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LTL  Leukocyte Telomere Length  

ESCC  Esophageal Squamous Cell Carcinoma  

EAC  Esophageal Adenocarcinoma 

CRT  Chemoradiotherapy 

HPA  Hybridization Protection Assay 

IQR  Interquartile Range 

RLU  Relative Light Units 

TNM  Tumor-Node-Metastasis 

ROS  Reactive Oxygen Species 

CEA Carcinoembryonic 
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CTCs  Circulating Tumor Cells 
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ESC 2012 4
(UICC, Union for 

International Cancer Control) (AJCC, American Joint 
Committee on Cancer) 8

ESC
(1 40 90

(2 (3
(1)

(2) (3) 

ESC 2018 5
2022 4 45 88 ESC 147 69.0

IQR, interquartile range 63.0 74.0 122 25
ESC 139 69.0 IQR 63.0

74.0 114 25 60 69.0 IQR 
65.0 73.8 47 13

ESC
(1) 40 90 (2) 

(3) 40 80
170 62.0 IQR 58.0 68.3 88 82

 DNA

15 mL 2330×g 10



10 mL 15 800×g 5
TE 300×g 5

TEN 1 mL 
TENS/ProK 1 mL 37°C

15 mL MaXtract High Density 
25:24:1

2 mL 45 rpm 1 2000×g
10

2 mL 45 rpm 1
2000×g 10 3 M  (pH 5.2)

150 μL 2- 2 mL 
1 mL TEN/RNase A

15 mL MaXtract High Density 37°C
RNA TENS/ProK 300 μL 

37°C
1.5 mL 

45 rpm 10 2000×g 10
3 M  (pH 5.2) 100 μL 2-

1.2 mL DNA DNA
500 μL 70% 1.5 mL 
20,000×g 5 3 DNA TE

150 μL 60 30 DNA 1 mL 
24 G DNA 20 DNA

155 mM NH4Cl, 10 mM NH4HCO3, 0.1 mM EDTA (pH 7.4) 
TE 1 mM Tris-HCl (pH 8.0), 0.1 mM EDTA (pH 7.4)
TEN : 10 mM Tris-HCl (pH 7.4), 100 mM NaCl, 10 mM EDTA (pH 7.4) 
TENS/ProK : TEN , 1%SDS, 100 μg/mL Proteinase K 
TEN/RNase A : TEN , 100 μg/mL RNase A

 HPA Telomere G-tail

DNA Nanophotometer Pearl (Implen GmbH, 
Munich, Germany) 100 5 ng/μL 60  



10 G-tail
Telomere 95 10

DNA DNA 0.2 μg Telomere
DNA 1 μg G-tail  

 JANUS HPA 20 μL Acridinium ester 
(AE) HPA Hybridization 1.3 mL 

HPA 96-well plate 10 μL
G-tail Telomere 10 μL

Plate 60 20 DH (differential 
hydrolysis) 30 μL 60 10

40 μL 96-well plate EnVision 
Multilabel Plate Reader (PerkinElmer, Waltham, MA, USA) Telomere

G-tail HPA RLU (Relative 
Luminescence Units) Telomere G-tail

 

3
RKO DNA

CVs, coefficient of variation) G-
tail 5.6% 5.5%

G-tail 5.7% 4.9%

Hybridization : 0.1 M succinic acid, 0.23 M lithium hydroxide 
monohydrate, 2% lithium lauryl sulfate, 1.2 M lithium chloride, 20 mM EDTA·2Na, 
20 mM EGTA, 15 mM 2,20 -dithiodipyridine-HCl (pH 4.7) 

DH : 0.6 M boric acid, 182 mM NaOH, 1% Triton X-100-NaOH (pH 8.5) 
AE HPA : 5’-CCCTAACCCTAACC* 

CTAACCCTAACCCTA-3’ [*AE position, 8×107 RLU/pmol probe DNA, custom 
ordered from Fujirebio Inc., (Tokyo, Japan)]

 

GraphPad Prism version 8.4.0 (GraphPad Software, San Diego, CA, USA, 
www.graphpad.com) 

D’Agostino–Pearson omnibus normality QQ plot



unpaired t Mann-
Whitney U

IQR
% 0.05 unpaired 

t Mann-Whitney U one-way ANOVA Kruskal-Wallis Dunn’s 
multiple comparisons Non-significant (n.s.) p 0.05
* p 0.05 ** p 0.01 Telomere G-tail

Spearman’s correlation coefficient linear regression
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1.

Variable  Case (n = 147)  Control (n = 170)  
Age 69.0 (63.0–74.0) 62.0 (58.0–68.3) 
Gender   
  Male 122 (83.0%) 88 (51.8%) 
  Female 25 (17.0%) 82 (48.2%) 
Cancer type   
  Squamous cell CA 123 (89.1%) - 
  Adeno CA 10 (7.2%) - 
  Basaloid squamous cell CA 2 (1.4%) - 
  Neuroendocrine CA 1 (0.7%) - 
  Small cell neuroendocrine CA 1 (0.7%) - 
  Small cell CA 1 (0.7%) - 
Cancer stage   
  I 23 (17.7%) - 
  II 28 (21.5%) - 
  III 43 (33.1%) - 
  IV 36 (27.7%) - 
TNM stage (T category)   
  1 29 (21.6%) - 
  2 12 (9.0%) - 
  3 73 (54.5%) - 
  4a 5 (3.7%) - 
  4b 15 (11.2%) - 
TNM stage (N category)   
  0 52 (38.8%) - 
  1 40 (29.9%) - 
  2 34 (25.4%) - 
  3 8 (6.0%) - 
TNM stage (M category)   
  0 114 (85.1%) - 
  1 20 (14.9%) - 
Therapeutic status 107 - 
  Preoperative   
    Chemotherapy-only 11 (10.3%) - 
    CRT-only 5 (4.7%) - 
    Non-treated 79 (73.8%) - 
  Postoperative   
    Cancer-related surgery-only 7 (6.5%) - 
    Chemotherapy 4 (3.7%) - 
    CRT 1 (0.9%) - 
Recurrence status 114 - 
  Preoperative   
    Non-recurrence 67 (58.5%) - 
    Recurrence 38 (33.3%) - 
  Postoperative   
    Non-recurrence 5 (4.4%) - 
    Recurrence 4 (3.5%) - 

IQR
% -, not applicable; CA, carcinoma; CRT, 

chemoradiotherapy; IQR, interquartile range; TNM, tumor-node-metastasis. 
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           Case (n = 147)  
R = −0.287
p = 0.0004

          Control (n = 170)
R = −0.312
p < 0.0001
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p = 0.020
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2  

Variable Preoperative Case   
(n = 139)  

Postoperative Case   
(n = 660)  

Age 69.0 (63.0–74.0) 69.0 (65.0–73.8) 
Gender   
  Male 114 (82.0%) 47 (78.3%) 
  Female 25 (18.0%) 13 (21.7%) 
Duration after operation   
  within 6 months - 39 (65.0%) 
  7–12 months - 19 (32.0%) 

13–16 months - 1 (2.0%) 
  24 months - 1 (2.0%) 

IQR
% -, not applicable. 
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