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Abstract: Metadherin (MTDH) plays an important role in various malignant tumors’ occurrence and development. 
This study investigated the relationship between MTDH expression and primary breast cancer clinicopathological 
characteristics, aiming to clarify the role of MTDH in breast cancer prognosis. A total of 156 cases of primary breast 
cancer patients in our hospital were selected. MTDH expression in cancer tissue was detected by qRT-PCR and im-
munohistochemistry. The correlation relationship between MTDH expression and patients’ clinicopathological char-
acteristics were analyzed. The relationship between patient survival rate and MTDH expression was measured by 
Kaplan-Meier method. MTDH presented highly consistency at mRNA level and protein level. MTDH highly expression 
was associated with breast cancer metastasis, ER expression, PR expression, and recurrence. It was also related 
to patient survival rate. MTDH expression was associated with breast cancer metastasis, ER expression, PR expres-
sion, recurrence, and survival rate. It could be treated as a molecular marker for breast cancer.
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Introduction

In recent decades, breast cancer showed grad-
ually increased incidence worldwide. It also 
accounts for the leading morbidity among 
female malignant tumors in our country [1]. 
Following the improvement of breast cancer 
early screening and treatment, breast cancer 
treatment has obtained significant progress 
[2]. Due to the complexity of breast cancer 
causes, breast cancer patients may present 
different therapeutic effect to the same treat-
ment strategy. Therefore, finding the effective 
molecular markers to evaluate prognosis is of 
great significance to improve the therapeutic 
effect of breast cancer [3].

Metadherin (MTDH) is widely distributed on the 
membrane of vertebrate cells [4]. At present, 
numerous studies found that MTDH was asso-
ciated with multiple types of cancers’ prolifera-
tion and metastasis, such as lung cancer, gas-
tric cancer, and hepatic cancer, etc. [5-8]. 
MTDH mediates cancer cell adhering to the 
vascular wall, thus promoting cancer cells 
metastasis [9]. Therefore, MTDH expression in 

cancer cells is usually higher than that in nor-
mal cells [10]. In this study, we intends to 
explore the relationship between MTDH expres-
sion and the clinical pathological features of 
primary invasive breast cancer, so as to further 
clarify the role of MTDH in breast cancer diag-
nosis and prognosis.

Materials and methods

Objects selection

A total of 156 breast cancer patients between 
Jan 2008 and Mar 2015 in the oncology depart-
ment of Cancer Hospital, Chinese Academy of 
Medical Sciences and Peking Union Medical 
College were enrolled. The mean age was 53.6 
± 8.7 years old. There were 47 cases in stage I, 
54 cases in stage II, and 26 cases in stage III 
according to TNM grading. All the selected 
patients were primary and did not receive any 
therapy before surgery. 

This study has been pre-approved by the ethical 
committee of Cancer Hospital, Chinese 
Academy of Medical Sciences and Peking Union 
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Medical College. All subjects have signed the 
consent forms before recruitment in this study.

qRT-PCR

Tissue RNA was extracted using human total 
RNA extraction kit (QIAGEN) according to the 
manual. RNA was reverse transcripted to cDNA 
at 37°C for 2 h. RT-PCR primers for MTDH 
mRNA were designed based no its sequence 
(Genebank, NM_178812) (Table 1). PCR reac-
tion was performed on Mx3000p real time PCR 
amplifier (Agilent) using the RT-PCR kit 
(TianGen). PCR reaction was consisted of 95°C 
for 5 min, followed by 30 cycles of 95°C for 1 
min, 58°C for 30 s, and 72°C for 1 min. The 
results were calculated by 2-ΔΔCt method [11].

Immunohistochemistry

Immunohistochemistry was applied to detect 
MTDH expression in breast cancer tissue. The 
tissue was fixed by paraffin embedding and 
sliced. Next, the paraffin section was dewaxed, 
hydrated, and antigen repair. Then the section 
was incubated in rabbit anti human MTDH 
monoclonal primary antibody (1:100) and biotin 
tagged secondary antibody. After HRP-tagged 
streptavidin incubation, the section was 
washed and developed. The section was sealed 
after hematoxylin redyeing and observed under 
microscope. 

The cytoplasmic staining degree under high 
power field of vision was scored. No obvious 
staining was considered as 0, shallow staining 
was read as 1, middle staining was considered 
as 2, and deep staining was treated as 3. The 
cell with score ≥ 2 was defined as MTDH highly 
expressed cell. Tissue sample with positive cell 
number greater than 10% of the total cells were 
treated as MTDH highly expressed sample.

ER, PR, and HER-2 detection

Estrogen receptor (ER), progesterone receptor 
(PR), and human epidermal growth factor 
receptor 2 (HER-2) expressions in metastatic 

breast cancer cells were detected using immu-
nohistochemistry. Mouse anti human ER mono-
clonal antibody, mouse anti human PR mono-
clonal antibody, and mouse anti human HER-2 
monoclonal antibody (DAKO) at 1:500 were 
applied for detection.

Result interpretation: for ER and PR detection, 
brown particle appeared in cell nucleus was 
defined as ER or PR positive. For HER-2 detec-
tion, brown cell surface was treated as HER-2 
positive. The ratio of positive cell number and 
total cell number was considered as positive 
rate. According to positive rate, positive rate at 
0% was considered as 0, at 1-30% was treated 
as 1, at 31-70% was read as 2, and at 71-100% 
was treated as 3. According to staining degree, 
no obvious staining was considered as 0, shal-
low staining was read as 1, middle staining was 
considered as 2, and deep staining was treated 
as 3. Total score was the sum of two terms. 
Score > 0 was considered as positive for ER 
and PR, while score ≥ 5 was treated as positive 
for HER-2.

Statistical analysis

Statistical analysis was performed on JMP10.0 
software. Correlation relationship between 
MTDH expression and clinicopathological fea-
tures were tested by chi-square test and Fisher 
exact test. Patient survival rate was drawn 
through Kaplan-Meier method. P < 0.05 was 
considered as statistical significance.

Results

Immunohistochemistry detection of MTDH ex-
pression in breast cancer

MTDH expression in breast cancer was detect-
ed by immunohistochemistry. After staining, 
the tissue was divided into four groups accord-
ing to staining degree (Figure 1). Only the score 
≥ 2 was considered as MTDH highly expressed 
cells, and the samples with positive cell ratio > 
10% were treated as positive sample. Forty-two 
patients showed positive among all 156 
patients (26.9%). 

qRT-PCR detection of MTDH expression in 
breast cancer

MTDH mRNA expression level in breast cancer 
tissue was detected by qRT-PCR. The results in 
positive samples and negative samples judged 
by immunohistochemistry were compared 

Table 1. Primer sequence
Gene Sequence Tm
β-actin F 5’- CGTACCACTG GCATCGTGAT -3’ 55. 9°C

R 5’- GTGTTGGCGTACAGGTCTTTG -3’ 55.7°C
MTDH F 5’-TCCGAGAAGCCCAAACCAAAT-3’ 54.4°C

R 5’-CTTCACCCTCAGCCACTTCAA-3’ 54.5°C
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(Figure 2). It was showed that MTDH mRNA rel-
ative expression in negative samples judged by 
immunohistochemistry was 1.27 ± 0.15, which 
was significantly lower than that in positive 
samples as 1.84 ± 0.21 (P < 0.05), suggesting 
that MTDH level was in consistent between pro-
tein and mRNA level. 

ER, PR, and HER-2 expressions detection

ER, PR, and HER-2 expressions in breast can-
cer tissue were tested by immunohistochemis-
try. Brown particle appeared in cell nucleus was 
defined as ER or PR positive. Brown cell surface 
was treated as HER-2 positive (Figure 3).

Correlation relationship between MTDH ex-
pression and clinicopathological features

The relationship between MTDH expression 
and clinicopathological features were analyzed 
(Table 2). It was found that MTDH high expres-
sion was correlated with multiple clinical fac-
tors, including age, lymph node metastasis, ER 
positive expression, PR positive expression, 

recurrence, and distant metastasis (P < 0.05). 
On the contrary, MTDH high expression showed 
no correlation with tumor diameter, TNM grad-
ing, and HER-2 expression (P > 0.05).

Correlation between MTDH expression and 
prognosis

The patients received postoperative follow-up 
for average 4.6 (0.6-8.3) years. Kaplan-Meier 
method was applied to draw the survival curve 
(Figure 4). It was revealed that the disease free 
survival rate, distant metastasis free survival 
rate, and total survival rate in MTDH positive 
patients were obviously lower than that in 
MTDH negative patients (P < 0.05), indicating 
that MTDH high expression was correlated with 
breast cancer poor prognosis.

Discussion

Tumor malignant procession refers to the pro-
cess that multiple gene mutations caused 
tumor cell proliferation and metastasis [11]. 
The expression pattern of genes that are close-
ly related to tumor malignant progression 
became the hotspot in recent years. This article 
tested MTDH expression in breast cancer 
patients, analyzed its relationship with multiple 
clinical pathologic features, and calculated its 
correlation with disease free survival rate, dis-
tant metastasis free survival rate, and total sur-
vival rate. The results concluded that MTDH 
expression in breast cancer patients was asso-
ciated with tumor malignant progression and 
poor prognosis.

MTDH is a human cell membrane protein gene 
discovered and cloned in recent years. 
Following tumor molecular biology develop-
ment, more and more research data revealed 
that MTDH was closely related to various 
human malignant tumors’ behaviors, such as 

Figure 1. MTDH expression in breast cancer tissue (×400). A. No cytoplasmic staining (score 0); B. Shallow cytoplas-
mic staining (score 1); C. Middle cytoplasmic staining (score 2); D. Deep cytoplasmic staining (score 3).

Figure 2. MTDH mRNA relative expression in breast 
cancer tissue. *P<0.05, compared with MTDH nega-
tive group.
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Figure 3. ER, PR, and HER-2 expressions detected by immunohistochemistry. 

Table 2. Correlation relationship between MTDH expression and clinicopathological features
MTDH negative expression (n=114) MTDH positive expression (n=42) P value

Age (year)
    ≥52 70 (61.4%) 33 (78.6%) <0.01
    <52 44 (38.6%) 9 (21.4%)
Gender
    Male 0 (0%) 0 (0%) >0.05
    Female 114 (100%) 42 (100%)
TNM grading
    T I 29 (25.4%) 6 (14.3%) >0.05
    T II 51 (44.7%)  23 (54.8%)
    T III 34 (29.9%) 13 (31.0%)
Tumor diameter (cm)
    ≤2 34 (29.8%) 9 (21.4%) >0.05
    2.1-5.0 67 (58.8%) 25 (60.0%)
    ≥5.1 13 (11.4%) 8 (18.6%)
Lymph node metastasis
    With 43 (37.7%) 22 (52.4%) <0.05
    Without 71 (62.3%) 20 (47.6%)
ER
    Positive 89 (78.1%) 18 (42.9%) <0.01
    Negative 25 (21.9%) 24 (57.1%)
PR
    Positive 68 (59.6%) 17 (40.5%) <0.05
    Negative 46 (40.4%) 25 (59.5%)
HER-2
    Positive 24 (21.1%) 12 (28.6%) >0.05
    Negative 90 (78.9%) 30 (71.4%)
Recurrence
    Yes 19 (16.7%) 16 (38.1%) <0.05
    No 95 (83.3%) 26 (61.9%)
Distant metastasis
    Yes 15 (13.2%) 12 (28.6%) <0.05
    No 99 (86.8%) 30 (71.4%)



MTDH in breast cancer

8821 Int J Clin Exp Pathol 2016;9(9):8817-8823

occurrence, malignant progression, and drug 
resistance [6, 8, 12]. MTDH can regulate the 
regulatory factor of the ras proto-oncogene, 
and can activate NF-κB signaling pathway and 
PI3K/AKT signaling pathway [13]. Among them, 
as a nucleus factor, NF-κB can regulate various 
apoptosis inhibiting gene expressions on the 
transcriptional level, including XIAP, cIAP1, and 
Bcl-xL [14-16], thus suppressing cell apoptosis.
PI3K/AKT has been confirmed the role in pro-
moting cell division and inhibiting cell apoptosis 
[17, 18]. Therefore, MTDH gene upregulation in 
cancer cells has important significance in acti-
vating cancer cells proliferation and inhibiting 
apoptosis.

This study found that breast cancer patients 
with MTDH high expression presented higher 
rate of postoperative lymph node metastasis, 
distant metastasis, and recurrence compared 
with MTDH negative patients. Thus, we specu-
late that MTDH may promote breast cancer 
metastasis. It was demonstrated that MTDH 
can mediate the adhesion effect between can-
cer cells and vascular epithelial cells, also can 
promote the cancer engraftment in target 
organs, thus affecting the cancer cells malig-
nant progression [19, 20]. However, some 

scholars found that MTDH expression showed 
no significant relationship with tumor cell’s abil-
ity to penetrate vascular epithelial tissue [21]. 
The specific molecular mechanism of MTDH in 
the process of malignant tumor metastasis still 
needs further in-depth investigation. 

Breast cancer has the highest incidence among 
female malignant tumors. Although the treat-
ment of breast cancer has made great prog-
ress, some patients still show poor prognosis 
[1]. Finding effective molecular markers to pre-
dict prognosis of breast cancer is of great sig-
nificance in improving the therapeutic effect 
and relieving patient’s pain. This study analyzed 
the relationship between MTDH expression and 
corresponding clinical pathological characteris-
tics, and the correlation relationship of MTDH 
expression with breast cancer poor prognosis 
and malignant progression, which provides the-
oretical basis for breast cancer treatment and 
prognosis evaluation.

Conclusion

MTDH presented highly consistency at mRNA 
level and protein level. MTDH highly expression 
was associated with breast cancer metastasis, 

Figure 4. Correlation between MTDH expression and 
prognosis.
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ER expression, PR expression, and recurrence. 
It was also related to patient survival rate.
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