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Abstract. Chromodomain helicase DNA‑binding 5 (CHD5), 
which is a member of the CHD family, has been identified 
as a tumor suppressor gene in a variety of malignancies. The 
aim of the current study was to clarify the clinical significance 
of CHD5 expression in gastric cancer. CHD5 expression 
was evaluated using immunohistochemistry (IHC) in 154 
specimens resected from patients with gastric cancer from 
January 2011 to December 2013, and assessed its relationships 
with clinicopathological characteristics and survival. In vitro 
cell proliferation, invasion, and migration assays and western 
blotting analysis were performed to clarify the role of CHD5 
in human gastric cancer cell lines. Of a total of 154 patients, 
57 (37.0%) exhibited low CHD5 expression, which was 
significantly associated with positive lymphatic invasion 
(P=0.032), advanced pT status (P=0.011), and advanced pStage 
(P=0.014). Overall survival (OS) in patients with low CHD5 
expression was significantly worse compared with patients 
with high CHD5 expression (hazard ratio, 1.96; 95% confi-
dence interval, 1.09‑3.45; log‑rank P=0.023). Cox multivariate 
analysis for OS revealed that CHD5 expression was an inde-
pendent prognostic factor with age and pN status. In vitro, the 
upregulation of CHD5 in gastric cancer cells with low CHD5 
expression significantly decreased cell proliferation, migra-
tion and invasion. CHD5 was associated with the regulation 
of multiple cancer‑related targets, including p53 and enhancer 
of zeste homolog 2 (EZH2) in western blotting analysis. In 
conclusion, since CHD5 regulated multiple cancer‑related 
targets, its expression may be a useful prognostic biomarker in 
patients with gastric cancer.

Introduction

Gastric cancer remains one of the leading causes of 
cancer‑related deaths worldwide, and the clinical prognosis of 
advanced gastric cancer remains poor despite multiple treat-
ment options (1‑4). Against this background, various studies 
have been performed to identify useful biomarkers to predict 
gastric cancer prognosis (5‑7). However, unlike HER2, few 
markers are generally used in clinical practice, and further 
investigations of novel markers are warranted.

The chromodomain helicase DNA binding 5 (CHD5) gene 
was first identified because of its distinctive location on the 
short arm of chromosome 1p36 in a region of frequent deletion 
in neuroblastomas (8,9). CHD5 is the fifth of nine members of 
the CHD family, which is considered to epigenetically regulate 
chromatin organization and DNA transcription, translation, 
and replication  (10,11). CHD5 has been recognized as a 
tumor suppressor gene in various malignancies. It has been 
suggested that CHD5 is frequently down‑regulated in tumor 
cells through promoter hypermethylation, and its decreased 
expression is associated with unfavorable clinical features and 
poor outcomes (12‑14).

Regarding gastric cancer, several studies investigated the 
methylation status of CHD5 in gastric cancer cell lines and 
tissue samples and revealed that CHD5 was down‑regulated 
by promoter hypermethylation  (15). However, only a few 
studies have investigated the clinical implications of CHD5 
protein expression in gastric cancer (16), and the mechanism 
of CHD5 function in gastric cancer has not yet been clarified. 
In the present study, we used immunohistochemistry (IHC) to 
investigate the association between CHD5 expression in tissue 
samples and clinicopathological characteristics in patients 
with gastric cancer, and clarified the mechanisms underlying 
the role of CHD5 in tumor progression in gastric cancer cells 
in vitro.

Materials and methods

Patients and tissue samples. We collected the data of 154 consec-
utive patients with cT2‑4 gastric cancer between January 2011 
and December 2013. Patients who received neoadjuvant chemo-
therapy or underwent non‑curative resection (R2) were excluded. 
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All tumors were histologically diagnosed as adenocarcinoma of 
the stomach. A total of 154 gastric cancer tissue samples were 
analyzed after written informed consent was obtained from each 
patient. We used the 14th edition of the Japanese classification of 
gastric carcinoma to determine the pathological stage (17). The 
present study was approved by the Institutional Review Board of 
Osaka University Hospital (approval number: 18227).

Cell lines and cell culture conditions. We used six gastric 
cancer cell lines, as follows: AGS, KATO III, MKN45, 
NCI‑N87, NUGC‑3, and OCUM‑1. A human cervical cancer 
cell line, HeLa, was used as the positive control. AGS, MKN45, 
OCUM‑1, NCI‑N87, and NUGC‑3 were cultured in Roswell 
Park Memorial Institute (RPMI) 1640 medium (Nacalai Tesque), 
HeLa in Dulbecco's modified eagle's medium (DMEM) (Wako 
Pure Chemical Industries), and KATO III in mixed RPMI 1640 
and DMEM (1:1), each containing 10% fetal bovine serum (FBS; 
Thermo Fisher Scientific, Inc.). To induce cell growth, all cell 
lines were incubated in a humidified atmosphere under 5% CO2 
at 37˚C .

Immunohistochemical staining of CHD5. We prepared 
3.5‑µm‑thick sections of the resected specimens from 
formalin‑fixed paraffin‑embedded blocks. These were depa-
raffinized with xylene and then rehydrated with multistep 
descending concentrations of ethanol. The sections were 
autoclaved in citrate buffer at 115˚C for 20 min, immersed 
in 0.3% hydrogen peroxide to block endogenous peroxidase, 
and incubated in horse serum for 20 min to avoid nonspecific 
staining. The slides were incubated with monoclonal anti-
body against CHD5 (sc‑271248; dilution, 1:500; Santa Cruz 
Biotechnology, Inc.) overnight at 4˚C, with ABC peroxidase 
(Vector Laboratories) for 20 min, and with diaminobenzidine 
tetrahydrochloride for 1.5 min to visualize the reactions with 
CHD5. Normal human Purkinje cells in cerebellum tissue 
were used as a positive control (Fig. S1). CHD5 expression 
was evaluated in terms of the percentage and intensity of 
tumor cells that stained positively for CHD5. As reported 
previously, the percentage and intensity scores were defined 
as follows: percentage; 0%, score 0; 1‑10%, score 1; 11‑50%, 
score 2; 51‑100%, score 3; and intensity; negative, score 0; 
weak, score 1; moderate, score 2; strong, score 3 (18,19). The 
final score was estimated by multiplying both scores and was 
classified into two groups: the high CHD5 expression group 
(>3) and the low CHD5 expression group (≤3). Representative 
IHC staining in each group can be found in Fig. 1.

RNA extraction and quantitative real‑time reverse transcrip‑
tion PCR (RT‑PCR). Total RNA was extracted from cells 
and converted to complementary DNA (cDNA). Primers for 
RT‑PCR were as follows: CHD5 forward, CCA​GTG​​GGC​ACC​
GAG​GAG, and CHD5 reverse, CTT​CTT​CCG​CTT​CCC​TTT​
AC. GAPDH was used as an internal control. RT‑PCR was 
carried out with THUNDERBIRD SYBR qPCR Mix (Toyobo 
Life Science) and the LightCycler 2.0 Instrument (Roche Life 
Science).

CHD5 up‑regulation with the CRISPR/Cas9 system. The 
clustered regularly interspaced short palindromic repeats 
(CRISPR)/CRISPR‑associated protein (Cas9) system was 

used to up‑regulate CHD5. CHD5 CRISPR Activation 
Plasmid (CHD5‑plasmid) and Control CRISPR Activation 
Plasmid (Control‑plasmid) for negative control (Santa Cruz 
Biotechnology, Inc.) were used based on the manufacturer's 
protocol.

Proliferation assay. A proliferation assay was performed 
using AGS, MKN45, and NUGC‑3 gastric cancer cells. Cells 
were seeded and incubated for 24 h in 96‑well plates, and then 
transfected with CHD5‑plasmid and Control‑plasmid. After 
transfection, the 3‑(4,5‑dimethylthiazol‑2yl)‑2,5‑diphenyl 
tetrazolium bromide (MTT) assay (Sigma‑Aldrich) was 
used to estimate the cell number every 24 h until cells were 
confluent.

Migration assay. A wound‑healing assay was performed using 
AGS, MKN45, and NUGC‑3 gastric cancer cells. Cells trans-
fected with CHD5‑plasmid or Control‑plasmid were seeded 
and incubated until confluent. Cell monolayers were scratched 
and then incubated in medium with 0.5% FBS. Every 12 h 
after scratching, we evaluated the percent reduction of the 
scratched area using the scientific image‑analysis program, 
ImageJ (National Institutes of Health, Bethesda).

Invasion assay. We used a Corning BioCoat Matrigel Invasion 
Chamber (Discovery Labware) to evaluate the invasion abili-
ties of AGS and NUGC‑3 gastric cancer cells (20). Cells were 
cultured in serum‑free medium and then transferred to wells 
filled with medium containing 10% FBS. After incubation for 
24 h cells that invaded from the culture site to the opposite side 
of the membrane were fixed and stained with Diff‑Quick, and 
then counted with a microscope.

Western blotting analysis. We extracted proteins from AGS, 
MKN45, and NUGC‑3 gastric cancer cells. Proteins were 
resolved with SDS‑PAGE gels (Bio‑Rad Laboratories), trans-
ferred onto PVDF membranes (Millipore), and incubated with 
primary antibodies at 4˚C overnight. After incubation with 
secondary antibodies, signals were detected with the ECL 
Prime Western Blotting Detection reagent (GE Healthcare). 
The following antibodies (all at 1:1,000 dilution) were used in 
the present study: ACTB (Sigma‑Aldrich), CHD5 (Santa Cruz 
Biotechnology, Inc.), p53 (DAKO), Murine Double Minute 2 
(MDM2; Santa Cruz Biotechnology, Inc.), Enhancer of zeste 
homologue 2 (EZH2; Invitrogen), and tri‑methylation at lysine 
27 of histone H3 (H3K27me3; Abcam).

Statistical analysis. We compared clinicopathological factors 
using the Chi‑squared test for categorical variables and the 
Mann‑Whitney U test for continuous variables. Overall 
survival (OS) was defined as the time from the date of surgery 
to the date of death from any cause. Recurrence‑free survival 
(RFS) was defined as the time from the date of surgery to 
either the date of recurrence or death from any cause. OS and 
RFS were estimated by the Kaplan‑Meier method and tested 
with the log‑rank test. Cox proportional hazards models were 
used for both univariate and multivariate analyses. A value of 
P<0.05 was considered to indicate a statistically significant 
difference. All statistical analyses were performed using the 
SPSS statistics software program, version 22 (IBM Corp).
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Results

Patient clinicopathological characteristics according to CHD5 
expression in gastric cancer tissues. Staining with IHC demon-
strated CHD5 in cell nuclei, but also occasionally in the cytoplasm 
or membrane. Most non‑tumor gastric epithelial cells were 
strongly or moderately stained with the antibody (Fig. S2). Of 
the tumor tissues, 45 (29.2%) were negatively or weakly stained, 
whereas 109 (70.8%) were moderately or strongly stained. After 
multiplication of the percentage scores, 97 (63.0%) and 57 
(37.0%) of 154 patients showed high and low CHD5 expression, 
respectively. Clinicopathological characteristics according to 
CHD5 expression are shown in Table I. Compared to the high 
CHD5 expression group, a significantly higher proportion of 
patients in the low CHD5 expression group demonstrated posi-
tive lymphatic invasion (P=0.032) as well as more advanced pT 
status (P=0.011) and pStage (P=0.014). There were no significant 
differences between the two groups in terms of other factors.

Survival analysis according to CHD5 expression. The OS 
and RFS at the median follow‑up durations for all censored 

patients was 60.9 and 61.1 months, respectively. OS in the low 
CHD5 expression group was significantly shorter than that 
in the high CHD5 expression group (hazard ratio [HR], 1.96; 
95% confidence interval [CI], 1.09‑3.45; log‑rank P=0.023; 
Fig. 2A). Similarly, RFS in the low CHD5 expression group 
was significantly shorter than that in the high CHD5 expres-
sion group (HR, 2.04; 95% confidence interval [CI], 1.23‑3.46; 
log‑rank P=0.004; Fig. 2B).

A Cox multivariate analysis for OS using all considerable 
confounding factors showed that CHD5 expression was an 
independent prognostic factor, along with age and pathological 
N status (Table II).

CHD5 baseline expression and up‑regulation using the 
CRISPR/Cas9 system in gastric cancer cells. The expres-
sion of CHD5 in gastric cancer cell lines was determined by 
quantitative RT‑PCR. Although CHD5 was expressed in HeLa 
cells, its expressions in six gastric cancer cell lines (AGS, 
KATO III, MKN45, NCI‑N87, NUGC‑3, and OCUM‑1) were 
down‑regulated (Fig. 3A). After transfecting AGS, MKN45, 
and NUGC‑3 cells with CHD5‑plasmid, CHD5 expression 

Figure 1. Representative images of CHD5 immunohistochemical staining. (A) Absence of CHD5 nuclear staining in cancer cells, intensity score 0. (B) Weak 
CHD5 nuclear staining in cancer cells, intensity score 1. (C) Moderate CHD5 nuclear staining in cancer cells, intensity score 2. (D) Strong CHD5 nuclear 
staining in cancer cells, intensity score 3. All images were obtained with an original magnification of x400. CHD5, chromodomain helicase DNA‑binding 5.
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was up‑regulated in comparison with cells transfected with 
Control‑plasmid (Fig. 3B).

Proliferation, migration, and invasion assays in gastric 
cancer cells. We assessed the effects of CHD5 up‑regulation 
by the CRISPR/Cas9 system on the proliferation, migration, 
and invasion of gastric cancer cell lines. The proliferation 
assay showed that cell growth abilities in AGS, MKN45, 
and NUGC‑3 cells with up‑regulated CHD5 following 
CHD5‑plasmid transfection were significantly inhibited 
compared to cells transfected with Control‑plasmid (Fig. 4A). 
Next, the scratch wound‑healing assay showed that cell 
migration abilities of AGS, MKN45, and NUGC‑3  cells 

were significantly suppressed following CHD5 up‑regulation 
(Fig. 4B). Finally, the Matrigel invasion assay showed that 
invasion abilities of AGS and NUGC‑3 cells were significantly 
decreased following CHD5 up‑regulation (Fig. 4C).

Western blotting analysis of multiple cancer genes regulated 
by CHD5. We examined the protein expression levels of 
multiple cancer genes, including oncogenes (MDM2, p53) 
and epigenetic master genes (EZH2, H3K27me3), in AGS, 
NUGC‑3, and MKN45 cells transfected with CHD5‑plasmid 
or Control‑plasmid. Western blotting showed that the expres-
sion levels of MDM2, EZH2, and H3K27me3 were decreased 
in CHD5‑transfected gastric cancer cells, while the expression 
level of p53 was increased in CHD5‑transfected gastric cancer 
cells (Fig. S3).

Discussion

In the present study, we performed IHC in gastric cancer 
specimens and revealed that the low CHD5 expression group 
was significantly more likely to exhibit lymphatic invasion, 
more advanced tumor stage, and worse prognosis than the 

Table I. Clinicopathologic characteristics of gastric cancer 
patients according to CHD5 expression.

	 CHD5 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 High (n=97)	 Low (n=57)	 P‑value

Age (years)			   0.15
   Median (range)	 71 (40‑90)	 68 (30‑88)	
Sex			   0.21
   Male	 70 (72.1%)	 35 (61.4%)	
   Female	 27 (27.9%)	 22 (38.6%)	
Histological type			   0.74
   Differentiated	 46 (47.4%)	 29 (50.9%)	
   Undifferentiated	 51 (52.6%)	 28 (49.1%)	
Lymphatic			   0.032
invasion
   yes	 68 (70.1%)	 49 (86.0%)	
   No	 29 (29.9%)	 8 (14.0%)	
Venous invasion			   0.067
   Yes	 30 (30.9%)	 26 (45.6%)	
   No	 67 (69.1%)	 31 (54.4%)	
pT status			   0.011
   T1	 27 (27.8%)	 6 (10.5%)	
   T2	 14 (14.4%)	 13 (22.8%)	
   T3	 42 (43.2%)	 21 (36.8%)	
   T4	 14 (14.4%)	 17 (29.8%)	
pN status			   0.12
   N0	 53 (54.6%)	 26 (45.6%)	
   N1	 15 (15.5%)	 7 (12.3%)	
   N2	 18 (18.6%)	 9 (15.8%)	
   N3	 11 (11.3%)	 15 (26.3%)	
pStage			   0.014
   I	 26 (26.8%)	 11 (19.3%)	
   II	 48 (49.5%)	 20 (35.1%)	
   III	 20 (20.6%)	 18 (31.6%)	
   IV	 3 (3.1%)	 8 (14.0%)	

TNM staging was according to the 14th edition of the Japanese 
classification of gastric carcinoma. CHD5, Chromodomain helicase 
DNA‑binding 5.

Table II. Cox multivariate analysis of overall survival.

	 Hazard ratio	
Characteristics	 (95% CI)	 P‑value

Age (years)		  0.001
   <70	 1	
   ≥70	 2.91 (1.54‑5.50)	
Sex		  0.71
   Female	 1	
   Male	 1.13 (0.59‑2.14)	
Histological type		
   Differentiated	 1	 0.21
   Undifferentiated	 1.48 (0.80‑2.75)	
Lymphatic invasion		  0.16
   No	 1	
   Yes	 1.77 (0.79‑3.92)	
Venous invasion		  0.44
   No	 1	
   Yes	 1.28 (0.69‑2.38)	
Pathological T status		  0.13
   <T3	 1	
   ≥T3	 1.65 (0.86‑3.15)	
Pathological N status		  0.001
   N0	 1	
   N1‑3	 3.65 (1.72‑7.72)	
CHD5 expression		  0.009
   High	 1	
   Low	 2.25 (1.23‑4.10)	  

95% CI, 95% confidence interval; CHD5, Chromodomain helicase 
DNA‑binding 5.
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high CHD5 expression group, and CHD5 expression was an 
independent prognostic factor for gastric cancer. Furthermore, 
we found that in  vitro up‑regulation of CHD5 with the 
CRISPR/Cas9 system suppressed the proliferation, migration, 
and invasion abilities of gastric cancer cells. We also showed 
in western blotting analysis that the up‑regulation of CHD5 
suppressed the transcription of multiple targets, including 
MDM2, EZH2, and H3K27me3, but up‑regulated p53. Thus, 
CHD5 is considered to be a tumor suppressor in gastric cancer 
and its expression in tissue samples may be a novel biomarker 
to predict prognosis in gastric cancer patients.

Previous studies reported that low CHD5 protein 
expression was an independent predictive marker for 
poor prognosis in patients with a variety of malignancies 
, including glioma, neuroblastoma, pancreatic cancer, and 

lung cancer  (18,19,21,22). Meanwhile, in gastric cancer, 
few studies have investigated the protein expression of 
CHD5 in tumor samples, although several studies reported 
that CHD5 was down regulated through promoter hyper-
methylation and might function as a tumor suppressor in 
gastric cancer cell lines (16,23). Our results support those 
of previous reports and indicate that IHC of CHD5 may be 
clinically useful to more accurately characterize patients 
with gastric cancer.

As for the mechanisms of CHD5 down‑regulation, many 
studies revealed that CHD5 was transcriptionally silenced 
by DNA methylation of its promoter, silencing the remaining 
allele in some cancers with 1p deletion (24‑26). Indeed, it was 
reported that in various cancers, the promoter of CHD5 was 
more heavily methylated than those of the remaining genes in 

Figure 2. Kaplan‑Meier survival of patients with gastric cancer according to CHD5 expression. (A) Overall survival and (B) recurrence‑free survival. CHD5, 
chromodomain helicase DNA‑binding 5.

Figure 3. The RNA expression of CHD5 in gastric cancer cell lines was determined using reverse transcription‑quantitative PCR. (A) GAPDH was used to 
normalize the CHD5 expression and HeLa was used as the reference. (B) CHD5 was upregulated by the CRISPR/Cas9 system in gastric cancer cell lines AGS, 
NUGC‑3 and MKN45. CHD5, chromodomain helicase DNA‑binding 5.
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the CHD family (27). Also, regarding gastric cancer, CHD5 
was reported to be down regulated through promoter hyper-
methylation in cell lines and tissue samples as described above. 
In the present study, all gastric cancer cell lines, including 
those whose methylation status has already been examined, 
showed suppressed CHD5 expression, with promoter methyla-
tion speculated to be the cause.

Additionally, the functional role of CHD5 has been 
explored in several malignancies and it has been characterized 
as a tumor suppressor gene, although the detailed mechanism 
remains unclear. First, Bagchi et al suggested that CHD5 
regulated proliferation, apoptosis, and senescence through the 
p19(Arf)‑p53 tumor suppressor pathway in a mouse model (12). 
In pancreatic cancer, Hall et al showed that low CHD5 expres-
sion prolonged cancer survival by activating the DNA damage 
response, and was a poor prognostic factor in patients with 
pancreatic cancer treated with adjuvant chemotherapy (19). 
Furthermore, in renal cell carcinoma, Du et al. proposed that 
CHD5 might epigenetically down‑regulate the expression of 
various cancer‑related targets, such as oncogenes, epigenetic 
genes, epithelial‑mesenchymal transition factors, and stem cell 
markers, by binding to their promoter areas (28). In addition, 
several recent studies reported that some kinds of microRNA 
represented a potential epigenetic mechanism to regulate CHD5 
expression (16,29). Against this background, we used western 
blotting analysis to examine the p53 pathway, which has been 

most commonly suggested to be associated with CHD5, and 
EZH2, which is a primary epigenetic regulator of various tumor 
suppressor genes (30). Additionally, several studies reported 
the mutual regulation of CHD5 and EZH2 (31). We found 
that CHD5 up‑regulation was associated with up‑regulation 
of p53 and down‑regulation of EZH2. Based on these results, 
we hypothesize that down‑regulation of CHD5 might promote 
gastric cancer tumorigenesis by down‑regulating p53, one of 
the most important tumor suppressor genes, and up‑regulating 
EZH2, thereby suppressing various tumor suppressor genes.

The present study has several limitations. First, it was a 
retrospective study conducted at a single institution. However, 
we collected the data of consecutive patients, and we therefore 
believe that the issue of selection bias was minimized. Second, 
we only assessed CHD5 in terms of proliferation, inhibitory 
migration, and invasion. Further research is needed to yield 
more detailed findings about the roles of CHD5. Third, we 
used western blotting to examine the expression levels of only 
a limited number of cancer‑related genes and tumor suppressor 
genes. In the future, it may be necessary to investigate other 
pathways and determine the precise mechanisms of CHD5 in 
gastric cancer.

To the best of our knowledge, this is the first study to 
investigate the clinical implications of CHD5 expression 
and its functions as a tumor suppressor in gastric cancer. In 
conclusion, our study suggested that CHD5 expression affects 

Figure 4. (A) Cell proliferation assay of gastric cancer cell lines AGS, NUGC‑3 and MKN45, comparing CHD5‑ and control‑transfected cells. Gastric cancer 
cells transfected with CHD5‑plasmid have significantly decreased proliferation at 48, 72 and 96 h compared with transfected with Control‑plasmid. A total of 
8 samples were used for each experiment. (B) Scratch wound‑healing assay of gastric cancer cell lines (AGS, NUGC‑3 and MKN45), comparing CHD5‑ and 
control‑transfected cells. CHD5‑transfected cells have significantly less ability to heal the artificial wound than control‑transfected cells at 12, 24 and 36 h. A 
total of 5 samples were used for each experiment. (C) Invasion assay of gastric cancer cell lines (AGS and NUGC‑3), comparing CHD5‑ and control‑transfected 
cells. CHD5‑transfected cells demonstrated significantly less invasion than control‑transfected cells. Three samples were used for each experiment. *P<0.05. 
CHD5, chromodomain helicase DNA‑binding 5.
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cancer malignancy and prognosis by regulating oncogenes and 
epigenetic modifiers in gastric cancer. CHD5 might function 
as a tumor suppressor, and assessing its expression using IHC 
may be a useful prognostic biomarker in gastric cancer.
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