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[HE] BH  WITYRAR T (genistein, GEN) X & BRI MEM: K BUE S R G mAAIHLE . F7i% 2230 Rl
FL(21 H %) SPFYIEIESD AR, BEHLAY 9% FRLH (Con]) . GENIGHI 20 (G14H) . GENEFI R (G24H), 4H10H . R4
KRR, 4351205 mL/kg K. 150 mg/kgMI300 mg/kg T K i 0 GENTE B 6 8], B R RRBUA B 1Yk, 6JF 5 Ak
FERER, MRl S, PSR AUSIARAIZN, PRS2 40 AR S AL SUR R A F AR Ak T1BOR 850 543 30K TR 3 il
G P ARG I AL o S PR R Pt O R A O R ARG I 52 HU2H 4 AR A R 2 9 1 SE A2 C (PPP2R2C) R 1)
FEIRFENL; 43 AR D6 HPCR(RT-gPCR) AR H BT BRIl i (Western blot) 6l A fR 52 ALZH 2L - PPP2R2C R4 ff &
A R I (CDK2 ) BFmRNAFNEE [ 265K S LUTie el S2oL 4 20 b 2R A RR B2 A (PP2A) T . SR 4%
R RV S I L LT M . PP2ARG TG M 25 R TS 1242 L (P>0.05) ; G224 S AL S B A5 4 25 6L; GLAN
G241 YRS T Wi T2 %5 F Con (P<0.05 ) ; G220 B 1L 775 52 TR J5k 12k 4k B A T Con 4 (P<0.05) ; G224 PPP2R2CHICDK2 )
mRNAZKF- 5 T-Conf (P<0.05), {H#E F/KFAE T Conl (P<0.05); PPP2R2CHE FATEA AL P I A ik, &8 F
AW ) A 55 =570 2 (300 mg/kg) GENSSHIEE I BUNAR J5 1 AR S D e IS R SEIA . B F7EPP2 ARG M A B2 1)
TE0UF, #MR L CDK2(p-CDK2) % 1 ik it HH B R %, PPP2R2C-PP2A-CDK 2 R TL 4% 1T 75 52 M A BRUAY A= 7l R G AT
HE—B 05T .

(8]  JukbRdl  AJHRS  PPP2R2C CDK2  PP2A
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[ Abstract] Objective To study the effects of genistein (GEN) on reproductive system in prepubertal male rats.
Methods Thirty SPF-rated male SD rats were randomly divided into control group (Con group), low-dose group (G1
group) and high-dose group (G2 group), with 10 rats in each group. Corn oil, 150 mg/kg and 300 mg/kg GEN dissolved in
corn oil of equal volume were respectively administered every day and weighed the next day. After 6 weeks, the rats were
sacrificed, and the testis, epididymis and prostate were dissected, and organ coefficients were calculated. Histopathological
changes of testis was observed. The number of sperm was counted and the rate of sperm malformation was calculated.
The concentrations of serum testosterone and estradiol were detected by radioimmunoassay. The protein phosphatase 2,
regulatory subunit B, gamma (PPP2R2C) protein expression in testicular tissue was detected by immunofluorescence
assay. The mRNA and protein expression levels of PPP2R2C and cyclin dependent protein kinases 2 (CDK2) in rat testis
were detected by real-time quantitative fluorescence PCR (RT-qPCR) and Western blot, respectively. The protein
phosphatase 2A (PP2A) activity in testicular tissue was detected by immunoprecipitation. Results There were no
statistically significant differences in body mass, sperm number, serum estradiol and PP2A enzyme activity among the
groups (P>0.05). The pathological structure of testicular in G2 group was disordered. Sperm abnormality rate in G1 and
G2 groups was higher than that in Con group (P<0.05). Serum testosterone concentration in G2 group was lower than
that in Con group (P<0.05). The expression of PPP2R2C and CDK2 in G2 group was higher than that in Con group
(P<0.05), but the protein level was lower than that in Con group (P<0.05). PPP2R2C protein was expressed in testicular
tissue in each group. Conclusion Long-term exposure to high dose (300 mg/kg) GEN during prepuberty may cause
adverse effects on reproductive function in adult male rats. Further investigation is needed to determine whether
PPP2R2C-PP2A-CDK2 phosphorylation pathway affects reproductive system in rats.

[ Key words] Genistein Reproductive system PPP2R2C CDK2 PP2A
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Ykl A #7 (genistein, GEN) X R4 48 5 25 . Yokt
ARE, BIRBERAIR, AW TIK, K S5 8 ) F 2
TEPERLSY, BOA N2 BAURTER A Y M R 2 1, Ak
i R 240 B R BB, O S, BT PRk P
TR SRR RS E Y, A RS IE GENREYS 72 1
b2 A MER R Z AR, JEXT A B RE S P AR R R
AR P2 iR A L RE R R BEGEN TS , #AE
/N FUER AL 20 B B R Wl 298 49 3 55 2C(PPP2R2C)
FIVZ i JE 0 B B 2 ( CDK 2 ) B[R] 3 2 St e ok, 4
TRIX AL T REAEREE A S R G R B R E AR,
PPP2R2CHIT 3K W £ 1 BU= 2 F MERR B2 A (PP2A) Y —
AR TS, [F] A PP2A XCAT R i 2 (1 CDK2 2= i i
1k, TE LR B BERR fL CDK2 (p-CDK2 ) 75 £ At J& 3 8 4
R AR EBRER" . AT R CDR2 K L #R ik
T8 2ORG J 240 A ) D 5 A SRR P A L A, B
GENX| 5 & HA A K BUA 51 R G A AN B 52 1A ] fig 2 38 1o
PPP2R2C-PP2A-CDK2BEFR B A2/ HE 1), BUOC Tkt
) SCHR 504 BR, SO BIF G 03X — B A o I K BUE
TR G A RS M E

1 #MR5FE

1.1 SLIezhY)

SPRZSDHEME K 30, 21 Hilk, W4T PO 1| K2ESLE
S, S EHIES: SCXK()1])2013-026, AHFFTLE
DU I K 2 e PG A e T AR 2 BE s ) S g AR R L s W
BN S R (S50 S A PR P S R DK
1.2 FERFSNE

GEN(Aladdin); flll- 26 ("*I-T) | flL- s — 5 ("°I-E2)
TR S8 53 B 25 e (AL st b 7 A B R DR SR i A BR
); W% -] & (Thermo) ; Eastep” Super S RNA$EHL
A& . PP2AREK 7] & (Promega ) ; 2x T5 Fast gPCR
Mix (5 & RHE R AE Y ARG BR/A ) 5 p-CDK2L I
(Abcam); PPP2R2CHIIA | 1L 2E4i/N W HRP(Proteintech ) ;
CDK2HiK . ZBIKHTRIgG-HRP, B-actindiifA . 1LI°E-HT
GeHRP (R DIUHA 8 Y TARARRA F); CY3I s
He = Hi (RIFELE R AR A BR A F]) ; Bradford B &
R & . BCAZE A & oA ) & Lol A: 4
BARBARATRR AT o B (P ZAZALER) ) ;s A K il
PR B 53 66 1T (Therom Scientific); kY
(BIO-RAD); %6 B iEs ( H A JE JE ) 5 5B 56 % o i
PCR(RT-qPCR){Y (5[ Bio-Rad) .

1.3 KAHE
131 KRASWALAE K30 KR 34, B4

102 FR BT, 25 AGEN 150 mg/kg (IG5 &4,
G14H) . 300 mg/kg ({7t 40, G241 ) FH 5 K i f (1Y) v
TAN5 mL/kg 5K O FEZH ) HE 1 6], i R BRI 5
1R . 6J8]Jm Z0UME M FI AR FE K BR, A ) 2 0 BRES2 R 57
B, TR SR R A BRI ALY A i AT
HEY (0 M58 2 U SR HA AR 1L
1.3.2 Tt B TR IR 2T, H &
T =S OB PN T LY IR 3 € TR QL [N A e €7 7 Y A
RS TR T EARTER, AR RN AN 58 Bk
T A RTRMIEA, AR #&ERFIRR,
IRl e S R S p A oy i 1 2 12 SN
Xk, TAFAELS, 5 F A iE 2RI S
1.3.3 AR E R i EE (T) f¥%% =8 (E2)
TR R B SR o iR U B A, Horp
T E BT R ZT-T, B R Rbe-THUAR, E20E P50 -
B2, Hiif R fadi-E2Piik, $257)537 CC/KI 1 h, IlA500 uL
IS 4 B, 3 500 r/minE 0015 min, F5 FIEK,
FHTICGRASCIN 2 4545 UTVE B TR
1.3.4 SRS AL EARN FALLLR F PPP2R2CEA A E A2
1) F ek K A, 1 FHEDT AHT R 16 58 28 WA Tk
PR, A B R PEOL W KA, BSAE M5
PPP2A2CHIIA (1 = 100), 4 “CHFALL T, PBSIEVE3UK, INdiL
HRTP(1 2 300), BN E 1 h, DAPIRE R 5 h, 16
{E B SO0 WG NI R EIS
1.3.5 RT-qPCR#& M F AL 4R F PPP2R2CH» CDK2
A B 9 mRNAKF  FRHCSE I ZURRNA, Wi 5%, #i
PCRIAF & Ui 8. SO B FR 20 uL, SN 5514 7F
95 CF #A8PE1 min, 95 CA8PEL0 s, 60 CiR K55, 72 C
FEEL5 s, Fa0MEHR . LIGAPDHANNZ, LI2 - E4%
H By A mRNARAX K35 f . 7ENCBI/PrImer-Blastky
REIWIFHN, 51906 i AR R BRAE W) H R A R
R SERL. AHOC H MRS 175 a1 .

F1 WEEMEEWFT

Table 1 Primer sequences of related target genes

Gene Primer sequence (5'- 3') Length/bp
PPP2R2C F: CCACACCTACCACATCAACTC 21

R: TGCGGATGGAACTCAGATG 19
CDK2 F: TGACTTTGGACTAGCAAGAGC 21

R: TCAATCTCAGAGTCTCCAGGG 21
GAPDH F: AATGCATCCTGCACCACCAA 20

R: GATGGCATGGACTGTGGTCA 20

1.3.6 Western blot#| & #4047 F PPP2R2CACDK2 &



ERE

DR H 5 QRIS A 75 B T I ME TR K A B A GER2 i (KL T 7 9

B 6y AR KF [ HRIPAZSRRILIEH, S BBCAK
I a0 & U0 B R I A vk BE, AR AT SDS-
PAGEHLUK /T . BT, J4 6 I8 5 PV DR A% 2] 5% 5f
PR AT, 4 PVDERE S5 B TR S i — B R i
R, SR AT AR, RERIR . T HB-actinfE M1l
W2, BRI BTG IR FEAE, LA B A 5 N2 2%
R FEAE B H AR, 57 22 L1 20 E Y B BRI
STy g
1.3.7 S iU kA E AL T PP2ABEE M R
HUS2 LA 2R, il 4% 26 AR A, i Bradford 8 (% il &
T 2 FURE vk B2, 25 2 B AT, 7E 9 6FL AR Hh il 2% T iR
W, W EARESL . 25 AL FERAEL, 2B L0 WL Rl
JE ORI A (A B R ER AR i, TCRA /KRN B (1 R, T

RN, 15 min5 LA BC G 19 Yo 2 0k RO, e, b
HURRI I S B (R, 9K 600 nm ., 5 28 A THIT 1k 2 1
BANAARFRPI & O BERE MR EGEROR, B0 pmol/uL.
14 ZitEH*E

IEA PR X + s 32w, LA HRCR R R 7 225

BT, P L AR FHLSD 5 A 1E 45 43 A 19 9 Rk v 07 X

(st, P75)%7J—_\" gﬁl‘gj ttﬁ%mjkﬁﬁﬁgﬁo a=0.05,
2 HE

2.1 KRERABREABRREFTLER

2 2 ] S LR BRI 52 RO R BTG
X G1ZHFI G240 Hi 51 it 22 B T X B4 (P<<0.05), {H
GIFIG28 Z 8] 22 57 R Ge it 2# 3 L(P>0.05), W32, il
HTHEG AR (&), 53 A G141 EL, G224 22 4L
GURME T WA U, AR A /N 0 RS At L
i (EI1C- 1873k R ), 1 B R R ARG I 40 A 5
I P AN A3 B B G (JE 1 C-2 83k TR ), I HLH s
H(E1C-38L TR o

*2 SEAREERHLE

Table2 Comparison of organ coefficients in each group

Group Testi.cular Epidic.lymis Prosfate
coefficient/% coefficient/% coefficient/%
Control 1.12+0.09 0.26+0.03 0.14+0.02
Gl 1.17£0.10 0.260.03 0.11x0.01"
G2 1.10+0.08 0.24%0.01 0.1120.02"

* P<<0.05, vs. contol group

E 1 &AKXREHHFHES R RFHIELEH,x400

Fig 1 Pathological structures of HE staining in testicular tissues of rats in each group. x400

A: Control group; B: G1 group; C: G2 group; C-1: Nunberm of spermatogenic cells in the lumen was reduced (arrow) ; C-2: Basement membrane and spermatogonial

cells were separated from intracavitary cells (arrow); C-3: Cavitation appears in the lumen (arrow)

22 BTHEMBTHEE

LB, AR TR Z R 2 R T g 4 3 (P>
0.05), GIAIG2AH T IIE 38R m TX IR, HG2dH T
G141(P¥1<0.05) . GENT-HilJ, KRB th 91 2 Fh e
T (EIBLIAE ), sk T2 W IE (FI3A) . Bk W E
(KI3B) . JARIAEIE (K13C) ., B4 & WE (K3D,
3G). AT &Y (EI3E, 3H) , BYT&RIE (EI3F, 3H) &
XURRIE (131 .

23 KERMFHEER

TS 6], I BRI TR S R R B VR B LR 3,
G2 T/K AR T GLAL I JRZH (P< 0.05), %41 Z [R]E27K
FEF ISR L (P>0.05)
2.4 ZEAAAHPPP2R2CEAWRIEES

WmE 4R, & G7OUES ARG, L0E5500
{55 APPP2R2CEE I FHPE( 5. A4l S AL41 4 PPP2R2C
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Fig 2 Comparison of sperm number (A) and sperm abnormality rate (B) in each group

3 GEN4b G S M5 FREF AR .x400

Fig 3 Various sperm malformations after GEN treatment. x400

A: Sperm head without hook-shaped; B: Double head; C: Undulate; D,G: Sperm neck folding; E,H: Sperm body folding; F,H: Sperm tail folding; I: Catamaran

malformation

®3 BHHARMFEZMAMBE_EREEZL (n=10)
Table 3 Changes in serum concentrations of testosterone and estradiol

in each group (n=10)

Group Testosterone”/(ng/mL) Estradiol/(ng/mL)
Control 0.33 (0.13, 0.58) 9.753+1.883
Gl 0.15 (0.08, 0.21) 10.706+2.880
G2 0.06 (0.01,0.13)" 10.490+2.116

AData on testosterone levels are more scattered, expressed as median
(P,s, P;); * P<0.05, vs. control group and G1 group

AT 5] S5 200 B AR A G A i P PRAR 2 A 41 (6 56,
FIHPPP2R2CHR [ 21k

2.5 ZEHMALAFHPPP2R2CIICDK2EE mRNA K LK T
T
L5, 5T HRLIMIH, G24H S ALl 4L PPP2R2CHII
CDK2H: K mRNAAAXT R IA F 8/ (P< 0.05), HALTG141
(P<0.05), XHIRA S5 GIHZ ] 2 F LG i % 2 &
(P>0.05). VitHHE 7 GENA] il PP2R2CHICDK23E [H
mRNAZIA,
2.6 ZAHLAFPPP2R2C.CDK2K p-CDK2E HFiAK
L4, SXHRLAM L, G241PPP2R2CHICDK2ZE [
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Fig 4 The PPP2R2C protein expression localization in testicular tissues in each group. x200
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B 5 &4HZHHRAH PPP2R2CHICDK2 mRNAE I R ik K F
Fig 5 The relative mRNA expression levels of PPP2R2C and CDK2 in
testicular tissues in each group
Rk I (P< 0.05), 1iip-CDK2 [ K ik i T &
(P<0.05); 5% HELIM L, GLAL k2R (1 A Rk A
k(P> 0.05) .
F4 BHEAALBEXEARIZKE (n=10)

Table 4 Expression levels of related proteins in testicular tissues in each

group (n=10)

Group PPP2R2C CDK2 p-CDK2
Control 0.757+0.075 0.548+0.057 0.025+0.001
G1 0.826+0.198 0.554:£0.160 0.025+0.003
G2 1.084+0.041° 0.827+0.079"" 0.020+0.001""

* P<0.05, vs. control group; # P<0.05, vs. G1 group

2.7 EHNALFPPAEEFHHTL
GENT-HUS, G24H . GLZH X HEZH PP2 A i 1 43

H°4(39.9248.54) pmol/puL, (46.73£12.68) pmol/uL
M1(46.96+9.85) pmol/puL, 34 0] 22 R LG T4 & X
(P>0.05).

3 itig

i £ F R ) S5 2 X A B R G I S — A7 B
JZ R OGTE, DFFE R, A H A0 R R A MR
YT 2 S BOEVEAN R A T R G0k B I RE S H, 1ii
GENYE Jhy 512 1) Ji £ 15 A 400 B 33 25 (R DA U, R 9 Lo
TP A= B A R 5 M B OB 22 ¢ F %2 . DELCLOSAE™
WF9E & LGEN T, Mt 7 AT R0 B TR, S2L K
HIER, T R AL GG, SAFREE REA 3.
AT K B ) GEN T 1, I 17 S i 7K - B Gk g
k. DA EZ5 SRR 7 GENRERS RHIEPE K BRA T R 5t
SIS A

298 K GEN 3 5L I S2 AL 2L rpopH DGR R AR
FIR AR AHIFSE & B 7 S GENCZS T K R 52
AL PPP2R2CHICDK2HE [ ) mRN A FIEE [ 1) 4 157K
o HHIA XPPP2R2CTE S AL S F2 3k 5 1 1 Sk L
A, H ARSI R 2RI 22 e AR 2P Y
A& SCHR, ABIFSE & BRPPP2R2CAE 4541 K il 52 HL£H 41
Pl 3k, HAEARIR AR rp g ik

290 i JET B A0S B 11 38 ( CDIKs ) 7 4H i J) 1 8 4%
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TR E EEVER]. CDK2Z/NEIEU T 2R T Bl i,
AFE & BLCDR2FEE R RBR G , /NGRS T & A e, R RE4n
MUK T, CDK2 BB RR (% (b S S AR 2,
AT X AR Jer 4 e ) 5 0 3 A 4 28 DG S 1

PPP2R2CIT #3k B 8 H R PP2 AR — 17 I 3,
PP2AZ: Y5 1730% ~ 50% R 1 LB b 1F, Az 4E
YA, AR S 5155 . DNAG BURTIE 5 248 g J]
Wy A BFSERIE PPP2R2CHE N 12 A &1 finPP2A
BRI PES, PP2A AT R i CDK2 2R 1L, TMip-CDK2J2:
HIGPEIE R, 25 40 M0 J8 1, 72 400 S5 9 00 G/ SKE 56
SRR R v A A ORI 4788~ PPP2R2C-
PP2A-CDK2H42 AJ g 2 DA AR ) 2 P2 5% ) K BB BB 3R
4i: PPP2R2CTE S AL B i3k, 385 T PP2ARB Y 1
P, PP2 A i T i CDK2 H L # Rk, M p-CDK2%&
I35, AT 5 MEDAS B 40 B A Dl 50 2 i, PG £ il
SR, A B R BV R ST 78 .

AT 557 B GENfH PPP2R2C R [ (1) 1A 4
i, AFLA DLPP2 ARG M & A 10 25 R, X5 il A RIS K
JPPP2R2CH K ik 23 4 i PP2 AT IS PEAAF, PR i
PPP2R2C2: 75 AE % 14 1 PP2 AT M 5 B 1 — 25 1 52 1y
BT, AW AEPP2ARG I A A IS UL T, p-CDK2
IS TR, #2/Rp-CDK2#E A 25K F il iEA &
320 AR PP2A B M T IR 1Y), T B L PP2 A ) HoAthy
M F 7 23 B, A 0T R S JC DG PP2 AT ) 3 4 1 11 o
DXL Y 8 GENOX 75 2 09 WM B ) 26 R e 5 e U L
AT B S R
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