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(=] af  HFiT5Hk FE (asthenozoospermia) 170 55 %5 i (oligoasthenozoospermia) 8 #4571z Z 4 2 HE H
it} 7(ubiquitin specific peptidase 7, USP7) {1k LS5 BYERFWAINE, F ek BEHLEEGRS T ERERCF MRS —
B e A B A A8 PR A O R FRE R 120 4L AR A 2010 AR A H AR A TR TR S 50H BT - L5 RS -k 5 s Bl

SO N TS FREL (A 41 37 ] /D5 T4 (OA 41D 26 B IE 7 K T (normozoospermia) 21 (N 41)57 ], R G52
Yot R (R ELE LA USP7 76 K T i A (5 2281k IR THIDEHE A . 48R USPT @ THE TR b B R 3
B, 5 N Z1(1. 63220, 76) AL, 72 A 41(0. 8620, 53)5F OA £1(0. 6240, 43)K5FH USP7 B (M F35 FRE(P<< 0.01)., &4
K43 M, USP7 38 UK 58 TR BE (r=0. 455 0, P=0. 005 3) \{ii 38 38 T 0 /3 (r=0. 431 2, P=0. 008 7) FlELiF 5 %
(r=0.443 8, P=0.006 D EIEMIE. £  USP7 ik F -5 IR T8 1 Rk B FR KA 56, LT VR N VEAh 53 A 3 0 35
bRz —.
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Correlation between ubiquitin specific peptidase 7 expression and male infertility

WANG Mei-jiao'* , YU Ting-he', HU Li-na' , CHENG Zhi*, LI Min', GUO Qian-wen'

1. Department of Obstetrics and Gynecology, the Second Affiliated Hospital, Chongqing Medical University, Chongging
400010, China

2. School of Basic Medical Sciences, Chongging Medical University, Chongqing 400016, China

[Abstract] Objective To investigate the expression of ubiquitin specific peptidase 7 (USP7) in the sperm of infertile man
suffering asthenozoospermia or oligoasthenozoospermia, and to explore its role in the pathogenesis of male infertility.
Methods The semen samples were obtained from 120 donors attending the Fertility Clinic, the Centre of Reproductive
Medicine, the Second Affiliated Hospital, Chongging Medical University. The sperm specimens were divided into
normozoospermia group (n=57), asthenozoospermia group (n=37) or oligoasthenozoospermia group (n=26) after semen
analysis according to 2010 WHO standards. The localization and expression of USP7 were examined using immunofluorescence
and Western blotting analysis in the three groups. Then the correlation between USP7 expression and sperm parameters was
analyzed. Results USP7 mainly localized in the middle part and main part of the sperm tail; the USP expression was
significantly lower in asthenozoospermia group(0. 86 0. 53) and oligoasthenozoospermia group (0. 62+0. 43) compared with
normozoospermia group (1. 6340, 76, P<C0.01). And USP7 expression was found positively correlated with the ratio of sperm
moving forward(r=0. 431 2, P=0. 008 7), total motility rate(r=0. 443 8, P=0. 006 7), and sperm concentration (=
0. 455 0, P=0.005 3). Conclusion The lowered expression of USP7 is related to the reduction of human sperm motility and
concentration, indicating that USP7 expression may serve as an indicator for sperm quality evaluation in infertile men.
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FVERE &R B2 2 X HE R 3
H ETE SR TAE AL SR TIE R R BT 1
A LB (EH D 2 % R ML AN ¥R ™
#1297 BYEARTIE R IG KLY, BT T A5 B 2
K

R KA — DR R S 2% BRI A0 240
e B VF 2 W58 R BT I F b 2 R -2 R A
Z 4% (ubiquitin-proteasome system, UPS) k¥ T &
BREAE R KR Az R A IR R AR TR
R AR BT R B 2 R
i 7 (ubiquitin specific peptidase 7, USP7) /42
JREE A G PE 2 R 45 7 M & 1 B Cherpes virus-
associated ubiquitin-specific protease, HAUSP) J&
UPS Wy ZA A . USP7 J& TR & iR & A
fifi , 2512 Z AL % % (deubiquitinases, DUBs) Hr
7R K5 B MRS &K % (ubiquitin specific
processing enzymes, USPs) {¢ 5 % i i1 2 —, T i
PAFEEAN AL PN 22 BRI 00 7 TR PR FI T RE L 7E N
RV 2P R B T R E AR . B,
WAL Bt USPT 235 5 5 | S e 11 1 1 <
TR RS USPT 5 B E 1M B 54K 2
UTH Amaral 2550 F i 5k D0 5 5 R0 USP7 2
BT E MR EA EREADTE . AR
SR FH )32 e 5 e Y (AN A 13 o B 8 i A 2 K F
5T USP7 755K T4 (asthenozoospermia) F1/0 55
¥ ThE (oligoasthenozoospermia) £ FH 45 1 H I 2V
5 kA8 1k . 3%t USP7 ik 5K S Btk 17
TAHSCHE T s B AEER T USPT 7855 P A 5 90E &
AR IIRE

1 #EF7IE

L1 #rstgham frARET 2013 4F 11 H
£ 2015 4F 3 H H PREE R} R e 2 R Be 117 )
ARFR R L S Y B RSV HRBRVE Zh RE R A5 4
Kkl ok | B s2 RIS IR | RS2 58 | SR OL R SR IE
SEPRI, HEHLAMEL 120 6], i A RS & 258k 3~
7 d, FRERERRBT BB ARG ET 37CK
AN RIS WL RS B 12
#r (computer-aided sperm analysis, CASA) , #¢ iR
BT A2 (World Health Organization, WHO)
T 2010 4 H R 2R FCRRCHE SR TLAE 4R WA

A 5 AL PRS2 T ) HEFE bR UEHEA TR W S 8K
I KX 120 1) 55 PERS W 43 Ry 3 A s SR i 4
(A 2137 $i](30. 820) , 55 kG T 41 COA 41) 26 ]
(21. 7% . IEH ¥+ (normozoospermia) 28 (N £H) 57
(47, 5%) . AHIEIE 3R AR B B = 22 0 B DL it
U A bR A S O AR A M [

1.2 SEREmiis e 8 USPT BT+
R AL S IR G g A0 A 2 BORT Ak 3
KGR R BRRE 3 2= T 45 20K 0 B )5 P T[]
SE s AZRIRT BB 30 min, PR ZE MR TR . FIR
1 h JEhn—4t USP7 S Z seEdifk (1 = 100; 4%
5 ab4080, & [E Abcam 4] .4 CHREGHI K. PER
R R S5 S T n — Pt (Alexa Fluor 488 #1ic
IgG,1: 2 000), iR THFE 2 h, PESZE MR %,
HLoe R E 7 (& DAPD $f )5 750G T 5 f
EAC G S

1.3 FZaepidikten USP7 a4k T o9 ki N1
Kl USP7 2 43 3IHE NVALOA 418 F i Ri5,
S AERIGX 3 A B SR L T R R S A5
B 50 pg Kl s AR T o S IR - 2R A s T
BERE LYk (SDS-PAGE) 4355, 56 8, HI 25 5 0 AR 5
¥ TBST ZZpfiRAE = IR E A 2 h JFhn—4#t USP7 f
ZEPUA L 2 1 000), B EH o(atubulin) i
& (1:5000; 5% 5 ab52866, 3% [E Abcam A ),
ACHFE R TBST BB, S8 5 m =t (B ot
AACPIBEFRICH PR 1gGy 1+ 2 000) H IR 7 45
min, YEAR , fiefg KOG R

1.4 #%itsa2® W GraphPad Prism 6. 0 41t
BTG . SERBHRERI DL o ts R, 3 A
A PR AR T LR 3R 22 43 AL [) TG L AR
JH Bonferroni i ; A 3R 0T R H] Spearman %, £
KK #EC) A 0. 05,

2 % R

2.1 MRFALSN  SRERERSERIGE S, 5
N AL, A T OA ARG+ SR EE L ETS 336
RIS A R ANEE TR B /3R B EL(P<0. 0D,
H 3 AR 2 R G247 L (P>0.05), 5
A FAAEL - OA 21 BAE 1 B0 MR RIS sh R 39 F
R (P<<0. 0 R I3 3l A 70 %R WIS H 43 3/
R ZEF G EN (P>0.05) . WE 1,
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Tab 1 Analysis of semen parameters of the subjects included in this study

xEs

Subject parameter N group n=57 A group n=37 OA group n=26
Sperm count (X 10°) 229.6+75.7 134.5+66. 3* * 16.3+11. 2% 44
Sperm concentration (X 10%, mLL~1) 70.4+11.0 50. 619, 5% * 6. 743.3* *AL
Total motility (%) 85.6+3.8 44.7+7.6%* 34,9118 * AL
Ratio of forward moving sperm (%) 54,3+9.5 11.74+6. 7%~ 11.2+6. 4>~
Normal morphology (%) 7.1+1.4 3.5 7%~ 3.2+£1.7%
Age (year) 31.8+3.6 31.6+3.4 31.243.8

N: Normozoospermia; A: Asthenozoospermia; OA: Oligoasthenozoospermia. * * P<Z0.01 vs N group; &4 P<C0. 01 vs A group

2.2 USPT Za EAMT P& 4 TB., 5 NAML, USPT HEE AH OA 4]
ALV Hr & 2R (1D BR USPT (50 K178 ik 2k (19 B o8 wp B A0 32 B i) 2l o J3E
PO EALAE NG T R Be CRLRLORARED A B s sl ok

DAPI USP7

B 1 E#EeBELRE~EN USPT ZEMEN
Fig 1 Localization of USP7 protein as assayed by indirect immunofluorescence
DAPI: 47, 6-Diamidino-2-phenylindole; USP7. Ubiquitin specific peptidase 7; N: Normozoospermia; A: Asthenozoospermia; OA;
Oligoasthenozoospermia. USP7 protein (green) was localized to the mid-piece and principal piece of sperm tail included the site of the

mitochondrial sheath. Scale bar=10 pm
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2.3 USPTRa AT IR EKTE EH
Jo B 6 v A 45 R (B 2) s . 5 N4 (1. 63+
0.76) b %, A 4 (0. 86 + 0. 53) 5t OA 4
(0. 6240. 43) H K5 T USP7 3% 3k K B AR, 22
S E L (P<0.01), iS5 AHHIL,
OA ZHrhks 1 USP7 1Y 3R A K- F K, B 22 57
Giit2# L (P>0.05),

2.4 USP7 %& & /K-F 5 ik & A 40 X 5
#r USPT7 I RB K- SRR LS B A G
O3B FE (B 3) R USPT 8 [ £ 357K T 58 7
B (r=0.455 0, P=0. 005 3) . H i1 3 & 43 %
(r=0.4312, P=0. 008 7) Fl S 1% 8 & (r =
0.443 8, P=0.006 7)F1FH %,

Mr(X10%) N A OA

130 - UL user

A

3r
2+

* %

! Lo

0 B
N A OA

B2 FZBRELESHET USPT EEHIRIE
Expression of USP7 protein detected using Western blotting

Relative expression of USP7

Fig 2
USP7: Ubiquitin specific peptidase 7; N: Normozoospermia; A:
Asthenozoospermia; OA: Oligoasthenozoospermia. ** P<C0. 01 vs

N group. n=12, 7=+s

100 100 1 e 80
= =
£~ 80| & g _60 " .
=] = =% [
549 60} g 5 a8 »
2. g E E40
§2 40 g p. P 2
lad E L, °, 1=0.4438 ® "ok u a 7—0.4312
2 24 - P=0.0053 E Ve *4 P=0.006 7 8 a P=0.008 7
T U PP BN - CU - T
1 2 3 1 2 3 1 2 3

Relative expression of USP7

Relative expression of USP7

Relative expression of USP7

E 3 USP7T EARIEFBRSHHEXMESH

Fig 3 Correlation of USP7 expression with sperm parameters

USP7. Ubiquitin specific peptidase 7. A: Correlation of USP7 expression with sperm concentration; B: Correlation of USP7 expression with

total motility; C: Correlation of USP7 expression with ratio of forward moving sperm

RIS &

USP7 & DUBs 1) USPs A Z—, ]
AT A pEMAR b, GFE2MEWEA, &
UPS B ZH A", WM Rz ZIFET
VEZBmh  JULAM R S o BB 1R 2R R
USP7 25 7 & (8 HUK P IR 4, 6 78 g i &
A R T it i e B0 e ROV R T A 4 i sl 2
SIS [N [ T 222 AN [ 1) 2B 2R o

10 3 R B2 R A RTBT & F0 B VE A )
(Y EE LR R, WA TE B B 2% B0k 55 0KG i /0 55 4
FE . Kon FEHE  ws p7 HEDH FIBR/INER B B
BIEIREEE U B HAE R IR IR & & bl G B
. Luo %08 B 5% & ¥, SCML2 (sex comb on
midleg-like 2) J&A4 5l 20 Bl FF o G 8 5T AH DG 1 RE
5 USP7 M HAE M, I-# 55 USP7 2K B 41 g XY

i, SCML2/USP7 & 4 A BT —F8T 16 43+
145 DA S5 D R 0 SR R s e e A 3 U0 338 £ bR
. HETMA T USPT 555K T-5E fl20 55K 7
E FAHSCHGE . ARG R FH IR) 42 G 28 7R B R T 2R
15T BRI 52 AR AE B K58 T USP7 76 1E A
T B RE AN 5K FRE RS P A1 TR
kAR IR T USPT 5% 736 1 Fnvk B 1o 40
Kbk, AR, 5 NAIAHLEL, A 4181 OA 418
TR BB R B L SIS BRI 0 I8 B H R
B (P<<0.01), [AM4%AREF L5 R R, USPT
FENAG T B3R b BRI 2 B AL FR LR A , 4 Ly
RESRE T8 ARG, AWF9RiR KB USPT 78 1 2
PRI TNEE S8 U H IR A SORLIAE 28 F 45 4 57
WIORE T RB D 78 A HEL OA HBRFHE T
TSR I BIRAL, TR IE M 5
WA EOE T2 S AT, X st — B U] T USP7
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WKW 2016 428 H.55 37 %

BB B sl 0y, SR IG T DA G
BN AW IR KB USPT 7045 T h A #eik . %
52 HiIE R USP7 32 %85 e A0 i Az A — 2L,
A REAE F LA A BLVE B AL RS T
LT A% Y USPT #4021 1 40 b, th il fE
Al s A 2 a i 22 0

v Fsf 860 11 I 0 30 A 0 245 SR E 52 1A o
USP7 (3535 . 5 N 4RI 7E A 210 OA 2 )] it
REAIR(P<<0. 01, A FFREY]HEFIE LT Al fig
SR ORI RE B 7 A ORI RS AH DG, T RE 2
H A PR B WE BT i i . USP7 & A7E A
A OA LB ENE T IR IBIKF-REAR, AT BB 23 52
LRLUR 25 H T8 B RE L 7 A FUR S e 58 i)
BYER A FRE J1. BEAR, AH DG A AT 25 R R
USP7 5 H/KF- 5085 W BE RS + S0 2l 28 FH R )
BHE SRR ML (P<0.01), XUy R
Amaral S5 IE Y O F i w H R S AR T
G A OC By 2 1 USP7, 75 350 T h i R8T
IEFEFIRBENEIEEA — k. Fik. JA1H#
TN 50K 7306 07 L W BE S8 R O 1 53 MEAS B 1 R
HFEARE S USP7 #3553 H X

AR USP7 1EXE I8 UM I D BE 1 AT A L H
VE Ry F0z R A I — Tl B 3 23 A 45 ) RE T 52 i)
KT I 4% 8 A W7, USPT &5 517 R AL
AP FH TR IS 4 36 1 I i QI 5 1 e e EE T
N EEALSE . AR KRR USPT ZH#AER, o)
FECLE 3 Dl R AR L DA T R 45 A0 N HE
JER K I m LT g, PR, FRATTHED . 5 N 41
MG FE A 41 OA 41K USP7 Rk i 3 TR,
1t/ USPT & ¥ Lz RAGERVE R A vl Refli i 2
V1A B B R R A AT 5 B8ORS 7 & A e R v 45 SO
T PR B KT 2R A T e A
F g AR, X AT RE AL 5 R 559 8 FRE (FD 2/ 55
R FREAE 718 F1CF AN (O W EE R DI R 22— .

5% & L, USP7 BE 8 #% p53-MDM2 (murine
double minute 2) 3@ %, USP7 B0 H460 41 i GE
PEHEPE T 2B USP7 AT 2 5T 5. A
H A A OA 2 USP7 Jli /b i) BB 25 3 3i0kE 12k
KLARSZ 0 BUTRS 12 2016 71 F B fEXE T R A 1,
JAT- AT AR P4 180 . i OA 21 USP7 Byt
TR VR AT B2 3 B0 BE AR T an i 1,

TS SORS - BEDARR . FRAT T, AR 11 18T
USP7 AJRERZ W A 5 20 M P 2K 1 K F- R 6
MRS SR T AR T, k. BB
IR BRI BILH A ) T 75 S5RG 5-0E A S5 RG T4 &
A8 FLE » Xk S50 5 0E A D SR AR 2T B
HET L.

B ARFEIESE, 5 1R # K AL, USP7 78
R E A/ S R E R8RS Tk ]
% USP7 S /K585 1 RE 2h 2 R 1)z 3l 1 7
UL BRG TR L IEASG . FRATHEN USP7 ik
AR 2 UG T~ SR A b FORS 40 o U T BIL 1 3
AR RE 116 1 T B ARG i B
A FE S TR R KT USP7 A A Sy i 1 K 98 ok 12 A
FVEAT IR — Pl &R .

(£ % X k]

[1] BOSE R, MANKU G, CULTY M, WING S S
Ubiquitin-proteasome system in spermatogenesis [ ] |.
Adv Exp Med Biol, 2014, 759. 181-213.

[2] BAARENDS W M, VAN DER LAAN R AND
GROOTEGOED J A. Specific aspects of the ubiquitin
system in spermatogenesis| J ]. ] Endocrinol Invest,
2000, 23: 597-604.

[3] BEBINGTON C, DOHERTY F J, FLEMING S D.
The possible biological and reproductive functions of
ubiquitin[ J]. Hum Reprod Update, 2001, 7; 102-111.

[4] SUTOVSKY P. Ubiquitin-dependent proteolysis in
mammalian spermatogenesis, fertilization, and sperm
quality control; killing three birds with one stone[ J .
Microsc Res Tech, 2003, 61 88-102.

[5] GIOVINAZZI S, SIRLETO P, AKSENOVA V,
MOROZOV V M, ZORI R, REINHOLD W C, et al.
USP7 protects genomic stability by regulating Bub3
[J]. Oncotarget, 2014, 5; 3728-3742.

[6] NICHOLSON B, SURESH KUMAR K G. The
multifaceted roles of USP7: new therapeutic
opportunities| ] |. Cell Biochem Biophys, 2011, 60(1/
2): 61-68.

[7] ZLATANOU A, SABBIONEDA S, MILLER E S,
GREENWALT A, AGGATHANGGELOU A,
MAURICE M M. et al. USP7 is essential for
maintaining Rad18 stability and DNA damage tolerance

[J]. Oncogene, 2016, 35: 965-976.



5 8 1. I AF RPN 7 1RSS5 B A E IR

+ 991 -

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

ZAMAN MM, NOMURA T, TAKAGI T,
OKAMURA T, JIN W, SHINAGAWA T, et al
Ubiquitination-deubiquitination by the TRIM27-USP7
complex regulates tumor necrosis factor alpha-induced
apoptosis[ ] ]. Mol Cell Biol, 2013, 33; 4971-4984.
FANY H, CHENG ], VASUDEVAN S A, DOU J,
ZHANG H, PATEL R H, et al. USP7 inhibitor
P22077 inhibits neuroblastoma growth via inducing
p53-mediated apoptosis[ J]. Cell Death Dis, 2013, 4;
e867.

AMARAL A. PAIVA C, ATTARDO PARRINELLO
C, ESTANYOL ] M, BALLESCA J L, RAMALHO-
SANTOS ], et al. Identification of proteins involved in
human sperm motility using  high-throughput
differential proteomics[ J]. J Proteome Res, 2014, 13;
5670-5684.

WANG M ], OUJ X, CHENGW, WU J P, SHI H
J, O W S, et al. Does prohibitin expression regulate
sperm mitochondrial membrane potential, sperm
motility and male fertility? [ J]. Antioxid Redox
Signal, 2012, 17 513-519.

AMERIK A Y, HOCHSTRASSER M. Mechanism
and function of deubiquitinating enzymes[ ] ]. Biochim
Biophys Acta, 2004, 1695(1/2/3); 189-207.

VENTII K H, WILKINSON K D. Protein partners of
deubiquitinating enzymes[ J ]. Biochem J, 2008, 414;
161-175.

KOMANDER D. Mechanism, specificity and structure
of the deubiquitinases[ J]. Subcell Biochem, 2010, 54
69-87.

REYES-TURCU F E, VENTII K H, WILKINSON K
D. Regulation and cellular roles of ubiquitin-specific

deubiquitinating enzymes [ ] ]. Annu Rev Biochem,

2009, 78; 363-397.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

REVERDY C, CONRATH S, LOPEZ R,
PLANQUETTE C, ATMANENE C, COLLURA V,
et al. Discovery of specific inhibitors of human USP7/
HAUSP deubiquitinating enzyme [ J ]. Chem Biol,
2012, 19, 467-477.

KON N, KOBAYASHI Y, LI M, BROOKS C L,
LUDWIG T, GU W. Inactivation of HAUSP in vivo
modulates p53 function [ ] ].
1270-1279.

LUO M, ZHOU J, LEU N A, ABREU C M, WANG
J, ANGUERA M C, et al. Polycomb protein SCML2

associates with USP7 and counteracts histone H2A

Oncogene, 2010, 29.

ubiquitination in the XY chromatin during male meiosis
[J]. PLoS Genet, 2015, 11; e1004954.

NATHAN ] A, SENGUPTA S, WOOD S A,
ADMON A, MARKSON G, SANDERSON C, et al.
The ubiquitin E3 ligasse MARCH?7 is differentially
regulated by the deubiquitylating enzymes USP7 and
USPYX[J]. Traffic, 2008, 9: 1130-1145.
MURATANI M, GERLICH D, JANICKI S M,
GEBHARD M, EILS R, SPECTOR D L. Metabolic-
energy-dependent movement of PML bodies within the
mammalian cell nucleus[ ]J]. Nat Cell Biol, 2002, 4.
106-110.

PIASECKA M, KAWIAK ]. Sperm mitochondria of
patients with normal sperm motility and with
asthenozoospermia: morphological and functional study
[J]. Folia Histochem Cytobiol, 2003, 41 125-139.
ZHAOGY, LINZW, LUCL, GU]J, YUAN Y F,
XU F K, et al. USP7 overexpression predicts a poor
prognosis in lung squamous cell carcinoma and large
cell carcinoma [ J]. Tumour Biol, 2015, 36. 1721-
1729.

(AxxHmig] WERI



