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Abstract

Objective: To report the clinical manifestations, diagnosis, and treatment process of a case of Famil-
ial Glucocorticoid Deficiency (FGD) caused by a Thioredoxin Reductase 2 (TXNRD2) gene mutation,
and to conduct a literature review to enhance understanding of FGD. Methods: The clinical data of a
child with FGD caused by a TXNRD2 gene mutation diagnosed and treated at the Inner Mongolia
Autonomous Region People’s Hospital was retrospectively analyzed. Whole-exome sequencing
(WES) was performed. Literature searches were conducted in the China National Knowledge Infra-
structure (CNKI), Wanfang Database, PubMed, and Cochrane Library to summarize the characteris-
tics of FGD caused by TXNRD2 mutations and the clinical manifestations and genotypes of FGD in
Chinese children. Results: Present Case: A 13-year-old male presented with the chief complaint of
“darkened skin for 13 years, worsened over 3 months”. Clinical manifestations included diffuse cu-
taneous and mucosal hyperpigmentation, most prominent on the lips, extensor surfaces of the limbs
and finger/toe joints, and external genitalia. Serum laboratory tests revealed: Adrenocorticotropic
hormone (ACTH) > 1250 pg/ml (markedly elevated), cortisol 1.62 pg/dl (markedly decreased), 17-
hydroxyprogesterone 0.33 ng/ml (normal). Renin-aldosterone levels and electrolytes were normal,
with no signs of salt wasting. The initial diagnosis was primary adrenal insufficiency. Genetic Test-
ing: WES of the child and his parents revealed compound heterozygous mutations in the TXNRD2
gene on chromosome 22: NM_006440.3:EX1-EX2 Del and NM_006440.3:c.949+1G>C. Based on the
clinical presentation, laboratory findings, and genetic results, a definitive diagnosis of FGD caused
by TXNRD2 mutations was established. Literature Review: The literature review indicated that FGD
children exhibit diverse clinical manifestations. Besides characteristic cutaneous and mucosal hy-
perpigmentation, symptoms such as postnatal respiratory distress (tachypnea, cyanosis), hypogly-
cemia, seizures, and recurrent vomiting can also occur. Conclusion: FGD is clinically characterized
by cutaneous and mucosal hyperpigmentation, elevated serum ACTH, and low cortisol levels. This
case represents the first reported instance in China of FGD caused by compound heterozygous
TXNRD2 mutations (EX1-EX2 Del and c.949+1G>C). Enhancing awareness of FGD caused by TXNRD2
gene mutations is crucial for early diagnosis and precise management.
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1. 3]

FEAIRE F i8R Bk = JiE (Familial Glucocorticoid Deficiency, FGD) & L ¥ — J7 g Sk = MBS [ EH . &
FIKP IR N RRAE ) — P 2 L e AR B S8 AE i[1]; 1959 4FHH Shepard [2]15F 8 IRIRIE; KWiZ N
1:1,000,000; ZRHHRE A FIOZHE B BOBR B = o I3 B B AR AGEL = PR . i ACTH s, 76
KEBIGRRIN3]: FGD & JLL 70%0) EE A HFREURIER, il CHIER S FGD KA KM 3
B M 17 2 524K 2 (melanocortin 2 receplor/ACTH receptor, MC2R). 2 7 25 5244 2 4l & H (MC2R accessory
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protein, MRAP). [ B SV R 5 2% (A (steroidogenicacute regulatory protein)F& K. /N e oA 15 5
¢ 4 [A]J52E K] (the mini chromosome maintenance-deficient 4 homolog gene, MCM4)Z: A, H it H S 5%
A7 Y R ) S e DR MRk e % 7 iR % U (Nicotinamide Nucleotide Transhydrogenase, NNT) & fiii &% &
34 )58 2 (Thioredoxinreductase, TXNRD2)Z:AH K HE[F[4]-[6];  H FTE & TXNRD2 %[ 3¢ F 1200 4H %I
TR EE, BN SGHRAE, BURE 1 102 T A S B A XN BREE e 3 DA 2 T W 1Y) FGD &
JLIISYT KBV, FF0 B N AR SCHERIEAT 52 2, DAk — 5 3 i R 2= s A9 FR A TR

2. FERLHT
2.1. FREHY

BIL, B, 138, H CORMBERE 1347, T2023 44 H 6 HAAFERRELRE, B)LHA R RIE
DRk, RKREG FALEE; 3 HARATAIL TIN5 (1 Kt & ol BB Al A 3 Bl R LS 3Lk B
BESCHT SRR B R s N NS GIPL, 22 38 J, I, Tl BIEHCL, B3, sk E 5REIL
FAFFs BAEJC R R PGE AR 5, SINFIRIE AR S, T RS 5L

2.2. A&k

MG, SMCIRR, HRIER, a5 RRRERERT, AT eRE R RO RO, DUSRIRE. DR SR ()
AR B AMETE AR 9 EE, XU 7L Ja el R Sk € 3, XU 5254, 8 mil, BAZEKZ) 6 cm, [1E PHI 4,
EWE-

2.3. HEKE

ML S Dy PR bR i KEUES ;s 04T pH 7.37, BFREAZRIRIE 18.9, BE—-5.72;
HUERT: £ 4.14 mmol/L, %9 138.80 mmol/L, % 112.30 mmol/L; & AR Fi3hfE: ACTH > 1250 pg/ml,
FeREE 1.62ug/dl, 17 ¥2240 0.33 ng/ml, XU E2H 1.19 nmol/L, #EH —H{ 0.75 nmol/L, Fi B & % HEHA
0.47 ug/dl; MR : LH4.87mIU/ml, FSH5.02mIU/ml, =2[{ 253.57 ng/dl; B [E BRI EOLEML). B &
PR RS EEAKE T 141.00ng/ml; KERERHE . KEENRIIER: RIS, Sz, \A%
Wh: AWSH: B LR CT: RAMERFEHEEY; BB 213 %; OIERHE: RILRE: V2 EekN
JE RS R R T RRIRGRE ;s AR, &) LACREE R M AN F T iR XN RERGEEZE 512
e, IR LA ACRESM A L 2 m 32 ZE BRI R B2 B ko 3 S5 == gk AT A A B 2Ry, S5 R BoR &
JL TXNRD2 FEH J4 & RAE, 22 S Ya/ATEE NM_006440.3:EX1-EX2 Del. NM_006440.3:¢.949+1G>C 4%
Tty SORNEFAER, BESERIRAY, 1ZIEDR OCHRE A SR NS B T R Bk Z E(OMIM: 617825), 454&
LUK RIS IR 5, B2 Wiy FOG MR B R B Z iE(FGD): ¥R97 45 T HUIREAL AT (44 Fr (10
mg/Fr /iR, 3W/H), FREAMEE S, BT RREEEAE, RAEZE, s v KK RS
TC AR, AH L E VRIS S AT i .

3. XBRERRES

1) DS “BREUEE FHIEJE 2 KGR iR , JE3CLL “TXNRD2. familial glucocorticoid de-
ficiency” NIHEIA AT R T B FE . P EAIM, b 2025 455 A, REEREBPSCCHER, R 2 BE
R BESOCHR ISR A S0, Rathi [7)58 NRIE [ I SEE5 IS I s H KRR 7 200, He 6 AfE 0.1 2
10.8 & Z [M# 2 Wi~ FGD, XA KERZF, KB TXNRD2 JERAFE—ANL I RAT p.Y447X, %5
DR s 2 R AR 5 Ff TXNRD2, HAZXRAZE L5355 ; Supitcha [8]5F N SCERIRIE W46 R BN A 22
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KBS NHZE, HERRVEAL S, —ARIT panel HEATIEfESE0HT, At CYP1IB1 BRI & SRR AR
(NM_000497.3:c.[1182C>G]; p.[(Asn394Lys)]): J5& 10 % 3 A, B, RIMANEHRPORIE, Fis:
12~18 A =77+ #ik b Opuoe &g B s R, A28 ACTH: 1070 mU/L Fhiy, HILUE RS F IR
JR I RE kB AE , B O K RAFEF AN F R JoiiF & i TXNRD2 & [ 4 & 8 AR
(NM_006440.5:c.1081G>A; 1081G>A,p.Val361Met; Val361Met), A K QB AZAE F A4S HEH

2) DAHRSC “ RGN B R 7 oA R T B . P E I A, R 2025 4F S
H, R 8 5 s OISR A S, HE4iE 9 1 FGD L, HApB4h: 135 4 PlIRIKERBN: K
FREUENNTR (44.4%), 2 BIRDUNA G HIVAAE . KAH(22.2%), 1 FIFRIVIKIIIE(11.1%), 1 BRI
B1.1%), 1 HIRIAMRIE(11.1%); BUwHEFE A6 4 5 MC2R FEHFIRAE, 3 45 NNT HEHRAE, 14
9 MRAP BRI R4, 14515 CYP11B2 JERRAR(BAR WA 1), (HARKEZRE] TXNRD2 £:KRAFTE FGD
[8]-[14].

Table 1. Chinese children diagnosed with “familial glucocorticoid”

= 1. BETA “RIRMER R PEERIL

w5 Fie s PRI BURER
1 % 1% 10 H FERREBFIR 1 4N H, s 4 1k NNT & [K R A
2 % PR HAJE 1 d Bk, AR, OREMATH MC2R i [H 548
3 5 9K AR HEURR, R MRAP 3 K 54F
4 5 2HIBR RBUERGR UG, REMKEE LR EMRNE2 AR MC2R HEFRAE
5 'S 1H23 K K if A MC2R FEFH RAF
6 e 1%5H B R R A NNT J: 5 5848
7 'S 3% Pk 2 d HE 2 h NNT HE K R4
8 E/8 5%3H RIRLJRAT 5 MC2R 5 [H A8
9 5 1H 16 kK it 1 4 CYP11B2 3 [H 548

4. WHig

ARICARE T 16 FGD #BLHRIFIZIR A, 456w, ZE8) L&+ E)LEHZE FGD 44
RRE, BEETERILEE THX, BINEREIEIES, TR ) N, BILRKIFEER
.

SR RAEE F IR R T REGRAE(PADNA 2R R, EFEEs . MR, B & . AR ORI 15 R 2
%, JLIE PAI AR EONIERZ, FGD 7E PAL H1RT & LLBIAE 10%; FGD &) LINKRERBLCRHEN,
BLLEIASLER, TR MR, B W kR TR M I RRAE, EL45 2 0 FREE. WEHE
B IR BRI RS LB IRRRINA ZMRHE, SFERTUEEMN. R, (L. g
MR B[ 1]

KZ % FGD #ifil ACTH #KHi/2 1 T-4Wi% ACTH 52k MC2R J MC2R % & (A 3 R AR 7Bk, (|
HorvRRY A S E SR, EFETRRI, S 549000 A8 R P8 & B RIS %A . TS
H AL JFEF(TXNRD)Z — KRS H N NADPH KMt E AL 5 i, FIhae 2 A0 i E04 2 1 (TXN)
EJFE RS, XWMEEEER, A2 MR PR JFE Y&, BETUESE, WL AR =
TXNRD [A] Lfiff: TXNRDI1 MR, TXNRD2 ANZRAT A, TXNRD3 FEHA0 T 2 415,
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Hrt TXNRD2 & A3 25 Fiffit Iz —, FEMTERRAN, REMRECEALEE.—, URFAT
AR AR A7 E ;s TXNRD2 BN TESE (K N 3 Al C i /8 SR S0 1 rp ot R AE T REMEAR ELVEH, %
H1F- ML NADPH/H #:#% 2 A4 8 1 2 (TXN2) S HABERI[16] FES KA Y, 46 NNT $244£(1) NADPH/H*
MR EICE A RGEMBH KRS, LA 54 R A FERE.

WEFE R I, B EHR R BT+ TXNRD2 mRNA 7K 58 5, XRHHAY ERAS T REEZER; £
B R B o 4 PR ) AROIR Y T, S RS IEER (A R B T ) PR R AR AE SR AAR A, 4 L[] e A g 2 0 T
fi, X3P AL T 2RI P |- P45SOsce BfEAY., I H 75 B[ Bt AR mc ke 1 1 i 1 e R o 7 A 2o A
A 2 N I PASOsce Bl AR 1 LA B E [ T2 1) 482 L Ak PR R 1) Bt i e R v 5 AR T 2 WAk O 224 1) A
W JRIREE, TXNRD2 SR BT 5 i B IR A A B B e o ) R A RS B0 55 P45 0sce Big )3 1
T 24 45 TR ]I ) 2 M ) R0 e A 2 B, B R A O™ A 2 [ 7] [17]

PkiE, IEAAIEE 3 (Peroxiredoxin 3, PRDX3)/2 B IR R i 2Rk oSG8 1) HoO, I B, PRDX3
(3 B A 2 5 B T R A b o FETE R Ho00 I REH, AR RS 1) PRDX3 WA &3 4b N AL A
) BB RAK, BEEE TXN2 B JF AR, 1M TXN2 (38 5K T TXNRD2 St 1 s F[18], A
I, PRDX3 S5Z8kifARE TP TXN2 F1 TXNRD2 L [F)#4 a1 HEA'E F IR 2R A R IR B 7= 28 1) HL 0, 1 3 22
Bik. PRDX3 [fid FE b2 SEOL IR 24, dhfiml's ER R B 28 B A B £ TXNRD2 RAZM
1HHL T, PRDX3 GRS FEZIH, SFERRAREI PN R, PRGN B R R B = 5E(FGD) 1)
HEHUEHLE Z —.

WEAN, A R I A L ] ) 0 A A B ) 2 3 3 v LA 248 [ e 2 i, o 288 [ e A i 2 o
TS [E BE A O A P I f IR, il AN B AR B B s — 20 R Rk N ) CYP11BI
Ak, 25 2R BEA it e NADPH $8 17035 1 AR ) s TR IR 40% [17], 31X — s, F 0 b R i
P T A, BV AT AR HOIR T 6 S AL RO R R 5 B, BRI,  TXINRD2 A8 3 H A
IR = .

B2, BARIE T 5 A8 E EARR A K TXNRD2 ARG, XEHMALEARGALRFET L
Jik K LA B ) S AR SR AR A T R B X, 48R T Bk ACTH {5 5 PS03 B0 J T 3R k= 1) = B3
TRIEAR, SRR AR SR IR P A NSRS E R 2R B AR [ 19], DR, X — & 2 LR R PR
I 4 I HA A 5y, PR S BCR RE 1 ERRIIBEA MR R R 2R A SR T L
FHRARMEZEARAT ACTH FIBOAL:, B LBEEERR ISR N &35 #, T HERMIGRERI, %
HEERIRARIN ACTH AKPAL, FEfE—ERMRME. &8 LURA E 2R GIIRIE, ZRERN g,
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