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8] 3¢ B T 4 B s L B (i L I & RT—qPCR kB

MRERIE,FER . ERE TS, RN, A, K, THE,
Eé@?%,%@‘%ﬁmﬁ,ﬁéﬁﬁi**,%ﬁﬁ**

(bR 2R E A PR, b st 102605 )

WE BM: &3 —ARME. S095 8 ERAN 7k, A TR0 R LR T 807 506 B R, 7
5 ATt an A B E AL 2K ( TERT ) 09 4% 7 25 #3033 45 71 5| FedR 4L, JF x¢ TERT A& B 49 5] 4y Fe iR 4+ it
ATRAL T ik, B B3R E W AR B 64 3] AedR AT, E— AN BB AR R AR R A E 2 RIRAHR AT £ 2 % PCR
R, 3% 5 RT-qPCR #R 4Tk, B R 2R AT AR R T @ e ¥ 2 % & ik TERT A B k18] 425 b 4m e, o 2 &
Bl sn B E v, SR % kTR A 2] 8T B8 g8 it 293T/17 %9 TERT A A, Ct 39144
23.96,RSD 4 1.5%., W 53 B GAPDH 34 T vA %4t , Ct F3915 % 14.13, RSD A 1.3%, AP IR 2m i,
MRC-5 A 5B GAPDH TA B4, Ct 359144 12.81, RSD 4 0.46%, TERT 3L B k46, iZ ta feuss 4
B A AP, A8 U T i HMSC A AL B GAPDH T VA B4t , Ct F3915 % 13.01, RSD 4 3.8%,
TERT 3 B k&t , A8 7 57 F ta il HMSC #9358 458575 M A M, 458 AT R 549 RT-qPCR 4% &
BT SIS, AR A6 /B A A 5 A B TR P 2 B AEAL B K mRNA 89453, WA TR LR T 4m AL el st A Bl
EVE AT, 1A AR 18] AR T 4m B R S M R

XgE: R T F RT-PCR 35415 sy BB 2 2L st el B by T aie; B M
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Establishment of RT-qPCR method for telomerase catalytic
subunits of mesenchymal stem cells’

CHEN Xiao—fei, LI Hui-ting, DONG Ying—ying, CAO Yi-dan, FU Xin-yue,
LIU Ming—yue, ZHANG Rui-rui, WANG Yan-hui, WANG Xin—-yue, CUI Meng—shan,
ZHANG Tong, PANG Lin"", RAO Chun-ming

(JOINN pharmaceutical Quality Research and Testing(Beijing)Co., Ltd., Beijing 102605, China)

Abstract Objective: To establish a simple and efficient method for detecting telomerase activity for evaluating
tumorigenic risk of cell products. Methods: Specific primers and probes were designed for the conserved domain

of telomerase catalytic subunit (TERT), and the primers and probes of TERT gene were optimized and screened,
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and the primers and probes of internal reference genes were set up. Multiple quantitative PCR reaction was
performed using two—color fluorescent probes in a reaction system, and RT-qPCR probe method was established.
The expression of TERT gene in human mesenchymal stem cells HMSC was used to determine whether telomerase
activity existed in the cells indirectly. Results: TERT gene of 293T/17 positive control cells could be stably and
specifically detected by this method, with a mean Ct value of 23.96 and a RSD of 1.5. The internal reference gene
GAPDH could be detected successfully, the mean Ct value was 14.13, the RSD was 1.3%. The reference gene
GAPDH in MRC-5 could be detected in negative control cells, the mean Ct value was 12.81, the RSD was 0.46%,
the TERT gene was not detected, and the telomerase activity was negative. The reference gene GAPDH in HMSC
could be detected, the Ct mean value was 13.01, and the RSD was 3.8%, whereas, the telomerase activity of HMSC
was negative. Conclusion: The real-time fluorescent quantitative RT-qPCR probe method established in this study
can accurately detect the expression of catalytic subunit mRNA in telomerase positive cells with good repeatability
and high specificity. It can be used to analyze telomerase activity of stem cells and indirectly evaluate tumorigenic
risk of cell products derived from stem cells.

Keywords: fluorescent quantitative RT-PCR probe method; telomerase reverse transcriptase; telomerase activity;

stem cell; tumorigenicity

Ui AL B e — P AL B U B, 32 Sk
fitt RNA . 4 (hTR ). I KL [ 4 16 7 5 ( telomerase
reverse transcriptase, TERT ) Fluibr B AH PRI FE H 3
1 e A RS2 T e e SIS B
WOI R AR Py Gl T AE NS IE B IR A0 i b e s Aa U
S| vhr BTG T AE 85%~95% A4 MR 4l fn A A
FRHHIRE S 09T AR AT AT LA 3 s g 1O

TE B YT IR PRSI, 75 ZEAR I 20 it 1)
AWy R | im R 2GR A2 S A 2R, PEAG T 4 i
vt F4) FICIRR T/ ECESIRE e DURS: , JH vl i 3 P A
SV T o B PR RS S 2 — T8 R
AL AT 200 B ) R S T 2T A P 200 7
) BT P AU 1

H AT G T Sy s S P ARSI ik SR )y LA
R V5 ) S A 325 2 28 121 1994 4F Kim 45 1)
N T vk EE R R B 1 (telomeric repeat amplification
protocol, TRAP ) K il % . TRAP ¥ i PCR $7 AR X}
Ui o7 i3 B SR ) DNA R4 793 3% 5 e i )
2, HAR S T b R Y R AR U ik
PR IR, F 20 B TRAP IS B 4E . 4 TRAP-
ELISA 3% " ,TRAP-HPA 7% " il TRAP #RYsi % 1,
TERT J2 i R Jl 100 % S il , L 3K 5 s o il 106 A K SF
HA ARG PO, Rt AT LA Job 4 W TERT 5 A 11y
mRNA Bl 3R R IR I vk B P 12

A HIF 5% AH FH RT-qPCR $£ A, 38 1 % i1 TERT

FH R B S B | R AR IO B 1 2
HEST T — 1) D4 Sl B R 0 T . 1 Tk
it FH S S GHREL 43 T A6 TERT & R AN N 2 586
H v e -3- B R Wi & B ( glyceraldehyde—3—phosphate
dehydrogenase, GAPDH ) i) mRNA , B RAfFpys &M,
1 LB 5H#
1.1 St

MRC-5 2 ( A ARARIE — A5 AR 4iiE, CCL-171,
W [ ATCC 2\ 7)), 293T/17 4l Jifd [SV40T %% 1k i AR
AR (2R ), W 54 0 B2 S A 8%
HelLa 40/ [ N Er8itfmanid, CCL-2, I [ ATCC 23] 1.
HMSC 41 ( B[] 7 52 140, PCS-500-010, 1
H ATCCAT] ). AMMEEEFRAMEHR 37 C, 5% CO 10
1.2 F G AL

PRI & AT i L 4 Ff i R A A R A i
R E, 534 TaKaRa MiniBEST Universal RNA Extraction
Kit( 9767) (W F 5 H B A= 9 4 AR A FRZA 7). TIANamp
Virus RNA Kit( DP315-R) (11 F RAR A= fb Bl 47 BR A
7). TIANamp Virus DNA/RNA Kit( DP315) (i F KAR 4=
HRHE AR/ 5 FastPure® Viral DNA/RNA Mini Kit Pro
(RC323) (T Fa mifr MR R A FR A R, Bt
i 5 A B.C. Do Wi 53187 & Hifair® 11 1st Strand
¢DNA Synthesis Kit ( gDNA digester plus ) 114 T 28 2% 4= )
B (L) B A FR 28 7)) AceQ Universal U+ Probe
Master Mix V2 ( Q513 ) W TR st i He A= R e A

RWLHREL
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LYol REE

PR S Fl. H2 4fs NCBIYS 5% 1) TERT %5 [H ( AB085628.1 )
F1 GAPDH £ [H ( NC060936.1 ) ) CDS J5°51), Z: 185 |41
BREF BT IR, {8 B SnapGene 23X {41511 1 % GAPDH
R E 51 584 (GAPDH-F1/R1/PL ) VE NS5
[l &1t 6 XF TERT $& X 22 & 51 W) 5 ¥R 51 ( TERT-F1/
RI/P1 & TERT-FO/R6/P6 ), 1 XF 41 14 7= Wy 4 i 29 Sy
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100 bp, & 55 | W) S ARET B i A= TAEY) TR (1) ik
A FRAFIE B, TERT SR B S b a2 R 4l
DA BRAFG . W3R 1. DNA W% F
TRV YR A A PR F 25t aE £ PCR £ (7500
1 Quant Studio5 ) 4 H e 2R € H/RBHE (R D) B RRA
], PCR 4 4% ( T100 ) WgF BIO-RAD /A #],

®1 59 RFRAER

Tab.1 Information of primers, probes and plasmid

£4FR (name ) #2741 ( nucleotide sequence )
TERT-F1 AGGCTCGTGGAGACCATCTTT
TERT-R1 TCCCAAGCAGCTCCAGAAACA
TERT-P1 FAM-CTGCCCCAGCGCTACTGGCAAAT-BHQI
TERT-F2 TGACGTGGAAGATGAGCGT
TERT-R2 ATCAGCCAGTGCAGGAACTT
TERT-P2 FAM-AGAGCACCGTCTGCGTGAGGAGAT-BHQ1
TERT-F3 CATTCCTGCTCAAGCTGACTC
TERT-R3 CCAGGATGGTCTTGAAGTCTG
TERT-P3 FAM-CTCAGGACAGCCCAGACGCAGC-BHQ1
TERT-F4 AGCACTTCCTCTACTCCTCAGG
TERT-R4 GGCCTGGAACCCAGAAAGAT
TERT-P4 FAM-ACAAGGAGCAGCTGCGGCCCTCCTT-BHQ1
TERT-F5 TCTTCGACGTCTTCCTACGCTT
TERT-RS GAAATCATCCACCAAACGCAGG
TERT-P5 FAM-TCAGGGGCAAGTCCTACGTCCAGTGCCA-BHQ1
TERT-¥6 TTCCTCAGCTATGCCCGGAC
TERT-R6 GCTGTGACACTTCAGCCGCA
TERT-P6 FAM—-CACCTTCAACCGCGGCTTCAAGGCTGGGA-BHQ1
GAPDH-F1 GTCTCCTCTGACTTCAACAGCG
GAPDH-R1 ACCACCCTGTTGCTGTAGCCAA
GAPDH-P1 VIC-ACCCACTCCTCCACCTTTGACGCT-BHQ1

TERT JFoRDAH At
( TERT plasmid control substance )

TGCTGCGTGCTGCGGGCCCAGGACCCGCCGCCTGAGCTGTACTTTGTCAAGGTGGATGTGACGGGCGCGTACGAC
ACCATCCCCCAGGACAGGCTCACGGAGGTCATCGCCAGCATCATCAAACCCCAGAACACGTACTGCGTGCGTCG
GTATGCCGTGGTCCAGAAGGCCGCCCATGGGCACGTCCGCAAGGCCTTCAAGAGCCACGTCTCTACCTTGACAG
ACCTCCAGCCGTACATGCGACAGTTCGTGGCTCACCTGCAGGAGACCAGCCCGCTGAGGGATGCCGTCGTCATCG
AGCAGAGCTCCTCCCTGAATGAGGCCAGCAGTGGCCTCTTCCGACGTCTTCCTACGCTTCATGTGCCACCACGCCG
TGCGCATCAGGGGCAAGTCCTACGTCCAGTGCCAGGGGATCCCGCAGGGCTCCATCCTCTCCACGCTGCTCTGCA
GCCTGTGCTACGGCGACATGGAGAACAAGCTGTTTGCGGGGATTCGGCGGGACGGGCTGCTCCTGCGTTTGGTGG
ATGATTTCTTGTTGGTGACACCTCACCTCACCCACGCGAAAACCTTCCTCAGCTATGCCCGGACCTCCATCAGAGC
CAGTCTCACCTTCAACCGCGGCTTCAAGGCTGGGAGGAACATGCGTCGCAAACTCTTTGGGGTCTTGCGGCTGAA
GTGTCACAGCCTGTTTCTGGATTTGCAGGTGAACAGCCTCCAGACGGTGTGCACCAACATCTACAAGATCCTCCT
GCTGCAGGCGTACAGGTTTCACGCATGTGTGCTGCAGCTCCCATTTCATCAG

2 FiESER
21 SIYERE X R

P4 . TERT-F5/R5/P5 . TERT-F6/R6/P6 ) 5 N % 5| MK
1% ( GAPDH-F1/R1/P1 ) IR G HEATY 18, b AR 5]

et s A R B 40 e 2R 2937177 400 it A s e it
B4 2R MRC-5 LAY cDNA AR . 435l {H
6 EANIE Y TERT 3& [ 0951 R 51 XF ( TERT-F1/R1/
P1.TERT-F2/R2/P2 . TERT-F3/R3/P3 . TERT-F4/R4/

AL HREL

PR R TERT F P BRCE (B 1.8 2), Ry
AN cDNA 5 uL(¢DNA B30 4 pg ), AceQ
Universal U+Probe Master Mix V2 15 uL, 10 pmol + L™
() TERT £ 551914 0.8 uL, 10 umol - L' ) TERT ¥
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£t 0.4 pL, 10 pmol - L™ & GAPDH 851914 0.8 uL,

30 pLo 444K 95 °C, 10 min 95 °C, 15 s; 60 °C,

10 pmol * L' f) GAPDH % %1 0.4 pL, il A ddH,0 & 1 min, 60 CREZRIEE S, I 40 MG,
10, 0.05
A B
0.01
1,
= £ 0001 /
= 0lgos \
0.000 1
0.01
0.000 01
0001%% A .
02 406 810121416 182022242628303234363840 10,2 46 810121416 182022242628 30 32 34 36 38 40
C D
1 N
£
S Oloos Vo.05
0.01 // / /
S / e =2 MR [
0.001 e 0.001
0 2 46 810121416 182022242628303234363840 2 4 6 810121416 18 20 22 24 26 28 30 32 34 36 38 40
E F
1 1
& / £
S 0lgos S O0lipos
0.01 / 0.01 // 74//
0.001\ m f’f 0.001 \\h;} R A

2 4 6 8101214 16 18 20 22 24 26 28 30 32 34 36 38 40
Ct

M 293i-17 MMRC-5

A. TERT-F1/R1/P1  B. TERT-F2/R2/P2 C.TERT-F3/R3/P3 D. TERT-F4/R4/P4
B 1 TERT ER5|¥SHRAMMUZIME Y G H L

Fig. 1 Amplification curves of TERT gene in primer and probe optimization tests

2 4 6 8101214 16 18 20 22 24 26 28 30 32 34 36 38 40
Ct

E. TERT-F5/R5/P5 F. TERT-F6/R6/P6

&2 TERT EFS|¥MEHRMRK CtE

Tab. 2 Ct values of amplification of TERT gene in primer and probe optimization

293T/17

MRC-5

TERT 51 WREN R 25 7R

( TERT priming targot name ) TERT 3£ Ct fH GAPDH 3£ Cu ff TERT JEH Ct i GAPDH 3£ Cu ff
( Ct value of TERT gene ) ( Ct value of GAPDH gene ) ( Ct value of TERT gene ) ( Ct value of GAPDH gene )
TERT-F1/R1/P1 29.33+0.14 15.65+0.14 34.66 £ 1.05 13.57 +0.02
TERT-F2/R2/P2 Undet 15.41 £0.08 Undet 13.47+£0.19
TERT-F3/R3/P3 25.78 £ 0.02 15.43 £0.09 37.14+0.93 13.39 £0.03
TERT-F4/R4/P4 28.92+0.14 15.44 +0.14 36.80 + 0.90 13.40 £ 0.05
TERT-F5/R5/P5 26.70 £ 0.26 15.39 +£0.02 Undet 13.37 £ 0.06
TERT-F6/R6/P6 27.20+0.13 15.73 £0.14 38.41 +1.00 13.77 £0.22

7 (note ): Undet. JG Ct {H ( no Ct value )

CRCAR R R
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293T/17 40 F1 MRC-5 #i i i Ff 6 EIR A 1151
YIHRAER X ¥ AT LIRS SE K Y GAPDH JERI#35 (£2),
293T/17 40 i fdi Fl TERT-F2/R2/P2 5| W14 4t L4
%) TERT $& K 35, VA 5| IR EF AT & A K
M J7 8 (K 1-B), 293T/17 2 Ji {fi 1] TERT-F1/R1/
P1, TERT-F3/R3/P3, TERT-F4/R4/P4, TERT-F6/R6/
P6 5| IR EF Y REAS A I 3 TERT RN ik, Co {H7E
25.76 % 29.42 L FE N, {HJE MRC-5 AL fif X 4 41
S FERET 2= AR AR R Y I 2, R X 4 415
YIEREr TR AR T AR R Y 1 ANE ik (H
1-A, C,D,F), ffi [l TERT-F5/R5/P5 5| ¥R 446 I
i 7 it BH P % IR 40 M 293T/17 1Y TERT JE R4 B i
B4 1 Hh 2, Ct (B 7E 26.40 & 26.91 38 [l N, [F] B B
PEXT IR MRC-5 4}l TERT 5:PR JCHH B4 e h< . 45
T, YT BA R R DU R S M 4y AT, TERT-FS/
R5/P5 5| P45 e S M 0 4F, 3 FH T 40 B ke & TERT
FEPIER ) mRNA BRI (& 1-E ).,

2.2 Sk ARG A ik Ak
221 FERRERHGAT G

BUMECH 1 x 10° cells B4R 1 mL, 2 000
remin”' B0 5 min, 7 FIE, 7 BME FHECE T -80 C
TRAER . o nli A 4 Mt BGR & (A B C.
D) $2HL 293T/17 ZHAIAY A RNA . BRI A T 18
WA & UL H 5 84T, NanoDrop XF 4l #2 Y RNA
PEAT R B A0 B (Aseo/Anso ) R, MAELAFR 50 pL
HRCRNA it 3 uL #4738 5% . LA cDNA AR,
i N 25 R s % GAPDH-F1/R1/P1 Fl TERT-F5/
RS/P5 51 R 5T X IR & J5 HEA T4 44, 38 2 58 06
PCR, LA A A% R 32 BUAGR ST TERT 5 [ F2 Bk
RIS, R A E AR RO & . POba &
PCR B3R[R] “2.17 T,

i 1 9 A ' RT-PCR Kz 45 SR 278, GAPDH
FERFI TERT JE PR 35 B A% A6 I 2] BH 58 7y 47 34 ih 2,
TERT Ft RUKS W0 > BHE , Cu (B 7E 24.74 % 29.86 71 [H]
W3 fron ), Ho ikl & A B.C A1 D 2 Ht
RNA JERE ) TERT FEH ) Cr {EIA{E 5331 4 24.80
26.38.29.62 F1125.39, A.B.D X 3 i 5] & HEHUSL
FABL, PL TR & Co A A ik vl i A A LB I
D AT 1 AR &4 RNA, TEAHFSE k48 Tk
g A JEAT T RS RN,

222 AR
43 5 A8 S 6] & BE (100,200, 300,400,

AL HREL

500 nmol « L") (| TS 9 RO R ¥ 3 (150,100,
150,200,250 nmol - L") (IERER , Xt 293T/17 4H A i
i Fl MRC=5 0 EFE S EAT TERT LK B9 .
N2 5| W15 % GAPDH-F1/R1/P1 Fl TERT-F5/R5/
P5 IR XTIR G J5 #4733, RT-qPCR b 5% [F]
“2.17 T,

£3 AERFE®RNE TERT EEF GAPDH &EE Ct &
Tab.3 Ct values of TERT gene and GAPDH gene
detected by different kits

A& TERT 3£H Cr GAPDH 3£ G {H
(kit ) ( Ct value of TERT gene ) ( Ct value of GAPDH gene )
A 24.80 + 0.06 15.20 +0.05
B 26.38 +0.03 16.44 +0.07
C 29.62 +0.22 17.27 +0.05
D 25.39 + 0.08 15.43 £0.03

F (note ) : TaKaRa (9767 ) 105 & . K MR (DP315-R ) 5 & L K AR
(DP315) I &RIFERE (RC323) I &LL A B C. D BEHLIRAC, F1L
MR 5 32870 5 43 B e SC P BT 2 6 ( TaKaRa (9767) kit, TIANGEN
(DP315-R) kit, TTANGEN (DP315) kit, and Vazyme (RC323) kit are randomly
referred to as A, B, C, and D. The order of reference is independent of the order

in which the kit names appear in the text )

2221 ARSI ENLL TR 293T/17 4 MK
AR, [ 5 TERT 1 GAPDH 2 > 5& [N i) 15 41 & ik
J& R 100 nmol + L7, Fudss I U5 | 91 28k EEAE 100,
200,300,400, 500 nmol * L™ A Ct {8, W% 4 i,
GAPDH S: I e fa e f th o TERT BEH 1y BT
T 51 ¥ £ He B >~ 100,200, 300, 400, 500 nmol + L™
B, Ct{H 43 % M 25.71,25.67,25.70, 25.77, 25.95,
Horbr g W e B AE 200 nmol - L™ BF, Ct Al A%, #2755
FEIZ T | Y BE I 47 18 20O AR R A v B e v AR
WF 5T bR Ui 51 9 vk B BE £ 200 nmol - L™ 24 H 1
2222 ARSI EEOLAL TR 293T/17 A MR
FEH, [ & TERT 1 GAPDH 2 > 5: [H (1 5| ¥y 94k g
k200 nmol « L™, B4 #8 £ ¥k i 7F 50,100, 150,
200,250 nmol * L™ ) Ct fH. W3 5 7R, GAPDH &
I RERS R E R . TERT D A3 EE N 50
100 150,200,250 nmol « L™ B}, Ct {8 43 51 b 27.22,
26.92,26.89,26.84,26.87, H o £ £ Hk B 1E 200
nmol + L™ B, Ct {ELRAR, BN 2EIZ R BT W B A 3528
RS HA R B A . ASHIF 9T T b TR AT TR ik
£ 200 nmol + L' S H YU,
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* 4 AEBIYREWRNE TERT EEF GAPDH £H Ct &
Tab. 4 Ct values of TERT gene and GAPDH gene detected

by different primer concentrations
GIE7N 353

( primer

TERT H:IN Cu fH GAPDH H:PH Ct
( Ctvalue of TERT gene ) ( Ct value of GAPDH gene )

concentration )

100 nmol + L' 25.71 +£0.05 15.95 +0.04
200 nmol - L' 25.67£0.16 16.31+0.12
300 nmol + 1. 25.70 £ 0.02 16.60 + 0.08
400 nmol + 1! 25.77 +0.02 16.81 +0.04
500 nmol - 1" 25.95+0.12 16.95 £ 0.02

x5 AERESREWRNL TERT £E 1 GAPDH BF Ct &
Tab.5 Ct values of TERT gene and GAPDH gene detected

by different probe concentrations

FRETRI TERT JE[H Ci {H GAPDH £ Cu i
( pmbe. ( Ctvalue of TERT gene ) ( Ct value of GAPDH gene )

concentration )

50 nmol * L. 27.22 £0.07 16.97 £ 0.03

100 nmol « L™ 26.92+0.11 16.06 + 0.09
150 nmol - 1! 26.89 £ 0.07 15.76 £ 0.04
200 nmol + L' 26.84 +0.03 15.53 £0.06
250 nmol - 1! 26.87 £ 0.08 15.43 £0.11

2.2.3  IREA BRI E bR

(1) PHM:XS Py S 3L K CL i AE 14 + 3, TERT %
Ct{HTE25+3, (2) BIMEXT NS N CUHETE
14+ 3, TERT 3EH TG Ce (s C By 4 ih4. (3)
RN IR PN S 5L TERT FEHH41 76 C {8 I
k.

224 FRIRE S A E A

(1) FRIRE SN ZIEIA Cu{HAE 14 =3, TERT 3
Ct < 35 EHLA ISP 1 2k, WRE 5 ks 75 14 b
PHAE . (2) REIAE G NS 3 Co{EAE 14 £3, TERT
FERTC Ce (B TCHA S 3 2, DA ot a0 1Ry
B, (3) FRRllAE S NS 5L CofEFF 14+ 3, TERT &
IR FHE 35 < Ct < 40, Z KA Ct = 40, WA B
SR 35 < Ct < 40, R BAPE
23 ks
231 L@k

Kzl 2 Fi TERT ¥ 5 VEAE i ( HeLa 20 Hd F1 29371/
17 40 B ) F1 2 B TERT AE #5554 A% b ( HMSC 41 g
FIMRCS 4 il ), [m] Bk A I JC A AR 6 B8 ( NTC ) A i
FHAPEAR T 1Y SO0 AR FR AT R, B AR AR A
W3R ZEAMITENTEME. s s 4
Z M+ AceQ Universal U+ Probe Master Mix V2 15 plL,

10 umol « L™ () TERT & & 5| ¥ (F5/R5) 45 0.6 pl,
10 pmol - L' f) TERT %t (P5)0.6 plL, 10 pmol - L'
) GAPDH EH:51%) (F1/R1) 4% 0.6 ulL, 10 umol - L™ /1Y
GAPDH %1 0.6 ulL, #2455 plL, it A ddH,0 % 30 plL.
SRR 95 °C, 10 min; 95°C, 5,60 °C, 1 min,
60 CREEDOLIFT , 2 45 MFFR

25 BN 6 i/, HeLa 408 5 293T/17 41 A
i GAPDH %& Rl Ct{H 76 14 + 3, TERT 2% [H Ct < 35
HA U] R HE ih £, W1 b il 1% 4 S B . HMSC
5 MRC-5 40 il #¢ 5 GAPDH 3£ [H Ct {8 1E 14 3,
TERT JEPH JC Ce{H B JC B 0 48 ith £k, 2% B v o ity
TEPERIIYE . BRI, A A A R & a1

x6 TRMERNER
Tab. 6 Specific detection results

ANt B TERT 3£ Ct K GAPDH 3 Cu{H
(cellname )  ( Ctvalue of TERT gene )  ( Ct value of GAPDH gene )

Hela 30.10 £ 0.21 14.06 + 0.08

293T/17 26.23 £0.21 15.07 +0.13

HMSC Undet 14.20 £ 0.04

MRC-5 Undet 13.62 £ 0.06

NTC Undet Undet

¥ (note ): Undet. TG Ct {f ( no Ct value )

232 Tt IR

SRy S E 2R I Ty v AR T A 26 AN ] 52 B ¢
g i PCR A3 506 BEAA: X IR (2931717 ) [ %) iR
( MRC-5 ). F AE 5 ( HMSC ) FlJGHL B %F FE (NTC )
PEATREIN , BEZ A I T 2 A AR I . RT—qPCR
ABRIE “2.3.17 i,

AN 7% Tt FH PR R 45 SR OUL 3R 7, ABI 7500 F
QuantStudio 5 X £ A fih (9 #5285 2R T W e 2%
PH 4 X B8 TERT 3 A Co{H 43 51  25.95 £ 0.08 Al
25.10 £ 0.08, F i EE 5 HMSC 45 5 M A TE, K,
AR AR 2R Ty 2 e D 45 SR TE
A,

233 etk R EERAIE

B 75 B 2 1 x 10" copies * uL™' {8 TERT J5i ki %
TRl VA VR R AT A L B (R R VA DINA i BRI ),
B 1 x 10°~1 x 10° copies « uL™" JiT k7 X B8 5 1% W AE
Ry b v p 2 A% L, RO T RERE O T VR R 1 x
10 copies * puL", XF 2K W J5 2 1 2 1tk K R 5 S
AT I UE. RT-qPCR 25 B [W] “2.3.17 . 25
2 7R, iz DU 7 3k i 38 2808 R 92.31%. i

RO
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Tab.7 Results of instrument durability verification

£ (name ) 4% Cinstrument ) TERT 3 Ct {5 ( Ct value of TERT gene ) GAPDH £ R Ct fH ( Ct value of GAPDH gene )

PR B8 ABI 7500 25.95 +0.08 14.43 +0.06
('positive control ) QuantStudio 5 25.10+0.08 15.03+0.11
Lol ABI 7500 Undet 14.31+0.03
( negative control ) QuantStudio 5 Undet 14.67 £0.10
T ABI 7500 Undet 13.63 +0.02
( samplel ) QuantStudio 5 Undet 14.16 = 0.06
AN 1 ABI 7500 Undet Undet

('no template control ) QuantStudio 5 Undet Undet

7E (note ): Undet. JG Ct {H ( no Ct value )

e ZERE S R ATk 0.999, 10 N E E () RELEERES 10 copies « uL™ JLH N B BRIFMILME LR, I H R
By ml AR I 2], PR, 2K 5 VR AE 1 x 10°~1 x  F5E 457, AT 3K 10 copies « uL™,

10

1
ﬁ .W
0.1 10.08

0.01

ARn

0.001 i/ “ \ | /
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
Ct

Ct
[\*]
(o))

1 2345 102030 100 200 1 000 10 000 100 000 1000000 10 000 000
PEDIER ( copies )/( copies * }LL’l )
A. TERT JFCRixt B P 3 Hh £k ( TERT plasmid control product amplification curve ) B. TERT FCRixt IR bR HHZE ( TERT plasmid control standard curve )
B2 ZMRREEWIEER

Fig. 2 Results of linearity and sensitivity validation
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TE 3 YR SE 5 K I 293T/17 40 i . MRC-5 4fi
it A4t 32y HMSC 40 i Y TERT %5 K I H ) 5 3%
GAPDH. 3 YK 5 & K i, 3 Fh 41 g () P9 2 3 [
GAPDH Y)W 0 A9 5 Ih 4%, Ct HAE 12.34 % 14.68
TN Hord 293T/17 4 NS FE I CF3ME R
14.13, RSD 4 1.3%; MRC-5 4 it i Y 2 3 H] Gt -

{8 J9 12.81, RSD K 0.46%; HMSC 4 ifd ity Py = 3
Ct F-Y{H A 13.01, RSD 4 3.8%, B Xt & 41 ity
MRC-5 A1 {4 & HMSC 40 it 34 & 46 0 ] TERT %&
BRI, BH PR o) B 40 i 293T/17 284k 3 YR B &2 46 Tl 44 A
E K TERT B2, H. Co {4 {8H K 23.96, RSD
H1.5%, BB A T A TRET 551 /) 8 8 M B4
(£38).

x8 ESMHWIEHIE
Tab.8 Repeatable validation data

293T-17 MRC-5 HMSC
i TERT 3. Ct{  GAPDH F#:H Cuffi  TERT3EH CufH  GAPDH FEH Cufi  TERT 3K Cu i GAPDH 3£ Cu i
(No.) (Ctvalue of TERT ( Ctvalue of GAPDH ~ ( Ct value of TERT ( Ct value of GAPDH ~ ( Ct value of TERT ( Ct value of GAPDH
gene ) gene ) gene ) gene ) gene ) gene )
1 24.36 +0.23 1434 +0.29 Undet 12.87 +0.27 Undet 13.34+0.14
2 23.86 +0.02 13.99 = 0.09 Undet 12.81+0.15 Undet 13.24 +0.29
3 23.65+0.27 14.07 +0.16 Undet 1275+ 0.11 Undet 12.44 +0.05
-4 (average ) 23.96 = 0.36 14.13+0.18 / 12.81 +0.06 / 13.01 = 0.49
RSD/% 15 1.3 / 0.46 / 3.8

7 (note ): Undet. JG Ct {H (no Ct value )

3 itie

W5 R W], TERT 55 A 78 1E # 40 Ml vh JL-F A 3%
iR R AE R 22 B2 70 ) e A it b 2Rk YL B AR
e 45 PR I RT-qPCR $52 AR X 26 {5 if 41 it 68 41 4
130 4 TS AR AR 212 TERT JEPR EA 746
K= 26 BT 5 IR e 4L 2T 19 61 (73% ) T LAAS:
3] TERT JE15 5 30 1 R HI 8 R YE £ H 2 TERT
R IR N M. LA, TERT SEH ) Rk ik 5
JE% 6 9 P98 B T R R 2L B A ) R e B A A G
,ri [23—26]O

TS B A ZFh I RE TR
JEREFERE AR BT A ST AN i 2 A ELA R i
TR, QRIS T4 M A5 2 68 T4, L St s
SARUR B AR T 200 B 38 e T T 200 e s o 2
AR AT DATFANY T 240 A YR 7= i 14 o £, /i PR Rz
FH e i e o JRURS: Y A TR SR 0T T i i ( hMSCs )
Ui Pl PR A 9 25 RS — B0, A7 ik 1B hMSCs S b i
SEBEPE P A A iR B P Pittenger 45 Y A
52 W], hMSCs ££ 12 £ P75 ELAT ik i I M, (H2
TEAb A A5 T, SR g [T P 6T R A4 L N R T 4 4
)t 5 v R B PH M. Zimmerman %5 ) fE hMSCs
T I e A I 3] 5 3 KT 7 iy i L 3X 2% ] hMSCs i

T P BCE A B, BCE IR T TRAP-ELISA 75 1)
Kt PR, 2= it 45 POVl B TRAP 32546 0 1 B i 1)
FE 5 hMSCs 1) dihor BTG 7 , &5 SR I BT . BRAR KT
T 24 R i Ao T 1 T 5 4 A A 25 S (R T A
ity or G 5 S TR P =2 D) )R S R i 3l A T
) Bk 2 A VOV T I B A 00 kA R
308 3 A PN A/ SR S 6 UE B T e R T 2 5 200 B
JAPEZ [ HA A SEE . DR I3 e o 4 i i 5] )
b AL SRR Y N NTITDG =W R o i o L o 1
P HT AR EE ) —IF,

AW 5T 5T X TERT % (K] 8 57 — Ff RT-qPCR £
M7 ¥ %07 xt TERT S DK (095 | 9y g F BEA T4
b, 76—~ I A XU 5 HREHR EAT £2 H e
T PCR N, AT A 5 45 S5 b ARG 00 1) BH 4 oF 1 41 g
293T/17 W) TERT JERW G 5% , R R AF. Rk, A
AF 5 ST A 2% T g FH 400 e i 400 7 o
7 TP A I 27 SRR RO ARSI , 8 77 A A0 L = i 11
Ui oL T

25 LR AR I ST ) RT—qPCR 32 0] LI R
bR T St A A A IV 35 (1) 7 SR Ko % IR
B RS AT, RTAE R A A R e T 1 A ]
R vk A3 B RSN T 40 A i 1

RO
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