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Abstract: The present study investigated the radiosensitizing effect of placenta specific 8 (PLAC8) in nasopharyn-
geal carcinoma (NPC) cells. A PLAC8-knockout CNE2 cell line was constructed using the CRISPR/Cas9 system. 
The CCK-8 assay demonstrated knockout of PLAC8 significantly reduced cell proliferation and cell survival after 
irradiation compared to both control cells and non-irradiated PLAC8-knockout cells. The clonogenic assay showed 
knockout of PLAC8 enhanced the radiosensitivity of NPC cells. Flow cytometry revealed knockout of PLAC8 in-
creased apoptosis and G2/M phase arrest after irradiation. Western blotting demonstrated knockout of PLAC8 was 
associated with increased levels of γHA2X, a higher BAX:BCL-2 ratio, and increased levels of phosphorylated-Akt and 
phosphorylated-GSK-3β. Overall, this study indicates PLAC8 contributes to radioresistance in NPC by inhibiting the 
PI3K/AKT/GSK3β pathway. 
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Introduction

Nasopharyngeal carcinoma (NPC) is one of the 
most common head and neck malignancies 
and has a low survival rate. The incidence of 
NPC is 20-30 per 100,000 in southeast Asia 
and 15-50 per 100,000 in southern China, but 
less than 1 per 100,000 in western countries 
[1]. Radiotherapy is the most effective treat-
ment for NPC [2]; however, radioresistance 
plays a major role in treatment failure [3]. The 
ability to enhance the radiosensitivity of NPC 
cells may help to improve survival outcomes. 

Previous genome-wide mRNA expression analy-
sis of microdissected human pancreatic tis-
sues identified placenta-specific 8 (PLAC8) 
mRNA is overexpressed in advanced preneo-
plastic lesions (pancreatic intraepithelial neo-
plasia grade 3; PanIN3) and invasive pancreatic 
ductal adenocarcinoma [4]. PLAC8, also known 
as onzin, is a 16 kDa protein originally described 

to be highly expressed in mouse placenta [5]. 
PLAC8 mRNA expression was subsequently 
detected in myeloid and lymphoid cells, as well 
as lung and intestinal epithelial cells. Knockout 
of PLAC8 in mice results in defects in innate 
immunity [6], impaired brown and white fat cell 
differentiation, late-onset obesity [7, 8], and 
contact hypersensitivity [9]. Although evolution-
arily highly conserved, PLAC8 does not contain 
any known functional protein domains and its 
molecular function remains unclear.

The cellular role of PLAC8 seems to be context-
dependent, with highly variable and sometimes 
contradictory effects observed in different cell 
types, ranging from protection against apopto-
sis in fibroblasts [10], induction of apoptosis in 
human lymphocytes [11], inhibition of cell dif-
ferentiation in primary acute myeloid leukemia 
cells, and induction of the epithelial-mesenchy-
mal transition (EMT) in cultured colon cancer 
cells [12].
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The PI3K/Akt/GSK3β signaling pathway plays 
pivotal roles in cancer cell proliferation, inva-
sion, metastasis and apoptosis. The serine/
threonine kinase Akt is the central downstr- 
eam effector molecule of PI3K. Activated Akt 
phosphorylates glycogen synthase kinase 3β 
(GSK3β), another serine/threonine kinase, whi- 
ch regulates a variety of cellular functions, 
including apoptosis [13, 14]. PLAC8 can regu-
late the expression of genes associated with 
cell growth, autophagy and the EMT [10-12, 
15]. Autophagy functions as a protective mech-
anism in irradiated cells [16]. Moreover, irradia-
tion can induce autophagy in 5-8F and CNE2 
cells [17]. However, the association between 
PLAC8 and radioresistance is unknown. In this 
study, we investigated the effect of knocking 
out the PLAC8 gene on the radiosensitivity of 
CNE2 NPC cells in vitro.

Materials and methods

Cell culture and generation of PLAC8-knockout 
cells

Human CNE2 NPC cells were obtained from 
Wuhan University (Wuhan, China) and cultured 
in RMPI-1640 media (Jenom, Hangzhou, China) 
supplemented with 10% fetal bovine serum 
(Gibco-BRL/Invitrogen Life Technologies, MA, 
USA) in a humidified atmosphere containing 5% 
CO2 at 37°C. 

PLAC8-knockout CNE2 cells, hereafter called 
PLAC8(-), were established by Beijing Biocyto- 
gen Company (Beijing, China). Briefly, the intron 
sequence between the second and third exons 
of PLAC8 was replaced with Puro by homolo-
gous recombination using the CRISPR/CAS9 
gene editing method to knockout PLAC8. 
Positive clones were isolated by screening for 
puromycin resistance and confirmed by PCR, 
sequencing and western blotting.

Cell proliferation assay

Four groups of cells were prepared: PLAC8(+), 
PLAC8(-), IR (irradiated)-PLAC8(+), and IR-PLA- 
C8(-). Briefly, 0.5 to 1 × 104 cells were seeded 
into 96-well culture plates, cultured for 12 h, 
then irradiated (or not) with a single dose of 6 
Gy at 400 cGy/min using a linear accelerator 
(Trilogy, Austin, TX, USA) using 6 MV photons at 
room temperature. The cells were cultured for 
24, 48 or 72 h, then cell numbers were asse- 

ssed using the Cell Counting Kit-8 (CCK-8; 
Dojindo, Shanghai, China) according to the 
manufacturer’s instructions. Briefly, 10 μl of 
CCK-8 (5 g/L) was added, incubated for 1 h and 
absorbance was measured at 450 nm using a 
Victor3 micro-plate reader (Perkin-Elmer, Wal- 
tham, MA, USA). The morphological changes in 
PLAC8(+) and PLAC8(-) cells at 24 h and 48 h 
after irradiation were observed using an invert-
ed microscope.

Clonogenic survival assay

Two groups of cells were prepared: IR-PLAC8(+) 
and IR-PLAC8(-). Briefly, 500, 1000, 3000 or 
10000 cells were seeded into 6-well plates, 
incubated for 6 h, irradiated at 2, 4, 6 or 8 Gy, 
cultured for 14 days, and fixed and stained with 
methanol containing 1% crystal violet (Beijing 
Dingguo Changsheng Biotech Co., Ltd., Beijing, 
China). Colonies (≥ 50 cells) were counted 
under a light microscope (U-LH100L-3; Olympus 
Corporation, Tokyo, Japan) and colony forma-
tion efficiency was calculated as number of 
colonies/number of cells inoculated. GraphPad 
Prism 6.0 Software (GraphPad Software Inc., 
La Jolla, CA, USA) was used to calculate and fit 
the dose survival curve using the linear-qua-
dratic model.

Apoptosis assays

Four groups of cells were prepared: PLAC8(+), 
PLAC8(-), IR-PLAC8(+) and IR-PLAC8(-). Cells 
were plated in 6-well plates at 3 × 105 cells per 
well, cultured overnight, irradiated (or not) at 6 
Gy, cultured for 24 h, collected, stained with 
Annexin V-FITC and propidium iodide (PI), and 
then analyzed using a FACS Calibur flow cytom-
eter (BD Biosciences, Franklin Lakes, NJ, USA). 
Data were analyzed using BD FACS DIVA soft-
ware (BD Biosciences).

Cell cycle analysis

Cells were treated as described above. At 24 h 
after irradiation, cells were trypsinized, washed 
with phosphate buffered saline (PBS) lacking 
magnesium and calcium, resuspended in 400 
μL staining solution containing 0.5 μg/mL 
RNaseA and 50 μg/mL propidium iodide (PI; 
Sigma, St. Louis, MO, USA), incubated for 15 
min in the dark at room temperature, and ana-
lyzed using a FACS Calibur flow cytometer with 
BD FACS DIVA software.
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Western blot analysis

Cells were treated as described above. At 24 h 
after irradiation, cells were lysed in RIPA buffer 
containing protease inhibitors (Cell Biolabs Inc., 
San Diego, CA, USA) and protein concentra-
tions were quantified using the BCA method 
(Cell Biolabs Inc., San Diego, CA, USA). Equal 
amounts of total protein (30-50 μg) were 
resolved by 10% SDS-PAGE (Bio-Rad Labora- 
tories, Inc., Hercules, CA, USA), transferred 
onto PVDF membranes (Thermo Fisher Scien- 
tific, Inc.), blocked in 5% non-fat milk at room 
temperature for 1 h, then incubated with the 
following antibodies: rabbit monoclonal γH2AX 
(1:1,000; ab2893), primary rabbit polyclonal 
Akt (1:500; ab8805), rabbit monoclonal GSK-
3β (1:500; ab32391), rabbit monoclonal phosp- 
ho (p)Akt (Ser473) (1:500; ab81283), rabbit mo- 
noclonal phospho (p)-GSK-3β (Ser-9) (1:1000; 
ab75814; all Abcam, Cambridge, ST, USA), rab-
bit monoclonal BCL2 (1:1000; #2872), rabbit 
monoclonal BAX (1:1000; #2774), rabbit mono-
clonal cyclin D1 (1:1000; #2978) or rabbit 

monoclonal survivin (1:1000; #2803; all Cell 
Signaling Technology, ST, USA). The membranes 
were incubated with a secondary antibody 
(1:4,000, #9916, anti-rabbit IgG; CST) for 1 h at 
room temperature and the labeled proteins 
were detected using chemiluminescence rea- 
gent and automatic X-ray film. GAPDH was 
assessed as an internal loading control. 

Statistical analysis

SPSS software version 22.0 (SPSS Inc., Chi- 
cago, IL, USA) was used for all statistical analy-
ses. Quantitative data are presented as mean 
± standard deviation of at least three indepen-
dent replicates. The significance of the varianc-
es between each group was assessed using 
the Student’s t-test. P < 0.05 was considered to 
indicate statistical significance. 

Results

Confirmation of PLAC8-knockout CNE2 cells 

Selection of resistant gene cassettes was de- 
termined by antibiotic titration and karyotyping 

Figure 1. Construction of PLAC8-knockout CNE2 cells. A: The intron sequence between the second and third exons 
of the PLAC8 gene was replaced with Puro via homologous recombination using CRISPR/CAS9 gene editing. B, C: 
Genotyping indicated colonies 12, 14, 17, 33, 35, 41 and 49 were PLAC8-knockout cell lines. D: Relative mRNA 
expression of PLAC8 gene in colonies P49 and P33 compared to parental CNE-2 cells. All quantitative data shown 
represent the means ± SD of 3 independent replicates (P < 0.05). E: Western blotting confirmed PLAC8 protein 
expression was undetectable in PLAC8-knockout colonies P49 and P33.
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(Figure 1A). Genotyping suggested colonies 
12, 14, 17, 33, 35, 41 and 49 were PLAC8-
knockout CNE2 cells, termed PLAC8(-) (Figure 
1B, 1C). Western blot analysis confirmed high 
level expression of PLAC8 in normal CNE2 cells 
and a lack of detectable PLAC8 in PLAC8(-) col-
onies P33 and P49 (Figure 1E). The P49 
PLAC8(-) colony was used for all subsequent 
experiments.

Knockout of PLAC8 decreases NPC cell prolif-
eration, survival and radiosensitivity

The CCK8 assay was used to evaluate the 
radiosensitivity of PLAC8(+) and PLAC8(-) CNE2 
cells. As shown in Figure 2A and 2B, significant 
differences in the number of surviving cells 
were observed between irradiated (6 Gy) and 
non-irradiated PLAC8(+) and PLAC8(-) CNE2 

Figure 2. Knockout of PLAC8 decreases proliferation and reduces the surviving fraction after irradiation in CNE2 
cells. A, B: CCK-8 assay of the number of surviving PLAC8(+) and PLAC8(-) cells at 24, 48 and 72 h after 6 Gy irra-
diation. Knockout of PLAC8 significantly reduced the survival of both non-irradiated and irradiated CNE2 cells com-
pared to PLAC8(+) cells at all time-points. All quantitative data shown represent the means ± SD of 3 independent 
replicates; significant differences were shown as *P < 0.05. C, D: IR-PLAC8(-) cells had significantly lower surviving 
fractions compared to IR-PLAC8(+) cells after irradiation at 2, 4, 6 and 8 Gy. E: The proliferation of IR-PLAC8(-) cells 
was significantly suppressed compared to IR-PLAC8(+) cells after irradiation at 24 h and 48 h.
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cells at 24, 48 and 72 h (P < 0.05). Knockout of 
PLAC8 significantly reduced the survival of both 
non-irradiated and irradiated CNE2 cells com-
pared to PLAC8(+) cells at all time-points (P < 
0.05).

The colony survival assay is a well-established 
method of determining radiosensitivity. A lower 
surviving fraction indicates the cells are more 
radiosensitive. IR-PLAC8(-) cells had significant-
ly lower surviving fractions compared to 
IR-PLAC8(+) cells after irradiation at 2, 4, 6 and 
8 Gy (Figure 2C and 2D). Furthermore, the pro-
liferation of IR-PLAC8(-) cells was significantly 
suppressed compared to IR-PLAC8(+) cells 
after irradiation at 24 h and 48 h (Figure 2E). 

Knockout of PLAC8 increases apoptosis and 
alters cell cycle distribution in irradiated CNE2 
cells

At 24 h after irradiation, the apoptotic rates of 
PLAC8(+), PLAC8(-), IR-PLAC8(+), and IR-PLA- 

C8(-) CNE-2 cells were 24.68 ± 0.90, 27.17 ± 
1.60, 34.28 ± 1.59, and 53.71 ± 0.75%, res- 
pectively. The rate of apoptosis was significant-
ly higher in IR-PLAC8(-) cells than IR-PLAC8(+) 
cells (P < 0.05; Figure 3A and 3B).

As shown in Figure 3C, the majority of unirradi-
ated PLAC8(+) and PLAC8(-) cells were in the 
G0/G1 phase. Irradiation significantly increas- 
ed the proportions of PLAC8(+) and PLAC8(-) 
cells in the G2/M phase, though knockout of 
PLAC8 significantly increased the proportion of 
G2/M phase cells after 6 Gy irradiation com-
pared to IR-PLAC8(+) cells (Figure 3C and 3D).

Knockout of PLAC8 alters the expression of 
proteins related to DNA repair, apoptosis and 
the cell cycle

The levels of γH2AX, a sensitive indicator of 
DNA double strand break (DSB) repair, corre-
late positively with apoptosis and radiosensitiv-
ity [18]. Western blotting revealed γH2AX pro-

Figure 3. Knockout of PLAC8 induces apoptosis and G2/M phase arrest in CNE2 cells. A: Detection of apoptosis by 
flow cytometry after Annexin V-FITC/propidium iodide (PI) staining of PLAC8(+) and PLAC8(-) cells at 48 h after irra-
diation at 0 or 6 Gy. B: The rate of apoptosis was significantly higher in IR-PLAC8(-) cells than PLAC8(+), PLAC8(-) and 
IR-PLAC8(+) cells. C: Cell cycle analysis of PLAC8(+) and PLAC8(-) cells at 48 h after irradiation at 0 or 6 Gy. D: The 
rate of G2/M cell cycle arrest was significantly higher in IR-PLAC8(-) cells than PLAC8(+), PLAC8(-) and IR-PLAC8(+) 
cells; All quantitative data shown represent the means ± SD of 3 independent replicates; significant differences 
were shown as **P < 0.01. 

Figure 4. Knockout of PLAC8 alters the expression of proteins related to apoptosis and the cell cycle. Western blots 
of PLAC8(+) and PLAC8(-) cell lysates at 48 h after irradiation at 0 or 6 Gy. A: BAX, BCL-2 and γH2AX protein expre- 
ssion increased and cyclin D1 and survivin expression decreased in IR-PLAC8(-) cells compared to PLAC8(+), 
PLAC8(-) and IR-PLAC8(+) cells. B: Quantification of the BAX:BCL2 ratio and γH2AX levels. C: Quantification of sur-
vivin expression in IR-PLAC8(-) cells. D: Quantification of cyclin D1 expression. All quantitative data shown represent 
the means ± SD of 3 independent replicates; significant differences were shown as *P < 0.05. **P < 0.01.
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tein levels were markedly increased in IR-PLA- 
C8(-) cells compared to IR-PLAC8(+) cells, 
PLAC8(+) cells and PLAC8(-) cells.

Furthermore, knocking out PLAC8 in combina-
tion with irradiation significantly increased the 
ratio between the pro-apoptotic protein BAX 
and anti-apoptotic protein BCL-2, and reduced 
the protein levels of survivin, an inhibitor of 
apoptosis, as well as the cell cycle-related pro-
tein cyclin D1 (Figure 4).

Knockout of PLAC8 activates the PI3K/AKT/
GSK3β pathway

Next, we elucidated the signaling pathway 
associated with increased apoptosis in irradi-
ated PLAC8(-) cells. Western blotting revealed 
knocking out PLAC8 in combination with irradi-
ation increased the levels of phospho-Akt and 
phospho-GSK-3β, but not total Akt or total GSK-
3β, compared to PLAC8(+) cells, IR-PLAC8(+) 
cells and IR-PLAC8(-) cells (Figure 4B). The 
phospho-Akt:total Akt ratio was 0.48, 0.39, 
0.89 and 1.12, and the phospho-GSK-3β:GSK-
3β ratio was 0.36, 0.43, 0.67 and 0.87 in 
PLAC8(+), PLAC8(-), IR-PLAC8(+) and IR-PLAC8(-) 
cells, respectively; the differences between 
each treatment were significantly different for 
both phospho-AKT and phospho-GSK-3β 
(Figure 5). 

Discussion

Radiotherapy is an effective component of 
treatment for NPC, and radioresistance is the 
main risk factor for poor outcome [19]. 
Radioresistance can develop during primary 
radiation therapy, and surviving cells can 
become more resistant to subsequent radia-
tion treatment, thereby leading to the failure of 
radiotherapy [20, 21]. The molecules and sig-
naling pathways involved in radioresistance 
need to be identified in order to develop target-
ed therapies and enhance the efficacy of radia-
tion. The present study reveals that knockout of 
the PLAC8 gene enhanced the radiosensitivity 
of CNE2 cells in vitro.

Constantly dividing and renewing cell popula-
tions have higher radiosensitivity than non-
dividing cells. If a cell population which is at a 
low rate of proliferation or an undifferentiated 
stage become activated, then radiosensitivity 
may increase [22]. In this study, knockout of 
PLAC8 significantly decreased the proliferation 
and colony orming ability of irradiated CNE2 
cells, indicating PLAC8 confers to radioresis-
tance in NPC.

Induction of cellular apoptosis and cell cycle 
changes are major effects of irradiation. How- 
ever, cancer cells develop mechanisms to alter 

Figure 5. Knockout of PLAC8 activates the PI3K/
AKT/GSK3β pathway. Western blots of PLAC8(+) 
and PLAC8(-) cell lysates at 48 h after irradiation 
at 0 or 6 Gy. A: Phospho-Akt and phospho-GSK-
3β protein expression increased but total Akt and 
GSK-3β remained unchanged in IR-PLAC8(-) cells 
compared to PLAC8(+), PLAC8(-) and IR-PLAC8(+) 
cells. B: Quantification of the phospho-Akt:AKT 
ratio. C: Quantification of the phospho-GSK-3β: 
GSK-3β ratio. All quantitative data shown rep-
resent the means ± SD of 3 independent repli-
cates; significant differences were shown as *P < 
0.05. **P < 0.01.
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signaling pathways, evade host immune sur-
veillance and prevent cell death, which facili-
tates long-term survival [23]; such changes can 
lead to tumor progression and metastasis. In 
this study, we observed knockout of PLAC8 sig-
nificantly increased the levels of apoptosis in 
irradiated CNE2 cells.

DNA damage induced by UV, irradiation or DNA 
damaging agents activates checkpoint path-
ways and delays G1, S or G2 phase cell cycle 
progression [24]. Knockout of PLAC8 signifi-
cantly increased apoptosis in irradiated CNE2 
cells, as revealed by a significant increase in 
the proportions of cells in the G2/M and S 
phases and a decrease in the proportion of G1/
G0 phase cells. The S phase is a critical stage 
when DNA replication occurs, and DNA synthe-
sis is tightly controlled to guarantee that repli-
cation origins are not activated more than once 
per cell cycle [25, 26], while G2/M is the most 
radiosensitive phase [9]. Therefore, these data 
indicate that knockout of PLAC8 increased 
G2/M phase arrest and induced more DNA 
damage.

The BCL-2 protein family are well-characterized 
executioners of apoptosis [27]. Amyloid beta-
protein induces expression of pro-apoptotic 
BAX and downregulates anti-apoptotic BCL-2, 
which directly activates the mitochondrial 
death pathway. Apoptotic signals can be initi-
ated by external stimuli/ligands and or cellular 
stress such as gamma/UV radiation and cyto-
toxic drugs, which in turn leads to altered mito-
chondrial permeability [28]. Knockout of PLAC8 
significantly increased the levels of apoptosis 
and the BAX:BCL-2 ratio in irradiated CNE2 
cells, confirming that PLAC8(-) promoted the 
radiosensitivity of CNE2 cells.

The PI3K/Akt/BCL anti-apoptotic and survival 
signaling pathway plays a crucial role in apopto-
sis [28, 29]. Once activated, Akt translocates to 
cell membrane where it phosphorylates and 
activates the multifunctional serine/threonine 
kinase GSK-3β. In cancer cells, increased acti-
vation of GSK-3β is pro-apoptotic, whereas 
suppression of GSK-3β exerts an anti-apoptotic 
effect [30]. The levels of phosphorylated AKT 
(Ser473) and phosphorylated-GSK-3β (Ser-9) 
reflect AKT and GSK-3β activity, respectively. 
We observed knockout of PLAC8 reduced the 
level of phosphorylated-AKT (Ser-473), where-
as knockout of PLAC8 combined with irradia-

tion increased phosphorylated-AKT (Ser-473). 
Reduced levels of phosphorylated-AKT are 
associated with autophagy, while increased 
levels of phosphorylated-AKT promote apopto-
sis. Furthermore, the increased levels of 
phosphorylated-GSK-3β in the IR-PLAC8(-) cells 
confirmed that knockout of PLAC8 in combina-
tion with irradiation activated the PI3K/Akt/
GSK3β pathway.

Overexpression of PLAC8 promotes apoptosis 
in human ovarian cancer cells, leukemia cells 
and peripheral blood lymphocytes, whereas 
knockout of PLAC8 inhibits apoptosis [10]. 
However, a relationship between knockout of 
the PLAC8 gene and the radioresistance of 
cancer cells has not previously been reported. 

The present study has a number of limitations. 
Our experiments were mainly performed on a 
single cell line, and we only assessed the 
effects of PLAC8 in vitro. In subsequent work, 
we would like to assess PLAC8 mRNA/protein 
expression in normal nasopharyngeal epitheli-
um and NPC tissues. Furthermore, animal 
experiments are being planned to investigate 
the molecular mechanism of action of PLAC8 in 
NPC and radiosensitivity in vivo.

Taken together, these results indicate PLCA8 
contributes to radioresistance in NPC by inhibit-
ing the PI3K/AKT/GSK3Β pathway. These find-
ings may help to identify a therapeutic strategy 
to enhance radiosensitivity and improve treat-
ment outcomes in NPC.
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