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Research progress in the role of DHX37 gene in disorders of sex development

LIU Bei, HE Jing
The Affiliated Hospital of Kunming University of Science and Technology, Department of Medical Genetics, The First People's Hospital of

Yunnan

Province, Kunming 650032, China

[Abstract] Disorders of sex development (DSD) are a group of conditions with strong clinical phenotype heterogeneity, and the
incidence of DSD in the population is 1/5 000 to 1/4 500. According to the international classification standards, DSD is divided into
sex chromosome DSD, 46,XY DSD and 46,XX DSD according to chromosomal karyotype. Only 35%—45% of patients with 46,XY
DSD and 10% of those with 46,XX DSD have definite etiologies. So far, the phenotype and pathogenic mechanism of DSD are still
the focus of research. DEAH-box helicase 37 (DHX37) is a novel candidate pathogenic gene for DSD, first identified in 2019. In
recent years, researchers have confirmed that DHX37 gene variants are closely related to 46,XY DSD. DHX37 gene is one of the
most conserved genes across genomes, making its genetic diagnosis difficult, and the molecular mechanism in causing 46,XY DSD
is still unclear. In recent years, many researchers have screened the variation sites of the DHX37 gene by whole exome sequencing
(WES) technology and explored its pathogenic mechanisms, which has expanded the genetic map of DSD. This article reviews the
relationship between the structure and function of the DHX37 gene, the pathogenic mechanisms of clinical phenotypes and DSD
caused by DHX37 gene variants. It also discusses the pathogenic mechanisms of human diseases in the context of ribosomal-related
diseases caused by DHX37 gene variants.
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AR AT e R IRE B AR . fEFES
ANKEAE K A8 45 40 SRR AE (4 s €0 1R S 1 35 %
WS BAIEERE . MR A L& T R R
IR KR BN Y, 46, XY DSD AL IE 58 AR
K E A4 (complete gonadal dysgenesis, CGD) Fl
I PENR &% B A4 (partial gonadal dysgenesis, PGD) .
Brit 2z 4h, IR L 28 5 1E (testicular regression
syndrome, TRS) L)@ T 46, XY MR A FT A 2N —
P, B mE PR R, AMICEEIT —
SERZ Mk IR, a0 SRY SE R NRSA T &
Pl HE s, SRY B&[H2 5 fi 5 [ 2 ) DSD i CGD 1Y
10%~15%, BF 7 TIF W] 3 728 5 38 58 3k 70% 5 i
NRSAT FE PR 2 G i V8 35 5 1 i RN b AR & & 1 22 L
A, [RIAT 2 S 8046, XY DSD A R B, i
HEHAEAR £ 1 46, XY DSD i K 2¢ 50 BF 58 v 9l 12 38
Wit , N NR5ALEEAS S i & vk & REiR 2y
i BT DSD BRI 15% 0. [, *F46,XY DSD i
FHENAER A T2 WA R — kiR BE T —1X
DR FE A0 K J 7 1 e e B0 5 PR 22 A el e R
20194F, 1EHA 46, XY PGD FI TRS By % R BB T
DEAH-box fi# Jig¢ filf 37 (DEAH-box helicase 37,
DHX37) RS A8 5, HAR Sl 5 2 i vk
KB B CIEF ARl DHX37 JE K 2 4 % RNA fif
BERG Y B E AL, F 2S5 RNA MM EY LR,
FLAGEE S Y . RO R A L B RIREAR . 2019
AELAFTIA A IZ IR A 5 2 R B R AR OG , EI AR R 1Y
WFGE B IE S T DHX37 3 H 78 % 5 46, XY DSD %
ARG

1 DHX37EBEMZEBSEE

1.1 DHX373EHMEEH

DHX37 B [ & LR SF, 2 T AR @R I
12q24.31 X5k, Hadis, X hny sk sl HE 2 2 3
BE RN ZE . S BAIRIE T 2480 I 2 e I
U NGRS R 1157 RN,
T 28N T, B ARSI, 43 SR e
ATP 2% & 1 (helicase ATP-binding, RecAl) . i
WE B M R W C- K ¥ 45 44 4 (helicase superfamily
C-terminal domain, RecA2) . fi# i€ fiff AH 5 45 A4 I,
(helicase-associated domain, HA2) FIZEAZ 1 R/5E b
45 & Pr & 45 ¥ 38 (oligonucleotide/oligosaccharide-
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binding-fold, OB) "), DHX37 H[H 1) RecA2 %5 F ik
fHHsrskEE (P T, I, I, VafVl) Fise
RNAFH (Ta, Ib, Tc. V. NVa., V) k%45
ATP "¢ [a] i, 1223 R Y Rec A2 45 M 3t 2 % 1E 28
75 14 1R Sz AR 3

1.2 DHX37 P SRR R 71

DHX37 55 FEZAEF B L. Wk 45 DL S =2 0L 5%
WAUhFIE, EMRE . TN LR K h Ay ik
Ko DHX37VE N5 RNA ffERE 3L N, e RHA
A AR EREENER, JUHAETE Y
WA BEZ %5 07 11 2 5 (RNA (B85 RNA) 045
AR IR AR (R RN A 438 ) g
BN A S ) RNA R ERE B 1125 5 RNA (1
PCFRIRD R, MR, 998 AL A . B
PRI A 25 100 DHX37 5 DR 4 A5 (4 RNA fift g 1
PIARSE T K A IR -1 2R - TH 2 1R - 24 2 R R
fE, SMREE . KT E4A . @KL Ry 2a
S P ORI A Y R A R — A R LM Y 0
L, RV ERAEFEED, ZJE K R TE 4N R
a2 ORI Y & A e — IR A 2k ELREfE
AN TG 3, AZHER Y 32 2L B2 1 506 mRNA #
PR A Y B A W A B R K I 3 608
rRNA (58, 5.8S. 28S Fll46 FhE ) /NI % 408
rRNA (18S FI33FhaE 1) ZHK 2. WA rRNA
() B T 2 42 10 22 UK (R AR TR W 1) il L % AU it 1 B
YIME i . pre-5S rRNA i RNA B4 I %, &8
iR AU G B9 U 7= A 5 OR1 37 AR i 5 47S rRNA £ 30 8
YIFE i 23 Fc 208 USRS R rRNA (18S, 5.8S il
28S rRNA) , H i 2 4> N &R 5% ¢ [\ B& X (ITS1 F1
ITS2) B JF 0 Wi A 2 A &b 36 e 5 i) B X
(5'ETS FI3'ETS) 7%, 33 b i) b oC {440 75 4% 1 il
(4 22 A~ BT A, T A TR il T 457 rRINA A1) 0 280 28 56
T, gt — RN BYI RV S, R B i
47S rRNA & 1fi A i3 rRNA ., Hib, 18S rRNA H
PG AR R 47S tRNATER RSN B U1 T, B
45S rRNA; 458 rRNA # % 2 P VI g 7K f# R 30S
rRNA f132S rRNA; FfiJ5, 30S rRNA # ] #] 4 218
rRNA, 21S rRNA 7£ 4b U] B 19 35 8 7 & B 18SE-
rRNA, 55 & 8 N ) 18S tRNA P02 B 5E %
B, WA AN i DHX37 3R R AR S B
T RY 18S rRNA B, 55 18S rRNA F1 408 . 1t
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KT FRAR 1 BRIt =2 Ah L 4l b DHX37 3P A
St 2 fioh 2 A A JIURE 58 A 1) MR 3 AR . X S TF
53R W] DHX37 5 AE N LE Y A h g AR w
HEMEN.

2 DHXx37EBEBPNSEHIE

HIRATA % % 7£ 2013 4F & Bl T RNA it JiE i 57
WER DA RIS, XOEE R
T8 1) 55 95 B RUA 56 DHX37 FE AR 5 3 ad A4k
DI BREWF 5L WAL T p. L48OP fvi pi AX S (W52, TEBH T
AL 2 AR S BEAR H AR 2 AR (GlyR) WAL
mRNA faE P, XF£W DHX37 H W e HZARAEY &
B VR SRR 2 il A 38 RN A DG 38 B AT R it b
IS

20154F, KARACA % B4 X} 208 44 4 KA ik w1
A 1% (intellectual disability, ID) BEIHITT
SAN TR o I R B DB
DHX37 Fe R RN 2 —, JFEE T 2458 B4t
B SS . WFTIE IS L T 41 21 mRNA R A R 2K 5
PriE W] DHX37 3 ATE R IR G & & SO L& & i
ik, XFRWY] DHX37 B NAE NP2 KT 0B
B ER B

2019 4, PAINE % ' 438 T DHX37 78 5 5 #f
% % B F T (neurodevelopmental disorder, ND) £
%, Wit kBT HA ND D 6 BUFAE Y 6 4~ e
o 4R, ABFEHGE PO O ST s DHX37 3
V£ DSD B — A8 IS TR 3L, e I DHX37 &
[K7E PGD I TRS 41 H t BRAR 1 (948 S 0003, IR F s
T DHX37 BEAE AL R Rk . X 48k B DSD 4k
WA T WA, 78 46,XY DSD &% H Z i in 7
—ANHT AR S

3 DHX37BBES5AXER

3.1 DHX373EPi% 5 5 DSD

DSD & — Rl e KB, ¥ B 43 s AR B 45
B R, HiE R B BRAERE k. AT TR
WA T VERR . Yetatde . A8 KAy Tk IR
7, NI A A TRERI AR, LA b DI 5
B LA A B A RN R A R AR BT KR
46, XY TR K B AL 46, XY IR L S B L
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96 A 1 S T B . 2019 4F, BIF9T 1 $R I8 T DHX37
B D AT A 5 A U 0 R R R o i ) R B
R fifFge 20250 AT T DHX37 & [ DS N 1)
1o B R ST AR R AR S 5 46, XY VIR R B A 4L
S TRS Z [AIAELE I .

46, XY DSD F % 5l 2 A /D fg A e 52
B R 0 I i - = WHI ) S o 1
Motk 2 i iR, YRR SRR R AR
46, XY MEBAMEMRE B AR RPN ; 45201k
FIRRE R A, 46,XY DSD MR % B A 44145 CGD |
PGD L) J2 TRS "% CGD J&: 48 4h A4 Bl 2% & 1,
RN AKEEEMET R, BLEERM, B
YRR, MR AN & E R, MR ZU5E A
K. PGDH8AMAFE a5 AR BE i BB M Ak, 8 R
R A FOK A AE A T IR RN R R
TR, N, AR DL R R i &
BAR. UL UL, ASEFEE Mg 8 B S
LREFRES X, TRS XK “IHEMEN, &
46, XY DSD /) — 4 . A 58 & 3 TRS (11 K 2%
5 2R B A G, LA U iR LI B
G, AR R 25 4 R o B oE AT K T BRI
Sk — 0 SR S A SR . TRS & — 2% UL
W, RORELZ N ERE Z k., ZHEAMEFE R
B AV 2kis Y, B RN 1/2 000,
X R SE RS, FHFPE= o
MR, BFE L CEE, — SR = i i 2
g1, WE BA BRSNS g

3.2 REHEWE  RhE LR

W A 8 — A v R LA 14 RS LE e N o
2.5~8.51F, X THRE AR, KU T RE i ik 200
£ 10, RS e 22 Pl 1 240 60 R S A R840 e b oA R
BT AR A S 0 T AR IR R A 2
s D RE BRI T BORAE A BARBOR LS ¥ R, H AT
A 3RS E B . A — TP R TR DR A R s A Ay
M PR S BN 3 1 BRI R, X T RE R R U
BT E; AR SO A ] B R R
(1 o BT AL TR R DI RE R ZE R s o =
SEAZE BRI T RE S E A AN, A0 iy TR R SR
S G  E A A A, X AT RE R T BURE
M, PR PR SRR F T e 5 DNA 0 473 1 2 P 41
ARaEMER O
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3.3 DHX37 P37 5 a2 Kk fF B}

i S PR BN A HEIAR RO S8 i 2 R F
B i — b LR (1 e AR A TR, HURRE R R L
Wik gh LI e, Z R R R R R F R
Gz PEAATEEIR SATE RIME, FEFZm NS5,
JEERT AT RE S EGE M ATIERE T . ILAh, BEIRLF
EARRRENE R EREM . FiER%. IR
FATRHFH, I —FhE P ORI R
TEFZ RN ONERF .« BB /iK™ Y
TR RN O N R S S I
DHX37 3£ 548 S 5B MG . W9 ) &,
BT ff Dhoc37 FE DK a1 2l A 4l AR 5 p K489P,
I R UK A AT N AR AL s BRI Y BE H £k A2 Dhx37
SRS SR SR, 2 AR R R Rk IRAT R . SXUER] T
Dhx37 H R AT I8 5 H 20 W2 5 fl A% 328, 3 117 5% 1 AF DG 11
B AT L L, 4 AN DHX37 M N & R
F, FIRESs 18 WH 20WR 22 fil i 38 A i, DT 5 1B ol
SIS RIPR

4 DHXx37EESHE R

H 1 4 JC DHX37 B2 e N2 22 Jurh HoA Ty
FEEEUEYE, B & BT AT N AT B 5 B0 WNT/
B-catenin {5 5% S8 I A IKTE . R ELSh P,
B £ 4 T BT B T LR ) WN'T/B-catenin i % 147
TEEIR A B, B-catenin 8 FH 152 2 /2= 0P 5L & B BT
W, R, #H] WNT/B-catenin 15 55 5 /& XY
AMETE BLIE # SEALBT A BEAG Y ER, Z AR
AR A= Wy i A e e i 3 4 1 PR 53 R H: Al 3
VG T i) il R AT N R N, T S i A
SR O/ I N 1| a2 L - VA i 4
WNT/B-catenin {5 5 55 S i3 °), WNT/B-catenin
I PP O S, pS3 MRS 1 I T B B R B O
TLFP AR 3G BE Y WNT {55 5% 3 Bl J5 % 722 Oy p53 4l
PEAR T RN X, S7E i DHX37 HE A8 5| i
[ 46, XY DSD it M8 ) i) — 20 ', i Y A]
F il tHDHX37 He AR S5 M A% A 0 T DA 3
WNT/B-catenin {5 5 38 F§ T I H 3R 18 7K P 2
Mo b FE, DI B-catenin £ 11 3 o 4% 19 £ &2 5 0 T
Fefi, XFE, FaE Ry B-catenin 25 (45 LA AL B If kA
Y i #% 5 TFC/LEF R M s I 1454, 30 Wt
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UL R FE S, NI PIR IE SRR, B3
ARFE R 46, XY DSD L) K TRS.

5 BREERE

PR REY YT RERNKEIRZ —, W&
ZREER . sk RAF S A RER . Rt
TEREYER B RIBT Bt , AR Aar 52 w4 3 g RNk 51l 43
I BRI = AT 2 E DSD.,

H 2019 4F DHX37 FE KB i iA k46, XY DSD #711)
MIEREPW LK, BFoe & bfT T R E M5 P2
DHX37 i TARMAZ N, J&gmtth RNA i JiE Bt (1) 51 2 58
K, Z5HARAE, BF9E &k IEI% S D B 7 ] —
RN KA AE 5, W R 2 PR Rl R A . 55—
PR AR T7E B A HoAth & 5 50 )5 19 46, XY M
FIRRGPERR S OALZAZUR A AN TR R B iR AL Ay g
Bt , WIRERM LTS . EMAIKETRE
F/ECE IR I S Z i BRI KRR BE, W RE S H
ME L O MESCE I 55 DA ST RRIEA O, (BB PR
SEH . X 2 P RAUE R th F DHX37 FEH AR R 5 R,
PP R 22 B T e it T R 25 4 Bl K AR L T e 45
IR 2 E R ST 14 X3

Bl 5 7 A2 ) 2 RS S R R S R A, X
DHX37 He PR B A URE B8R B3 I o B X 1 & A
ML AR WTIAIR, X DSD & n] R JEFTi294,
4 B R E RS S A= A2 Wk S, IFEATLL
B 6T IG5 ) 2 A AP T 4 it
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