
Abstract. Background/Aim: To investigate the function of
chromobox 2 (CBX2) in oesophageal squamous cell carcinoma
(OSCC). Materials and Methods: We used real-time quantitative
reverse transcription PCR (qRT-PCR) and immunohisto -
chemistry to determine CBX2 expression levels in 13 human
OSCC cell lines and clinical specimens of two independent
cohorts of patients with OSCC. Results: PCR array analysis
revealed that CBX2 was co-ordinately expressed with WNT5B
in OSCC cell lines. RT-qPCR analysis of clinical samples
revealed a high tumour-specific CBX2 expression compared
with normal oesophageal tissues. High CBX2 expression was
significantly associated with shorter disease-specific survival,
hematogenous recurrence, and overall recurrence. Analysis of
tissue microarrays of one cohort revealed that patients with
higher CBX2 levels tended to have a shorter disease-specific
survival. Conclusion: CBX2 overexpression in OSCC tissues
may serve as a novel biomarker for predicting survival and
hematogenous recurrence.

The main histopathological subtypes of oesophageal
carcinoma, the sixth leading cause of cancer-related mortality

worldwide (1), are adenocarcinoma and oesophageal squamous
cell carcinoma (OSCC). The latter is the predominant subtype
in Asia and Africa (2). OSCC is generally associated with poor
prognosis, mainly because of its high potential to metastasize,
which accounts for its dismal overall survival rate of <40%,
despite radical treatment (3).

A primary goal of efforts to improve the management of
OSCC and patients’ outcomes is to develop methods that
accurately predict the risk of recurrence and survival after
curative oesophageal resection (4, 5). Specific biomarkers
that predict the recurrence pattern of OSCC, particularly for
hematogenous recurrence after radical treatment, will likely
contribute to improving patients’ outcomes and are therefore
the focus of our research.

We the aim to identify novel biomarkers, we first focused
on the chromobox 2 (CBX2) gene, a member of the
chromobox (CBX) gene family, because of its reported
association with certain cancers (6-8). CBX2 encodes a
subunit of the polycomb group (PcG), whose members form
complexes that mediate homeostasis (9). These proteins
regulate the expression of numerous genes that control the
maintenance, differentiation and proliferation of adult stem
cells and cancer cells (10). Biochemical characterization led
to the categorization of PcG complexes into two subtypes:
Polycomb repressive complex (PRC) 1 and PRC2 (6, 11, 12).
The CBX gene family comprises CBX2, CBX4, CBX6, CBX7
and CBX8, which encode components of PRC1 (11). PRC1
members are associated with tumourigenesis. For example,
CBX4 plays important roles in cellular proliferation and in
the repair of DNA damage in certain human tumours (13,
14). CBX6 was identified as a susceptibility loci by a
genome-wide association study on bladder cancer (15).
Numerous studies have shown that CBX7 is specifically
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expressed in human tumours, including brain cancer (16),
colon cancer (17), lung cancer (18) and gastric cancer (19);
and CBX8 is involved in the pathogenesis of leukaemia (20).
Although CBX2 has been studied in multiple cancers (21-
25), its role in OSCC is unknown.

Here, we aimed to assess whether CBX2 will serve as a
predictive biomarker for the prognosis of patients with
OSCC. For this purpose, we investigated CBX2 expression
in cell lines derived from OSCCs and in patients’ tissue
samples. To determine whether CBX2 expression correlates
with disease recurrence and survival, we performed
immunohistochemical analyses of tumour tissue microarrays
(TMAs) prepared from an independent cohort of patients
with OSCC.

Materials and Methods

Ethics. This study conformed to the ethical guidelines of the World
Medical Association Declaration of Helsinki–Ethical Principles for
Medical Research Involving Human Subjects and was approved by
the Institutional Review Board of Nagoya University, Japan
(approval number: 2014-0044). Written informed consent for the use
of clinical samples and data, as required by the Institutional Review
Board, was granted by all patients.

Sample collection. The human OSCC cell lines TE1, TE2, TE3, TT,
TTn, and a non-tumorigenic epithelial cell line Het-1A were
obtained from the American Type Culture Collection (Manassas,
VA, USA). The KYSE510, KYSE590, KYSE890, KYSE1170,
KYSE1260 and KYSE1440 cell lines were obtained from the
Japanese Collection of Research Bio Resources Cell Bank (Osaka,
Japan). The NUEC2 and WSSC cell lines were established at
Nagoya University (26). Cells were cultured in RPMI-1640 medium
supplemented with 10% foetal bovine serum and maintained at 37˚C
in an atmosphere containing 5% CO2.

We acquired 189 primary OSCC and corresponding normal
adjacent tissues from patients who underwent radical oesophageal
resection at Nagoya University Hospital between October 2001 and
January 2016. The tumour was radically resected when a patient was
pathologically diagnosed with stage I, II or III disease. Tissue samples
were immediately frozen and stored at −80˚C upon resection, and
specimens were confirmed as OSCC according to the histological
classification criteria of the TNM Classification of Malignant
Tumours, 8th Edition of the Union for International Cancer Control
(UICC) (27). Unless contraindicated, fluorouracil combined with
platinum-based neoadjuvant chemotherapy has been recommended
for patients in Japan with clinical stages II-IV since 2006.

Real-time quantitative reverse transcription PCR (qRT-PCR) and
PCR array analyses. The CBX2 mRNA expression levels of cell
lines and tissue samples were analysed using RT-PCR with an ABI
StepOnePlus Real-Time PCR System (Applied Biosystems, Foster
City, CA, USA) as previously described (28, 29). A 186 base-pair
product was amplified using the following primers: sense, 5’-
GCAAGCTGGAGTACCTGGTC-3’ in CBX2 exon 2 and antisense
5’-ACATGGCAGTGAGCTTCCTT-3’ in CBX2 exon 4. The
expression of glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
mRNA was determined as an internal standard, and the expression

level of each sample was calculated as the value of CBX2 mRNA
divided by that of GAPDH mRNA.

To identify genes co-ordinately expressed with CBX2 in OSCC
cell lines, we used the Human Epithelial to Mesenchymal Transition
(EMT) RT2 Profiler PCR Array (Qiagen, Hilden, Germany). This
array includes 84 key genes that encode proteins with the following
functions: transcription factor, extracellular matrix protein, and
proteins involved in the EMT, cell differentiation, morphogenesis,
growth, proliferation, migration, cytoskeleton, or associated with
other signalling pathways (30).

Assessment of the clinical significance of CBX2 expression. Patients
were stratified into high and low CBX2 expression groups using the
median level of CBX2 mRNA as the cut-off value. We evaluated the
correlations between high and low CBX2 mRNA expression;
clinicopathological parameters; and outcomes, including disease-
specific survival (DSS), disease-free survival (DFS), and recurrence
pattern-specific survival.

Analysis of tissue microarrays. To prepare a validation cohort, primary
OSCC tissues were collected from 177 patients who underwent
oesophageal resection for OSCC at the Department of Thoracic
Surgery, Akita University Hospital between 2000 and 2011 (31). These
patients were not administered treatment before curative surgery. The
tissue specimens were embedded in paraffin, and a TMA prepared at
the Pathology Institute (Toyama, Japan) (32-34) was analysed using
immunohistochemistry (IHC) as described below. TMA blocks were
sectioned and incubated for 16 h at 4˚C with a rabbit anti-CBX2
polyclonal antibody (HPA023083, Atlas Antibodies, Stockholm,
Sweden) diluted 1:100 in Antibody Diluent (Dako, Carpinteria, CA,
USA). Sections were incubated with a biotinylated secondary antibody
[SignalStain Boost IHC Detection Reagent (HRP, Rabbit); Cell
Signaling Technology, Beverly, MA, USA] for 30 min. Antigen-
antibody complexes were visualized using 3, 3’-diaminobenzidine
(Nichirei, Tokyo, Japan) for 1 min. Two independent observers
evaluated the specimens and assigned scores as follows: 3+ (intense
cytoplasmic or nuclear staining in >30% of cells), 2+ (moderate
cytoplasmic or nuclear staining in >10% of cells), 1+ (weak staining
in <10% of cells), and 0 (no staining, negative).

Statistical analysis. The quantitative Mann–Whitney and the
qualitative χ2 tests were employed to evaluate differences between
groups. Correlations between two variables were assessed using
Spearman’s rank correlation coefficient. The χ2 test was used to
analyse the significance of associations between gene expression
and clinicopathological parameters. DSS and DFS were calculated
using the Kaplan–Meier method and analysed using a Cox
proportional hazards model. Univariate regression analysis of
potential prognostic factors was performed using a Cox proportional
hazards model, and variables with p<0.05 were included in the final
multivariate model (35). All statistical analyses were performed
using JMP 14 software (SAS Institute Inc., Cary, NC, USA), and
p<0.05 was considered to indicate a significant difference.

Results
Expression of CBX2 and cancer-related genes in OSCC cell
lines. To detect CBX2 mRNA levels in OSCC tissues and to
investigate its potential function, we measured CBX2 mRNA
expression in 13 human OSCC cell lines. Although absolute
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levels differed, CBX2 mRNA was present at higher levels in
12 of the OSCC cell lines than in the control non-
tumourigenic epithelial cell line (Figure 1A). Significant
differences in CBX2 mRNA levels were not detected among
OSCC cell lines derived from metastases (TT, TTn,
KYSE1170 and KYSE1260), primary tumours (p=0.364), or
cell lines with different degrees of differentiation (p=0.454).
When we performed PCR array analysis to identify cancer-
related genes co-ordinately expressed with CBX2 in the
OSCC cell lines, we found that only WNT5B mRNA levels
correlated significantly with those of CBX2 (Figure 1B),
which suggests a functional relationship.

Study subjects and CBX2 mRNA expression in OSCC tissues
The median age of the entire cohort (n=189) was 66 years
(range=44-84 years), and the female:male ratio was 41:148.
Most patients (n=162) were diagnosed with differentiated
OSCC and the remainder (27) with undifferentiated OSCC.
The numbers of patients with OSCC pathological stage I, II,
III, or IV were 36, 43, 76 and 34, respectively. Neoadjuvant
or adjuvant chemotherapy was administered to 99 (52%) and

54 patients (29%), respectively. The median follow-up was
40.9 months, during which 83 patients (44%) experienced
recurrence and 66 patients (35%) died because of OSCC.
CBX2 mRNA levels in the 189 paired samples of primary
OSCC and adjacent normal tissues were measured using
qRT-PCR. CBX2 mRNA levels were significantly higher
(p<0.001) in OSCC tissues than in adjacent normal
oesophageal tissue in 147/189 (78%) patients (Figure 2A).
With respect to lymphatic involvement, CBX2 mRNA levels
in 139 (74%) samples with lymphatic involvement were
significantly higher than those without [50 (26%); p=0.024].
With respect to vascular invasion, the levels of CBX2 mRNA
with vascular invasion, were significantly higher than those
without [76 (40%) vs. 113 (60%); p=0.035].

Prognostic significance of CBX2 mRNA levels. To assess the
potential prognostic value of CBX2 mRNA expression, patients
were divided according to the median value of CBX2 mRNA
levels, which served as the cut-off value. Analysis of the
correlations between CBX2 expression and clinicopathological
factors revealed that high CBX2 mRNA levels were
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Figure 1. Expression of CBX2 mRNA in human OSCC cell lines. A) qRT-PCR analysis of CBX2 mRNA expression in 13 OSCC cell lines and a non-
tumorigenic epithelial cell line (Het-1A). B) PCR array analysis. Correlation coefficients of WNT5B and CBX2 expression levels in OSCC cell lines.



significantly and specifically associated with lymphatic
involvement (p=0.032; Table I).

Survival analyses demonstrated a significantly lower 5-year
DFS rate for patients with high vs. low CBX2 mRNA levels
[hazard ratio (HR)=1.98, 95% confidence interval (CI)=1.28-
3.06, p=0.002; Figure 2B]. We therefore determined whether
CBX2 expression correlated with recurrence patterns. Of the
189 patients, 86 (46%) experienced postoperative recurrence
at 128 initial total recurrence sites. High CBX2 mRNA levels
were significantly associated with disease-specific (p<0.001;
Figure 2C) and hematogenous recurrences (p=0.035; Figure
2C), but not with lymph node or local recurrence. Moreover,
the 5-year DSS rate was lower for patients with high tumour-
specific CBX2 mRNA levels (HR=2.01, 95%CI=1.22-3.31,
p=0.005; Figure 2D).

Univariate analysis identified tumour depth (pT3),
lymphatic involvement, lymph node metastasis, postoperative
adjuvant chemotherapy, and tumour-specific CBX2 expression
as significant indicators of poor DSS (Table II). Multivariate
analysis revealed that lymph node metastasis (HR=1.97,

95%CI=1.02-4.16; p=0.044), lymphatic involvement
(HR=1.97, 95%CI=1.02-4.16; p=0.002), and CBX2 expression
(HR=1.87, 95%CI=1.13-3.16; p=0.016) were the only
independent prognostic factors.

IHC analysis of CBX2 expression. To evaluate the significance
of CBX2 expression associated with patients’ clinicopathological
characteristics, we performed IHC using TMAs of tumour and
normal tissue samples collected from 177 patients undergoing
curative surgery for OSCC. The patient population comprised
24 women and 153 men (66±8.2 years, mean±SD; range=38-
82 years) with pathologically diagnosed differentiated (n=120)
or undifferentiated (n=57) OSCC. Disease stages were as
follows: 10, 44, 105 and 18 patients with stage I, II, III or IV
OSCC, respectively.

IHC analysis of CBX2 expression was evaluated using a
semiquantitative scoring system described in the Methods
section that evaluates the localization, intensity and distribution
of protein expression. Representative photomicrographs of
specimens with negative (0) and positive (3+, 2+, 1+)
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Figure 2. Analysis of CBX2 expression in clinical samples. A) CBX2 mRNA levels in 189 resected oesophageal squamous cell carcinoma tissues
and adjacent noncancerous oesophageal mucosa. B) Kaplan–Meier analysis of disease-free survival as a function of high or low CBX2 expression.
C) Analysis of recurrence patterns. Numbers of sites of initial recurrence in the high and low CBX2 expression groups. (D) Kaplan–Meier analysis
of disease-specific survival as a function of high or low CBX2 expression.
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Table I. Associations between the levels of CBX2 mRNA and clinicopathological characteristics of 189 patients with oesophageal cancer patients
who underwent curative resection.

Clinicopathological characteristics                        Total           Low CBX2 in OSCC tissue (n)              High CBX2 in OSCC tissue (n)            p-Value

Age                                                                                                                                                                                                                                0.661
   <65 years                                                                 83                                   40                                                               43
   ≥65 years                                                               106                                   55                                                               51
Gender                                                                                                                                                                                                                           0.861
   Male                                                                       148                                   75                                                               73
   Female                                                                     41                                   20                                                               21
Alcohol                                                                                                                                                                                                                          0.087
   Yes                                                                         111                                   50                                                               61
   No                                                                            78                                   45                                                               33
Smoking
   Yes                                                                         134                                   65                                                               69                                     0.522
   No                                                                           55                                   30                                                               25
Double cancer                                                                                                                                                                                                               0.714
   Present                                                                     36                                   17                                                               19
   Absent                                                                   153                                   78                                                               75
Tumor location                                                                                                                                                                                                             0.133
   Ce, Ut, Mt                                                             118                                   54                                                               64
   Lt, Ae                                                                     71                                   41                                                               30
Tumor multiplicity                                                                                                                                                                                                        0.821
   Present                                                                     21                                   10                                                               11
   Absent                                                                   168                                   85                                                               83
Tumor size                                                                                                                                                                                                                    0.077
   <50                                                                         110                                   49                                                               61
   ≥50                                                                           79                                   46                                                               33
CEA (ng/ml)                                                                                                                                                                                                                 0.497
   ≤5                                                                           167                                   82                                                               85
   >5                                                                             22                                   13                                                                 9
SCC (IU/ml)                                                                                                                                                                                                                 0.368
   ≤1.5                                                                        119                                   63                                                               56
   >1.5                                                                          70                                   32                                                               38
pT                                                                                                                                                                                                                                  0.270
   T1                                                                            41                                   15                                                               26
   T2                                                                            28                                   15                                                               13
   T3                                                                          109                                   59                                                               50
   T4                                                                             11                                     6                                                                 5
Lymph node metastasis
   Present                                                                   120                                   54                                                               66                                     0.070
   Absent                                                                     69                                   41                                                               28
Distant metastasis                                                                                                                                                                                                         0.747
   Present                                                                     10                                     6                                                                 4
   Absent                                                                   179                                   89                                                               90
Differentiation                                                                                                                                                                                                               1.000
   Differentiated                                                        162                                   81                                                               81
   Undifferentiated                                                      27                                   14                                                               13
Lymphatic involvement                                                                                                                                                                                               0.032
   Present                                                                   139                                   63                                                               76
   Absent                                                                     50                                   32                                                               18
Vascular invasion                                                                                                                                                                                                          0.139
   Present                                                                     76                                   33                                                               43
   Absent                                                                    113                                   62                                                               51
Intraepithelial progress                                                                                                                                                                                                 0.617
   Present                                                                     48                                   26                                                               22
   Absent                                                                   141                                   69                                                               72
Pathological UICC stage                                                                                                                                                                                              0.332
   Ⅰ,Ⅱ                                                                            79                                   43                                                               36
   Ⅲ, Ⅳ                                                                    110                                   52                                                               58
Neoadjuvant chemotherapy                                                                                                                                                                                          0.514
   Present                                                                     99                                   52                                                               47
   Absent                                                                     90                                   43                                                               47
Postoperative adjuvant chemotherapy                                                                                                                                                                         0.200
   Present                                                                     54                                   23                                                               31
   Absent                                                                   135                                   72                                                               63

CBX2: Chromobox 2; Mt: Middle thoracic esophagus; Lt: lower thoracic esophagus; Ae: abdominal esophagus; CEA: carcinoembryonic antigen;
SCC: squamous cell carcinoma-related antigen; UICC: Union for International Cancer Control. Bold value shows significance.



expression are shown in Figure 3A. Of the 177 samples, 37
(20.9%) scored 0, 58 (32.8%) scored 1+, 50 (28.2%) scored
2+, and 32 (18.1%) scored 3+.

To assess the prognostic value of CBX2 expression,
patients were divided into a CBX2-strongly positive group
(scores 3+; n=32) and a CBX2-negative or weakly positive
group (score 0, 1+, or 2+; n=145), and DSS was compared
using the Kaplan–Meier method. We found that the 5-year
DSS rate of the CBX2-strongly positive group was lower
than that of the CBX2-negative or weakly positive group,
though the difference was not statistically significant
(HR=1.56, 95%CI=0.85-2.71, p=0.128; Figure 3B). 

Discussion

In the present study, we sought to understand the functions
of CBX2 in OSCC and to determine the prognostic value of
CBX2 mRNA and protein expression in two independent
patient cohorts. Here, our study of the clinical significance
of CBX2 expression in OSCC revealed the potential value of
CBX2 as a predictive biomarker of hematogenous recurrence
after radical esophagectomy.

Specifically, we found that CBX2 mRNA was present at
higher levels in 12 OSCC cell lines vs. a non-tumourigenic
epithelial cell line. These results are consistent with our
findings that CBX2 mRNA was expressed at higher levels in
OSCC tissues compared with adjacent normal tissue. Further,

high CBX2 expression levels in tumours were significantly
associated with poorer DFS and DSS.

Multivariate analysis revealed that lymph node metastasis,
lymphatic involvement, and CBX2 expression were
independent prognostic factors for DSS and that higher
differential tumour-specific CBX2 levels were associated
with an increase in overall and hematogenous recurrences.
These findings suggest that CBX2 expression was an
independent risk factor of OSCC, which supports the
conclusion that it serves as a biomarker specific for
hematogenous recurrence.

CBX2 encodes a component of the polycomb
multiprotein complex. In 2014, Clermont et al. (32)
initially identified an oncogenic role for CBX2 through a
meta-analysis of gene transcription in human cancers.
Aberrantly high CBX2 levels are expressed in
phenotypically diverse tumours such as breast cancer,
hepatocellular cancer, oral cancer, ovarian cancer and lung
cancer, for which it serves as a biomarker (21-25).
Conversely, little is known about the expression or function
of CBX2 in OSCC. For example, we identified only one
study on the relationship between oesophageal cancer and
CBX2 mRNA expression (33). This transcriptomic study of
OSCC identified CBX2 as one of nine possible diagnostic
markers in The Cancer Genome Atlas data (33). Thus, our
present study illuminates significant clinical and functional
associations between CBX2 expression and OSCC.
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Table II. Prognostic factors associated with disease-specific survival of 189 patients.

                                                                                                            Univariate                                                                      Multivariable

                                                                           Hazard ratio                95%CI                   p-Value            Hazard ratio               95%CI                 p-Value

Age (≥65)                                                                 1.11                    0.69-1.83                  0.664                                                                                 
Gender (male)                                                           0.97                    0.55-1.74                  0.935                                                                                 
Smoking                                                                    0.78                    0.47-1.34                  0.364                                                                                 
Double cancer                                                           1.20                    0.64-2.10                  0.553                                                                                 
Tumor multiplicity                                                   0.43                    0.62-2.58                  0.426                                                                                 
Tumor size (≥50 mm)                                              1.35                    0.83-2.20                  0.221                                                                                 
Carcinoembryonic antigen (>5 ng/ml)                    1.50                    0.72-2.81                  0.260                                                                                 
SCC (>1.5 IU/ml)                                                    1.52                    0.93-2.47                  0.097                                                                                 
Tumor depth (pT3)                                                   1.81                    1.08-3.17                  0.024*                  1.42                   0.83-2.54                0.205
Lymph node metastasis                                            3.75                    2.04-7.57                <0.001**                1.97                   1.02-4.16                0.044*
Tumor differentiation (undifferentiated)                 1.31                    0.65-2.40                  0.431                                                                                 
Lymphatic involvement                                           5.92                   2.63-16.96               <0.001**                1.97                   1.02-4.16                0.002*
Vascular invasion                                                     1.56                    0.96-2.53                  0.073                                                                                 
Intraepithelial progress                                            1.50                    0.89-2.53                  0.123                                                                                 
Neoadjuvant chemotherapy                                     0.96                    0.59-1.56                  0.874                                                                                 
Postoperative adjuvant chemotherapy                    2.34                    1.37-3.63                  0.002*                  1.61                   0.96-2.68                0.068
High CBX2 expression                                             2.00                    1.23-3.35                  0.005*                  1.87                   1.13-3.16                0.016*

*,**Statistically significant, multivariable analysis. CI: Confidence interval; CEA: carcinoembryonic antigen; SCC: squamous cell carcinoma-related
antigen; UICC: Union for International Cancer Control; CBX2: chromobox 2.



PcG complexes, which inhibit the transcription of specific
sets of genes through chromatin modification, maintain cell
phenotypes during development (5). Certain PcG components
contribute to the regulation of cell proliferation and mediate
oncogenesis and tumour progression (5). We reasoned
therefore that CBX2 regulates the expression of multiple genes
involved in these processes, among which the EMT mediates
the hematogenous dissemination of carcinomas (36).
Moreover, evidence indicates that CBX2 regulates autophagy,
apoptosis, and the EMT (8). Overexpression of WNT5B, which
was co-ordinately expressed with CBX2 in our mRNA
microarray analysis of OSCC, contributes to the EMT and is
associated with increased hematogenous metastasis in lung
cancer and pancreatic cancer (37). Therefore, CBX2 may
interact with the products of other genes (e.g. SOX9, etc.) in
the WNT5B cascade to promote hematogenous dissemination
of OSCC (38).

We used TMAs to analyse a second cohort to determine if
CBX2 expression is associated with DSS. Although TMAs
enable the analysis of multiple samples, it can only be
evaluated at three sampling times (39, 40). Further, there is

a risk of bias because of tumour characteristics at the
sampling site (e.g. tumour margins, immune cell invasion,
necrosis, etc.), which may affect the results. Although our
analysis did not detect a statistically significant difference in
DSS; CBX2 expression tended to be involved in poorer DSS
(Figure 3B).

Our results may have clinical applications in two areas.
First, patients with high tumour CBX2 mRNA levels may
benefit from postoperative surveillance with a focus on early
detection of hematogenous recurrence. Contrast-enhanced
computerized tomography, which is the most common
imaging technique employed in postoperative follow-up, may
not detect early metastasis to the liver and bone, indicating
that multimodal imaging surveillance, including gadolinium
ethoxybenzyl diethylenetriamine penta-acetic acid-enhanced
magnetic resonance imaging and positron emission
tomography, may be required to detect early hematogenous
recurrence. Second, CBX2 mRNA expression in biopsy
samples or surgical specimens may serve as a reference
measure in the design of perioperative therapy. For example,
in a study of 418 patients with cancer of the oesophagus or
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Figure 3. Analysis of CBX2 protein expression in OSCC and correlation with survival outcomes. A) Representative images of immunohistochemical
analyses of CBX2 expression using a TMA prepared from the first validation cohort. Examples of negative (0) and positive (1+, 2+, and 3+)
expression are shown (100× magnification). B) Kaplan–Meier analysis of disease-specific survival of the validation cohort (n=177) stratified
according to strongly positive (3+; n=32) or not strongly positive (0, 1+, and 2+; n=145) CBX2 protein expression. 



gastroesophageal junction, neoadjuvant chemotherapy
significantly reduced hematogenous recurrence after radical
surgery compared with surgery alone (41), suggesting that
active neoadjuvant chemotherapy may improve the prognosis
of patients with high CBX2 expression.

Although the application of adjuvant chemotherapy is
controversial, it is considered beneficial for specific groups
of patients with OSCC (42). Therefore, measurement of
CBX2 mRNA levels in clinical samples may assist
clinicians to decide whether to administer adjuvant
chemotherapy. Chemotherapeutic strategies based on
recurrence patterns are currently being established for
many cancers (43, 44), but they are not yet available for
OSCC. In the future, tumour-specific CBX2 expression
levels may provide useful information that will guide
treatment selection when such strategies become available
for oesophageal cancer.

There are several limitations to the present study. For
example, the study was retrospective; we used the median
value as the cut-off for stratification of patients according to
high or low CBX2 mRNA levels, and an optimal cut-off
value derived from larger-scale studies will be required for
clinical application. Further, the interpretation of the results
of the subgroup analyses may have been affected by sample
size. Thus, the efficacy of neoadjuvant or adjuvant
chemotherapy will require further analysis of more patients.

In conclusion, differential CBX2 mRNA overexpression in
OSCC tissues may serve as a biomarker for predicting
hematogenous recurrence after radical surgery.
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