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ABSTRACT

Previous reports suggest that DNA polymerase C is highly expressed in glioma tissues. The present
study aimed to investigate the roles of the REV7 subunit of DNA polymerase C in glioma cell
chemoresistance and its underlying mechanisms. The bioinformatics method was used to com-
pare the expression of REV7 in glioma and normal tissues. The expression of REV7 in glioma tumor
samples and the adjacent tissue was examined by reverse transcription polymerase chain reaction.
Moreover, an in vitro analysis using glioma cells was used to test the effects of REV7 siRNA on the
proliferation and apoptosis of glioma cell line U251 cells, and the effect of REV7 siRNA on the
sensitivity of the U251 cells to cisplatin was also explored. The expression of REV7 in glioma
tumors was significantly increased. Moreover, the knockdown of REV7 in glioma cells decreased
the proliferation and increased the apoptosis of U251 cells; moreover, REV7 siRNA also increased
the sensitivity of U251 cells to cisplatin. Finally, REV7 may regulate the proliferation, apoptosis,
and chemosensitivity of U251 cells by affecting phosphoinositide 3-kinase signaling. Our data
suggest that REV7 is involved in the chemosensitivity of glioma cells and provides a theoretical
basis for targeting DNA polymerase { to improve the sensitivity of glioma cells to chemotherapy.
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chemotherapy. Therefore, it is important to iden-
tify the mechanism underlying chemotherapy

Introduction
In recent years, glioma has become one of the

most commonly diagnosed types of cancer world-
wide [1-3]. With the recurrence and metastasis
ability of cancer cells, the number of patients diag-
nosed with malignant glioma is increasing [3-5].
Current anti-glioma therapies include chemother-
apy and surgery, and previous research has shown
that chemotherapy can improve the lifespan and
quality of life of most glioma patients [6,7].
Nevertheless, the resistance of glioma cells to che-
motherapy is a key factor affecting the efficacy of

resistance and develop effective methods to
improve the chemosensitivity of glioma cells.

The DNA repair mechanism of tumor cells is
a key factor affecting cell chemosensitivity.
Recently, studies have shown that translesion
DNA synthesis (TLS) is an emergency repair
mechanism  in  eukaryotic  cells  [8-10].
Translesion DNA synthesis plays an important
role in the repair of DNA damage induced by
ionizing radiation, and therefore enhances the
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radiation resistance of tumor cells. DNA polymer-
ase { (pol Q) is the key component of TLS [9-12]. It
mainly consists of two subunits, REV3L and
REV7. The REV3L protein is the catalytic subunit
and REV7 is the structural subunit [11]. Several
studies have shown that the subunits of pol { are
highly expressed in gliomas and are associated
with patient survival [13-15]. However, the mole-
mechanisms and signaling pathways
involved in the process of radiation resistance
induced by pol { require further investigation.

In this research, we aimed to explore the roles
of the REV7 subunit of polymerase ( in the che-
mosensitivity of glioma cells as well as its under-
lying mechanism. We  hypothesized that
knockdown of REV7 can regulate the chemosensi-
tivity of glioma cells via inhibiting the PI3K/AKT
signaling pathway.

cular

Materials and methods
Clinical samples

Glioma tumor tissues and paired adjacent normal
tissues were collected from 40 glioma patients who
underwent surgery at the Department of
Neurosurgery, The First Affiliated Hospital of
Jinan University, between August 2018 and
September 2020. The clinical characteristic of the
glioma patients was shown in Table 1. All tissue
samples were collected, frozen in liquid nitrogen,
and stored at —80°C for further use.

Table 1. Clinical characteristic of the glioma patients.
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The present study was approved by the ethical
committee of The First Affiliated Hospital of Jinan
University, and informed consent was obtained
from each patient.

Cell culture and transfection

The human glioma cell line U251 was obtained
from the American Type Culture Collection
(ATCC). Cells were cultured in DMEM
(Invitrogen) supplemented with 10% fetal bovine
serum (Invitrogen) in a humidified incubator at
37°C and 5% CO,. The cells were treated with
cisplatin at different doses. To knockdown REV7,
two siRNAs were synthesized (GenePharma) and
co-transfected  into  glioma  cells  using
Lipofectamine 3000 (Invitrogen) following the
manufacturer’s instructions.

RNA extraction and reverse transcription
polymerase chain reaction analysis

The glioma tissue samples and U251 cells were
collected, and RNA was extracted using TRIzol
(Invitrogen). Quantitative reverse transcription
polymerase chain reaction (qQRT-PCR) was per-
formed using the One-Step TB Green®
PrimeScript™ RT-PCR Kit (TaKaRa). The ABI
7500 Real-Time PCR System (Applied Biosystems)
was used for the PCR reactions. The reaction con-
ditions were: 95°C for 30s, followed by 40 cycles of
95°C for 5 s, 60°C for 30 s, and dissociation at 95°C

REV7 low group (n = 17) REV7 high group (n = 23) P value
Age 0.9733
>60 11 15
<60 8
Gender 0.6161
Male 9 14
Female 8 9
Tumor size 0.0313*
>5 16
<5 11 7
WHO grade 0.3373
-l 7 13
n-1v 10 10
Metastasis 0.2508
Yes 8 15
No 9 8

*p < 0.05
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for 15 s, 60°C for 30 s, and 95°C for 15 s. All
procedures strictly followed the manufacturer’s
instructions. The primers were synthesized by
Sangon Biotech (Shanghai, China). Gene expression
was normalized to the expression of glyceraldehyde
3-phosphate dehydrogenase as an internal control.
Relative gene expression was calculated by the
272%C method as previous study described [16].

Western blot

The western blot was performed accroding to
Zhao et al. [17]. Glioma tissue samples and U251
cells were lysed using radio immunoprecipitation
solution (Beyotime) to isolate the proteins, and the
protein concentration was measured using the
Bradford Protein Assay Kit (Beyotime). Gel elec-
trophoresis was then performed, and then the
proteins were transferred to the polyvinylidene
difluoride membrane, blocked with 5% nonfat
milk, and incubated with the primary antibodies
at 4°C overnight, after which the membranes were
washed and incubated with horseradish peroxi-
dase-conjugated secondary antibodies. Finally, the
protein bands were visualized using an enhanced
chemiluminescence kit (Beyotime) and imaged
using a Tannon 6100 imaging system (Tannon,
Shanghai, China).

Cell viability assay

The cell viability was detected by CCK-8 assay
accroding to the study reported by Barrios et al
[18]. Briefly, cells were placed in 96-well plates,
treated with IR, and incubated with 10 pl of CCK-
8 reagent (Beyotime). The optical density was
measured using a microplate reader at 450 nm.

Colony formation assay

Colony formation assay has been used to deter-
mine the proliferation ability of the U251 cells as
Wang et al. described [19]. The colony formation
assay was used to determine the proliferation abil-
ity of the U251 cells. Briefly, the cells were cul-
tured for 10 days and then stained with crystal
violet (0.1%). Then, the colonies (diameter =
100 pm) were counted and imaged under
a microscope.

Cell apoptosis analysis

For the apoptosis analysis, after transfection and
IR treatment, the glioma cells were stained with
the  PI/Annexin  V-FITC  apoptosis kit
(Beyotime). Briefly, the cells were digested with
trypsin and collected. The cells were then cen-
trifuged for 3 min. Next, 200 ul of 1x binding
buffer and 10 pm Annexin V-APC staining were
added. The cell apoptosis rate was analyzed
using a BD FACSVerse flow cytometer (BD
Bioscience)  following the  manufacturer’s
instructions.

Statistical analysis

Statistical analyses were performed using SPSS
19.0. The data were expressed as the mean +
standard deviation (SD). Comparisons between
the two groups were performed using a Student’s
t-test, and comparisons among multiple groups
were analyzed by ANOVA. Statistical significance
was set at p < 0.05.

Results

In this study, we aimed to explore the effects of the
REV7 subunit of polymerase { on the chemosensi-
tivity of glioma cells . We hypothesized that
knockdown of REV?7 inhibit the proliferation and
promote the apoptosis of U251 cells, and regulate
the chemosensitivity of glioma cells via inhibiting
the PI3K/AKT signaling pathway.

Clinical characteristics of the patients

The clinical information of the 40 glioma patients
were shown in Table 1. There is no difference in
age, gender, WHO grade, and metastasis between
the two groups. However, the tumor size was sig-
nificantly higher in the REV7 high group com-
pared with the REV7 low group.

Upregulated expression of REV7 in human
glioma cancer tissues

First, we performed bioinformatic analysis using
data from the TCGA database using the online
tool GEPIA, and the expressions of the two
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Figure 1. Overexpression of REV7 in glioma tissue. (a—b) The expression of REV3L and REV7 in the tumor tissues and adjacent tissues
were obtained from the TCGA database. (c) The correlation analysis of REV3 and MAD2L2 was analyzed with TCGA database. (d) The
mRNA expression of REV7 was measured by the quantitative reverse transcription polymerase chain reaction analysis. (e-f) The
protein expression of REV7 was detected by western blot. * p < 0.05, ** p < 0.01, * p < 0.001. GBM,T,N,;TPM,;GAPDH,

glyceraldehyde 3-phosphate dehydrogenase.

subunits of pol ¢ are shown in Figure 1. We found
that the expression of REV7 (Figure la) was sig-
nificantly increased in the glioma tissue compared
with that in the normal tissue (p < 0.05); the
expression of REV3L also increased in the glioma
tissue, but no significant differences were observed
(Figure 1b, p > 0.05). Moreover, the results of the
correlation analysis showed that the levels of REV7
and REV3L were positively correlated in glioma
tissues (Figure 1c, r = 0.29, p = 0.00015); further-
more, the mRNA and protein expression of REV7
in glioma tissues were determined by the qRT-
PCR and western blot methods, respectively. As

shown in Figure 1d, the mRNA expression of
REV7 was obviously increased in glioma tissues
compared with that in non-tumor tissues
(p < 0.01). The protein expression of REV7 was
also significantly upregulated in glioma tissues
(p < 0.01, Figure le).

Knockdown of REV7 inhibited the proliferation
and promoted the apoptosis of U251 cells in vitro

Next, glioma cells U251 cells were transfected with
REV7 siRNA. Figure 2a, b indicate that the mRNA
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and protein expression levels of REV7 were sig-
nificantly decreased in both the siRNA-1 and
siRNA-2 groups. The siRNA-2 REV7 treatment
was more effective in downregulating REV7, so it
was used in downstream experiments. Moreover,
the effects of REV7 siRNA on the growth and
metastasis of U251 cells were measured by MTT,
colony formation, and flow cytometry assays. The
knockdown of REV7 markedly inhibited the pro-
liferation of U251 cells (Figure 2¢, d) and pro-
moted apoptosis (Figure 3) in vitro (p < 0.01).

Downregulation of REV7 promoted the
chemosensitivity of U251 cell to cisplatin

Furthermore, the U251 cells were treated with
cisplatin with or without REV7 siRNA, and the
effect of REV7 siRNA on the chemosensitivity of
the U251 cells was determined. Compared with the
cisplatin-treated U251 cells, cell proliferation was
significantly decreased and apoptosis was mark-
edly increased in the cisplatin+REV7 siRNA
group (Figures 2, 3).

REV7 may regulate the proliferation, apoptosis,
and cisplatin sensitivity of U251 cells via
phosphoinositide 3-kinase (PI3K)/AKT signaling

Finally, the potential underlying mechanism of
REV7 on the proliferation, apoptosis, and cisplatin
sensitivity of U251 cells was evaluated. As shown
in Figure 4, compared with the control group, the
mRNA and/or protein expression levels of p-PI3K,
p-AKT, cyclin D1, and Bcl-2 were significantly
downregulated in the REV7 siRNA-treated group
(p < 0.01). The expression level of Bax sharply
increased in REV7 siRNA-treated U251 cells
(p < 0.01). Moreover, compared with the cisplatin
group, the expression levels of p-PI3K, p-AKT,
cyclin D1, and Bcl-2 were significantly downregu-
lated and the expression of Bax was increased
compared with those in the cisplatin+siRNA NC
group (p < 0.01).

Discussion

Glioma is regarded as one of the dominant causes
of cancer globally, and its pathological complexity
necessitates combination therapies of various

therapeutic elements, such as anti-cancer drugs
and genes, to achieve synergistic treatment
[4,5,20]. REV7 is an important subunit of pol {
and is highly evolutionarily conserved. DNA poly-
merase { was found to play an essential role in the
transcriptional regulation process and participates
in many important biological processes, such as
embryonic development and tumorigenesis. It has
been reported that the two main functional sub-
units of pol {, REV3L and REV7, play important
roles in the development of lung tumors [21,22],
breast tumors [23], colorectal tumors [24], and
cervical tumors [25]. Both REV3L and REV7
were reported to regulate cell proliferation, apop-
tosis, cycle, invasion, and angiogenesis, and their
abnormal regulation and functioning are closely
related to tumor development. Therefore, pol ( is
expected to be a potential target for cancer
treatment.

The role of pol ( in gliomas has also been dis-
cussed [13,14]. In the current study, we performed
a bioinformatic analysis and, based on the data
from the TCGA database, both REV3L and REV7
were found to be upregulated in glioma tissues,
with the levels of both REV3L and REV7 positively
correlated. Moreover, the results of the qRT-PCR
analysis showed that REV7 was significantly upre-
gulated in glioma tissue compared with the adja-
cent normal tissue, which was consistent with the
results of previous studies as well as the bioinfor-
matic analysis. Moreover, the results of cell experi-
ments showed that knockdown of REV7 in U251
cells inhibited U251 cell proliferation and
increased cell apoptosis in vitro. Taken together,
these results suggest that REV7 is upregulated in
gliomas and functions as an oncogene.

Cisplatin is a commonly used chemotherapeutic
agent for the treatment of many cancers [26-28].
However, the development of cisplatin resistance
is one of the main reasons for low chemothera-
peutic efficiency in patients with tumors [21,26].
Therefore, improving the treatment strategies for
cisplatin-resistant glioma may improve its clinical
application. A previous study discussed the role of
REV3L in regulating the chemosensitivity of
glioma cells, suggesting that pol ( is involved in
the drug resistance of glioma [14]. However, the
role of REV7 in the chemosensitivity of gliomas
has not yet been discussed. In the present study,
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Figure 2. Effect of REV7 siRNA on the proliferation of U251 cells. (a) The mRNA expression of REV7 was measured by the qRT-PCR
analysis after REV7 siRNA transfection. (b) The protein expression of REV7 was measured by quantitative reverse transcription
polymerase chain reaction (qRT-PCR) analysis after REV7 siRNA transfection. (c) The cell viability was demonstrated by the CCK-8
assay after Cisplatin and REV7 siRNA treatment. (d) The proliferation of the cells was detected by colony formation assay after
Cisplatin and REV7 siRNA treatment. ** p < 0.01, * p < 0.001. GAPDH, glyceraldehyde 3-phosphate dehydrogenase; OD, optical
density.
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Figure 4. Effect of REV7 siRNA on phosphoinositide 3-kinase (PI3K)/AKT signaling in U251 cells. The mRNA expression levels of cyclin
D1 (a), Bcl-2 (b), and Bax (c) were detected by reverse transcription polymerase chain reaction after cisplatin and REV7 siRNA
treatment. (d-e) The protein expression levels of cyclin D1, Bcl-2, and Bax PI3K/AKT signaling pathways were detected by western
blotting. * p < 0.05, ** p < 0.01. GAPDH, glyceraldehyde 3-phosphate dehydrogenase.



of glioma cells to cisplatin. Cell proliferation was
markedly suppressed in the cisplatin-treated
group compared with that in the control group,
while cell apoptosis was significantly increased.
More importantly, with the treatment of siRNA
REV7, the cell proliferation of the cisplatin
+siRNA REV7 group decreased significantly com-
pared with the cisplatin administration alone. To
further verify these results, we measured the
expressions of Cyclin D1, Bax and Bcl-2. Cyclin
D1 is a nuclear factor of cell cycle, which can
induce cell proliferation [29]; Bcl-2, as a member
of the Bcl family, inhibited the cell apoptosis.
While the trend of Bax is opposite to that of Bcl-
2, which is a kind of a pro apoptotic factor [30]. In
this study, we confirmed that knockdown of REV7
further down-regulated the expressions of Cyclin
D1 and Bcl-2, and up-regulated the Bax expres-
sion. These results further demonstrated that
REV7 re-sensitized the glioma cells to cisplatin
probably by inhibiting cell proliferation, inducing
apoptosis.

Mutations in the PI3K/AKT pathway are fre-
quently found in cancers and are associated with
cellular transformation, carcinogenesis, tumor
progression, and drug resistance [1,31]. The acti-
vation of AKT contributes to carcinogenesis,
tumor metastasis, and, as shown most recently,
resistance to chemotherapy [32,33]. Modulation
of AKT activity is now a commonly observed
endpoint of chemotherapy administration.
Studies that combined small-molecule inhibitors
of the PI3K/AKT pathway with standard che-
motherapy have been successful in attenuating
chemotherapeutic resistance. Specifically, inhibit-
ing AKT activity may be a valid approach to treat
cancer and increase the efficacy of chemotherapy.
In this study, the ratio of p-PI3K/PI3K and
p-AKT/AKT was significantly decreased in the
REV7 siRNA-treated group. Moreover, the
knockdown of REV7 also led to changes in the
downstream molecules. Meanwhile, the expres-
sion levels of the PI3K/AKT signaling molecules
after treatment with siRNA REV7 were signifi-
cantly reduced compared with the cisplatin-
treated group. Taken together, the above results
suggest that REV7 may affect the growth,
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apoptosis, and chemosensitivity of U251 cells by
regulating PI3K/AKT signaling.

However, there are still some restrictions on our
study. In the future, we need collect more clinical
samples to analyze the REV7 expression, and explore
the role of REV7 by establishing xenograft animal
models.

Conclusion

Altogether, this study suggests that REV7 is
increased in glioma tissues and REV7 sensitized
cisplatin via the modulation of the PI3K/AKT
signaling pathway, thereby mediating cell prolif-
eration and apoptosis in vitro. These results can be
used for the development of novel diagnostic ther-
apeutic strategies and may suggest potential ther-
apeutic targets for glioma tumors.

Highlights

e REV7 is significantly higher in glioma tissues
than surrounding tissues

e REV7 knockdown in glioma tissues decreased
cell proliferation and increased apoptosis

e REV7 siRNA increased glioma chemosensi-
tivity to cisplatin

REV7 regulates glioma proliferation, apoptosis, and che-
mosensitivity by PI3K pathway.

Disclosure statement

No potential conflict of interest was reported by the author(s).

References

[1] Alahverdi A, Arefian E, Soleimani M, et al
Involvement of EGFR, ERK-1,2 and AKT-1,2 activity
on human glioma cell growth. Asian Pac ] Cancer Prev.
2020;21:3469-3475.

[2] Xu W, HuJ, Liu W, et al. Remimazolan inhibits glioma
cell growth and induces apoptosis through
down-regulation of NF-kappaB pathway. IUBMB Life.
2020;73(2):341-348.

[3] Sun J, Ma Q, Shu C, et al. MicroRNA-301a/ZNRF3/
wnt/B-catenin signal regulatory crosstalk mediates
glioma progression. Int J] Oncol. 2020;58(1):45-56. .



3932 (&) J. YANG ET AL.

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

Ruiz-Garcia H, Alvarado-Estrada K, Krishnan S, et al.
Nanoparticles for stem cell therapy bioengineering in
glioma. Front Bioeng Biotechnol. 2020;8:558375.
Bukhari SS, Shamim MS. Can awake glioma surgery be
the new standard of care in developing countries? Surg
Neurol Int. 2020;11:434.

O’Neal CM, Stephens TM, Briggs RG, et al. Navigated
transcranial magnetic stimulation following awake cra-
niotomy for resection of glioma: description of two
cases. Surg Neurol Int. 2020;11:433.

Zhang Z, Jin Z, Yang X, et al. Pre-operative neurocog-
nitive function was more susceptible to decline in iso-
citrate  dehydrogenase wild-type subgroups of
lower-grade  glioma  patients. = Front Neurol.
2020;11:591615.

Gallina I, Hendriks IA, Hoffmann S, et al. The ubiqui-
tin ligase RFWD3 is required for translesion DNA
synthesis. Mol Cell. 2021;81(3):442-458.¢9.
Cano-Linares MI, Yanez-Vilches A, Garcia-Rodriguez
N, et al. Non-recombinogenic roles for Rad52 in trans-
lesion synthesis during DNA damage tolerance. EMBO
Rep. 2020;22(1):e50410.

Jung H, Hawkins M, Lee S. Structural insights into the
bypass of the major deaminated purines by translesion
synthesis DNA polymerase. Biochem J]. 2020;477
(24):4797-4810.

Shilkin ES, Boldinova EO, Stolyarenko AD, et al
Translesion DNA synthesis and reinitiation of DNA
synthesis in chemotherapy resistance.Biochemistry
(Mosc). 2020;85(8):869-882.

Malik R, Kopylov M, Gomez-Llorente Y, et al
Structure and mechanism of B-family DNA polymer-
ase { specialized for translesion DNA synthesis. Nat
Struct Mol Biol. 2020;27(10):913-924.

Luo H, Chen Z, Wang §, et al. c-Myc-miR-29c-REV3L
signalling pathway drives the acquisition of temozolo-
mide resistance in glioblastoma. Brain. 2015;138
(12):3654-3672. .

Wang H, Zhang S-Y, Wang S, et al. REV3L confers
chemoresistance to cisplatin in human gliomas: the
potential of its RNAi for synergistic therapy. Neuro
Oncol. 2009;11(6):790-802. .

Roos WP, Tsaalbi-Shtylik A, Tsaryk R, et al. The
translesion polymerase Rev3L in the tolerance of alky-
lating anticancer drugs. Mol Pharmacol. 2009;76
(4):927-934.

Lu J, Struewing I, Wymer L, et al. Use of qPCR and
RT-qPCR for monitoring variations of microcystin
producers and as an early warning system to predict
toxin production in an Ohio inland lake. Water Res.
2020;170:115262.

Zhao J, Zhou K, Ma L, et al. MicroRNA-145 over-
inhibits neuroblastoma

expression tumorigenesis

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

in vitro and in vivo. 2020;11
(1):219-228.

Barrios CE, SantinOn JJ, Domitrovic HA, et al
Localization and distribution of CCK-8, NPY,
Leu-ENK-, and Ghrelin- in the digestive tract of
Prochilodus lineatus (Valenciennes, 1836). An Acad
Bras Cienc. 2020;92(2):€20181165.

Wang J, Zhu W, Tao G, et al. Circular RNA circ-LRP6
facilitates Myc-driven tumorigenesis in esophageal

cell 2020511

Bioengineered.

squamous
(1):932-938.
Wu ], Bi A, Zheng F, et al. Wash-free 3D imaging and
detection of glioma with a novel neuropotential tar-
geted AIE probe. Chem Commun (Camb). 2021;57
(6):801-804.

Vassel F-M, Bian K, Walker GC, et al. Rev7 loss alters
cisplatin response and increases drug efficacy in
chemotherapy-resistant lung cancer. Proc Natl Acad
Sci U S A. 2020;117(46):28922-28924.

Chen X, Zhu H, Ye W, et al. MicroRNA-29a enhances
cisplatin sensitivity in non-small cell lung cancer
through the regulation of REV3L. Mol Med Rep.
2019;19(2):831-840.

Feng L, Wei W, Heng Z, et al. Knockdown of REV7
inhibits breast cancer cell migration and invasion.
Oncol Res. 2016;24(5):315-325.

Sun X, Hou W, Liu X, et al. Targeting REV7 effectively
reverses 5-FU and oxaliplatin resistance in colorectal
cancer. Cancer Cell Int. 2020;20(1):580.

Yang L, Shi T, Liu F, et al. REV3L, a promising target
in regulating the chemosensitivity of cervical cancer
cells. PLOS ONE. 2015;10:e0120334.

Pang J, Ye L, Zhao D, et al. Circular RNA PRMT5
confers cisplatin-resistance via miR-4458/REV3L axis
in non-small-cell lung cancer. Cell Biol Int. 2020;44
(12):2416-2426.

Su P-F, Song S-Q. Regulation of mTOR by miR-107 to
facilitate glioma cell apoptosis and to enhance cisplatin
sensitivity. Eur Rev Med Pharmacol Sci. 2020;24
(22):11461.

Elleaume H, Barth RF, Rousseau J, et al. Radiation
therapy combined with intracerebral
convection-enhanced delivery of cisplatin or carbopla-
tin for treatment of the F98 rat glioma. ] Neurooncol.
2020;149:193-208.

Liang Z, Xu J, Ma Z, et al. MiR-187 suppresses
non-small-cell lung cancer cell proliferation by target-
ing FGF9. Bioengineered. 2020;11(1):70-80.

Wang H, Jiao H, Jiang Z, et al. Propofol inhibits migra-
tion and induces apoptosis of pancreatic cancer
PANC-1 cells through miR-34a-mediated E-cadherin
and LOC285194 2020511
(1):510-521.

cancer. Bioengineered.

signals. Bioengineered.



(31]

(32]

Cao WQ, Zhai XQ, Ma JW, et al. Natural borneol
sensitizes human glioma cells to cisplatin-induced
apoptosis by triggering ROS-mediated oxidative
damage and regulation of MAPKs and PI3K/AKT
pathway. Pharm Biol. 2020;58:72-79.

Li Z, Zhou X, Zhu H, et al. Purpurin binding interacts
with LHPP protein that inhibits PI3K/AKT

(33]

BIOENGINEERED (&) 3933

phosphorylation and induces apoptosis in colon cancer
cells HCT-116. J Biochem Mol Toxicol. 2021;35:
€22665.

Liu S, Jiang H, Min L, et al. Lysophosphatidic acid
mediated PI3K/AKT activation contributed to esopha-
geal squamous cell cancer progression. Carcinogenesis.
2021;42:611-620.



	Abstract
	Introduction
	Materials and methods
	Clinical samples
	Cell culture and transfection
	RNA extraction and reverse transcription polymerase chain reaction analysis
	Western blot
	Cell viability assay
	Colony formation assay
	Cell apoptosis analysis
	Statistical analysis

	Results
	Clinical characteristics of the patients
	Upregulated expression of REV7 in human glioma cancer tissues
	Knockdown of REV7 inhibited the proliferation and promoted the apoptosis of U251 cells invitro
	Downregulation of REV7 promoted the chemosensitivity of U251 cell to cisplatin
	REV7 may regulate the proliferation, apoptosis, and cisplatin sensitivity of U251 cells via phosphoinositide 3-kinase (PI3K)/AKT signaling

	Discussion
	Conclusion
	Highlights
	Disclosure statement
	References



