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[ Abstract ]|  Objective: To analyze the distribution of Y chromosome azoospermia
factor (AZF) microdeletions and their association with testicular development in male
pediatric patients with congenital reproductive system diseases. Methods: A prospective
cohort study was conducted on pediatric patients admitted to the Department of
Urology of Shanghai Children’s Hospital from November 2021 to December 2023.
The observation group included boys with hypospadias, cryptorchidism, or disorders of
sex development (DSD), while the control group comprised boys with phimosis, indirect
inguinal hernia, or hydrocele. Blood samples were collected for AZF microdeletion
analysis using multiplex PCR to detect 15 sequence-tagged sites. Testicular ultrasound
was performed to record testicular position and volume. Propensity score matching
(PSM) was used to balance the groups. After matching, testicular volume differences
were assessed. Stratified analyses compared testicular volume among children with AZF
microdeletions, the control group, and children without AZF microdeletions in the
observation group. Results: A total of 493 children were enrolled (observation group:
463; control group: 30). The observation group consisted of 372 cases of hypospadias,
71 cases of cryptorchidism, and 20 cases of DSD. No Y chromosome microdeletions
were detected in the control group. Four boys in the observation group had AZF
microdeletions: one with cryptorchidism (AZFc+AZFd), one with isolated hypospadias
(AZFc), and two with DSD (one with AZFb+AZFc+AZFd and one with AZFa). Ultraso-
nography was performed for 888 testes. After PSM, testicular volume was significantly
smaller in the observation group than that in the control group (P<0.01). Stratified
analysis revealed a trend towards smaller testicular volumes in children with AZF
microdeletions compared to the other two groups. Conclusions: The prevalence of Y
chromosome microdeletions is higher in male children with congenital reproductive
system diseases compared to the general population, particularly in those with DSD.
Hypospadias, cryptorchidism, DSD, and AZF microdeletions may be associated with

delayed testicular development in these children.
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T A% F 9 B F (azoospermia factor, AZF)

3 IR & Bl 4% R (polymerase

chain reaction, PCR) ; 1 3] 2t € XX B (sex determining region Y,SRY ) ; X # &1k % £
#2484t (chromosome X centromeric probe , CEPX) ; 3¢ . & 4% 2% & (fluorescence in situ
hybridization, FISH ) ; #7 1) #F 4~ IE B2 ( propensity score matching, PSM )
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Table 2 Comparison of testicular volume between different groups after age stratification

(M(Q,,0,)]
w3 9% MUF 9% LI
EFIRIES IR (%) IR (mL) SIS EIE(2) Z IR (mL)
Xof R4 24 3.50(2.00,6.00)  0.75(0.63,0.99) 2 11,11 3.06,3.36"
IR A AZF fih s 6 5.00(1.08,6.00)  0.44(0.35,0.58)" 2 1,117 0.91,1.10*
SERLL TG AZF il e 781 2.00(1.16,3.00)"  0.52(0.41,0.68)" 73 11.00(10.00,12.00)  3.71(1.24,7.02)

5% B LA, P<0.01 s MR 1B D AU A . AZF  JoRsF0E B

&, A ERER R B AE AR ARG LA L B E AR
SR 45 BR AERE B 20 L sORS  40 HRLB B, i
KGR LI R Z Rk, AL FE ME SRR A0 ML 25 A AF
ToHE FIE B RS T9E 5 AZFe+ AZFd X e ) e 30
ZREAL, TSR IN Ry LA FE S R A L 2R
fiE, UK T B H R AR, A3 WFSE X 254 B T RS
T 5™ RS FRE R E AT TY G 8 R
I RUMIZE UGG, 2 PR AZF i 2 o S8 AL A
Diger= e Em R S HAl, AZF SRR
BLEF X N B AN RE T T, G A L A
FIURE W AT A2 W AR AN B0 SR PR, 78 )L 3 AH G
P P DR GE . AZF Bl Ok m 3 e L ] R
A O LA P SE AL B 11 [ 0 AN AR T80

HAET, X T AZFd X (sY145 . sY152) J& 75 77 5
R AP A AE— 2 il . IR H NN sY 152437 55
AT Y AR Y 22 A L DR 4 X B, A 8L B O
A AT I AL AT T, R
AZFd [X B2 By 23 PR Bl AZFc X i, DRI AT DL
FHEG I AZF XA AH B FAS RS 2 7E )L
PO RO A, AR A S ast e 0 H 156 AZFd
X1 Ry iy H b 2 — , S5 3 Won7E MBS Z 1 BH
PELE R R R B S AFAEIRST AR B AR

B — i A A B — A G
H. —HOkUL, BB RS S AL B E A R
SRR e S AL ) e AR IR RV N S L
20%~40% 1t = 2K 40 JE, 70 P 52 R 0 e Ak
90% "™, BRTEWFIE ZIN A AZF Bk S ss i
WA R AN B RE TR, [Ad A WFsEds H , AZF
BB A B o S RO 52 AU AR 1) 55 v 2 A
(1) E A9 R 5 3m A, L A AZF T BEENR )L
LIFRER LR, 10% BB G I AZF ik
R JEE R S AL ™ F 2 40 T R R
FHE™ . BB H WA AZF R AL AZFa
AZFb AZFc = A X, Horb DL AZFe X e i 2

LU A SR, 710 2 L A 1 e
Jrs I S R )L B AZF e+ AZFd X B2k |, DAAY: SCRik
HRIE 3 B AR TR R AR E AR
SCHERRR 1 AR TR BT A, IO O
VTR AT, T Bk S8 B b 1

PRIE T 22 55 —Fp 5 BT E% B3
o PRIE N RS BRI LBH T 2= A S
(R HE R A B VE S A G IR R L5k
TRV . SR Y AR o B & B, #5
ZRIE B FH R A SN R
SCHRARIE T 45, X/46, XY 15 BIE I AZF fbi ok
BN R B 5122 B BE 8 P S — TR 5% R
60 1 I ST M IR 3B T R H Th AR AR AZF TRk R
3B(5%) , B RATE AZFa X2, ARG
R, 361 ) Y f R A% Y Sy 46, XY B IRSE M PRIE T
SR JLH AU 1R B AZFe X B 5 1A A
TR KRR, I, JRIE T HEBEH P RET
L ATFAE AZF SO R 0 75 A o KA AR I R
TR IE

PERE 50 248 T Y R R S R
PGt G S8 A5 i R — 2R S R M, A B R 4%
Fpoe R MR RGN AMETESR B 5 R
B4 TR 43k 46, XY D 46, XX 78 FE L 47,
MeSpH RIS 46, XY Y KR AL A5 S L
O3 SRR AR A R | SE A T BE 7 5 A 4k
BN [ R B ) A0 A Bl 2 A0 £ Ak % B B 3
H5EBARNTE BAEGEHATIES ., ke
P S AU e B L (40 45, X746, XY 146, XY/
46,XX %) Klinefilter Z5 51E (47, XXY ) FIHFFA4 25
HAE(45,X0) 5, 25 IR, Klinefilter Z7 45
TIE BB AFAE AZF S 220 AZF Sl 78 Hofth
FAN YA AR S b H A g, B R I I S HF
LA AE ARG D REREI 7. A SCHEARNE R,
1546, XY P& & 55 LR 1l A By i



2 WA Y QORI AR S R AR B RGP M R L AR B8 234 KOk S AL RS - 751 -

SRR B LAFTE AZE RIS  AZF TRk
P R T REEARIE T ML, JER TR IR
TAEH AT DL JBXHE & B 8 LI T AZF i
R A S RE MR SRR R T 2
ANEIERRE . 5350, F ISR F 50 B HER
Lot LRI TE R PR, a0 SR BRI T o
WA B RE ) T, BB R R e b AT R b
BIBEPEIT 2 — 2 S ME

TES L, 9 2 L E B AR /N 5 L
] S IR R AR 1L s T FR BT IR &
BLCARBIFRE R, &), SIS 20
A [0 55 208 60 R S A< 200 0 4 A 5 5 i I A 3K 7 2
MRS VE T, A0 40 I 1 184 5 Fn 434k, o] LA
BN AR /NS P RFR, DT 5 B SR LR R — 2
RS BRAEMF B , BUAFE 3 M S AL 3R Y
9 (17.925.1) mL, 1fi R4 BHLPE TOKE 79 A AZF
LR % () AT B A P S LT I AR R R (9.74+
8.09)mL " [H It AZF ik 2 s AT 55 1 B 5 S2 AL
R /N T IEH AR A, XRBULEEFTA
K AT RE 5 AZF 5 & (0 i 240 i 0 1 2 i S 4
MMIZEAAEA o ARSCHERN B R, PSM J5 £ UL
AEHAAHE AR 0T, RS A 1 52 LR R A X R 4
BN PR B se JRIE T MR R E
Je KA A T R G g st BOLSE LAY & B AT REAT
FE—E RZ W D AT BB A WG T — R A R 4
A B H A (B 2 ) BRI T2 LM IE R R F 5
S IR I 10 e 5 i 5 UM U R B Lk T e
N NIV -5 N CE SR EN S E Y|
BYEINETE AR AT 55 o ARYE Tanner 733 v 52
JUT IR B GUIA (SR EH )N O RUF A
WFE G AR HEAT 40 2 BT R, 9 % K LLF UL
0 REZH SRR B R R TSR, WL
A AZF i L2 VAT SR 5 T AZF St
g LB IR 2 RS T4 B BRI A
TEME R RTHE T , AZF T 2 g8 LAY 52 JUIR R TE
=gl # LR /N R R R T BB R E T
2 REAM R E S EIL, AZF Rk I v] BEXT
BAK B UAFE—E R (HAS R0 AL
M FREHZE, 9% VL EEHREGEE > B amAs
Vit , Tk AT ST b AR AE = BLAE IR
FAR—FIEOLT , AZF R BULAY AL AR
/N T H AL P AL, $2 75 X T 0E A F W R
L, AZF SRS 6 52 30 B 5% I 120 7 B B . 25

e HEI AZF B R X BBULIY S LR B T REAEAE
— 2 [ A R AR SO R RO B, JLAS
IRTEAFE IS AV [ TR B DU D, o] BEAF 1 —
() D Ay, R G 4518 75 A B RAEAS 1t (1 AR v
— LU, FIAh, AZF R R S S B LT
FMEE— R L B G  WE RS IR
L3 Bt U A B

ARBFFEAEAE LU T 6B : —J& T AZF itk
K Hh AR, AR 5T H 9N A S0 M 8 AZF Bl o 1R
JLE > AR 2 85 R R R gt it 3 (AT
CIRVEIEI Uk -S| W VAR €7 & PIR=5 IR NCEE VN
(R s IR HF 9T P & B AZF BBl 2k FO LG
Oy ATEA T B, Tk L O O R
T AIE— 25 B IE , T X X 2 R LA T
BT, BRER B B ILR B IE O RS T A
JE WA ERE T . a0 S BIE S L & B
AZF G B R N R EAE , A Ja X 28U
B ] 2 A i A R U AT R, gk A L
I RS = e AR Y CA D Y R B = A o

Gib e JRE T REMEET W BE
o AZF TR B A RT R L R DR
VER T S B B AZF SR S5 A A ]t 4
I, RO AT SO A T A E

A ST A ST L W, F RA

B AU R T L B B I R BT ST 8 F L
(2021YLYMO7) 3CH5 . (UL 2740 (B2 RO ) ik
AR SRR 18 o e rh R B 2 R RN HE 1)

Acknowledgements This study was supported by Shanghai
Children’s Hospital Clinical Research Cultivation Program
(2021YLYMO7). The editors of the Journal of Zhejiang Uni-
versity (Medical Sciences), including SHEN Min, provided
insightful suggestions and assistance during the manuscript

revision process

EETTEE  RUF DR R BIE PRI S
SISO B B S 5 ORI 7 B el g 5 , Ak R4
FEIR SO MO A IR A T A PR B B T
AR AR IR A S AR F L ST BRI
T

Author Contributions LIANG Yan, LYU Yiqing, HUANG



-+ 752 ¢ WL R 2R (R4 RT) Journal of Zhejiang University (Medical Sciences)

Yichen, LI Pin, XU Wuhen and CHEN Fang participated in
brewing and designing experiments, or acquisition, analysis,
or interpretation of data for the work; drafting the work, or
revising it critically for important intellectual content. All
authors have read and approved the final manuscript, and take
responsibility for the integrity and security of the data. See

the electronic version for details

HIERTRME AW CEE AT AR 5 B SR A
VE# (E-mail: tristan_ren@hotmail.com )& 15

Data Availability All relevant data supporting the findings
of this study can be accessed upon reasonable request from

the corresponding author at tristan_ren@hotmail.com

EFEE  AWSEE L LR BB 2 i A
(2022R014-F02) 745 1964 AF G /R ¥ 25 75 ) B 2 J5 1Y
VT AR AL 18 RS . BT A LA th 8L (8 2
PLE) R4 N2 B A R, 8 % LR Lk i
ANAWSECE S Tba

Ethical Approval All procedures performed in this study
involving human participants were in accordance with the
ethical standards of Shanghai Children’ Hospital (2022R014-
F02) and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Written informed
consent was obtained from all pediatric patients (above 8 years
of age) and their guardians, while for children aged 8 years

and under, consent was provided solely by their guardians

JI A A 27 AN A M) 4 i 2

Conflict of Interests

g5 ih R
The authors declare that there is no

conflict of interests

©The author(s) 2025. This is an open access article under the
CC BY-NC-ND 4.0 license (https://creativecommons. org/
licenses/by-nc-nd/4.0/)

52 30k (References)

[1] VOGT P H, EDELMANN A, KIRSCH S, et al. Human
Y chromosome azoospermia factors (AZF) mapped to
different subregions in Yq11[J]. Hum Mol Genet,
1996, 5(7): 933-943.

[2] KENT-FIRST M, MUALLEM A, SHULTZ ], et al.
Defining regions of the Y-chromosome responsible for
male infertility and identification of a fourth AZF region
(AZFd) by Y-chromosome microdeletion detection[J].
Mol Reprod Dev, 1999, 53(1): 27-41.

[3]  ATAEI M, AKBARIAN F, TALEBI M A, et al. Analysis
of partial AZFc (gr/gr, b1/b3, and b2/b3) deletions in

Iranian oligozoospermia candidates for intracytoplasmic

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

sperm injection (ICSI)[J]. Turk J Med Sci, 2018, 48
(2): 251-256.

LIU XY, WANG R X, FU Y, et al. Outcomes of intra-
cytoplasmic sperm injection in oligozoospermic men
with Y chromosome AZFb or AZFc microdeletions
[J/OL]. Andrologia, 2017, 49(1): e12602.

ZHANG Y S, LI L L, XUE L T, et al. Complete azoo-
spermia factor b deletion of Y chromosome in an infertile
male with severe oligoasthenozoospermia: case report
and literature review[J]. Urology, 2017, 102: 111-115.
ZHANG Y S, DAI R L, WANG R X, et al. Analysis of Y
chromosome microdeletion in 1738 infertile men from
northeastern China[J]. Urology, 2013, 82(3): 584-588.
SKARIN NORDENVALL A, CHEN Q, NORRBY C,
et al. Fertility in adult men born with hypospadias:
a nationwide register-based cohort study on birthrates,
the use of assisted reproductive technologies and infer-
tility[J]. Andrology, 2020, 8(2): 372-380.
LOEBENSTEIN M, THORUP J, CORTES D, et al.
Cryptorchidism, gonocyte development, and the risks
of germ cell malignancy and infertility: a systematic
review[]J]. J Pediatr Surg, 2020, 55(7): 1201-1210.
MORETTI E, DI CAIRANO G, CAPITANI S, et al.
Cryptorchidism and semen quality: a TEM and molec-
ular study[J]. J Androl, 2007, 28(1): 194-199.
ASKLUND C, JENSEN T K, MAIN K M, et al. Semen
quality, reproductive hormones and fertility of men
operated for hypospadias[J]. Int J Androl, 2010, 33
(1): 80-87.

MITRAKAS A G, ALEXTIADI C A, GARGANI S, et al.
Chromosomal roadblocks in male fertility: mechanisms,
risk factors and syndromes[J]. Medicina, 2025, 61(10):
1864.

HAR R 2 /N LANRR 2 0 2 M PR AN RL 7 2 53]
KB SR E L RS SR g LSRR
&, 2019, 40(4): 289-297.

Group of Urological Surgery, Branch of Pediatric Sur-
gery, Chinese Medical Association. Chinese expert con-
sensus on disorders of sexual development|J]. Chinese
Journal of Pediatric Surgery, 2019, 40(4): 289-297.
(in Chinese)

LIz, 28 M, HOKIE, 55 B G 1Y 2 H PCR AL
ARAGI 540 B B VEA T BB Y G @R BB,
HEMRESIEERE, 2014, 22(10): 30-33.

ZHENG Hongyun, LI Yan, TONG Yongqing, et al.
Detection of Y chromosome microdeletions in 540
infertile men by UP-M-PCR[J]. Chinese Journal of
Birth Health & Heredity, 2014, 22(10): 30-33. (in
Chinese)

ZHU X B, GONG Y H, HE ], et al. Multicentre study
of Y chromosome microdeletions in 1, 808 Chinese
infertile males using multiplex and real-time polymerase
chain reaction[J/OL]. Andrologia, 2017, 49(5): e12662.
XUDGEE, FHiz o, KRSLH, 55 . BT IO ThE M
B B T AR Y e (A o 5 P e (B A S



2 WA Y QORI AR S R AR B RGP M R L AR B8 234 KOk S AL RS - 753 -

[16]

[17]

[18]

[19]

[20]

[21]

[22]

oy Hr: EP“Q[E?L’ BREE 2 = E B R
AR SVIE SCEE[C. FBIN: P IBEE 224, 2012,

LIU Xingzhang, TANG Yunge, ZHENG Lixin, et al.
Analysis of Y chromosome microdeletions and sex chro-
mosome abnormalities in male infertility patients with
azoospermia and cryptozoospermia: Proceedings of the
13th National Andrology Academic Conference of the
Chinese Medical Association Andrology Branch[C].
Zhengzhou: Chinese Medical Association, 2012. (in
Chinese)

*@EWW%E@E@%?&%J\ 2, SN i

Rt S BB L R 014 . Y Ye A R o
Ef?ﬁé%%@wzozs . *éiﬁa'—ﬁiﬂm

7K, 2025, 45(8): 757-762.

Reproductive Medicine Professional Committee of
Chinese Medical Doctor Association, Andrology Profes-
sional Committee of China Association for Promotion
of Health Science and Technology. Experts advice of
Chinese experts on genetic screening for Y chromosome
microdeletions (2025)[J]. Chinese Journal of Repro-
duction and Contraception, 2025, 45(8): 757-762. (in
Chinese)

Mk, BREOR, EIEL, 55 BEXTY Qe @Rk
Kﬁ{ﬁlﬂﬂﬁﬁ$|ﬂﬁ$ﬂ"] WD REERFRE,
2023, 29(4): 306-310.

TIAN Hao, SHAO Minjie, YAN Liying, et al. Six-
sequence-tagged site (STS) versus eight-STS scheme
for detection of Y chromosome microdeletions[J].
National Journal of Andrology, 2023, 29(4): 306-
310. (in Chinese)

GAO S, YANG X, XIAO X, et al. Outcomes and affecting
factors for ICSI and microTESE treatments in nonob-
structive azoospermia patients with different etiologies:
a retrospective analysis[J]. Front Endocrinol, 2022,
13: 1006208.

CASTRO A, CODNER E, KAUNE H, et al. Absence
of Y chromosome microdeletions in patients with cryp-
torchidism and hypospadias[J]. J Pediatr Endocrinol
Metab, 2004, 17(2): 143-148.

FORESTA C, MORO E, GAROLLA A, et al. Y chromo-
some microdeletions in cryptorchidism and idiopathic
infertility[J]. J Clin Endocrinol Metab, 1999, 84(10):
3660-3665.

VAN DER ZANDEN L F M, VAN ROOIJ T A L M,
FEITZ W F ], et al. Aetiology of hypospadias: a syste-
matic review of genes and environment|J]. Hum Reprod
Update, 2012, 18(3): 260-283.

MENDELUK G R, PARDES E M, LOPEZ-COSTA S.
45, X/46, XY gh-karyotype and aspermia. A case report
[J]. Tsitol Genet, 2012, 46(4): 27-30.

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

ACHMADZULFAJUNIARTO, NURINAISYTYAHLIST-
YASARI, SANTOSA A, et al. Investigation of azoo-
spermia factor (AZF) microdeletion of hypospadia
patients in Indonesian population[J]. Pak J Med
Health Sci, 2018, 12(3): 1350-1353.
HUGHEST A, HOUK C, AHMED S F, et al. Consensus
statement on management of intersex disorders[J]. J
Pediatr Urol, 2006, 2(3):148-162..
A sk, RoRn, 4L 1 il G T K]inefelter
?f? ik B AT o T2 TSR] R BB R
Zt7K, 2012, 18(6): 545-550.
TIAN Li, ZHANG Jianwu, SHEN Changxin, et al. Cyto-
genetics and Y chromosome AZF microdeletions in
infertile patients with mosaic karyotype Klinefelfer
syndrome (46,XY/47,XXY/48,XXYY/49,XXXXY)[J].
National Journal of Andrology, 2012, 18(6): 545-
550. (in Chinese)
TIAN L, CHEN M, PENG J H, et al. Clinical charac-
teristics, cytogenetic and molecular findings in patients
with disorders of sex development|J]. J Huazhong Univ
Sci Technolog Med Sci, 2014, 34(1): 81-86.
THitE, b A%, EPHE L Qe ORRR B AZF R
K5 TR SEALTE KR O R AE I G R )] BRI,
2021, 11(8): 6-8.
YU Ruimei, FANG Ge, WANG Dandan, et al. Chromo-
somal abnormalities and AZF deletions in 203 azoo-
spermia patients with testicular biopsy[J]. Journal of
Frontiers of Medicine, 2021, 11(8): 6-8. (in Chinese)
KOSKENNIEMI J J, VIRTANEN H E, TOPPARI J.
Testicular growth and development in puberty[J]. Curr
Opin Endocrinol Diabetes Obes, 2017, 24(3): 215-224.
ROCHER L, CRITON A, GENNISSON J L, et al. Testi-
cular shear wave elastography in normal and infertile
men: a prospective study on 601 patients|J]. Ultrasound
Med Biol, 2017, 43(4): 782-789.
CETINKAYA M, ONEM K, ZORBA O U, et al. Evalua-
tion of microdissection testicular sperm extraction results
in patients with non-obstructive azoospermia: inde-
pendent predictive factors and best cutoff values for
sperm retrieval[J]. Urol J, 2015, 12(6): 2436-2443.
IWATSUKI S, KOJIMA Y, MIZUNO K, et al. Endocrine
assessment of prepubertal boys with a history of cryptor-
chidism and/or hypospadias: a pilot study[J]. J Urol,
2011, 185(6 Suppl): 2444-2450.
SKAKKEBAEK N E, RAJPERT-DE MEYTS E, BUCK
LOUIS G M, et al. Male reproductive disorders and
fertility trends: influences of environment and genetic

susceptibility[J]. Physiol Rev, 2016, 96(1): 55-97.

(A3 & J7 XUmde ]



