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SUMMARY
OBJECTIVE: This study aims to investigate the association between the immunohistochemical expression of matrix metalloproteinase-2 

and matrix metalloproteinase-9 and plasma zinc in women with fibroadenoma.

METHODS: This cross-sectional study included 37 premenopausal women with fibroadenoma. Waist circumference and body mass index of 

the participants were measured. Plasma zinc concentrations were determined using atomic flame absorption spectrophotometry. Fragments 

of breast tissue were fixed and incubated with primary mouse monoclonal antibodies (monoclonal antibodies matrix metalloproteinase -2 

-507 and monoclonal antibodies matrix metalloproteinase -9-439). Semi-quantitative analysis of matrix metalloproteinase-2 and matrix 

metalloproteinase-9 immunoreactivity was performed. Spearman’s test and Friedman’s test were used for statistical analyses. The p<0.05 

were considered statistically significant.

RESULTS: The average age of the participants was 32.81±9.51 years. The body mass index and waist circumference values were within the 

normal range. The mean plasma zinc concentration was 42.73±13.84 μg/dL, with 94.6% inadequacy. A statistically significant difference 

was found between the positive expression of matrix metalloproteinase-2 and matrix metalloproteinase-9 (p=0.0184). There was no 

significant correlation between the matrix metalloproteinase expression and the plasma zinc levels.

CONCLUSIONS: Women with fibroadenoma had hypozincemia and positive expression of metalloproteinases. 
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INTRODUCTION
Breast fibroadenomas are benign lesions in the breast tissue 
characterized by hyperplasia and polyclonal proliferation of 
the epithelial tissue and stroma. In this type of lesions, the 
presence of benign nodular masses is common. Its etiology is 
mainly due to the hormonal influences of estrogen, progester-
one, and prolactin1.

Studies have shown that fibroadenomas rarely cause breast 
cancer. However, invasive cancer can develop in fibroadenoma2. 

Breast cancer has high metastatic rates and often invades the 
liver, the brain, and the lungs. Moreover, biomarkers for deter-
mining invasiveness and tumor aggressiveness have been studied, 
especially the analysis of matrix metalloproteinases (MMPs), 
which are evaluated both in breast carcinoma and in benign 
tumors such as fibroadenoma3.

MMPs are involved in the initiation and progression of 
breast cancer through interactions with tumor suppressor genes 
involved in the early stages of carcinogenesis. In addition, a 
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positive correlation has been demonstrated between increased 
levels of MMP-2 and MMP-9 and an increased risk of metas-
tasis and reduced survival in cancer patients4.

MMPs are a family of zinc-dependent endopeptidases 
that are involved in regulating various physiological events 
such as cell growth, inflammation, invasion, and angiogenesis. 
When overexpressed, these enzymes can damage the integrity of 
the basement membrane and extracellular matrix by proteolysis, 
which are important barriers against cell invasion5. In particu-
lar, MMP-2 and MMP-9 favor the metastasis of tumor cells6.

Zinc participates as a cofactor for MMPs and is essential 
for regulating their expression and activity. Zinc deficiency 
can decrease the activity and expression of MMPs; however, 
an increase in the amount of zinc in the cellular compartments 
favors the physiological activity of these proteins and their cat-
alytic effects7.

Considering the importance of zinc in regulating the expres-
sion and activity of MMPs, as well as the scarcity of literature on 
immunohistochemical expression of these proteins in fibroad-
enoma, this study aimed to investigate the association between 
the immunohistochemical expression of MMP-2 and MMP-9 
and plasma zinc in women with fibroadenoma.

MATERIALS AND METHODS
This was a cross-sectional study involving 37 premenopausal 
women, aged 20–59 years, with benign fibroadenoma tumors. 
Moreover, this study is an excerpt from a macro project entitled 
“Molecular Biomarkers in Women with Mammary Neoplasia” 
approved by the Ethics Committee of the Federal University of 
Piauí with opinion 1.022.962. All patients signed an informed 
consent form prior to the study initiation.

Participants were recruited from the mastology clinic of a 
public hospital in Teresina-Piauí, according to the following 
eligibility criteria: premenopausal women with follicle-stimu-
lating hormone (FSH) levels <30 mUI/mL; presence of fibro-
adenoma; nonsmoker; absence of chronic diseases, liver dis-
ease, anemia, or clinical inflammatory processes; and absence 
of vitamin–mineral supplementation. The participants under-
went histological evaluation of the tumors.

The body mass index (BMI) and waist circumference (WC) 
were calculated and measured8,9. Ten milliliters of blood was 
collected in the morning after a 12-h fast and was transferred 
to the tubes containing 30% sodium citrate for zinc analysis. 
Plasma was obtained by centrifuging whole blood at 1,831 g 
for 15 min at 4°C (CIENTEC® 4K15) and stored in micro-
tubes at -20°C for further analysis. Plasma zinc analysis was 
performed using atomic flame absorption spectrophotometry10. 
The reference value used was 75–110 μg/dL11.

Semiquantitative analysis of MMP-2 and MMP-9 immu-
noreactivity was performed12, and the following were consid-
ered: intensity of cell staining (I) and fraction of stained neo-
plastic cells (F). The intensity was classified as 0 (negative), 1 
(weakly colored), 2 (moderately colored), or 3 (strongly col-
ored). The fraction of stained cells was classified as: I (0–25%), 
II (25–75%), or III (75–100%). The final result was achieved 
by a combination of two parameters (I and F) ranging from 0 
to 6. Cases with a final score ≥3 were classified as positive for 
MMP-2 and MMP-9. In all cases, brown cytoplasmic staining 
was used as the standard of positivity.

Data were analyzed using IBM SPSS statistical software for 
Windows, version 22 (Armonk, NY: IBM Corp.). Descriptive 
analyses were used for frequencies, percentages, means, and 
deviations. The Spearman’s test was used to analyze the cor-
relation between the data. For comparisons between the stud-
ied variables, the Friedman’s test was performed. The p<0.05 
were considered statistically significant.

RESULTS
The mean age of the participants was 32.81±9.51 years. The aver-
age values of the anthropometric parameters used to assess the 
nutritional status of women with fibroadenomas are shown in 
Table 1. The average plasma zinc concentration (42.73±13.84 
μg/dL) was found below the reference values for plasma zinc, 
as well as a high percentage of inadequate plasma zinc con-
centrations in women with fibroadenoma (94.6%) (Figure 1).

Analysis of the immunohistochemical expression of MMP-2 
and MMP-9 revealed that a greater number of women showed 
a negative expression of MMP-2 (n=22) and a positive expres-
sion of MMP-9 (n=25). A statistically significant difference 
was found (p<0.0184) between the number of women with 
positive immunohistochemical expression of MMP-2 and 
MMP-9 (final score ≥3) (Figure 2). The correlation between 
the immunohistochemical expression of MMP-2 and MMP-9 

Table 1. Mean values and standard deviations of age, weight, 
height, body mass index and waist circumference of women 
with fibroadenoma.

Parameters
Women with fibroadenoma (n=37)

Mean±SD 

Age (years) 32.81±9.51 

Weight (kg) 57.49±11.33

Height (m) 1.57±0.07

BMI (kg/m²) 23.92±4.76

WC (cm) 79.70±12.13

SD: standard deviation.
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with plasma zinc was not statistically significant (r=−0.1252, 
p=0.4602; r=0.1693, p=0.3164, respectively).

DISCUSSION
In this study, reduced levels of plasma zinc concentrations were 
found in women with fibroadenoma. Although there were still 
no data on plasma zinc concentrations in women with fibroad-
enoma, the reduction in plasma zinc concentrations in women 
with breast cancer has already been observed13.

It is noteworthy that hypozincemia present in breast cancer 
may be the result of changes in the compartmentalization of 

the mineral. It is likely that zinc is transported from the plasma 
compartment into the tumor cells and is used to stimulate the 
catalytic domain of MMPs, which might alter the activity of 
this enzyme, thereby contributing to the tumor development 
and progression14. Holanda et al. found that reduced concen-
trations of zinc in plasma and erythrocytes were positively 
related to the increased plasma concentrations of MMP-2 in 
patients with breast cancer13.

Zinc is essential for the cell survival, growth, proliferation, 
and metabolism. Changes in zinc levels in the body contrib-
ute to cellular and metabolic dysfunction with pathophysi-
ologic repercussions15.

In this study, we evaluated the positive immunostaining 
of MMP-2 and MMP-9, which showed 40.54 and 67.57% of 
expression, respectively. Jinga et al. observed that both enzymes 
were expressed in both malignant and benign tumors, enzymes 
being more expressed in malignant than in benign tumors16. 
Vasaturo et al. observed that the plasma concentration of 
MMP-2 was significantly higher in patients with breast carci-
noma than in patients with fibroadenoma17.

MMP-9 participates in the progression of breast cancer; its 
high expression is associated with a higher incidence of metas-
tasis and a worse prognosis18. Although the risk of developing 
breast cancer is low in fibroadenomas, some authors report 
the appearance of cancerous lesions within fibroadenomas19,20. 
Thus, investigation of the expression pattern of MMPs may 
contribute to the early identification of changes that favor car-
cinogenesis in fibroadenomas.

The change in the dynamics of MMP functioning is a crit-
ical factor in the process of tissue integrity; that is, the imbal-
ance in the activity of these enzymes may favor excessive deg-
radation or accumulation of tissues in the extracellular layer. 
Positive immunostaining for MMP-2 has been proposed as a 
marker of aggressiveness in breast carcinomas. It has been shown 
that blocking the secretion and activation of this enzyme can 
reduce the risk of breast cancer21.

Although most studies have shown greater expression of 
these enzymes in breast cancer, the results of some studies have 
already shown higher MMP expression in women with fibro-
adenoma22. According to Sangma et al., patients with prolifera-
tive lesions had risk factors for developing invasive carcinoma23. 
As there is no consensus on the morphological risk markers, 
molecular and nutritional biomarkers can, therefore, help in 
risk stratification and improve clinical management.

Thus, MMPs have been evaluated in breast carcinoma, 
normal breast tissue, and benign tumors, as these proteins are 
involved in tumor progression24. Somiari et al. suggested that the 
preoperative plasma concentration and the activity of MMP-2 
and MMP-9 may allow the subclassification of patients with 

Figure 1. Mean values of plasma zinc concentrations in 
women with fibroadenoma.

Figure 2. Percentage of cases with cells expressing matrix 
metalloproteinase-2 and matrix metalloproteinase-9 in 
breast fibroadenoma. 

*Statistically significant difference (p<0.05) for Friedman’s test 
comparing the number of cases (%) with cells positively stained for 
matrix metalloproteinase-2 and matrix metalloproteinase-9.
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breast diseases25. In that study, individuals without breast dis-
ease and with a low risk for developing breast cancer showed 
significantly different concentrations and activities of these pro-
teins in the plasma, compared to individuals with high risks 
for benign disease and breast cancer.

This study had limitations due to the small number of par-
ticipants; however, it was possible to verify a considerable per-
centage of cells stained for MMP-2 and MMP-9 and a reduced 
plasma zinc concentration in women with benign breast tumors.

CONCLUSIONS
The data obtained in this study do not show a correlation 
between the MMPs evaluated and the plasma zinc concentrations 

in women with fibroadenoma, despite the low values found 
for this micronutrient. The study also showed positive expres-
sion of gelatinases, particularly MMP-9, which had a higher 
expression than MMP-2. Thus, it is recommended that further 
studies should be conducted to obtain more in-depth knowl-
edge on the topic.
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