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Abstract: In vitro cell experiments showed that knocking out the placenta-specific protein 8 (PLAC8) gene signifi-
cantly increased the sensitivity of tumor cells to radiation. This study used two nude mouse models of nasopha-
ryngeal carcinoma (NPC) to investigate the radio-sensitization and molecular mechanism of PLAC8 knockout in 
vivo. The expression of PLAC8 in 120 NPC tissues and 30 nasopharyngitis (NPG) tissues was detected by immuno-
histochemistry (IHC) to analyze the relationship between PLAC8 and neck lymph node metastasis and prognosis 
in NPC patients. The mRNA expression level of PLAC8 in several NPC cell lines was detected by semi-quantitative 
RT-PCR. The PLAC8 gene was knocked out in CNE-2 cells using CRISPR/Cas9. The effect of PLAC8 gene knockout 
on the radiotherapy sensitivity of NPC cells was analyzed by establishing model 1 and model 2 tumor-bearing nude 
mouse models with two different irradiation methods. The expression of γH2AX, Bax, Bcl-2, Caspase-3 and cleaved 
Caspase-3 was detected by immunofluorescence (IF), IHC and western blot analysis. PLAC8 expression was sig-
nificantly increased in NPC tissue samples and NPC cell lines compared with NPG tissue samples and normal cell 
lines (P<0.01). PLAC8 upregulation was associated with lymph node metastasis and a poor prognosis in patients 
with NPC (P<0.01). Both animal models showed that radiotherapy after PLAC8 knockout significantly slowed tumor 
growth and reduced tumor volume, with tumor inhibition rates of 100% and 66.04%, respectively. In model 2, 
PLAC8 knockout with radiotherapy increased the expressions of γH2AX, Bax, Caspase-3 and cleaved Caspase-3 but 
decreased the expression of Bcl-2 (P<0.01). In model 1, there was no tumor formation at the site where the cancer 
cells were injected. The expression levels of γH2AX, Bax, Caspase-3 and cleaved Caspase-3 in skin tissues taken at 
the injection site were lower than those in NPC tissues treated with radiotherapy, while the expression level of Bcl-2 
was higher (P<0.01). PLAC8 expression is closely related to neck metastasis and the prognosis of NPC. PLAC8 gene 
knockout significantly increases the radio-sensitivity of NPC cells in vivo by promoting apoptosis, which is an effec-
tive strategy for the radiotherapy sensitization of NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is a disease 
with significant regional and ethnic characteris-
tics that is associated with malignant head and 
neck tumors. The latest epidemiological statis-
tics showed that by 2018, China had the high-
est proportion of nasopharyngeal cancer cases 
in the world, accounting for approximately 
47.7%, followed by Indonesia, accounting for 
14.2% [1]. Due to the occult location of the dis-
ease and the atypical early symptoms, most 

patients with NPC are already in the middle or 
late stages when they seek treatment. Based 
on case statistics of NPC endemic areas, non-
keratinizing subtypes account for the majority 
of cases [2], and this type is usually sensitive to 
radiation. Therefore, radiotherapy is still the 
main treatment for NPC. Although NPC is sensi-
tive to radiotherapy, the treatment effective-
ness in advanced patients is still unsatisfacto-
ry, and the most important reasons are tumor 
recurrence and distant metastasis caused by 
radiotherapy resistance [3, 4]. Therefore, it is of 
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great importance to improve the radiotherapy 
sensitivity of patients with NPC.

At present, many studies have explored how to 
increase the radio-sensitivity of NPC. For exam-
ple, by regulating target genes such as CKMT1 
[5], EMP2 [6] and CPT1A [7] or interfering with 
miR-24 [8], miR-19b-3p [9] and miR-210 [10], 
the radio-sensitivity of NPC can be enhanced. 
In the NPC nude mouse tumor transplantation 
model established by Tan et al. [7], the tumor 
volume of the group with downregulated CPT1A 
combined with radiotherapy was approximately 
50% of that of the group received radiotherapy 
alone, achieving a significant radiotherapy sen-
sitization effect. The study by Kang et al. [8] 
showed that the tumor inhibition rate was 
approximately 60% in nude mice bearing xeno-
graft tumor model, confirming that overexpres-
sion of miR-24 enhanced the radiotherapy sen-
sitivity of NPC.

Placenta-specific protein 8 (PLAC8) is a small 
molecule protein that is widely expressed in 
eukaryotes and plays an important role in nor-
mal cellular biological processes and human 
diseases [11]. There is evidence suggesting 
that PLAC8 is a key upstream regulator of 
brown and white adipocyte differentiation [12, 
13]. Several studies have shown that PLAC8 is 
widely involved in the development of various 
malignancies [14-16]. PLAC8 has been shown 
to promote epithelial-mesenchymal transfor-
mation (EMT) in colon cancer [17]. Lack of 
PLAC8 inhibits the proliferation of pancreatic 
cancer cells in vitro and tumor growth in vivo 
[18]. PLAC8 overexpression is associated with 
a poor prognosis in lung cancer patients [19]. 
These studies confirm that PLAC8 is a biomark-
er for new cancer progression.

Our previous studies showed that PLAC8 pro-
motes the invasion and metastasis of NPC cells 

tivity of NPC cells and related molecular mech-
anisms, aiming to provide experimental evi-
dence for new radiotherapy sensitization tar-
gets for NPC.

Materials and methods

Patient samples and ethical statements

The No. 1501 and No. 1502 tissue arrays were 
supplied by Guilin Fanpu Biotech (Guangxi, 
China). PLAC8 expression levels and clinical 
results were analyzed in samples from 150 
patients (120 with NPC and 30 with nasophar-
yngitis, NPG). All patients provided written 
informed consent prior to the collection of tis-
sue samples. The general clinical data of these 
patients are shown in Table 1. The tissue chip 
and animal experimental procedures were 
approved by the Ethics Review Committee of 
Wuhan University Renmin Hospital (WDRY- 
2019-K058) and the Ethics Committee for 
Animal Experiments of Wuhan University Ren- 
min Hospital (20200815), respectively. Animal 
testing was conducted in accordance with the 
National Institutes of Health Guidelines for the 
Care and Use of Laboratory Animals. All efforts 
were made to minimize the suffering of labora-
tory animals.

Cell lines, cell culture conditions and irradia-
tion methods

The human NPC cell line CNE-2 was purchased 
from the Chinese Typical Culture Preservation 
Center of Wuhan University. Other cell lines  
(the human NPC cell lines HK1, SUNE1, 5-8F, 
and 6-10B and the amorphic nasopharyngeal 
epithelial cell line NP69) were purchased from 
the Laboratory of Molecular Tumor Pathology 
(Southern Medical University). PLAC8-knockout 
CNE-2 cells, hereafter referred to as koPLAC8 
CNE-2 cells, were established by Beijing Bio- 

Table 1. PLAC8 expression in NPC and NPG tissues
PLAC8 expression level
Group All cases Upregulation Downregulation p value
NPC 120 101 (84.2%) 19 (15.8%) 0.000*
NPG 30 14 (46.7%) 16 (53.3%)
Notes: Samples with a total IRS of 0, 1-3, 4-6 and 7-9 were 
labeled as (-), (+), (++) and (+++), respectively. Downregulation 
refers to PLAC8 expression that was labeled as (-) or (+) in clini-
cal tissue samples, while upregulation refers to PLAC8 expres-
sion that was labeled as (++) or (+++). *P<0.05.

through the TGF/Smad pathway [20]. In vitro 
cell experiments showed that PLAC8 gene 
knockout significantly increased the radio-
sensitivity of CNE-2 cells, promoted the 
apoptosis of CNE-2 cells after radiotherapy, 
and induced G2/M phase arrest [21]. How- 
ever, the effect of PLAC8 gene knockout on 
radio-sensitivity in nude mouse bearing NPC 
xenograft model is unclear. This study estab-
lished different radiotherapy animal models 
of CNE-2 cell xenografts to explore the effect 
of PLAC8 gene knockout on the radio-sensi-
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cytogen Company (Beijing, China, http://www.
bbctg.com.cn/index/index/index.html) by us- 
ing CRISPR/Cas9 technology [22]. CNE-2 and 
koPLAC8 CNE-2 cells were cultured in RPMI-
1640 medium (Biosun) containing 10% fetal 
bovine serum (Gibco). NP69 cells were cultured 
in serum-free medium for keratinocytes (KSFM) 
(Invitrogen) supplemented with bovine epider-
mal growth factor (EGF) (BD Biosciences). All 
cells were cultured in an incubator at 37°C with 
5% CO2 and 95% saturated humidity [23].

For cell irradiation, after cells were seeded in 
culture plates and allowed to adhere overnight, 
the cells were transferred to a medical linear 
accelerator (Radiology Center, Renmin Hospital 
of Wuhan University, Varian Accelerator, 23ex) 
for irradiation. A single dose of 8 Gy at 600 cGy/
min was used for room temperature vertical 
irradiation for 1 min, with an SSD=100 cm [21].

For animal irradiation, the animals were trans-
ferred to a medical linear accelerator (Radiology 
Center, Renmin Hospital of Wuhan University, 
Varian Accelerator, 23ex) for fixation and then 
irradiated after inhalation anesthesia with  
isoflurane (induction concentration of 4% and 
maintenance concentration of 1-2%). A single 
dose of 8 Gy at 600 cGy/min was used for room 
temperature vertical irradiation for 1 min using 
a lead plate to cover the tumor-free portion of 
the body during irradiation. The tumor was cov-
ered with a compensation membrane with a 
thickness of approximately 1 cm. The irradia-
tion method was single local irradiation with an 
SSD=100 cm, as previously described [8].

RNA extraction and semi-quantitative RT-PCR

Total RNA was extracted using TRIzol reagent 
(Life Technologies, Carlsbad, USA) and convert-
ed to cDNA using a reverse transcription kit 
(Thermo Scientific, Rockford, USA). A SYBR 
Green PCR kit (Roche, Germany) was used for 
semi-quantitative reverse transcription poly-
merase chain reaction (RT-PCR). GAPDH was 
used as the internal control. The relative quan-
titative value (RQ) was used as the basis for 
quantitative comparisons of target gene ex- 
pression between the two groups. The RT-PCR 
primers for PLAC8 (5’-GGAACAAGCGTCGCAAT- 
GAG-3’; 5’-AAAGTACGCATGGCTCTCCTT-3’) and 
GAPDH (5’-GAGAAGGCTGGGGCTCATTT-3’; 5’- 
TAAGCAGTTGGTGGTGCAGG-3’) were purchas- 
ed from Hundred Thousand Degree Biotech- 

nology Co., Ltd. The 2-ΔΔCT method was used to 
analyze the mRNA expression level [24].

Establishment of subcutaneous xenotrans-
plant tumor model 1 (model 1)

Male BALB/c-nu mice (n=12; 4-6 weeks of  
age, 15-20 g) were obtained from Vital River 
Laboratory Animal Technology (Beijing, China) 
and housed in the SPF barrier facility of the 
Animal Experiment Center of Wuhan University 
Renmin Hospital. The nude mice were random-
ly divided into two groups: group A: IR+CNE-2; 
and group B: IR+koPLAC8 CNE-2 (both n=6). 
CNE-2 and koPLAC8 CNE-2 cells in logarithmic 
growth phase were exposed to 8 Gy and cul-
tured for 24 h (1×106; IR+CNE-2 or IR+koPLAC8 
CNE-2) and then subcutaneously injected into 
the back of each mouse to establish a subcuta-
neous xenograft model of NPC. After 3 weeks, 
all the mice were sacrificed. Tumor tissue was 
collected for further analysis. The long and 
short diameters of the tumors were measured 
every 3 days. Tumor volume was calculated as 
follows: long diameter × short diameter2/2 [19]. 
If there was no transplanted tumor growth in 
the nude mice, the skin tissue corresponding  
to the injection site of the NPC cells was col-
lected for subsequent detection. There were 6 
samples in each group of tumors or skin tis-
sues, 3 of which were fixed with fixation fluid  
for paraffin embedding, and the other 3 were 
stored at -80°C for western blot analysis. The 
tumor growth inhibition rate was calculated as 
follows: (%) = (VControl group - VExperimental group)/VControl 

group ×100% [25].

Establishment of subcutaneous xenotrans-
plant tumor model 2 (model 2)

Male BALB/c-nu mice (n=12; 4-6 weeks of  
age, 15-20 g) were randomly divided into two 
groups: group A: IR+CNE-2; and group B: IR+ 
koPLAC8 CNE-2 (both n=6). The cells (1×106; 
IR+CNE-2 or IR+koPLAC8 CNE-2) were subcuta-
neously injected into the back of each mouse, 
and the long and short diameters of the tumors 
were measured every day. On the sixth day 
after the inoculation, the tumors of the nude 
mice were exposed to a single dose of 8 Gy 
once for 1 min. When the average tumor vol-
ume of a group of mice reached 1500 mm3, the 
mice were sacrificed, and the tumor tissues 
were collected for further detection and analy-
sis [24]. There were 6 samples in each group of 
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tumors or skin tissues, 3 of which were fixed 
with fixation fluid for paraffin embedding, and 
the other 3 were stored at -80°C for western 
blot analysis. The tumor growth inhibition rate 
was calculated as follows: (%) = (VControl group - 
VExperimental group)/VControl group ×100% [25].

Hematoxylin and eosin (HE) staining and im-
munofluorescence (IF)

The tumor tissues and skin tissues were soak- 
ed in 4% paraformaldehyde and fixed for 2 
days. After dehydration with low to high con- 
centrations of alcohol, the tissues were placed 
in xylene, cleared and embedded in paraffin. 
The sections were sliced at a thickness of 5  
μm and stained with HE. Paraffin-embedded 
sections were dewaxed with xylene, rehydrated 
with gradient alcohol, and blocked with 5% 
bovine serum albumin in PBS (Beyotime, 
Shanghai, China) for 30 min. The sections were 
then incubated overnight with target protein-
specific antibodies at 4°C, such as γH2AX,  
Bax, Bcl-2, Caspase-3 and cleaved Caspase-3 
(CST, Boston, USA).

The sections were then incubated with a PE- 
conjugated secondary antibody (CST, Boston, 
USA) at 37°C for 2 h. IF staining was used to 
observe the expression of target proteins  
in the tissue samples of transplanted mouse 
tumors. All images were taken using a fluores-
cence microscope (Olympus BX-51, Japan) 
[20]. IF analysis was performed as described 
previously [26].

Immunohistochemistry (IHC) analysis

IHC was used to detect the expression levels of 
target proteins in patient samples and nude 
mouse tumor samples. Paraffin-embedded tis-
sue sections were dewaxed and rehydrated in 
xylene and gradient alcohol solution, and anti-
gen repair was performed with citrate solution 
for 5 min. After antigen repair and blocking, the 
primary antibody was incubated overnight at 
4°C. The secondary antibody was then incubat-
ed at room temperature for 1 h. Finally, diami-
nobenzidine (DAB) was used to visualize the 
staining. Image-Pro Plus 6.0 (Media Cyberne- 
tics, MD, USA) was used to analyze the results. 
The primary antibodies were as follows: Bax, 
Bcl-2, Caspase-3 and cleaved Caspase-3 (CST, 
Boston, USA). Staining was scored according  
to previously described standards [19].

The cumulative optical density (IOD) of several 
fields was calculated by using ImageJ software, 
and the average optical density (AOD) (cumula-
tive optical density IOD/total field) was calcu-
lated. The experiment was repeated three 
times to calculate the average.

Western blot analysis

Western blotting was used to detect the expres-
sion levels of target proteins in nude mouse 
tumor samples. Total protein was collected 
after lysing the cells with RIPA buffer con- 
taining protease inhibitors (Beyotime, Shang- 
hai, China). After quantifying the concentration 
of total protein, an equal amount of total pro-
tein (40 μg) was separated by 10% sodium 
dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE; Beyotime, Shanghai, China). 
Next, target proteins were transferred to polyvi-
nylidene fluoride membranes and blocked for 1 
h with 5% nonfat milk. Membranes were incu-
bated separately overnight at 4°C with the fol-
lowing primary antibodies: PLAC8 (1:1000), 
Bcl-2 (1:1000), Bax (1:1000), γH2AX (1:1000) 
and GAPDH (1:2000) (Cell Signaling Technolo- 
gy, Danvers, USA). Then, the membranes were 
incubated with IRDye 680RD-conjugated sec-
ondary antibodies (Licor, NE, USA) at room tem-
perature for 1 h. Each membrane was scann- 
ed and quantified using the Odyssey infrared 
imaging system (Licor, NE, USA). GAPDH was 
used as the reference protein.

Statistical analysis

All experiments were repeated three times. 
SPSS software version 22.0 (SPSS, Chicago, 
USA) was used for statistical analysis. Enu- 
meration data are presented as the mean ± 
standard error of the mean (SEM), and differ-
ences between two groups were tested by the 
t-test. Data of clinical tumor samples were  
statistically analyzed using the χ2 test. The sur-
vival curve was determined by the log-rank 
Kaplan-Meier method. A value of P<0.05 was 
considered statistically significant.

Results

Expression of the PLAC8 protein in NPC tissues 
and PLAC8 mRNA in NPC cell lines

First, we analyzed PLAC8 expression in hu- 
man NPC tissue chips and NPC cell lines. 
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PLAC8 protein expression rate in NPC speci-
mens (84.2%, 101/120) was significantly high-
er than that in NPG specimens (46.7%, 14/30) 
(P<0.01, Table 1; Figure 1A, 1B). Next, we  
measured PLAC8 mRNA expression in naso-
pharyngeal epithelial cells (NP69) and human 
NPC cells and found that PLAC8 mRNA expres-
sion was higher in human NPC cells than in 
NP69 cells (Figure 1C).

The relationship between PLAC8 expression 
in NPC tissues and clinical parameters of NPC 
patients

Further analysis of the relationship between 
PLAC8 expression in NPC samples and neck 
lymph node metastasis and survival time sh- 
owed that NPC patients with PLAC8 upregula-
tion were more likely to have neck lymph node 

Figure 1. Expression of the PLAC8 protein in NPC tissues and PLAC8 mRNA in NPC cell lines. (A) IHC results of tissue 
samples from patients with NPG and NPC. (a/b and c/d) indicate NPG negative expression and NPC strong positive 
expression, respectively. Image magnification in (a/c and b/d): ×100 and ×400, respectively. (B) PLAC8 expression 
in NPC tissues was higher than that in NPG tissues (n=150, ***P<0.001). (C) RT-PCR showed higher PLAC8 mRNA 
levels in human NPC cell lines (CNE-2, HK1, SUNE1, 5-8F, and 6-10B) than in NP69 cell lines. Data are shown as 
the mean ± standard error of the mean of three technical replicates (*P<0.05).
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metastasis than those with PLAC8 downregula-
tion (Table 2; Figure 2A-C). The survival curve 
suggested that patients with PLAC8 downregu-
lation had a better prognosis than those with 
PLAC8 upregulation (Figure 2D). These results 
confirmed that PLAC8 was significantly overex-
pressed in NPC tissues and human NPC cells 
and was associated with neck lymph node 
metastasis and a low survival rate. It was found 
that gender did not affect the PLAC8 expres-
sion level (P>0.05, Table 2).

PLAC8 knockout significantly increased the 
radio-sensitivity of NPC cells in vivo

In this study, we analyzed changes in the radio-
sensitivity of PLAC8-knockout NPC cells in vivo 
by establishing two xenograft tumor models  
in nude mice. In model 1, CNE-2 cells and 
koPLAC8 CNE-2 cells were externally irradiated 
and directly injected subcutaneously into nude 
mice. In model 2, CNE-2 cells and koPLAC8 
CNE-2 cells were injected subcutaneously into 
nude mice to form tumors, and then the tumors 
were irradiated.

In model 1, subcutaneous grafts of IR+CNE-2 
cells grew gradually and reached their maxi-
mum on day 21. However, subcutaneous grafts 
of IR+koPLAC8 CNE-2 cells grew gradually up  
to 9 days after injection, but the growth was 
slow. After that, the tumors gradually shrank, 
completely disappeared on day 12, and did not 
reappear by day 21. The tumor volume was 

2 were collected. The tumor surface appeared 
smooth to the naked eye (Figure 3A). After HE 
staining, the tumor tissue was observed under 
an optical microscope and showed a solid 
structure with large tumor cells, large and 
deeply stained nuclei, prominent nucleoli, and 
visible mitotic images (Figure 3B). However, no 
tumor cells were observed following HE stain- 
ing in the nude mouse skin tissue from the 
IR+koPLAC8 CNE-2 group in model 1 (Figure 
3B).

IF revealed the differential expression of 
γH2AX, Bax, Bcl-2, Caspase-3 and cleaved 
Caspase-3 in tumors

To understand the possible mechanism by 
which PLAC8 knockout increases radio-sensi-
tivity, IF staining was used to visually observe 
the differential expression of γH2AX, Bax, Bcl-
2, Caspase-3 and cleaved Caspase-3 in each 
group. In model 1, the fluorescence intensity of 
γH2AX, Bax, Caspase-3 and cleaved Caspase- 
3 in the skin tissues of the IR+koPLAC8 CNE-2 
group was significantly lower than that of the 
tumor tissues of the IR+CNE-2 group, while the 
fluorescence intensity of Bcl-2 was significant- 
ly higher than that of the IR+CNE-2 group 
(Figure 4A, 4C), confirming that the apoptosis 
of normal skin tissues was significantly less 
than that of NPC tissues after receiving radio-
therapy. In model 2, the fluorescence intensity 
of γH2AX, Bax, Caspase-3 and cleaved Cas- 
pase-3 in the IR+koPLAC8 CNE-2 group was 

Table 2. PLAC8 expression in NPC samples and its as-
sociations with patient clinicopathological data
PLAC8 expression level
Item All cases Upregulation Downregulation p value
Sex 0.645
    Male 90 62 (68.9%) 28 (31.1%)
    Female 30 22 (73.3%) 8 (26.7%)
Age (years) 0.867
    ≥.8 42 29 (69.0%) 13 (31.0%)
    <50 78 55 (70.5%) 23 (29.5%)
Neck mass 0.000*
    Yes 76 62 (81.6%) 14 (18.4%)
    No 44 10 (22.7%) 34 (77.3%)
Notes: Samples with a total IRS of 0, 1-3, 4-6 and 7-9 were labeled as 
(-), (+), (++) and (+++), respectively. Downregulation refers to PLAC8 
expression that was labeled as (-) or (+) in clinical tissue samples, 
while upregulation refers to PLAC8 expression that was labeled as 
(++) or (+++). *P<0.05.

recorded as “0”. To analyze the structure 
of the injection site, we harvested skin 
tissue at the site where the CNE-2 cells 
were injected for subsequent analysis 
(Figure 3A). In model 2, the tumor vol-
ume of the IR+CNE-2 and IR+koPLAC8 
CNE-2 groups increased gradually be- 
fore radiotherapy, but the tumor growth 
of the IR+koPLAC8 CNE-2 group was sig-
nificantly slower than that of the IR+ 
CNE-2 group. When the nude mice were 
sacrificed 15 days after inoculation, the 
average tumor volumes of the trans-
planted tumors in the two groups were 
1.571±0.055 cm3 and 0.533±0.132 
cm3. The tumor inhibition rate in the 
IR+koPLAC8 CNE-2 group was 66.04% 
(Figure 3A).

The tumor tissues in the IR+CNE-2 group 
in model 1 and the two groups in model 
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higher than that in the IR+CNE-2 group, while 
the fluorescence intensity of Bcl-2 was lower 
than that in the IR+CNE-2 group (Figure 4B, 
4D), confirming that cancer cell apoptosis in- 
creased after radiotherapy in vivo with PLAC8 
knockout.

IHC detection of the differential expression 
of γH2AX, Bax, Bcl-2, Caspase-3 and cleaved 
Caspase-3 in tumors

After IHC staining, brown-yellow particles were 
observed under an optical microscope, indicat-

Figure 2. Expression of PLAC8 in NPC tissues and its relationship with clinical characteristics. (A) IHC results of tis-
sue samples from NPC patients without neck lymph node metastasis. (a and b) are the IHC results of tissues without 
neck lymph node metastasis, while (c and d) are the IHC results of tissues with neck lymph node metastasis. Image 
magnification in (a/c and b/d): ×100 and ×400, respectively. (B) Quantitative analysis of PLAC8 in NPC tissues. 
(C) PLAC8 was upregulated in the majority of NPC patients with neck metastasis (n=120, **P<0.01). (D) Survival 
curves suggest that patients with NPC and low PLAC8 expression have a prolonged survival time (n=120, P<0.01).
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Figure 3. Both models confirmed that knockout of the PLAC8 gene increased the radio-sensitivity of NPC cells. After 
exposure to both irradiation methods, complete tumors were obtained from the IR+CNE-2 and IR+koPLAC8 CNE-2 
tumor-bearing nude mouse models. A. In model 1, the tumors of nude mice in the IR+koPLAC8 group disappeared, 
and the tissue at the inoculation site (shown) was collected. In model 1 and model 2, there was a significant differ-
ence in tumor volume after irradiation (n=6, *P<0.05, **P<0.01). B. In model 1, the tissue at the inoculation site 
was confirmed as skin tissue by HE staining. Image magnification: ×200.
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Figure 4. Expression of γH2AX, Bax, Bcl-2, Caspase-3 and cleaved Caspase-3. A. Protein staining with IF in the IR+CNE-2 and IR+koPLAC8 CNE-2 groups in model 1. 
B. Protein staining with IF in the IR+CNE-2 and IR+koPLAC8 CNE-2 groups in model 2. C. In model 1, compared with the fluorescence intensity in the tumor tissues 
of the IR+CNE-2 group, the skin tissues of the IR+koPLAC8 CNE-2 group had weaker fluorescence of γH2AX, Bax, Caspase-3 and cleaved Caspase-3, while that of 
Bcl-2 was stronger. D. In model 2, compared with the fluorescence intensities in the IR+CNE-2 group, those of γH2AX, Bax, Caspase-3 and cleaved Caspase-3 in 
the IR+koPLAC8 CNE-2 group were stronger, while that of Bcl-2 was weaker (red fluorescence indicates positive expression, while blue fluorescence indicates DAPI 
staining). Image magnification: ×200. *P<0.05, **P<0.01, ***P<0.001. 
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ing positive expression. The results showed 
that in model 1, the AODs of γH2AX, Bax, Cas- 
pase-3 and cleaved Caspase-3 in the IR+ 
koPLAC8 CNE-2 group were significantly lower 
than those in the IR+CNE-2 group (Figure 5A, 
5C), while the AOD of Bcl-2 was significantly 
higher than that in the control group (P<0.05), 
confirming that apoptosis in normal skin tissue 
was significantly less than that in NPC cells 
receiving radiotherapy. In model 2, the AODs of 
γH2AX, Bax, Caspase-3 and cleaved Caspase- 
3 in the IR+koPLAC8 CNE-2 group were signifi-
cantly higher than those in the IR+CNE-2 group 
(Figure 5B, 5D), while the AOD of Bcl-2 was the 
opposite (P<0.01), confirming that apoptosis 
was increased in PLAC8-knockout cancer cells 
after radiotherapy in vivo.

Western blot detection of the differences in 
PLAC8, γH2AX, Bax and Bcl-2 in tumor tissues

In model 1, the expression levels of PLAC8, 
γH2AX and Bax in the skin tissues of the IR+ 
koPLAC8 CNE-2 group were significantly lower 
than those of the IR+CNE-2 group (P<0.05), 
while the expression of Bcl-2 was significantly 
higher (Figure 6A). This confirmed that there 
was significantly less apoptosis in normal skin 
tissues than in NPC tissues treated with radio-
therapy. In model 2, the IR+koPLAC8 CNE-2 
group showed almost no expression of PLAC8 
(compared with the IR+CNE-2 group) (Figure 
6B), confirming that PLAC8 was successfully 
knocked out. In this group, the protein expres-
sions of γH2AX and Bax were significantly in- 
creased (Figure 6B), while the protein expres-
sion of antiapoptotic protein Bcl-2 was signifi-
cantly decreased (P<0.05), confirming that 
PLAC8 knockout promoted the apoptosis of 
NPC cells in vivo after radiotherapy.

Discussion

High expression of PLAC8 is associated with 
the development of many cancers [8, 18, 27]. 
To investigate whether PLAC8 is associated 
with the clinical biology of NPC, we performed 
histological analysis. The results showed that 
the expression level of PLAC8 in NPC tissues 
was significantly higher than that in NPG tis-
sues, and the upregulation of PLAC8 was close-
ly related to neck metastasis and a poor prog-
nosis in NPC patients. Subsequently, we found 
that PLAC8 mRNA expression was significantly 
higher in a variety of NPC cell lines than in 

immortalized nasopharyngeal epithelial cell 
lines. These results confirm that PLAC8 is one 
of the oncogenes associated with nasopharyn-
geal cancer. Nasopharyngeal carcinoma inci-
dence is higher in males than in females, with a 
ratio of about 2.5 in China [1]. According to our 
data presented in Table 2, gender did not affect 
the PLAC8 expression level. In the following 
study, only male mice were selected as model 
animals to ensure homogeneity of the experi-
ment on the one hand and to simulate the gen-
der characteristics of most patients with naso-
pharyngeal carcinoma on the other hand.

CRISPR/Cas9 technology is one of the most 
effective methods used to knock out specific 
genes [28]. In our previous studies, we suc-
cessfully knocked out the PLAC8 gene in CNE-2 
cell lines using this technique [20, 21]. The 
advantage of this knockout method is that the 
knockout is efficient and can be passed to the 
next generation. In model 2, there was almost 
no expression of the PLAC8 protein in tumor tis-
sue in the PLAC8-knockout group, confirming 
that the PLAC8 gene was indeed knocked out 
in CNE-2 cells.

In this study, two different subcutaneous xeno-
transplant tumor models of 1 and 2 were es- 
tablished. In Model 1, PLAC8-knockout CNE-2 
cells were treated with radiotherapy in vitro  
and then inoculated in nude mice. In Model 2, 
PLAC8-knockout CNE-2 cells were inoculated  
in nude mice and then treated with radiothera-
py. Our aim was to compare the difference in 
efficacy between these two tumor models and 
the possible causes. 

There was an increasing separation trend in the 
tumor growth curves of model 1 and model 2, 
and the number of transplanted tumors with 
PLAC8 gene knockout was significantly smaller 
than that without. In model 2, the tumor inhibi-
tion rate of PLAC8 gene knockout was as high 
as 66.04% after 10 days of radiotherapy, while 
in model 1 (with PLAC8 gene knockout), no sig-
nificant tumor tissue growth was observed 
between 13 and 23 days after radiotherapy, 
confirming that PLAC8 gene knockout com-
bined with radiotherapy significantly inhibited 
the growth and proliferation of NPC cells in vivo. 

In model 1, we found that the knockout of 
PLAC8 followed by radiotherapy in nude mice 
resulted in relatively slow tumor growth in the 
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Figure 5. Staining and quantitative analysis of γH2AX, Bax, Bcl-2, Caspase-3 and cleaved Caspase-3 expression un-
der an optical microscope. A. Protein staining in the IR+CNE-2 and IR+koPLAC8 CNE-2 groups in model 1. B. Protein 
staining in the IR+CNE-2 and IR+koPLAC8 CNE-2 groups in model 2. C. The expression of γH2AX, Bax, Caspase-3 
and cleaved Caspase-3 was significantly lower in the IR+koPLAC8 CNE-2 group than that in the IR+CNE-2 group, 
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first 9 days. However, the tumor completely dis-
appeared by day 12, and no tumor growth was 
observed by day 24. The tumor inhibition rate in 
model 1 was higher than that in model 2. The 
reason may be that all CNE-2 cells in model 1 
were exposed to radiation, while some tumor 

cells in model 2 were not exposed to radiation. 
In addition, in model 2, the growth rate of the 
PLAC8-knockout group was slightly slower than 
that of the control group before receiving radio-
therapy, demonstrating that PLAC8 knockout 
alone partially inhibited tumor growth, consis-

while that of Bcl-2 was significantly higher. D. The expression of γH2AX, Bax, Caspase-3 and cleaved Caspase-3 was 
significantly higher in the IR+koPLAC8 CNE-2 group than that in the IR+CNE-2 group, while that of Bcl-2 was lower 
(brown-yellow particles indicate positive staining, while blue indicates nuclear staining). Image magnification: ×200. 
*P<0.05, **P<0.01, ***P<0.001.

Figure 6. Knockout of PLAC8 enhanced radio-sensitivity by activating the apoptotic pathway. A. Target protein bands 
obtained by western blot analysis and their statistical graph in model 1. B. Target protein bands obtained by western 
blot analysis and their statistical graph in model 2. Data are shown as the mean ± standard error of the mean of 
three technical replicates (*P<0.05, **P<0.01).
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tent with our previous experimental results 
[20].

DNA double-strand rupture is a very important 
type of cell damage caused by radiation. During 
DNA damage repair, the histone phosphoryla-
tion of H2AX (γH2AX) occurs rapidly in a dou-
ble-strand break reaction [29]. IHC, IF and 
western blotting experiments in model 2 con-
firmed that γH2AX protein expression in the  
tissue of CNE-2-transplanted tumors with 
PLAC8 knockout was significantly higher than 
that without. The animal model with CNE-2-
transplanted tumors exposed to radiation had 
increased DNA double-strand breakage, and 
DNA repair CNE-2-transplanted tumor tissue 
was more sensitive to radiation after PLAC8 
knockout.

During tumor growth, in addition to the abnor-
mal proliferation of cancer cells, the apoptosis 
of cancer cells is blocked. This study further 
analyzed the effect of PLAC8 gene knockout on 
the apoptosis of CNE-2 cells in vivo by analyzing 
tumor tissue apoptosis. Bax and Bcl-2 are the 
most important pro- and antiapoptotic proteins 
in the Bcl-2 family, respectively, and play an 
important regulatory role in the apoptotic sig-
naling pathway in tumor cells [30]. Model 2 
demonstrated that PLAC8 gene knockout and 
radiation treatment significantly increased the 
expression of the proapoptotic protein Bax and 
decreased the expression of the apoptotic sup-
pressor protein Bcl-2, which may be one of the 
molecular mechanisms by which PLAC8 gene 
knockout increases the radio-sensitivity of 
CNE-2 cell grafts.

The cysteine protease (Caspase) family plays a 
key role in cell apoptosis and is one of the most 
important apoptotic markers, among which 
Caspase-3 is considered to be the main execu-
tor and an important effector of cell apoptosis 
[31]. Cleaved Caspase-3 is the activated form 
of Caspase-3. In model 2, the results showed 
that the protein expression levels of Caspase- 
3 and cleaved Caspase-3 in the tumor tissue  
of the PLAC8-knockout group were significant- 
ly higher than those of the control group. 
Combined with the above experimental results 
of Bax and Bcl-2, we hypothesized that the 
main mechanism by which PLAC8 gene knock-
out improves the radiotherapy sensitivity of 
NPC may be the activation of apoptotic signal-
ing pathway.

Since the nude mice in the radiotherapy plus 
PLAC8 knockout group in model 1 were sacri-
ficed without tumors at the original subcutane-
ous implantation site, the skin tissues at the 
implantation site were retained for subsequent 
experimental analysis. The results showed that 
the expression levels of γH2AX, Bax, Caspase-3 
and cleaved Caspase-3 in skin tissues were 
lower than those in NPC tumor tissues, while 
the expression level of Bcl-2 was higher, consis-
tent with the different expression levels of 
these pro- and antiapoptotic proteins in normal 
and tumor tissues after radiotherapy. In model 
1, PLAC8 was expressed in skin tissue, but its 
expression was higher in NPC tumor tissue, 
which also confirmed that PLAC8 is an 
oncogene.

According to the results of this study, PLAC8 
knockout can exert the effect of radiotherapy 
sensitization by inducing apoptosis. Our previ-
ous study confirmed that PLAC8 contributes to 
radio-resistance in NPC by inhibiting the PI3K/
AKT/GSK3β pathway [21]. Furthermore, Mao et 
al. confirmed that PLAC8 contributes to cell 
proliferation and suppresses cell apoptosis in 
breast cancer by activating the PI3K/AKT/
NF-κB pathway [15]. Therefore, similar to the 
increased radiotherapy sensitivity of cultured 
cells, the molecular mechanism of the in- 
creased radiotherapy sensitivity of NPC cells in 
vivo may be related to the PLAC8-regulated AKT 
signaling pathway.

In summary, this study demonstrated that 
PLAC8 gene knockout significantly increased 
the radio-sensitivity of xenograft NPC tumors in 
nude mice by promoting apoptosis. PLAC8 is an 
effective target for the radiotherapy sensitiza-
tion of NPC.
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