3396 . PREYES#HE biomed.cnjournals.com Progressin Modern Biomedicine Vol21 NO.17 SEP.2021

doi: 10.13241/j.cnki.pmb.2021.17.042
- E I EZRAE -
SRR K HAENT A b oLk i *

BRS F M T E" B B ok BER
(1S AR 2 | Al ) TARBTSEBE LR IR S R R QAR B A0 IS SR T
FEPEIQIHT . ST ST 55002552 S BN 50 552 551300)

BE: BRI TLEERRBORRE RO LAY LSERTUELFNFEG LMW RBEFIREN, AR BRI L E 4R
R Ao RN ARG A B Rob ey BIUFS), YA Sk K K A M e R b A A ERAR A . AL AT
o9 T Lm MW 3% A K B T ACAL B A st A B R V| FT A AR SR B IR A 8 T R AR R AR IR I A R SUA AT AR Sk 4G
A B F AR AALEE VA BCE AR IT G0 BLJE P 69 B S RS AT 4R IR AR B T B A I A A R R 6 TR S W ARG T o
ST bk R MR T

hES S :Q291;R735.7 CERFRIRAD:A XEHS.1673-6273(2021)17-3396-05

Telomere and Telomerase and Their Research Progress in Hepatocellular

Carcinoma*
CHEN Feng-jiao', PENG Qian’, DING Jie'”, YANG Ying', CHEN Lin', CHEN Jia-liang
(1 Key Laboratory of Plant Resource Conservation and Germplasm Innovation in Mountainous Region (Ministry of Education),
Collaborative Innovation Center for Mountain Ecology & Agro-Bioengineering (CICMEAB), College of Life Sciences/Institute of
Agro-bioengineering, Guizhou University, Guiyvang, Guizhou, 550025, China; 2 Organization Department of Guiding County Party
Committee, Guiding, Guizhou, 551300, China)

ABSTRACT: Telomeres are special nuclear protein complexes located at the ends of chromosomes, whose highly conserved repeti-
tive sequences and protein complexes form a protective ring structure to maintain the stability and integrity of linear chromosomes.
Telomerase plays an important role in maintaining and regulating telomere length, cell immortality and aging by adding guanine-rich
repetitive sequences. By studying the change trend of telomere length and telomerase activity of diseased cells, it can provide a theoreti-
cal reference for selecting telomerase as a marker for cancer treatment. This article reviews the structure and daily action mechanism of
telomeres and telomerase, as well as their research progress in hepatocellular carcinoma, in order to help prevent, diagnose and treat ma-
lignant tumors and metabolic diseases.

Key words: Telomere; Telomerase; Cellular senescence; Hepatocellular carcinoma

Chinese Library Classification(CLC): Q291; R735.7 Document code: A

Article ID: 1673-6273(2021)17-3396-05

BEEAE T O RS, (A EE NI A 40 AR AN 90 %Lk L )9 41 g

RS

ikl (Telomere) J&: HAZZE MY /A% DNA AR 5,
T S YO AR A G , T [ 1k 35 PR 2 A AR e i B ) 2 S el T
A TR A AR AN A SR B R AR AT 4 e, 240
RLIR BT R B, e S aE v b 45 A1) DNA $473 2z,
HETT S AN R ZE T P SR 4E P BRI (Telom-
erase), Biyhy iR —FPRAER 14K H5 RNA 1) DNA A W2 A1k,
B A O RNA SR, B AL 1 sk 55 DNA
PGS BN e e R A s , A AR DR 4 52 B | 4 i i v A
HLAARR e P A E 2 P VR R, R IR 3 R R A b, s

rh LA e TR M

HUARSZ AN A5 B B B TR 1 52 i 2 5 308 A% A Uizt
FRARAY 33k LU 322 p B R ) e R I LR A R A
S o TR A A P A% Y S il P RE 2 i 5l e
CRTR I e SR 2 B DR AR A ) B R
RN 20 AR AR, 5 XU Bt = 385 i), P9 e 3 A A s T
5 RNA 5JFHEMR 0 & BB BRI AR, 752800 20 s
(Hepatocellular carcinoma, HCC) i 2 41 24 i, v hor il 4 3L
T, i A A DALY, AR AR TC RIS S, dmphr B RR T
TS by T T R AR AL IR TR B0 5 515 = 158 DNA $i}

* BT H SRR B (B8RS LH [2017] 7266 5 ) ; 52INE HE T EHFRHEAA KT B (B# A KY = [2017] 113);

SN BIS LRSI H (205 YISCXTH[2020]080)

YEF A RRR (1996-), 20 AR 0F5E 2, RS T ) : A=) , E-mail : 997328451@qq.com
o JEIRPER : T (1983-), L0 WA 0, BIBER , A58 T5 1) A4 , E-mail : 47734092@qq.com , i 37% : 18085108128

(ks B 199:2021-01-27 4257 F 4. 2021-02-23)



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.17 SEP.2021

- 3397 -

3 S LA B T R AR B 1 Bel-2 B 2k A5 7 I AR
S AR M T,

1 sk

L1 3w £ N T BE

SR e — e AR S ) 22 2 11 S BT G2 ) DNA 25
TR AR Siphl b 7S SRR IR R 91 (5-TTAGGG-3') fY
ZFFVAR, XTI = S AR Shelterin 525391,
Shelterin 1] i o Sy Ar i 1F | 5430 19 S =0 52 ) 91 A 6 i e,
(RIS PR e AR S AN BRI DNA 5475, SR — Btk Y
Qe IRaH o X sesmhn 13 A W EAT B L e AR B ) 1Rl
& e R Rl kS DNA S Hh BUR B | frar g
AR B A 56 2 A% P A T AR 1 AL P 5 ) A i S5 DI

Coe )

/s 1 =

~

TRF2

TPPL ) LTRFI | \ J
POT1 (_/ .

3’-GATTGGGATTGGGATTGGGATTGGGATTGGGATTGGGATTGGG
5’-CTAACCCTAA CCCTAACCC TAACCC

B | smi 54

Fig.1 The structure of telomere

YA E R A PO R R 0544 T, DNA G B IC L 58
R HILME R A - K R B, A R
il AR 2 28 v 4 0T, S | i 20 IS SE BRI , 10 o
A T PRI T A0 DNA (4515 , O 3'- 28 oI T 5 g i
by =N 7| Iy A 2PN N 1 O R o i S e & e e ]
FEHAME R 28 v 2 40 0 L AR B S, AT DNA
#4455 i (DNA damage response, DDR), 58 5 #hil 1t 2 & 5 M
T, SR Rk B % 1R 22 4 i 43 240 D sk FR A 2 o e T g
LS5 AV AERE D, BB GERR R " A 22 5 4R N Aoy
by "8IS SR 95 200 T LS A sier A R AL A B S R A
TG Sk 25 2K B 520
1.2 mRHNKETHNEfES

FEEAZ AR A AE A o sk i S AR T R R Al R SR 4
Wy SE R A B AR AL = PRI, — Bl AR T it
AR, JEF S LA T ARt r e AN I 3 43 240 2 31 1 4=k,
WPRIG T A0 BT 40 AR A A 5 Xt A IRE RS
) e A L RS 2] 5 5y — R Y 2 1 EE A s T 9
F14) e 9 298 388 o 20 WL ) A= e, 3K S 40 L i SR 5 R
1 (Tankyrase 1, TNKS1) {3 323530 gl ok omhr 582K 77 1HR , IF
SR AERIEY Z A1 2 BE s 2102, [A]REH, TRF1 2R (65
Z I, RO e B 2H 75 R DNA 454073558080 /0 , T (R4 21 i e
T B, FEARAN Skl KBTI 1S kb, 445y
Ik, RZy2A R 50-200 bp Y3k DNA X /& DNA R5E4:
B2 45 2 vy L W R R A L S B AR e ek B —
il A 2 A5 A T IR A MC B R AR sk K &

B, ADTE 2 RGN T 45 G i A B R R AR AR A ke R P,
Turner 5545 4 G120 Ji R 5875 28 VST sirbo it 2 S 15 s 4y 4
JEEZ I 38 5 G A e €5, B AARAE B U sk DNA R BEP, 3%
ek B AR R LR 2 A 2 s 3 BB
FPE A HE R,

i I AR AZ Z IR Z5E M, AN, 2R /N
W FRIBE 52 AU =Bl A B K ok, s b 4R 2 5
YR A ARG B T 20 M) RE RS RS A 1-72 S
B NS5 /0N BROW S & B0, BA TR s 4 B AT AT BR B 2 4F R
W4, I Bkl i TERT  TERC Al POT1 ) mRNA Fl#
HFIAMB B, FIRE AR PARFHL 25 E A
S A Y AN [, s s S 2R A ], A0 il o 48 L 1
ST SAPRE X S R R A, LR R A I 240 R 28k A B, HL
AN [ AR 2 RN 1% S J] 0L 1 200 B b S8 A A 25 5 ZER
(7] 240 (7] — 240 ) S [i) 0 € A 22 ), A A e 2 25 790,
2R LT, wikn A AR A S A AR AR IS BREE R
VIR eAh sk 4 B A AR T 5 fb 2 B2 il A s 11 & T
ZEP O
2 Uk
2.1 imRER LT BE

st hr il — A B M e 0 A 3" I A A AL R - R
H4Y) (Ribonucleoprotein complex, RNP), 12 A &4 fifg i %E
AL 4R Sk S ST, R v B AR ST i F Ao P00 5 SR i
(Telomerase reverse transciptase, TERT) F1 5 3k DNA H M1
B —RAEAR G AY ki (Inc) RNA  (Telomerase RNA compo-
nent, TERC) e BFAH SC 2R [ B4l i, Hor TERT 2 biph
Bt ) — AL AL, K2 37 kb 0 B B SR 45 09 BE R 41
DNA ZH i, A04E 14 33 kb (N1 16 4> 4 kb (151 2.7 )7
B, ExAEMREPEEAR, ZEAZSYH GARL,
Dyskerin ,NHP2 NOP10,TCAB1 (CAB box).snoRNA 254
(H/ACA box),p65 FIHVAK T8 11 hsp90 254 i+,

CAB
hsp90

- TCAB1
p65

|
TTAGGGTTAGGG \N ¥
&
TERT

GAR1 H/ACA
Dyskerin

NOP10 NHP2

& 2 TERT py4#4
Fig.2 The structure of TERT

S 0 3 R P A e (0 A S N ] L F) DNA 787
SFP B Sk < JBE , LA PR S AR S0UFE 140, 2 AT e A
KA 7, SR, S P 238 (5 PR T4 1) 20 g 2 T2 el 4
JROIR A o FETE R B R RO M, B 7 20 A= B 240 3 1
2RI , R 2 R AR D B S S A A TR RS, A TE AR



- 3398 -

DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.17 SEP.2021

P AR AR R R S B E TS AR, BRI TERT 2%
1475 5 \TERT J& 2l FFh BT RIA I i 548 . TERT Uit (L 284k,
s B AT 1 A 5 AR AR A T AR 1 BE ), mFSY R
HH it 5 AP P Ao BRI M PR s L b A R R3S n SRS
TERT ()% SRk - AH 5G4, 9 40 M 1) i b il 3 22 2 K TERT
YER S WAL TERC (38555, ol 240 0 iAoy < B AR X AR
€, B0 AT LATC BRI A , HACE B S S M Y 4
R T TERT BE[HH4,
2.2 mATERHYE AT A

kLR R E L R AR R, IR ik
it L G P R B Bt Morin 28 AT 1989 4RFEST, SR
BEE ML B R E R T LR G B N (Poly-
merase Chain Reaction, PCR) & JL Al (1% i b7 15 & s 4] 9 1
(Telomeric Repeat Amplification Protocol, TRAP) , it JLAE , #f 5%
ANBUTFE T — S8 3R % , Zhuang 25 F1] R4 55¢
SEIETRAUN (Aggregation-induced emission, AIE)JT & T —Ffa]
LT HS N R A R B I TEHLfar () ATE YRR
AT SEEL T R AL TR S 2 Y U AGORI 4 L PN sotor G P A
T B8, Zhang S @Sy, T — RIS 40 M P SR TS P Y L e
SeIPRBERE 2 (Fluorescence resonance energy transfer, FRET)
1k, B F A AR A1k T (MnO2NS) #54 ARIFY 5 1Y)
DNA R #EAYNL, S CH MBI T — A0 L
BRI R b B M S, RS20 () DNA ¥REF TR
FRET SRS ER T XTI RYAERR e T8 AL RSO R 07
TRACH T 20 A PR s RS T R S A

3 RESER

3.1 L S BT 3E 3 A RN

iR A A AT AE 4 32 PR, Stk AR T 338 0 24T A 344 7
R FEANER AN A PR PR I A0 K AL - A0
RIS , X PIRP 5 = A R R A A I Y & A A
o Y 4 5 S0 SR, RS BRI AL T AR 1R, 41
MURHEA T EPLRES, PUASE TR 410 % 4= DNA #4751
FREFNE G, TR K R0, KRZHL
N4 e 3 B T4 E T i o sk R A K P, (H
RN AR, St L A SEHL R AT AR s
—J7 THT, S A8 RIS T B A U 4 T A 5 PR HESS), s  ) S
Tt T A A M VR 200 L 53 2R e S %) it o 4 R, s PRI 3R
TE A —F kL, o ST " B e A
SR " SRS 5 — 7, V2 s ™ E 4R A IR AT
o ] LT 2o K i L A S R, S I e ) R Aot
A 240 448 A R Ao 2 AR AP RO,
3.2 whfifs 5 AT R
321 FREREEMZENS PR R R WA Rk
PRI, Q0T A6 T 0 565 DU R D5 B0, T 200 9 2 400 i
AR BT A5 R 0 B0 AL 5 TERT S8 B VIR R

I Y 2 AR R — A 2B IR R DU B R ER T A
[ AR A 2R, i RURTR (Hepatitis B virus, HBV, 54 %) N
RUT4¢ (Hepatitis C virus, HCV, 31 %) Jig B84 4 C A
I ZE T i S5 07, SR & R S MG , FE 4 K Z B0 il
R AL A0 Mg N, AN A T A 2 s R A B il
(hTERT)JE M 51 & , 5 KBS —FE A0 M0 & A &

SRS KRR S A, H AR i B i hTERT &
o TERT J&:bitphr B M 82 R, TERT )3 3l 7 28 28 i
g BF 40 g b B R LA R AR S, BRAIR 2l 60 %5,
hTERT J&0 F 5 p Yoo Wil & WML o, FE A e AT
RS LE PN A A ZSIE R s RS ) hTERT R &
BREIRE  ERZHOLN AL RIRE K (B LE 40 f s b
FHTPRE, Shen SFZERF ST H R 2] TERT 7 T 20 Mg 1) 2
Mo Rk, S AN M AT & i ek A=, TERT A g Je— N2
FIBUREE, B0 I (DT B TT e 89 A0 M A 385
AR HRGE TERT 548 2 FBURF IR K A B2 9,
[k TERT J& 3l F 28 48 5 o JIF 40 B 93 i A AR B =2 —
TERT J& 8l T 5878 & A A i & A 0 A1), 5 — &2 B IE T
St TR A X e 4 A Y E P

322 FFMAEMEE T TERT AT A ENHARER 4
ARSI R R A B U TR YT . PR ANE T, R
TERT I 52541 fifa J&] 398 RELV A8 T390, iX 3 BH T 94 TERT X
JiF i 20 M ELA VTR RO R, S JLAR, 25T TERT 7Efiyi
4 j b AR AL G YT F BT R B WS £ . DR R,
TERT i:f SRR G581 40 M dwter BTG P, B T smbi K, b &5
R AN A AN A G, 15 A0 A SR R O e o,
AT ) R, TERT RYUTERIIE] T A0 s 0, [Rles s 1T
TR AL T, Choi SEF5E 361, 718 hTERT Hlid ik h
HKR3 (Human kruppel-related 3) 7 525 JiT 4t fifd J 40 i J 34 BEL
WEFNE TR, RO, R Y8 hTERT {4 36356 58 IR 4040 f
R RN FE T i T4 B SR ke 35 ik L, TERT 456500 7
ST ABAEIRIE . oBi i) —IRF 5T R, BIFEfRfbyT (—Fp
HMG-CoA A Ji B il 570 ) wT 40 il I Jed 40 Ml hTERT R334, i
75 S M e 240 M 0 T 9 R GO/GL I 240 ] ST BEL ¥t , [+
B, BTG A TT BE R AR /I B P S A JR0 A55 20 1 9 20 21 41 i
HepG2 WA Kol B, 75 5 -9 200 o Al BT 5 5, DT 410 o o yg
AR, R T DL 3 S s A ) A Ak e 4 A
JEIOT, SR, BB & B b A 1 R0 A R R S R s
At A R — LIRS . B T IRIRI R, ZERT
] REHL R NS, R B G D A SR S A AN AR AR T
hTERT RNA 7K, i REAF 5175 48 1) 1 A SRS A 20
TPEFEIEHIAESE hTERT BHM: ), 280Uk, F I HT TERT Jiz X
FERZTIR S HCC 4R R 255 R, 1RYT 3-16 A5, 12 148
YL 2% 38 2ok Ay 4 4 DN 53475 R 5 ] 45 X0 o s 24
LSS AE™ PR, B R R e M S T e LA R S M
TR BT R AL A Mg 8T v

4 NEERE

S A g B (B L PR 1 AN s A A G SO, A
DI SEBEE AN A SR 28 0P, A 0 e i o R
Uk £ AT AGERS , Sb (R PRI AR | AR 28 8 2R
SR AR BRI T A TE 22 5 o S i — R A% 2 3
Pl ST , T 97 L S A R, 25 RO 2 N A 2 R AR S I 1 B 1
KA BRI IRAS , A LASE P BURRAS , SLRE R IR 22 A XL
W, o SR G PAEREA T B I SCYRERA A RGN e — AT BE TR O LA
BRIk

KARAFTERI , Sphir g 05 4% SR il TERT 2748 T 0T 240 MO
R, TR AT AR R TERT HA A E RO U /], i



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.17 SEP.2021

- 3399 .

— WA AN TERT )5 8l 1 548175 S b B30T B BIL

i, AT REAT B TR G AT o T, Sl i ) A

TRIT RIS E A I A28 M A VR TR )iz

P IR A2 AT ZEOC I R IR IE
RN SRR R AL T AR REAR RS ) A ERAR A

Pt T LR i SR A i R FEE AR AL A R B A0

KBS AE , I AWIR AT W 25T, FA5 AR 29 i A g

KGR AT 25 B2 o

& % 3L #k(References )

[1] Maestroni L, Reyes C, Vaurs M, et al. Nuclear envelope attachment of
telomeres limits TERRA and telomeric rearrangements in quiescent
fission yeast cells [J]. Nucleic Acids Research, 2020, 48 (6):
3029-3041

[2] Wu F, Huang Y, Hu J, Shao Z. Mendelian randomization study of
telomere length and bone mineral density[J]. Aging-us, 2020, 12

[3] Roake CM, Artandi SE. Regulation of human telomerase in homeosta-
sis and disease [J]. Nature Reviews Molecular Cell Biology, 2020, 21
(7): 384-397

[4] Zhang Q, Kim NK, Feigon J. Architecture of human telomerase RNA
[J]. Proceedings Of The National Academy of Sciences of the United
States of America, 2011, 108(51): 20325-20332

[5] Jaiswal RK, Yadava PK. Assessment of telomerase as drug target in
breast cancer[J]. Journal of Biosciences, 2020, 45: 72

[6] Bilgili H, Bialas AJ, Gorski P, et al. Telomere Abnormalities in the
Pathobiology of Idiopathic Pulmonary Fibrosis[J]. Journal of Clinical
Medicine, 2019, 8(8): 1232

[7]1 Cao H, Zhai Y, Ji X, et al. Noncoding telomeric repeat-containing
RNA inhibits the progression of hepatocellular carcinoma by regulat-
ing telomerase-mediated telomere length [J]. Cancer Science, 2020,
111(8): 2789-2802

[8] Bermudez Y, Erasso D, Johnson NC, et al. Telomerase confers resis-
tance to caspase-mediated apoptosis [J]. Clinical Interventions in Ag-
ing, 2006, 1(2): 155-67

[9] Betori RC, Liu Y, Mishra RK, et al. Targeted Covalent Inhibition of
Telomerase[J]. Acs Chemical Biology, 2020, 15(3): 706-717

[10] Ding X, Cheng J, Pang Q, et al. BIBR1532, a Selective Telomerase
Inhibitor, Enhances Radiosensitivity of Non-Small Cell Lung Cancer
Through Increasing Telomere Dysfunction and ATM/CHKI Inhibi-
tion[J]. International Journal of Radiation Oncology Biology Physics,
2019, 105(4): 861-874

[11] Baerlocher GM, Rusbuldt J, Bussolari J, et al. Myelosuppression in
Patients Treated with the Telomerase Inhibitor Imetelstat Is Not Me-
diated through Activation of Toll-Like Receptors [J]. International
Journal of Molecular Sciences, 2020, 21(18)

[12] Gama S, Rodrigues I, Mendes F, et al. Anthracene-terpyridine metal
complexes as new G-quadruplex DNA binders[J]. Journal of Inorganic
Biochemistry, 2016, 160: 275-286

[13] &3, Ay, & obdn, . 5k B R 42AF L3R [J]. k4%, 2016, 38
(4): 289-299

[14] Palm W, de Lange T. How shelterin protects mammalian telomeres
[J]. Annual Review of Genetics, 2008, 42: 301-334

[15] Pike AM, Strong MA, Ouyang JPT, et al. TIN2 Functions with
TPP1/POT1 To Stimulate Telomerase Processivity[J]. Molecular and
Cellular Biology, 2019, 39(21): €00593

[16] Liu'Y, Wu BQ, Zhong HH, et al. Quantification of Alternative Splic-

ing Variants of Human Telomerase Reverse Transcriptase and Corre-

lations with Telomerase Activity in Lung Cancer [J]. Plos One, 2012,
7(6): 38868

[17] Whittemore K, Derevyanko A, Martinez P, et al. Telomerase gene
therapy ameliorates the effects of neurodegeneration associated to
short telomeres in mice[J]. Aging-us, 2019, 11(10): 2916-2948

[18] Tatar M, Bagheri Z, Varedi M, et al. Blackberry Extract Inhibits
Telomerase Activity in Human Colorectal Cancer Cells [J]. Nutrition
and Cancer-an International Journal, 2019, 71(3): 461-471

[19] Zheng Q, Huang J, Wang G. Mitochondria, Telomeres and Telom-
erase Subunits[J]. Frontiers in Cell and Developmental Biology, 2019,
7:274

[20] Azarm K, Bhardwaj A, Kim E, et al. Persistent telomere cohesion
protects aged cells from premature senescence [J]. Nature Communi-
cations, 2020, 11(1): 3321

[21] Nasser MM, Mehdipour P. Exploration of Involved Key Genes and
Signaling Diversity in Brain Tumors[J]. Cellular and Molecular Neu-
robiology, 2018, 38(2): 393-419

[22] Armanios M, Blackburn EH. The telomere syndromes[J]. Nature Re-
views Genetics, 2012, 13(10): 693-704

[23] Wong SK, Ima-Nirwana S, Chin KY. Can telomere length predict
bone health? A review of current evidence[J]. Bosnian Journal of Ba-
sic Medical Sciences, 2020, 20(4): 423-429

[24] Yu GL, Bradley JD, Attardi LD, et al. In vivo alteration of telomere
sequences and senescence caused by mutated Tetrahymena telom-
erase RNAs[J]. Nature, 1990, 344(6262): 126-132

[25] Tumer S, Hartshorne GM. Telomere lengths in human pronuclei,
oocytes and spermatozoa [J]. Molecular Human Reproduction, 2013,
19(8): 510-518

[26] Liu L, Blasco M, Trimarchi J, et al. An essential role for functional
telomeres in mouse germ cells during fertilization and early develop-
ment[J]. Developmental Biology, 2002, 249(1): 74-84

[27] Sahin E, Colla S, Liesa M, et al. Telomere dysfunction induces
metabolic and mitochondrial compromise [J]. Nature, 2011, 470
(7334): 359-365

[28] Flores I, Canela A, Vera E, et al. The longest telomeres: a general
signature of adult stem cell compartments[J]. Genes & Development,
2008, 22(5): 654-667

[29] Kosebent EG, Uysal F, Ozturk S. The altered expression of telom-
erase components and telomere-linked proteins may associate with o-
varian aging in mouse [J]. Experimental Gerontology, 2020, 138:
110975

[30] Dlouha D, Maluskova J, Kralova Lesna I, et al. Comparison of the
relative telomere length measured in leukocytes and eleven different
human tissues[J]. Physiological Research, 2014, 63(3): 343-350

[31] Harnung Scholten R, Moller P, Jovanovic Andersen Z, et al. Telom-
ere length in newborns is associated with exposure to low levels of air
pollution during pregnancy[J]. Environment International, 2020, 146:
106202

[32] »t%, 30 F 3%, APmE &, & ARams R ES A4 E AT F
X F 5k, 2018, 43(9): 945-949

[33] Samassekou O, Gadji M, Drouin R, et al. Sizing the ends: normal
length of human telomeres [J]. Annals of Anatomy-anatomischer
Anzeiger, 2010, 192(5): 284-291

[34] Uppuluri L, Varapula D, Young E, et al. Single-molecule telomere
length characterization by optical mapping in nano-channel array:
Perspective and review on telomere length measurement [J]. Environ
Toxicol Pharmacol, 2020, 82: 103562



- 3400 -

DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol21 NO.17 SEP.2021

[35] Jiang J, Wang Y, Susac L, et al. Structure of Telomerase with Telom-
eric DNA[J]. Cell, 2018, 173(5): 1179-1190

[36] Li H, Wang B, Li D, et al. Roles of telomeres and telomerase in
agerelated renal diseases (Review) [J]. Molecular Medicine Reports,
2021, 23(2): 96

[37] Palka C, Forino NM, Hentschel J, et al. Folding heterogeneity in the
essential human telomerase RNA three-way junction [J]. RNA, 2020,
26(12): 1787-1800

[38] Khosravi-Maharlooei M, Jaberipour M, Hosseini Tashnizi A, et al.
Expression Pattern of Alternative Splicing Variants of Human Telom-
erase Reverse Transcriptase (hTERT) in Cancer Cell Lines Was not
Associated with the Origin of the Cells [J]. International Journal of
Molecular Medicine, 2015, 4(2): 109-119

[39] Stone MD. A closer look at human telomerase [J]. Nature, 2018, 557
(7704): 174-175

[40] Podlevsky JD, Chen JJ. Evolutionary perspectives of telomerase RNA
structure and function[J]. RNA Biology, 2016, 13(8): 720-732

[41] Wang Y, Feigon J. Structural biology of telomerase and its interac-
tion at telomeres[J]. Current Opinion in Structural Biology, 2017, 47:
77-87

[42] Dogan F, Biray Avci C. Correlation between telomerase and mTOR
pathway in cancer stem cells[J]. Gene, 2018, 641: 235-239

[43] Dratwa M, Wysoczanska B, Lacina P, et al. TERT-Regulation and
Roles in Cancer Formation [J]. Frontiers in Immunology, 2020, 11:
589929

[44] Li Y, Tergaonkar V. Telomerase reactivation in cancers: Mecha-
nisms that govern transcriptional activation of the wild-type vs. mu-
tant TERT promoters[J]. Transcription, 2016, 7(2): 44-49

[45] %, 45, SR AME. 35 42 (B3 3 2 B0 9 0438 5 A 50 R (1)
W EIAXE 5 & &, 2018, 28(30): 43-49

[46] Liu N, Guo XH, Liu JP, et al. Role of telomerase in the tumour mi-
croenvironment [J]. Clinical and Experimental Pharmacology and
Physiology, 2020, 47(3): 357-364

[47] Morin G B. The human telomere terminal transferase enzyme is a ri-
bonucleoprotein that synthesizes TTAGGG repeats[J]. Cell, 1989, 59
(3): 521-529

[48] Perera ON, Sobinoff AP, Teber ET, et al. Telomerase promotes for-
mation of a telomere protective complex in cancer cells [J]. Science
Advances, 2019, 5(10): eaav4409

[49] Zhuang Y, Huang F, Xu Q, et al. Facile, Fast-Responsive, and Photo-
stable Imaging of Telomerase Activity in Living Cells with a Fluores-
cence Turn-On Manner [J]. Analytical Chemistry, 2016, 88 (6):
3289-3294

[50] Zhang B, Shi L, Liu W, et al. Sensitive detection of intracellular
telomerase activity via double signal amplification and ratiometric
fluorescence resonance energy transfer [J]. Analyst, 2020, 145(21):
6992-6999

[51] Wang J, Liu Y, Xia Q, et al. Potential roles of telomeres and telom-
erase in neurodegenerative diseases [J]. International Journal of Bio-
logical Macromolecules, 2020, 163: 1060-1078

[52] Tomasova K, Kroupa M, Forsti A, et al. Telomere maintenance in in-
terplay with DNA repair in pathogenesis and treatment of colorectal
cancer[J]. Mutagenesis, 2020, 35(3): 261-271

[53] Boccardi V, Cari L, Nocentini G, et al. Telomeres Increasingly De-

velop Aberrant Structures in Aging Humans[J]. Journals of Gerontol-

ogy Series A-biological Sciences and Medical Sciences, 2020, 75(2):
230-235
[54] ) &35, %, B A0, F. 3k bR e R XL R[] A
RIAGE 5, 2017, 44(03): 557-560
[55] Wan T, Weir EJ, Johnson M, et al. Increased telomerase improves
motor function and alpha-synuclein pathology in a transgenic mouse
model of Parkinson's disease associated with enhanced autophagy[J].
Progress in Neurobiology, 2020, 101953
Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36

[56

=

cancers in 185 countries[J]. Ca-a Cancer Journal For Clinicians, 2018,
68(6): 394-424

[57] Ding XX, Zhu QG, Zhang SM, et al. Precision medicine for hepato-
cellular carcinoma: driver mutations and targeted therapy [J]. Onco-
target, 2017, 8(33): 55715-55730

[58] Nault JC, Zucman-Rossi J. TERT promoter mutations in primary liver
tumors[J]. Clinics And Research in Hepatology and Gastroenterology,
2016, 40(1): 9-14

[59] Nault JC. Pathogenesis of hepatocellular carcinoma according to aeti-
ology [J]. Baillieres Best Pract Res Clin Gastroenterol, 2014, 28(5):
937-947

[60] Takuma Y, Nouso K, Kobayashi Y, et al. Telomerase reverse tran-
scriptase gene amplification in hepatocellular carcinoma [J]. Journal
of Gastroenterology and Hepatology, 2004, 19(11): 1300-1304

[61] Choi SH, Cho KJ, Yun SH, et al. HKR3 regulates cell cycle through
the inhibition of hTERT in hepatocellular carcinoma cell lines [J].
Journal of Cancer, 2020, 11(9): 2442-2452

[62] Shen Y, Xi F, Li H, et al. Telomerase reverse transcriptase suppres-
sion inhibits cell proliferation and promotes cell apoptosis in hepato-
cellular cancer[J]. lubmb Life, 2018, 70(7): 642-648

[63] Pezzuto F, Buonaguro L, Buonaguro FM, et al. Frequency and geo-
graphic distribution of TERT promoter mutations in primary hepato-
cellular carcinoma(J]. Infectious Agents and Cancer, 2017, 12: 27

[64] Heidenreich B, Kumar R. TERT promoter mutations in telomere bi-
ology[J]. Mutat Res-Rev Mutat, 2017, 771: 15-31

[65] In der Stroth L, Tharehalli U, Gunes C, et al. Telomeres and Telom-
erase in the Development of Liver Cancer[J]. Cancers (Basel), 2020,
12(8): 2048

[66] Kim H, Yoo JE, Cho JY, et al. Telomere length, TERT and shelterin
complex proteins in hepatocellular carcinomas expressing "stem-
ness"-related markers[J]. Journal of Hepatology, 2013, 59(4): 746-752

[67] PuH, Zheng QD, Li HY, et al. CUDR promotes liver cancer stem cell
growth through upregulating TERT and C-Myc[J]. Oncotarget, 2015,
6(38): 40775-40798

[68] Wang ST, Huang SW, Liu KT, et al. Atorvastatin-induced senescence
of hepatocellular carcinoma is mediated by downregulation of hTERT
through the suppression of the IL-6/STAT3 pathway [J]. Cell Death
Discovery, 2020, 6: 17

[69] Han SR, Lee CH, Im JY, et al. Targeted suicide gene therapy for liver
cancer based on ribozyme-mediated RNA replacement through
post-transcriptional regulation[J]. Molecular Therapy - Nucleic Acids,
2020, 23: 154-168

[70] Ningarhari M, Caruso S, Hirsch TZ, et al. Telomere length is key to
hepatocellular carcinoma diversity and telomerase addiction is an ac-
tionable therapeutic target [J]. Journal of Hepatology, 2020 [Epub a-
head of print]



