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Abstract: Eukaryotic cilia and flagella are evolutionarily conserved organelles that protrude from the cell surface. The
unique location and properties of cilia allow them to function in vital processes such as motility and signaling. Ciliary
assembly and maintenance rely on intraflagellar transport (IFT). Bidirectional movement of IFT particles composed of
IFT-A and IFT-B complexes is powered by kinesin-2 and dynein-2 motors. IFT delivers building blocks between their site
of synthesis in the cell body and the ciliary assembly site at the tip of the cilium. The integrity of the flagellum, a specialized

organelle of mammalian sperm to generate the motility, is critical for normal sperm function. Recent findings suggest that
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IFT is indispensable for sperm flagellum formation and male fertility in mice and human. In this review, we summarize the

role and mechanisms of IFT proteins during enflagellation in spermiogenesis, thereby discussing the pathological

mechanisms of male infertility and providing theoretical basis for the diagnosis and treatment of male infertility.

Keywords: intraflagellar transport; spermiogenesis; male infertility
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Fig. 1 Diagram of the process of cilia/flagellum formation and the cross-sectional pattern of the axoneme in the
acellular membranes of spermatozoa
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Fig. 2 Schematic representation of the overall architecture of the IFT complex
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FRIZR R AR SRR P L0 B A0 e kR
PER AL, X B IR RGE Y IFT140 2455 AZER
HIm6 . SERREBEML, BERNT LTI
BRE, DUASHEZSE, HEIESARN,
R H R K, KT R LR A A
IFT140 & H - A 7E IR R T 8B M Be, 72 B0k
T ek,

B A S R 176140 /)N LR 2 R AU
DRET, He R 10%M e TRz, 1
JIHH BT IE RO B 2/ U kA
B, OMEBAMEAK, TEARE M o A R g
AT A2 i B o fry SR e U8 e AT B 1140 Gk
Mammish = s fris e IFT-Saksh hE R, S5
0 2 2H 2B ) v ) Py g AR 3B I L e R B
116140 ZE45 /N ERA B Sk 1 B0 17 5L HES ) iy Bl 22



%11

A LS LT B N s RS TR R A LR BT 3 1045

WAE AR ODF FS R4 kifAk , 9l il IR 1 “0+2”

T S A R S B e £ 5T, SR AUKS -t O 8 39 A
SR TR SR BT, BeAh, 11140 BER /D BURT 52
PR 5% 1) 22 i A % A 110 B A7 A R O A ), X 3 A
IFT140 WRES5HE F &4 fE b i [ ket f2 A K
IFT140 A7 T IEF RS T A0 ks 4, RIZE
HAlEES 5 IMT i . AARE BE RS2 /NR I
K FAifer IFT140 ZRATRERZ M IMT i #%, 42
R RE B Ak B ST IFT bR, Rtk +
S R AREE,

1ft140 2745/ R RS D BE RS RS TR A 53
WG I8, RARBURMEAT, XEUEss R
HANEAFRBEWIGIKERAH 2. AEKIFTI40 5
/ANERIft140 BAG IR, RASFRAIEAAHE, B
ATLAHEN IFT140 7EMHFL SRS T & A e rh k4%
B CHAE

3.2 IFT144/WDR19RZT 5| RIETHEME L
HZEEL

WDR19 % i — A4~ 1342 & 3 R 4 WL 1Y
IFT144 #H, /& IFT-A B0 WA AR B o
ZEMEA 61 WD40 HEJFH . 34 TPR HE T
%] |14~ COG5290 £ k3 il 1 4R 45 4438 (double
zinc ribbon, DZR). Hul, AWRE 1 HH AT
BHEA IFT144 20585 L5778 . ¢ A3811G, JEEi T
BEKTREER. BEALHESFHEIEES, L
13.5% ks TIEAIE R , izt e 2iH k. B
TR ISR 2 IR T 22 HER 3R AL L “0+2 s &%
PR EIR . FEAEZS M AR R A A7 o SRE Bt
FRAEFE RN IR v, IFT144 35 26K 1 40 i 250 350 1
T2 25 Ra M, REBEFFEE, RMiE
WDR19 75 G T, IFT144 S8 SRAEAE K BB
R,

=W BT IFT140 FTIFTS8 5 IFT144
ZIAFEAEAER . FEIEFE A, IFT140 43
15T TR IS, IFT88 i Tk T4 AL .
WDR19 2875 2 | IFT140 S5 ALK 1L 50
FFEK, IFT88 M EN THE 8, 5 IFT88 Lk,
RAFRE IFT140 W RIKAKFFIEN 22 78 R 3
X R IFT144 5 IFT140 2 [ 4776 B4 S A B
YEHT . MEAh, SPAGE i THE FHEE, & 9+2"hliZ

o B — AN A, X R A ) S e R
iz sh BA mEAE VY, SRR B E R T
2 P sE 4 kB0 A, WDR19 il ] fiE 2 S35
FoMRS F o S ik, JUHUE IFT B4y, A&
A S5 H PRI R ZE L o

PIBEIFIE & B0, A2 WDR19 JE R & A8 ] S8 &
Py S £F B AL Z0RN 25 B B A8, (51 An 00 o s (1 2%
APk B BEAMNEZER AR . 2B
A= N IE PN N I ST S T (&
Ny WDR19 4528745 J 35 AU SR I R R 55 W RS
SHEMAT , SUAMRIE T B WDR19 RS £
RS ELEAIEML, 2Bk TS5 & —F
BRI R AL BRI o 45 A WDR19 58 250 3k [K 1 55
25 o7 e DR Yo il 22 54 B S ) S T AT R R
P A A2 L AR SRR ALRI A B, xR E
WDR19 4 X R7AF KA 7E C Kimifl) DZR Z5#3k,
TAZLE I WDR19 15 Ja — 45 F 3, R X 2
F BT 25 R FE RS2 . Ok, R T HEE B
B RN I AT B B AR 58 4 — 2,

3.3 IFT139/TTC21A RT3 REFLEERE
®E

I i B 2 & MRS 5 % (multiple morpholo-
gical abnormalities of the sperm flagella, MMAF)J&—
st A5 B S BN B TE RS 0 . MMAF A 1R 58 Y 55t
b, Y24 M1k, 11 60%MMAF A E0% LR B
W, ABEAEYF 22 5 A ZE MMAF 5295 A8 56 i AR KL 1
N T W MMAF BRARRENE, Liu 0% 65
2 B R PEAR T GE B DU 5 R R 1T 440 7 DY
MAWEFER =00, 4Rk A 3 HlEHERA
TTC21A XA HE R 578 . 5 — il i35 TTC21A 55
PR S A 5878 . ¢ 7T16P1G>A, LA N &
T 6 R R BT A AR T IR Y B A
R, TERIPERATZ L 55 I E N TTC21A W5
LRI 2878 . €.2329C>T, ¢.341A>G; 5 =filH& h
TTC21A #li &4 X 278 . ¢.2563del, TTC21A LA71E
TPR 4504, 3% & —A 1 34 N LR AL 1 2 5
G, EEERATHES, E Y Rk AR, R
HE B AR TPRESHIUE AA 72 T IFT 8 F v
XA EMEEMIIRE T/ EE, —BRE AR
AL T TPR PRSF A7 5 X 313
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o5 43 4

TTC21A 4wt fY IFT139 2H 4% S5k E 7 T4
RS REAN . HZ DG RN . R RS T 40 i A
KIEAS T4, IFT139 2 5K FHiEIE#4lde,
WEE 2 M S b R A AR . IR H U
TR, TTC21A AR B M K Tiz dhig )1 59
THATHZ 3N, (RS RE W FORS IR TC I B 25 5
34 TTC21A 572 [ E I I IEH L &RIK 7, LA
kRS M RO I, BT,
G - S0 R A A % A A0 RIS A R RORL TE 1Y
W2z )5y o S sEm woR, SEPARUNRA L,
Ttc21a & RIS A 58 A5 (1 PR /) B mRNA AH X Rk 7K
TR EEIE T 26%., B4 RIRIZ8 & F Tte2la 28748/
B W A s R 22 57, (0 78% Y 4l & 58 A8 A
PN ERARE A T,

KT B9 EE h/3k (capitulum) . 54 (segmented
column) L v LR A AR, FERZEER B /N 55
Ui AR, R IEHEVE R, 1A A A Rl 3 s
ki, RS B ODF Ml . Hhoc k25 A Al
B2z L 20, RS T R A RUE R LR O ZE i
MRS A AE K . ODF [Hl4ekhss, S5k R
(R LI [T 6 56 o S 1A R IR HE IR f 48 7E ODF 4ME
B B, R LRI B R v A — )2 BUR AR 45
F, FRER, X Tte2la 28748 /N B 52 AURIIT 52 2 s 1)
K FIEER 0 R, UK T 41 i 78 28 % A &
BB, (AFEERME PR, KT
BOY Bk AR W, SRR A H, WA Sk
AR (14 5, 1R B 198 7 2 7 0 R B R e, iE— 28
SECLREERESR . BRILZAN, BT WL
AP T R IR, BIans R MAEHESZEEL . h
RS EK L BEAE RS MK, X
H AR IE FOL B T R B RS 73k B i 5w
WG, MWAZEARE B FI/N BB B B 52 45 SR n]
DI, IFT139 PR ik b mT 5 B4 K ) e e i DA 1T
FIRAFN,

TTC21B & TTC21A W[RIEYY, WO 4 fith Y 24 5%
BRI AIRITEZ R 50%, FFHA 11 NHHEIE TPR
ik, TTC21B e R A7 AE, JLge
AR AP BRA OC, BIAN R Kk Btk BNk AL |
Joubert Z: 4 1F . Bardet-Bied1 £ 4 fiF .NPHP #1 ADT,
HR L5 B PR F SRR 4R, TTC21A
FEEILAL PSR RIE . TTC21B {551 LIfE

ARG /0N A Y R 52 AL ) o 4 i g I 21, TTC21A
SR 0 AT TE R A 2 VDRGSR . ML IDIRG B) 4H
BG40 i Fn KB A T 4 b 91, TTC21A
TTC21B 27 RIATA Syl ] TTC21A 755 1%
K+ kA BA R R rETRE

4 ghiES g

ARSCEER TR IFT HLEE A T & AR 1Y
IFT HEH, HIEH R/ NRA 2 LR . K
FHESE NP TR, HTARESZRR,
M HE R AL = ER, AT R = 5
SARF, FWIFT EEXHERE NS TR EET
e B EEE, MR R ENITER T &4+
VISR 7 2 R 8 MLV o B XK 7 e A 3
P HLH R ABR S, B B REBEARFRE
I A (R A7 B R, T RN U
PERY IFT140(1ft40) . IFT144(1ft144)F1 IFT139(1ft139)
FRRL 2 AR AR, /NSRS IF S IFT 7E AR
BT RER, LN BT SR 2 W
F AT B T S0 SR A BRI AR 4

IFT B4 22 IR, 48O 10
A FE L Sh RS K A B E T T
HA 124 \FT O R ENLGIE A fF i — 2205 . |
IFT #RBLE, AT HE T RERREEE T
XFAFT BHAEL, (EXF IFT & AR I S A 48 1 Fn 454
A B EAR DI REAT SR BT L Ao IFT AU —4H
DLz i o A S AL %, R INE 2R R %7 1F
K& AR BL, IFT B ) ] Fpoy s BL45 G
KAEVE,, A MRIIRER IFT B 2z AR 106,
IFT 25 A 5 1) 32 50 B2 0 (0 WL 258 o8 o — 2B A 9
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