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G JF¥E W20 ~25 HEEEME R BRI SE A DU E THRIME SRk R, R 2~3d H
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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!, Liu Taodi'", Zhang Yan'"
(*Laboratory of Medical Neurobiology, Inner Mongolia Medical University, Hohhot 011011; 2
Dept of Laboratory Medicine, Ulangab Central Hospital, Ulangab 012000)

Abstract Objective To verify the association between the Ddit3-Trib3-Akt signaling pathway and
rat spermatogenesis 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
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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. Results 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 molecular mechanisms of spermatogenesis in vitro.

Key words tissue co-culture system; spermatogenesis; Ddit3-Trib3-Akt signaling pathway; rat;
RNA interference
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JULE IR R PRI RNA T 5 IR Ddit3-Trib3-Akt {5538 B ALK T & A (A ¢
P, FEUE S AL TR 2R BR A5 1 RLIDUth ARG 5 0 A 7 1 AR B A A SR A, ARSI 5T
KT LI 53 T WL A T RE o 1285 77040 2R (9 22 ST A0 Ay B BADRS 1 R AR ML R 1 2 IR T R
IR 53 A B RE 12 W AR 9T B R SR A A SME R A B R

1 eS8

11 SEREY

Wistar-Imamichi K B P9 58 d R RER S8 rho 04, 20 ~ 25 d MR (A4 H
SERE LR SIS ATE N SRR AR R R 2 HUE IR (R BER A S
YKD202401196) . Fifg 536 KR IMHFRT SPF M5, JLHRM Y 6: 00~18: 00 CHH/mE
B 12h) , RN (2243) °C, P A B E 59550,

1.2 FERH]

DMEM/ F12 £53#, Vitamin A, Vitamin C, Vitamin E, p-37i3& £ %, Penicillin- Streptomycin
¥ 3£ E GIBCO AH]. A4-1LiE (fatal bovin serum, FBS) [ K TBD Ad. H RNA
PEHGRF &, M RNAse-Free ddH20, 10 um oligo-dt, 5>RT-M-MIV Buffer, dNTPs(10 mmol/L),
RRI(10 U), RT-M-MIlv, SYBR Prelnix Ex TaqTM {7 &40 B KEFEMAF . RPTAR
DDIT3 HidpEpif. fpl TRIB3 i EHLAR. RPi AR AKT HIkEdii. T GAPDH
SEREPUA . BAREEFRICEPIR 190G BARME AR ICE PR 196G $96 H Abcam(USA) A Al HiAl
ARG B A T A A .

1.3 Hi&
1.3.1 HlfasEsT

20 ~ 25 FH KRR BMENL FIVEARSE, ToR S AF PO SE AL, ZBRAEAIME, S2RH
ZUBT RSO Z 2 mm BN, B 10 SR 7 A B 5 A B RN 60 mm 15SR LA ZE RN Penicillin-
Streptomycin. Vitamin A. Vitamin C. Vitamin E. B-#iJ& Z B 10%FBS ) DMEM-F12 £%
FRHL T, 37°C. 5%CO2. HANMEEE AR B TR B 7%, B 1 d 0l 1 K. Bl s 1ER 2,
Bk G L AT AN e
1.3.2 IR

BERE 2 ~ 3 d A T AT K AR K AT S AT IR AL SR . B TRAR R P K & R A L 10 46
SE AR AERRYE AAE SCHRARIE BE RN T - 153744 2R v R 48 20 S0 UG B A R A L R A o A B 24
— M R ARRE R ARG, BB RS S WARN BN PRI AR, AN RAARBUETRANIR, 2 R
AR, R LB AR, HREHRE R . RS R AR



A, B, BAT 12 ~ 14 pm BB ARS L T- 2000, ToPES; KT 16 pm obs BRI, A
B, BT RET40M BLAE /N T 10 pm.
1.33 RT-PCR 5 RT-gPCR
B59% 30 d S AR K IS 72 h WAEAT IR B RNA CRAR, DP419) , LA 1.0 pg

RNA AR 5 i 56 4 i cCDNA 25— 448 . L cDNA AR PCR 6 5525 AR A5 40 B i i it
RSARIEL, Bk PCR MM 1. 1.29%3 I EER F kA PCR o Bigh . 43
JE BB I FL KR 48 58 5 HEAT RT-gPCR, DL cDNA SR 43 5% 34 43 ddit3 Fi B, trib3 H EL .
akt Fr BT RT-gPCR 1. 4l SYBR Prelnix Ex TagTM 71 & i B % 2 20 uL 4 &,
SYBR Prelnix Ex Tag 11 10 uL, cDNAZ1 pL, b RUEGI#%% 0.8 ub, ddH20 7 pl. 5 5E 2614
AP, 95.0 °C 30 s; A&, 95.0 °C 5's; BAKIEM, 60.0 °C 30 s, #EAT 35 MEH. KH
Ct ¥ HT &2 mRNA R R, 45RH 220 ot SA RIA M H,  HuolE KR
GraphPad Prism7 73 #fr. %35 5197 51 W3k 2.
1.34 RNAF

H YT 5 75 35 8 7 I SE 4 B DDIT3, Trib3 siRNA, J5%14: @O DDIT3 siRNA 5
“AGCCAUAGAACUCUGACUGTT-3* ; @ Trib3 siRNA 5
~AUAGGUGCAGUUGCCUUGCTT-3> . fif 3t 55 - 40 g ik iX 3] 70% ~ 90% I, #
LipofectaMine™ 3000 i 7 & #F 47 % 4« : HU 125 pL Opti-MEM™ £ 3£ 3t 5 75 ul
LipofectaMine™ 3000 {72218 &, ##+ & 5 min, FH 125 pL Opti-MEM™3% 7534 5 5 L
SIRNA Z218IR 4, # 5 5min. 855 1 Opti-MEMT™:: 35 3L 7 B i () LipofectaMine™ 3000
IMAFERELFH) SIRNA H, BT IR S FCHI AL SIRNA-R ARV &9, =5 E 15 min. 1E
UEIANE], FCASPUE R ARSI, AR5 5 sIRNA-JI TR & 7008 I A48+
BRIRA]. 48 h G4 & A Western blot % UF % 44 J5 H B8 B IR R, 5idE RNA JG 1l
Real-time qPCR I UE%% 44 f5 H 1) 5 K (I # 250%

2 11d4, Plzf, C-kit, Sycp3, & Tnp2 ZH ) RT-PCR 5| #1551
Tab.1 RT-PCR primer sequences of 1d4, Plzf, C-kit, Sycp3, and Tnp2 genes

Primer ) length . »
Primer sequence PCR reaction conditions
name (bp)

94 °C 3 min, 94 °C 30 s,
F:5’ACCATCCCGCCCAACAAGAAAG 3 )
1d4 55°C 30 s, 72 °C 1 min,
R:5'CATGTTCCTGTACTGTCATCCCA 3' 236 )
72 °C 5 min




94°C 3 min, 94 °C 30 s,
F:5' CGTGGAGCAGCACAGGAAGC 3' )
Plzf 55°C 30 s, 72 °C 1 min,
R:5' CAGCCATGTCCGTGCCAGTATG 3' 215 )
72 °C 5 min

94 °C 3 min, 94 °C 30 s,
F:5' GACGGGCAGATGTATGTAGCAAGAC3
C-kit 55°C 30 s, 72 °C 1 min,
R:5' CTCGTTCTCAGCATGACCAGACTTC 3 130 19°C 5 mi
°C 5 min

94 °C 3 min, 94 °C 30 s,
F:5' GCCCAGTGAGTAAAGGTGCC 3 ]
Sycp3 55°C 30 s, 72 °C 1 min,
R:5' AGGGAACCTATGTGGAGGGC 3' 122 ]
72 °C 5 min

94 °C 3 min, 94 °C 30 s,
F:5' AGGAGATAGCCATCACTAGGGG 3' ]
Tnp2 55°C 30 s, 72 °C 1 min,
R:5' CATGTTCCTGTACTGTCATCCCA 3 50 ]
72 °C 5 min

% 2 Ddit3, Trib3, Akt, Gapdh 2K ¥ qPCR B[ #1F3)
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

1.3.5 BHABRELEE (Western blot, WB) KiFFH k%

¥y 48 h JEUSCEE AN MR 9L 4 2 ) & (KeyGEN BioTECH, KGP2100) # s &
F, Gl WB 3Rk H E A R AR, FINH2EUS RNA FIH RT-gPCR (O E KHIE. BY
N PVDF i ¥ Ddit3. Trib3. AKT HH%% . WS Gapdh &%, #HRIKHIRAS
A HRNFUA R — PRI, Ddit3 ik (112000 , Trib3 Fifk (1 :500) , AKT Fifk (1:
1000) , Gapdh #ifk (1:5000) , 4°CiFEIIH. TBST P 3 &, &K 10 min. K H¥
AR NG AN PR SR BERT, EHT% 19G(1 1 5000), FHLM 19G (1 : 5000), i
JEIRISREREE Lhe TBST e/ 3 Ik, K 10 min. ECL k(.
1.4 Givkigabs

[ GraphPad Prism7 3T Se it 4007, 2B, HIRLECRAH T K%, P<0.05 Ny

ERHGRI R L



2 iR
2.1 BB R P RS HNE

B IRAIH, UL S0 PR A 58 M AR Tl ORI B A, I P A L i
KAnfR, BB SRR AR BARSEABNAN iR (B 1A) » KA1 ~ 2 AR
6], PARZH LA SRR IR LR, TR R R o B R A A K 2, Bl
R AEIE, A RS O B o B R G RRE R R R T (B 1A, R
BT, EAE5~20 pm.

St — B R, KRAEIEREFRIEE 30 RiF, S Hrmis Ol MA R (&
1B) , M RZHOVRBIEUNRTEAS 740, 2 )5 B B IR [A] H SE 2 A4 4H i 2
B o K213~ 4 JJE X MBS A, W R, R T R A
R R R, AR BB AR REE R, TRRoCER (i 1C) . FEHEh
ZH R RORS 1 240 A A 1 1 TR A4 A bt LSRN A7 AE 1Y), X AT R v AN T BE s SR A
TR MR G R o FEZIE IR A R P IE R B A MBI 74 (8 1D) , {H2
RAEMDE, R TR FARA TR T, HREERR IR IR S TR R R R

B 1 REBAIEEIHE R P A RSRNE

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

7E: 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 somatic cells; C: The phenomenon
that spermatogenic cells at the same developmental stage aggregating together was observed in the
culture system; 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 BFRER T EFAEREA R EE

9% 30d, SZUERGAMARKE 72 h SRIBUE IR K R 40 LS RNA, B RT-PCR A il
FRENGAM PR IC R A . 85 R EIR, 52 AHZURIER) cDNA AHEL, LR IR R B plzf,
c-kit FERRIAELSS (3 IRE B LIGT, WA 1 IXAEMIIIERIE) , idd. sycp3. tp2 {7
WRTHHERIE (B2 « HTSRERARE T LR, AT EIREH, BIZE
AP HARTRE, PR MRS RIS AL AR T, (HRASRESTE U TTE R
T A A RS 57 A

& 2 RT-PCR #il 1d4. Sycp3. Tp2. Plzf. C-kit BERIRZE
Fig.2 Expression of 1d4, Sycp3. Tp2. Plzf and C-kit genes detected by RT-PCR

2.3 RT-PCR 1 WB #&% Ddit3 Fl Trib3 F3iH] 3% 52
Ddit3 siRNA. TR B (BATEGTIE, NC) 1 Trib3 siRNA. RS B (91

SHIE, NC) 5y ILE 240 MifA £ d, 48h J5 WB Al RT-PCR ¥ ill#: 4R WK 3. &l
3A ffisn, 5 Control 1HAR, #4444 ddit3 F:K] mRNA Fis &= & &K (P<0.000D) ; 5
Control A%, NC 4H ddit3 2K mRNA KL & L% A 27 (P>0.05) . @& 3B. C fr

7~, 5 Control ZHEL%E:, NC 4 ddit3 RiAELHEZESF (P>0.05) , 5 Control HLLH, ¥



YetH ddit3 & [ FKIE B FEIK (P<0.000 1) . RT-gPCR 455 A1 WB 45 5 —%, %] ddit3 siRNA
L3 Ae)

Wi 3D ftzn, 5 Control ZHELHE, e trib3 JE K mRNA £k & & (% (P=0.001
3) ; 15 Control 41tL#%¢, NC 41 Trib3 £ [K mRNA Fik &L F-%HE % (P>0.05) . @K 3D
A1 3F fizn, 5 Control 4 LE%:, NC 4H Trib3 RiLETLHE 2R (P>0.05) , 5 Control itk
B, FEYed Trib3 B ARIA L (P<0.0001) . RT-qPCR 45 A1 WB 45 1t —3, JL[FEZFR M

trib3 SiRNA % 4L %) .

Bl 3 Real-time PCR F Western blot &4 Ddit3 A1 Trib3 B3] % =
Fig.3 The knock-down effects of Ddit3 and Trib3 were tested by Real-time PCR and
Western blot

7E: 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 trib3 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<0.05, **P<<0.01, ****P<0.000 1 vs Control group; *P<<0.05, **P<<0.01, **P<<0.000 1 vs

NC group.



2.4 433 Ddit3 A Trib3 J5 trib3. Akt B FK AR A RIA B KR
# ddit3 siRNA #4235 740, Real-time qPCR A&l trib3. Akt JE£[Xf{) mRNA

FIEKFE, DARMALEER A RNA 5 Control 2, #5581l 4. #f ddit3 f5, trib3 [tk
KA (P=0.002 0) , Akt F%, ik k-~ EJt (P=0.000 4) (& 4 A) . WB ] Trib3.
Akt (1158 FRIEAKT, DAARMALER IS B H 2 Control 41, 45H &R, ] Ddit3 &, Trib3
2 HRIEAKCFIE (P=0.0005) (B 4B. C) , Akt HIEAFRIAKTF LT (P=0.048 8)

(4 E. F) . WB 4558 RT-gPCR 453 —5, KB Ddit3 7E45 S @ik 47 T Trib3. Akt
1) _E i

B4 Z2r3138 ddit3 A trib3 J5 Trib3 A1 Akt mRNA & AKX RIEE
Fig. 4 Relative expression levels of Trib3 and Akt mRNA and protein after ddit3 and trib3
knockdown, respectively

7F: 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 mMRNA 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<C0.005 vs Control group.

¥ trib3 siRNA #yL 3| L1 72 401, Real-time qPCR A& akt 3 K] ()54 5% 21k /K,



PARMHAL L) 2 RNA 2 Control 2H, &5 540Kl 4. # trib3 5, Akt &K LI
(P<0.05, P=0.0009) (K4 D) . # trib3 SiRNA F Y FIILHE =40/, Western blot £
Akt [ FARIAKT, DLARMACH 4 24 Control 41, i trib3 J&, Akt (¥ 114K
P EFF (P<0.05, P=0.0038) (K 4E,F) . Western blot 45 1 Real-time gPCR 45 % —%{,
KB Trib3 7E15 5@k 52 T Akt (1 Lz
3 Wik

PRYREF R A I F AT LB B3R 24— M2 1937 4R, MartinovitchBl iy Vi #iA:
NI SRR ZVE TR b, KT R — B SRR R A . SNSRI
FULGE v I 22 b5 E AT R MG TR K S8 B ARG T R A o BRI AAE T, T o7
(RILH AR 45 T A5 T2 B A 4 i 0 5 1 25 TR0 HE 31, B TR] P o K PR b RS AL o 405 7 4
RS, 2011 47, Sato et all™™ 51 A /N BRI S8 FLZH Uy FE AR ARG % B AT LU 97,
HAERE T 22 F REEFEFRAR Z 77 AN S ARG ¥ B s ™ AR T (i AN A BB e
SRIEA. BLERRFFE, fER N IRA TR RGNS B IR AT, T RASCR/N e B
K7 KA ARFFABAFE] T ROREIR, RSN TE R, SR B A KRk
2, ZJEREEE IS PRGN, JER I B (] (T RR P, AR A A R I — I — SRR
BARFRA R KL H54E 2.5 . RT-PCR 45 RMUESE, EiZILE IR 1A R o J5 40 B
CFE D idal®, A REANMEI BRI sycpdl®), T A bR IR I 2l s Rtk R b
GRIE, WINEBIMIE T KT RAERR HRTEZAER T plzf A c-kit F:F 55 52 ALH U
PR IAAR LRI F- AT, T2 T2 2R o AR S AEL 4 B R A TR PR D5 40 0 0 B
D AR ] DAASE I 2 452 555 1) id4 FE K], 8 B Z A4 & o 2 A RS 541 il (spermatogonial stem cells,
SSCs), HHAILAGERRFE T &4

Trib3 (Tribbles homolog 3) ZE 1M Tribbles A XM 2z —, L 5HEEK T
EAWMNE. ZREERSEREA-EAMLERSS - KRN ESE£SEEM, 2k
T8 B /E FTSE R AR BEL T L 45 A AR RS P, AF Sk SR BRI ThRE, DA A BLAR
2 A Y20 A e 202, Trib3 B2 DNA #1455 S #4584 3 (DNA damage inducible transcript 3,
Ddit3) AR5+, FIRAES Ddit3 B B 1 f74E, Ddit3 15 5 ik Trib3 /S K
G SZ 20 i A8l IWAEFRE R SORE,  Trib3 mJRE 7S 24 A 09 L3375 5 8 T 1)
PR IREF—— 2 A BT I SR T LR ot 557 A2 10 Trib3 el 4545 Ddit3 A e ¢ K]
T 4(activating transcription factor 4, Atf4) SRHW L Thag; 2 2450820 HRFSE 1 P 5t I S I0R B
i, S B Trib3 B A i 2 5 S R T8 7E RN, ARAE S AR SR R R A



Trib3 BA BE KL EFAEIE AR . 2 NI th, Akt 7T LURIERAF SRR,
A0 Akt V&P RIS Trib3 - S fst i —Fr K04, Trib3 kM HIELS &
Akt1/2 I F#A% Akt 7£ Serd73 A1 Thr308 {7 sl IUBEIR AL, X PIMEMIR I Akt BT, I FE(K
Akt FLEE H RO BEIR LI, Ddit3-Trib3-Akt {7 5 3 % 4 1E S AT 75 2 M iR 240 i A e 40 i v
ORI T R PR G R ISP T AR AT R IRAE KBRS AL 4R R 2 S
FER R A RNA FHEE 77 IR DAit3-Trib3-Akt {5 518 B 7285 1 K A8 R I 2 AH G,
SRS BAR RO H AT AR R, XM TR TAEE

AT TEFTR R AR SN TR AR R ERAE TR B Ry IR 5 T B BT (5597 DA, 5
W H AT T 45 Ry R B0 2 1A, cose AR AL BN h (R B 5% 26 A, A AR OK I AT R
BRAFRETN o AR AL T TR, 1X et JiE Be 8 D Bk 7 A 2E 70 TALHI I S AORT i AN
AEZ WA T SRR, AR OB VI R S (1 58 2 (1 70 7484
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