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2 E Al kB A S IR M s TARBEARAL TS, R R 518000)

HE. B e St 2 F9 48 E 4§38 % (Real-Time Quantitative Telomerase Repeat Amplification Protocol,
RQ-TRAP) #97 ik Pse, L35 B 0 B AFFE, &M, ¥IgaE . £ 8 T (Lower Limit of Quantification,
LLOQ) , FH¥H 5 A -TAR IR 7 T 49t (Human Mesenchymal Stem Cells, hMSCs) #9355 B PEAS 3R 4y, VATE
15 hMSCs #9338 7848 . B A AR ZREM BN, AF A ESF PoymiesT =3 n F&. A& kA
RQ-TRAP 7 i hMSCs #H47 5% 45 8% P A M), hMSCs kR TAB, 35T MEM-a 3&5rik P, B dl & ism
ML fE 3R, RQ-TRAP 4k %1% i TRAP Reaction Buffer ZiX 7], % 5t 2 % 5 A8 4k X B RALAT 4 3 7 340,
7 ik F Y iEAE ) TSRS AR su it /T £ /8 1 | A #ids (BDICE) | P EA5 % 2 (RSD) | &bk (R? Fo i 3820 %) F= LLOQ
(DR FEFEAZ X)) 345, hMSCs &l eLAs A7t & oo CtAA Ssh kb Ett, R 7 A FHiE T B BER
¥, T RE o KR T EAEERCE 95% FEAZ R A A 91.37%~111.0% (58 75%~125%) ; P 1A 4% % & RSD
¥ <25%; KM R>0.99, I 3205 104.1% (90%~110%) ; LLOQ 4 0.2 TPG Units (EDKF 42X 18] 70%~130%) o
hMSCs sk gt % 1.432 TPG/ AR, ARAEW R T IR 102.6%. 518 RQ-TRAP k2 WiE" 5, 24K, iE
JAT hMSCs 545 B & M 4, 7T A ZOFAE 20l 5% 2 Ao Bt 78 UM 3% 77 i34 hMSCs AR E &, IHFF
ARFEAP,
KRR AL BT 1A AR T 2008, RUB AR 522 F PCR; 7 ik F I E
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Abstract: Objective To validate the methodological performance of the real-time quantitative telomeric repeat
amplification protocol (RQ-TRAP), including the specificity, accuracy, precision, linearity, amplification efficiency, and
lower limit of quantification, and detect telomerase activity in human mesenchymal stem cells (hMSCs) using this method
in order to assess the proliferative potential, senescence process, and potential tumorigenic risk of hMSCs. Methods
Telomerase activity in hMSCs was detected using the RQ-TRAP method. hMSCs derived from human umbilical cords
were cultured in MEM-a medium. Samples were prepared via cell lysis and extraction, and absolute quantification was
performed on a real-time polymerase chain reaction system using TRAP reaction buffer. Methodological validation was
conducted using TSR8 control templates to evaluate the specificity, accuracy (recovery rate), intermediate precision (RSD),
linearity (R* and amplification efficiency), and LLOQ (confidence interval of recovery). For hMSCs assessment, telomerase
activity was calculated based on standard curve fitting and Ct values. Results Methodological validation results indicated
a good specificity with no interference from heat-inactivated cell matrices. The 95% confidence interval (CI) for accuracy
recovery ranged from 91.37% to 111.0% (meeting the standard of 75%—125%). The intermediate precision (RSD) was less
than 25% for all samples. Linearity assessment showed an R>0.99 with an amplification efficiency of 104.1% (within
the 90%—110% range). The LLOQ was determined to be
0.2 TPG Units (recovery CI: 70%—130%). The telomerase
activity in hMSCs was measured at 1.432 TPG per 10 000
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has proved to be reliable and sensitive, which can be used for quantitative detection of telomerase activity in hMSCs and for

effective assessment of cell senescence and tumorigenic risks. This method fills the gap in standardized testing for hMSCs

and supports safe applications of regenerative medicine.
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Tumorigenicity Assessment

Ui WL WS MEAS DUV DA A0 LS PR T RE . 8
HERR B I ALK .0 TR, e T AN A
AR A P 2 AT A OGS AR 0, 1) A2 5 i R T A
W5, Gn 2 B ) v R i 5 52 47 34 AR (Telomerase
Repeat Amplification Protocol, TRAP) , B9 5E J7 k24
Behth ™, (R A2 R BB A R A
JiE, TCURT R AR i R BRI 5 oK P I AR
K, B SIS RE BRI, SEE AR
TRAP (Real-Time Quantitative TRAP, RQ-TRAP) fY) J7 ¥
ISLIZ AR o 1277 108 1o 2 D' o i PRSI P 300 s e
FAL P A R, SRS PR AR E i, R
FHRE R AR T . Il 35 B AR S A S R B M
RQ-TRAP FEE T HURPERR I A TEAEA I
ARG 2R SRR S R R S AL, T
TGRS, Gn R 72 B T4 (Human Mesen-
chymal Stem Cells, hMSCs) %5105 4655 Bl

hMSCs 1520 ZRERTIR AN, LIRS 2875, 4y
PRI RE AR S g2 S i 1A PR rh £ 2 T DR 1
2015 4ELLSK, hMSCs BN Y s N A 36/ i
T FEAE, 9 2200 o Z2 B 1Y) 4 M 7 12 A5
W BUEAN . I BR . A B e S 2R 17
P 55 7 hMSCs N FH I I 9 40 58, AU T
1145 N Bz A=K T~ (Vascular Endothelial Growth Factor,
VEGF) | F14fi i/ %10 (Interleukin-10, IL-10) 5§43
WAPRIF 1455 43 WA 8 g ™, A 2 N i il a0 St
fitf (Human Telomerase Reverse Transcriptase, h\TERT)
1 RIB A TR SR HAR PR K AL 5
Hhag U, ZEICTE SRR, T hMSCs 1T 25 04 IR
B, VFZA0HE ik, Bl S PR Z MBI hMSCs

(Chimeric Antigen Receptor-Mesenchymal Stem Cell, CAR-
hMSCs) #RI 7, GRS MM IR R 58, LASGT A
Ak Tt AR I 5 ) S TR 2 AR y (Peroxisome Proliferator-
Activated Receptor Gamma, PPARy) # 215755 /N> F
P, TR NSEEG 3 10038 24 i PR U F S (Investiga-
tional New Drug, IND) BB #fE 2t 101 sRTT, Bt 07
HIANBRR AL, hMSCs BYTEAE 2 4 A H g i, o
S SRR KURS: M, hMSCs FEARSM Y R v 5 & A

S R A e AR AN AR S R Wi A% B A, i o
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WP TR R BUR Y (kS s AL

M AL EE, 1E# hMSCs 19 hTERT JE 458
W2 BN ZJE R AR AMEAL 45 (R 37 H A ak
MRV M) |, AR IR A A
F18) s AR P, XA A 2 BR ) AR 2 H B T R
B 1k i B ) B A R AR, TEARSMC I
S SURE PR Ui 25 RS PE T, A0 AT RE Hh B s A%
TN ARSI, F0 TE 00 F Al RS WTERT J3
By DX S VR R WL s A% ], 5 ok
PTG M AR S “HOBNBE” (Re-Activation) o X7
ARAG A S L P P 7 v, 608 200 M B 08 2 Al v s FR.
SRR, ARAF K AR ALV AR, I 25 1 R X
Wz PRI, s O M S TP s R A i & 2R
MR BTy PR Z— Y, dl i RQ-TRAP
%o S ASE R PR EA TR S | S i AR, AR B AE XY
MR IR R A 5 A T RE SR I PR A,
HAE D —Fh i 2 I REAHOC I AR 246 b, T T
SCRF AN g AL AR E T S UM XU (Tumo-
rigenicity) LRGP, A7 G WA HILRAXT A ™= it 2
SMEEAG Y HEA R M,

PRI, A58 5 45 RQ-TRAP J k24 B0 iiF K
1 hMSCs RPN AR, SR 2,
R E A B A SRS SR AT B S R
P, R R E 2 4,
1 MRExEE®
L1 %Emie

hMSCs ( AJFFHPRIE, AR0E TERIITT R LLIX N R
BEBE) o IR SRR 37°C, 5% CO,.
12 FREABEAE

PG RE i B A W BE [ i (Quantitative Polymerase
Chain Reaction, qPCR) S (ZER ABIL/AT], 1S Viia7 ) ;
MEM-a £i 327 ( 328 Gibeo 24 7], it*5 2302007)
TRAP qPCR Reaction Buffer (41t*5: 20250301) . TRAP
qPCR Reaction Enzyme (f{t-5-: 20250301) . TRAP Primer
& Control MIX (#1t*5: 20250301) , TRAP qPCR Reaction
Replenisher (L5 20250301 ) . S G BHE 21 A

(Telomerase-Positive Cells) (#lt%5: 20250301) , 0
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1.3 H b SRR

RAFSL IR hMSCs VERRFINAE i 2H, T 37°C.
5%CO0, ¥ige 2/ 24 he HALJE, 1 000 r-min™' Z.L»
S min J5 FE, THEOR 1% 10° A4 (T52R2 98% ) .
Uit A BERG FHPE I AR (Telomerase-Positive Cells ) YE A%
M4, T 4°CF 14 000 x g B0 1 min WA ERULIE .
FFDUAE i ZHFOE BRZH PP 20 BB 200 w28 1t 222 fig
T, e 2 ICAMTIVE I PR EES L 3 s, B2 160 L
G AR IO TS e A, B 10 pL RRIAE
PO & T80 1.5 mL EP 45, 7F 85°C &R in
FLETE 10 min, ZEVe ARG, POEELL 3 s B
TR AR B4 IR AE R I 41 i 4 TRAP qPCR
Reaction Buffer, TRAP qPCR Reaction Enzyme, TRAP
Primer & Control MIX, TRAP qPCR Reaction Replenisher
SPAERR 12,511 13 1 6.5 IYLLBIEE ST qPCRIBATAR
14 PCR #:R]

RS A, e 96 FLAREE LKA 2 uL
SRR 23 uL qPCRIR SRR IEESE RS, &
ERCEME DG B, BRGSO A R T
IHRA] o JEIH PR 5.0 10 s JF A qPCRAY, #4545
PEAT qPCR REFFUC L : QIS FUB R P, R4 %) E
RGN AR G PIZEAT RS, 23 B AR AR B Ay
%40 Target, PEFAREZEIEA R FAM, JRK DN
1A none; BN Z: 5L A 440 1C, SEFARAE 950
FLW CY5, PR CHEA N nones Kl Z: L5ty
none; B 3 AW AR 30°C 30 min; 95°C 2 min;
95°C 15 s, 50°C 1 min, 68°C 30 s (GEHHOL) , 354>
15; SOSRF 25 uL.

1.5 FBREMEFEF

I RS I 5 SR R T, A TR B X
TeAE M X BE (No Template Control, NTC) A FH4: X i
PIRFG B SR T EE T, Rril AR A i £ a0 75 T 4
MATTHT. BARFEARMELN T X T BB, /5 A
Z 3N (CY5) Cr {EL-15 b 25 % 2 K O AR 0 IR 24
B CefEAHZE AN T 1 AMERR, [RI G AR 3
(FAM) Ct {ELA A6 o X T JC A AR X R 41 Jot
£, TNS I (CYS) C H- 5 AR &k B K Tk
Xf BRZE (1) 744 C (AR AN 1 MEFR, EE AR
(FAM) 1 Gt {E > KM FR o X FARuEdi 2k, #5971
BCRAE 83.3%~110%, R*=0.990, X AL (78
PR 45, NTC R I o 45 45 52 36 SR A i 4
), TS (CY5) Ct {5 bRl 4% ¥ B K NTC
() CrAEAHZEANKE S 1 ANIEER, TR R 5 A

XA AR
1.6 L£RAERSH

UG AL S G AR T TR (el 11 S ] = =
54 R W A M B A 2 AN 3R O qPCR X
AT A B A BUPRE T 2 IR L e BE(TPG )
()5 B (logyg ) A AR AR (x) , RAXTRE Y Ct 24
INAEFR () PEATZAEEH 53 B0 [IH 7 R 7R R
y=—k - x+b Hr, k MRER b ORI R IREAR 5 i
AL P S (TPG) , 38 il S Ce(EARA iR
FERY R PREIGHA T TPG=10%2, @i &4 hik £
H 2 Y i ARSEREACTI AR, FIHRU N A
%?#iﬂ%?@ qPCR f)?ﬂj%%itfjﬂ’ﬂélﬂﬂﬁﬁﬁ (Cells) :
Cells= ’ZOO‘:‘L X e < 2L (F: 200 uL Ky 546
WA, 2 uL oy AR S FEARAG B, i
FEARRECN 1) o B8, AR AR AR I ] (FAM)
FAE (TPG) 545 5 o7 4 A R4 T 1oz, B4 2]
IZFEARFERE E A B B b S 4 (TPG/ BN
HfEER ) -
2 4R
2.1 FkFRIE
2.1.1 EREMAI B 1x10° 2 1200 3L
PR, INZE R (WA TPG A 0.4, 40 000
TPG) 1 TSR8 A i 1, [A] A % & AN TSRS (1) 4 it
FEAE A AE N 25 X IRZH, 55 7F Cell Lysis Buffer T.
VEW PSS Mk TSR REfh, B MRS E 3 4
SEAT, WEL A RL T 54T TSRS A =44,
RIS i 200 B 5 oo A I A S T2 B 25 52
LR E (40 000 TPG) ZHAHEL, 40 000 TPG+ 4K
T 4 ZH 0 40 000 TPG+ TAEW 411 FAM %869
i CoEUE A B R 2= R SRR (0.4 TPG)
AL, 0.4 TPG+#ITE MILH A 0.4 TPG+ TAEW
ZHIY FAM 261 Co B EX oA B8 1 25 5 (4]
XFHCBEPEARTLN T 4GS ) (1) o DA LSRR EM, K
TEARE T S TR A A BT 5, A
o5 A 22 R R X0 PR Sty Ao AR i SR R 448
KA A SR I A B Tt
212 HEREHERIPEEEEE  FCH] 6 NMRIERY TSRS N
BT, W55 0.4, 4. 40, 400, 4 000,
40 000 TPG, [F]H i B AN TSRS 1% 24 g 3 5 A i
YERZS IR IR, TR R 3 AP AT, B PAT
FEFLAE TPG (- S5 HE(H, 15 UM RSD,
My FEA 2 e, WS A5 W BE A IR 959% AR
X & ASFE 75%~125%, £V IE 1 RSD 95% &7 X
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F1 RIGEERERMN TER T T SRR E TSRS mHiEE

TPy Ct EL &
Table 1 A Comparison of Fluorescence Amplification Ct Values
for High and Low Concentration TSR8 Templates under Interfer-
ence from Heat-Inactivated Cell Matrix and Working Buffer

20 531 Ctlfi C2fi C3{i CiddfH PH %ﬁ%ﬁf
0.4 TPG 41 20.329 29.348 29.578 29.388 -
0.4 TPG+#KIG  29.413 29.418 29.239 29357 0.5735 7%
g0k
0.4 TPG+ TAETRAL 28.801 29.393 29.514 29.236 0.6427 1
40 000 TPG #H 14.542 14.509 14.355 14.469  — -
40 000 TPG+ K 14.804 14.986 15.566 15.017 0.097 6 3
T AR
40000 TPG+ T4 14.398 14.743 14219 14.453 09331 7%

WA

VE: RJRAEBAT TR vb 4 AR A1 5 3 R G i A fe TAR R 20, -7
AFHRA, RHER R H I,

Note: Unpaired t-tests were performed to compare the heat-inactivated
cell group and the working solution group against the reference group.
The symbol “-” indicates the reference group; statistical significance
was not calculated.

[H]<25%. BAS PR A 6 FLE R, el S5hre
{H 0 L RR TSR 34 95 7E 90%~120% 35 FEL PN, [T
F95% M EAZIX AN 91.37%~111.0%, 155 51t %
BR T a5 B VEAE 75%~125%, 32 W1 5 1 M iff
JETHEAZ (3R 2) o [Al— A A AE R B ] Y AR R 45 14
S ST 2 Uk, W AN [T 5 N bR 4 Fr
B H RSD, 0.4, 4,40, 400, 4 000, 40 000 TPG
Units 21PN RSD {E3 3110 13.7%, 16.7% . 22.0% . 17.2% .
15.8% . 19.7%, 1/NF 25%. 4541 RSD 95% & {5 X [f]
M 14.42%~20.61%, FFE et FEERTFVELE 25% LT,
ZERB M A R AP AR (R 2) .
213 LHESYHRE Bl 6 RN TSRS, WREE T
W1k 0.4, 4,40, 400, 4 000, 40 000 TPG, H:FE N
BEE 3 VAT, Mhar HE 2 YGOREE, MELHRiERTZRT)
R BART 0.98 A HRCRIEBIELE 90%~110%
AR SR e N L RLA, PR 6 1
B, BEVREE 3 ASPATRESL, a7 B 2 IR
(£3) . B ERIUAFH R KT 0.99, 114
7 y==3.228x+29.917, ¥ HERCEN 104.1% % 1F

90%~110% N, FEIHIL T AUA A A R AT

2.1.4 FETH (LLOQ BIE) L' 3 TN TSRS
Tz 2 i 5 b, MRS 0.2, 0.4, 0.8 TPG, [F]
B S AN TSRS B4 20 it 35 J3 B i A Sk 23 0 R
air, TR SN B 3 AN FAT, Kl TPG/ S B fig
T VB AR B AR R LLOQ. 16 A vERA . [mTi
R 95% EAH X [ 1E 70%~130%. 0.2 TPG 4 () 1] it
959 B AZ X 8] N 81.1%~125.1%, 0.4 TPG 4H () 1]
W% 95% EAS X 8] K 95.8%~115.2%, 0.8 TPG 41
IS % 95% ES XA 77.5%~124.5%, Y493 L 51t
SR, I LLOQ 4 0.2 TPG I AT LR IE )5 145
TR (£ 4)

2.2 hMSCs 3% ¥ BiE P b m]

4 VR A7 1 hMSCs #2857 % 1.3 38 4 i 47 52 I
BN TR Fh 4L, [ S7 NTC 41, BAPE X
M (FRORTE AR 2 ) |« PHAE X HE 2 (6 5 v bor il FH
PEAARE) , R EFEA T AR o it S g DA AE i g S
gEL ARIEI RIS T FE A y=-3.260x+29.744, R* K
T 0.99, ¥ 1O K 102.6%, 17547 F 5K (%
5~6, [ 1) . hMSCs IS4 Ct I 5 b if i 28 45 vk 1
K NTC 4173 Ce{EAH 22 AN T 1AM ERR, £
AR ZASAEZE SN ], hMSCs 2055 521 B 48 i 550 R
104, MFHE) FAM (EFREER) Ce BN 29.417, Zebrife
2R 1T 545 21 hMSCs 4 52 107 20 B A5 10 i Ao Jlg 1
PN 1.432 TPG/ T4
3 itig

RGN UE RQ-TRAP J7 A i by it e
o e AR, IR FLRN HF hMSCs FPEANY, 48R
IR AR B 2E T D)o VB — PP SR 2O
B TRAP (75K, RQ-TRAP 3238 i W il o 7 2 7
GG RSG5 B B PR AR B AL,
i RAE S8 TRAP J7 75 19 22 f Jm R A4 R4 BH 2 ]
W, NN B 15 f R T, AR GBE I (Gel-Based
Telomeric Repeat Amplification Protocol, Gel-TRAP)
JETF LA i A I 25 5 S WL & PCR

*& 2 AEIRE TSR8 hntrZm A E BT f i) K R KA AR AR ZE 54
Table 2 Analysis of Recovery Rates and Relative Standard Deviations (RSD) for Cell Samples Spiked with Varying
Concentrations of TSR8

WeJE/TPG Ctl {5 Cr2 g Ci3 18 C4 15 Ct5 15 C16 18 0 5 e 2 A (. PSR 1% RSD/%
04 31.119 31.304 31.304 31.153 30.940 31.329 0.404 100.0 13.7
4 28.279 27.820 28.373 27.852 27.844 27.924 3915 98.9 16.7
40 25.135 24.458 24915 24.427 24.273 24.604 45.041 112.6 22.0
400 21.636 21.655 21.516 21.112 21.712 21.415 414.286 104.7 17.2
4000 18.482 18.514 18.110 18.607 18.688 18.758 3 965.504 90.0 15.8
40 000 14.887 15.386 14.665 14.678 14.678 15.183 49 508.344 119.1 19.7
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xR 3 FRETRTE TSRS trE AR Z LS H K
FIBESR
Table 3 Analysis of Standard Curve Regression
Parameters and Amplification Efficiency Based on
Serially Diluted TSR8 Standards

*’“Tﬁ’g/ Ctf Coff CBMH Cufi GiS{H Ci6fH Cr Ml
04 31.119 31304 31304 31.153 30.940 31.329 31.191

4 28.279 27.820 28.373 27.852 27.844 27924 28.015

40 25.135 24.458 24915 24.427 24273 24.604 24.635

400 21636 21.655 21516 21.112 21.712 21.415 21.508
4000 18482 18514 18.110 18.607 18.688 18.758 18.527
40000 14887 15386 14.665 14.678 14.678 15.183 14913

&4 (RIRE TSRS IR MAIEIK R 95% BEIEX BT
Table 4 Analysis of Recovery Rates and 95% Confidence
Intervals for Low-Concentration Spiked TSR8 Samples

=
4
<

¥ : 2R = = [ /%
WIE oy oo on g PHOE S FMCR EMCR T g5
PG Ve 2% 3%
fEIX]a])
02 32211 32.172 31.991 1132 0967 0994 81.1~125.1
04 31.087 31.099 31183 1.082 1073  1.010 95.8~115.2
0.8 30089 30.217 30351 1.106 1.009 0916 77.5~1245

&5 hMSCs uhHiEsE A NISEIE R FR A f 2R B S B R
IR E S i)
Table 5 Analysis of Standard Curve Regression Parameters
and Amplification Efficiency for Quantification of
Telomerase Activity in hMSCs.

R / WZIEH (CY5) HEFRIE (FAM)

TPGC "Ci i cofi Co i Cidfy

Ctlf C2fl Ci3fH Ctfl

0.4 17.889

4 17.798

40 17.790
400 18.039
4000 17.839
40000 17.289

17.777 17.788 17.656
17.577 17.419 17.598
17.474 17.552 17.605
17.488 16.745 17.424
17.470 16.710 17.329
16.739 17.385 17.138

31.304 31.153 31.329
27.852 27.852 26.924
24.458 24.458 24.604
21.655 21.655 21.015
17.514 17.514 17.758
15.386 15.386 15.183

31.326
27.532
24.496
21.261
17.626
15.082

% 6 hMSCs HARIRMIEEFEMNEEMNER
Table 6 Quantitative Detection Results of Telomerase
Activity in hMSC Samples.

S WS (CY5) FUAREEP (FAM )

Y CulfH C2fH C3{H CtXE CulfH C2fH C3{H CtiyH
NTC #H 17.526 17.666 17.462 17.551 - - - -
BHPERT 17.143 16.962 16.791 16.965

bisY

17.394 16.304 17.281 16.997 22.973 23.252 22.857 23.027

FRIIE
fn

17.307 16.781 17.148 17.095 29.597 29.109 29.544 29.417

E: O ATARM AR Y455 (Undetermined) .
Note: The symbol “-” indicates that no fluorescence amplification
signal was detected (Undetermined).

IO 45 SR G ) SRR, SR B b L E A 1,

ZBR T AR S B T T B, 7 i 5 W R AR
I AN PR DG R, DT PR G246 % 2 Sk il
F1o ML Z T, RQ-TRAP i i3 5 6454 7E PCR 841
P PEA TSR I, BER B AR AR E , Cr
(500 v Ao BTG PEFE— sh S YE T P 222 R Ao 0t

2,500,000

2,250,000

2,000,000

1,750,000

1,500,000

1,250,000

1,000,000

750,000

500,000

250,000

M

T

2 4 6 8 10 12 14 16 8 20

Cycle

7E: B AR (Cycle) %77 PCR J53R40; #4247 (ARn) A R% A ZARE
Ja AT AR RS 5 IR B P 4r & AR ) S R 2R (Threshold
Line) ; ¥ & W A E AT IE (NTC) o I 35 B8 LLHG 3 3T
e AR K& hMSCs A8 ¥ 34t , P L& AN A AR (Cy5),
T A ¥etr AR (FAM) .

Note: The X-axis (Cycle) represents the PCR cycle number, and the
Y-axis (ARn) represents the baseline-corrected normalized reporter
signal intensity. The horizontal red line indicates the fluorescence
threshold line. The blue curves depict the amplification trajectories
of the No Template Control (NTC) and Negative Control groups. The
purple curves represent the hMSCs group, where the upper curve
corresponds to the internal control gene (Cy5) and the lower curve
corresponds to the target gene (FAM).

Bl 1 hMSCs mfifgiE T RQ-TRAP E#IZER
Figure 1 Detection of Telomerase Activity in hMSCs by
RQ-TRAP Assay

B SR G, A R0RE T 2 1k T [ AT A S 3Rk
R BE AR, 53R B hTERT 25 (A /K SF-#Y9 ELISA
J7EANR], RQ-TRAP B 345 I i 1y e AL T 7, T e
FUSC S BRI A DO REIRZS o X hMSCs 1 2 v o i
TGP FRARSIG AKOE A, RQ-TRAP (A4
Ao S AN AR A B 7 G XU, L i R AR
B PR IR AS ST A PT E

D7 2R ZE R B, % IR R R R, TR
RSB EE , RPE R4, LLOQ 24 0.2 TPG Units,
WESEHE HI T hMSCs SRR IAFEA BRI, X setg
P 5 SCHR— 2K, B WV S U HR T Y CRISPR 46 B)
Ui BT SE R 38 R e, RQ-TRAP F Tt fk /i
JeR A LS A RS P, S v R AR S 5 TR,
GONZALEZ-GUALDA 4 "V 75 A &1&E i 25142 41 it
R Ce B 5 ShaEM 2 G B i 5 A58
F o Z I IETCT A ERRIC, FEA R A H AR
SRR, T i A,

FE hMSCs A BRI F T, A4 A5 S A R
PR 1.432 TPG/ 1A (C1=29.417) o X—Z5 R 5
B hMSCs ) st b7 i 2 38 BRAFAE, (HACTF3LAI, X
SRR AR AT, hMSCs 2437 15055 5% 57 R Ay s o il
T, B TR PRIGTE () [ oy G i £ XU . 1)
T, ZHANG 25 "8 35 11 hMSCs s ki il 2 S5Hi4a k.
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Prog T A e A T A R 2 L Ty RE, OIS TR DASE
SRR, AT BUAR SN B BB A A fR
FERIEEE; KARAGYAUR 2 " {5 hMSCs B g i
Ui o7 PR A T P R ) e s 2 R, (EE PR RR 47
KA B PR B I B SRR RQ-TRAP 1B 1T
fli hMSCs 32 & R RS 920 T H.

JUE AR ST L, hMSCs ML, {H RQ-TRAP J5
DA B 8 T o B HE ST A A A A e B
ARSFIE (TTAGGG EEJFH) | PRIEAAT 5T R
TS AN S )5 | ) RE RS A S 3 2 R A S 4 i
FA (INZIREE T A0 . & il 40 it B e 4
2R ) B H A R A sk i 1 =4 P
X AN R e S P A L, S AR 4 L A48 A AR B i o
R SR AR A TG Ak, AR O s o it 1 72
Sy R, BV RTAEARTR R REAR R NS B AR T S i
BRI, X RIS P UE A T B AT

LI % PSR, ok S v T e T
L2 B A SCERRAE o 1 i AMJEYE WTERT i 36
Ik B 2, HIMTRES A U AR . RQ-TRAP
EATVE R W T R4k hMSCs 224 MEry B TR, 78
ARMFFE R, REA F B B A Sy ) (75 & o
FRUE) | UERA 7 ¥ X PR AR A 3 M SR, 2007
PAAFTEL R, ansithr G PESZ 55 R 245 VR I,
WAL B BT T AR SR S BE (MATVEEVA %5 P2) |
SR A A Z EIRE LA — B R R S, IEAE
G R AT KA B A THTIE

Zi bk, ABFSEER ST RQ-TRAP 7E hMSCs 46
W e S, e SRR YT 2500 48 4 1 FH 51T
RAESH,

S ik

[1] CHENG X, FU QY, ZHENG YL, et al. Telomerase-Active Urine-
Derived Stem Cells: Regenerative Solutions for Aging[J]. Ageing Res
Rev, 2026, 113: 102939.

[2] APETROAEI MM, FRAGKIADAKI P, VELESCU BS, et al.
Pharmacotherapeutic Considerations on Telomere Biology: the Positive
Effect of Pharmacologically Active Substances on Telomere Length[J].
Int J Mol Sei, 2024, 25(14): 7694.

[3] AFSHARIf N, AI-GAZALLY ME, RASULOVA 1, et al. Sensitive
Bioanalytical Methods for Telomerase Activity Detection: a Cancer
Biomarker[J]. Anal Methods, 2022, 14(42): 4174—4184.

[4] CASADIO V, BRAVACCINI S. Telomerase Activity Analysis in Urine
Sediment for Bladder Cancer{J]. Methods Mol Biol, 2021, 2292: 133-141.

[5] HE'Y, CUL'Y, WANG L, et al. Extracellular Vesicles for Delivery of
Functional Telomerase[J]. Cell Commun Signal, 2025, 23(1): 509.

[6] KHALIFEZADEH M, MASOUMI S, NAJAFI K, et al. Telomerase

Biosensors: a Promising Approach in Cancer Diagnostics[J]. Clin

126

Chim Acta, 2026, 579: 120668.

[7] CARLUND O, NORBERG A, OSTERMAN P, et al. Telomerase
Activity in T-Cells as a Functional Test for Pathogenicity Assessment
of Novel Genetic Variants in Telomere Biology Disorders[J]. Sci Rep,
2025, 15(1): 29048.

[8] NAKAMURA K. Key Mediators of the Efficacy of Mesenchymal
Stem Cells on in vivo Disease Models[J]. Cell Transplant, 2025, 34:
9636897251348566.

[91 YAMAGUCHI N, HORIO E, SONODA J, et al. Immortalization of
Mesenchymal Stem Cells for Application in Regenerative Medicine
and Their Potential Risks of Tumorigenesis[J]. Int J Mol Sci, 2024,
25(24): 13562.

[10] HU L, WANG J, ZHOU X, et al. Exosomes Derived from Human
Mesenchymal Stem Cells as Nanocarriers for Drug Delivery[J]. ]
Nanobiotechnology, 2021, 19(1): 107.

[11] AFKHAMI H, MAHMOUDVAND G, FAKOURI A, et al. New
Insights in Application of Mesenchymal Stem Cells Therapy in
Tumor Microenvironment: Pros and Cons[J]. Front Cell Dev Biol,
2023, 11: 1255697.

[12] KARAGYAUR M, PRIMAK A, BASALOVA N, et al. Safety and
Regenerative Properties of Immortalized Human Mesenchymal
Stromal Cell Secretome[J]. Int J Mol Sci, 2025, 26(19): 9322.

[13] CHIN SP, SAFFERY NS, THEN KY, et al. Preclinical Assessments
of Safety and Tumorigenicity of Very High Doses of Allogeneic
Human Umbilical Cord Mesenchymal Stem Cells[J]. In vitro Cell
Dev Biol Anim, 2024, 60(3): 307-319.

[14] LEONOV GE, GRINCHEVSKAYA LR, MAKHNACH OV, et al.
Safety Assessment of Stem Cell-Based Therapies: Current Standards
and Advancing Frameworks[J]. Cells, 2025, 14(21): 1660.

[15] FAHNRICH S, WEDEMANN A, STEEBPASS L, et al. Optimized
for Routine: Highly Sensitive Fluorescent Telomeric Repeat Ampli-
fication Protocol (fF-TRAP)[J]. Biotechniques, 2024, 76(10): 517-522.

[16] WU X, WU J, DAI ], et al. Aggregation-Induced Emission Luminogens
Reveal Cell Cycle-Dependent Telomerase Activity in Cancer Cells[J].
National Science Review, 2021, 8(6): nwaa306.

[17] GONZALEZ-GUALDA E, BAKER AG, FRUK L, et al. A Guide
to Assessing Cellular Senescence in vitro and in vivo[]]. FEBS ],
2021, 288(1): 56-80.

[18] ZHANG S, XIONG W, XU S, et al. Recent Advances in DNA
Systems for In Situ Telomerase Activity Detection and Imaging[J].
Chemosensors, 2025, 13(1): 17

[19] KARAGYAUR M, PRIMAK A, BASALOVA N, et al. Safety and
Regenerative Properties of Immortalized Human Mesenchymal
Stromal Cell Secretome[J]. International Journal of Molecular
Sciences, 2025, 26(19): 9322.

[20] SCHELLNEGGER M, HOFMANN E, CARNIELETTO M, et al.
Unlocking Longevity: the Role of Telomeres and Its Targeting
Interventions[J]. Front Aging, 2024, 5: 1339317.

[21] L1 Y, ZHANG F, QINZ, et al. Development of 3D Cell-Based
Fluorescent Reporter Assay for Screening of Drugs Downregulating
Telomerase Reverse Transcriptase[J]. Bioengineering, 2025, 12(4): 335.

[22] MATVEEVA D, KASHIRINA D, EZDAKOVA M, et al. Senescence-
Associated Alterations in Matrisome of Mesenchymal Stem Cells[J].

International Journal of Molecular Sciences, 2024, 25(10): 5332.
(KR BH: 2025-12-19 44E. FLEI:E)



