
Introduction

Breast cancer is a seriously harmful malignant tumor to

the females and the age of incidence of breast cancer is grad-

ually dropping [1]. Molybdenum-targeted mammography is

currently the preferred diagnostic method of breast diseases

because of its simplicity, high resolution, and unrestriction

of ages or shapes of patients. The development and appli-

cation of modern molecular medicine extends the study of

breast cancer from traditional pathology level to molecular

biology level, which provides the predictive power for un-

derstanding the biological behavior, histopathological

change, and furthermore the imaging manifestations of

breast tumor [2]. Previous studies showed that mammo-

graphic presentations of breast cancer are closely related to

angiogenesis and lymphangiogenesis, which are associated

to the expression of three proteins: vascular endothelial

growth factor (VEGF) [3], cyclooxygenase-2 (COX-2) [4],

and matrix metalloproteinase-9 (MMP-9) [5]. Therefore, it

is important to explore the correlation between the expres-

sion of these three proteins and the mammographic presen-

tation of breast cancer, which could comprehensively

improve the understanding of the power, as well as the in-

sufficiency of molybdenum-targeted mammography as a

tool in diagnosis of human breast cancer.

Materials and Methods

Patient information
A total of 69 patients with invasive ductal carcinoma of the

breast, who had both available mammographic reports, as well as

pathological results corresponding to the mammographic lesions

constituted this study. All patients were females (31- to 65-years-

old) with a mean age of 43.5 years, were diagnosed by mam-

mography and histological/cytological examinations, and under-

went surgical treatment in Affiliated Hospital of Tai'an Medical

College, Tai’an, Shangdong province, P. R. China. All patients

have been confirmed that they had no other diseases of breast,

other malignant tumor or secondary breast cancer. 

Imaging and statistical analysis
All examinations were implemented using digital mammogra-

phy camera. All 69 patients received bilateral molybdenum-targeted

mammography examination using both craniocaudal view (CC) and

mediolateral oblique view (MLO). Mammographic images were

read, described, and diagnosed using double-blind method refer-

ring to breast imaging reporting data system (BI-RADS) founded

and recommended by the American College of Radiology (ACR)

[6]. 

The expression of VEGF, COX-2, and MMP-9 was examined

using immunohistochemical (IHC) staining. Positive expression

of VEGF, COX-2, and MMP-9 in normal cells allows staining and

presents brownish-yellow granules in the cytoplasm, whereas

cells with negatively expressed proteins could not be stained. The

authors therefore counted the ratio of positive cells in all cancer
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cells using MIYAKE [7] method and the staining results divided

the expression of the proteins into two groups, by estimating the

percentage of the cells showing specific immunoreactivity: posi-

tive expression (stained cells > 30%) and negative expression

(stained cells < 30%). The expression mentioned in this article

refers to positive expression unless otherwise specified. The re-

sults of expression were then statistically analyzed using χ

2

test

utilizing SAS 8.1 statistical software package. In all analysis, p ≤
0.05 was considered to indicate significant difference. 

Results

Case categorization
Four different mammographic presentations of breast

cancer were analyzed in this study: spiculation, vascular

abnormalities, lymph node metastasis, and calcification.

For each of the four presentations, the authors divided all

69 cases into two groups with and without the correspon-

ding presentation, respectively. For example, for spicula-

tion, the 69 cases were divided into group with (+) and

without (-) spiculation and the expression of VEGF, COX-

2, and MMP-9 was analyzed in each group, respectively

(Table 1).

The correlation between expression of VEGF, COX-2 and
MMP-9 and spiculation, vascular abnormalities and lymph
node metastasis 

The expression of VEGF, COX-2 and MMP-9 was ob-

served to be 92.00% (46/50), 92.00% (46/50), and 100%

(50/50) in the group with spiculation, which were signifi-

cant higher (p < 0.05) than the corresponding expression in

the group without spiculation: 73.68% (14/19) for VEGF,

63.15% (12/19) for COX-2, and 68.84% (13/19) for MMP-

Figure 1. — Four breast cancer features in molybdenum-targeted mammography: (A) speculation, (B) abnormal vascular symptom, (C)

metastatic lymph node symptom, and (D) calcification.

Table 1. — Categorization of molybdenum-targeted mam-
mographic signs.
Mammographic signs Cases with (+) Cases without (-)

Spiculation 50 19

Vascular abnormalities 21 48

Lymph node metastasis 29 40

Calcification 30 39
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9, respectively (Table 2). Similarly, significant higher (p <
0.05) expression of VEGF, COX-2, and MMP-9 was ob-

served in the group with, than in the group without, the ap-

pearance of vascular abnormalities and lymph node

metastasis. Specifically, it was observed that the expression

of VEGF, COX-2, and MMP-9 was 100% (21/21), 100%

(21/21), and 90.47% (19/21) in the group with vascular ab-

normalities vs. 68.75% (33/48), 60.41% (29/48), and

81.25% (39/48), respectively in the group without vascular

abnormalities (Table 2). The expression of VEGF, COX-2

and MMP-9 was 89.65% (26/29), 82.75% (24/29), and

100% (29/29) in the group with lymph node metastasis vs.
72.50% (29/40), 70.00% (28/40), and 80.00% (32/40), re-

spectively, in the group without lymph node metastasis

(Table 2). 

The correlation between expression of VEGF, COX-2, and
MMP-9 and calcification 

The authors observed that the expression of VEGF,

COX-2, and MMP-9 was 86.66% (26/30), 93.33% (28/30),

and 76.66% (23/30) in the group calcification vs. 82.05%

(32/39), 89.74% (35/39), and 74.36% (29/39) in the group

without calcification (Table 2). However, different from the

observed correlations with the other three presentations

shown above, statistical analysis showed that the differ-

ences of the expression of all the three proteins between the

group with and without calcification were insignificant (p
> 0.05, Table 2), indicating a weak correlation between the

expression of VEGF, COX-2, and MMP-9 and mammo-

graphic appearance of calcification.

Discussion

Spicules, stripe-shaped dense shallows radially distrib-

uted on the margin of mass, are mammographic features in

the diagnosis of breast cancer. A previous study by Shi and

Chen [8] showed a close relationship between mammo-

graphic appearance of spiculated mass of breast cancer and

expression of VEGF in cancer cells. The results of this

study showed that the expression of VEGF in breast cancer

tumor with spicules was significantly higher than that with-

out spicules (92.00% vs. 73.68%, p = 0.0216, Table 2),

which is consistent with the previous results. Notably, the

expression of COX-2 was highly cooperative with the ex-

pression of VEGF (both 92.00%) but slightly less cooper-

ative with the expression of MMP-9 (92.00% vs. 100%).

Similar trends were also observed in analysis of mammo-

graphic appearance of vascular abnormalities and lymph

node metastasis (Table 2). Increasing expression of VEGF

and COX-2 could prompt angiogenesis in tumor tissues, al-

lowing invasive growth of tumor into surrounding tissues.

This indicates that the tumor tissues with spicules shown

in mammographic images likely have very strong prolifer-

ative capability. Among the three proteins, MMP-9 has the

highest expression (100%) in tumor with spicules, which

is likely because it can dissolve collagen type IV, damage

basement membranes, and allow the infiltration of tumor

into the surrounding tissues, which is the pathological basis

of the mammographic appearance of spicules. In general,

the present results show that mammographic appearance of

spicules was significantly correlated with high expression

of VEGF, COX-2, and MMP-9, suggesting active prolifer-

ation of breast tumor, rapid and invasive growth of tumor

into the surrounding tissues, and foreshadowing poor prog-

nosis of the patients.

In the evolution of breast cancer, angiogenesis is a pre-

requisite for tumor growth and metastasis. VEGF was ob-

served to be one of the most potent and specific angiogenic

factor in the formation of blood vessels [9], and in some

tumors, the expression of VEGF has been considered to be

an independent prognostic factor. The expression of VEGF

along with expression of COX-2 and MMP-9 result in the

rearrangement of the newly generated endothelial cells, ex-

uberant metabolism of the tumor, and mammographic ap-

pearance of increased and thickened vascular shadow. Thus

mammographic appearance of abnormal blood vessels

around the mass, shown as a tortuous and expanded net-

work of blood vessels distributed radially around the mass,

is one of the mammographic features of breast cancer. The

cooperative expression of VEGF and COX-2 in group with

vascular abnormalities (100% for both) demonstrate the im-

portance and accuracy of vascular abnormalities as a con-

vincing mammographic indicator of breast cancer.

Although the expression of MMP-9 (90.47%) was lower

than that of VEGF and COX-2, the significant difference of

the expression of MMP-9 between the group with and with-

out vascular abnormalities (p < 0.05, Table 2), indicates that

the expression of MMP-9 together with expression of

VEGF and COX-2 are highly correlated with mammo-

graphic appearance of vascular abnormalities and fore-

shadow poor prognosis of the patients [10].

Lymph node metastasis is the pathological basis for pre-

Table 2. — Expression of VEGF, COX-2, and MMP-9 in
groups of speculation, vascular abnormalities, lymph node
metastasis, and calcification.
Group VEGF COX-2 MMP-9

Spiculation + 92.00% 92.00% 100%

- 73.68% 63.15% 68.84%

p 0.0216 0.0072 0.0010

Vascular abnormalities + 100 % 100% 90.47%

- 68.75% 60.41% 81.25%

p 0.0109 0.0050 0.0365

Lymph node metastasis + 89.65% 82.75% 100%

- 72.50% 70.00% 80.00%

p 0.0190 0.0426 0.0172

Calcification + 86.66% 93.33% 76.66%

- 82.05% 89.74% 74.36%

p 0.7451 0.6905 0.8255
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operative staging of breast cancer, which is the key to suc-

cessful treatment. Due to the large uncertainty in clinical

judgment of lymph node metastasis, the final diagnosis of

breast cancer often relies on results of lymph node puncture

and surgical pathology. However, mammography can well

identify and distinguish the density of fat, glands, muscles,

lymph nodes and skin, so that it well captures the mor-

phology and density of the lymph nodes and therefore is of

remarkable advantage in judging axillary lymph node

metastasis. It was also shown that VEGF, COX-2, and

MMP-9 all play important roles in angiogenesis and lym-

phangiogenesis in breast tumor [3-5]. Consistently, the

present results revealed a significant correlation between

the expression of VEGF, COX-2, and MMP-9 and lymph

node metastasis (Table 2), among which the expression of

MMP-9 in the group with lymph node metastasis achieved

100%, that is consistent with the important role of MMP-9

in lymph node metastasis and lymphangiogenesis as re-

ported previously [5]. 

Calcification is another important mammographic fea-

ture of breast disease, which can help the diagnosis of

breast cancer, which is observed in 60%-83% of breast can-

cer cases diagnosed by pathological examinations. A large

amount of mammographic appearance of clustered calcifi-

cation usually suggests a large possibility of malignancy. In

some cases where the mass is not clear, calcification could

be the only feature of malignancy [11]. Molybdunem-tar-

geted mammography is of remarkable advantage in identi-

fication of calcification, which is usually analyzed based

on its morphological characteristics, density, size, and dis-

tribution and the relationship between calcification and the

concurrent diseases. Despite the importance of calcifica-

tion in diagnosis of breast cancer, the present study clearly

showed that mammographic appearance of calcification

was not significantly correlated to the expression of VEGF,

COX-2, and MMP-9 (p > 0.05, Table 2). The reasons for

this weak correlation still remains unclear and the inter-

pretation of this weak correlation requires further study fo-

cusing on the mechanism of the generation of calcification.

In conclusion, molybdenum-targeted mammography is

the preferred method for clinical screening and diagnosis

of breast cancer. This study investigated the correlation be-

tween the expression of three important proteins: VEGF,

COX-2, and MMP-9 and mammographic features of breast

cancer, which allows the application of molybdenum-tar-

geted mammography as a non-invasive predictor of the ex-

pression of VEGF, COX-2, and MMP-9 in breast cancer

tissues and provides a pathological basis for determining

biological behavior of the tumor, evaluating prognosis of

patients, and guiding clinical treatments of breast cancer.
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