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[ Abstract] Objective To investigate the clinical characteristic,gene mutations and genotype — phenotype cor-
relation of 21 — hydroxylase deficiency (21 — OHD) in Hunan. Methods A total of 48 patients with 21 — OHD who
were admitted to the Department of Pediatrics,the Second Xiangya Hospital , Central South University from March 2016
to March 2017 were collected. According to the clinical manifestations and biochemical characteristics of the patients,
they were divided into salt wasting (SW) and simple virilizing (SV). Sanger sequencing combined with multiplex liga-
tion — dependent probe amplification( MLPA) were used to detect the mutations of CYP21A2 gene. The patients were di-
vided into 3 groups according to their mutations severity : severe mutation group, moderate mutation group and unknown
mutation group. Then,the correlation between genotype and phenotype was analyzed. Results (1) Forty — eight 21 —
OHD patients included 28 SW cases and 20 SV cases,and the first visiting age of SW was younger than that of SV, and
the difference was statistically significant (U =44.5,P <0.05). The SW cases had high incidence rate of adrenal crisis
and the SV patients were liable to advanced bone age and precocious puberty. (2) Forty — four patients were detected
abnormal gene mutation and the positive rate of genetic diagnosis was 91.7% . Fourteen mutation types including 12G,
Del , 1173N,R357W ,R484{s( c. 1451 _1452delGGinsC, c. 1450dupC) ,R483fs,G111Vfs % 21,Q319X,¢.292 +1G > A,
¢.377C > G,E6Cluster, p. H393Q and m. 1647C > T, were found in 88 alleles. The most frequent mutations were 12G
(36.4% ) ,1173N(20.4% ) ,and Del(22.7% ). p. H393Q and m. 1647C > T were 2 novel mutations. 12G (47.3% )
and Del (27.3% ) were the most frequent mutations in SW cases, and 173N (48.5% ) was the most frequent muta-
tion in SV cases. (3) Severe mutation was in 29 patients, including 26 SW, and moderate mutation was in 13 patients,
including 12 SW. The percentage of SW in severe mutation group was 89. 7% and SV in moderate mutation was
92.3% . Conclusions 12G,I173N and Del were the frequent mutations of 21 — OHD in Hunan, and the total percen-
tage was 79. 5% . Genotype of 21 — OHD has strong correlation with clinical phenotype, which can effectively predict SW
by severe mutation and predict SV by moderate mutation.
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i B2 S 2R A JI A v il R o 7 | A PRI, A Ty
1/20 000 ~ 1/10 0002 | v L 21-%5 4k g Bk =
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AN, TR 21-OHD #2878, 97K T CYP21 B[R 5748
Bl g, E— 2D T LR B 55 0 RT3, M IR
TAERMESHNE St T Lo

1 FZREHE
1.1 FFRME EFE 2016 423 H %2017 43 HH'E
GG SMEFERTE B, CAH B2k L0 2 BH A 25 5k
TR RN BB LB 192 S A BB ) gL 50
(94T CYP21A2 FEHAGIN ) |, A (835 438k B RS
X, B0, o 48 Bl 244120 21-0HD, 7 2 {4
FHNGEIRE N CAH {H CYP21A2 LR KN B , 5 J5 1
RS EIREFAR

21-OHD ) IIfi IK 12 W b #E = 2% 2018 [F fr CAH
21-OHD $574" } 2016 [E 4] CAH 21-OHD £ 34 3L,
AHFFEE I R R B B ZS 61 A v St
XH5:2019(053) 45 ], UL A B G R &1, I
2B SR
1.2 MiRAE
1.2.1 IR ERNLE AR 48 ] 21-OHD fEJLAYIG IR
T AR o5 ARG L AT 43 A SW 411 SV 41, SW
WA B R, B BRI A R UUE , Lo B AN 5
b, PR TS R BTN B K AP R IR
BAINAE = AR BB ARG S, 175222 (17-OHP) B
ST SV Wik Hi . wEANH 1R, BB R
17-OHP B i Ft &, {H H fif 2 1F &, 5087 A4 L i &
17-OHP & FIE# UME H )52k 17-OHP $E424 5
IRFE RS WrARHE(E ) TC A RAEAR 2

WCEE N R 20 581 R L0324 0 . R ke 280 £ 220
FENCe T IAN EE-S: - NN =Y RN N SR T
BLVE BRSSP AR PR R BRI R BORL S
2 B LA 32 K B R AR YT AT I 17-OHP fig Bz i R
(ACTH) | ¢ J5T B, IfiL A 1 B0 4545 &0, H il 17-OHP
ACTH 7 JiEF5 1 8 2 00 23 HERAML, 1137 HAL A SR I
A ) TCARR BEK

1.2.2 BEERN RAZ MO (EDTA) hriess

TR L B H A BE AR A I 45 2 mL, 32 5 DNA, 5%
Sanger | J7 I & £ 5 1% BB £F P48 £ K (MLPA) 17
CYP21A2 JEPRRN , Sanger ] J3 46 I SE A 52848 , MLPA
R P 8 AT Sk . L 11 i) B Sanger T 5
.39 R I Sanger ] ¥ + MLPA J5 k461 CYP21A2
JE[H . CYP21A2 JER AR SR 8 SH U5 He Xk A 2 R 2
RCHE P2 (HGMD) | 36 B B/ XA H AR B F o
(NCBI) (T AFEH 11

1.2.3 ERBHA ¥ CYP2IA2 IS 44
BIRRPEA R SE R AR S A 8k 4y CYP21 1SR B
oI F 3 R AR S EAT 34 #54H 12G  Del \R357W
R484fs (c. 1451 _1452delGGinsC , c. 1450dupC ) , R483fs
G111Vfs % 21, Q319X ¢c. 292 + 1G > A c. 377C > G,
E6Cluster 2fi{5 5878 N2 MR G4 G R E NEHE
RAR #E47 TIT3N ali R4 13N 5SEERENE S
HeE AL E N R AR A B 248 p. H393Q,
m. 1647C >T 1 B ILE W RME LA, Giit CYP2IA2
FE DR A GRARTY tH BRI, B35 21-OHD 3 R 2 55 1
PRFTRA[RIZHL I 2 (A1 5 2R, AW A 7] 5 DR 5 28 4 3o
PR PRI

1.3 Seitse4bIE SRS SPSS 19.0 Gl ab Fs
THEGORIDA x £5 FOR, 7 255K TR Levene Ky,
Jr 25T ORI R LR F ¢ K, 7 25 A5 TRk [R]
HLECR ] Mann-Whitney U R 55, THECFERER HE 43 1
(%) Z7m , A01A] FEHCR F ™ R, WU S AR S 437 R
F Pearson tHCHE T, P <0.05 hZEFAGIEE L.

2 R

2.1 IGFKRZE# 48 {4 21-OHD r SW #I 28 i ( 5 21
%, Zc 7 451) , SV 71 20 5] ( 55 8 i, 2z 12 i) ,SW AL
SV RIAGMR A 225 (' =6.03,P =0.014) , £ SW &Y
OSSP A A 28 d(1 d ~3 ) Hp T BN
Wiz 19 i1 ~2 Jigskis 8 91,3 Hidekiz 1 i, SV &l
RS T £1 0.4 2 (44 d~5 5 6 M H ) 1 B LN
W29 6,1 2 LAk 11 4], SW RIS ARSI /T
SV ZRA G EX(U=44.5,P=0.000), 48 1]
21-OHD &) LAIG R R 1,

2.2 HEWEER U 21-0HD LTI BRI
SR ARG A 25 5, SW 45 SV 41 oA, Il 17-OHP
ACTH J¢ Ji7 Jiilg2s ¥ RS i 58 L (34 P >0.05) , 1.
BN 22 A SR L (Y P <0.05) . 21-OHD
A JL17-OHP ACTH | Bz Jox i 55 M 8 IfiL 8 25 JC i S AH OG
PE(P>0.05) , Mgl 5 M 2 HAAHE (r = -0.623,P =
0.000), L322,

2.3 EREZR 48 Bl )Lrh CYP2IA2 B S Pk
A4, AT LA BEA 98 UE , A5 3 A BEAR [R] 557
S B CYP2IA2 578 55, CYP2IA2 JEHFFIE# 4 491,



- 688 -

s ] JURMIE A SR & 2020 4E 5 J145 35 459 ] Chin J Appl Clin Pediatr, May 2020, Vol. 35,No. 9

£ 1 21-OHD L 48 il HAFAE [BiI(%) ]
Table 1 Clinical manifestations of 48 children with 21 — OHD

[case(% ) ]

I PRZZ I SW #l R
R E DTS 21(75.0) 13(65.0)
PP A5 A K 7(25.0) 12(60.0)
E-NiiDN 5(17.9) 6(30.0)
R S JBK 27(96.4) 0
GRS 11(39.3) 0
A IMAE 28(100.0) 0

T B e 28(100.0) 0
g 21(75.0) 0

B RfE% 21(75.0) 0
DR 1(3.6) 0
LEgue ] 2(7.1) 9(45.0)
Ak 0 7(35.0)
P P L 0 5(25.0)

TE:21-OHD : 21 -2 fR il ik 2 4 ; SW: K $h T 5 SV, sl b5 M fL 7Y
21 — OHD:21 - hydroxylase deficiency; SW :salt wasting; SV :simple virilizing
2 21-OHD ML SW 415 SV 4 A L%k b (x£s)
Table 2 Comparison of biochemical data of children with 21 — OHD

between SW group and SV group (xxs)
.- 17-0HP  ACTH  JEBAE Na® K~
— (nmol/L)  (ng/L)  (nmol/L) (mmol/L) (mmol/L)

SWeH 28 321+259 351+293 118+157 119.7+9.7 7.35+1.44

SVZ 20 219+203 245+260 141+177 138.1+2.3 4.74£0.46
t/UH 1. 468 1.293 0.336 0. 000 0. 500
P{a 0.149 0.202 0.738 0.000 0.000

£:21-0HD - 21-%8 4k Bk Z AE 5 SW . 5 £5 705 SV .2 82110 55 1 AL 7 5
17-OHP . 17-¥2 421, 22 {50.9 ~ 6.5 nmol/L; ACTH {£ 7 i &%, = % (H
0 ~46 ng/L; f7 Jfifi# 2% (H 85 ~ 618 nmol/L;Na* ZH#1{H 135 ~ 145 mmol/L;
K*Z#({#H3.5~5.5 mmol/L. 21 — OHD:21 - hydroxylase deficiency;SW:
salt wasting; SV: simple virilizing; 17 — OHP: 17 - hydroxyprogesterone
reference ranges 0. 9 — 6. 5 nmol/L; ACTH adrenocorticotrophic hormone,
reference ranges 0 —46 ng/L;cortisol reference ranges 85 —618 nmol/L;Na*

reference ranges 135 — 145 mmol/L;K™* reference ranges 3.5 —5.5 mmol/L
4 il R i2 W7 4y 21-OHD LR A 3 CYP21A2 BEA
S TR, SV B, 44 ffi] CYP21A2 FE[H S
FREIL, 2i 8785 21 ) (47.7% ) , 5595678 5 23
#1](52.3% ) ,88 DA HE A EALAG IS 14 FhAs 5, H
TEE R AR 29 i, P EE S AR 13 9], R SR AL 4 2
B, HAASEPR AR 3,

2.4 EFETRFER 14 FhREE R LK 3 Bkt
RIAR 257 4358 12G(36. 4% ) 1173N(20. 4% ) 11 Del
(22.7% ) ,3 Z 5 79.5% , H ik Sy R357TW (4. 6% ) ,
c. 1447dupC .c. 1451_1452delGGinsC .c. 1450dupC 343
55 483 BY 484 (A FE IR R A RERS AL, A 4. 6% , Q319X
TR (2.3% ) ,¢.292 +1G > A(2.3% ) ,c.377C > G
(1. 1% ), E6Cluster (1. 1% ), G111Vfs = 21 (1. 1% ),
p. H393Q .m. 1647C > T 2y 2 AN R 2L 5, 738 S A
DYDF (dbSNP T A& T AR J7 . T AdbJ7 \ExAC
IEH N BB FE rh & DLk 5%, 48 Provean , Polyphen2 |
Sift . Mutationtaster, REVEL 2§ % {4 ¥ U] & A &, #£
OMIM HGMD | Clinvar $&5i 84 i v ¥ Joffol . 265%
Bl 5 R N 41272 2 (ACMG) 73 i 5 1A
FIREBURTEAS S Horh SW OB rh g LY S S 2 Ly

R3 JERFHTE 21-0HD FL 44 BiIRER 455 5l KA
Table 3
21-OHD with abnormal gene mutation

Genetic results and clinical phenotype of 44 cases of

Gl G

il B — %ﬁﬁ;* e ";’j

TR KRB XN T Z ALY
1 Hoais 126G aligy A SW
2 B ARG RGIRA/dl G A SW
3 By 2G 4y A SW
4 B EHJA G JA/R483Ms Jih A SW
5 B OEARE 12GZEE/c.371C>G6 34 A SW
6 Wik G 4k A SW
7 B EA%E DRCAA/c292+1G>A A A SW
8 W oais del 4li4 A SW
9 It 126 4lis A SW
10 Wik 12G 4lity A SW
11 B odig 2G 4 A SW
12 & 4k 126G 4% A SW
13 BORAIRE  R35TW Je4/RA84Ls 744 A SW
14 B Gaks DG A/ /del o A SW
15 4 BHIE G JA/ded Jb A SW
16 o 4 del 4l A SW
17 B BARKG RCHA/ded a5 A SW
18 i dig 173N 4y B SW
19 B odig del 44 A SW
20 L HA%E R4S Zeb/del b A SW
21 B oA 12GZA/c.292 +16 > A h A SW
2 Boaisy 126 4ty A SW
23 W E4Zv4 RIS0P/1237N/V238E/M240K A SW
24 B o4if 12G i A SW
25 B EA%&A QB19X/del 24 A SW
26 Bodig del 4ty A SW
27 & ARG del 224 /p. R48ALs A SW
28 i oab H393Q 4 & N SW
29 B EAME UBNE/m 1647C>T 444 N sV
30 & BA%E DRGIHE/NTN A B SV
31 i ity 173N 4% B SV
R L BARE UTBNE/RSTW 44 B SV
33 4oaig 173N 4% B SV
M BA%S 126 ZR4/GIVEs %21 244 /1T3N 24 B sV
35 b HBAFAE UDBNZA/dd &5 B sV
36 Boais del Zlify A SV
37 5 daih del 4%y A SV
38 & BAMNE G IA/NUDBN kG B SV
39 B HHE RCAA/NDBN &S B SV
40 B Hak4 DG IA/UBN kA B SV
41 Boah R357W 4fi& A SV
2 T BAFA UBNRG/Q319X B sV
43 4 BAJE DG A/UN 24 B SV
4 odlify 1173N 4ify B sV

11 :21-OHD 21 -2 AL BB Z iE 5 A - FERERRHL; B R N R
TNRATL ;SW IR B, SV, Bzl B M fk % 21 — OHD ;21 — hydroxylase de-
ficiency; A ; severe mutation group; B: moderate mutation group; N: unknown

mutation group ; SW:salt wasting; SV : simple virilizing

12G(47.3% ) .Del(27.3% ) , Hok WHEFRL S48 (7.3% ) |
173N(3.6% ) .c.292 +1G > A(3.6% ) ,SV Bl rf 53 I,
HZE AR KT T173N (48. 5% ), Hiyk J 12G(18.2% ) |
Del (15.2% ), 3 & 75 5 p. H393Q 7 SW 7l 1 % B,
m. 1647C > T 7£ SV BRI k3, 45K 4,

2.5 BEFEBSERKREXE X4 HEK2H
21-OHD H EEPRIAGIN 5 B ) LA 7 2 R R A e B 1Y)
AHSCME 3BT, 25 R R 5 i DR 3R AL VA G, BE PR 98 A8
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JEETRCER, WA TG BN, 2 3R T A Ay e PR 3 B
L, AN]SR R Al PRI LU B2 A it R (P <
0.05), &5RWF%S,
%4 21-0HD JEHIEHH
Table 4 Frequency of gene mutation in 21 — OHD

IR (B % )

WA SR fi SWHI+SVE SWH SV
T8 (55 (334
.293-13A/C >G G WS 30(36.4)  26(47.3) 6(18.2)
.518T>A p.1I73N B 18(20.4)  2(3.6)  16(48.5)
Del KEB:  Bkseds 20(22.7)  15(27.3)  5(15.2)
.22 +1G > A W 2(2.3)  2(3.6) 0
.377C>G B 1L 1(1.8) 0
c. 1447dupC p. R483fs HERRT  1(1.1) 1(1.8) 0
. 1069C > T p. R3STW gl 4(4.6)  1(L8)  3(9.1)
¢.1451_1452delGGinsC  p. Ra84fs ERAE  202.3)  2(3.6) 0
c. 1450dupC p. R484fs RERRT  1(1.1) 1(1.8) 0
p. RISOP/p.
€.449G >C/c.TI0T > A / 123IN/p. ] .
¢ TBT>A /e TI9T>A  V238E/p. BCluster®  1(L.1) _A(1.8) 0
M240K
. 1179C > G p. H393Q" B 2(2.3)  2(3.6) 0
m. 1647C >T" gl (1) 0 1(3.0)
¢.332.339delGAGACTAC. p.GI1IVEs #21  HERSZe2s  1(1.1) 0 1(3.0)
¢.955C >T p. Q319X T 2(2.2)  1(1.8)  1(3.0)

T :21-OHD 21 - 324U RRG Z AE ; SW o R ER AL, SV . B AR AL 45
12 6 SHNB T — AL FIEHA Z A SR 2 A HR B
AR TN AR B BUR 2248 21 — OHD ;21 - hydroxylase deficiency
SW:salt wasting; SV simple virilizing; * carries multiple mutations on one
allele of exon 6;"were 2 novel pathogenic mutations
x5 FEFSWIME 21-0HD 2L 44 5] 35 R 80 5 il R 3R 2L 1Y
S
Table 5 Correlation between genotype and phenotype of 44 cases
of 21 — OHD with abnormal gene mutation

SW % SV A&l RERFRI

AL PRy ) ey X MOPH
WERAEN 29 26 3 26(89.7)
PREZAR] 13 1 12 1(7.7) 27.62  0.000
RAEAEN 2 1 1 1(50.0)

T 21-OHD 21 FRAL e Z 9 5 SW 2 Sk 2 B 5 SV, Sl I 4 AL 7

21 - OHD:21 ~ hydroxylase deficiency; SW: salt wasting; SV : simple viri-
lizing
3 itig

21-OHD ZHi R AIG, i R R B 2 Z 4, 5
BRI, 17-OHP S fEf 12 1B 21-OHD #y ] FEH A5,
H PRI A2 21-0HD fyebrifE. AHTSE 28 4] SW
BRI REAEIRI 2, B EIRFER B, S h R
[ e A W P s e Rl | RS = B U 2L
SR IRE fir, A 2 4 SW B8 LIR] M #F A 24
AR A A R B ALAE 25 o Pk 21-OHD (8 47 B
FACRLI ., %W SV BB B4R A, M R R A4 %
WA T SW AR, Hrr 2 31 SV RUBUL S 5 IR A RIRati2,
PIOKEA B TR 12 X 7e A7, B 28 S At L B A
PEvE R GR L2 Bl L E R ZEANE KRR
(thGH) SIEPERRMER BRI R LU (GnRHa) J67T,

SLBBERTIT 22, A K2 ) 2 B, T e & s
ZEm , B iy 5 Satt— AR

ZMFFE AR B SW B K2 SV Y ER ) L 37 b B o
RIRYTETIEAL 17-OHP JU{E 24 B I 5 F 1B # (8, (H
223 TG F R L, SW 415 SV 41 )L 17-OHP
SIG A X AR A B LAY 48 4, A REHERR
SRR, A B 2RI — P U, 5
SN ,SW 415 SV 418 JL ACTH J% iz JE i L #5522 S 9 TG
GiiteEas X, {H SW 4 # SV 2H i g e B A, 1 B0
o 2 21 21-OHD fBJLEZ ot s 1F 5 JCBH 0 RIS, IR Bz
SRR 5215 22 PR R s ), A 49 A e, b ot s 1]
FHATAZE K N R 164 55 TR R I 25 ) B
R 2SS, A58 ARA T R o 15 A I o

A 5% K H Sanger Wl [ 5 MLPA J7 k3K & iE 47
CYP21A2 FEDIKG 48 )1l PR 2 Wy 21-OHD L, #
T EEDR PP 44 1], BEPE2R3K 91. 7% o 4 {1 B PRI AR
TEAEE 4k SV 1L, Hor 3 Bi{SCR A Sanger il
Tk, 1 Bl R A Sanger Wl J¥ 5 MLPA Jy ik B¢ & 17
CYP21A2 FEDIKGI . JEH I 7 2% CYP2IA2 J£ K g 41
S Pt XA T BT, NI & BT REATAE T NG
A5 MLPA A E RGN CYP21A2 FEH &AM 8+, H
fahRE A B DNA AER27%, TR I R 75 AR k2K
AR, K Sanger W 7 77 VA AL REAG I 4 2 ] s 5848,
SR B it e % B 4 T s, MLPA 7 v 0] LA i ¢y
CYP2IA2 JEIR 48 K 24058728 AR TG 46 I 5 CYP21A2
SRR ZeEmHELL A 37 & R E 75 Y
/NgEAs T ek A D% 21-0HD 235, R it % J&
% 4 IS PRSI AP 35 1] BB A7 AE Fk RS U U 121 150 81
AFAE HE B0 5 K 28708 1 AR R I o Ol AR IR 5T & BRI
CYP21A2 FLRF S 5875 ) 12G  1173N , Del , 5 [E PN CHik
B CYP2IA2 $R 5 5 A8 A4S S S A AR, BRAb T B
Wb ZEAR 551 % % 5 190 S TI73N A, by EE BT L1l
IR R TR | E 5 T S M G AR R A R A 126G
R VA N ¥ N | e QU5 S | o 8 153 1)
WG DL SV B 8 32 5, By ARSI 2] T173N 28
ASKTARE G . CYP2IA2 JEPR S A R R IX 2% 5,
HMEIEAIFFE 3 B, A [R) B it 22 [] 5k [R] 28 A8 B R A7 7E 25
SpHOII CYP21A2 3 R [R] 2 AT A CYP2L {7
PEARIFR L #2211 21-OHD I R TR py 5% 4% il 4 e
R, PRI B 16 PRE T VIA O . (B4 A DR AE
PR Sl RFRBUAN B L, A 5% 3¢ W 45 S5 1R 84 [
ARG PRIRIN AT A Fr S, 4B 5 DR o] 6 i 450 ™
R ESME B AR R TR R
ot N R s — Moy 2erh  RAE 126G B2 ™
AR AT IR , AT 7 AR SR A5 1 B 321 mRNA
55 CYP21 {56k = R JE, 53 4 TIT3N HA i 2% P Bl
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P IR R R e A R ER . Tioh, B ARG RAL
MEFERERH AN T 2 FRAEH B ailG 1 W A
ke PREEP IR AT R R I R R, R e B — Mt
WA AR T A BTk o

RHRZW 5iRY7 21-0HD FSCHR, Al 15 b ik
SERFITEGET, Al ik G 8 L P SR R ) ) () B ]
VB E B BT o PR IERGH ) A AR 25, B DRI W 6 1)y S8
LW FEHENGAL P E A B AT RE N B 4, FRE
JEGEAS A AT R HN 21-OHD SW K1 K SV 1Y 55 Byl 4>
B8 TR M NS , S 38A%  if Jo RiriZ ke {1t
Wt WeA I Sanger I Fy Sz MLPA 350l DIPRE | HER
R CYP21A2 JEN s R4 R A Bk LR A, kA
Wie'™ o HAE gL MR, LR TR YT AT R
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