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 Background: This study investigated the mechanism underlying the activating mutation of SHP-2 in promoting malignant 
biological behaviors of glioma cells.

 Material/Methods: The SHP-2 empty plasmid pcDNA3.1 and SHP-2 activating mutation plasmid pcDNA3.1 SHP-2 D61G mutant eu-
karyotic expression vectors were designed; stable SHP-2-expressing cells transfected with pcDNA3.1 SHP-2 D61G 
mutant were set as the mutation group; cells transfected with pcDNA3.1 were set as the empty vector group; 
and cells without transfection were set as the control group. The cell reproductive capacity in each group was 
measured by MTT method. The invasion ability of cells in vitro was detected by Transwell chamber assay, the 
cell apoptosis in each group was detected by Annexin-V/PE dual-staining method, and the clone formation abil-
ity of cells in vitro was detected by Tablet clone-forming assay. The activation of ERK1/2, ARK, and p38MAPK 
signal pathways in each group was determined by Western blot.

 Results: After transfection, the expression of SHP-2 protein in the mutant group was significantly higher than that in 
the control group and empty vector group. The proliferation ability of transfected cells, the apoptosis rate, the 
invasion ability, and the expression levels of phosphorylated ERK1/2, AKT, and p38 in the mutation group was 
significantly higher than in the empty vector group and the control group (P<0.05). Moreover, the cell clone for-
mation ability of the mutation group was obviously enhanced (P<0.05).

 Conclusions: The activating mutation of SHP-2 can lead to malignant changes in biological behaviors of glioma cells, and 
the specific mechanism may be related to the activation of ERK1/2, AKT, and p38 signal pathway. SHP-2 pro-
tein may become a new target for anti-malignant transformation of glioma.
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Background

The malignant degree of glioma is high, and the prolifera-
tion ability, migration, and invasion of malignant tumor cells 
are strong, with refractoriness to treatment [1]. Studies have 
shown that [2], with current therapeutic regimens, the medi-
an survival time of patients is no more than 18 months, and 
the 5-year survival rate is no more than 5%. Therefore, it has 
become a clinical focus of attention to find new therapeutic 
methods or targets for glioma. Previous studies have confirmed 
that the malignant biological behaviors of glioma and other 
tumors may be related to gene mutation or deletion [3]. SH2 
domain-containing protein tyrosine phosphatase-2 (SHP-2) is 
one of the members of protein tyrosine kinase (PTK) family [4]. 
With relatively conserved molecular evolution, SHP-2 is widely 
expressed in human tissues, organs, and cells, participating in 
embryonic development and regulating cell proliferation, dif-
ferentiation, adhesion, migration, and other biological behav-
iors [5]. The literature has shown [6] that SHP-2 activating mu-
tation is closely related to the occurrence and progression of 
malignant tumors. Li et al. [7] found that the expression level 
of Tim-4 is closely associated with glioma, and Shang et al. [8] 
showed that miR-338-3p acted as a tumor-suppressing gene 
whose silencing can inhibit malignant biological behaviors of 
glioma cells. Research has shown that GOLPH3 and NDRG1 
both play an important role in glioma etiology [9]. However, 
there are few studies reporting the correlation between SHP-
2 and the malignant behaviors of glioma cells. Based on this 
and the related biological experiments, this study aimed to 
explore the possible mechanism of SHP-2 involvement in the 
malignant biological behaviors of glioma cells through trans-
fecting human glioma cell line U251 with SHP-2 eukaryotic 
expression vector, in order to provide a new reference for the 
treatment of malignant glioma in clinic.

Material and Methods

Reagents and instruments

Human brain glioma U251 cell line was purchased from Wuhan 
Punuosai Life Science & Technology Co., Ltd, SHP-2HRP anti-
body was purchased from Abcam Company (USA), and mono-
clonal antibodies of rabbit anti-human phospho-AKT, phos-
pho-ERK1/2, and phospho-p38 were purchased from Sigma 
Company (USA). The flow cytometer was the product of 
Beckman Company (USA), the SM600 multimode reader was 
purchased from Shanghai Yongchuang Medical Devices Co., Ltd, 
the BCA protein quantitative detection kit and Annexin-V apop-
tosis detection kit were purchased from Invitrogen Company 
(USA), and the Western blot specific kit was purchased from 
Guangzhou Saicheng Biotechnology Co. Ltd.

General methods

Construction of SHP-2 siRNA empty plasmid

According to the sequence and structure of the encoding gene 
of the target protein published on the website of http://www.
ncbi.nih.gov/, http://www.hprd.org/ FOXO3a, SHP-2 empty plas-
mid was designed using FastPCR, Primer 5.0, and other soft-
ware. The design is as follows: the upstream primer sequence 
was: 5’-CCGCTCGAGATGACATCGCGGAG-3’, the downstream 
primer sequence was 5’-CGCGGATCCTGTCTGAAACTCTT-3’. The 
primers were synthesized by Guangzhou Ribo Biotechnology 
Co. Ltd, and were sequenced after confirming with dou-
ble-enzyme digestion. The primers of the high expression 
plasmid pcDNA3.1SHP-2 were designed according to the 
cDNA encoding sequence of empty plasmid SHP-2, the 
design is as follows: the upstream primer sequence was 
5’-CCGCTCGAGATGACATCGCGGAGATGG-3’, the downstream 
primer sequence was 5’-CGCGGATCCCGTCTGAAACTTTTCTGCT-3’, 
and the product size was 1782bp. The reaction parameters 
were as follows: pre-denaturing at 95°C for 5 min, 95°C for 
1 min, 55°C for 1 min, and 73°C for 2 min. After a total of 30 
cycles, followed by product extension at 72°C for 10 min, the 
template of high expression plasmid pcDNA3.1 SHP-2 was 
obtained, and based on this, SHP-2D61G mutation protein 
(mutant) was obtained by PCR amplification (T>G). It was se-
quenced by Shanghai Bohao Biotechnology Co., Ltd after con-
firming with dual-enzyme digestion.

Establishment of U251 cell transfection and stable cell line

The U521 cells were cultured until adherent, and inoculat-
ed into 24-well plates. When the cell confluence achieved 
80%, G418 at 0, 400, 500, 600, 700, 800, and 900 g/mL were 
placed into the wells. The optimal screening concentration of 
G418 was determined by selecting the lowest working con-
centration which could cause all cell death. When cells were 
cultivated with the density of no less than 90%, and the cell 
viability was no less than 95% in trypan blue assay, the re-
combinant pcDNA3.1 SHP-2D61G mutant plasmid was trans-
fected into the U251 cells to establish the mutation group. 
Cells transfected with empty pcDNA plasmid were set as the 
empty vector group, and cells without transfection were set 
as the control group. For each of the above described groups, 
3 replicate wells were set. Cells were kept in culture continu-
ally and were passed at the ratio of 1: 6. The resistant clones 
were obtained after 15~21 days of screening. The individu-
al clones were picked up with the sterile tips of a pipette and 
kept at expansion for 21~30 days to obtain the optimal G418 
resistant stable U521 cell lines.
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Determination of SHP-2 protein expression by Western 
blot (the mRNA expression had been determined during the 
designing of SHP-2 expression vector, so mRNA expression 
requires no further quantification)

Cells of the mutation group were washed with PBS at 4°C 3 
times, 1 min/time, then 400 μL lysing buffer containing PMSF 
was dropped into the cells and maintained on ice for 30 min 
for cell lysis. The cells were then scraped and transferred into 
a 1.5-m LEP tube, and spun at 12 000 rpm at 4°C for 30 min. 
The protein in the supernatant was quantified by BCA assay 
according to the instructions of the kit. Thirty μg of loading 
proteins were boiled for 5 min in hot water, loaded for elec-
trophoresis, and then transferred onto the nitrocellulose mem-
brane. The expression of SHP-2 protein was determined by 
Western blot following the instructions of the kit. b-actin ex-
pression was set as the internal control, the gray-scale value 
was analyzed, and the ratio of the gray-scale value in each 
group was calculated.

Determination of effect of SHP-2 activating mutation on 
the biological behaviors of U251 cells

Detection of Cell proliferation by MTT method

Cells were cultured for 0 h, 24 h, and 48 h in each group, and 
the proliferation of the selected 3 wells of cells in each group 
was detected by MTT method. About 20 μl of 5 mg/mL MTT 
were dropped into each well for culturing in the dark at 37°C for 
4 h. The supernatant was then discarded, and about 120~150 
μl of DMSO liquid was dropped into each well; the culture 
plate was oscillated until all the crystals were fully dissolved. 
The absorbance at OD570nm of each well was detected by 
the reader, with 3 measurements to obtain an average value.

Determination of cell apoptosis by Annexin-V/PE dual- 
staining method

After all the cells of the 4 groups were treated by 4 μg/μL cis-
platin for 48 h, pancreatin digestion and collecting cells, and 
the cell density was adjusted to5×105/mL. Then, the cell apop-
tosis was determined by Annexin-V/PE dual-staining in accor-
dance with the instructions of the kit. The apoptosis rate was 
detected by flow cytometry.

Determination of cell invasion in vitro by Transwell chamber

After 48-h culturing, 200 μL of DMEM cell suspensions con-
taining 0.5% FBS were dropped into the upper chamber of 
the Transwell migration system, and 600 μL of DMEM con-
taining 2% FBS were dropped into the lower chamber of the 
Transwell migration system, then they were incubated at 
37°C with 5% CO2 for 12 h. The cells randomly moved into the 

lower chamber and were counted with the cell counter. The 
non-migrated cells in the upper chamber were cleared away. 
Cells which had moved through the cup hole to the bottom 
of the cup were fixed with methanol. After staining, cells con-
taining polycarbonate membrane were cleared off, and its re-
verse side was placed upward. The phase-contrast microscope 
was used for observing, photo-taking, and counting. Five vi-
sual fields were taken to calculate the average value. The op-
eration was repeated 3 times.

Detection of U251 cell clone formation ability

Flat plate clone formation test was used to detect the two-di-
mensional clone formation ability of the cells. The number of 
formed clones was counted, with the measuring standard as 
follows: the number of cells was no less than 50. The clone 
formation rate (%) is = the number of clones/the number of 
inoculated cells×100%, the detection was performed 3 times 
to obtain an average value.

Detection of expressions of phosphorylated ERK1/2, AKT, and 
p38 signal pathways by Western blot

The extraction and quantification of proteins were the same as 
described in 1.2.3. The expressions of phosphorylated ERK1/2, 
AKT, and p38 signal pathway was detected by Western blot. 
Five μl primary antibody-rabbit anti-human phospho-AKT, phos-
pho-ERK1/2 and phospho-p38 monoclonal antibodies (dilut-
ed with TBST liquid at the ratio of 1: 400) [13] were dropped, 
respectively, and then 5 μl alkaline phosphatase-labeled sec-
ond antibody was added. The rest of the procedures were per-
formed in accordance with the instructions of the kit, with b-
actin as the internal control. The gray-scale value was analyzed 
and the signal protein expression in each group was calculated.

Statistics processing

The experimental data were processed by SPSS 12.0 software, 
and the t test and variance analysis were used as the statisti-
cal methods for analysis of significant differences, SNK-q test 
was used for multiple comparison between groups, and P<0.05 
represents a statistically significant difference.

Results

Detection of protein expression level of U251 cells after 
transfection SHP-2

To determine SHP-2 protein expression level in U251 cells 
after transfection, Western blot analysis showed that, com-
pared with empty vector group, the intracellular protein ex-
pression level of SHP-2 of the mutation group was increased 
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significantly after transfection, and the difference was statis-
tically significant (n=3, P<0.05). As shown in Figure 1, this in-
dicates that SHP-2 is abnormally activated and results in mu-
tations after transfection of U251 cells.

Detection of the proliferation of glioma cells by the MTT 
method

To determine the proliferative activity of glioma cells after 
transfection, OD values at 570 nm of cells in the control group, 
empty vector group, and mutation group were detected after 
cultivated for 0 h, 24 h, and 48 h by the MTT method. At 0 h, 
there was no significant difference in the proliferation rats of 
the cells in each group (n=3, P>0.05), At 24 h and 48 h, the 
proliferation rate of the cells in the mutation group was sig-
nificantly higher than in the control group and the empty vec-
tor group, and the difference was statistically significant (n=3, 
P<0.05). As shown in Figure 2, this indicates that the prolifer-
ative activity of glioma cells was significantly enhanced after 
SHP-2 transfection at 24 h.

Detection of glioma cell proliferation activity by plate 
cloning formation test

Clonal formation ability is also one of the criteria to evaluate 
the activity of tumor cell proliferation, so we used the plate 
clone formation test to further test the value of cell prolifera-
tion activity. The results showed that there were cell clones in 
each group, but the clone formation rate in the mutant group 
was significantly higher than that in the control group and the 
empty vector group (t=17.295, P<0.05), as shown in Figure 3. 
This indicated that the clonogenic ability of the mutant group 
was significantly enhanced, which was consistent with the re-
sults of the previous MTT assay, further demonstrating that 
the proliferative activity of the glioma cells after SHP-2 trans-
fection was significantly enhanced.

Detection of apoptosis of glioma cells by Annexin-V/PE 
single-staining method

Apoptosis is one of the criteria for the detection of tumor cells, 
to determine the apoptosis of glioma cells after transfection, 
the number of cells in each group was detected by Annexin-V/
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Figure 1.  The SHP-2 protein expression level of SHP-2 ofU251 cells after transfection.
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PE monoclonal assay. The results revealed there were more 
apoptotic cells in the empty vector group and the control group, 
and the rate of apoptotic cells was significantly higher than 
that of the mutation group (P<0.05), as shown in Figure 4.

Determination of invasion ability of glioma cells in vitro by 
Transwell chamber assay

In vitro invasion ability is one of the important criteria for eval-
uating tumor cells. To determine the invasion ability of glioma 
cells transfected with SHP-2 in vitro, Transwell chamber method 
was used to determine the number of cells migrating into the 
lower chamber. The results showed that few cells moved into 
the lower chamber of the control group and the empty vector 
group, and there was no significant difference (N=3, P<0.05), 
and the number of cells that moved into the lower chamber 
of the mutant group was significantly higher than that of the 
control group and empty vector group (P<0.05), which indi-
cated that the invasion ability of the control group and empty 
vector group was significantly lower than in the mutant group, 
as shown in Figure 5.

Possible mechanisms of SHP-2 mutation affect the 
biological behavior of glioma cells

The above experimental results show that the mutation in-
duced by SHP-2 transfection enhanced the viability of glioma 
cells, including increased proliferation, decreased apoptosis, 
and increased invasive capacity. To briefly explore the possi-
ble mechanisms of SHP-2 mutations in glioma cells, the acti-
vation of p38, ERK1/2, and AKT signal pathways in each group 
were detected by Western blot. The results revealed that the 
expressions of p38, ERK1/2, and AKT in the mutation group 
were significantly higher than those in the empty vector group 
and the control group (P<0.05), as shown in Figure 6A–6C. If 
the specific antagonists SB203580, U0126, and PF-04691502 
of p38, ERK1/2, and AKT were added to SHP-2 transfected 
cells, the expression of phosphorylated p38, ERK1/2, and AKT 
in mutant group has no significant difference with the con-
trol group and the empty vector group (P>0.05), as shown in 
Figure 6D–6F. This suggests that the activation of enzymes 
such as p38, ERK1/2, and AKT are involved in SHP-2 mutations 
and affect the biological behavior of glioma cells, suggesting 
that SHP-2 mutations may be mediated by p38, ERK1/2, and 
AKT and other signal pathways to affect the biological behav-
ior of glioma cells.

Figure 4.  Comparison of the anti-apoptotic ability of the cells in each group. (A) Flow cytometric detection of apoptosis. (B) The anti-
apoptotic ability of each group cells (*# P<0.05).
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Discussion

SHP-2, as one of the subsets of protein tyrosine phosphatase 
family [10,11], plays an important role in cellular proliferation, 
apoptosis, differentiation, migration, and other processes, and 
is also the downstream signal molecule of a variety of cyto-
kines, gene antigens, and extracellular matrix. The literature 
showed that [12] there is a DNA substrate homology domain 
within the molecular structure of associated adapter protein 
2 (Gab2). Since multiple proline sequences and tyrosine res-
idues are contained in this region, it can be phosphorylated 
by a variety of cytokines or growth factors, thereby promot-
ing the signal transduction through the recruitment of down-
stream signal molecules. Furthermore, after producing signal 
pathway through interaction of SHP-2 and Gab2, SHP-2 can 
be catalyzed by phosphatase, which can positively regulate 
the PTKs receptor signal transduction pathway. Conversely, in 
certain circumstances, SHP-2 may also have a negative regu-
lation effect on cell signal transduction [13]. This makes SHP-2 
a bidirectional regulator for cytokines and growth-factors-me-
diated signal transduction. A previous study has shown [14] 
that abnormal expression of SHP-2 can promote the initiation, 
progression, and metastasis of breast cancer, gastric cancer, 
liver cancer, lung cancer, and other cancers. Therefore, there 
is great significance in prevention and treatment of glioma 
through studying the role and mechanism of SHP-2 in tumors.

A previous experiment proved that [15] the activating mutation 
points of SHP-2 in cancer patients mainly exist in the N termi-
nal SH2 domain or PTP domain. When the activating mutation 
occurs in these domains, it can lead to the partial or complete 
dissociation of the autologous binding of N-SH2 and PTP do-
mains, resulting in gene mutation in PTP domain, which can 
induce the upregulation of the phosphatase activity of SHP-
2 tyrosine, and leads to the aggregation of mutation-related 
binding regions. Furthermore, it can induce the activity of SHP-
2 from non to high through the amino acids replacement [16], 
as a result, the Gain-of-Function effects (GOF) were produced. 
In the present study, the pcDNA3.1 (empty SHP-2 particles) and 
pcDNA3.1SHP-2D61Gmutant (mutant SHP-2 particles) were 
transfected into glioma U251 cells by our experimental team, 
and clonal cells with the highest expression of SHP-2 protein 
were obtained after Western blot detection and screening, and 
were used in the subsequent tests for detecting cell malignant 
biological behaviors. Rapid cell proliferation and slow apopto-
sis are the typical characteristics of malignant tumor cells. The 
result of MTT assay revealed that the proliferation rate of cells 
from the mutation group was significantly higher than that of 
the control and empty vector groups (P<0.05), which revealed 
that SHP-2 transfection could promote the rapid proliferation of 
glioma cells. A previous study [17] has shown that the factors 
that affected the expression of SHP2 in breast cancer cells can 
alter the expression of AKT, so as to regulate the drug resistance 

Figure 5.  Comparison of the invasive movement ability of cells in vitro in each group.
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of cancer cells to cisplatin, and indirectly interfere with apop-
tosis. In this study, cisplatin induced cell apoptosis, as detect-
ed by Annexin-V/PE dual-staining, revealed that the cell apop-
tosis rate in the mutation group was significantly lower than 
that in the control and empty vector groups (P<0.05), suggest-
ing that SHP-2 activating mutations can also affect the cisplat-
in drug sensitivity of glioma cells through inhibiting apoptosis.

Cell clone-forming ability can directly affect the population 
dependence and proliferation of tumor cells. The stronger the 
cloning ability is, the stronger tumorigenicity of tumor cells 
becomes, and the higher degree of malignancy is [18]. In the 
present study, the tablet cloning experiments showed that the 
cell clone formation number and colony formation rate from 
the mutation group were both significantly higher than those 
of the empty vector and control groups (P<0.05). This result 
demonstrates that SHP-2 has turned into a proto-oncogene 

Figure 6.  The expressing quantity of pro-apoptotic signal pathway protein by phosphorylation in the cells of each group. (A) The 
expression of protein p-p38; (B) The expression of protein p-ERK; (C) The expression of protein p-AKT; (D) The expression 
of p-p38 protein after added antagonists SB203580; (E) The expression of p-ERK protein after added the antagonist U0126; 
(F) The expression of p-AKT protein after added the antagonist PF-04691502.
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after its activating mutation. It mediates the malignant prolif-
eration signaling pathway in place of the normal cell growth 
signaling pathway, thus increasing the degree of malignancy 
and the invasion ability of glioma cells. The invasion and me-
tastasis of tumors are mainly due to the high adhesion and 
invasion ability of tumor cells. In the present study, the ex-
perimental results revealed that the migration, adhesion, and 
invasion abilities of the cells in the mutation group were sig-
nificantly higher than those of the empty vector and control 
groups (P<0.05), proving that SHP-2 plays an important role in 
the processes of promoting proliferation and invasion of gli-
oma cells. Data in the literature [19] show that the possible 
mechanism may be that the SHP-2 mutation increases the ex-
pression of matrix metalloproteinase, and decreases the ex-
pression of E-cadherin in glioma cells, thereby increasing the 
fluidity of cells, and cells could become easy to invade and 
metastasize to distant tissues or organs.

2937
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Zhao Y. et al.: 
SHP-2 activation mutations and glioma cells
© Med Sci Monit, 2017; 23: 2931-2938

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



The mitogen-activated protein kinase (MAPK) signal transduc-
tion pathway is one of the main signal transduction pathways 
of eukaryotic cells [20], and the activated MAPK can phosphor-
ylate nuclear transcription factors and other protein kinases, 
trigger the relevant gene transcription machinery, regulate 
cell growth, proliferation, and apoptosis, and other physiolog-
ical processes. ERK and P38 are members of the MAPK family. 
Under certain conditions, activation of the ERK signaling path-
way can transfer a stimulus signal from outside into cells [21], 
thereby affecting cell growth, proliferation, and differentiation, 
and promoting cell abnormity, malignant transformation, and 
tumor formation. As one of the important pathways of intra-
cellular and extracellular membrane receptor signal transduc-
tion, phosphatidyl inositol kinase-3/Serine (threonine) protein 
kinase (PI3K/AKT) can also regulate cell proliferation, differ-
entiation, survival, and migration [22]. In the present study, 
effects of SHP-2 activating mutation on the activation of P38, 
ERK1/2, and AKT pathways were detected through Western 
blot. The results revealed that P38, ERK1/2, and AKT signal 
transduction pathways were highly activated, and the protein 
expressions were upregulated in the SHP-2 activating mutant 
glioma cells, suggesting that effects of SHP-2 activating muta-
tion and overexpression on the biological phenotype of glioma 
cells are related to the activation of RAS-RAF-MAPK and PI3K-
AKT pathways. In addition, the pharmacological mechanism 

of cisplatin is to transfer the damage message by coupling 
with cell DNA, and inhibit the activation of PI3K/AKT, MAPK, 
and P38 pathways to induce cell apoptosis. However, SHP-
2 can activate the high expressions of PI3K/AKT, MAPK, and 
P38, and increase the apoptosis threshold [23], which results 
in tolerance to apoptosis induced by cisplatin. It thus can be 
seen that the underlying mechanism of changes of malignant 
biological behaviors of glioma cells induced by SHP-2 activat-
ing mutation may be related to the activation of P38, ERK1/2, 
and AKT signaling pathways.

Conclusions

SHP-2 activating mutation can promote glioma cells to exhibit 
malignant biological behaviors of apoptosis, proliferation, and 
invasion, and its mechanism may be related to the activation 
of P38, ERK1/2, and AKT signaling pathways. SHP-2 can thus 
function as a potential anti-cancer target, so as to improve the 
prevention and treatment of glioma.
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