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poma is one of the most common types of primary brain tumors in adults, accounting
for Wearly 40% of all central nervous system malignancies,'? and is one of the most
aggressive and lethal human cancer types.* They have the ability of higher proliferation,
invasion, migration, and lower apoptosis. In spite of advances in surgery, radiation
therapy, and chemotherapy, the prognosis of patients with gliomas has not significantly
improved, and the median survival time of patients is expected to be 12—15 months.*?
The unrestricted growth of glioma is not only the result of abnormal cell differentiation
and proliferation but also closely related to the inhibition of apoptosis.® During the
occurrence and development process of glioma, abnormal expression or mutation of
apoptosis-related genes not only block apoptosis but also promote the occurrence and
development of tumor.” Therefore, studying the underlying mechanism of glioma
apoptosis is of great significance.

Nuclear factor-kappa B1 (NF-kB1) is a member of the Rel gene family and
involved in the control of tumor cell growth, immune response, apoptosis, and tran-
scriptional regulation.® Studies have shown the association of NF-kB1 gene with
thyroid cancer, oral squamous cell carcinoma, and colorectal cancer.”!! However,
there is little research on the association of NF-xkB1 and gliomas. According to our
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previous study, NF-kB1 was highly expressed in gliomas.'?
However, the expression of NF-xB1 in different grades of
gliomas, the correlation between NF-xB1 and Bcl-2 expres-
sions in gliomas, and the research between NF-xB1 and
early apoptosis of glioma cells have not been reported so far.
Hence, in this study, the expression of NF-kB1 protein in
U87 and SHG44 glioma cells was downregulated by trans-
fecting the cells to NF-xB1 shRNA plasmid vector and, then,
observing the changes of early apoptosis of glioma cells.
Also, the correlation between NF-kB1 and Bcl-2 was
explored by in vitro experiments, which indicated that
NF-xB1 inhibited the early apoptosis of glioma cells by
promoting the expression of Bcl-2.

Materials and methods

Human tissue samples
For the study, 31 glioma samples were obtained from
31 Chinese patients between March 2000 and September 2016
from the Children’s Hospital of Soochow University and The
First Affiliated Hospital of Soochow University (Suzhou,
China). Patients included 19 men and 12 women. There were
eight cases of grade I glioma (pilocytic astrocytoma [PA]),
nine cases of grade II (diffuse astrocytoma [DA]), seven cases
of grade III (anaplastic astrocytoma [AA]), and seven cag
of grade IV (primary brain glioblastoma [GBM]), accord
ing to the 2007 World Health Organization claammicati

ethics committees of the
University and The Fi

Cell source ®d culture

Human glioma cell Wies U887 and SHG44 were purchased
from the Cell Bank Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). Cells were main-
tained in Dulbecco’s Modified Eagle’s Medium (DMEM,;
U87; Hyclone, Thermo Fisher Scientific, Waltham, MA,
USA) or RPMI-1640 medium (SHG44; Hyclone, Thermo
Fisher Scientific) supplemented with 10% fetal bovine
serum (FBS) and 100 U/mL penicillin/streptomycin. All
cultures were maintained in a humidified atmosphere of
5% CO, at 37°C.

RNA extraction and quantitative real-

time PCR

Total RNA from tissues (100 mg) and cells (1x107 cells)
were isolated using the TRIzol reagent (Thermo Fisher
Scientific) for both mRNA and miRNA analyses. Relative
levels of NF-kB1 and Bcl-2 mRNA were examined using
SYBR green quantitative real-time polymerase chain reac-
tion (QRT-PCR) (LightCycler® 480; Hoffman-La Roche
Ltd., Basel, Switzerland) and were normalized to levels of
GAPDH mRNA. The following primers were used: NF-xB1
forward, 5’-CCTCTCTCTAATCAGC -3 NF-kB1
reverse, 5-GAGGACCTGGGAG
forward, 5'-AGAAGGCTGGGGHE

ed into blank control group (mock), no-load
pup (negative), NF-xB1 silencing group (NF-kB1

on + Bcl-2 silencing group (NF-kB1 + Bcl-2 shRNA), and
three replicates in each group. When the cells reached a conflu-
ence of 40%—50%, Lipofectamine 2000 was used to mediate
no-load plasmid, NF-kB1 shRNA plasmid, NF-xB1 overex-
pression plasmid, and Bcl-2 shRNA plasmid transfections. In
the human glioma cell lines, U87 and SHG44, Lipofectamine
2000 was used to mediate NF-kB1 overexpression plasmid
and, then, the stable expression of the cell line was screened.
The Bcl-2 shRNA plasmid was further transfected with the
Lipofectamine 2000 reagent (Thermo Fisher Scientific)
according to the manufacturer’s instructions. Grouped cells
were collected at 24, 48, and 72 h after transfection.

Analysis of apoptosis

Cells were allowed to attach and proliferate in six-well plates
for 24 h before transfection with no-load plasmid and NF-kB1
shRNA plasmid. Human glioma cell lines U87 and SHG44 were
collected at 24, 48, and 72 h after transfection. Then, the pro-
portion of cells in early-stage apoptosis was detected using the
annexin V-PE Apoptosis Detection Kit (eBioscience, San Diego,
CA, USA) and flow cytometry (FACSCanto; BD Biosciences,
San Jose, CA, USA). Cells were washed once in phosphate
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buffered solution ([PBS]; Gibco, Thermo Fisher Scientific
USA) and once in 1x binding buffer. Cells were resuspended
in 1x binding buffer at 1-5x10¢mL. Fluorochrome-conjugated
annexin V (5 uL) was added to 100 UL cell suspension. Cells
were incubated for 10—15 min at room temperature. Cells were
washed in 1x binding buffer and resuspended in 200 uL of 1x
binding buffer. The 7-AAD Viability Staining Solution (5 uL)
was added, and the cells were analyzed by flow cytometry. All
analyses were carried out in triplicate.

Western blot analysis
After 72 h of transfection, the total protein of the abovemen-
tioned experimental group was extracted, quantified by Bradford
method, and 20 uL was added to each sample (protein amount
30 ug). Protein samples were separated with 12% sodium dode-
cyl sulfate polyacrylamide gel electrophoresis and transferred
onto nitrocellulose membranes. Membranes were incubated with
primary antibodies overnight at 4°C. Membranes were washed
and incubated for 2 h with horseradish peroxidase-conjugated
antirabbit secondary antibodies (ProSci, Poway, CA, USA),
followed by detection and visualization using electrochemilumi-
nescence Western blotting detection reagents (Pierce antibodies;
Thermo Fisher Scientific). The primary antibodies used were
anti-NF-kB1 (Abcam, Tokyo, Japan) and anti-Bcl-2 (

Statistical methods
The data were analyzed using the SPSS 1
ware (SPSS Inc., Chicago, IL, USA).

Results
NF-xB| apd

Bel-2 expressions in noncancerous
brain tissues @@ in different grades of glioma, we detected
mRNA expressio¥ levels of NF-kB1 and Bcl-2 in six nonneo-
plastic brain tissues and in 31 human glioma tissue samples.
gRT-PCR results revealed that the expression of NF-xB1 and
Bcl-2 in the tissue specimens of five groups was statistically
significant (P<<0.05; Figure 1A and B). Data showed that the
expression of NF-xB1 in glioma was significantly higher than
that in nonneoplastic brain tissues (P<<0.01; Figure 1A), and
the expression of NF-xB1 in I, II, I1I, and IV grades of glioma
was gradually increased; the difference was statistically signif-

icant (P<<0.05; Figure 1 A). At the same time, Bcl-2 expression

in the same brain glioma specimens was significantly higher
than that of the nontumor brain tissues (P<<0.01; Figure 1B),
and the expression of Bel-2 in [, I1, ITI, and I'V grades of glioma
was gradually increased; the difference was statistically sig-
nificant (P<<0.05; Figure 1B). In addition, we found that the
expression of NF-xB1 in glioma cell lines, U87 and SHG44,
was higher compared to noncancerous brain tissues (P<<0.01;
Figure 1C). Therefore, the expression trend of NF-kB1 and
Bcl-2 in the same glioma specimens was consistent.

NF-xB1 inhibits early apgatosis of
glioma cells
The experiment was divided i

silencing of NF-kB1 expression compared
o-load plasmid groups. The difference was

“kB| affects the expression of Bcl-2

mRNA

The relative expression levels of NF-xB1 and Bcl-2 mRNA
in each group (blank control group, no-load plasmid group,
NF-kB1 overexpression group, NF-kB1 silencing group, and
BCL2 silencing group) were analyzed by qRT-PCR. The
relative quantitative analysis of NF-kB1 mRNA expression
showed that compared to the blank and no-load plasmid
groups 2744 value, NF-xB1 shRNA plasmid group 2744
value was significantly decreased and the difference was
statistically significant (compared with the blank group
and no-load plasmid group, the expression of Bcl-2 in U87
and SHG44, P<<0.05; Table 1). In addition, the expression
of NF-xB1 mRNA showed no increase after silencing the
expression of Bcl-2 and no statistical significance was
observed (compared with the blank group and no-load plas-
mid group, the expression of NF-xB1 in U87 and SHG44,
P>0.05; Table 1). The relative quantitative analysis of Bcl-2
mRNA expression showed that the expression of Bcl-2
mRNA was significantly decreased after silencing NF-xB1
gene expression compared to blank and no-load plasmid
groups, and the difference was statistically significant (com-
pared with the blank group and no-load plasmid group, the
expression of Bcl-2 in U87 and SHG44, P<<0.05; Table 1).
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was significantly higher than that of the nontumor brain tissues (P<<0.01; B), an§
difference was statistically significant (P<<0.05; B). In addition, we found that the eX
brain tissues (P<<0.01; C). The same entry represents a class of tissue specimens, s|
primary brain GBM, Grade IV. Gliomas were divided into four grades

after NF-xB1 ove
sion, and the differen® was not statistically significant (com-

pression and silencing of Bcl-2 expres-

pared with the blank group and no-load plasmid group, the
expression of Bcl-2 in U87 and SHG44, P>0.05; Table 1).
These results confirmed that NF-xB1 affected the expression
of Bcl-2 mRNA.

NF-xB| affects the expression of Bcl-2

protein
After 72 h of transfection, the total protein was extracted
from each group (blank control group, no-load plasmid

e, the Bcl-2 expression in the same brain glioma specimens
210, 11l, and IV grades of glioma was gradually increased, and the
Bl in glioma cell lines, U87 and SHG44, was higher than the noncancerous
®plastic brain tlssues, PA, Grade |; DA, Grade 1I; AA Grade lll; GBM,

group, NF-kBI1 silencing group, NF-xB1 overexpression
group, Bcl-2 silencing group, and NF-kB1 overexpression +
Bcl-2 silencing group). The expression levels of NF-xB1 and
Bcl-2 proteins were analyzed by Western blotting (Figure 4)
and the gray value (Figure 5). Results showed that the
expression of NF-kB1 and Bcl-2 proteins in NF-kB1 shRNA
plasmid group was significantly decreased compared to the
blank group and no-load plasmid group (Figure 4A and B),
and the difference was statistically significant (P<<0.01;
Figure SA and B). The expression of NF-kB1 and Bcl-2
proteins was increased significantly in NF-xB1 overexpres-
sion plasmid group (Figure 4C and D), and the difference
was statistically significant (P<<0.05; Figure 5C and D). The
expression of Bcl-2 protein was not significantly reduced in
NF-xB1 overexpression + Bcl-2 silencing group (Figure 4E
and F), and the difference was not statistically significant
(P>0.05; Figure 5E and F). In addition, the expression
of NF-kBI1 protein was not significantly increased after
silencing of Bcl-2 gene expression (Figure 4C and D), and
the difference was not statistically significant (P>0.05;
Figure 5C and D).
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Figure 2 Early apoptotic rate detection in glioma cells by flow cytometry.
Notes: The early apoptotic rate of glioma cells (U87 and SHG44) was detected by flow
negative, and (C and F) NF-kBIl shRNA. Mock, blank group; negative, no-load plasmid g
Abbreviation: NF-kBI, nuclear factor-kappa BI.

C) U87 cells, (D—F) SHG44 cells, (A and D) mock, (B and E)
, NF-xBI silencing group.

Discussion .2 However, the correlation between NF-kB1 and

NF-kB1 gene is located on human chromo Bcl-2 expressions in gliomas and the underlying mechanism
between NF-kB1 and early apoptosis of glioma cells have
not been reported so far.

Glioma is one of the most common types of adult
primary brain tumors.'® The unrestricted growth of tumors

is not only due to abnormal cell differentiation and
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Figure 3 Early apoptotic rate detection of glioma cells by histograms.

Notes: The apoptotic rate of glioma cell lines (U87 and SHG44) was significantly increased after silencing of NF-xB| expression compared to mock and negative.
The difference was statistically significant (P<<0.01). (A) U87 cells and (B) SHG44 cells; **P<<0.01. Mock, blank group; negative, no-load plasmid group; NF-kBI shRNA,
NF-xBI silencing group.

Abbreviation: NF-kBI, nuclear factor-kappa BI.
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Table I qRTPCR for detecting NF-xBI| and Bcl-2 expressions in the blank control group, no-load plasmid group, NF-kBI shRNA
group, NF-xB| overexpression group, Bcl-2 shRNA group, and NF-xB| overexpression + Bcl-2 shRNA group (mean + SD)

Group Cases us7 SHG44

NF-xBI Bcl-2 NF-xBI Bcl-2
Blank control 3 1.314£0.027 2.027+0.198 3.948+0.028 4.676+0.184
No-load plasmid 3 1.145+0.125 1.70610.618 2.293+1.156 3.893+2.506
NF-kBI silencing 3 0.485+0.049* 0.302+0.031° 0.858+0.091° 1.88110.438°
NF-kB| overexpression 3 16.625%1.334 4.171£0.097° 14.023£0.591* 6.002+1.063°
Bcl-2 silencing 3 1.220+0.072° 0.700+0.072° 2.322+0.540° 1.66610.017°
NF-xB| overexpression + Bcl-2 silencing 3 15.818+0.292 1.848+0.342° 12.190+1.433 4.121£0.174°
F value 91.249 0.433 16.025 0.230
P-value 0.000 0.667 0.000 0.801

Note: Compared to the blank control group and no-load plasmid group: *the expression of NF-kB| in U87 and SHG44, P<<0.05; ®*compareg
plasmid group, the expression of Bcl-2 in U87 and SHG44, P<0.05.
Abbreviations: NF-kB|, nuclear factor-kappa Bl; qRTPCR, quantitative real-time polymerase chain reaction.

proliferation but is also closely associated with inhibition  thus induces cell apo@@&is. iti -KB can also
of cell apoptosis. Therefore, early apoptosis of glioma cells  inhibit cell apop

is of great significance. NF-xB1 acts as a DNA-binding tion of c-Jun
subunit in NF-xB complex.!® After being stimulated by  stress-activ’ d is a mitogen-activated

cytokines, such as TNF-a or DNA damage, the activated i e signal athway of another subclass."”

NF-«B then enters the nucleus and initiates the expression  Fingly, NF-xB can activate Akt and promote cell survival
of downstream target genes, thereby activating a series of  an y downregulating the expression of
cellular responses.!” The study has reported that NF-xB nsin homolog deleted on chromosome
pathway can enhance the expression of manganese sup y attempts to identify the expression of

oxide dismutase to remove reactive oxygen species an pn glioma cells. We found that NF-xB1 was

NF-xB1 NF-xB1

Bcl-2 Bcl-2

GAPDH GAPDH

NF-xB1 NF-xB1 NF-xB1

Bcl-2 Bcl-2

GAPDH GAPDH

Figure 4 Analysis of NF-kB| and Bcl-2 protein expressions in glioma cells by Western blotting.

Notes: Numbers |-3 are blank group, no-load plasmid group, and NF-kB| shRNA plasmid group; 4-6 are blank group, no-load plasmid group, and NF-xB| overexpression +
Bcl-2 shRNA plasmid group; 7-9 are no-load plasmid group, NF-kB| overexpression plasmid group, and Bcl-2 shRNA plasmid group; (A, C, and E) U87 cells and (B, D,
and F) SHG44 cells; relative molecular weight: NF-xB|: 50,000, Bcl-2: 26,000, and GAPDH: 36,000. NF-kB| shRNA, NF-kBI silencing; Bcl-2 shRNA, Bcl-2 silencing.
Abbreviation: NF-xBI, nuclear factor-kappa B1.
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-xB1 in I, II, III, and IV grades
of glioma wS¥@increased gradually; the difference was
statistically signi¥cant. In this study, we found that the early
apoptotic rate of U87 and SHG44 cells was significantly
increased after NF-kB1 shRNA transfection. It was found
that the expression level of NF-kB1 was related to the early
apoptosis of glioma cells.

Antiapoptotic gene Bcl-2 plays a crucial role in carcino-
genesis. It exists in mitochondria and has antiapoptotic
protein effect.?! Bcl-2 is different from the general oncogene
and tumor suppressor genes. The apoptotic gene controls
cell survival and does not affect cell proliferation.?> The
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antiapoptotic mechanisms of Bcl-2 include inhibition of ion
channel opening that is activated by IP3R, which thereby
inhibits the release of Ca2* from the endoplasmic reticulum
and produces antiapoptotic effect.® The coexpression of
Bcl-2 and P53 genes could delay the role of P53 gene-
induced apoptosis. Meanwhile, the synergistic effect of
Bcl-2 and c-myc could block the entry of P53 gene into
the nucleus, thus blocking the effect of P53 on apoptosis
and growth arrest.?* In addition, Bcl-2 can inhibit apoptosis
by participating in signal transmission.”® Few studies
have demonstrated a close association of Bcl-2 in glioma
development.?¢?” The results of this study showed that Bcl-2
expression in human glioma specimens was significantly
higher than normal brain tissues, and the expression of Bcl-2
in L, I, I11, and IV grades of glioma was increased gradually;
the difference was statistically significant. Hussein et al*®
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demonstrated that the expression of Bcl-2 protein was 5.

increased gradually with the increasing malignancy of human

gliomas, and our study results were consistent with these. It 6.

was found that the expression trend of Bcl-2 and NF-kB1 was
similar in the same glioma specimens, which indicated that -
NF-xB1 was closely related with Bcl-2. In vitro experiments
revealed that silencing of NF-kB1 expression could inhibit

the expression of Bcl-2, while overexpression of NF-kB1 8.

could promote the expression of Bel-2. Furthermore, over-
expression of NF-kB1 silenced the expression of Bcl-2 by

salvage strategy of the experiment. Results showed that the 9.

expression level of Bcl-2 was not significantly decreased.
These data suggest that NF-kB1 can promote the expression
of Bcl-2.

Conclusion
NF-xB1 overexpression can inhibit the early apoptosis of
glioma cells, and high expression of NF-kB1 can promote
the expression of antiapoptotic gene Bcl-2, which is closely
related to each other. In glioma cells, antiapoptotic mecha-
nism of NF-xB1 may be achieved by promoting Bcl-2
expression and provides a theoretical basis for studying
the antiapoptotic mechanism of tumor cells in associati
with NF-xBI1.
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