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ties of glioma cells by modulating P53, and its 
expression was confirmed to be significantly rel-
evant to the incidence of lymph node or distant 
metastasis.
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Introduction

Glioma is the most common malignant tu-
mor of adult central nervous system. According 
to the statistics of the American Brain Tumor 
Registry (CBTRUS), glioma accounts for 28% 
of all central nervous system tumors and 80% of 
intracranial malignant tumors1,2. Among them, 
the median survival time of glioblastoma is less 
than 1.5 years, while the 5-year survival rate is 
only 0.05%-4.7%3,4. The pathogenesis of glioma 
is not very clear, and it is generally believed to 
be related to genetic, immune dysfunction, living 
environment, etc. Currently, the exposure to high 
dose of ionizing radiation and mutation of high 
penetrability gene related to rare syndrome have 
been identified as two risk factors for glioma5,6. At 
present, the treatment of glioma mainly includes 
surgical resection combined with postoperative 
radiotherapy and chemotherapy7. Surgery can 
safely remove tumor lesions in the largest range, 
thus delaying clinical symptoms, improving pa-
tients’ quality of life, extending survival time, and 
obtaining specimens for pathological diagnosis 
and molecular biology research8,9. However, due 
to the invasive growth of glioma, surgical treat-
ment is difficult to achieve complete resection, 
which often leads to the relapse. The postopera-
tive adjuvant therapies, such as chemotherapy and 
radiotherapy, cannot kill glioma cells in a highly 
specific way, and may also produce toxic and side 
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PATIENTS AND METHODS: The expression lev-
el of SAMD12-AS1 in 40 pairs of tumor tissue spec-
imens and paracancerous ones collected from gli-
oma patients were examined through Real Time 
quantitative-Polymerase Chain Reaction (qRT-
PCR) method, and the interplay between SAMD12-
AS1 expression and clinical indicators of glioma 
patients was also analyzed. Meanwhile, the ex-
pression of SAMD12-AS1 in glioma cell lines was 
further verified by qRT-PCR. In addition, SAMD12-
AS1 knockdown model was constructed using gli-
oma cell lines (T98-G and U87). Cell Counting Kit-
8 (CCK-8), cell wound healing test, and transwell 
assays were conducted to examine the impact of 
SAMD12-AS on glioma cell functions. Additional-
ly, whether it exerted its biological characteristics 
through P53 was finally explored. 

RESULTS: qPCR results in the study re-
vealed that SAMD12-AS1 expression in tumor 
tissue specimens of glioma patients was re-
markably higher than that in the adjacent ones, 
and the difference was statistically significant. 
Compared with patients with low expression of 
SAMD12-AS1, patients with high expression of 
SAMD1-AS1 had a higher incidence of lymph 
node or distant metastasis. In addition, com-
pared to the NC group, knocking down SAMD12-
AS1 markedly attenuated the proliferation rate, 
as well as the invasiveness and migration ability 
of glioma cells. Subsequently, in glioma tissues, 
it was verified that P53 expression was remark-
ably decreased and negatively correlated with 
SAMD12-AS1. Finally, cell recovery experiment 
also demonstrated that there may exist a mu-
tual regulation between SAMD12-AS1 and P53, 
which then together affected the malignant pro-
gression of glioma.

CONCLUSIONS: LncRNA SAMD12-AS1 may 
accelerate the invasion and migratory capaci-
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effects of the central nervous system10. Therefore, 
it is of great importance to elucidate the underly-
ing mechanism of glioma and find more potential 
therapeutic targets to improve the current diagno-
sis and treatment11.

Long non-coding RNA (LncRNA), located in 
the nucleus or cytoplasm, is a type of RNA with a 
transcription length of more than 200 nucleotides 
and no protein coding function12,13. According to 
the positions of lncRNA and coding genes, they 
can be divided into five types, namely, lncRNA, 
antisense lncRNA, bi-directional lncRNA, in-
tra-gene lncRNA, and extracellular lncRNA13. 
LncRNA can mediate signaling pathway, function 
as molecular bait, provide molecular guidance for 
ribonucleoprotein complex to specific chromatin 
sites, and function as scaffold of complex forma-
tion14,15. LncRNA can regulate the expression of 
protein-coding genes at epigenetic, transcriptional, 
and post-transcriptional levels16. Current studies14,17 
have shown that the expression levels of some ln-
cRNA are remarkably different in normal tissues 
and tumor tissues, and the abnormally expressed 
lncRNA is closely related to the occurrence and 
development of tumor, suggesting that lncRNA 
will play a pivotal role in the diagnosis, treatment, 
and prognosis of tumor. Liu et al18 have found that 
the newly discovered LncRNA SAMD12-AS1 may 
play an important role in tumor progression. How-
ever, few studies have mentioned the function of 
SAMD12-AS1 in glioma. Thus, exploring the spe-
cific function of LncRNA SAMD12-AS1 in glioma 
might provide a new understanding of the patho-
genesis and provide a potential therapeutic target 
for glioma treatment.

Human P53 gene is located at 17p13.1, which 
is composed of 11 exons and 10 introns19,20. The 
wild-type P53 protein encoded by P53 transcrip-
tion translation is composed of 393 amino acid 
residues and contains multiple functional do-
mains21,22. Activated P53 protein induces a variety 
of biological effects by regulating the expression 
of its target genes and downstream signal trans-
mission22. Some studies23,24 have shown that ex-
cessive expression and activation of P53 can lead 
to malignant transformation of cells and the oc-
currence and development of tumors, so the sig-
nal transduction pathway involved in P53 has also 
become a research hotspot for the targeted thera-
py of malignant glioma. Currently, the regulation 
mechanism of LncRNA SAMD12-AS1 in P53 
in glioma cells has rarely been explored. There-
fore, in this study, the possible roles of LncRNA 
SAMD12-AS1 and P53 in the occurrence and 

development of glioma and their molecular reg-
ulatory mechanism were expounded respectively, 
which may bring new ideas for the diagnosis and 
treatment of glioma.

Patients and Methods

Glioma Samples
Tumor tissue samples and paracancerous ones 

of 40 glioma patients undergoing glioma radical 
resection were collected. All patients did not re-
ceive any radiotherapy or chemotherapy before 
surgery. The pathological classification and stag-
ing criteria of glioma were performed according 
to the international collateral cancer staging cri-
teria (international union against cancer, UICC). 
Patients and their families in this study had been 
fully informed, and our research was approved by 
the Ethics Oversight Committee. This study was 
also approved by the Animal Ethics Committee of 
Soochow University Animal Center.

Cell Lines and Reagents
The human glioma cell lines (U251, U87, 

T98-G, A172) and Human brain normal glial cell 
line (HEB) were purchased from the American 
Type Culture Collection (ATCC; Manassas, VA, 
USA). High glucose Dulbecco’s Modified Eagle’s 
Medium (DMEM) medium and fetal bovine se-
rum (FBS) were purchased from Life Technolo-
gies (Gaithersburg, MD, USA). All cell lines were 
cultured with DMEM high glucose medium con-
taining 10% FBS, penicillin (100 U/mL) and strep-
tomycin (100 μg/mL) in a 37°C, 5% CO2 incubator.

Transfection
T98-G and U87 glioma cells were seeded in-

to 6-well plates and cultured to a cell density of 
about 50%-70%. sh-NC and sh-SAMD12-AS1 
sequence were transfected into glioma cells. Sub-
sequently, after simultaneously transfected with 
sh-SAMD12-AS1 and sh-P53, glioma cells were 
collected for quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR) analysis and cell 
function experiments 48 hours later.

Cell Proliferation Assay
The transfected cells were collected and plated 

into 96-well plates at 2000 cells per well. After cul-
tured for 24 h, 48 h, 72 h, and 96 h respectively, 10 
μL of Cell Counting Kit-8 (CCK-8) solution (Do-
jindo, Kumamoto, Japan) was added per well for 
incubation for 1 hour, and then, the optical density 
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(OD) value of each well was measured in the mi-
croplate reader at 450 nm absorption wavelength. 

Cell Wound Healing assay
The cells after transfection for 48 hours were 

digested, centrifuged, and resuspended in the 
medium without FBS to adjust the density to 5 
x 105 cells/mL. The density of the plated cells 
was determined according to the size of the cells 
(the majority of the number of cells plated was 
set to 50000 cells/well), and the confluence of 
the cells reached 90% or more the next day. Af-
ter the stroke, the cells were rinsed gently with 
phosphate-buffered saline (PBS) for 2-3 times 
and observed again after 24 hours incubation with 
low-concentration serum medium.

Transwell Assay
When the cell density reached to 3 × 105/well, 

they were seeded in a 6-well plate. Liposomal 
transfection experiments can be performed when 
cell confluence reached 80%. Positive clones were 
selected for expanded culture for subsequent tran-
swell experiments, and the transwell chamber 
containing Matrigel and no Matrigel was placed 
in a 24-well plate. 200 μL of the cell suspension 
was added in the upper chamber, and 500 μL of 
a medium containing 10% FBS was added to the 
lower chamber. After incubated in a 37°C incuba-
tor for 48 hours, the chamber was removed, fixed 
with 4% paraformaldehyde for 30 minutes, and 
stained with crystal violet for 15 minutes. Sub-
sequently, the cells were washed with PBS, and 
the inner surface of the basement membrane of 
the chamber was carefully cleaned to remove the 
inner layer cells. The perforated cells stained in 
the outer layer of the basement membrane of the 
chamber were observed under the microscope, 
and 10 fields of view were randomly selected.

QRT-PCR
The total RNA was extracted in one step by 

TRIzol reagent (Invitrogen, Carlsbad, CA, USA), 
and reverse transcribed into the first strand of 
complementary deoxyribose nucleic acid (cDNA) 
using PrimeScript RT Reagent reverse transcrip-
tion kit. The qPCR reaction was performed using 
SYBR® Premix Ex TaqTM and StepOne Plus Real 
Time-PCR system. The following primers were 
used for qPCR reaction: SAMD12-AS1: forward: 
5’-CGTCTCTCCAAAGCAACTGAA-3’, reverse: 
5’-CTTGAACTCCAGCAACTCTAGTC-3’; P53: 
forward: 5’-ACTGCCTTCCGGGTCACTGC-3’, 
reverse: 5’-GTCAGTGGGGAACAAGAAGT-

GGAG-3’; β-actin: forward: 5’-CCTGGCAC-
CCAGCACAAT-3’, reverse: 5’-GCTGATCCA-
CATCTGCTGGAA-3’. Three replicate wells 
were repeated for each sample and the assay was 
repeated twice. The Bio-Rad (Hercules, CA, 
USA) PCR instrument was used to analyze and 
process the data. The β-actin and U6 genes were 
used as internal parameters, and the gene expres-
sion was calculated by 2-ΔΔCt method.

Western Blot
The total proteins of tissues or cells were ex-

tracted by radioimmunoprecipitation assay (RI-
PA) lysate (Beyotime, Shanghai, China). After 
the protein concentration was determined by the 
Bradford method, the protein sample was de-
natured at 100°C for 5 min, and an appropriate 
amount of the loading buffer was added. The 
denatured protein sample was pipetted to the 
sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) gel, transferred to 
polyvinylidene difluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA), and blocked 
with 5% skim milk for 1 h at room temperature. 
The primary antibody against P53 (1:1000) was 
added for incubation overnight at 4°C shaker. In 
the next day, the membrane was rinsed 3 times 
with Tris-Buffered Saline-Tween 20 (TBST) and 
incubated with second antibody for 1 h at room 
temperature. After that, the protein samples on 
the membrane were finally semi-quantitatively 
analyzed by alpha SP image analysis software.

Statistical Analysis
The statistical analysis was performed using 

the Statistical Product and Service Solutions 
(SPSS) 22.0 statistical software (IBM Corp., Ar-
monk, NY, USA). The t-test was used to compare 
the measurement data, and the categorical vari-
ables were analyzed by χ2-test or Fisher’s exact 
probability method. Survival analysis was per-
formed using the Kaplan-Meier method and sur-
vival curves were plotted. Data were expressed as 
mean ± standard deviation, and p<0.05 was con-
sidered to be statistically significant.

Results

SAMD12-AS1 Was Highly Expressed in 
Glioma Tissues and Cell Lines

To investigate the expression pattern of 
SAMD12-AS1 in glioma patients, we analyzed 
the expression of SAMD12-AS1 by qRT-PCR and 
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found that SAMD12-AS1 was highly expressed 
in glioma tissues relative to paracancerous tissue 
samples (Figure 1A). Additionally, SAMD12-AS1 
showed a markedly higher expression level in gli-
oma cell lines than in HEB, especially in T98-G 
and U87 cell lines, which were therefore selected 
for subsequent experiments (Figure 1B). These 
results suggested that SAMD12-AS1 might play a 
crucial role in glioma.

SAMD12-AS1 Expression Was Correlated 
with Lymph Node and Distance 
Metastasis in Glioma Patients

The interplay between SAMD12-AS1 level and 
some clinical indicators of glioma patients in-
cluding the age, sex, and pathological stage, along 
with the situation of lymph node or distant metas-
tasis were analyzed according to the tissue speci-

mens obtained from the 40 patients with glioma. 
As shown in Table I, SAMD12-AS1 low expres-
sion was positively correlated with the incidence 
of glioma lymph node or distant metastasis, but 
not with other indicators.

Knockout of SAMD12-AS1 Inhibited Cell 
Proliferation, Migration, and Invasion 
in Glioma

To figure out the impact of SAMD12-AS1 on 
the function of glioma cells, we first success-
fully constructed SAMD12-AS1 knockdown 
cell model and verified it by qPCR (Figure 
1C). Subsequently, the examination of glio-
ma cell proliferation, invasion, and migration 
abilities were performed in the T98-G and U87 
cell lines, respectively. As a result, CCK-8 and 
transwell assays demonstrated that compared 

Figure 1. High expression of SAMD12-AS1 in glioma tissues and cell lines. A, qRT-PCR was used to detect the difference in 
expression of SAMD12-AS1 in glioma tumor tissues and adjacent tissues. B, qRT-PCR was used to detect the expression level 
of SAMD12-AS1 in glioma cell lines. C, qRT-PCR verified the interference efficiency of SAMD12-AS1 after transfection of 
the SAMD12-AS1 knockdown vector in the T98-G and U87 cell lines. Data are mean ± SD, *p<0.05, **p<0.01, ***p<0.001.
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with the NC group, the proliferation, as well as 
the invasiveness and migration abilities of gli-
oma cells, were all remarkably attenuated after 
knockdown of SAMD12-AS1 (Figure 2A, 2B). 
Meanwhile, the cell wound healing test showed 

that SAMD12-AS1 downregulation caused a 
decrease in the crawling ability of glioma cells 
(Figure 2C). In sum, knockout of SAMD12-
AS1 inhibited cell proliferation, migration, and 
invasion in glioma.

Figure 2. Knockdown of SAMD12-AS1 inhibits glioma cell proliferation and invasion and migration. A, The CCK-8 assay was 
performed to detect the effect of transfection of the SAMD12-AS1 knockdown vector on the proliferation of glioma cells in the 
T98-G and U87 cell lines. B, The transwell migration invasion assay was performed to detect the invasion and migration ability 
of glioma cells after transfecting the SAMD12-AS1 knockdown vector in the T98-G and U87 cell lines (magnification: 40×). 

Figure continued
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Figure 2. (Continued). C, Cell wound healing assay was performed to detect the crawling ability of glioma cells after 
transfecting the SAMD12-AS1 knockdown vector in the T98-G and U87 cell lines (magnification: 40×). Data are mean ± SD, 
*p<0.05, **p<0.01.

Table I. Association of lncRNA SAMD12-AS1 expression with clinicopathologic characteristics of glioma.

	 SAMD12-AS1 expression

Parameters	 Number of cases	 Low (%)	 High (%)	 p-value

Age (years)				    0.492
  <60	 21	 12	 9
  ≥60	 19	 9	 10
Gender				    0.492
  Male	 19	 9	 10
  Female	 21	 12	 9
Tumor size				    0.707
  ≤2 cm	 20	 8	 10
>2 cm	 20	 11	 9
T stage				    0.907
  T1-T2	 25	 13	 12
  T3-T4	 15	 8	 7
Lymph node metastasis				    0.028
  No	 27	 17	 10
  Yes	 13	 4	 9
Distance metastasis
  No	 26	 17	 9	 0.011
  Yes	 14	 4	 10
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P53 Was Lowly Expressed in Glioma 
Tissues and Cell Lines

Bioinformatics studies have revealed that 
there may be some association between 
SAMD12-AS1 and P53 in gliomas. It was 
found by Western blot that the knockdown of 
SAMD12-AS1 in glioma cell lines remarkably 
enhanced the expression of P53 protein, indicat-
ing a close interaction between SAMD12-AS1 
and P53 (Figure 3A); similarly, qPCR reflect-
ed the same trend (Figure 3B). In addition, in 
glioma tissue samples, P53 expression was also 
found reduced compared to the paracancerous 
ones (Figure 3C), which indicated a negative 
correlation between SAMD12-AS1 and P53 in 
glioma tissues (Figure 3D).

SAMD12-AS1 Modulated P53 Expression 
in Human Glioma Cells

To further explore the ways in which SAMD12-
AS1 and P53 promote malignant progression of 
gliomas, we simultaneously knocked down P53, 
as well as SAMD12-AS1, in glioma cell lines and 
verified the transfection efficiency through West-
ern blot (Figure 3E). Subsequently, the transwell 
migration assay demonstrated that the co-trans-
fection of P53 and SAMD12-AS1 remarkably ele-
vated the number of transmembrane glioma cells 
in the transwell chamber, which counteracted the 
influence of SAMD12-AS1 knockdown on glioma 
cell metastasis ability (Figure 3F).

Knockout of SAMD12-AS1 Inhibited 
Glioma Progression In Vivo

To better explore the role of SAMD12-AS1 in 
vivo, the transfected T98-G cell line was inocu-
lated in situ into each nude mouse and injected 
in the left axilla. As shown in Figure 4A and 
4B, the tumor volume of nude mice inoculated 
with the SAMD12-AS1 knockdown vector was 
reduced. As expected, the tumor weight knock-
down of SAMD12-AS1 was reduced compared 
to the sh-NC group (Figure 4C). Subsequently, 
the RNA of the tumor-forming tissues of nude 
mice was extracted, and qPCR results showed 
that the expression of SAMD12-AS1 in the tu-
mor-forming tissues of nude mice was remark-
ably decreased after knocking down SAMD12-
AS1 (Figure 4D), while P53 expression showed 
the opposite trend (Figure 4E), suggesting that 
the knockdown of SAMD12-AS1 could suppress 
tumor formation in vivo. These results suggest-
ed that the knockout of SAMD12-AS1 inhibited 
glioma progression in vivo.

Discussion

Fundamentally, tumor is a genetic disease that 
changes the flow of cell information, which not 
only affects cell homeostasis but also produces 
growth-promoting effects25. The discovery of the 
universal genetic code of protein-coding genes 
has completed a series of breakthroughs in the 
understanding of the effect of mutations on tu-
mors, and established a scientific theoretical basis 
for targeted therapy of malignant tumors25,26. The 
most unexpected discovery in the age of genom-
ics was the widespread transcription of RNA in 
non-coding regions of the genome27.

LncRNA plays an indispensable role in the 
initiation of tumor genesis and progression 
through lncRNA-mediated biological mecha-
nisms12-14. Abnormal lncRNA expression in tu-
mors indicates that lncRNA can also serve as 
an independent predictor of tumor prognosis15. 
Functionally, many lncRNAs can regulate the 
expression of some key genes through epigene-
tic level and the effect on gene enhancers. Ln-
cRNA can also regulate the activity of tumor 
suppressor genes. Besides, lncRNA also plays a 
regulatory role in mRNA processing and trans-
lation14,16,17. Therefore, finding the lncRNA that 
is abnormally expressed in tumor tissues, deter-
mining its target mRNA, and defining the func-
tion of the expression product of target mRNA 
are the key steps to elucidate the mechanism of 
tumor occurrence and development, as well as 
the necessary theoretical basis for the targeted 
treatment of tumor with miRNA14,17.

In this study, qPCR revealed a higher expres-
sion of SAMD12-AS1 in glioma tissue samples 
than in the adjacent normal ones; meanwhile, its 
expression was found positively correlated with 
the incidence of lymph node and distant metasta-
sis, suggesting that SAMD12-AS1 may act as can-
cer-promoting gene in glioma. Tumor metastasis 
refers to the process in which tumor cells shed and 
spread from the in situ to the remote target organ 
and adapt to the new tissue microenvironment. 
The two necessary conditions for the smooth im-
plementation of the process are movement and 
survival14,18. In this study, to further figure out the 
impact of SAMD12-AS1 on the biological func-
tion of glioma, lentivirus was used to construct 
SAMD12-AS1 knockdown model, and the results 
of cell scratching and transwell assay revealed 
that SAMD12-AS1 could promote the metastasis 
of glioma and play a pivotal role, but the specific 
molecular mechanism still remains elusive.
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Figure 3. Low expression of P53 in glioma tissues and cell lines. A, Western blot verified the expression level of P53 after 
transfection of the SAMD12-AS1 knockdown vector in the T98-G and U87 cell lines. B, qRT-PCR verified the expression 
level of P53 after transfection of the SAMD12-AS1 knockdown vector in the T98-G and U87 cell lines. C, qRT-PCR was used 
to detect the difference in expression of P53 in glioma tumor tissues and adjacent tissues. D, There was a significant negative 
correlation between the expression levels of SAMD12-AS1 and P53 in glioma tissues. E, Western blot was used to detect the 
expression of P53 in glioma cell lines co-transfected with SAMD12-AS1 and P53.

Figure continued
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Figure 3. (Continued). E, Western blot was used to detect the expression of P53 in glioma cell lines co-transfected with 
SAMD12-AS1 and P53. F, The transwell invasion assay was performed to detect the invasion and migration ability of glioma 
cells after co-transfection of SAMD12-AS1 and P53 in glioma cell lines (magnification: 40×). Data are mean ± SD, *#p<0.05.
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Figure 4. Knockdown of SAMD12-AS1 inhibits tumorigenicity in nude mice. A, Gross images of different nude mice after 
injection of sh-NC and sh-SAMD12-AS1 were shown, respectively. B, Tumor volume growth curves were calculated after in-
jection of sh-NC and sh-SAMD12-AS1, respectively. C, Tumor weight growth curves were calculated for different nude mice 
after injection of sh-NC and sh-SAMD12-AS1, respectively. D, qRT-PCR was used to detect the level of SAMD12-AS1 in the 
tumor-forming tissues of glioma in nude mice. E, qPT-PCR and Western blotting were used to detect the level of P53 in glioma 
tumor tissue of the nude mice. Data are mean ± SD, *p<0.05, **p<0.01.
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To clarify the biological function of lncRNA, 
we need to further search for its target genes and 
explore its interaction with lncRNA on the process 
of tumor genesis and development19-21. Subsequent-
ly, the expression of P53 was detected by RT-PCR, 
and the results showed that the expression of P53 
in brain glioma tumor tissues was remarkably 
downregulated. In addition, it was further verified 
that the knockdown of SAMD12-AS1 remarkably 
upregulated mRNA and protein expression of P53. 
Subsequently, the recovery experiment verified 
that the knocking down of P53 could remarkably 
improve the number of transmembrane penetrat-
ing glioma cells in the transwell chamber and their 
crawling ability after silencing SAMD12-AS1, 
thereby offsetting the role of SAMD12-AS1 silenc-
ing in invasion and metastasis of glioma cells.

 
Conclusions

SAMD12-AS1 expression was remarkably 
correlated with lymph node and distant metas-
tasis in glioma and it may enhance the invasive-
ness and migration ability of glioma cells via 
regulating P53.
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