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Abstract 

We attempt to demonstrate the regulatory role of miR-200c in glioma progression and its 
mechanisms behind. Here, we show that miR-200c expression was significantly reduced in the 
glioma tissues compared to paratumor tissues, especially in malignant glioma. Exogenous 
overexpression of miR-200c inhibited the proliferation and invasion of glioma cells. In addition, the 
in vivo mouse xenograft model showed that miR-200c inhibited glioma growth and liver metastasis, 
which is mainly regulated by targeting moesin (MSN). We demonstrated that the expression of 
MSN in glioma specimens were negatively correlated with miR-200c expression, and MSN 
overexpression rescued the phenotype about cell proliferation and invasion induced by miR-200c. 
Moreover, knockdown of MSN was able to mimic the effects induced by miR-200c in glioma cells. 
These results indicate that miR-200c plays an important role in the regulation of glioma through 
targeting MSN. 
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Introduction 
Glioma, which is the most common intracranial 

tumor, originated in the glial cells. Glioma can be 
divided into gradeⅠto grade Ⅳ  according to the 
classification of the World Health Organization [1,2]. 
The most malignant glioma, grade Ⅳ glioblastoma in 
adults and grade Ⅳ medulloblastoma which occurs in 
children, have a dismal prognosis [3,4]. Because of the 
characteristics of the invasive growth of glioma, it has 
no obvious boundaries with normal brain tissue [5, 6], 
and is difficult to be removed completely and easy to 
relapse owing to resistance of radiotherapy and 

chemotherapy, so the brain glioma is still one of the 
most malignant tumors [7-9]. New breakthrough in 
the treatment of glioma is critical. 

 microRNAs are small non-coding RNAs, which 
post-transcriptionally regulate the downstream gene 
expression [10-12]. Most importantly, the complicated 
regulatory network not only regulates the expression 
of multiple genes through one microRNA, but also 
allows the combination of several microRNAs to 
regulate one gene [13-15]. Recent studies show that 
microRNA expression is associated with a variety of 
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human cancers progression [16-19]. microRNAs can 
regulate the expression of tumor related genes, and 
act as a tumor suppressor gene or an oncogene, 
playing an important role in the diagnosis and 
treatment of cancer. 

 miR-200c belongs to the miR-200 family [20-22], 
which can be divided into two subfamilies according 
to its seed sequence: miR-200a, miR-141 and 
miR-200b, miR-200c, miR-429 [23-26]. The seed 
sequence determines the similarities and differences 
of the function of these microRNAs. In recent years, a 
large number of studies have shown that miR-200c 
expression disorders in a variety of tumors [27-31]. 
Many researchers have shown that miR-200c inhibits 
the expression of transcription factors ZEB1 and 
ZEB2. ZEB1 and ZEB2 downregulate the expression of 
E-cadherin and reduce the adhesion of cells, thus 
promoting the invasion and metastasis of tumor cells 
[32-35]. MSN, also known as moesin, belongs to ERM 
family of proteins which appear to function as a 
cross-linker between membrane proteins and 
actin-based cytoskeleton [36-39], therefore, it is 
momentous for recognition between cells, also vital 
for cell polarity [40, 41]. In recent years, lots of 
evidences indicated that MSN is closely related to 
initiation and development of tumor [42-44]. Since 
miR-200c has been reported very important in some 
cancer such as breast cancer [25, 29, 30], and our 
preliminary data showed that miR-200c was 
downregulated in glioma, however, the mechanism of 
miR-200c regulating glioma remains unclear, it is 
urgent to further investigate the effects of miR-200c on 
glioma growth and unravel the potential mechanism. 

In this study, we discovered that miR-200c is 
significantly downregulated in glioma samples 
including cell lines and the clinical specimens. With 
miR-200c overexpression, the cell proliferation, 
invasion and soft agar colony formation ability were 
decreased significantly, and tumor growth was 
suppressed. In addition, we demonstrated that MSN, 
the miR-200c target gene, plays a very important role 
in this process. 

Results 
The expression of miR-200c is reversely 
correlated with glioma grade 

In order to investigate the expression difference 
of miR-200c in glioma and the paratumor tissues, we 
detected miR-200c levels in 26 glioma tissues, 18 
paratumor tissues adjacent to the tumor and 4 glioma 
cell lines with different grades by qRT-PCR. Our 
studies show that miR-200c expression level was 
much lower in glioma compared to the paratumors 
(Figure 1A). Moreover, for each pair of paratumor and 

glioma tissue derived from the same patient, 
miR-200c was down-regulated in glioma tissues 
significantly (Figure 1B). According to the World 
Health Organization standard, glioma can be divided 
into four grades, and the most malignant glioma are 
grade III and grade IV. Based on this standard, grade 
III and grade IV tumors had the lowest expression 
levels of miR-200c (Figure 1C). The similar results 
were also obtained in the four glioma cell lines, 
among which miR-200c level is higher in low grade 
cell line H4 than glioblastoma cell lines 
(U251,U87,T98G) belonging to grade Ⅳ, high grade 
(Figure 1D). These results demonstrated that 
miR-200c levels were negatively correlated with 
malignancy of glioma. 

miR-200c overexpression inhibits cell 
proliferation and anchorage-independent 
growth in vitro 

In order to investigate the role of miR-200c in 
tumor growth of glioma, we constructed the miR-200c 
overexpression system by using the doxycycline 
(DOXY) inducible pTRIPZ (Figure 2A). qRT-PCR 
assay suggested miR-200c was significantly 
upregulated in glioma cells after DOXY induction 
(Figure 2B). To be rigorous, we have checked the 
induction efficiency of miR-200c overexpression after 
induction for different periods (24 hours, 3 days, 3 
weeks) and the results showed significant 
overexpression at all time points (Figure S2). MTT 
assay suggested induction of miR-200c significantly 
inhibited cell proliferation of glioma (Figure 2C). Soft 
agar growth assay suggested miR-200c 
overexpression inhibited the anchorage-independent 
growth of tumor cells by more than 50% (Figure 2D). 
These results suggested that miR-200c acts as a tumor 
suppressor for glioma in vitro.  

miR-200c inhibits cell invasion and induces 
epithelial phenotype in vitro 

We observed obvious cell morphology change in 
the third week after miR-200c overexpression. Cells 
were changed from mesenchymal morphology to 
epithelial morphology (Figure 3A). β-tubulin 
antibody was used to stain microtubules by immune 
fluorescence to observe cell morphology with confocal 
microscope to further confirm the morphological 
alterations (Figure 3B). To determine whether 
miR-200c induced mesenchymal-epithelial transition 
(MET), we analyzed the expression of the 
mesenchymal markers ZEB1 and Vimentin (VIM) and 
epithelial marker E-Cadherin (E-CAD). Western blot 
assay showed miR-200c overexpression increased 
E-CAD expression, and decreased ZEB1 expression in 
U87 and U251 cell lines. But VIM was descended only 



 Theranostics 2017, Vol. 7, Issue 6 
 

 
http://www.thno.org 

1665 

in U251 (Figure 3C). MET always accompanies 
alteration of cellular invasion and metastasis. 
Therefore, we tested the effect of miR-200c on 
invasion of glioma cells. miR-200c overexpression 
dramatically inhibited the cell invasion of U87 and 
T98G (Figure 3D). However, invasion of U251 cells 
hardly occurred with our standardized protocol of 
invasion assay, so statistics not gained. 

miR-200c inhibits tumor growth and 
metastasis in vivo 

In vitro, miR-200c significantly repressed cell 
proliferation and invasion. Whether miR-200c could 
regulate tumor growth and metastasis in vivo must be 
further demonstrated. One million U87-miR-200c 
CTRL cells were implanted to the two flanks of nude 
mice per site subcutaneously, and mice were divided 
into two groups. CTRL group was supplied with 2.5% 
sucrose of water, while the DOXY group was supplied 
with 2.5% sucrose of water containing 1mg/ml 
doxycycline. The tumor was monitored and measured 
weekly. miR-200c overexpression significantly 
inhibited tumor growth, and the volume of tumor 
derived from U87 with miR-200c overexpression was 
significantly smaller than tumor derived from CTRL 
group (Figure 4A). We dissected the mice to harvest 
the tumors and noticed that tumors from CTRL group 
were significantly larger and heavier than the DOXY 
group (Figure 4B). miR-200c levels in the collected 
tumors were also measured by qRT-PCR, and showed 
that miR-200c was overexpressed in tumors of DOXY 

group indeed (Figure 4C), confirming miR-200c 
inhibited glioma growth. Interestingly, when 
dissecting mice, there was an obvious difference in the 
pathological lesions of liver between CTRL group and 
DOXY group (Figure 4D). Subsequently, we analyzed 
the expression of GFAP and AFP in paraffin sections 
of the liver by immunohistochemical staining (IHC). 
GFAP is glial fibrillary acidic protein, and is used to 
determine whether tumor is derived from glial. AFP, 
alpha-fetoprotein, is used as the marker of liver 
tumor. IHC assay suggested that the liver of CTRL 
group was GFAP positive and AFP negative, while 
the liver of DOXY group was double negative (Figure 
4E). This illustrates that there are metastasis lesions in 
CTRL group, while overexpression of miR-200c 
significantly inhibited metastasis. Furthermore, we 
keep some of the tumor-absent mice from DOXY 
group alive and equally divide them into two groups. 
DOXY was abrogated in one group (deDOXY) and 
continued in another group (DOXY). It is revealed 
that the tumors in the deDOXY group grew up and 
bigger than the DOXY group after withdrawing the 
doxycycline (Figure 4F), and the tumor volume and 
tumor weight was larger and higher than that of in 
DOXY group (Figure 4G). miR-200c levels in the 
tumors of deDOXY group were decreased as expected 
(Figure 4H). These results suggested that miR-200c 
inhibited glioma tumor growth and metastasis, and 
the efficacy of this inhibition only be maintained in 
the presence of miR-200c overexpression. 

 
Figure 1. miR-200c expression is reversely correlated with the malignancy of glioma. A, RNA was extracted from patients’ paratumor and glioma 
tissues, and then reversely transcribed to cDNA. miR-200c expression level was measured by qRT-PCR. There were eight cases of glioma tissues that had no 
corresponding paratumor tissues. n stands for total numbers of patients. B, The two connected dots represent the miR-200c levels in glioma tissues and paratumor 
isolated from the same patient. C, Dividing glioma samples in A chart according to the grade of glioma. D, miR-200c expression level was measured in four different 
glioma cell lines by qRT-PCR. *, P < 0.05. **, P < 0.01. ***, P < 0.001. Error bars, mean ± SEM. 
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Figure 2. miR-200c overexpression significantly inhibits cell proliferation and anchorage-independent growth in vitro. A, The diagram of 
Doxycycline-inducible miR-200c overexpression lentiviral vector (pTRIPZ-miR-200c). B, Different cell lines were transduced with the pTRIPZ-miR-200c lentivirus 
and selected with puromycin for 7 days (T98G and U251, 5ug/ml puromycin; U87, 10ug/ml puromycin). Cells were treated with Doxycycline (DOXY, 
pTRIPZ-miR-200c-DOXY) or without Doxycycline (CTRL, pTRIPZ-miR-200c-CTRL). Total RNA was isolated and miR-200c expression levels were measured by 
qRT-PCR. C, Eight hundreds of lentivirus-transduced cells were seeded in 96-well culture plates and cultured in the absence (CTRL) and presence (DOXY) of 
doxycycline for 3, 5 or 7 days. MTT assays were conducted following the manufacturer's protocol and the optical density (OD) value was measured at 490 nm. D, The 
soft agar colony formation assay(left) was carried out with 8X103~1X104 cells per well in 6-well culture plates and the cells were cultured in the absence (CTRL) and 
presence (DOXY) of doxycycline for 1 month approximately. And colonies were counted in the whole field (right). **, P < 0.01. ***, P < 0.001. Error bars, mean ± 
SEM. 

 
Figure 3. miR-200c overexpression significantly inhibits cell invasion as well as induces epithelial phenotype in vitro. A, Cell morphology was 
captured with optical microscope after culturing in the absence (CTRL) and presence (DOXY) of doxycycline for 3 weeks. B, Representative confocal images of cell 
morphology. Green, β-tubulin. Blue, DAPI for nucleus. C, After culturing in the absence (CTRL) and presence (DOXY) of doxycycline for 3 weeks, western blot was 
carried out to detect the expression levels of ZEB1, E-Cadherin (E-CAD) and Vimentin (VIM). The band as indicated by the arrow is the correct band. D, T98G and 
U87 were cultured in the absence (CTRL) and presence (DOXY) of doxycycline for 3 weeks in vitro, and then the invasive ability of the cells was investigated with 
the matrigel invasion assay according to the manufacturer’s protocol(top). Quantitative analysis of the total invasive cells from three independent experiments was 
shown on the bottom. *, P < 0.05. **, P < 0.01. Error bars, mean ± SEM. 
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Figure 4. miR-200c overexpression inhibits the tumor growth and metastasis of U87 cells in vivo. A, One million U87 control cells 
(pTRIPZ-miR-200c-CTRL) were implanted into two flanks of nude mice per site, and then we divided the mice into two groups. DOXY group was supplied with 
drinking water containing DOXY(1mg/ml). The volume of tumor was measured once a week. B, The tumors of CTRL and DOXY group were taken out at the end 
of treatment, and the tumor images (left) and tumor weight (right) are shown, n=6. Here, in the CTRL group, there are only four tumors because the CTRL tumor 
grow more rapidly. For humanitarian consideration, a mouse with large tumors was sacrificed in advance, so these two tumors were not added to the photograph. 
Number of tumors in other group less than six indicated there was no tumor initiation in some injection sites. C, We took out the part of the tumor to carry out the 
RNA extraction and qRT-PCR. miR-200c expression level was shown. D, Representative liver images of CTRL group and DOXY group. E, We took out the liver of 
CTRL group and DOXY group, embedded in paraffin, and stained with GFAP and AFP. The red framed squares refer to the area where the enlarged image is located. 
F, We divided the DOXY group into two groups. DOXY of one group was removed from drinking water (deDOXY). The volume of tumor was measured once a 
week. G, The tumors of DOXY and deDOXY group were taken out, and the tumor images (left) and tumor weight (right) are shown, n=6. Number of tumors less 
than six indicated there was no tumor initiation in some injection sites. H, The miR-200c expression level of DOXY and deDOXY measured by qRT-PCR.  *, P < 0.05. 
**, P < 0.01. ***, P < 0.001. Error bars, mean ± SEM. 

miR-200c directly binds to the 3’UTR of MSN 
microRNAs generally regulate target gene 

expression by directly binding to its 3’UTR region. 
Targetscan and miRBase were used to predict the 
target genes of miR-200c, and inspired us that MSN 
might be the target of miR-200c. qRT-PCR and 
western blot assay suggested MSN was lower in the 
low grade glioma cell line H4 compared to the high 
grade glioma cell lines (Figure 5A). MSN was high 
expressed in grade III-IV glioma samples compared to 
the grade Ⅱ glioma samples by analyzing MSN levels 
in glioma specimens (Figure 5B). We also analyzed the 
correlation between miR-200c levels and MSN levels 
in glioma specimens. It clearly showed that there was 
a negative correlation between miR-200c levels and 
MSN levels (Figure 5C). In addition, MSN was 
significantly downregulated when miR-200c was 
overexpressed in glioma cell lines (Figure 5D). IHC 
staining using tumors derived from U87 with 
miR-200c overexpression or CTRL suggested MSN 

was downregulated when miR-200c was 
overexpressed (Figure 5E). These results suggested 
that MSN might be a target gene of miR-200c. 
Sequence aligning showed that the 3’UTR of MSN did 
exist three regions to which the miR-200c seed 
sequences may combine (Figure 5F). In order to study 
whether miR-200c directly bound to the 3’UTR of 
MSN and regulate MSN expression, we cloned the 
3’UTR of MSN to the downstream of luciferase 
reportor gene. Luciferase activity assay suggested 
miR-200c overexpression could significantly reduce 
the activity of luciferase (Figure 5G). Then, we deleted 
the single or three miR-200c binding sites in the MSN 
3’UTR, and brought about that simultaneous 
deletions of three binding sites could completely 
block the regulation of miR-200c on MSN (Figure 5H). 
However, the deletion of each site alone could not 
abolish the repression of miR-200c on MSN. This 
phenomenon might be accounted for the reciprocal 
compensations among the three binding regions 
(Figure 5H). Taken together, our results indicate 
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miR-200c regulated MSN by binding to the 3’UTR 
region directly. 

The effect of miR-200c on glioma is rescued by 
MSN overexpression  

In order to explore whether miR-200c inhibited 
glioma proliferation and invasion through inhibiting 
MSN, we constructed a cell line overexpressing 
miR-200c and MSN without 3’UTR simultaneously in 
U87. qRT-PCR and western blot assay showed MSN 
was upregulated and was not inhibited by miR-200c 
(Figure 6A and 6B). MTT assay, transwell invasion 
assay and soft agar growth assay revealed that MSN 
overexpression promoted glioma cell proliferation 
and invasion. Double overexpression of miR-200c and 
MSN promoted glioma cell proliferation and invasion 
compared to miR-200 overexpression alone, 
confirming miR-200c inhibiting glioma cell 
proliferation and invasion by downregulating MSN 
and the phenotype caused by miR-200c 
overexpression could be recused by MSN 
overexpression (Figure 6C-6E). 

MSN knockdown mimics the effects of 
miR-200c overexpression on cell invasion and 
proliferation of glioma cells  

Repression of miR-200c on glioma cell 
proliferation and invasion by targeting MSN 
suggested MSN might regulate glioma progression. 
However, little is known about the role of MSN in 
glioma progression, and whether MSN knockdown 
could mimic the effects of miR-200c on glioma. Two 
different short hairpin RNAs (shRNA) were applied 
to knock down the expression of MSN in U87 cell line 
stably (Figure 7A). To define the role of MSN in 
glioma, the effect of MSN knockdown on tumor cell 
growth and invasion were examined (Figure 7B-7D). 
Stable knockdown of MSN in U87 inhibited cell 
proliferation and invasion, suggesting a probably 
oncogenic effect of MSN on glioma growth, and MSN 
knockdown has similar effects on glioma as miR-200c 
overexpression. 

 
Figure 5. MSN is a direct and functional target of miR-200c. A, The expression level of MSN was detected by qRT-PCR (left) and western blot (right) in 
different grades of glioma cell lines. B, RNA was extracted from patients’ glioma tissues, and MSN expression level was measured by qRT-PCR. n stands for total 
numbers of patients. C, The correlation analysis of miR-200c and MSN expressions. D, The expression level of MSN after overexpressing miR-200c measured by 
qRT-PCR (left) and western blot (right). E, The expression of MSN measured by IHC. The red framed squares refer to the area where the enlarged image is located. 
F, Predicted miR-200c target sequences in 3’UTR of MSN. G, The pGL3-MSN-3’UTR plasmids and internal-control renilla plasmids were transiently transfected into 
pTRIPZ-miR-200c cell lines, then cells were seeded in 96-well culture plates, 2X104 cells per well in the absence (CTRL) and presence (DOXY) of doxycycline for 36h. 
The relative luciferase activity is defined as the value of activity of luciferase gene folded over internal control. H, We deleted the single (Del1, Del2, Del3) or three 
(Del1&2&3) miR-200c possible binding regions of MSN 3’UTR. The relative luciferase activity is shown. *, P < 0.05. **, P < 0.01. ***, P < 0.001. Error bars, mean ± SEM. 
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Figure 6. The effect of miR-200c on glioma can be rescued by MSN overexpression. A, We obtained the ORF(open reading frame) region of MSN from 
full length cDNA of U87, and cloned it into pSIN-BSD(BSD, blasticidin resistant). MSN overexpression lentivirus was produced using 293T cell line, transfected U87 
control cells (pTRIPZ-miR-200c-CTRL), and then selected with BSD for 15 days (10ug/ml). The expression level of miR-200c and MSN detected by qRT-PCR are 
shown. B, The expression level of MSN detected by western blot. C, Cell proliferation activity was measured by MTT assay as described. D, Cell invasion ability was 
measured by the matrigel invasion assay as described. The image (top) and quantitative analysis of the total invasive cells (bottom) are shown. E, 
Anchorage-independent growth ability was measured by the soft agar colony formation assay as described. The image (left) and quantitative analysis of colonies (right) 
are shown. *, P < 0.05. **, P < 0.01. ***, P < 0.001. Error bars, mean ± SEM. 

 
Figure 7. MSN knockdown mimics the effects of miR-200c on cell invasion and proliferation of glioma cells. A, To knock down MSN, shMSN and 
shCTRL lentivirus was produced using 293T cell lines, and transfected U87 cell lines, and then selected with puromycin for 7 days (10ug/ml) to obtained stable cell 
lines. The MSN expressing level was detected by qRT-PCR (left) and western blot(right). B, Cell proliferation activity was measured by MTT assay as described. C, 
Cell invasion ability was measured by the matrigel invasion assay as described, the image (left) and quantitative analysis of the total invasive cells (right) are shown. D, 
Anchorage-independent growth ability was measured by the soft agar colony formation assay as described. The image (left) and quantitative analysis of colonies (right) 
are shown. *, P < 0.05. ***, P < 0.001. Error bars, mean ± SEM. 
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Discussion 
Glioma, especially the grade Ⅳ glioblastoma, 

predicts very poor prognosis [45]. Understanding and 
studying the molecular mechanisms of the glioma 
initiation and progression are important to develop 
the effective therapy strategies for glioma patients. 
Our results showed that there was a negative 
correlation between the expression of miR-200c in 
glioma and the tumor grade. In addition, miR-200c 
regulated the growth, invasion and metastasis of 
glioma cells. 

 It’s been reported that miR-200c directly target 
some oncogenes, and the downregulation of miR-200c 
in tumor tissues leads to the upregulation of these 
target genes [46, 47]. Recent years, the study about the 
role of miR-200c in tumor progression has been 
widely carried out. miR-200c induces 
mesenchymal-epithelial-transitions (MET) of cancer 
cells by targeting the E-cadherin repressors, ZEB1 and 
ZEB2, thus reduces their aggressiveness [33]. 
miR-200c also inhibits melanoma cell proliferation, 
migration and drug resistance through 
downregulating Bmi-1 [48]. Beyond that, miR-200c 
induces CD95 associated apoptosis by targeting 
FAP-1 [49]. miR-200 family can repress breast cancer 
metastasis through moesin-dependent pathway, 
miR-200c can inhibit the metastasis of breast cancer by 
acting on MSN, but no significant effect on 
proliferation of breast cancer [50]. However, the 
function of miR-200c in glioma has not been well 
studied and the mechanisms are not clear. Our 
current study showed that MSN also played an 
important role in regulation of tumor cell 
proliferation. The reason for the divergence may be 
the following: first, they chose a high metastatic cell 
line focusing on tumor metastasis. From a different 
direction, we focus our research on invasion and 
proliferation. Second, our work was based on several 
different types of glioma tumor cells, illuminating the 
more universal function of miR-200c. 

In our experiment, the expression of ZEB1 was 
not significantly down-regulated after miR-200c 
overexpression in T98G cell line. It was reported that 
ZEB1 is not only a marker of epithelial mesenchymal 
transition, but also has been reported to be targeted by 
miR-200c in many studies [20,33,34,50]. ZEB1 were 
significantly down-regulated after mir-200c 
overexpression in U251 and U87, but not in T98G, 
which might indicate that ZEB1, in T98G, is not 
significantly regulated by miR-200c. Furthermore, in 
T98G, regulation of ZEB1 may be stronger by other 
proteins or ncRNAs than by miR-200c and the 
complicated regulation network may weaken the 
effect of miR-200c on ZEB1. In addition, our results 
showed that MSN was down-regulated in all three 

cell lines, confirming that MSN, not ZEB1, plays a 
broader role in mediating miR-200c regulation on 
glioma development. 

 Although some important discoveries were 
revealed in our study, there were also some limits. 
First, we used a subcutaneous tumor model, this may 
lead to the consequences that we are not completely 
simulating the tumor microenvironment of glioma 
growth in vivo. But it is significant that miR-200c 
overexpression inhibited tumor metastasis in our 
study, although there are only a few clinical cases of 
distal metastasis of gliomas, which may provide a 
reference for other types of tumor metastasis. Second, 
according to the previous reports, N-terminal of MSN 
protein is FERM domain which can interact with the 
transmembrane receptor. C-terminal of MSN protein 
is F-actin binding domain which can interact with the 
cytoskeleton [37, 51], and the activated state of MSN 
through phosphorylation can act on downstream 
signaling pathways [52, 53]. As an oncogene, how 
MSN plays its role in the regulation of glioma by 
interacting with the downstream pathway is not yet 
clear, which is the field we will focus on in subsequent 
study. 

 Since miR-200c plays such an important 
regulatory role in glioma, together with the grade of 
gliomas, its expression can be used to predict the 
prognosis of patients. On the other hand, our study 
showed a positive correlation between MSN and the 
malignancy of glioma, reflecting its capacity of 
oncogenesis. It’s shown that MSN stimulates the 
proliferation of glioma cells via interaction with 
CD44, probably being a potential therapeutic target 
[44]. If we can develop a drug targeting MSN or 
interfering the interaction between MSN and 
downstream proteins, it may be able to provide a new 
therapeutic approach for the treatment of glioma. Of 
course, these assumptions need more experimental 
data to validate and more supports from clinical data. 

 In summary, we described here that the low 
expression of miR-200c is associated with high grade 
glioma. Overexpression of miR-200c inhibits the 
growth, invasion and metastasis of glioma, and 
induces the occurrence of mesenchymal-epithelial- 
transitions (MET). MSN, as a direct target gene of 
miR-200c, plays a vital role in this process. These 
results may help us to better understand the 
mechanisms of miR-200c in regulating glioma, and 
might provide a novel therapeutic target for the 
clinical treatment of glioma. 

Materials and methods 
Human glioma specimens and paratumor 
tissues 

All frozen human glioma samples used in this 
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study were obtained from Anhui Provincial Hospital 
(Hefei, Anhui, China), and classified according to 
World Health Organization (WHO) standard, which 
includes paratumor tissue, grade II (low grade 
astrocytoma, oligodendroglioma, and ependymo-
cytoma), grade III (anaplastic oligodendroglioma, 
anaplastic astrocytoma, and anaplastic 
ependymocytoma), and grade IV (Glioblastoma 
multiforme, and medulloblastoma) glioma tissues. 
Informed consent was obtained from all patients 
before surgery as advocated by the regional ethics 
committee.  

Cell culture  
The low grade glioma cell line H4 and 

glioblastoma cell line U251 were purchased from Cell 
Resource Center (CAMS/PUMC, Beijing, China). The 
glioblastoma cell lines U87 and T98G were purchased 
from ATCC. All of the cell lines were tested and 
authenticated. These cell lines were maintained at 
37℃ in an atmosphere of 5% CO2 in Dulbecco’s 
Modified Eagle Medium (Gibco, USA) supplemented 
with 10% FBS (Gibco, USA) and 1% pen-strep 
(Beyotime, China). 

Tumorigenicity in nude mice 
All nude mice were bred and housed in 

AAALAC-accredited specific pathogen-free rodent 
facilities at University of Science and Technology of 
China. Mice were housed in sterilized, ventilated 
microisolator cages and supplied with autoclaved 
commercial chow and sterile water. All mouse 
experiments were conducted in accordance with 
standard operating procedures approved by the 
University Committee on the Use and Care of 
Animals at University of Science and Technology of 
China. Tumorigenicity was determined by injecting 
U87-miR-200c CTRL cells with matrigel 
subcutaneously into the two flanks of one-month old 
female nude mice (1x106 cells per site). The tumor 
number of each group is six. The animals were 
euthanized when the tumors were 1.0 - 1.5cm in 
diameter. A portion of each tumor was fixed in 
formalin and embedded in paraffin for histological 
analysis. Another portion was utilized for qRT-PCR 
analysis. The tumor sizes were measured once a week 
with a caliper, and calculated as tumor volume = 
Length x Width2 / 2. The organs were dissected for 
metastasis analysis.  

Plasmid/short hairpin RNA construction and 
virus infection 

pTRIPZ-miR-200c plasmids were purchased 
from Openbiosystems (USA). MSN was amplified 
from the reverse-transcribed cDNA from U87 cell line, 

and cloned into pSIN (puromycin resistant) vector 
which was purchased from Addgene, and then 
replaced the selection marker puromycin to 
blasticidin. The short hairpin RNAs (shRNAs) were 
purchased from Sigma, the sense sequence of 
shMSN-1 and shMSN-4 were designed as follows: 
shMSN-1: 5’-CCGGGCTAAATTGAAACCTGGAATT
CTCGAGAATTCCAGGTTTCAATTTAGCTTTTTG-3
’, shMSN-4:5’-CCGGGCATTGACGAATTTGAGTCT
ACTCGAGTAGACTCAAATTCGTCAATGCTTTTT
G-3’. A highly efficient lentiviral system was used to 
generate MSN-overexpressing plasmid DNA, and the 
MSN-shRNA plasmid DNA. The cell lines were 
infected with the lentiviruses and the stable cell lines 
were established. The lentiviral transfection efficiency 
was over 90% in all cell lines. 

Western blot 
For sample preparation, when the cell culture 

reaches to 80% confluence, the cells were collected 
and split for 40 minutes on ice, the supernatant was 
denatured in 5x loading buffer containing SDS in 
boiling water for 10 minutes. 5% non-fat dry milk 
dissolved in TBST (TBS containing 0.1% Tween-20) 
was used for blocking and antibody dilution. The 
following antibodies and dilutions were used: ZEB1 
(1:500, 21544-1-AP, Proteintech), VIM (1:1000, 5741s, 
Cell Signaling Technology), E-CAD (1:1000, 
20874-1-AP, Proteintech), actin (1:1000, HC201, 
TransGen), MSN (1:2000, EP1863Y, abcam), goat 
anti-mouse IgG-HRP (1:5000, sc-2005, Santa Cruz), 
goat anti-rabbit IgG (1:5000, sc-2004, Santa Cruz). 
Western HRP Substrate (WBLUF0500, Millipore) was 
used to detect horseradish peroxidase conjugated 
secondary antibodies.  

MTT assay 
Eight hundreds of cells were seeded in 96-well 

culture plates, and cultured for 3, 5, or 7 days. MTT 
(M-2128, Sigma) was added to reach the final 
concentration of 0.5mg/ml, and the cells were 
incubated at 37 Celsius degree for 4 hours, and then 
the supernatant was removed and 100ul of DMSO 
was added, the optical density (OD) value was 
measured at 490 nm after shaking it for 10 minutes. 

Invasion assay 
Twenty thousand cells were seeded in the 

chambers with 8um pore size (0216, BD) coated with 
Matrigel (354234, Corning), and placed into 24-well 
culture plate. After 36 hours, cells in lower chambers 
were fixed and stained with 0.1% crystal violet, the 
invaded cells were photographed to analyze by 
microscope. 
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The soft agar colony formation assay 
Eight thousand cells were seeded in 2 X medium 

mixed with soft agar, and cultured in the incubator for 
four weeks. Colonies were stained with 0.005% crystal 
violet, and then analyzed the number of colonies. 

qRT-PCR 
Total RNA was extracted with Trizol (Takara) 

and the RNA concentration was measured with 
Nanodrop (Thermos scientific). 1ug of RNA was 
reverse-transcripted to cDNA using ReverTra Ace 
qPCR RT Kit (FSQ-101, TOYOBO). miR-200c was 
reverse-transcripted using primers with specificity. 
qRT-PCR was carried out to detect the expression 
level of miR-200c or other genes using AceQ qPCR 
SYBR Green Master Mix (Q111, Vazyme). Real time 
PCR data for mRNA and miR-200c are expressed 
relative to reference gene, respectively. The formula of 
relative expression value was as follows: 2 (-ΔCt). We 
used three reference genes, 5s rRNA, U6 and U24 
when detecting the expression level of miR-200c in 
paratumor and glioma tissues. To verify the stability 
of these reference genes, we calculated and showed 
the mean values of reference genes with the standard 
deviations for glioma and paratumor tissues, and the 
results were shown in Figure S1. All primers used are 
provided in Table S1. 

Immunohistochemistry  
The tumor tissues or the livers of mice were fixed 

in formalin and processed for paraffin embedding. 
Sectioned samples were de-paraffined in xylene and 
rehydrated in graded alcohol. Antigen retrieval was 
done according to the manufacture’s protocol 
(MVS-0100, Maxvision), and then the endogenous 
peroxidase was inactivated with 3% hydrogen 
peroxide methanol solution, blocked with animal 
non-immune serum (SP KIT-B, Maxvision) and 
incubated with primary antibodies overnight at 4℃, 
and then incubated with secondary antibodies for 15 
minutes. Slides were stained using the detection kit 
(DAB-0031, Maxvision), cell nucleus was stained with 
hematoxylin (ZLI-9610, ZSGB-BIO). The following 
antibodies and dilutions were used for 
immunohistochemistry: MSN (1:150, EP1863Y, 
Abcam), peroxidase-conjugated secondary antibody 
(KIT-5010, Maxvision), GFAP (ZM-0118, ZSGB-BIO), 
AFP (ZM-0009, ZSGB-BIO). 

Immune fluorescence staining and confocal 
imaging  

Cells of 0.2 million were seeded in chamber 
(154526, Thermo Scientific), and cultured for two 
days. Cells were fixed with cold methanol, membrane 
perforated with 0.15% Triton X-100 (TB0198, Sangon 

Biotech), blocked with animal non-immune serum (SP 
KIT-B, Maxvision), and incubated with primary 
antibodies overnight at 4℃, and then incubated with 
secondary antibodies for one hour. Cell nucleus was 
stained with DAPI (P36931, Life Technologies). 
Images were captured with confocal microscope (LSM 
710, Zeiss) with 100x oil objective lens. The following 
antibodies were used for immune fluorescence: 
β-tubulin (1:100, HC101, TransGen Biotech), goat 
anti-mouse IgG secondary antibody Alexa Fluor 488 
(1:200, A-11029, Life Technologies). 

Luciferase reportor assay 
The 3’UTR of MSN was amplified from the 

reverse-transcribed cDNA from U87 cell line and 
cloned into pGL3 3’UTR luciferase reportor plasmids. 
The pGL3-MSN-3’UTR and internal-control renilla 
plasmids were co-transfected into pTRIPZ-miR-200c 
cell lines using lipo3000 (L3000001, Invitrogen) 
according to the manufacturer’s instructions. After 24 
hours, cells were dissociated and seeded into 96 wells 
plates with or without DOXY. Luciferase activity was 
measured by bioluminescence meter (Veritas) using 
luciferase assay system (E2920, Promega). 

Statistical analysis 
Results are presented as the mean ± SEM for at 

least three repeated individual experiments for each 
group, the student’s t-test was used to compare the 
difference of two samples. P-value < 0.05 was 
considered significant. 
Supplementary Material  
Supplementary figures and tables.  
http://www.thno.org/v07p1663s1.pdf   
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