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Original Article 
CBX8, a novel DNA repair protein, promotes  
tumorigenesis in human esophageal carcinoma 
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Abstract: DNA damage response and repair are carried out by certain proteins following damage by environmen-
tal clastogens, such as ionizing radiation and reactive oxygen species. It has been reported that many carcino-
mas that are characterized by resistance to chemotherapy and poor outcomes show dysfunction of these proteins. 
Chromobox homologue 8 (CBX8), a member of the polycomb group of proteins, has been identified as a factor that 
protects tumor cells from the detrimental effects of ionizing radiation (IR) or hydrogen peroxide (H2O2). In this study, 
we found that CBX8 was up-regulated in esophageal carcinoma tissues compared with adjacent non-cancerous tis-
sues (P<0.01) and correlated with TNM stage in esophageal squamous cell carcinoma patients. Depletion of CBX8 
decreased cell proliferation both in vitro and in vivo and increased the phosphorylation levels of p21, Wee1, and 
CHK1, which result in cyclin-dependent kinase inhibition and cell-cycle delay. CBX8 depletion also led to accumula-
tion of spontaneous DNA damage and raised the sensitivity of tumor cells to IR or H2O2. We also found that the total 
level of CBX8 in the cells was increased after treating tumor cells with clastogens. In addition, our data showed that 
decreased CBX8 expression was accompanied by the reduction of EZH2 and EED, which have been reported to 
participate in DNA damage repair. Collectively, CBX8 might emerge as an oncogene for promoting the proliferation 
of tumor cells and raising the resistance of neoplasms to chemotherapy.
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Introduction 

The polycomb group (PcG) of proteins is essen-
tial for regulating cell proliferation and can con-
tribute to the development of cancer [1-4]. PcG 
proteins participate in the formation of two 
major protein complexes, known as the poly-
comb repressive complexes 1 and 2 (PRC1 and 
PRC2), whose function is to maintain transcrip-
tional repression. In humans, PRC2 is com-
prised of three PcG proteins (EZH2, EED, and 
SUZ12), and RbAp48 [5-8]. EZH2 possesses 
histone methyltransferase activity and trimeth-
ylates lysine 27 on histone H3 (H3K27me2/3) 
[9]. Trimethylated H3K27 is believed to facili-
tate recruitment of the PRC1 complex, which is 
essential for maintaining the repression of tar-
get genes during differentiation and develop-
ment [10].

Chromobox homolog 8 (CBX8), a member of 
PRC1, belongs to the CBX protein family (which 

includes CBX2, 4, 6, 7, and 8), which is homolo-
gous to the Drosophila polycomb (Pc) protein 
[11]. CBX8 has been reported to regulate cell 
mitosis in human and mouse fibroblasts thro- 
ugh direct binding to the INK4A-ARF locus, and 
the ectopic expression of CBX8 leads to cellular 
immortalization [12, 13]. The efficient and 
accurate repair of chromosomal lesions is criti-
cal in preventing cell death and carcinogenesis 
when cells are exposed to detrimental environ-
mental factors. It has been reported that the 
members of the polycomb complex (CBX8 and 
EZH2 are enriched on sites of DNA damage. 
Silencing EZH2 or EED by several independent 
shRNAs renders U2OS cells sensitive to ionizing 
radiation (IR) [14]. 

The current treatments for cancer, which typi-
cally include radiotherapy, chemotherapy and 
surgery, are often not enough to cure patients 
of their cancers [15]. How cancer cells become 
resistant to treatments is an important research 
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focus [16]. Thus many cancers may also 
become resistant to the DNA damage that 
results from chemotherapy drugs [17]. For 
example, ABL could be regulated by AXL to pro-
mote cisplatin resistance in esophageal cancer 
[18]. Tics (also called cancer stem cells) are 
partly responsible for resistance to DNA-
damaging treatment. Research has shown that 
enhancing the DNA repair capability of tumor 
cells results in tumorigenesis [19]. For exam-
ple, the over-expression of apoptosis-resistant 
protein promotes tumor formation and develop-
ment by increasing cancer cell DNA-repair 
capability [20]. Enhanced survival mechanisms 
of malignant cells against DNA damaging 
agents can sustain resistance against chem- 
otherapy.

In this study, we found that CBX8 knockdown 
increased the sensitivity of esophageal tumor 
cells to DNA clastogen and decreased the 
expression levels of P21, EZH2, and EED. 
Moreover, CBX8 could prevent the accumula-
tion of spontaneous DNA damage. Consequ- 
ently, loss of CBX8 causes defects in DNA 
repair and checkpoint activity, rendering cells 
hypersensitive to IR or H2O2. Thus, the PcG pro-
tein CBX8 is a novel DNA damage response fac-
tor that mediates DNA damage repair and 
tumorigenesis.

Materials and methods

Cell culture

EC109 and EC9706 cells were obtained from 
the Tumor Center of the Chinese Academy of 
Medical Science. HeLa, CCD-1079Sk and 
HaCaT were purchased from the cell bank of 
the Chinese Academy of Science. All cell lines 
were maintained at 37°C under a 5% CO2 atmo-
sphere in Dulbecco’s Modified Eagle Medium 
(DMEM) high glucose (Invitrogen, USA) with 
10% fetal bovine serum (FBS).

Depletion of CBX8 in cells

We transfected 50 nM CBX8-siRNA oligonucle-
otides (Sigma, USA), with the following sequenc-
es: siCBX8-1 5’-CTCGCTTGCTCGCAGCCTT-3’, 
siCBX8-2 5’-GAGAGTGAGCGTGAGCTTG-3’, into 
cells using Lipofectamine 2000 (Invitrogen, 
USA) according to the manufacturer’s instruc-
tions. The transfected cells were harvested 72 
h after the initiation of transfection. For stable 
CBX8 depletion, the cells were infected with 
lentivirus (LV) that expressed CBX8-shRNA 

(Genchem, China) or its negative control at 
30-50% confluence. The monoclonal popula-
tion of the stably infected cells was selected by 
a limiting dilution assay using the green fluores-
cent protein marker.

Cell proliferation assay

The treated cells (1 × 103 cells per well) were 
seeded in 96-well plates. The MTT assay was 
performed on days 1, 3, 5, and 6. Sample 
absorbance was measured with a spectropho-
tometer reader at 490 nm. Each assay was per-
formed in triplicate.

Colony formation assay

The treated cells were seeded in 12-well plates 
(200 cells per well), incubated for 7-10 days for 
colony growth. Then, these cells were fixed in 
4% formaldehyde for 20 min and stained with 
0.1% crystal violet for 15 min. Colonies contain-
ing 50 or more cells were counted.

Cell cycle analysis

Cells were harvested by trypsinization, fixed in 
70% ethanol, and resuspended in 500 μL PBS 
buffer, 10 μL propidium iodide (Sigma, USA), 
2.5 μL RNase1, and 0.5 μL 20% NP40. Samples 
were incubated for 15 min before analysis. DNA 
content was analyzed by flow cytometry (BD 
Biosciences, USA).

Real-time PCR

Total RNA from tissue samples and cell lines 
was extracted using TRIzol reagent (Invitrogen, 
USA), following the manufacturer’s protocol. 
Real-time RT-PCR was performed using SYBR 
premix Ex Taq (TaKaRa, Japan) and the Applied 
Biosystems 7900 Real-Time PCR System 
(Applied Biosystems, USA), including the sup-
plied analytical software. The specific primer 
sequences were as follows: CBX8-sense 5’-C 
TGCTGCTTTTCTGCTCC’-3’ and CBX8-antisense 
5’-CATCCCTTCCATTTCACG-3’, 18S rRNA-sense 
5’-CCTGGATACCGCAGCTAGGA-3’ and (18S rRN- 
A-antisense 5’-CGCCGCGTTATGCTTACGGGG-3’.

Western blot

For western blot, cells were harvested and 
lysed in RIPA lysis buffer (Beyotime, China). A 
total of 30 μg protein/sample was processed 
for SDS-PAGE. Primary antibodies used were: 
CBX8 (Santa Cruz Biotechnology, USA); Wee1, 
p21, p-PLK1 (Thr210), and CHK1 (all from Cell 
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Signaling Technology, USA); β-actin (Sigma, 
USA); and γ-H2AX (Abcam, USA). The mem-
brane was scanned on an Odyssey infrared 
imaging system (LI-COR, USA) at a wavelength 
of 700 or 800 nm.

Immunohistochemistry

For immunohistochemistry, the slides were 
deparaffinized, rehydrated, and immersed in 
3% hydrogen peroxide solution for 10 min. 
Following treatment with 10% goat serum at 
37°C for 30 min, the slides were incubated with 

anti-CBX8 (1:100 dilution, Santa Cruz, USA) at 
4°C for 12 h. After washing with PBS, the slides 
were incubated with Signalstain Boost IHC 
Detection Reagent (Cell Signaling Technology, 
USA) for 1 h at room temperature. The slides 
were developed using DAB solution (Vector, 
SK-4100, USA), and counterstaining was per-
formed with hematoxylin.

Comet assay

DNA damage was evaluated in EC109 cells 
using an Oxiselect Comet Assay Kit (Cell Biolab, 

Figure 1. Expression of CBX8 in esophageal tissues and cell lines. A. CBX8 mRNA levels were measured in 59 pairs 
of esophageal carcinoma and corresponding adjacent  normal tissues by real-time RT-PCR, where 18S was used as 
an internal reference. The line in each box is the median -ΔCt value, while the upper and lower edges of each box 
show the 75th and 25th percentile, respectively. P value was calculated by paired t-test (P<0.01). B. The difference in 
CBX8 expression was tested by western blot analysis. β-Actin was the loading control. N represents adjacent normal 
tissues, T represents carcinoma tissues. C. Representative immunohistochemical detection of the CBX8 protein 
expression in paired esophageal tissues, N represents adjacent normal tissues, T represents carcinoma tissues. 
Left: hematoxylin-eosin staining (H&E); Right: immunohistochemistry. D. CBX8 expression patterns in normal cell 
lines and ESCC cell lines.
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USA) according to the manufacturer’s instruc-
tions. A total of 100 cells were analyzed per 
sample.

Generation of DNA damage

DNA damage was induced by IR, which was 
delivered by an X-ray generator (Gammacell-
40γ) or H2O2 (Sangon Biotech, China).

Xenograft mouse model

In vivo studies of the inhibitory function of 
CBX8-shRNA-lentivirus (LV) were conducted in 

nude mice. Ten nude mice aged 4 weeks were 
purchased from BIkai Laboratory Animal Corp. 
Ltd (Shanghai, China). According to the recom-
mendations guidelines of the Animal Care and 
Use Committee of The Tenth People’s Hospital 
of Shanghai, the studies were performed strict-
ly with the permit number: 2011-RES1. The pro-
tocol was approved by Science and Technology 
Commission of Shanghai Municipality (ID: SYXK 
2007-0006). Then the immune-deficient mice 
were subcutaneously injected with 5 × 106 

EC109 cells expressing CBX8-shRNA-LV or the 
control (ctrl) -LV. Tumor size was measured 
using a caliper, and tumor volume was calcu-
lated as 0.5 × L × W2, with L indicating length 
and W indicating width. The mice were sacri-
ficed under sodium pentobarbital anesthesia 
30 days after injection. Additionally all efforts 
were made to minimize suffering.

Results

CBX8 was abnormally expressed in esopha-
geal carcinoma tissues

Although CBX8 has been reported to regulate 
and co-localize on the INK4a tumor suppressor 
locus [11, 13] and to be essential for MLL-AF9-
induced leukemogenesis [21], the relationship 
between CBX8 and solid tumor has rarely been 
researched. In order to explore the impact of 
CBX8 on tumorigenesis, we detected CBX8 
expression from 59 pairs of samples, each con-
sisting of a sample of esophageal carcinoma 
tissue and a corresponding sample of adjacent 
normal tissue. The results of real-time reverse 
transcriptase-polymerase chain reaction 
(RT-PCR) showed that the average CBX8 mRNA 
levels were 3-fold higher in esophageal carci-
noma tissues than in adjacent normal tissues 
(P<0.01) (Figure 1A). Expression was also 
assessed by western blot and immunohisto-
chemistry, and the results further confirmed 
that the protein levels of CBX8 in esophageal 
carcinoma tissues were higher than in adjacent 
normal tissues (Figure 1B and 1C). In addition, 
we analyzed the expression of CBX8 in human 
skin fibroblasts CCD-1079Sk, human keratino-
cyte cell line HaCaT, and esophageal squamous 
cell carcinoma (ESCC) cell lines EC109 and 
EC9706. As shown in Figure 1D, no endoge-
nous CBX8 expression was observed in normal 
human cell lines CCD-1079Sk and HaCaT, but 
high CBX8 expression was found in EC109 and 
EC9706. These data suggest that abnormally 

Table 1. Association between CBX8 expres-
sion and clinicopathologic information of ESCC 
patients

Characteristic
Total CBX8 expression

P
(n=59) Low High Normal

Age (years) 0.91
    <60 25 1 11 13
    ≥60 34 1 13 20
Gender 0.667
    Female 31 1 15 15
    Male 27 1 8 18
Position of tumor 0.06
    Upper 3 1 1 1
    Middle 44 1 18 25
    Lower 11 0 5 6
Gross Pathology 0.099
    Fungating 3 0 1 2
    Medullary 26 1 9 16
    Others 30 1 14 15
N Classification 0.175
    N0 28 2 15 21
    N1 21 0 9 12
TNM Stage 0.027
    I 8 1 2 5
    II 39 0 20 19
    III 12 1 2 9
Tomor Size (cm3) 0.681
    <10 23 1 11 11
    ≥10, ≤20 23 0 6 17
    >20 13 1 7 5
CBX8 expression was detected by real-time RT-PCR in paired 
tumor tissues and normal adjacent tissues from 59 ESCC 
patients. 18S was taken for normalization of the data. The 
patients were divided into high and low CBX8 expression by 
the 50th percentiles of 2-ΔΔCt. The association between rela-
tive CBX8 expression and clinicopathologic information was 
analyzed. P values were obtained using the χ2 test.
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high expression of CBX8 might have an impor-
tant role in esophageal tumorigenesis.

Expression of CBX8 is correlated with TNM 
stage in ESCC patients

To reveal the functions of CBX8 in tumorigene-
sis, we analyzed the relationship between 
abnormal CBX8 expression and the clinicopath-
ologic status of ESCC patients. As shown in 
Table 1, no significant association was found 
between CBX8 expression and other clinical 
characteristics such as age, gender, gross 
pathological type, tumor position, tumor size, 
but relative CBX8 expression significantly 
increased with TNM stage (P=0.027), suggest-
ing that CBX8 expression is correlated with 
TNM stage in ESCC patients.

CBX8 knockdown prevents the tumor cell pro-
liferation and slows down cell cycle progres-
sion

To knockdown endogenous CBX8 in ESCC cells, 
two independent siRNAs against CBX8 were 
transfected into EC109 cells, and the efficiency 
was verified as in Figure 2A. The results of the 
MTT assay showed that the proliferation of 
EC109 and EC9706 cells was significantly 
inhibited by transfection of siRNAs that target 
CBX8 (Figure 2B). Furthermore, we found that 
CBX8 knockdown suppressed the colony-form-
ing efficiency of EC109 and EC9706 cells 
(Figure 2C). To test whether depletion of CBX8 
could suppress tumorigenesis in vivo, EC109 
cells infected with CBX8-ShRNA lentivirus 

Figure 2. CBX8 is required for the proliferation of ESCC cells and cell cycle progression. (A) The interference ef-
ficiency of two CBX8-siRNAs was tested by both RT-PCR and western blot. (B, C) The relative cell proliferation was 
measured by MTT (B) and colony formation assays (C) in EC109 and EC9706 cells. (D) Xenograft mouse model. Tu-
mor volume and weight were measured for 30 days after subcutaneous injection. n=5 per group. (E) FACS analysis 
showed that CBX8-depleted cells accumulated in the G2M phase in EC109. (F) G2M checkpoint-related proteins 
were detected in EC109 cells. (NC: Negative Control).
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(CBX8-shRNA-LV) or control lentivirus (Ctrl-LV) 
were subcutaneously inoculated into nude 
mice. As shown in Figure 2D, the xenograft 
tumors formed in the absence of CBX8 were of 
lower mean volume and weight compared with 
those formed in the control. All these data dem-
onstrate that CBX8 depletion can decrease cell 
proliferation both in vitro and in vivo. 

To further identify whether CBX8 depletion 
affects cell cycle progression, EC109 cells 
infected with CBX8-shRNA-LV or Ctrl-LV were 
harvested 24 h after synchronization in serum-
free medium, and the cell cycle distribution of 
these cells was analyzed by flow cytometry. Our 
results showed that the population of cells in 
the G2M phase in the CBX8-depleted cells was 
twice that in the control cells (Figure 2E). In 
addition, we also detected the expression of 
key cell cycle factors and found that expression 
of Wee1, p21, and Chk1 were up-regulated, 

while PLK1 thr210 phosphorylation was down-
regulated after CBX8 depletion; all these 
changes could lead to accumulation of cells in 
the G2M phase. These results were consistent 
with the flow cytometry analysis. Collectively, 
these data show that CBX8-depletion prevents 
tumor cell proliferation as a result of cell cycle 
arrest (Figure 2F).

Inhibition of CBX8 expression sensitizes cells 
to DNA damage

PcG proteins had been reported to be recruited 
to damaged chromatin after cells exposed to 
IR, suggesting that PcG proteins may play a 
direct role in the cellular response to DNA dam-
age [22]. In addition, we have proved that 
depletion of CBX8, a member of the PcG group 
of proteins, could induce G2M arrest, and alter 
protein or phosphorylation levels of cell-cycle 
regulators. Therefore, we proposed that CBX8 

Figure 3. CBX8 is related to DNA damage. (A) CBX8-depletion spontaneously induces DNA damage. EC109 cells 
were transfected with the indicated siRNA for 48 h, exposed to 10 Gy of IR or 0.1 mM H2O2 for 20 min, and subjected 
to neutral comet analysis. (B) Quantification of tail moments using cells from (A). Tail moments for each condition 
were calculated on a minimum of 300 cells for each data point. Three independent experiments have been done 
for each result. *P<0.05, without IR or H2O2 treatment; **P<0.01, IR treatment or H2O2 treatment. (C) A marker for 
DNA DSBs, γ-H2AX, was tested by western blot both in EC109 and EC9706 cells. (D) EC109 cells transfected with 
NC or siCBX8 were fixed and immunostained with anti-γ-H2AX antibody.
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Figure 4. Depletion of CBX8 decreases resistance to H2O2 or IR. A, B. Both EC109 and HeLa cells were treated with 
H2O2 or IR. For H2O2 treatment, cells were exposed to 0.1 mM H2O2 for 20 min and then maintained in culture for 
indicated time points at 37°C, 5% CO2. For IR exposure, cells were exposed to 10 Gy IR and maintained in culture 
for indicated time points at 37°C, 5% CO2. CBX8 and γ-H2AX were determined by Western blot. C. EC109 cells were 
transfected with siCBX8 for 48 h, then exposed to 0.1 mM H2O2 for 20 min, and subjected to neutral comet assay 
at the indicated time points. D. EC109 cells were transfected with siCBX8; exposed to 0.1 mM H2O2 for 20 min; and 
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depletion may influence DNA damage repair, 
leading to accumulation of spontaneous DNA 
damage, and subsequently induced cell cycle 
arrest and apoptosis. To assess this, neutral 
comet assays were performed to determine the 
effect of CBX8 knockdown on accumulation of 
DNA damage. The results showed that CBX8-
depleted cells showed more damage than con-
trol cells in the absence of H2O2 and IR, and 
these cells were more sensitive to treatment 
with H2O2 and IR (Figure 3A and 3B). Additionally, 
the expression of phosphorylated H2AX 
(γ-H2AX), which is a well-established marker for 
DNA damage [23, 24], was significantly up-reg-
ulated by inhibition of CBX8 in EC109 and 
EC9706 cells (Figure 3C and 3D). These data 
imply that CBX8 depletion results in accumula-
tion of spontaneous DNA damage and decreas-
es sensitivity to H2O2 and IR in ESCC cells.

EZH2 and EED, members of the PRC2 complex 
[5-8], have been reported to be involved in DNA 
damage repair in U2OS cells [14]. Trimethylation 
of H3K27 by EZH2 facilitates the recruitment of 
the PRC1 complex [10]. To investigate whether 
DNA damage induced by CBX8 depletion is 
related to EZH2 and EED, we detected the 
expression of EZH2 and EED in CBX8-depleted 
cells. As shown in Figure S1, inhibition of CBX8 
decreased the protein levels of EZH2 and EED 
in both EC109 and EC9706 cells. These data 
suggest that knockdown of CBX8 may induce 
accumulation of spontaneous DNA damage by 
decreasing the expression of EZH2 and EED, 
resulting in impairment of repair capacity 
(Figure S1).

CBX8 promotes DNA damage repair

Increased expression is a characteristic hall-
mark shared by many important regulators 
involved in DNA damage response [25, 26]. 
Therefore, to investigate whether CBX8 is 
involved in DNA damage repair, we analyzed 
the endogenous expression of CBX8 in EC109 
and HeLa cells treated with H2O2 or IR. As 
shown in Figure 4A and 4B, CBX8 expression 
increased rapidly, reaching a maximum 2 or 3 h 
after treatment of EC109 and HeLa cells with 
H2O2 or IR. The expression of γ-H2AX increased 

with the dose of H2O2 or IR. We determined the 
repair capability of EC-109 cells in the absence 
of CBX8 by neutral comet assays and western 
blot. Compared with the NC group, in which 
DNA damage returned to basal levels at 6 h, 
the level of H2O2-induced damage remained 
higher at 6 h in CBX8-depleted cells and recov-
ered at 8 h (Figure 4C). This result was con-
firmed by western blot (Figure 4D). These 
results demonstrated that CBX8 may play a 
direct role in the cellular response to DNA dam-
age repair.

Discussion

Our study demonstrated, by detecting the 
expression of CBX8 after cells were treated 
with IR or H2O2 that CBX8 participates in DNA 
damage repair. Knockdown of CBX8 in several 
tumor cells led to a dramatic increase in γ-H2AX 
expression, suggesting that CBX8 depletion 
induced massive DNA damage [27]. CBX8 also 
upregulates the expression of EZH2 and EED. 
The proteins EZH2 and EED were reported to 
accumulate at the sites of DNA lesions and to 
participate in DNA damage repair [28]. We 
speculate that CBX8 is involved in DNA damage 
response and repair through the regulation of 
EZH2 and EED. FACS analysis showed that the 
G2M checkpoint was activated in CBX8-
depleted cells. Therefore, the slowdown of cell 
proliferation after CBX8 depletion might result 
from the G2M phase arrest. The relationship 
between CBX8 and tumorigenesis was investi-
gated by detecting the differences in CBX8 
expression between esophageal carcinoma tis-
sues and corresponding normal tissues and 
then analyzing the correlations between CBX8 
expression and clinicopathological variables, 
which demonstrated that CBX8 expression was 
correlated with the generation and develop-
ment of esophageal carcinoma.

It is now evident that CBX8 is involved in DNA 
damage repair, but the mechanism of repair 
remains unclear. It is possible that the cells ini-
tiate a process known as “transcription-cou-
pled repair,” when confronting DNA damage 
factors [29-31]. As a transcriptional repressor, 
CBX8 will be recruited to DNA damage sites to 
suppress the transcriptional process at the 

maintained in culture for indicated time points. CBX8 and γ-H2AX levels were monitored by western blot analysis; 
β-actin was used as an internal reference. Results indicate that CBX8 depletion increases sensitivity of EC109 cells 
to H2O2.
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lesions and to reduce the activities of RNA poly-
merase, through which the generation of bro-
ken mRNA could be avoided. Meanwhile, other 
DNA repair factors, such as EZH2, EED, and 
TIP60 will also be recruited by CBX8 [21, 32, 
33].

It has been reported that esophageal carcino-
ma is characterized by resistance to chemo-
therapy and radiotherapy, so the high expres-
sion of CBX8 in carcinoma tissues seems likely 
to play an important role in tumorigenesis. 
Moreover, over-expression of CBX8 can inhibit 
apoptosis and promote cell proliferation. Thus, 
CBX8 is a novel oncogene that reinforces the 
resistance of tumor cells to DNA-damaging 
drugs, mediating the correlation between the 
occurrence of DNA damage and tumorigen- 
esis.
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Figure S1. Knockdown of CBX8 decreased the expression of EED and EZH2 in both EC109 and EC9706 cells.


