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CMIP Promotes Proliferation and Metastasis in Human Glioma
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Glioma is one of themost commonprimarymalignant brain tumors and the outcomes are generally poor.The intrinsicmechanisms
involved in glioma development and progression remain unclear. Further studies are urgent and necessary. In this study, we have
proven that CMIP (C-Maf-inducing protein) promotes cell proliferation andmetastasis in A172 cells through knockdown of CMIP
and in U251 cells through overexpression of CMIP by using MTT assay, cell colony formation assay, cell migration assay, and cell
invasion assay. Furthermore, we discovered that CMIP upregulates MDM2, which is involved in the promoting role of CMIP in
human glioma cells. For clinical study, 99 glioma tissues and 59 normal tissues were analyzed. CMIP expression was higher in
glioma tissues than in normal tissues. In glioma tissues, CMIP is found to correlate positively with tumor grade but no significant
correlation is found with patients’ age, gender, or Karnofsky performance score (KPS). Moreover, CMIP also correlates with low
relapse-free survival (RFS) rate and overall survival (OS) rate in glioma patients. Therefore, CMIP is oncogenic and could be a
potential target for human glioma diagnosis and therapy.

1. Introduction

Glioma is one of the most common primary malignant brain
tumors which occur in both children and adults [1, 2]. Con-
ventional treatments for glioma including surgical resection,
radiation, and chemotherapy have shown limited impact
[3, 4]. Even with optimal treatment, the average survival of
glioma patients is no more than 1.5 years and the 5-year
survival rate no more than 5% [4–6]. Recent studies focus on
cellular and molecular mechanisms related to tumor initi-
ation, development, and progression of human glioma, but
the intrinsic mechanisms remain unclear. Further studies to
improve the understanding of human glioma and to identify
potential targets for therapy are critical.

CMIP (C-Maf-inducing protein) is expressed mainly in
human brains and encodes an 86-kDa protein [7–9], which
plays a role in T-cell signaling pathway and was firstly
found to be abnormal in T-cells of minimal change nephritic
syndrome (MCNS) patients [10, 11]. CMIP is an adaptor
protein that contains two isoforms (a short protein and a long
protein).The short protein isoform contributes to several bio-
logical pathways and the function of the long protein isoform

is rarely known. Several reports have demonstrated that
CMIP participates in human kidney diseases through regu-
lating behaviors of podocytes [8, 12, 13]. CMIP is also reported
to be associatedwith reading-related behaviors [14, 15], short-
term memory, and language-related traits [7, 16]. However,
thus far, there is no publication that documents the relation
between CMIP and human tumor behaviors.

We studied the localization and expression of CMIP
in human glioma cells A172 and U251 (these were chosen
because they showed the highest and lowest levels of CMIP
expression, resp.) and determined whether CMIP promotes
both cell proliferation and metastasis by using MTT (3-(4,
5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bro-
mide) assay, cell colony formation assay, migration assay, and
invasion assay in vitro. As reported previously, MDM2 was
associated with tumor initiation and development of human
glioma [17, 18]. Here we have shown that MDM2 is positively
regulated by CMIP and may participate in the promoting
role of CMIP in human glioma cells. Furthermore, we docu-
mented a much higher protein level of CMIP in human
glioma tissues than that in normal tissues, and CMIP corre-
lates positively with tumor grade in these glioma tissues.
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Patients with high expression of CMIP exhibited both lower
relapse-free survival (RFS) and overall survival (OS) rates
compared to patients with low expression of CMIP.Therefore,
the oncogenicity of CMIP can be used as a potential target
for diagnosis and therapy of human glioma.

2. Materials and Methods

2.1. Cell Lines andCell Culture. Human glioma cellsH4,A172,
and U251 were obtained from the American Type Culture
Collection (ATCC) (Rockville, MD). All of the cells were
cultured in a humidified incubator at 37∘C and 5% CO

2
as

recommended.

2.2. Plasmid and siRNA Transfection. The plasmid pIRES-
neo3 was obtained from Invitrogen. pIRESneo3 contains the
internal ribosome entry site of the encephalomyocarditis
virus and neomycin resistant region. Gene overexpression
was done by G418 selection. Coding sequence of human
CMIP was cloned into the plasmid pIRESneo3 (Invitrogen)
and was used for CMIP overexpression. siRNA of CMIP
obtained from GenePharma (Shanghai, China) was used for
CMIP blocking. In this study, pIRESneo3-CMIP, pIRESneo3-
Negative control, CMIP-siRNA, and negative control-siRNA
were all transfected into cells by using Lip2000 (QIAGEN).

2.3. RT-Quantitative PCR (RT-qPCR). RT-qPCR was used to
determine the mRNA levels of CMIP in different human
glioma cell lines, which was performed as described in
previous studies using SYBR Premix Ex Taq Kit (Takara)
[3]. GAPDH was used as a control. Primers for CMIP were
the following: forward 5-AAATTCCTGAGGCGCTG-3;
reverse 5-CTTCAATTGCGCTGTAGGA-3. Primers for
GAPDH were the following: forward 5-TGCACCACC-
AACTGCTTAGC-3; reverse 5-GGCATGGACTGTGGT-
CATGAG-3.

2.4. Cell Oncogenicity Assays and Flow Cytometry Analysis.
MTT assay and cell colony formation assay were performed
to determine cell proliferation. Cell migration assay and inva-
sion assay were performed to determine cell metastasis. They
were all carried out as described previously [3, 19]. In MTT
assay, cells were plated into 96-well plates with an original
number of 2000 and tested using OD490 values after 1, 2, 3,
and 4 days. In cell colony formation assay, cells were plated
into 6-well plates with an original number of 5000 and tested
after 1 week. For cell migration and invasion assay, cells
were seeded and examined using 24-well transwell chambers
(Corning,NY,USA)with orwithoutmatrigel coat. Cell apop-
tosis was examined by flow cytometry analysis using double-
staining with Annexin V-FITC and PI in A172 cells.

2.5. Western Blot. In this study, protein level of CMIP
(Proteintech 12851-1-AP1:1000) and MDM2 (Santa Cruz sc-
53041:1000) in A172 and U251 cells were determined by
Western blot analysis, as described in previous studies [3]. 𝛼-
Tubulin (Proteintech 66031-1-Ig 1:5000) was used as a control.

CMIP and MDM2 content of the cells were expressed in
relation to the level of 𝛼-Tubulin.

2.6. Patients and Tissue Samples. 99 paraffin-embedded sur-
gical glioma tissue specimens and 59 normal tissue specimens
were collected at the First Affiliated Hospital of Anhui Medi-
cal University (Hefei, Anhui, China) between 2009 and 2015.
No other diseases were diagnosed and no special therapies
were used in these patients before surgery. The clinicopatho-
logical parameters of patients with glioma were determined
based on the World Health Organization grading systems.
The patients with glioma were followed up for no less than 48
months. Informed consent was obtained from each patient
before we performed this study. Our study plan has been
approved by the institutional review board.

2.7. Immunohistochemistry (IHC). Protein expression of
CMIP in paraffin sections of human glioma tissues was
examined using immunohistochemistry analysis. Similar to
previous studies, immunohistochemistry analysis was carried
out using two-step histostaining method (Maixin, Fuzhou,
China) [3]. Briefly, the tissues were deparaffinized using
exlene and rehydrated using graded series of ethanol solu-
tions; antigen was retrieved using microwave oven heating
method; endogenous peroxidase activity was blocked using
3% hydrogen peroxide; tissues on the sections were incu-
bated with primary CMIP antibody (Proteintech 12851-1-AP
1:100) for 4 hours in 37∘C; tissues were incubated with uni-
versal horseradish peroxidase-conjugated detection reagent
(Maixin Biotech Co., Ltd.) for 20min in 37∘C; positive signals
were detected using 3,3-diaminobenzidine tetrahydrochlo-
ride (Maixin Biotech Co., Ltd.); tissues were counterstained
using hematoxylin. An Olympus microscopy (Olympus
America, Inc., Melville, NY) was used to evaluate the stained
sections. Sections with 10% or more stained cells were
designated as CMIP-positive, and sections with less than 10%
stained cells were designated as CMIP-negative.

2.8. Statistical Analyses. All experiments were repeated at
least three times. Unpaired two-tailed t-test was used for RT-
qPCR, MTT assay, cell colony formation assay, cell migra-
tion assay, cell invasion assay, and flow cytometry analysis.
For immunohistochemistry assay and clinicopathological
parameters analysis, Pearson’s chi-square test was used to
analyze the significance of the differences. Kaplan-Meier
curves were drafted to document the differences of patient
relapse-free survival (RFS) and overall survival (OS) between
high CMIP group and low CMIP group, and log-rank test
was used to analyze the differences. The differences were
considered significant when 𝑃 < 0.05.

3. Results

3.1. CMIP Promotes Proliferation of Human Glioma Cells. To
evaluate the base level of CMIP in different glioma cells, RT-
qPCR was carried out in human glioma cells H4, A172, and
U251. Among the three cell lines, mRNA level of CMIP
was the highest in A172 cells and the lowest in U251
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Figure 1: CMIP promotes proliferation of human glioma cells. (a) mRNA level of CMIP was examined in human glioma cells H4, A172,
and U251 by using RT-qPCR. (b) Protein level of CMIP was tested after transfection with CMIP-siRNA or negative control siRNA in A172
cells and after transfection with pIRESneo3-CMIP or pIRESneo3-Negative control in U251 cells by Western blot. (c) MTT assay and (d) cell
colony formation assay were carried out in A172 cells after transfection with CMIP-siRNA or negative control siRNA and in U251 cells after
transfection with pIRESneo3-CMIP or pIRESneo3-Negative control, respectively. ∗𝑃 < 0.05.

cells (Figure 1(a)). Therefore, we selected A172 to perform
CMIP knockdown-related experiments and U251 for CMIP
overexpressing-related experiments. Compared with nega-
tive control, CMIP-siRNA dramatically decreased the pro-
tein level of CMIP while pIRESneo3-CMIP dramatically

increased the protein level of CMIP (Figure 1(b)). In A172
cells, cell viability decreased significantly over a period of
4 days after transfection with CMIP-siRNA compared with
negative control siRNA (𝑃 < 0.05); meanwhile, cell viability
increased significantly over a period of 4 days in U251
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cells after transfectionwith pIRESneo3-CMIP comparedwith
pIRESneo3-Negative control (𝑃 < 0.05) (Figure 1(c)). Con-
cordantly, CMIP-siRNA significantly decreased cell colony
formation of A172 cells (45 ± 10 versus 23 ± 5, 𝑃 < 0.05)
and pIRESneo3-CMIP significantly promoted cell colony
formation of U251 cells (24 ± 4 versus 47 ± 7, 𝑃 < 0.05)
(Figure 1(d)). Moreover, flow cytometry analysis of A172 cells
showed that the apoptotic cell populationwas 3.1±0.3% in the
negative control group andwas 4.4±0.3% in theCMIP-siRNA
transfected group (𝑃 > 0.05) (see Figure S1 in Supplemen-
tary Material available online at https://doi.org/10.1155/2017/
5340160). As such, it can be deduced that CMIP promotes the
proliferation of human glioma cells, but no significant change
has been detected in the proportion of apoptotic cells.

3.2. CMIP Promotes Metastasis of Human Glioma Cells. For
further study, migration assay and invasion assay in human
glioma cells were performed to examine the role of CMIP in
cell metastasis. In A172 cells, both migration (171 ± 3 versus
78 ± 10, 𝑃 < 0.05) and invasion (149 ± 15 versus 76 ± 13, 𝑃 <
0.05) decreased significantly after transfection with CMIP-
siRNA compared with control (Figure 2(a)). Concordantly,
both migration (42±5 versus 145±8, 𝑃 < 0.05) and invasion
(48±3 versus 176±4,𝑃 < 0.05) increased significantly inU251
cells with overexpression of CMIP compared with control
(Figure 2(b)). Therefore, CMIP also promotes metastasis of
human glioma cells.

3.3. CMIP Regulates the Expression of MDM2. Next, we
selected several candidate genes to identify the downstream
mechanism of CMIP in human glioma cells. Among them,
MDM2 decreased obviously after being transfected with
CMIP-siRNA in A172 cells and increased significantly after
transfection with pIRESneo3-CMIP in U251 cells (Figure 3).
MDM2 has previously been reported as an oncogene [17, 18].
Therefore, MDM2 could be involved in the promoting role of
CMIP in cell proliferation and metastasis of human glioma
cells.

3.4. Association of CMIP Expression with Clinicopathological
Parameters in Glioma Patients. 99 glioma tissue specimens
and 59 normal tissue specimens were collected for clinical
study. Protein levels of these tissues were detected using
immunohistochemistry. As shown in Figure 4(a), positive
signals of CMIP protein in the tumor cells were mainly
located at the cytoplasm. CMIP expression was much higher
in glioma tissues compared with normal tissues (Figure 4(a)).
As shown in Table 1, in glioma tissues, 38 out of 99 cases
(38.4%) were CMIP-positive and 61 out of 99 cases (61.6%)
were CMIP-negative, whereas, in adjacent normal tissues,
12 out of 59 cases (20.3%) were CMIP-positive and 47 out
of 59 cases (79.7%) were CMIP-negative. The difference
of CMIP expression between glioma tissues and adjacent
normal tissues was significant (𝑃 = 0.018).

In addition, we conducted association analysis between
CMIP expression and clinicopathological parameters in the

Table 1: Expression of CMIP in glioma and adjacent normal tissues.

Group 𝑛
CMIP expression

Negative, 𝑛 (%) Positive, 𝑛 (%)
Tumor 99 61 (61.6) 38 (38.4)∗

Normal 59 47 (79.7) 12 (20.3)
Note. ∗𝑃 = 0.018.

glioma tissue specimens. These clinicopathological parame-
ters included patients’ age, gender, KPS (Karnofsky perfor-
mance score), and tumor grade. The percentage of tissues
with high CMIP expression in high-grade gliomas (grades
III-IV) (54.9%) was much higher than that in low-grade
glioma (grades I-II) (20.8%) (𝑃 = 0.001). However, the
differences between CMIP expression in relation to patients’
age, gender, orKPSwere not significant (all𝑃 > 0.1) (Table 2).

3.5. Association of CMIP Expression with Survival of Glioma
Patients. Furthermore, we used the Kaplan-Meier curves to
analyze the association of CMIP expression with RFS and OS
rates in the 99 patients. All patients were followed up formore
than 48 months. Compared with the low CMIP expression
group, patients in the high CMIP expression group exhibited
both lower RFS rate (𝑃 = 0.036) and lower OS rate (𝑃 =
0.001) (Figure 4(b)). Therefore, high CMIP expression is
associated with poor prognosis in glioma patients.

4. Discussion

Herein we systematically studied the role of CMIP in human
glioma both in vitro and in clinical tissues. Our study has
confirmed CMIP as an oncogene in human glioma, and this
is the first study to report the role of CMIP in human cancers.
Both proliferation and metastasis dramatically decreased
after blocking CMIP in glioma cell A172 with high expression
of CMIP, whereas, in glioma cell U251 with lowCMIP expres-
sion, both proliferation andmetastasis dramatically increased
after pIRESneo3-CMIP transfection. As for the downstream
mechanism, MDM2 is found to be positively regulated by
CMIP. Moreover, CMIP is expressed much higher in glioma
tissues compared with normal tissues in our analysis of 99
glioma tissues and 59 normal tissues. CMIP is found to be
positively associated with high tumor grade but not signifi-
cantly associated with patients’ age, gender, or KPS in these
tissues. Furthermore, high expression of CMIP confers a
worse prognosis in glioma patients, including lower RFS and
OS.

High-grade glioma remains a severe problem because of
its highly invasive and diffusive infiltrative nature. The opti-
mal treatment for patients with glioma is surgical resection
with chemotherapy, radiotherapy, or other adjuvant thera-
pies. But the outcomes are typically poor, and the average
survival of glioma patients is less than 18 months [1, 3, 20].
Studies on potential targets for molecular therapy of human
glioma are critical. Previous publications have reportedmany
miRNAs (microRNAs), oncogenes, and tumor suppressing
genes involved in the proliferation and metastasis of human

https://doi.org/10.1155/2017/5340160
https://doi.org/10.1155/2017/5340160
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Figure 2: CMIP promotes metastasis of human glioma cells. A172 cells were transfected with CMIP-siRNA or negative control siRNA and
U251 cells were transfected with pIRESneo3-CMIP or pIRESneo3-Negative control. (a) Migration assay and invasion assay were performed
in A172 cells after transfection. (b) Migration assay and invasion assay were performed in U251 cells after transfection. ∗𝑃 < 0.05.

glioma. These miRNAs include miR-491, miR-433-3p, miR-
221, andmiR-16 [21–24].The F-box protein FBXL18 promotes
glioma progression by promoting K63-linked ubiquitination
of Akt [25]. CXCL5 promotes the proliferation andmigration
of glioma cells [26]. On the other hand, KIAA0247 has been

reported to play a tumor suppressing role in proliferation,
angiogenesis, and promoting apoptosis of human glioma
[27]. SOX7 is associated with the suppression of human
glioma [28]. In this study, we confirmed that CMIP promotes
both proliferation and metastasis of human glioma and
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Figure 4: Association of CMIP expression with survival of glioma patients. (a) Expression of CMIP protein in glioma tissues and normal
tissues was detected using immunohistochemistry. Representative 200x photographs were shown (red arrows: normal tissue; black arrows:
glioma tissue). (b) Kaplan-Meier curves were made to show the difference in RFS and OS between high CMIP group and low CMIP group
in glioma patients.

demonstrated that CMIP is positively correlated with tumor
grade and poor RFS and OS in glioma patients. We have
therefore found a new potential target for glioma therapy.

As reported previously, MDM2 is associated with tumor
initiation and development of human glioma. MDM2 pro-
motes tumor proliferation and metastasis by downregulating
tumor suppressing genes including p53 [17, 29]. Yan et al. have

demonstrated that inhibition of MDM2 inhibits proliferation
andmotility of glioma cells [18]. It has also been reported that
activating the MDM2-TP53 pathway increases cell apoptosis
of glioma cells [30]. Herein, we verified that MDM2 is
upregulated by CMIP. While CMIP acts as a tumor promoter
in glioma, MDM2 is also reported to be an oncogene. MDM2
has also been reported to play tumor promoting role in
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Table 2: Association of CMIP expression with clinicopathological parameters from glioma patients.

Parameter 𝑛
CMIP expression (𝑛 (%))

𝑃
Low High

Age (years)
<50 62 38 (61.3) 24 (38.7) 0.931
≥50 37 23 (62.2) 14 (37.8)

Gender
Female 41 29 (70.7) 12 (29.3) 0.117
Male 58 32 (55.2) 26 (44.8)

KPS
<80 35 20 (57.1) 15 (42.9) 0.499
≥80 64 41 (64.1) 23 (35.9)

Grade
I-II 48 38 (79.2) 10 (20.8) 0.001
III-IV 51 23 (45.1) 28 (54.9)

Note. KPS (Karnofsky performance score).

human breast cancer, lung cancer, and colon cancer [31–33].
Therefore, it can be concluded that MDM2 contributes to the
oncogenic role of CMIP in human glioma.

In conclusion, this study is the first to examine the onco-
genic role of CMIP in human glioma. Systematical experi-
ments including in vitro cell experiments and clinical studies
were performed. High level of CMIP is associated with the
more malignant nature of glioma cells and bad prognosis of
patients with glioma. Our data suggested that CMIP could be
used as a new potential therapeutic target for human glioma.
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