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BERR AL, TS Akt-mTOR {55 % ¢ ZF5E 7E
R RS2 L I0RS 8 2 21 3L RS R & PR RNA
e 0977 T Dit3-Trib3-Akt 5538 B 0 kG F & 4
R G, IR ST A A AR 0% 37 A R fil i fr7 Bl iy
YRS N S 2 1 A B A AR 25 LEAR AT 5T A
TR AR FALE S AT BE . R SRR R A T
Ay ) ORG24 4T ML AN 2% 38 G S
PEARNHIEIZWIFITATT R AR SR T (A S M L EL %
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1.1 SEIEZIY 10 H Wistar-Tmamichi K F i N 52
W ERFK RS R L, 20 ~ 25 dEERC R (A
MHERE 1K) WL mAF & NS ERRY
PR 0L i I A (IR 22 51 & it 5
YKD202401196) . A3 555 K B2 57 T SPF FR¥3
WG RRIRHE] N 6:00~18: 00 (/GG FR 12 h) , T
H(22+3)°C, A S A HIRE 5TES).

1.2 FZi{F DMEM/ F12 55354, Vitamin A, Vi-
tamin C, Vitamin E, ﬁ-%ﬁ% Z. T, Penicillin- Strepto-
mycin 4 [ & H GIBCO 28 Al o Jii 4 1fiL 75 (fatal bo-
vin serum, FBS)IH A KEETBD A Fl o & RNA $2Ht
¥ &, & RNAse-Free ddH,0, 10 pum oligo-dt, 5XRT-
M-MIV Buffer, dNTPs (10 mmol/L) , RRI(10 U) , RT-
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M-Mlv, SYBR Prelnix Ex TaqTM iz 7] £ £ 1 [ K 4
AW T . HBK R DDIT3 B B P ik | bt
TRIB3 HR5e BT Aebi K B AKT B g Ehiik | Bt
GAPDH B 5g BEPT AR  BRAR B Ar 10 B %R 1gG AR
fiti b ic SEPL R 1gG 240 | Abcam (USA) A w . Hifth
AARFN I F A T AR AN

1.3 FHik

1.3.1 fmfeszsc 20 ~25 HE K RSHERD F 24k
BE, TC T ST BBOBUI S AL, B3 1 BRI 47, 52
AT KLY 2 mm A/ TCE 102G 215 A
BRI 60 mm BEFEMLA . ZEA N Penicillin- Strep-
tomycin , Vitamin A |, Vitamin C . Vitamin E , B-3if 3 £,
i F1 10%FBS iy DMEM-F12 5 3% ¥ 1 , 37 °C .
5%CO, I A BE () e R 5 SR s A bR 1 d B
LR i SIVERR G2 , Sk 20 LR 4t e

1.3.2 B aEIE B2~ 3 d B g
AR C SR AN A A o BRI & v 19 45 Fh 4il g
) 46 5 B AR AR DAAE SCBR R GE RS AN T - BRIk R
P A 200 6 3 S T R A0 b 2 A OO R AT Y —
P Ay T ARG A5 e A AR A M L BB 43 D6 2 B IR -l B
A, AR R AR FE AN K, 2 AR Y S B
FERE R R AT DL — AR R R B AR L
. RN S A AN, Y, AR 12 ~
14 wm [FJE 09 408 R A5 5 4 B, TCRRF 28 5 KT 16

wm A EEAI A, AR s BB RS 740 B AR /N T
10 pm,

1.3.3 RT-PCR 5 RT-qPCR  153% 30 d, & 4K
SHRAR K 72 h S O A A B HRUE RNAL RAR A1k
B (a0 AR T, LA 1.0 ug RNA A S 5%
SEA N cDNA 55— 2588 . L cDNA LK PCR A6 i)
B RENRGA bR IC SR B A ik, HA PCR
N AP UL 1o 1. 2% B BE W B 1 i P A PCR J2
o 25 o 28 TN M B TS R UK Uk 58 R E AT RT-
qPCR, LA cDNA S AR 43 5% &8 43 ddit3 Bt . trib3
B akt F BEGHEAT RT-qPCR 74 . #2455 SYBR Prel-
nix Ex Taq™ i 71 & 56 B 5 % % 20 pL & & ,SYBR
Prelnix Ex Tag Il 10 pL,cDNA 1 pL, EF#51 94
0.8 pl,ddH,0 7 uL. B S FiAE M, 95 °C 30 s;
AEPE,95 °C 5 53R KIEAH, 60 °C 30 s, #EAT 35 1
W RH CE M4 2 mRNA B 45 58 H
2 A X IR RS AL, B S K156 FH GraphPad
Prism7 53#87. #FHS1HFH L& 2,

1.3.4 RNAF4t  WVTIRE A RIAE SRR Ddit3,
Trib3 siRNA, 541 % : (D Ddit3 siRNA 5’ -AGCCAU
AGAACUCUGACUGTT-3" ; @ Trib3 siRNA 5’ -
AUAGGUGCAGUUGCCUUGCTT-3" ., fAks 354 i e
FEiAF 70% ~ 90% I, F| ] LipofectaMine™ 3000 77
AT B 125 pl Opti-MEM™ 55 35 5L 5 7.5 plL

R1 1d4. Pizf, C-kit, Sycp3 B Tnp2 EE K RT-PCR 3| #1551
Tab.1 RT-PCR primer sequences of Id4, Plzf, C-kit, Sycp3 and Tnp2 genes

Primer name Primer sequence Length (bp) PCR reaction conditions
F:5"-ACCATCCCGCCCAACAAGAAAG-3’

1d4 236 94 °C 3 min, 94 C30s, 55 °C30s, 72 C 1 min, 72 'C 5 min
R:5"-CATGTTCCTGTACTGTCATCCCA-3’
F:5"-CGTGGAGCAGCACAGGAAGC-3' 5 5 5 5 5

Plzf 215 94 "C 3 min, 94 C30s, 55 C30s, 72 C 1 min, 72 'C 5 min
R:5"-CAGCCATGTCCGTGCCAGTATG-3'
F:5"-GACGGGCAGATGTATGTAGCAAGAC-3’

C-kit 130 94 °C 3 min, 94 ‘C30s, 55 °C30s, 72 C 1 min, 72 C 5 min
R:5"-CTCGTTCTCAGCATGACCAGACTTC-3’
F:5'-GCCCAGTGAGTAAAGGTGCC-3’ 5 5 5 5 3

Syep3 122 94 °C 3 min, 94 C30s, 55°C30s, 72 °C 1 min, 72 C 5 min
R:5"-AGGGAACCTATGTGGAGGGC-3'
F:5"-AGGAGATAGCCATCACTAGGGG-3' . 5 5 5 3

Tnp2 50 94 'C 3 min, 94 'C30s, 55°C30s, 72 °C I min, 72 'C 5 min

=]

:5"-CATGTTCCTGTACTGTCATCCCA-3"

®R2 Ddit3, Trib3, Akt, Gapdh EE ) qPCR 5|41 5 5
Tab.2 qPCR primer sequences of Ddit3, Trib3, Akt, Gapdh genes

Primer name Upstream sequence (5'-3")

Downstream sequence (5'-3")

Ddit3 GTCACAAGCACCTCCCAAAGCC CGCACTGACCACTCTGTTTCCG

Trib3 GTCGATTTGTCTTCAGCAACTG CTGAGTATCTCTGGTCCCACAT

Akt CAGGAGGAGGAGACGATGGACTTC CACACGGTGCTTGGGCTTGG

Gapdh TGCTGAGTATGTCGTGGAGT AGTCTTCTGAGTGGCAGTGAT
https://www.cnki.net
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LipofectaMine™ 3000 1271 2212 1R & , §# & 5 min, FHI
125 pL Opti-MEM™ K552 JE 5 5 uL siRNA B8R &,
B 5 min, SRJT K Opti-MEM™ 15 55 KL% BRI 19 Li-
pofectaMine™ 3000 JI AR BELF (1 siRNA 1, Fefemed |
TRATELHI AL siRNA-JR BRI A, IR EHE 15 min.
FEULHE], O B A 20 TAER A i, R )5
¥ sSIRNA-IE RARIR S g i A g b R RIS .
48 h Ji5 £ 485 1 il Western blot B EFE YL 5 H I 1)
FERACR , B4 RNA J5 f# Real-time qPCR 36 UEE e )5
H B3 B A i 20%

1.3.5 Western blot 3&EF s & #YL48 h ik
SR A0 A FH L 42 26 K57 & (KeyGEN BioTECH,
KGP2100) $ B 5 85 1, 3 i Western blot 38 31E H #Y
H YRR AR, [ EUE RNA R RT-qPCR 15
WS E . 59 PVDF B I 9 Ddit3 . Trib3 , AKT &
FI55H W NS Gapdh 1554 ¥ H ISR A G
AH N B AR B — PR B W, Ddit3 Pt 44 (1:200)
Trib3 HL4(1:500) , AKTHL4(1:1 000) , Gapdh ik
(1:5000),4 CHFE LB . TBST VM 3K, &K 10
min, K H 1 5B A B A N P00 50 BRI
W 2R 1gG(1:5 000) , SEHT R 16 (1:5 000) , ik
N IRIBIEMEE 1 h, TBST YEAR 3 %, 7K 10 min,
ECLZE R,

1.4 Zit=438 )W/ GraphPad Prism7 340817
GiiteE o, 2R A A He R o K56, P<0. 05
LRA GRS

2 #HR

2.1 BFERBPABBESHNE KR, 0
GBI A 21 Jf0 232 500 DA A 4 v D 10 O U R 2R G 1
B T ) R 48 L 3 A 20 RS, s B ER A2 A4 4
R BRI A A (B 1A) , R29 1 ~2
(R EF T, K 4 B2 T 5 4 3 A 355 R LU, T R 2
VSR o AT 20 A R A B A K G218 B 1A
0 J60 4 348 5, A A A0 B A T B8R A ) A A
MR PE 3R ZE T (KA M R R/, 5485 ~
20 pmo,

8t — B ] A 3G 5% , R YA L5 371055 30 K
i, 25 FEme e B = A RS A0 (1B, Heo 4
REHBON RN FIEAE T i, 2 )5 bl R 5=
FI ] ) HE 252 A 05 A M A5 i B i /b . K243 ~ 4 )]
Jei o 3 — U AR A0, e =, 2R
K RAEME . RSB T F— 2T B A
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JAFAE Y, 3 ] BE S Fh T AN BRIy B 5 0 5 o 45 240 M
AT BRI A B o AR B IR R AR b ik S B
A HEE RS T4 A (&1 1D, HR B B8, 46 K
R BN T 2 AR E JA T, O BEE BRI A 15 57 T
BT HIRIR R

E1 KREAHEFRERPERBSHUR
Fig. 1 Observation of cell morphology in rat testicular
co-culture system

A: Primary spermatogenic cells (indicated by diamond arrows) and
somatic cells (indicated by triangular arrows) freshly isolated from the
seminiferous tubule tissue; B: A large number of spermatogenic cells
emerged explosively, with diamond arrows indicating round spermatids
with a diameter < 10 pm and triangular arrows indicating adherent so-
matic cells; C: The phenomenon that spermatogenic cells at the same de-
velopmental stage aggregating together was observed in the culture sys-
tem; D: Flagellated sperm cells (indicated by circular arrows) and
round spermatids (indicated by diamond arrows) observed in the culture

system; Scale bar: 50 pm.

2.2 BEGRRDPEREREBAMEE H35304d,
B YL RS AR & 72 h e SRR IR AR Z A0 i
RNA, i FH RT-PCR A5 I £ 9% A4 4t M i A 1 56 1A
SRR R, 52 SURTE R cDNA M HE, JERFFR 1K
R Plef, C-kit FeRFRIRF 5 (3 IRERZ LB,
HA 1 RA MR, 1d4  Sycp3  Tnp2 FEIZ 15 57
RRP A RIE(E2) . HTSFAEEAMRE T4
RO AL, AT B IR IG5, WZ R RZ T — A
K7 & RENE MORS IR 4l M 4522 201k 7= A= RS 74
WL, AE 2 AN BB 58 BURE T8 1%, BT LA A A RS
P

2.3 RT-PCR #1 Western blot # I& Ddit3 #0 Trib3
BIIMEIRT R Ddit3 siRNA TR e F BE (B M
B NC) Al Trib3 siRNA | JCRLFE 4 B (B X B8
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2 RT-PCR#& Id4,Sycp3 . Tnp2 .Plzf . C-kit EE IR %
Fig.2 Expression of Id4,Sycp3,Tnp2,Plzf and
C-kit genes detected by RT-PCR

NC) %% Y 21| JLBE F2 40 i /K 2 1, 48h J§ Western blot
FRT-PCR I Je bR DL IR 3. &l 3A s, 5
Control ZH H 4 , %5 YL 20 Ddit3 £ [H mRNA 535+ 1
I A% (P<0. 000 1) 55 Control 4 F 45, NC 41 Ddit3
FEA mRNA Rk 5 JL-F %A 22 57 (P>0.05) . 4nf#l
3B.3C 7, 55 Control 41 AL, NC 2H Ddit3 ik it G
& 22 5 (P>0. 05) , 55 Control £ FL 4%, 55 40 Ddit3

A 15¢ B
sT
z0
3 % 1.0F — Control
59 Ddit3
<ZC 3 ootk
& 8
Es 05
2 E GAPDH
g2
0
Control siDdit3 NC
D E

1.51
BT Control
22 10F —
&3 - Ddit3
SAe)
S
Z 35
~ N
g5 05T
o g GAPDH
O =
£ 5
=&

0
Control siTrib3 NC

T 1 % 35 f FEAK (P<0.000 1) . RT-qPCR 45 5 #il
Western blot 45 59—, F 0 Ddit3 siRNA #54% %317 .
nE 3D fizs , 5 Control 20 b, 55 YL 2H Trib3 3t
mRNA ik 7 B B FF K (P=0. 001 3) ; 55 Control
ZH L%, NC 41 Trib3 3& [H mRNA £ A& LA 2
S(P>0.05), &3 E.3 Fia, 5 Control 4 HL#L,
NC 21 Trib3 ik 2 J6 2 22 5 (P>0. 05) , 55 Control
A H e JL 20 Trib3 M [ FRIA B (P<0. 000 1) .
RT-qPCR &5 % Fll Western blot 2% J— %, I [5] 3% B
Trib3 siRNA $5 YL a2l .
2.4 4y B340 DAit3 #1 Trib3 J5 Trib3 . Akt 5 [F 4%
FRAKEMEARZBREN K Ddit3 siRNA §%
YU LRGN M T, RT-qPCR A Trib3 Ak 5 [F Y
mRNA F ik 7K, LR g b 38 1Y S RNA 24 Control
45 BN 4, P Ddit3 5, Trib3 055 5 kK
A (P=0. 002 0) , Akt {55 55 2 3K K LT+ (P=
0.000 4) (K4 A). Western blot #:il] Trib3 . Akt f 25
2R K, LA M AR B L8 R Control 4, 45
WK, M Ddit3 J5 , Trib3 B8R 11383k 7K EREAIK

C

1.5
NC  siDdi3 B 10f
> —_—
4 Hithit
= skokok
=
Q
& 051
0 —
Control  NC siDdit3
F
L5r Rat testis cells
NC siTrib3
S 10t
2
2
£ s
~ 05
Control NC siTrib3

E 3 RT-PCRF1 Western blot % Ddit3 # Trib3 #3135 R
Fig.3 The knock-down effects of Ddit3 and Trib3 were tested by RT-PCR and Western blot

A: The relative expression level of ddit3 mRNA in the rat testicular co-culture system; B: Western blot grayscale band map of Ddit3 protein; C:

The relative expression level of Ddit3 protein; D: The relative expression level of (rib3 mRNA in the rat testicular co-culture system; E: Western blot

grayscale band map of Trib3 protein; F: The relative protein expression level of Trib3; “P < 0.01, ™ P < 0.000 1 »s Control group; **P < 0.000 1

vs NC group.

https://www.cnki.net
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(P=0.0005) (K4 B.4 C), Akt FyFE R IA K LT+
(P=0.048 8) (K14 E.4 F), Western blot 25 541 RT-
qPCR %5 B — %, & W] DAit3 1615 53 g% b o T
Trib3 Akt 1Y F3i%

4 Trib3 siRNA 55 YL 21| LB 240 0 P, Real-time
qPCR KM ake BE PR (1) 7 5 335 7K, AR AU B
S RNA i Control 41, 85 R 4n &l 4, i Trib3 )5 , Akt
() 5 55 3¢ 125 K B FF(P=0.000 9) (K 4 D) . ¥
Trib3 siRNA 5 L B 2 2 40 Hd v, Western blot 6
Akt 1Y 2R 238 K, DA A B L EE 4R Con-
trol 41, i Trib3 Ji5 , Akt B 3K (4 A KF LT+ (P=
0.0038) (Kl 4 E.4F)., Western blot 4% 5 f1 Real-
time qPCR 55— %, 2 W Trib3 76 {55 53 i h 7 F
Akt ) _F3iF

3 itig

TRSMEE F & A I WE 58 T LAGE 39 21 K 29 — At
0. 1937 4, Martinovitch™ B YOBF 87 A2 /)N B 52
JLHZUE T RERCH b K F R A — E L R
LA . H ARG IR R SR AL HE R
Z R0 T TR S ok R RSN T R A, B
RIS T, TR R A A Re i 45 7 AL i 2

>

B

It K A7 40 118 A 1 2 T HE A7) et s T PN i R PR
HAR L 2R 45 N O TR . 2011 4F, Sato et al'™
W72 /N BRI S UL U0 R AR AR AR 8 SR S h B AT
HAGSR I GFF T 2402 1 RER IR R =4
40 M FORS 7 38 o 02 oRG 7 AR T R AR B
RESTSREAC. AL IR SE IR , ZEAR SN A IR 2
ARG E R AR, i AR/ N R 58 30k 1
KA AR E] TR R FEAR SIS 57
R ZE S IR G BE A KO 3R 2 Z IR RSk
o IR A A R AR, I 30 L [ ] B A 4
AT R M — e — e &R A B IR R R AT
222. 51 H . RT-PCREGRAMIES, TR RIK R
HOE T 40 I A BR T (R T4 RSB 4 R b0 3
Syep3"! K F AL FRICEE Tnp2 " FE1Z B FRK
R AR IER M B TR F R AER R
HBAEZAR R P Plzf Il C-kin FE D 5 S ALLHSUM L 36
R A FE A, EE S TR R K
Jir AEL 240 L0 A A AR (R ORG i 2 R A LA b . (R
AL LG I 2 55 11 1d4 L U BZ AR R oA RS R
T4, I BT AR 7 & A4

Trib3 JE A 18 Tribbles & A K5 W 0 2 —
W 5 SR T R VG 2 3 A Y R

C

.51 1.5
ok Control siDdit3
% 2
z 10k s Trib3 z 10f
- 2
2 ,E Hokok
5 = sk
2 031 GAPDH 2 03
0 0
Control siTrib3 Control Akt Control  Trib3
siDdit3
D _ ok E F _ Ak
2.5 L5 1 Control t
2ol Control siDdit3 siTrib3 Es v
o~ = % Hok
° 0 1.0}
2 2
Z10f % o5l
E GAPDH E .
0.5T
0 Comtrol Akt siDdit3 siTrib3
siTrib3

B4 4rFH0%) ddit3 0 trib3 /5 Trib3 1 Akt mRNA FIE ARIIEMTRIZE
Fig. 4 Relative expression levels of Trib3 and Akt mRNA and protein after ddit3 and trib3 knockdown, respectively

A: The relative expression levels of trib3 and Akt mRNA in rat testicular cells after ddit3 inhibition; B: Western blot grayscale band map of Trib3

in rat testicular cells after Ddit3 inhibition; C: The relative expression level of Trib3 protein in rat testicular cells after the inhibition of ddit3; D: The

relative expression level of Akt mRNA in rat testicular cells after the inhibition of trib3; E: Western blot grayscale band images of Akt in rat testicular

cells after the inhibition of ddit3 and trib3, respectively; F: The relative expression levels of Akt protein in rat testicular cells after the inhibition of

Ddit3 and Trib3, respectively; P <0.05, P <0.01, "“P < 0. 001 »s Control group.

https://www.cnki.net
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H-EAMEENZ S —RINHMNE LSS
PR CARE AR AR A 4 BH BT L 25 S PR Y
T VE MBS S 2R T D RE , AR 8 40 AR
FHAE A B4 2 A2, Trib3 BE 2 Ddit3 AUERFR 2
+, [AIBHLAE R Ddit3 #9815 A7 7E , DAit3 {5 53
%38 35 Trib3 415 1 T RS AL A2 2177 A 4
AR 22 B SORE , Trib3 T BE 78 24 N i I 7 1875 5
L e SV VA § SR N S RN R 7
S AR Y Trib3 2338 35 2546 D3 RS % sk - 4
(activating transcription factor 4, Atf4) > BH ¥ H: 1))
A8 5 (H S5 20 H A2 10 P9 T X 3% 2R B, 2o f 1Y
Trib3 B 7= A e 2 T2 M -1 A R S 40 ik
rh AR A 20 PR B AN R AL, Trib3 B B B2
AR SET VR o 768 A2 N 4B, Ake AT
DL AR A G AR T 00 ) Adee 335 P2 05 5 1Y
Trib3 5 R AL T (1 —Fh 5 X Trib3 B R I
FELE A Akt1/2 TR Akt 78 Serd 73 F1 Thr308 437 &5 Y
BEER AL , X P IE 011 2 T Al B30T , IR FAR Al 2
EERBERR L, Ddit3-Trib3-Akt {55 18 & Bl F 52
AR 22 0 b Jed 200 B R e T A b g5 S A T
R A MG B RN R T T AR RS AR R RS2
HUh 4AG A A U B AR & TP R RNA T4 5
ARV DAit3-Trib3- Akt {5538 B 7EHS 1 & AL b BAY
ARG, 9K i 5 2R B AL B AT AR B4R 7R X
SR ORI TAEE A

AT ST TR A AR AP B R R B TR 2
WIEf o) THOM BOr R, Rk, #2506 B i i
FEAERY RBE 12 (YR SR LA R
IR 551, A IRCR T RE AR LS . dn SR gt T
I PR, 326 6 3 72 e A% W B I G - & A 43 B
TR BYEART IS WG B, W A8 24
Pt & SR LT 2 00 7 48 hR .
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Research on the correlation between Ddit3-Trib3-Akt signaling pathway and

spermatogenesis in rats based on the testicular tissue co-culture system
Li Yan"?, Liu Shanshan', Gao Lin', Kong Lingyi', Yun Xia', Zhang Yan', Liu Taodi'
(" Laboratory of Medical Neurobiology , Inner Mongolia Medical University , Hohhot 011011
* Department of Laboratory Medicine, Ulanqab Central Hospital , Ulangab 012000)

Abstract Objective To verify the association between the Ddit3-Trib3-Akt signaling pathway and rat spermato-
genesis by constructing an in vitro co-culture system of testis. Methods Testicular tissue blocks from 20-25-day-
old male rats were placed in an in vitro culture system, and the culture medium was replaced every 2 to 3 days.
PCR was used to verify the expression of marker genes of various spermatogenic cells. RNA interference technology
was employed to verify the correlation between the Ddit3-Trib3-Akt signaling pathway and rat spermatogenesis. Re-
sults  The co-culture system could be continuously cultured for more than 2. 5 months in vitro. RT-PCR showed
that specific marker genes of spermatogonia, spermatocyte and spermoblast were expressed. The RNA and protein
expression of Trib3 and Akt changed after the knocking down of Ddit3 and Trib3, respectively. It demonstrated the
existence of Ddit3-Trib3-Akt signaling pathway in rat spermatogenesis. Conclusion The culture time of more than
2.5 months indicates that the culture system can temporarily maintain the proliferation and differentiation of stem
cells, and simultaneously maintain and stabilize spermatogenesis in a simple system. The successful validation of
the Ddit3-Trib3-Akt signaling pathway also confirms that this culture system can be used to study possible molecu-
lar mechanisms of spermatogenesis in vitro.

Key words tissue co-culture system; spermatogenesis; Ddit3-Trib3-Akt signaling pathway; rat; RNA interfer-
ence

Fund programs Natural Science Foundation of Inner Mongolia Autonomous Region (Nos. 2022LHMS03002,
2024MS08083) ; Key Project of Inner Mongolia Medical University (No. YKD2022ZD012) ; General Project of In-
ner Mongolia Medical University (No. YKD2024MS001)

Corresponding authors Zhang Yan, E-mail: 15848165885@163. com;Liu Taodi, E-mail: taodiliu@163. com

hE41M  https://www.cnki.net



