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= PCR#:iM BRAF V600E 0 TERT C250T,
C228THRERTIHRIKBFEEDiIZM S MG
EEBIE

IR, End, EF, L M, EXE
(FR N A RN A B v o AT PN 8] SR B 240 230 5, T dg #5 M 450000)

[{HE] B8y W8T R A 4%V (polymerase chain reaction, PCR) 43 A A BRAF iU FE N | 22 5 FR /75 & R 4 Tl
(B-Raf proto—oncogene, serine/threonine kinase , BRAF)V60OE } TERT C250T ,C228T % G 7R AE HUR R 457512 W 5 70U VT4
N A . AiE 2020 4F 1 H 2 2025 4F 12 H 26K 22 45 M 4 3 PRAS 30 mHa0 9 2 213 451 B PR B 285 15 I R ASE A SR ot 55 %6
G a2 B B i 22 A 2 80 B A 4% XSV (amplification refractory mutation system polymerase chain reaction , ARMS—PCR) Fl1%{
% PCR 42 AR K W BRAF V60OE K= IR 98 75 14 FE A 43 51 & 418 11 1 1 795 4] , If ) Sanger I 5 8% — 8 I JF (next—generation
sequencing, NGS) &5 A Ry G Am il s o 1 795 491 £ 35 [FIB SR FH AT PCR BRI TERT C250T Fe C228T FEH 5878 o A b A i
TR I 7 ik (I WU Rg  PTAN BT PCR AN 1) 5 1 B8 ) REASSE PP BT i 15 56, IR0 R 98 28 = J X UG A (i, 45
R OLUSHESER NS IR 762 213 B FURIRZS S5 B FEA T, ARMS-PCR K5l BRAF V60OE 58 7% 1) SRR %l 18.71% (159/
850) , 5 5 FBF M 100% (1 363/1 363) ; 507 PCR & BRAF V60OE 5875 (i 58 B 9 4 70.82% (602/850) , 45 5 B 9 100% (1 363/
1363), ¥ PCR AR BRAF V60OE 587542 VLK [l g 5.40 ~ 77 749.50 , W A= 8042 D1 K038 [ Jy 177.80 ~ 181 386.50, $¢F
PCR RN FR A RUARA SR Tt B (9 -, 845 2300 , S DNA ¥ B 28 QBTUT A & BE VI 1B R 0.1 ~ 112 ng/pul; Hoi DNA e B2 AIG
TR T BREEAN 65 ], BEAT] #2458 99.28% . TG Ak R , 507 PCR &G HE 1Y) BRAF V60OE 5 4 1 21 (21.00% ) H TERT 5%
AR e e R R S FE R FUIR AR AMR A0 KBS 1 8 3 e AR BE AL, 1l ARMS-PCR k4R (B R WG [FE . &8 Mk
4t ARMS-PCR J73% , 807 PCR kil BRAF/TERT $E R 587 ELAT B 2 ) SRR , 0K A0 2 13 58 7 R Ak AV A AS O T 809
A ME, (RIS S B ) T Ry R AR 4571 1 TS PEA R It R 5

[S4iA] HRRNRSSTS ; 807 PCR; BRAF V60OE LR 5375 ; TERT C250T 5[ 5875 3 TERT C228T LR 5875
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Digital PCR for detecting BRAF V600E and TERT C250T, C228T gene mutations
and its value in the diagnosis and prognosis evaluation of thyroid nodules

WANG Xiaole, WANG Xiaonan, MA Jifen, MA Nan, YUE Wenbing

(Genomic Testing Laboratory, Zhengzhou Golden System Clinical Laboratory Center Co., Ltd., Zhengzhou 450000, Henan, China)

[ Abstract ] Objective To explore the application value of digital PCR technology in detecting BRAF V60OE and TERT C250T,
C228T gene mutations in the diagnosis and prognosis assessment of thyroid nodules. Methods A total of 2,213 clinical samples of
thyroid nodules submitted to Zhengzhou KingMed Clinical Laboratory Center from January 2020 to December 2025 were selected as the
research subjects. The samples that underwent both amplification refractory mutation system polymerase chain reaction (ARMS-PCR)
and digital PCR techniques for detecting BRAF V60OE gene mutations were 418 cases and 1,795 cases respectively, with sanger
sequencing or next-generation sequencing (NGS) results serving as the gold standard. Among them, 1,795 patients also underwent digital
PCR testing for TERT C250T and C228T gene mutations. The diagnostic efficacy of the two detection methods was analyzed, and the
quantitative ability, sample applicability, and reportability of Digital PCR detection were evaluated. Additionally, the value of mutation
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abundance in prognosis assessment was preliminarily explored. Results
samples of thyroid nodules, the sensitivity of ARMS-PCR for detecting BRAF V60OE mutations was 70.82% (602/850), with a specificity
of 100% (1,363/1,363); the sensitivity of digital PCR for detecting BRAF V60OE mutations was 96.94% (824/850), with a specificity of
100% (1,363/1,363). The range of BRAF V60OE mutation copy numbers detected by digital PCR was 5.40 -77 749.50, while the range of
wild-type copy numbers was 177.80 181,386.50. The specimen types detected by digital PCR were not limited to wax block slides, but

Using the gold standard results as the reference, in 2,213

also included biopsy specimens. The DNA extraction concentration of the specimens was detected by QBIUT and ranged from 0.1 to 112
ng/wl; among them, 65 samples with DNA concentrations below the detection limit could be reported, and the sample reporting rate was
99.28%. Prognostic assessment showed that in the BRAF V60OE high-abundance group (>1.00%) detected by digital PCR, the incidence
of TERT mutations and the risks of lymph node metastasis and extrathyroidal invasion were significantly higher than those in the low-
abundance group, while ARMS-PCR could not provide such quantitative prognostic information. Conclusion
traditional ARMS-PCR method, digital PCR for detecting BRAF/TERT gene mutations has higher sensitivity. It has high value in detecting

low-abundance mutations and handling low-quality samples. Moreover, its quantitative ability can provide important reference for the

Compared with the

prognosis assessment of thyroid nodules.

[ Key words ] Thyroid nodules; Digital PCR; BRAF V60OE gene mutation; TERT C250T gene mutation; TERT C228T gene

mutation

FFODR AR 435 95 22 It R A5 hy i AL 1) PR R
Horb 5% ~ 15% 4575 0 8, BRI JE4F
oK, A BRI LN HR BRI 10 K s R 5 B T3,
A B DL B R FEORR L Sk R (papillary thyroid
carcinoma, PTC) "' o % FFUIR 5 0% 1 2 W, 1% 40
7V FE ARSI A (HBCRA IR .
AR B A I3 B 1 TR e, R IR R AH G
UK Bl R R R T 5T H 4 8 22, 1E I R A2 B b 4% T
i ok ik B2 /E FH™ . BRAF V60OE %875 J& PTC
IH O BRSSP R SR R, 5 B AN RS
AR E I SO /B A i Al e
(telomerase reverse transcriptase, TERT) & h T &%
Y5 BRAF V60OE 578 B AT — 5E 1) Wp [F) 28017, w] E ik
— T HUR B T A ke it W]
A BRAF V6OOE il TERT Jii 81 128748 , Xof HUIR i
S5 RS RS PEAE R R . B,
ek DA T 1 35 PR 5 2 A )y 2 3 S 45 52 I 5Ol
FE BB A W 5% 2C & B (polymerase chain reaction,
PCR) 5 A F147 18 BH iy 58 748 28 48 3R & Wl e =X e 1
(amplification refractory mutation system polymerase
chain reaction, ARMS-PCR)""' . %{“7* PCR /£ J 55 =
FUPCR A, 73 PR I b BLAT s B RS S 2
wOTATRE I . AT B A S T BUF PCR R K
I BRAF J5U 9 2 R | 22 S0 /95 % 12 U 1% (B—Raf
proto—oncogene, BRAF)
V60OE Jz TERT C250T , C228T %k [F 58 2% 7 W R i &5
LW BRI , o HAR IR ES 1Y ARG 1297 4

serine/threonine  kinase,

BT -
1 #Met5AEE
1.1 HRIFESHEERKE

1B P 44 A 2020 4F 1 H 22025 4F 12 H 7E A8
S ek DRAG 56 o S 30 3 1A T IR R 45 759 A OGS A
R 2 213 Il & FFEAS . i A FE A 52 ARMS-
PCR 5407 PCR ¥&:1ll BRAF V60OE JE K 28 28 #6101 , 3
PL Sanger Ml ¥ mt — L il ¥ (next—generation
sequencing, NGS) 45 JRAE Ry @i . R ¥ PCR
% R4 BRAF V60OE . TERT C250T 2 TERT C228T
LR ARG Y REAR I 1 795451, 2 213 Bl o
B 455, 22 1 758 1] s AE R 18 ~ 82 %7, - 44 (46.28+
5.48)% o PEAZEHAL FNA ZE4I19) 1 128 i), R 54140
ISP R 1085491, AR5 s B A 2= 12 i 2 A -
ARBRFL AR 1 744 451, Horh 22 LAY 1 303 451 | 8 v A0
325 51 . e 4t AL AL 93 5] | A 7 A 23 5] 5 KP4 Y
407 5], G045 45 5 PE HUIR AR b 252 91 L R AR AR ORE
128 151 e A= HCAR R 5 27 151 5 2 SCAS B RS 1) A4 AN
RV AZ 62451 o BT A FEAS 4 R U5 T I PR 12 HUIR B
S50 BB oL PR g 1) AR B R S 2 2 s PR B 4
£t 28 31| (fine needle aspiration, FNA ) ZF i) . FEAK
LT, T AT BB Y R A2 S A AT A X HUIR B 4515 /Y
PUMIRRYY (e H it : 2026055) .
1.2 DNARRBER=ETME

fif 8 H DN A $2 0GR & (B178/56404) , ™5 4%
HEAERAE U6 IA 455300 AL 4] J 5 FNA 28 JREAS
LR 2 DNA . $RIUS 9 DNABEACE I Qubit 4.0 %
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B E f Qubit dsDNA HS Assay Kit JFF T EE . 10
SEITA FEZR DNA MRS, X Qubit A5 45 5 A 5
BRI T BRAGEEAS  Aric kW BE A TR R RR”
1.3 ARMS-PCR#ill

Xof 4 5 RE AR SR TN BRAF V60OE & [H] % 748 6
IR & (96 PCR 5, A #E ABI7500) R4 4G, #1E
AR GV BT . BRI B X
HEC BT BN ZS UG R o NS BE TR S 58 AR R I 1Y)
B ALY A A s th 2, W95 JOE/VIC RS CT<
28, AME FAM 55 (AFL) W CT{E M 13 ~ 24, HACT
<6[ ACt{H =278 CtfE (FAM)-#% CtE(FAM) |, Il
F5E Ry BHE 5 000 A B R BURR B 2 1%
1.4 FFPCR&N

K i X80 PCR #E4T BRAF V60OE \ TERT
C250T J¢ TERT C228T HE[H 5828 eI , 388 3L JA A 53 A1
Seit, A A A RN A FR B AR A D8
W B, [RS8 5 A8 AU 1 DR s DUERY L 9], B
SRAFERE O S B=45 000, BRAF V60OE %75 ¥4
DUE>5 H 2878 3 B2 =0.1% H % R B ; TERT C250T
S TERT C228T %872 4% D1 %>10 H 2748 - £20.1% H|
JE PR o AN AH SG R S5 AL 8S : N TERT/BRAF J
TR 2 AR K ) & CBUF PCR L) 5488  REA I 451X
Drop Maker M1,A300 PCR & #§ 4% . 4: .65 Fr 734X
Chip Reader R2,
1.5 &tRERN

FIr A FEAR B [A) B 54T Sanger I 7 28 NGS B3 IE .
Sanger M 7 51 % BRAF V600E i 35 % TERT C228T/
C250T {7 s A7 XL M 1 5 NGS SR HI A & BRAF Al
TERT J&i 2y~ DX 38l 1) FR AR 968 AH OC 56 ] panel, 15
TR BE>500% . LA Sanger /7 5% NGS il 2] i) 28 A8 25
RAE RS W S bR
1.6 SitFFHE

K PSPP 547 G0 it bt LA & dnifE 2

B TR RGN 7 2 2 Wik R o B RE LA 3]
(%) 27N B R ] R ge . P<0.05 0 22 5%
Giiter i L,
2 #£R
21 BEREAEREFIE

ARAFFRILGYA 2 213 B, b 58 LB PCR
KB 1 795 1 Bk 455 4], Lok 1 758 4], AR IR
18~ 82 %, h i 4E % 46.00 % . FNA % il ¥y kf A<
1128 09, R J5 dH AU P e HEAS 1 085 16 . T A
A ¥ g oy $ BU DNA, DNA ¥ & 35 [l M 0.10 ~
112.00 ng/pl, AL 4 23.50 ng/pul.
2.2 ARMS-PCR 5#F PCR# il BRAF V600E 3
TS BT BE L3

DL 4 bR 2t S5 o 2 B8, 2 213 B REAS v 3L 4G
BRAF V600E %& 7 BH P 850 i . B ¥ 1 363 4] .
ARMS-PCR #5 tH FH 4 602 6]  FAE 1 611 ] 5 50+
PCR £ tH FH 4 824 151 . BH M 1 389 41 . ARMS-PCR 3
I BRAF V60OE 5 7% i 8508 BE °hy 70.82% (602/850) ,
5 5 BE R 100% (1 363/1 363) 5 505 PCR B HURRE Jy
96.94%(824/850) , ¢ 5 &k 100% (1 363/1 363) . %%
¥ PCR#UR¥ B % & T ARMS-PCR (P<0.05) ., 1E
B PCR K H 19 824 5 FHMEREAS h 214 ] 28 48 = B
% T 1.00% , BRAF V60OE 58 7% ~F B Y5 Fl 4 0.10% ~
67.81%.,
2.3 ¥ F PCR#&N BRAF V600E ¥ TERT RZ5 1y
EELR

1E BRAF V60OE PHYE ) 824 (LA v | 578 R P
D1 R A 5.40 ~ 77 749.50, Hh v 80 385.20; B A=
T ¥ DL K 95 Bl oM 177.80 ~ 181 386.50, H v %
2 940.00; & A8 E ALK 11.80% (£ 1) . #F
TERT J& 8 JE PRI J5 18, 1 795 AR A AL 4
TERT C228T af C250T 2 7% 12 ] , M 4 1 % K
0.67%.

K1 BFPCR#&M BRAF V600E B TERTREHEESER

Keliggbs BB () BPER (%) FAETE VU S A T DU GEARF LA
BRAF V600E 824 45.91 540 ~77749.50 (385.20) 177.80~ 181 386.50 (2940.00)  0.10~67.81 (11.80)
TERT C228T 9 0.50 - 29.3~8062.7 (2725.16) 2347.4~20776.4 (13 150.61)
TERT €250T 3 0.17 - 11.8~4588.7 (1035.72) 186.9 ~20776.4 (10235.33)

¥ PCR: RAEM#EENXIN; BRAF: BRAF JRIEHER | 225 MR/ 05 A TRIANS ; TERT: Sipbif o 4 S
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24 HFPCREANEHALIEK DNARE THK
s Be

7E 1 128 {5l FNA ZEJil#E A< 1 | BRAF V60OE 58 7%
FHVEZE R 44.24% , 1E 667 FIAH LG A, [

3R H 48.73% ., 1 795 (I KEAS ) DNA ¥k B 43 A )
17, 80T PCR B FEAS ] i 25 % 51 15 99.28% (1 782/
1795)(%2),

F2 HFPCRIMIEARE DNARERERFHFTIRE RS

DNAVREENE (ng/pl)

A% (f51))

AT R () AR (%)

<0.1 (IEFHTFIR) 65 53 81.54
0.1 ~10.00 532 531 99.81

10.01 ~ 50.00 874 874 100
>50.00 324 324 100

it 1795 1782 99.28

. PCR: RAMIEE N

2.5 BRAF V600E REEE SIGKRBIBFLENIIS
KBRS HT
FLHEEF PCR K ) BRAF V60OE FH 1AL A 28

AR B AR (< 1.00%, n=214) Fll &
FEEH(>1.00%,n=610) , Ik F & 20 FNA FEA Y L
W T E A (P<0.05) (£ 3),

3 BRAF V6OOE RELEESHAREE R TERT REIIKAH KB

Vaxl BiE () FNAFEAR G (%) HLREAR LG (%) fFETERT 3RS ] (%)
BRAF{RFFEH (<1.00%) 214 78.50 21.50 0 (0/214)
BRAF & E 4] (>1.00%) 610 56.23 43.77 1.31 (8/610)

X 34.126

p <0.001

1 : BRAF: BRAFJSUHER | 22 %R/IF 2R ; TERT: Wk Bsi, 5bM; FNA: HURIRANE 2001,

2.6 FFRERN A RN R REENE

DL bR ifESE R 2 I, ARMS-PCR X BE#2 1t &
PERRPEZE SR, oIk X oy 5 A £ 1, FAHIRF JE 58A8 A7
FE R s R, U AL 70.82% . HE— 2 4 W BUF
PCR #; H1 1) 824 151] BRAF V60OE B 1 & 25 4 I 1< i
PSRN, R4 TERT 5 ) 72828 il 4t & AR %
W . T ARMS-PCR R JG ik K A8 =F B BH 1 F
A, BAFEIR RSO, TOIE A T RS 402
3 itig

A SEAE ] —AE A 4 v 5 42 T B ARMS-PCR
FIELS PCR A& BRAF V6OOE JE[F 58738 (1% RE , 3 LA
Sanger Ml J¥/NGS1E Jy & brifE AT 00 0E . 25 5L R0,
BT PCR BB B 3% 7 F ARMS-PCR, . H #5575
¥4 100% . %55 PCR A&l 3= BE I T 1.00% %) BRAF
V60OE 53 7% fig J1 3 hE2 € , 1 ARMS-PCR % 5 Bt
FARFEERA WA T FNAREAS 2800 BORE nl g
A5 v LA e A L IR R AR G e A, B
PCR Al R0k th b 2R 5848 . AR BN, 0T
T Sy 40 0 2 G TIE 2 WA A 12 DR 1) FRIR R 435 3 B 4t
AR A T2 Wik S D2 Wit TR R
HI 2 Wi o o e HL A B 0 AR S UESE

ARMS-PCR XJI% 3= B 58 78 47 7 T A5 15 00, i 4507
PCR REW5 A 85K A A v AR DA ) BHPE R AR, 0 25 0A
KBS PCRAEIR IR 4l AR A v B s B & 1Y
P

TEE BT 7 T, K0T PCR R B B B A 34
AT BT PCR KGN E () BRAF V60OE 5878+ I
B Bl 5.40 ~ 77 749.50, B A= 8P DL BOTE Bl R
177.80 ~ 181 386.50, & K 5 A8 =F Jif 5 FF A< ok 5 %%
PIAE , R0 9 7R FNA REAR 1 2 28 =F 1 IH AR T
BUREAS , B3 I DR S5 8 b IO AR 5 AN [ A 28 7R A
AR RN ARIE . AWFFE 1 795 BilREA R TERT %8
A AR RN 0.67% , A% TR 25 i 1 £
i, T RE S ASHESY ENAFEAS | U3 A G TERT %€
A eI R A AR 5 X, IR A I BRAF
V60OE 5875 35 167 Hh N s bl 17 . 05 PCR B A7
R A6 AT ok 2l AR A, RBAT AU AR TERT 587535
T KU . FNABEAR G /D DNA ¥R B AR, f£ 48 PCR
o 00 ¥ B K . AW SE BN, 7E DNA W B AL T
0.1 ng/wl 1y 65 B AR FEFEA T, B PCR AT L)
Kt 53 IREAS 45 RN 81.54% , BEARKEA Al 4z 4
3k 99.28% , 7 BB PCR 78 4b 351 e ¥k i RE 7R 7 1]
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PESABER R . B2, % A R o f ) 2 3 3R
PRSI S 80T PCR BAT 8 = R FH (B . AR
FERE— 00 T BT PCR KGN 9 BRAF V60OE %% 7%
F2 T R BRES 5 15 PG B . 07 PCR g E
iR 5 = 3 8 BRAF 5875 K TERT $L 2875 | W T i &
e R 6 TR R A8 /B 2, Hle PR AR 22 M AR YT
AR, W AR R R R it BEYVRYT . W1 BT
PCR 7E HUR BR 255 1005 PEAS o 5 kR (9 1l Rz FH
INIERS

{EAHIFFE AR MR B3 DA R 345 17 2R A 1) HLAR
AR R AR AT A 5 5 AR RS Y OCHK |, J 2Lt
TG IE— 58 % . A, AR HESE LA Sanger I 13 AN
NGS VE N 4 hn i, N W Rl PCR J7 ik O MERR PR AL T
CIETE 3

Zg I, 4 Lt ARMS-PCR, (¥ PCR 4 ] BRAF/
TERT J R 5878 HA7 01 w5y A BURR B, AR IR R 58
AR FAL R B A A A A S, g s Ee )]
J HUR RS T BUG P R S

S 3k
[1] MALHI H S, GRANT E G. Ultrasound of Thyroid Nodules and
the Thyroid Imaging Reporting and Data System[J].

Neuroimaging Clin N Am, 2021, 31(3):285-300.
[2] RAMIREZ STIEBEN L A, POZZI D.
carcinoma with desmoid fibromatosis: a case report and review
of literature[J]. Rev Fac Cien Med Univ Nac Cordoba, 2023,

Papillary thyroid

[31]

[4]

[51]

[6]

[71]

[8]

[91]

[10]

(11]

80(3):289-300
XA, AR, BAEME, F. O SRARFETRBEAMERS
gy ENSHE PR TREFHEFRE, 2024,
41 (4): 444-448.

REI, FE-F, FAE, F. hFRFEDRERA T
21, B R Rt BRI R EE A % SRS ek A Tl R P R
B e AR e AR K ME[T]. P B E 25 F3R, 2024, 21 (15):
88-91.

%E, FER, A, F. ELFPCRE LA TR
kR S RS 2122 BRAF V60OE R & Ao M) 89 2L Ak b 22 (1],
B2 S mipisd &, 2025, 34 (6): 617-622.
RE, BT, A, F OFRBIK KRR R B 5 R
BHFREMGIGRBARFFIESFH]I. FTEEFZESE,
2023, 20 (7): 85-90.
B, £, RIF, . REVHAAEHRELLEY
= T A Ak 47 A AR A F Z GIB2 235delC A BE R E[]]. 7B
RIEF FRE, 2025, 33 (6): 1369-1374.

MR, HFH, ko ATHESRFTESNHAFPCRER
MilE R B RIRKEHZ KRB ED] £ RH‘E, 2022,
12 (4): 606-613.

WA, EEF, AN, F RATHEFETELERF
PCR =4 WARAESL K K% BRAF A A R & [J]. AR E £
FRB 4 &, 2021, 37 (2): 227-229.

AN, %4, ¥4, . RATBRAFV60OE £ & . i %
9 K AL 55 FDP/FIB Yo AH 30 AT M) AR AR U 3k IR 5 P e Rk
EEHBGMIL]. RS BE R E, 2025, 45 (11):
1487-1495 .

WP, A, ARE, ¥, TERTABE R T HKRELER
VORI AW KRR AFIEL 24T S mBE R L,
2026, 33 (2): 191-195.



