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Effects of nerve injury inducing protein 2 during ovarian development
SHANG Yanxing,ZHOU Meng, E Qiukai, ZHANG Xiaogian,ZHANG Xuesen"
State Key Laboratory of Reproductive Medicine , Nanjing Medical University , Nanjing 211166 ,China

[Abstract] Objective: To construct nerve injury-inducing protein 2 (Ninj2) knockout mice and study its role during mouse ovarian
development. Methods: We generated Ninj2 knockout mice by CRISPR/Cas9 technology, and detected the role of Ninj2 in mouse
ovarian development by HE staining, immunofluorescence , in vitro fertilization (IVF) and lipopolysaccharide (LPS) exposure. Results:
Ninj2 knockout mouse model was successfully constructed. Body weight and detection of related biochemical indicators showed that
there was no significant difference between Ninj2 homozygous knockout mice and wild-type mice ; HE staining showed that there was
no significant difference in follicular development between Ninj2 knockout mice and wild-type controls at all levels in newborn and
adult ovaries; IVF results showed that the early embryos of Ninj2 knockout mice developed normally; LPS had no effect on ovarian
development in Ninj2 knockout mice. Conclusion: Depletion of Ninj2 does not affect the mouse ovarian development in normal

physiological or inflammatory condition.
[Key words | CRISPR/Cas9;Ninj2;ovary development
[J Nanjing Med Univ,2021,41(04):477-482]

T e i - = A - B S A (hypothalamic - pituitary - (gonadotropin-releasing hormone , GNRH ) #1 2 5T /31
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Ninjurins Z 586 143 T 4 16~27 kDa, 7ENFL
L7/ Ninjurinl (Ninjl ) i NinjurinZ(Nian)W/l\
B, P SR RS I B K DX MR8 4 Ja, 24T {2
HE T 4R AR AR 2 s g on R A KT
Ninj 1 ] Z A T AR TR 4L Rl 2 B |
BRI, T HABZH 2R TE U Dl g vh A
YER, Blanth 20k & DL e 2 AR Ninj2 78
R SR LR ER L 2w il /E L 2w Ve RO E e ot S
HAPZA5 055 Ninj2 7E5E7 20 ik B aid
25 1] PubMed %040 %2 % B Ninj2 & PR 78 019 5 v i 3%
ik, FATHTI Ninj2 1] 62 500 48 R Go ) O S T fiE
IR . PR, AT 52 M08 i CRISPR/Cas9 £ A
R BRI BUBERY , BF 5% Ning2 767N R0 8% 5 i
P

1 #HRFTE

L1 ##

C56BL/6) /N B 37 T B 5t BE B} R o S 56 sh )
O (FILHES 5 TACUC-1705008 ) , 42 HE IG5 9 S
PR (SPR) 251, Z M ARAFTE (23 + 2)°C, X
JBEAE (50 = 5) %, /NBRIFR T 12 hEIERT 12 h R E AL
BIWEE . I A shi g 2 o BE R R 2= S0 5 3 )
FEAE T A 22 51 2t

TRIzol . SuperSeript Il JZ %% 5% [ (Invitrogen 2y
A), 25 E ) ; SYBR Green Master Mix ( B 7L Vazyme N
Al ) IR AE (R 53R | ) 3 DDX4 HT44 (1:200,
Abcam A ), S [H ) ;5696 —HT Alexa Fluor 488-conju-
gated AffiniPure Goat Anti-Mouse IgG (H+L) (Jackson
ImmunoResearch, 35 [H ) ; A% UP 45 & (human tubal
fluid, HTF) . Embryo Max Advanced KSOM Embryo
Medium (KSOM) (Sigma 22 w1, 32 ) 5 4= L3 125 1
(bovine serum albumin, BSA) ( 2 3E N F]) ; 906
i fﬁ P R 3 ? (pregnant mare serum gonadotropin,
PMSG) . A48 A2 PE IR 3 (human chorionic go-
nadotropin, HCG) ( T B E) ) EDTA FU &
B (L3 7 K ) s DAPI (Invitrogen 23 F) , 2 ) 5
LPS(ALRURIE AT ) o PCREIW) K sgRNA J¥51] 1
H1 2 RE A WA .
1.2 Fik
1.2.1 #dairk s RAEAR

WUSAE C5TBL/6) /N 6 HLCHEME2 HL, M4 H)
FAIEE Ninj2 fibR /N AR, 511 seRNA JFF1], sgRNA
-F:5'-CCAAGAAGAGTGTGGCAGAGAGC-3",sgRNA

-R:5'-GCTGCAGCAAGGGCCATTCGCGG-3', CRIS-
PR/Cas9 TEAARSME S L e S AR SC 3 fradk >
4 Cas9 mRNA Fll sgRNA [A] B {3 5 21 & - HH 32 K5 1
ARG B BB 2R/ R TR R 2GE I e A R AR
W /N B2 T ) 38 LA 38 275 i B /N R

122 ARABERE

55 BN U BE 1~2 mm 3877 3 R 795 5 | Ning2
LR A E S MU, msNinj2-F: 5'-GCTGTCACT-
GTCACCCAAGA -3’ , msNinj2 - R: 5’ - CACCCAT-
GGGATATGAGGAG-3'., PCR W £544:95 °C 5 min
AR 595 °C 30 s 281, 56 °C 30 3Bk, 72 °C 30 s 4E
i1, F 5 40 MIEFF ;72 °C 10 min & HEf ;4 CIRETF .
1.2.3 %8 EZ 2 PCR(qPCR)

JH TRIzol $2 B )N B BP 5L & RNA, ] H] Super-
Script I [z %% 5% B % 500 ng &L RNA S [w] 55 5% A
¢DNA ; {#i [l SYBR Green Master Mix #E47 3 i 9 Y658
i PCR K il 35 PR a8 O o Ninj2 L5 4:5 -
GCAAAGTCCTGAAGGATGCAC-3', FifgI ¥ .5 -
TAAAGAGCGCCACGTCTAGC -3’ ; GAPDH I i 5
¥y .5 - AGGTTGTCTCCTGCGACTTCA -3, F i 5l
Y : 5" -GGGTGGTCCAGGGTTTCTTACT -3' , i Ji
ABI 7500 {45547 PCR )21 : 95 °C 2 min;95 C 30's,
60 C 60 s, 40 MG ;4 CHAF . FHAFEMYER
3R . MG 244 14 Ninj2 mRNA ik i,
1.2.4 4RI %45 (in vitro fertilization, IVF)

34 JE s ME BRLE 5 5 PMSG 546 h 5 1 5 HCG,
PRI AP AR BE 2K L TH 1R DL S KSOM #5 7 i 5
HCG ESTIE 12 h A2 Roks 13K B8 , AR 2 S ks 5
RS F AR BEW ARG FRFAARBE 1.5 h; Wi
BT R W B A A A B R, SR B e B
ERGIH  (HB1 b AT 1, B 2 32 AW s W AR
(A T IS ~10 WL KSR SZ RS , 12 B[R], 52
K 3~5 hm , WEEZAE O, K 320G ONAE TR s Ve s
% N KSOM BE T , A SE S h i A TG 5%

SRE M2 SZAH W - F% I HTF 1 mL+0.01 g BSA [
U B A TRR LT, I HETR 2T, 0.22 pum JEAR AT T8 o
125 HE#&

H Y] 7 Wiss 7K AL JE FHAZE K I 8 3 K, BRIR
5 min, SRIGTEIARZE TR YL 2~3 min, LYY 4 min,
TR EETAE A S P AR F o
12,6 SERALEE

B 5% I B O S 20 2 AE 10% v VE AR R SR T
g e [ E S . A SRS S wm R i S D)
Fo VIR 84T s K AL s EDTA s 52
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95 C/KHHMER 20 min, F ARV HIZ 2 PBS Bk 3K,
WS mins A5 H 10% 1L12F L 2 0B 2 hs 42
R R T EZ240K 50 N 10% 12F 05 R 1
—HUDDX4 E TR AN, 4 CIWH A H , I PBS
W UV A JE SRR DOt — DA IR 2 h, PBS
Pe 3K, B S mine DAPTH A% 15 min, PBS ¥
Ve B IR AT B o OISR AR B U
KR

1.2.7 505 % #2 (lipopolysaccharide , LPS ) 2 5%

6 Sl AP A B N BRI S A N 5
AT 100 pg I 75 ADEZE LPS (T 100 plL2E
HRERAK) AEFELLS d 2 14, SRAb 3 4 7K, 7E B
J& — KA BREE 1) 2R 5 RMORE A TR DI AR DCHE A7
308 3 4 HIR R BT P9 77 2R AR /0N B 4 i, 2 i
Jo o B3 B LT , AP 0 A= A SRS A DG A= Ak 4
¥, BLFE TN B R 2 LS 20 (alanine aminotransferase ,
ALT) (R[4 &R 2 3L 5% # T (aspartate aminotrans-
ferase, AST) . JR 2 & (blood urea nitrogen, BUN) | AL

terol, TC)  JJLEF (creatinine , CREA ) 4 Bk 4% T (y -
glutamyl transpeptidase, GGT) . % 4 ¥ (glucose,
GLU) . /= %% £ I 25 11 I8 [5] B2 (high density lipopro-
tein cholesterol, HDL-C) A% B fis & 1 AH &1 B (low-
density lipoprotein cholesterol, LDL-C) |, FLM& i &
(lactate dehydrogenase, LDH) . i %8 £k 47 5, A6 B (su-
peroxide dismutase, SOD) | H il = 5 (triglyceride,
TG) JRFR (uric acid, UA) , 3 14 TiFEHR
1.3 %itFs%

U SPSS19.0 X £idls #EATSE o0 , 5 Kt
FH B PR e (2 2 5) , PREH R U BCR ] e K 56, 22
I B IR R Ty 220087, P < 0.05 M 2257 A 52
E-8'4

2 &% R

2.1 ##Ninj2 £ B 3k R
i 1 qPCR X AN [A] 41 21K U5 %) Ninj2 mRNA 7K
AT TR, 25 2R 5 8E PR — 2, Ninj2 72 5P S

iR T4 Btk (creatine kinase , CK) . &2 JIH[& B (total choles- EFIA (K 1A) . BT, f&Bh CRISPR/Cas9 £ A Ky 43
A i } gg B Ninj2
X - ) ) mhmmm ) ) e
%120
%5 100 /
80
% 60
a 40 sgRNA-F sgRNA-R
g 28 ATGCCACCAAGAAGAGTGCTGCCCAGACAGCATGCTAGACGTGGCGCTCTTTATGTCCAATGCCATGCGGCTGAAATCAGTGCTGCAGCAAGCCCCATTCCCCGAGTACTAC(WT)

O I il T B
B

C 9 2 3

ATGCCACCAAGAA::::zszzoirroorzoirzns

DrriiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiciiiiiiiiicciiiiziziiiiiiiiziociiiATTCGCGGAGTACTAC(-81)

Ninj2 mRNA k7K
o o
(e £ o]

Ninj2*  Ninj2™"

A :Ninj2 JEFETEAR RGO (n=3) ; B: Ninj2 FEH SR , B0 N RIZE R sgRNA BRI 155 C: PCR % 4 iM% & 38 e 7%

RN B o 1 .3 4 5/ NEUN 2B 1,2 5 N4l &1, WT: Ninj2 BF2E B HZ: Ninj2 2441 ;D : qPCR BIE Ninj2 i

'P<0.001,n=3),

BRI (PI2R LA,

El1 Ninj2 BEERIEERLSHR/DNREE

Figure 1 Ninj2 gene expression and construction of knock out mice

T Ninj2 B B/ B) o X4 R A=/
F(G5 R 1~4) AT RE R RS |, IR 45 qPCR A
Ninj2 FEBRECK (K 1€ D) , 45 SR IE Ninj2 @Bk i
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2.2 Ninj2 8 R4 G & A 547

TG, FRATTH 6 JE il B A= BURN Ning2 #0045 w5
A5 L, ali G i BRLR SR L 5 Y AR AL/ BRUIG

i 22 5 (3 1), 38 5 5 Ninj2 s /N B0 A AL e
HEATINE 5 R R, 5 B A= BUAA L , 6 J4 1 Ninj2 4{i
£ PG E BRUIfIL I P ALT .GLU \BUN | TC \UA % 545
TCH P 22 57 , U 25 R /S B HER O R
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Tablel Analysis of whole body phenotype of Ninj2 knock- RN Ze A RAH L, mie /D AT L Bt 24 55 ('
__outmice 2B) 5 AL GEH AT 4 21 & Ninj2 i/ U TR
ELCNE Ninj2 Nin2" 1P g s, B Ning2 MR D BB
GUEIATE (%)  0.043 £0.002  0.046 +0.002 1.718 0.161 B A 960 5 2 A AT H 5 22 5 (61 2C) . T
ALT(U/L) 3033125 33.33=1.25 2.405 0.074 - °
1 H inj T::r \E; SF = @ a1
GLU(mmol/l.)  597+021  547+0.17 2.652 0.057 Pl E_’ ijz r&%j’?/ uf?/i\ RUER I RAFRULR o
TC(mg/dL) 253+0.13  247+0.13 0.535 0.621 2.4 Ninj2 $ibk D KA AT B
BUN(mmol/L)  10.73+1.07 11.73+0.45 1.223 0.289 G, FAMTIIE S B X U0 524 7 1 Lt A7
UA(pmol/L)  105.67 £3.40 111.67 +3.40 1.765 0.152 TN B DY 5 O L, AT A
Ninj2 & /1N BB A B0 £ Hp B 96 330 1 10 5 i A Y
A 454 B 204 C 904
40 K
% 301 1
25 =
= 00] 2 17 b 104
& 15 ~ — Ninj2”*
_5 ]0- 5 ....... Ninj2”’
54 — Ninj2"
0

Ninj2" Ninj2" Ninj2"

A :Ninj2 22 5 b/ R AR R R EE A1) B 2~8 Jl /N FRAREE (P> 0.05,7=3) ; C: Ninj2 24 &

ESapi S Te 8

0o+—r——T——T—r—
RN

T UNOT~00NDO — AN <FUNO -0 O —
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ IS

[N
B AR B B AR /N BRBC 55 21 R A AR

B2 Nin2@B/NREBERDN

Figure 2 Analysis of fertility information of Ninj2 knockout mice

X HEZELAH LU VA WA f 22 551 (61 3A B ) o 38 48 X AT
6 il i w Bk /N BROP S EAT HE G2 R p it 4L, &
IR Ning2 @55 /)N BROBLAF: 1) 5 v Oyt 50t % R 2 A
FLEA S5 (E3C.D) , LI Bda 34 2% B R 5% Ninj2

N ERE N AR B o ik — 2B HERR Ninj2
ERTEMIG & T B A 7 G, FATTRT Ninj2
4l A R/ N T T IVE 5256, 25 5 iR, Ning2 mibk
XE/NRFSNG K& & R i (B 3E) . LU AR
P B RS Ninj2 AN NS IR & B e
2.5 LPS4A:22 Ninj2 sk KRB o7

A7 SCHRAR I , Ninj2 75 LPS B4 A4S 79 Hz

YR (HUVEC) F/NER F sl ik b iy 223k L™ 847
FE Ninj2 "] RES 5 LPS 51 B RIER W . L, 8
AT BAT: 6 Jal i mels /NS 7o 1 20 d 7 LPS 4b 28
WEE R AE 2 F T Ning2 Sl B 2 15 52 Wi /s 5P 28 &
Bo /N LPS & J AR & (ELISA ) X Ab 3
/5 BRI T LPS 263k & i e AT A, 25 SR R W
LPS &t g & TH i, W LPS 75 5 S AE AR A8 1l 2y (&
4A) . IO HE Yt mup g, A1 BLLPS
ACFRSS Ning2 /s BRUBLAF U158 By 50 Ay A= A
X} FELH A U FE AR —E (1 4B.C) , DL EBE R LPS
AREEXT Ning2 s/ N DR 5L 4 B R AR 52 o

3 4t i

T 2 B A v D R S G UE , FRATTIE R T
Ninj2 76/ P S P RR S S 656 . O T FSY Ninj2
FEMEME /N BB & B T I VE R i Bl CRISPR/Cas9
FeAR AT T Ning2 3 P @ BR /N AR AR
WA HNRAETE R, AT AR BLESR Ninj2 A 52
e /N B HE A B ) R RN R AE B O i —
A3 B B Ninj2 w5 /8 BB BF S RB AR+, O HL
WEHG & & IEH , SZAEI T LIEHW & F . &F LAk,
TEIE R AT |, BB Ning2 A5 ma e /) BRAE
AR o

FEAT 2257 5400 5 B AR 2876 T Ninj2 ) 3R3A
ETh i ET XA R G, Ninj2 #5278
R A 2R S8 FE 2B )5  Ninj2 76
T PR 2215 B 1) Schwann H [ , I ELiE 3 Ninj2 /i
S 1 [ R 4 B AR AR AR 5 A 25 R 22 oe
Pz g K Ning2 0] LR LPS 175 518 N B2 380G
FIAAZ AN 5 PN e 40 =2 (BT 8 B, Ning2 o] B S
Toll #£5Z 4K 4 (Toll-like receptors 4, TLR4) I HAEH ,
X TLRA A\ 5 1 P9 R 20 D 38 005 38 i 28 e d 22177
FE/IN B LPS 340 T BP9 P B, ik — 3 B 2 TLR4
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Figure 3 Phenotypic analysis of Ninj2 KO mice

A B . e C .
230 " Ninj2"* LPS Ninj2™ LPS 200 [ Ninj2"" LPS
Eﬂ 220 * _ 297 Ninj2 - Lps
e 3210 < 150
E ~—
= £ 200 |
= 25 3 100
B b
= 170 ﬂ = 50
=
160 T T T 0
Ninj2” Ninj2” Ninj2"
Control TIPS  LPS Pr Gr
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4 LPS A2 Ninj2 BBk /MR R BV
Figure 4 Phenotype analysis of Ninj2 knockout mice treated with LPS
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HR 30 Ninj 1 7550 55 b B8 L35, T7E N B 20 B 6
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