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[H#E] BB KR Sertoli AT LR/ BRI A0MS SILBIES R, FiE R 15,30 144 me/kg 11
T4 M A T S0 A ST S [ B 2 A SR A ) sh A 8 Ab B S 5 d 0 28 d ISP S8 LR A T L S A, PEA A
FRARDS I35 L E B 2EE PCR 4 AR I3 4~ B 391 52 3L GDNF \PLZF Nanog 1 GFRal 2 mRNA )31k
W, BR OEHIEZEMESE 5 KX, GDNF Il T, H 2R EAREHE S W PLZF 5 GFRal I JC i 421k,
LIH LRI O B AL, FE AL AL HLS 28 d BF, GDNF PLZF Nanog .GFRal $:[H mRNA X2 5 44 1
PR BE T, SR AL 2L ) ISR s B 45 29 R R B A 7 R A2 BRI B ™5, 4518 Sertoli 4
MR TE A A B2 5 R BEXRT R A0 M A9 AR 1k 2 2B T RN, Sertoli 41fifd 431 GDNF (958 1 & A= AR AL 38 in , 328 i
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Exploration of the dynamic responses of Sertoli cells to
depletion of spermatogonial stem cells in mouse testis

AN Na, YUAN Li-fang, WANG Shan-lin, LI Zong-yue , WANG Feng,ZHU Bao-chang

(College of Life Science, Capital Normal Univisity, Beijing 100048, China)

[ Abstract] Objective To explore the dynamic responses of Sertoli cells to depletion of spermatogonial stem cells
by busulfan. Methods  After intraperitoneal injection of 15, 30 or 44 mg/kg busulfan to mice, the spermatogenesis and
the expression of GDNF, PLZF, Nanog and GFRal mRNA were assessed by real-time quantitative PCR at 5 and 28 days
after the busulfan treatment. Results Glial cell line-derived neutrophic factor ( GDNF) was significantly increased and
showed a dose-dependent trend at 5 days after busulfan treatment, but no significant difference was seen in the expression of
promyelocytic leukemia zinc finger( PLZF) and GDNF family receptor a-1 ( GFRal). The testicular histology also appeared
no significant difference at 5 days after busulfan treatment. At 28 days after busulfan treatment, the relative expression lev-
els of GDNF, PLZF, Nanog and GFRal mRNA were drastically increased. Morphological observation showed that spermat-
ogenesis damages became even more severe as the busulfan dose increased. Conclusions Sertoli cell response to the de-
pletion of spermatogonia occurs as early as the fifth day after busulfan treatment. Production of GDNF in Sertoli cells shows
a compensatory increase, which may stimulate spermatogonial stem cells to accelerate their self-renewal, reflected by the
enhancing expression of Nanog and PLZF, and ultimately promote the restoration of spermatogenesis.
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AR S A b — T A R A0 M DR B o, O
AL 55 530 7 2 A A AN ) 3 RS S
b, Stk , 2 BRA S AN M2 5 X Sertoli 4 L 1 Al
SR A ATE 5% ) 48 T 4L

e RAE A FH ¢ A6 78] F1 7 22 (busulfan ) 3697 iR
et FE R e (A I T S BB MR G, A
O F2 B P e AR B A0 M T T, i L AR A5 R DA
FlEAHE . TR RRES KBRS IL SSCs B
it Sertoli 4L A 4518 ), 1 £ 90 56 % W IO Ab
HR Bk ST T A B AN B Sh AL I IR K
SEERWT ST R ERULEE B, (T I 2 S8 LA B AR
IR RN Z WURAE B Z 5 20 RS 7 &
A E AR R

MEWFR LW, K F R ERMERS SSCs (T
B S AR IRE IR Hoh Ser-
toli ZAALXS i EF 5T BAT B E A DTmk , B AE A% Il i /il
— bk K R SSCs 1 A R TS a1k
GDNF ( glial cell line-derived neurotrophic factor) J&
— 7 Sertoli 4 fifd 43 W 1Y O B A K A, B O
GFRal ( GDNF family receptor al ) EHT SSCs, gl
W SSCs 1y F FRIGFH ') DT 52 e SRS 7 & A i
Hil B, —LEHFsT R SSCs Bk T HA GFRal 24k
b, EibiE L o-RET AR50 B PLZF FEF 1Rk
AT SSCs B HEWSF 1A Nanog FEA, R FRAT W 45
SSCs MBI 5 otk B2 Bt T Ml dEbs. BRI Z 0
G PAEREE X SSCs By I (HSE  A
s A SR AL AR S AR AL T BEXS Sertoli AHIEIA —
TERSZIE, SR TTAH ST SE A 4o, PRI AR S0 0
SR FHAS [ 35 52 0 T 2 A BB ), i S8 AL SSCs
ANFERERE G, R )5 AR RS 5 d F128 d Ik
LUK R AR R iz S92 58 /986 PCR
HARKM GDNF PLZF Nanog .GFRal mRNA f3¢ik
5, BTER K LR SSCs B, Sertoli 411 Jitg BT 7] g 2 F1
HH AR BN

1 ##EITTE

1.1 ##
1.1.1 ZEzshY

THIEFAFEHENE €57 /NER 80 HL,8 ~ 12 Jili,
IR ITE 22 ~28 g ZIH] W T 425 B2 2 B Be 5
sy [ SCXK (ZE) 2012-0004 ], 5 37 18 B #f il
JERFIE Y b O [ SYXK (50) 2013-0008), H
AR EBUK , &I 22 ~25°C , B 1 W15 28 B i ] 12
h/12 h,

1.1.2 FEEH

FIH4 \DMSO #) H 358 Sigma 23 ], EasyPure
RNA Kit }% TransScript 1I One-Step gDNA Removal and
c¢DNA Synthesis SuperMix W4 H 4= 3 4 /A A, SYBR
Premix T TaKaRa A /], 5% H L Invitrogen 23 7]
B HABIRFRAN X i s oA At
1.2 Fik
L2.1 SERshP bl

H150% DMSO ¥ FIEZ Bl S mg/mL
VRIS 80 HUNERBENL ST A 4 41, bR B XS R4 15
mg/kg 21 .30 mg/kg 4 44mg/kg U, ¥ H IR & 43
S—RPETEA 20 HUNBRY IR JEE b %) BR A [ g 7
SHAEABEY 50% DMSO, 515 # ML 3%, & B L
/NI A TR
1.2.2  SRLAZUEE#MEE

FEFTHAEE S d K 28 d J , SUHEIE F IR AL 58
INBR, PR IR SRR, PR R e I S AU IR IR
I € W, A0 M AR AR5 ] . [5E 24 h W
ME AU A HE e, TO6% BAUE T W
EHHLUEEFU R Gt thaiks & B A B
JEJE, bR 2 5E 1 100 ST A0S

PR Ry st AR B0 R A,

AR (/) = T L)

1.2.3  SHAUVERSIIRER E BTAG

KM Johnsen P-4k ¥4 DT 4 K T & 2B B4 B 15 A
B REREREKUI A fE A B T BEPLILEE 20 4> AHg
/N H: Johnsen 143 J5 1V S (ELAE B DA iZ/0N B
R 1 K A B AR B R AR
1.2.4  Real-time PCR f6il] 52 JLZ141 GDNF \PLZF |
Nanog .GFRal mRNA ik

K H 4304 A A EasyPure RNA Kit $2HUSE I
BURNA, &4 RNA #4260 nm 5 280 nm "6
JE (A) {89 HE B (A260/280) ¥ > 1.8, 45 & PCR
B8 F R, $% TransScript 1T One-Step gDNA Re-
moval and ¢cDNA Synthesis SuperMix i 57| & 15 B 45
£ 18 cDNA, Il A SYBR Premix J5 #:47 PCR #H
S WAL 1,
1.2.5 fERthRid

TER AL PR BEHLLE I 3 KBy, 16 AL
B AR AR Fi /N T 3 Bt 4545 (1 ~ 2 em)
TR Fr, 2 2 W IR € IS, 230 90 B 1] GA-
TA-4( Santa Cruz-9053) 55 PLZF ( Santa Cruz-28319)
YER—drab 38, Ffd 2405 (Santa Cruz-2012) 5
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FHUR (Santa Cruz-2781) 1 ZHUMZOER L, [
I DAPT M7 2, T 36 R AR BT T AT R
FHIR,

&1 PCR GV ST

Tab.1 The PCR primers and their sequences

5| ¥4 FK Primers 5141751 Primer sequences
GDNF 5'-CGGACGGGACTCTAAGATGA-3",

5'-CGTCATCAAACTGGTCAGGA-3’

5'-AACGGTTCCTGGACAGTTG-3',

PLZE 5"-CCCACACAGCAGACAGAAGA-3’
Nanos 5"-CCAGTGGAGTATCCCAGCAT-3'
anog 5"-GAAGTTATGGAGCGGAGCAG-3’
CPRal 5"-CAACTTCATGCATATGGCTCTCA-3

5'-TCTGCTAAAGCACTGGGCTTCT-3’

5'-GCGTGACATCAAAGAGAAGC-3*

W2 B-actin 5’ -AGGATTCCATACCCAAGAAGG-3’

T2 HWLIXSZIAERNER(x +5)

Tab.2 Effect of busulfan treatment on the growth of testes

1.2.6 Siitsoth

SEYG AR SPSS 17. 0 G it B3k AT o3 M, i
BEIELAC x xs) , AN [E]AbBRLE RO 6] 1) 22 57 R H 2R
WEGTZMH, U =" RN EFAREME(P <
0.05),“ * = "FRIRZEFWEE (P<0.01),

2 H#R

2.1 HEZRAENMNEAEKIZNE

FEFTHZARIE 5 d B, 5250 20 520 3 i 5 0 R
AR IFICIA 25 5, Sl a3 S AL AR A T A 2
SSRGS XTI 22 R T R (P >0.05),
WEBH T 22 MR FHAE 20 i R e 52 L 3R
M TAE AT 2240 34 28 d I, SC I 20 S8 L B S5 %
WRAHAH LG, A R 21 B 26 5 FIAR XS AR ER B 2 A
TARH] ARG (P <0.01) , H 5w B W A7) &
I (WK 2) .

25 mg/kg AR fE]/d /g BAERE/mg IR/ mg/ g
Groups Time after busulfan Body weight Testes weight Testis index
Control 5 23.47 +2.82 95.45 +7.47 4.08 £0.23

15 5 24.67 +4.01 99.12 +8. 12 4.06 £0.43
30 5 23.74 2.5 94.6 +11.01 4.02 +0. 62
44 5 22.78 +3.38 92.21 +16.96 4.06 £0. 65
Control 28 25.88 +1.22 97.45 +3.84 3.77 +0.32
15 28 24.5 +0.99 32.7+1.89™ 1.27 £0.15™
30 28 27.03 +£2.37 33.23£1.05™ 1.24 £0. 12
44 28 26.78 +2.30 32.85+1.58™ 1.23 £0.08 ™

XA, P <0.01,
Note. ™ P <0.01, versus the control group.

2.2 BHRAENMEIFFRAEBRREENEER
Tl

AL LGS SEALAS A I B 1A [R] A Y 4B
3, S T X 545 AR R AL, AS RS S
LR A I R AT T S o B, SRR

12

Johnsen¥f4}
S
Ll

W ZEES 5 d 5,15 mg/kg 40 30 mg/kg 405 44
meg/kg A 5 XFMAM L ZE R LR EM (P>
0.05) ,HFEVEHT)E 28 d,15 mg/kg 4 .30 mg/kg
5 44 mg/kg HIMC T XA, 2 W W2 (P

<0.01), WK1,

A f 4 Control

B 15 mg/kg busulfan
@ 30 mg/kg busulfan
44 mg/kg busulfan

28 days

i fA] Time

. SR A R, P <0.01,

B1 FHHZAPE)E Johnsen P4 LR

Note. ™ P <0.01, versus the control group.

Fig.1 Johnsen’s scores after busulfan treatment
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2.3 HERLGEXEHALFEZME

0T VEAR T SE LA T Ak A [R5 18] B
DIREASHRAS  FATT e 5 S8 JL I BE R A G A 45
B (VARS8 AR AR RS b B JRERE ) ok s e 2 AL Y
AR AR IENHHEE S d, SRS
X R L Hh 24085 4 AR T 3 AR (P >0.05) L {H
AR ERMEECE SR T RBEER
(P<0.05), ULHIFIH 20 SEALREIRTESS 5 KT
IR T R ZHH BUE AR bR b R S e B
ML (W 3) .

RI HLACBE AR B SRS B BB T
Bi(xxs)

Tab.3 Changes of seminiferous tubule diameter and semi-

niferous epithelium thickness in the mouse testes after busulfan

treatment
hAmks Ak R
31 A BRI E]/ d B/ um JEHE/ pm
Groups Time after Seminiferous SerrTlnlff-:rous
busulfan tubule epithelium
diameter Thickness
X HRZH control 5 272.14 £6.36 94.23 4. 35
15 mg/kg 5 264.98 +9. 41 88.95+5.39"
30 mg/kg 5 267.24 +11.44 88.95+4.05"
44 mg/kg 5 266. 86 +7.50 88.95 +4.42"
X HEZH control 28 271.38 £7.54 94.98 £4.96
15 mg/kg 28 191.48 +10.63™  26.00 £6.01 **
30 mg/kg 28 178.28 +7.12* 23.37 £6.35 ™
44 mg/kg 28 165.09 +8.30 ™" 20.35 +5.39 "

e SXHRALM L, © P <0.05; " ;P <0.01,
Note. *P<0.05, ™ P<0.01, versus the control group.

TEEE LA PG 5 d I, 5256 41 B A H A A
FehR-5 0 B A AT B R I e X (1 2, R4 1) .
PR A e Y Sl ) & ) = E NG Y -l Y2
B, M ARG AR BRI e 4, % A e e
4y HLHEZ B ST S A8 Il vh AP AV 2 B ORI K

30

[
in
T

20

mRNAH] 5 i

Relative concentration of mRNA

GDNF PLZF

SRR AH LA, * P <0.05; ** P <0.01,

T E AR B R T, BAE D OF H A LA
FIAE AN R B H TR X

P2 PR 28 d 1,15 mg/kg SEE62H RS 40
B A RE BT R /D A i 2 | i ARE A
S D BORBE IS 7% (0 A ML, 78 s o9 A AR D o A H
FAFTE, 30 mg/kg SEH0 A 1Y S5 15 mg/kg I &
AWK JLF O ICHE FAAE, 44 mg/kg L5020 iHh
YRGS N AR ARG A EE R H R B2, 1%
BRIEHE +, A0 b A — 24 (K 3, B4
2) o MHIZUEIER LS FnT LI Y, I et 5 52
K A= HA B b 9 390 e Al e, RIS o A, X AR
B ZHE 0 BRI IS, Y I A S 28 d A
SSCs EBRB MR, JLHIE 44 mg/kg 41, R MG
T RAESEAPTE | I i AR 4 8 LT I A RS S 4
L, BT ASE S 20 th 4 8 AR SRR B E RS
Xof FEURH BT 28 B0 L W 8 PRI
2.4 ZHALHGDNF . PLZF, Nanog,GFRalmRNA
FKiLER

FERES HTH S S d &, GDNF 7E45 5 s 4l ¥ 1
P ETE, U HE 30 mg/kg 4H 44 mg/kg ALIKAE L3
P S (P <0.01) ,44 mg/kg 4 & T X}
M —1%52 . [ GDNF &1 Sertoli 4H 0 i 431
A A KPR F UERH Sertoli 411 X 2 BSR4 i 3k H
U, M3 A5 T SSCs 1Y GFRal 241 oK & A= W i
FZEAb (P >0.05) . PLZF 5 %F FEAH b R G & 35 A
f6(P >0.05) ,Nanog 215X} AL LA B T B35 1
TR (P<0.05) H="HEHZEIF TR EES
(Bl 4), RUMEH HIHZE RS g
fig {25 MR Sertoli 4115335 GDNF

TEESE 28 d, =/ CE AL GDNF A X Rk

A 4 Control

B 15 mg/kg busulfan
M 30 mg/kg busulfan
B 44 mg/kg busulfan

Nanog GFPal

B4 FEHEHEZS dJEAFZEHN mRNA 25

Note: *P<0.05, * P<0.01, versus the control group.

Fig.4 Expressions of GDNF, PLZF, Nanog, GFRal mRNA at 5 days after busulfan treatment
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HEARIHR I RZL R T 5 X0 B A 2% 5
AW EYE (P <0.01), PLZF 5 Nanog {¥7E SSCs
IR, BT S B et B T 5 GDNF 25 LRY
Fhi e, F o GDNF HA {2k SSCs 35 (1
JIT LA I 52 L PLZF Fl Nanog % 34 8 fin m fig 2
GDNF FT 3519, 37~ SSCs 76 GDNF BIfEH F B4
I T B A A, TS X AR L, SC S
o

%

Lid
%

%

mRNAHI & 4

Relative concentration of mRNA

I 7 I S ¥ - S T~}
T T T T T T T T

DNF PLZF

ST RAM LR " P <0.05; ™ P<0.01,

GFRal /KA B3R EFHEaHE (P <0.05) ,{HIF

AR AR (ES) .

2.5 ZHHMFEE D Sertoil ARIHIEE I
TEFTE AP S d K 28 d e, 43 5% i 4hs 4

RO e, 15 FH B 788 7€ 5'6 WU 2 A AG: I A i 240 it

5 Sertolis A, 5 X BRA A LA & B Ser-

toli 4 Ak it A A AR fk (181 6, %4 2)

%% A 8l Control
B 15 mg/kg busulfan
[0 30 mg/kg busulfan

44 mg/kg busulfan

%

Nanog

B 5 TEMHHE 28 d A AFFER mRNA KA O
Note; “P<0.05, ™ P <0.01, versus the control group.
Fig.5 Expressions of GDNF, PLZF, Nanog and GFRal mRNA at 28 days after busulfan treatment

3 itig
MET 25 28 d 7284k, fEA IS 5
d B S5 20 /)N BRLSE AL ZH 21 24 19 5 10 5 6 BR 20 A

IR Ak FRATHENE i T/ BRURS & A 5] 40
H 35 d,fEEHEESE S d B BRI SR e
2RI W AR I I A A2 31 I & a2 {0 T
LG Z 5, SSCs 32 BN 407 , {45587 1) A 0K 20 P
W2 BREIR, R, 78 28 d I, a] DAAR B () 3]
SLER A AR BR YRR

1E M ANREE , SSCs — i1 /7 25 1 K T3 A4 +F
HBEGRRRE , ) — DR R R R
KOG A, (5 45 B B A B A b e 5 oA kS 7, DA
TR 52 IURB S FF 22 ™ A KRS 1, AR Fe e 1 1
AIAEBIRAS SR, 783X s 28 v 45 ol 248 Jta 1] 1) 3%
PR RARMEROUL L 3], A 4T B 3 P 5 A 45
EATZIE ARG S ToOEL R, A 5T 1o fif
FHASTRIF0) 2 17 2 A 3 i 2 ol T 40 i %) 2 AR
RIRNER Sertoli 2 M 1 S N7, IR E AL B 5 5 5
FARAEI 2] Sertoli 4 iS GDNF 351 B 5 7155,
Ui HH Sertoli 40 il GE 8 L) 5 A 75 245 41 H I SR 1Y
SSCs MUk | HJE # B B 22 i # K1k GDNF A9 &
WG, BAK I A BRI 2] PLZF 3 3K 5 19 42

15, fHAE  Nanog A HI LU X REAH A T 10 3 A0 42
B (& 4) , /T Nanog S [ F7E R 0L SSCs Hh
Fk | BORILHERE T & AR AR T SSCs 34 5 By
BT SSCs 143 Ak 1 AT iy, 2870 A6 5236 T A
(R B e i AR S B

GDNF LUz5 43 75 3Gl i GFRal Z (& 1EH F
SSCs, 4 SSCs MG FH PRALTE B TIOAEE . 25Uy 3R
S —HAFEE 28 d, I HLAEBLAS S50 AL AR b4, 52
FLANA PLZF F1 Nanog 19183 R 80 0 i 3 TH 5,
HE—ZEHIET GDNF fPEH, 281, RS IR ,
9% 54 S8 i T SSCs B I /b, 3 Sertoli 41 fifl 57 3] [
BRIETT 54 GDNF B3 A i 2 Aty =L,
(R IR 9 I T L E— 25 1 AR SIS B0 IE AR S
FEFI Bt 1 S5 1T 2 70 o 1) 398 KV s ) AE 4K
GDNF LT £ , iX 5 Zohni Ay W E 45 R & — 5
(' GFRal J& GDNF 7E SSCs JIH 2 1 (1) 4 B 52
&, 5 c-Ret 3 [F#4 % 76 % 52 /& /- F Src ., Ras,
Numb 55PN {5 5 38 [, 98 32 40 OC 58 [F 38 3k JF 4k 47
SSCs HY¥&FH  H IR BB, EHHZAIIE 5 d i,
PLZF (7L IR B2 (P >0.05) , FATTHEM | 3% &
P ATE S 2 2122 7K SF 38 & mRNA 7K #BK B
F R0 2045 S 400 B A A B2 Ak, SR T, Sertoli 21 4]
il S B SRR DG D 4 e 1 A8 Ak (O U R ) s
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it S8, 25 H £ GDNF (43K, 28 d i, 1
TH LR R A0 i BV AR AL 802 KT B e i Ui
B KT AW B R . I 7R R GDNF B 1K
TN ARAIEEEREE, 1M SSCs /9 3 FRIEFE N 2% &
ARG T R A R O SE 9 2 GFRal ZK-F- 2
BN B A W35, T GFRal {UAE SSCs ik,
Hit GFRoul 75 S50 2H (Y 48 e Wi 2 5 T 22 0 & 52 IR
FEAIERGE (D 5) , AT RESE PR A 0 42 391 B vy, G D
Y AZ 450 22 | REHEAT F FRIG 5 Y 20 i BEEOR B )N
JIT LATE AR [R] 0 164 78 (5] 90 6] PN 2 90 4y A B 240 A kot
(GFRal /KF) H5HHZR 2 LS, o, 1
28 d I} PLZF A & 35 W3S &y, #F— 20 52 17 3RATTHY
I, BY Sertoli £ Af 53 WAfY GDNF it GFRol B#IE
T SSCs 1y PLZF ik, fEAbHS 28 d, WHZ 245
FRoAT , S ALEE AT RIS B 0 0 SZ RS T 4
He W R 26 B SSCs 7E Sertoli 4 JItd 43306 14 441 Jitg [A]
TIE T OIS 1, X 5af A9 &k B 3 5
1 ~2 N H SIS T RSB IR 2 45 R IEAR —
.

JEA2AmE o8 R W, 76 B 4065 45 19, As | Apr., Aal
AU IR A0 i 2 2L 2947 33 T34, T As B K29 2
A 35 000 A~ BT L, S8 LR R AR T 4T
FFAE SSCs, A2 A 75 AN 1] 3 A0 3 114 2% 5 A4 4 4
Hofmann %50 HA BIE B LK) SSCs H 2 As Al
SSCs, Nanog & [K /& Chambers I Mitsui 557 2003
SRR ILAET I Z Be T A B bR i Y, R AR R T A
H 3R IUHT A i OB S Y SR A B VE K 2 RE T
AMARED " . Sami 7 2012 4F4RH A Nanog 4
REFE As 7 SSCs MARICHE A, T PLZF HAEVE R
Aal BURS AN A FRICHEEH T R B A A S 5
P AR K 7E I AR 3] 5d B, 45 7 4
Nanog HRIAEE LA, FEHTHZ A B 28 d
I, SR A B EER, @dHHEY
AbERJE /N FREE LB As Y SSCs 3k Nanog [IRE )
AT ACEEE RSN, A R TSR

FH AR — e DL A7 25 ) CAEAR 296
SEE T BT SR 55 P S8 A S RE VR T I T T i
FHEF R BUE W0 IS AEAE Y, AR R
Sertoli ZH X T 2B SSCs 11 5z b7 FE 5 fUER , 1X 78 PR
W X BRAE SSCs 5 A L [A] 1Y) 5C R B AT B & 1 4=
Y27 SCOh X THR S ImIRTBYT R AR B AU 3R
PR AT LA UL A8 S PR S Bl , A B — 20 A S B
TE 7 AR RE 2 45 .
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