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G E R, BT R GRS R Ao Metan AT F B A2k B X TMMAF#) A B £ R A5, AN 7964 X F
FAEE, EREN, £F B TEES T, DNAHIAR 6 R R bt 2% 5 T % H(OR=4.97,
95% CI=[1.70; 14.49], P<0.01). 71 CFAP43. CFAP44. CFAP25I% ¥} B AR E R K I =2 F M4 £
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Abnormal Genes Related to the Structure of Sperm Flagellar

Axoneme and Asthenozoospermia
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Abstract Sperm flagellar axoneme is the main power source of sperm motility. Gene mutations involved
in flagellar assembly and motility regulation can lead to decreased sperm motility, resulting in ASZ (asthenozoo-

spermia). There are two common types of asthenozoospermia: (1) no obvious deformity of sperm flagella under
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optical microscope; (2) MMAF (multiple morphological abnormalities of the sperm flagella). Asthenozoospermia
is mainly caused by mutations in genes encoding axoneme components. In the past decade, significant progress has
been made in revealing pathogenic genes. In the field of genetic research of MMAF, China and France are the two
most widely involved countries. Through systematic literature search and meta-analysis of MMAF gene mutation
studies in China and France, 1 796 infertile male participants were included. The results showed that the propor-
tion of DNAH1 gene mutation in Chinese asthenozoospermia patients was significantly higher than that in France
(OR=4.97, 95% CI=[1.70; 14.49], P<0.01). However, CFAP43, CFAP44, CFAP251 and other genes showed no

significant difference between the two countries (P>0.05). This finding lays a foundation for understanding the di-

versity of genetic variations in asthenozoospermia.
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Table 1 Basic characteristics of the included literature
iy fEE bt PINFRAE
Year  Author Title Incorporate standards
2017 TANG S, WANG X, LI W, et al® Biallelic mutations in CFAP43 and CFAP44 cause male infertility — Chinese patients 3/30 CFAP43
with multiple morphological abnormalities of the sperm flagella 1/30 CFAP44
2018  YANG X, ZHU D, ZHANG H, et Associations between DNAH 1 gene polymorphisms and male Chinese patients 6/287 DNAH1
al?¥ infertility
2018 DONG FN, AMIRI-YEKTA A, Absence of CFAP69 causes male infertility due to multiple mor-  French patients 2/78 CFAP69
MARTINEZ G, et al®® phological abnormalities of the flagella in human and mouse
2018 COUTTON C, VARGAS AS, Mutations in CFAP43 and CFAP44 cause male French patients 10/78 CFAP43
AMIRI-YEKTA A, et al*® infertility and flagellum defects in Trypanosoma and human 6/78 CFAP44
2018 MARTINEZ G, KHERRAF ZE, Whole-exome sequencing identifies mutations in FS/P2 as a French patients 4/78 FSIP2
ZOUARI R, et al®” recurrent cause of multiple morphological abnormalities of the
sperm flagella
2019  HE X, LIW, WU H, et al®* Novel homozygous CFAP69 mutations in humans and mice Chinese patients 2/35 CFAP69
cause severe asthenoteratospermia with multiple morphological
abnormalities of the sperm flagella
2019 ZHU D, ZHANG H, WANG R, et Association of DNAH 11 gene polymorphisms with Chinese patients 1/87 DNAHI11
al®! asthenozoospermia in Northeast Chinese patients
2019 LIU W, HE X, YANG S, et al®®” Bi-allelic mutations in T7C214 induce asthenoteratospermia in Chinese patients 3/65 TTC214
humans and mice
2019  LORES P, DACHEUX D, KHER- Mutations in TTC29, encoding an evolutionarily conserved axone-  French patients 5/167 TTC29
RAF ZE, et al®! mal protein, result in asthenozoospermia and male infertility
2019 LIUC, HE X, LIU W, et al®? Bi-allelic mutations in T7C29 cause male subfertility Chinese patients 3/80 77C29
with asthenoteratospermia in humans and mice
2019 COUNTTON C, MARTINEZ G, Bi-allelic mutations in ARMC?2 lead to severe astheno-teratozoo-  French patients 4/162 ARMC2
KHERRAF Z E, et al® spermia due to sperm flagellum malformations in humans and
mice
2019  LIY, SHAY, WANG X, et al* DNAH? is a novel candidate gene associated with MMAF (mul-  Chinese patients 4/38 DNAH2
tiple morphological abnormalities of the sperm flagella)
2020 HEJLIL, YUY, et al® Two mutations in the axonemal dynein heavy chain gene 5 in a Chinese patients 1/145 DNAHS5
Chinese asthenozoospermia patient
2020 LIUC, TU C, WANG L, et al®! Deleterious variants in X-linked CEAP47 induce asthenoterato- Chinese patients 3/331 CEAP47
zoospermia and primary male infertility
2020  LIU C, MIYATA H, GAOYY, etal®”  Bi-allelic DNAHS variants lead to multiple morphological abnor-  Chinese patients 2/90 DNAHS
malities of the sperm flagella and primary male infertility
2020 HE X, LIU C, YANG X, et alt®¥ Bi-allelic loss-of-function variants in CE4P58 cause flagellar Chinese patients 5/90 CFAP58
axoneme and mitochondrial sheath defects and asthenoteratozoo-
spermia in humans and mice
2020 TU C, NIE H, MENG L, et al®® Novel mutations in SPEF?2 causing different defects between Chinese patients 4/45 SPEF?2
flagella and cilia bridge: the phenotypic link between MMAF
and PCD
2020 LV M, LIUW, CHI W, et al** Homozygous mutations in DZIP! can induce asthenoteratosper- Chinese patients 2/65 DZIP1
mia with severe MMAF
2020 LIW,WUH, LIF, et al*! Biallelic mutations in CFAP65 cause male infertility with Chinese patients 6/88 CFAP65
multiple morphological abnormalities of the sperm flagella in
humans and mice
2020 LIU C, MIYATA H, GAOY, et al®”  Bi-allelic DNAHS variants lead to multiple morphological abnor-  Chinese patients 2/90 DNAHS

malities of the sperm flagella and primary male infertility
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Year  Author Title Incorporate standards
2021 LUS,GUY,WUY, et al* Bi-allelic variants in human WDRG63 cause male Chinese patients 1/243 WDR63
infertility via abnormal inner dynein arms assembly
2021 GAOY,TIAN S, SHAY, et al*! Novel bi-allelic variants in DNAH? cause severe asthenoteratozoo-  Chinese patients 3/90 DNAH?2
spermia with multiple morphological abnormalities of the flagella
2021 TUC, CONG J, ZHANG Q, et al®  Bi-allelic mutations of DNAHI0 cause primary male infertility Chinese patients 5/643
with asthenoteratozoospermia in humans and mice DNAH10
2021 TANC,MENGL, LU M, et al*! Bi-allelic variants in DNHDI cause flagellar axoneme defects Chinese patients 8/497 DNHD1
and asthenoteratozoospermia in humans and mice
2022  LIU C, SHEN Y, TANG S, et al*”! Homozygous variants in AKAP3 induce asthenoteratozoospermia  Chinese patients 2/150 AKAP3
and male infertility
2023  TIANS, TU C, HE X, et al™*’ Biallelic mutations in CFAP54 cause male infertility with severe  Chinese patients 3/334 CFAP54
MMAF and NOA
2023  MENG Z, MENG Q, GAO T, et Identification of bi-allelic KIF9 loss-of-function variants con- Chinese patients 2/92 KIF9
all*”) tributing to asthenospermia and male infertility in two Chinese
families
2023  MAJ,LONG S H, YU HB, etal®™  Patients with MMAF induced by novel biallelic CF4P43 muta- Chinese patients 4/30 CFAP43
tions have good fertility outcomes after intracytoplasmic sperm
injection
2023 SHAOZM,ZHUYT, GUM, et Novel variants in DNAHG6 cause male infertility associated with Chinese patients 3/375 DNAH6
all*’ MMAF (multiple morphological abnormalities of the sperm
flagella) and ICSI outcomes
2023 MENGL, LIU Q, TAN C, et al® Novel homozygous variants in 77C12 cause male infertility Chinese patients 3/314 TTC12
with asthenoteratozoospermia owing to dynein arm complex and
mitochondrial sheath defects in flagella
2023  MARTINEZ G, BARBOTINAL, New mutations in DNHD1 cause multiple morphological abnor-  French patients 3/167 DNHD1
CAZIN C, et alt" malities of the sperm flagella
2023  SHAY, LIU W, LI S, et al®? Deficiency in AK9 causes asthenozoospermia and male infertility =~ Chinese patients 5/165 AK9
by destabilising sperm nucleotide homeostasis
2023 KHERRAF Z E, BARBOTIN AL, A splice donor variant of GASS induces structural disorganiza- French patients 1/92 GASS
MARTINEZ G, et al®®* tion of the axoneme in sperm flagella and leads to nonsyndromic
male infertility
2023  JREUIRIF, CAVAROCCHI E, CCDC65, encoding a component of the axonemal Nexin-Dynein  French patients 2/167 CCDC65

AMIRI-YEKTA A, et alt®

regulatory complex, is required for sperm flagellum structure in
humans

Nexin-dynein regulatory complex:

DRCI, DRC2, DRC4

Central pair microtubules:

CFAPGY, SPEF2, CFAP47, CFAP54, CFAP6S5, KIF9

Centrosome:

CEP135, DZIP1

Non-axonemal components:

FSIP2, ARMC2, DNHD1, TTC29, AKAP3, TTC21A, SLC26A8, IFT74

T/TH: #EE-REELE G,
T/TH: tether-tether head.

E2 FEFEENMMAFEXERE§EMCERE
Fig.2 Mapping patterns of MMAF-related genes in China and France
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T/TH:
CFAP43, CFAP44

2270 China/France
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Fig.3 Forest plot of nine MMAF mutant genes between China and France
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Table 2 Meta-analysis of nine MMAF mutant genes between China and France

F RABKCRE) B REHEEE) S WEE 95%BEFXE AEEE) B (BEL)
Gene Number of mu-  Total Number of mutations (France)  Total OR 95% CI Weight Weight
tations (China) (common) (random)
DNAHI 12 41 6 78 4.97 [1.70; 14.49] 9.7% 17.5%
CFAP43 3 30 10 78 0.76 [0.19; 2.96] 16.7% 13.3%
CFAP44 1 30 6 78 0.41 [0.05; 3.59] 10.7% 6.8%
CFAP251 3 65 7 78 0.49 [0.12; 1.98] 20.2% 12.9%
FSIP2 2 40 4 78 0.97 [0.17; 5.56] 8.6% 9.5%
ARMC2 1 40 4 168 1.05 [0.11;9.67] 5.0% 6.5%
DNHD]1 8 497 3 167 0.89 [0.23; 3.41] 14.7% 13.6%
TTC29 3 80 5 167 1.26 [0.29; 5.42] 10.4% 12.2%
CFAP6Y 2 35 2 78 2.30 [0.31; 17.05] 3.9% 7.7%

[i] 7 B AL 1.24[0.77; 2.00]; BEFLRCRBARL1.19[0.63; 2.2170; it I =23%, ©°=0.2818, P=0.24; CI: B {7 [X []; OR: LA LL.
Common effect model 1.24[0.77; 2.00]; random effects model 1.19[0.63; 2.21]; heterogeneity: I* =23%, ©'=0.2818, P=0.24; CI: confidence interval;

OR: odd ratio.

PRI RAZ R 72 57, Meta s BT HO 45 SR B0, A8 d1 v AN
1 E LRI MMAFA G R AR SE R o, DNAHIAE
[ [ R AR FE TVEE, SR, CFAP43. CFAP44.
CFAP25 175 B RFE . VAP 8 thJf ok Bon th 4
it B ZESR, XIRSBAEA T HER R RE
AFEHXAFAEZRENE . H AT, G0 5T P SRS T 5t
(intracytoplasmic sperm injection, ICSI)/& MMAF
B O R B AR TR, B H i R AR BB A ]
BRI T . AT g R, R 3~3K 5T

7, DNAHI®), CFAP43"8, TTC295%, FSIP21S1,
DNHDI™, DNAH2™, DNAHS8®', DNAHI10®,
CFAP478%, CFAP54%“, DRC2", AKAP3“ILL }%
WDRG63WVEF R 23 ICSTVA YT i W IR PR 45 J5 B 4
WA ARIE, 233 1CSE DNAH 178 5 5 3% ) 52 4G %M
LT R AITE 80% LA I, AR TG B 47 15558, 1
ARMC2™, DNAHG6Y", CEP135%, CFAP65" L),
S DNAHI7“VWHE BG4 R %, B AnAEF, XL
BB 7 F AR R Fepl bl B . O R B 7
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Table 3 Summary proportion of nine MMAF-related gene mutations studied jointly by China and France

e EE A NHL JEPN:d RARH ICSIZE H
Gene Country Number of mutants Total Mutation rate ICSI outcomes

China 12 41 0.293 P (10/15)
DNAH1

France 6 78 0.077 N/A

China 3 30 0.100 P (3/3)
CFAP43

France 10 78 0.128 N/A

China 1 30 0.033 N/A
CFAP44

France 6 78 0.077 N/A

China 3 65 0.046 N/A
CFAP251

France 7 78 0.090 N/A

China 2 40 0.050 P(2/2)
FSIP2

France 4 78 0.051 P (4/4)

China 1 38 0.011 P (0/1)
ARMC?2

France 4 168 0.024 P (0/4)

China 8 497 0.016 P (4/7)
DNHD1

France 3 167 0.018 N/A

China 3 80 0.038 P (3/3)
TTC29

France 5 167 0.030 N/A

China 2 35 0.057 N/A
CFAPG6Y

France 2 78 0.026 N/A

TCSI: YA A B 1955955 P R0, NY/A: 6T F R .

ICSI: intracytoplasmic sperm injection; P: pregnant; N/A: not available.

4 PERMBATHMMAFEXEEEZESMICSILRF
Table 4 MMAF-associated gene mutation information and ICSI outcomes of separate studies in China

HEK RALNEL ISUNE ¢ RAER ICSIZE
Gene Number of mutants Total Mutation rate ICSI outcomes
DNAH?2 3 90 0.033 P (2/3)
DNAHS 1 143 0.007 N/A
DNAHG6 3 375 0.008 P (0/3)
DNAHS 2 90 0.022 P (1/2)
DNAHI10 5 643 0.008 P (2/3)
DNAHII 1 87 0.011 N/A
CFAP47 3 331 0.009 P (3/3)
CFAP54 3 334 0.009 P (2/2)
CFAP65 3 47 0.064 P (0/3)
CEP135 1 38 0.026 P (0/1)
TTC214 3 65 0.046 N/A
SPEF2 4 45 0.089 N/A
DZIP1 2 65 0.031 N/A
KIF9 2 92 0.022 N/A
AKAP3 2 150 0.013 P (1/2)
WDR63 1 243 0.004 P (1/1)
DRCI 1 N/A N/A N/A
DNAHI17 4 N/A N/A P (0/4)
SLC2648 2 N/A N/A N/A

ICSI: B i 57 P SRS T30 4 P: PR 1K) N/A: TE T U

ICSI: intracytoplasmic sperm injection; P: pregnant; N/A: not available.
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Table 5 MMAF-associated gene mutation information and ICSI outcomes of separate studies in France
B RABNE ISP RAFHR ICSIZE %
Gene Number of mutants Total Mutation rate ICSI outcomes
DRC2 2 167 0.012 P (1/1)
DRC4 1 92 0.011 N/A
IFT74 2 167 0.012 N/A

ICSI: YI A5t 9 BARE T35 P R4, N/A: 6] F i .

ICSI: intracytoplasmic sperm injection; P: pregnant; N/A: not available.

TR GRS, SHREQAF, MG K E T
DT, HCRL /O AR ) BE R RS T RE 2 SUW IR K
Bk R ) G SN ) B Rk B A AT O
Wi, W CEPI358{ DNAH17, EA1# S 5t ki /i
ORI ORI Fa s, (HAE G 00 R, eI RER
A GEAR SR IR R, RN O ORI T BE B
T R LA B K R R AR R 2 S, AT LA B
AFRITRAE SR, XA TIRATT AR
B DR 25 4T S M MIMLAF (1) 08 R RV I 2808, A
1179 MMAF 5838 312 43 55 S A A 200l B A=
ED

M TE 55K TRE OV %% B A (R 5 R 4 i i 2 I
ARSI, AN A AR B AT RE A I, A A o A
TR TR T HEE W BB AR TR 2 R
BRH . EILETHI MIVAR 281N R B, BR T 32
BIAR (L5 11.4%) /7 1E MIPAE Ak oh , (AR
2, BRFINFP WA N EAE R, FR
B FUIGE , 30 & A4 5 5 R W DNAH M,
DNAH6" & 3 i e SR THEZ RILES R .
T3 b I 52 1 >R U6 T g Sk 1 T A 7] 25 DR AS [ g d
FEAR AL 55, BN, 48505 USRI [ DNAHS S 5 1)
RO RS TS T R, T HERRTE, T2
HMMAFP, 57— I iR B, a4l &1 By iAe
Sc.6311-2A>GI 4 th R L H B 22 RS I8 77, SR
T, 12 5 H I Sk 0 =l e 0 e o R R 7 L A3
IR, ghAh, 5 MNST4EET X 9738 p.Q203* )
BHE R EREIRK, FARTHEZ LS R
i 14T AT MNSTRE RS R4S p.Q203 Afs* S B 34 K
TIEAR WIS R, ZArpr e tdsd,
i 22240 5y DRC1RAR F B A K 1) R B SR A7 1E
T B AMAZE (119 ke gt BUSHROR, b 22 45 W R T
BE 5 AT B2 8L TS S s, (H L3S S5 AL 47
SR FRIF AT o

4 FERE

ARILLRIR T PhORG THE 45 22 S 3 8L
(1 55K T ) A - BPFE G B s T o i S e T
(RS FHEE I 9 RS FEAR THIEZ RIESRET
S9FEFRE. RIS ERAR T LRI [ MMAF &8 (1 H
LB P DR FR 2 R A S 15 O, R I MM AF 382 4% 7% S
TEHIIE 2 I Z R . AR AR 57 5 1CSR YT
(T AR R B 0% . XS8R BN MMAF )38
A2 W ISR S AR AL TR KR , o ICSTIR YT
()7 SRR RS PEAG AL 1B (1 48 A
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