% CI p
Case (Metastatic) Control (Nonmetastatic)

mRNA Mammaglobin-A level 9 2.15-37.66 0.002*
     High 15 5
     Low 5 15
Mammaglobin-A Expression
     Overexpression 9 2 7.36 1.34-40.55 0.013
     Non-overexpression 11 18

*statistically significant if p < 0.05

Figure 2. Case-control Study Design
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