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Figure 4. NPRA upregulated MMP9 via STAT3 activation. A. Expression of MMP9 protein was inhibited by NPRA 
shRNA in MDA-MB-231 and MDA-MB-436 cells. B. Overexpression of NPRA significantly increased MMP9 expres-
sion in MCF-7 and SKBR3 cells, as confirmed by Western Blot analysis. C. MMP9 mRNA level was reduced dramati-
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cally after knocking down NPRA in MDA-MB-231 and MDA-MB-436 cells. D. NPRA overexpression enhanced MMP9 
mRNA expression in MCF-7 and SKBR3 cells, as confirmed by qQT-PCR analysis. E. STRING analysis showed poten-
tial molecules involved in NPRA-MMP9 regulation. F. STAT3 phosphorylation determined by Western Blot in MDA-
MB-231 and MDA-MB-436 cells transfected with NPRA shRNA. G. STAT3 phosphorylation and MMP9 expression 
were confirmed by Western Blot in NPRA overexpression MCF-7 and SKBR3 cancer cells transfected with siSTAT3 
and Control siRNA. H. MMP9 mRNA level was detected by qRT-PCR in NPRA overexpression MCF-7 and SKBR3 can-
cer cells transfected with siSTAT3 and Control siRNA.   

Figure 5. NPRA promoted cancer cell migration and invasion through enhancing STAT3 activation and there was pos-
itive correlation between protein expression of NPRA and MMP9 in MDA-MB-436 xenografts of nude mice model. 
(A and B) Silence of STAT3 inhibited the increased ability of migration (A) and invasion (B) in NPRA overexpression 
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expression was dramatically lower in all five 
xenografts from MDA-MB-436 NPRA knocking 
down group than control shRNA group (Figure 
5F and 5G). The data of xenograft experiments 
validated that NPRA promoted breast cancer 
development through MMP9.

Discussion

Breast cancer is one of the most common 
female cancer types, though its 5 year progno-
sis seems better than other cancer types, the 
mortality is still at the top [1]. Breast cancer 
starts as a local disease, however, finally results 
in systemic disease with progress [3, 23]. 
Nowadays we have several biomarkers to pre-
dict prognosis of breast cancer, however, there 
are still some limitations when using these tra-
ditional biomarkers [24]. Thus, we still need to 
search more powerful biomarkers for prognosis 
prediction of breast cancer patients. Herein, we 
firstly reported the upregulation of NPRA in 
breast cancer patients and the correlation 
between NPRA expression and the prognosis of 
breast cancer patients. We initially assessed 
the expression of NPRA in 98 breast cancer 
patients through Western Blot, qRT-PCR and 
immunohistochemistry and found that NPRA 
expression was significantly higher in breast 
cancer tissues compared with matched adja-
cent normal tissues. Additionally, high NPRA 
expression was associated with lymph node 
metastasis, advanced TNM stage and large 
tumor size. Besides, our data showed that 
NPRA high expression would predict worse 
5-year survival of breast cancer patients. And 
multivariate Cox repression analysis indicated 
that NPRA was an independent factor in pre-
dicting both OS and DMFS of breast cancer 
patients. All in all, our data showed the impor-
tant status of NPRA in breast cancer.

To investigate the function of NPRA in breast 
cancer cells, we firstly assessed NPRA expres-
sion levels in 5 breast cancer cell lines and 
compared them with that of a non-transformed 
breast cell line. Consistent with NPRA IHC stain-

ing of breast cancer patient tissues, NPRA 
expression was higher in breast cancer cell 
lines, especially in more aggressive breast can-
cer cell lines. And NPRA expression was associ-
ated with proliferation, migration and invasion 
ability of breast cancer cell lines. 

Mechanistically, it is widely known that hydro-
lyzed of the extracellular matrix surrounding 
tumors is the most common feature of cancer 
cell invading into adjacent tissues and early 
metastasis [11]. Members of the MMP family 
secreted by invasive cancer cells could hydro-
lyze all essential components of the extracellu-
lar matrix. Therefore, these MMPs expression 
levels effectively reflect the aggressiveness of 
cancer cells and are related to poor prognosis 
in various cancers [25, 26]. MMP9 is a critical 
member of MMP family which plays a key role in 
degrading basement membrane and has been 
proved to enhance tumor invasion and metas-
tasis in many different types of cancer [27, 28]. 
Some studies also reported that the invasive 
and metastatic abilities of breast cancer cells 
were reduced by inhibition of MMP9 [13, 29]. 
Actually, in this study, we observed that reduc-
tion of MMP9 expression was associated with 
the inhibition of breast cancer cells migration 
and invasion in vitro after knocking down NPRA. 
Additionally, we established a breast cancer 
xenograft mouse model and found that MMP9 
was decreased in xenografts with low NPRA 
expression. These results indicated that MMP9 
might be upregulated by NPRA in breast 
cancer. 

However, it is unknown how NPRA modulates 
MMP9 expression. We found that NPRA could 
regulate the protein and mRNA of MMP9, which 
hinted that NPRA most likely regulated MMP9 
through the transcription level. STRING analy-
sis showed that STAT3 is the only transcription 
factor candidate. Moreover, studies have 
reported that activated STAT3 can increase 
MMP9 expression and promote cancer cells 
invasion and metastasis [18, 30]. Thus, we 
investigated whether NPRA could regulate 

MCF-7 and SKBR3 cancer cells. In MDA-MB-436 xenografts of nude mice model, MDA-MB-436 cells of control 
shRNA and shNPRA were respectively conducted subcutaneous injection around the fourth mammary fat pad of 
nude mice. Tumor nodules were measured using a caliper at different times after injection. NPRA knocking down 
MDA-MB-436 cells showed a greater tumor-inhibiting effect compared with control cells reflected by tumor size (C 
and D) and weight (E). (F and G) Tumor nodules were subjected to immunohistochemical staining for NPRA and 
MMP9. Representative immunostaining indicated that NPRA knocking down dramatically reduced the number of 
MMP9 positive cells. Scale bar =70 μm. (*P<0.05, **P<0.01).
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MMP9 through activating STAT3. Here we found 
that NPRA could enhance activated STAT3 and 
knocking down STAT3 in NPRA overexpression 
cancer cells also decreased the expression of 
MMP9, which is increased by NPRA overexpres-
sion. In brief, our study firstly pointed out that 
NPRA could promote breast cancer develop-
ment by NPRA-STAT3-MMP9 signal pathways.

The detailed mechanisms of NPRA in promot-
ing breast cancer development need to be fur-
ther investigated. Though we found STAT3 acti-
vation by NPRA could contribute to increasing 
MMP9 expression in the breast cancer progres-
sion, how NPRA regulated p-STAT3 still needed 
to be further studied. Our findings may provide 
valuable information for the prognosis predic-
tion of breast cancer patients and development 
of future therapies to more effectively prevent 
breast cancer migration and invasion.
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