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[# ZE1 HH RABHEEPRKERE (LC-MS/MS) #HAR, WE500 A JLJE R B R A iE (CAH) fi#r
kAT EHE, R X 73 BRI Sy BRSSOk (TRFIA) %00 5 % B9 BEL CAH &L, 56 H 2R 438 80 R 2 Wi br e 43
CYP21A2 $:A g8 i . #FE Mk CAH21 #4: )L, B LC-MS/MS Ml 17-% 22 (17-OHP) 1 21-ii & & Fi B (21-
DF) W, )5 B LC-MS/MSH AR TRFIAER 25, &R 73 FIFRx 4 s, CAH21 &% 6 fil, #4739 #, JE
CAH21 #HEJL 58 ], LC-MS/MS ¥ # 17-OHP ¥ & 1. 65~ 218. 63 ng/mL, 21-DF ¥ & 0.112~23. 300 ng/mL; M,
CAH21 #JLAY 17-OHP & ¥ B 3% & T4 Ak CAH21 4L (¥ P<€0.001); 21-DF ¥ JE . CAH21 BIL>#w#H >4k
CAH21 #H4JL (45 P<C0. 001 fil P<C0.05), Deming [0l J3 Fl Bland-Altman fii 22 447 . LC-MS/MS # R 5 TRFIA % & il
SR KEHE R, (HEHEWHE S TIE . B LC-MS/MS AR T E# AH LR Wmistr 2% m, mra B 27 4,
J9 TRFTA ¥ 40.30%; Ja &S HME 13 61, 5 TREIA # 19.40% . £t LC-MS/MS A X 47 5 BH P A9 £E L CAH L
PEAT IR T I 5 17-OHP F1 21-DF # . W AR TRETA o & A48 BE k%,

[REiFY LC-MS/MS AR 3 SE RS FMR B BT AT s 17-F2 2200 5 21050 460 1 o it
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[ Abstract]
chromatography-tandem mass spectrometry (LC-MS/MS) method. Methods

Objective To improve newborn screening method for congenital adrenal hyperplasia (CAH21) using liquid
In total, 73 CAH suspects using classical time-
resolved fluoroimmunoassay (TRFIA) were enrolled and collected their original dry blood samples. CYP21A2 mutations among
all participants were assessed as confirmatory tests for CAH21patients. LC-MS/MS method was used to further measure the 17-
hydroxyprogesterone (17-OHP) and 21-deoxycortisol (21-DF). Results

tients, 9 carriers and 58 newborns of none CYP21A2 mutation in73 CAH suspects. The concentrations of 17-OHP and 21-DF in

Gene analysis confirmed that there were 6 CAH21 pa-

all participants using LC-MS/MS were range from 1. 65 ng/mL to 218. 63ng/mL and 0. 112 ng/mL to 23. 300 ng/mL., respec-
tively. Comparing with carriers or newborns of none CYP21A2 mutation, the 17-OHP in CAH patients increased significantly
(both P <C0.001). Whereas, concentration of 21-DF in CAH patients > mutation carriers > CAH21 negative newborns (P <C
0. 001 and P <C0. 05, respectively). Deming regression analysis method and Bland-Altman plot showed that there was a good
correlation in 17-OHP concentrations between using .LC-MS/MS and using TRFIA. According the reference range of 17-OHP
and 21-DF by LC-MS/MS in normal newborns, 40.30% and 19.40% of false-positive results were remained, compared with
that by TRFIA, respectively. Conclusion Additional test of 17-OHP and 21-DF in original dried blood spots of newborns who
have a positive initial screening using LC-MS/MS method are effective to reduce the ratio of false positive.
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ABIL 90 %6 S KAL B b IR B i A E (congenital adrenal
hyperplasia, CAH) J& CYP21A2 %£[F 5¢ 28 5 3 21-3% 1k By
B B3 (21-hydroxylase deficiency, 21-OHD) B|i&E. FK N
CAH21™ ., AWM IR =Eiid & CAH21 BJL LI 2E . #
G BAE G AR BE BE T Z A, BB A LI R R Xk b e 4
SEAT- RS, HAT, BN R R T ik
Rl 17 220 (17-OHP) IS 4R #E4T CAH #I10f; A
TH AL 17-OHP 5 Z i i ia s . M0, it 55 2 A &
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B SR B9 BE L CAH B JL, LL CYP21A2 K& [H 58 48 43 7 18
KZHZ P, R LC-MS/MS # AR & H 17-OHP A 21-
DF {8, % LC-MS/MS #1 TRFIA W #h 7 1 i — 80k K )
PR S IEAT L 5K

1 W& E57R%

1.1 3% 2016 4F 4 H % 2018 4F 3 A 78t #4439 4 LI £
fl R TRETA 290 0 17-OHP {8 5 5 (9 5E L CAH & JL
734 GE# &% {H. ¥ JL>60 nmol/L., & H JL>30
nmol/L), % 3241, Zc 41 f; K=l 42 6], 2HIL 31 #l.,
17-OHP %7 % {4 38 Bl 33.40 (10.12) ~1103.00 (334.24)
nmol/L (ng/mL), B BT 438 oAz Lt A& 10 8H%
A5 IR R AR AR K BB A T AR A, AW H &K
B 1 B 23 5L S bl ELWEBE, RS LA IR R

1.2 FHik:

1.2.1 CYP21A2 B ZAR 43 Hr . #4i it DNA 42 BUR 7 &
(Omega 249, FKED BB T M A R A DNA, %
FAH X PCR ¥4 CYP21A2 3, PCR 5195, [ 4
RS W22 30k (8], XF PCR y™ W) B 42 W 7 43 17 .
Xof U 5 SR A3 A BE AR B 2Rk R T 2 T R AT TS (ML-
PA) HARHHIE,

1.2.2 LC-MS/MS AW 21-DF 1 17-OHP ¥ . 1
LT« 51 B N 0 J I A B R K VR 3 IR RS T I Ak
M3, FZEFULE 55 ¢ A5 I AN & 28 [ B 0 ot 2 7 B I i vk
YR, 2) &4 W 21-DF Fl 17-OHP 435 %6 2
JE = dik (7:3) BEWWBMR 1 mg/mL, HHMPE: 4
K (19 BWEWHE—LHBER 1 pg/mL [ABERNZIE.
FEEAIAi KOk A R (RED BEHhFHEAGRAH ],
—80 CHRF. 3) KHEd: il kE 1 pg/mL () 21-DF Al
17-OHP fiff % W 20 40 i B 57 W F B 0.5, 2.5, 12.5,
25.0. 50.0 ng/mL 5 NMFEHE., 4 B BEER1
pg/mL 1y 21-DF (TRC A #Hl, MEX) Hl 17-OHP (Chiron
T IR A IR L A M BT R R R 1. 25, 5. 00,
37.50 ng/mL 3 NMEEME ., Tl i —80 CHRAE., ARIFFMK
P AT R R O vk 0L S 3 Sk (9], 5) pRA bR K
24~ 3.2 mm K/ I A I BE BT 200 L REHCZE o (T
Wo: 500 W EE+5040 20 Mk Adr 21-DF Fil 17-OHP ¥ £
0.5 ng/mL, W H (Pointe-Claire, QC, fI&EK), 37 CEH#H
1h, AETEFMA 30 uL 50% FEE %, LC-MS/MS I
HUK I (UPLC-Xevo-TQ-S, 2 [ Waters 2 )., 6) 20 Hr
%M. R Waters ACQUITYUPLC HSST3 %k (2.1
mmX 50 mm, 1.8 pm), N 0.45 mL/min, K 40
C, HFEFH 5 pLs WishAH A ShE4iK, Wshd B AH
BEASEEVEBL: 0~1 min, 55% A; 1.0~3.5 min, 55% ~
35%A; 3.5 min, 2%A; 5.0 min, 55%A,

1.3 SitZEH#H: RTFIA %5 LCMS/MS #2208 17-OHP
3 A A A OGP RO 22 B L 3SR T MedCale 144 i 47
Deming [#J3H1 Bland-Altman fi 22 43 #¢ 10, 17-OHP F1 21-
DF I 22 {8 2R H w7 B0 P4 43 2 X 8] Cinterquartile range,
IQR) #iik; K-SKRMITIES S MR ; 7EdE CAH21 Hr
AL, A E R CAH21 SBEZ I, A0 800 bR
SR B O 220 0, 3R IE 25 40 A0 BOHE L ok B AR & 8

Mann-Whitney U 5, #4EX% 17-OHP Hl 21-DF £ % {f H
W7 T A5 1 11 B 1 R L 3R R TR 86, P<<0.05 22 RA
Gt R L,

2 R

2.1 EBESH: 73 BEELIEILT 6 B2 N CAH21 B4,
ETREHAIL. 67 BIHEK CYP21A2 2848 T8l 21 ¥ 1k B i
W, B35 58 B PH 5% % 5L R 38 ok & B CYP21A2 48, K
dE CAH21 #iA: JLs 9 BALAE H b — 5% 55 00 ik IR R I 8O 1
AR, N CAH21 #i#,

2.2 LC-MS/MS 3% 17-OHP # 21-DF U E B S 4#7: 73 ] 17-
OHP ¥ 1. 65~18. 63 ng/mL, 21-DF ¥ Ji¥ 0. 112~23. 300
ng/mL. Hfr, 58 fil CYP21A2 % [ 58 25 B 1 3 4= JL b,
17-OHP M5EfH 8.5 (4.00~12.42) ng/mL, 21-DF i 5 {8
0.14 (0.07~0.22) ng/mL ; 9 5B FH P, 17-OHP
MEM 4.5 (3.40~6.96) ng/mlL, 21-DF {f 1.18 (1.01~
2.70) ng/mL; 6 fl CAH21 & JL ", 17-OHP W & &
114.87 (63.52~176.40) ng/mL, 21-DF {4 13.55 (3.93~
21.95) ng/mL. 5#H # 8 CAH21 BI¥E#H L%, CAH21
BEN 17-OHP W E I B E (P {H3<C0. 005 {H 2N
H R CAH21 BIPEIE B A JLZ Ay 17-OHP e %A i As
(P=0.817), Tii CAH21 &K 21-DF ¥ AU B & T
W#FE CAH21 FIME# (P {E¥<<0.001), ##aF & 21-DF
e BEL A W Tk CAH21 #4EJL (P=0.031),

2.3 LC-MS/MS %5 TRFIA ;&b % LC-MS/MS &5 TR-
FIA #% W &2 &9 17-OHP ¥ ¥ f§ Deming [l IH F # A
Yicusmsy = — 8. 3352 —0. 6166 X rrera » AHR A M AY 95%
B A X 8] 4 5 4 0. 6025~ 0. 6307 Al —9. 8600~ — 6.8104;
Pearson #H L R %K 0. 9878, #—2F Bland-Altman & i 78 7
7 v 22 (H 5 080k 145. 9% . 95 % B A X 8] —36. 0%~
327.8% . ULWIPIRN T I AFAE R AT A9 CHEE , B TRFIA
FE R 17-OHP W W 3 5 T LC-MS/MS %,

HE—25 LR R A3 vk AR S 255, BRE SCIRIRIE Y LC-
MS/MS ¥ IEW A B S E WY . 17-OHP &= JLAE A JL
I35 <C0. 50~8. 25 ng/mL Ml <0.50~1.49 ng/mL; 21-
DF 7= JLAE A JLA 9128 <C0. 50~1. 29 ng/mL F1<C0. 50~
1.58 ng/mL, 7ER =LA, 17-OHP BB HPEBIECK 17 5,
21-DF MY BEEGI% A 7 ), 17-OHP F1 21-DF #5  {8 BH 1
W%k 5 B MEEIER = Lo, 17-OHP B8 BA 1 i 5k
10 4, 21-DF B M5k 6 41, 17-OHP F1 21-DF ¥
B PH A B % 5 41 B 17-OHP B FH G5k 27 6], 22
TRFIA 1y 40.30% (27/67); & 21-DF {5 FH P 51 % 13 4,
J& TRFIA ¥:#9 19.40% (13/67), & 17-OHP #1 21-DF ¥y
S BAPE B %A 10 B, 2 TRFIA 38 14.9% (10/67),
17-OHP {5 BA 1 £ B & & T 21-DF W (R R B 0 (P =
0.008), fH 21-DF W B FH M B %05 17-OHP Ml 21-DF ¥ %
B BHE B AR L B i 22 S TS 22 X (P =0.472).

3 itig

3.1 LC-MS/MSH# AR 21-DF I EEHGEB IR HEFEFH
HEEHEIL: EERMPLIUET, LC-MS/MS £ AR i #¢
Stk MU, bRdEM R PERE. MERRRE . RIEE . R
BL . S M A ) 3 R A A A B e R R e L R
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IRl A S5 S5 R AE 3 45 B T I 28 T s s e e Y . Wk
2% M 2 W BT LC-MS/MS # A2 FF CAH /Y ifi #& |
VL it B AR G S e th The b . RABUEHRLAZE X
£ w7 s o O B = RO 0 R VS

T 21 BALEEBE f CAH LGS — 20 17-OHP
AL R T, A R R RS AN S ORI R £ 1 0 35 A
ACTH 433G m, o fif v h TR A 17-OHP #4251k 2k
21-DF, A#FsE %M, H*F 17-OHP, 21-DF Ifi #& #7281k
HURE R AN, EEH A, EANRE ACTH R M A 5
60 min € MLV 21-DF BEGEAT AL IX 4 CAH21 #53 # f1E %
NP, AR 73 BRI AL A9 RTFIA 3% & 17-OHP HuI3
bR T CAH WIS 50 % 9052 % 9 58 CAH B L, 3
o Hr i 2 ek CAH B m ik 67 #l, Hh (U 9 ik 21
AL A % . 75 LC-MS/MS ¥4l 17-OHP #1 21-
DF &, L¥ CAH BIJLM 17-OHP Ml 21-DF ¥ {4 ¥
FLEEA B R & B 21 SRALEE R R R A M A Lm s B,
17-OHP ¥ JEfE448 F MG 21 s AL BE 5 28 37 4 L2 A % A
WAL, M E N 21-DF ¥ B 5w T 21 5k g 2k
R 248 B A L, 3k 5 L SOk IR GE — 3K
3.2 RTFIA 55 LC-MS/MS % tb 8. ¥ — 4 % Hl Deming
6] U543 §7 35 A1 Bland- Altman fii 22 Bl #E 75 G 9 RTFIA 5
LC-MS/MS ¥ Z [H] 17-OHP ¥ B D %2 {5 #9 A7 3¢ P Al i 25 B
OB 7R . PR 7 35 AR G R4, {2 RTFIA #5002 {8 ¥
BT LC-MS/MS i, WREJRHIE Jean M LB, B
A JL B & HEER (dehydroepiandrosterone, DHEA), i
17-B 25K (17 OH pregnenolone, 170OHPreg) & & M
BETEEY. fF LIRS AREENEHS 17-OHP 17
TR B R AR PR . RO AE SR TRFIA %0 5% 2 T Be g AT 17-
OHP W52 B, 7T BE B G038 2% BN 1) 38 AL

SCERHRAE R, SR LC-MS/MS H AR AT LU B 84 %
R AR FRE S5 5 . B T B A T T DR AR JLACHEE LC-MS/
MS ¥4 17-OHP F1 21-DF KR IEHR S %1, FATLILE T
B9 % [ Borahm 2500 #2381y 78 i /£ A JLF 76 4 B LY
95 % K [AIVE F 4dle b S H Wk M, Toik & 17-OHP if & 21-
DF, ¥n] LLBH & b ) TRFTA 353X R 58 00 0 7 2 2> T
PHEEGIEC, M8k, S3cuk b, FRATT%0 0 % BH M 61800 9 b
FEARRE AR, 3X AT BE 5 FATT R A AR A b X 1Y 1 225 K7 R 5
WHARRK DA, Hik, 45H QRS L3 AW AR
WEAEEA R, ARENE, RAIER LR ILRA 21-
DF 2%, BHMEGIETREAEmMEE, Wit 5 R ™
JLI 17-OHP W ER S Z 8 Me s . Wi . 5 2 BN
11R ¥4k (B-hydroxylase) %5 [H w4 &, gk —H4,
TAT L T HA 17-OHP A1 21-DF W 350 35 F5 5 8 — %
21-DF BUIRHE bR AE CAH R FHME R B 25 3. Bk iy 2 R
RS 2 6], (A F G LR TE X, AR B A
21-DF BI2h 17-OHP W32 36, BL7E M8 i SOt
F 17-OHP. X AEFKANTA 5 WRFTE H08 1 ik — 2 53T .

g, BENEINR, X FAEGREEFIiE 17-OHP #k
JE 90 05 S W RO B 28 L. SR A LC-MS/MS i AR % X 6 5E )
CAH #ILM R T 1L A $E4T 17-OHP 1 21-DF ¥ B - &
AALBERS T4 Bk B T H e 2 38 XU R S 80 17-OHP W52 &5

B I LU X B 0 B R 22 5
B R BT A P 8 B 8 0 12
i+ LA R TR A L B 9T 9 AR )
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