R R4 (A SRR 538 5 T
- 962 * ACTA UNIVERSITATIS MEDICINALIS NANJING (Natural Science ) 20184F7 H

oA 2R 2o R 4 e L B2 A B RO D 4

X F,AEMG MEH R,.E A,EHE SR
P A RN RS 5 — W R B A PR B A A R [ R S VIR At 210029
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HEREE RS T 1SR AN A LR AL R S X U B R2 N, Fr ik - (RN R A D0 SLI R AN A 22 KGN ANA, FHAS [ ik J3E S2
(0.1~1 000 nmol/L) A FUAS R B 1] (0~48 h) o MIERGFE IR FLER & = , R FH SE A 3R 45 B4t S D7 (real-time PCR) DA K B [ 0T
13752 (Western blot) 3l 4G 41 it 4 LR 206 A (LDHA) AL ER B 20 B(LDHB) 1 mRNA Je 3R (R #6GA /KT, 4558 AR
TR MY 2 KGN 4025 1 000,100, 1 nmol/L 52 i #b B 24 h 58 1,10 nmol/L S22 24 K2 36 h i, FFLIR 4 il & i 25 082>
(P <0.05), JFH,7£100.1 nmol/L Z2MRAL¥H 24 h )5 , KGN 4P LDHA \LDHB ) mRNA K2 [ [k /K T B3 FEA (P < 0.05) .
ZE v T R S ] O SR AR Y LDHA \LDHB 926K MITTRRARFLIR A 1, FTRE-5 PCOS B0 % 75 BabaAHE
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Excess androgen inhibiting lactate production in granulosa cells

Zhu Qing, Diao Feiyang, Ma Xiang, Gao Chao, Gao Li, Cui Yugui, Liu Jiayin®

Clinical Center of Reproductive Medicine, the First Affiliated Hospital of NMU, State Key Laboratory of Reproductive
Medicine , Nanjing 210029, China

[ Abstract | Objective: To observe the negative effect of androgen on lactate production in human granulosa cells, meanwhile, to
explore the follicular dysplasia in polycystic ovary syndrome (PCOS) with hyperandrogenism influenced by the reduced lactate.
Methods: The human granulosa cell line-KGN cells were cultured in vitro and treated with different concentrations of testosterone (10
-10™ mol/L) for different time (0~48 h). The content of lactate in culture supernatant was measured. The mRNA levels of LDHA and
LDHB were quantified by real-time PCR. The protein expression of LDHA and LDHB were detected by Western blot. Results: After
treated with 107%, 107 and 10™° mol/L testosterone for 24 h, besides, 10®* and 10™° mol/L testosterone for 24 h or 36 h, the contents of
lactate in the supernatant were significantly decreased (P < 0.05). The mRNA and protein expression level of LDHA and LDHB
significantly decreased after treated with 1077 or 10"° mol/L testosterone for 24 h (P < 0.05). Conclusion: Excess androgen can
suppress the lactate production in human granulosa cell by inhibiting LDH , which may be related to follicular dysplasia in PCOS.
[Key words] PCOS;hyperandrogen ; granulosa cell ;lactate ; lactate dehydrogenase
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TR 28 R 15 R Vi) ) S5 A 240 o 1) P A, 2 T
WO L , 25 PCOS AL KT A5 R
N T e 3 S T Ak T A A/ 5% 3 1) N A 201 it 25 KGN
S, O 2 JUR 20 B ) LR A5 A, 445 35T B B SRy 3
Tife 985 2% SR 200 b L R A B s i), B HE 5 PCOS
R RERIR .

1 #RITTE

1.1 ##

O\ B SR 95 SO 200 it 22 KGN 40 b i 50 k2 2
W, 2P (ACROS 2 w], ), FLRR IR & (F gk
A T ARG ) , 300 %% 5kl . SYBR-Green #R %1
(TaKaRa /A #], HZ) , TRIzol i 5 (Invitrogen N
FH ), B-actin FLAK (sc-4778, Santa Cruz 24 &) , 5
), LDHA /4 (ab101562, Abcam 23 7 , 92 [F ) , LD-
HB LA (ab53292, Abcam 23 7], B2 [H ) , HRPARIC AL
Edi e 1P BB (Jackson Immunoresearch 2%
A), 3 [E), DMEM/FI2 3558 . 55 R 555 & (Gibeo
N, SEE) BRI (Sclencell 23 F) L, S5 ) o
12 F#
12,1 AP LBk m it Z KGN 2o ik o33 7

KGN #i il 2 5 [ 12 78 P U1 55 0k7 20 ftd s 28 35
(Bi#4.45,XX, 7q-,-22) , KGN 40 i LA Sy RE % O 96 3]
PE (FSH) 32 AR 235 B i 16 14 05 B AL il M R AiE
B2 0L T B S 50AT 290 A 2 i A B R 20
i A A R TR AL A5 5 AR . KGN 2
M5 5% T 1% 10% i34 1ML L 100 U/mlL 75 2 £ #1100
ne/mLAEES 2 1 DMEM/F12 B335 .
122 #fmin sl aSn

KGN A8 6 FLAR N , RrAi il & 28 80%~
90%Ht , 73 S £ 0.1.1,100. 1 000 nmol/L 22 ( Z,
P ) B JC NI DMEM/F12 55 35 A0 B KGN 24 Jifd
24 h(n=4) ;1,10 nmol/L S i &b ¥ KGN 4 ig 0,12
36.48 h(n=4) , AL A 24 SE T AL 35S 1 KGN 4 i 15
I LI, B0 R BR AT LR R e AR
VLI 7E LI PR TAER S R R 5 725
1R27,37 C/KHE 10 min, ITA SN 2600 W 58 50 1R )
Jei , PRSI E P4 530 nm S (R IR G FEAE
1.2.3  Real-time PCR 74 LDHA .LDHB # mRNA
Fak R

FLIR Mot S (LDH ) 2 — ol I A OC S i , B
BN EARGA )R 9 FLRR . A LDH [R] T 3 R TR Y
LN LDH-A . LDH-B F1 LDH-C 2 ; i LDH-C [A] T_Ji
ILAE SR IURG F R ik . RSN 3H] 1,100 nmol/L

W1 FF KON 41 24 h(n=3) J5 , F TRIzol 52 4> %4
fE 2R . BRI RNA I HE S4B cDNA 5
i i:f SYBR-Green #8512 £ Il GAPDH . LDHA | LD-
HB B3R Fik . 51495 %)% H Primer Premier 5.0
&, 3558 1k Primer-BLAST ¥ R HiIA S | W 11)F:
S, B 5 | ) e R AR R A R A
AAM(ER D,

1 Real-time PCRSI¥IF SR EF=YKE
Table 1 Primers used for real-time polymerase chain re-

action

P 51Y¥51(5'~3") T (bp)
GAPDH 1FE[i] AATCCCATCACCATCTTCC 309
I GAGTCCTTCCACGATACCAA
LDHA 1F[i GTGCCTGTATGGAGTGG 151
i) TGTAGCCTTTGAGTTTGA
LDHB 1F[i GCTGGATTTCGCTACCTT 166

JZ 16 CATTGTCAGTTCCCATTTCA

1.2.4  Western blot 7% # | LDHA .LDHB #) & & &
kK

KGN 4t ] T4 514331 2% 1 5% 100 nmol/L =2
Br3% 24 W(n=3) )5 , {1 FH & 25 11 BRI AR 0 1 70 1)
RIPA 4 i S A 75 73 24 A0 ML, IR IRATIR 2T, UK
2% 30 min, 12 000 r/min T 4 °CE5.> 30 min, B
Y D B R A TG R FREAS, 70 CCm#k
10 min, BFEEAK AN Bis-Tris T EFLN, 180 V
HL, 7K 30~50 min, FH PVDF i 250 mA %% E[1 2 h, 5%
IMLYE F & A (TBST W BL ) T 37 CEMI 1 he 43
A B-actin .LDHA F1 LDHB HUA , 4 CHE IR,
JNAHRPHRIC 037 CIHFE 1 ho ECLALERIEE
LTS8
13 %it¥H

FRE BRI E R 3R UL . m TR +
FrifE2E (x + 5) 3, 0 FH SPSS 20 F4-5d B i k4148
THEEa T . Z2H 18] BRI 7 22500, IR LSRR
HILSD%,P<0.05 hEFAGI#E L.

2 # R

2.1 FREVREEE T KGN 2m i FLER & R 049 %R
PHNES 7 N\ B 5590 TR 20 i 22 KGN 40, 541
Jil A K & 80%~90% il A, 49 FH 2 22 (1 000.0 .
100.0.,1.0 F10.1 nmol/L) [ JC I 15 B3 IR W15 7 24 h,
AN RS IR SO ALIR & i S5 nEl 1
JF 7R« I B 2 1.000.0.,100.0 1 1.0 nmol/L 52 i {4
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HMFEFR KGN 40 24 h, bl b PRt 2 SE _
0 nmol/L 41 P&k (n=4,P < 0.05) . AMAEI% 37 115 %
2] Ha o1 = N £ i
H LR I AR B 5 S TR 3 5 0] B AR OC 2R z 1 . .
3
. - |l‘ |L‘
=
— a
= =
< 104 0.0 T T T
= *
E 0 1 100
g N 8 * S B (nmol/L)
% 1.5
B oL =
e S S I I %10_
0 0.1 1.0  100.0 1000.0 E ’ *
SR (nmol/L) 2 e
50 nmol/L EFIHLHE, P < 0.05(n=4) ., S 0.5
1 REREEFIR KGN AT A A 5
Figure 1 Different concentrations of testosterone effected 0.0 T T T
the lactate production in KGN cells 0 . ! 100
SR (nmol/L)

22 FEEALFZ KGN 20 0o R ) B 18] 3¢ 2 FUBR 4 a9
EAC

FH 101 nmol/L 22 Hi {475 5% KGN 41 i 0~48 h
Je , ME FIERP LR S . SR 2 R A
W ELRR F i A SRR RGN, 24 hak B S0,
MG TR, 10,1 nmol/L SR £ B4 24 .36 h
G , B Z 5211 0 nmol/L 41, FLIR & = ¥R (n=4,
P<0.05),

& 227 0 nmol/L
10 4 2 1 nmol/L
=n1 © 22 10 nmol/L
=
£ 6
%
™ 21
04

0 1I2 2|4 3I6 4|8
BR8] (h)
SEERVE AT A I, 5 0 nmol/L H 4R, P < 0.05(n=4) .
B2 ZfmAEAE R E T KGN 488 2B & B S0
Figure 2 Testosterone affected the lactate production in
KGN cells for different times

2.3 EEAX KGN 28 52 A LDHA . LDHB # mRNA &
i S UR )

AWF5EH 1,100 nmol/L S AL FE KGN 4iiifd 24 h
J& , H real-time PCR £ Jl] LDHA . LDHB f#) 3 ik 7K
o 1,100 nmol/L =28 i & il AU 40 i 4 LDHA |
LDHB &R FRik K- (n=3,P < 0.05, 1 3) .

50 nmol/L Z2[ FL#, P < 0.05(n=3).,
B3 ZfHH KGN 4/ A LDHA .LDHB ) mRNA 7k F
Testosterone decreased the mRNA levels of
LDHA and LDHB in KGN cells

Figure 3

2.4 & % KGN 21 A LDHA \LDHB % % & £ &
KT8 %5 v

PRAMEFE R KGN L2281 F1 100 nmol/L S 4k
FH24 hJ5 , F Western blot K 2l ifd )y LDHA . LDHB
FE K EZE3k, 11100 nmol/L S 4L FH 24 h 7
LDHA .LDHB {2 /K B & TR AR (P < 0.05, K 4) .
3 4t i

BRBE 20 Bt 22 )2 O Fr S0k 200 it 6 DI A% 5P
PIEEE AW (COC) o BRHEAR AN ON e J0R: 20 A 25
B I T 2 110 5543 D R R ] 308 175 1 D93 200 L 2
CREBIRAZ R o FABEZ COC I E i , il
1 BRI BRI PSS OO A A s AR
ZICRLEA AT . FE D REAH I iRt R, B
e 7 20 6 300 o A e oA A R A, A DR 4
Mude At f A RE (=B AR T, ATP) LUK 25 5 Rl
AR, SRR LR . LDH AT Ak DY A R
FVFLER (0 A H 5G4k o B Fr S50k 41 A R BB 200 it 4
=5 3¢ 35 LDHA F1 LDHB. A ERER FIFLER — Bk A
PR 240 B, 538 2k — R BRI PR AN SR AL R (L A 7K
W, BIOREEA0 I N 2 E A ATP P2 AR 3840 . 1M FL3h
Yyep, A AR SR LR | TN TR IR 7 BB 20 AU A
G334 ALREN BRI R SO I W R R R E
R EERZAER" . WFGER R O B4 AR5
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LDHA F - - 37 kDa

1.5 7
I
}%g 1.0 4
E %
é %
= i
= 0.5 ’—_r—‘
a
=
0.0 T T T
0 1 100

SRR (nmol/L)

oo W

1.5 1
I
=
= |J—‘ ﬁ
=] .
= 0.5
a
—

0.0 T T T

0 1 100

Z2HE E (nmol/L)
L5507 0 nmol/L HbAZ P < 0.05(n=3) .
E4 Z2fFE{K KGN 412 A LDHA .LDHB B & B 7Kk F

Figure 4 Testosterone decreased the protein levels of
LDHA and LDHB in KGN cells

ST [B) G A S 24 B2 (IR AL B ) B
CATP ) BT AFAT T 701 , (o LR ™ A A 2 AR S 51
AT AR B, Bk E ML IR oy
Pl 25 W, T OB 0 i 1 35 0 3 rh S in 6 4
il DU ok B 40 P 9K o 2R, TR IR B M
|G CoRR i OV A s

PCOS B 1li PR BLLATCHE SR A A RO g 1
PR E . I AT FE R < i R A S I JBR
By ARG LR D RERE AT A 5C > B kL 2
JiE 1) B 200 4R 4L 7L 1R PR TR ) K 8 T AR T
Jig 15 2% 0] A A W A SIS ORI R B SR AR
S0 D) RE A 45 L2 0 B 2R T 5 T e 4 T AR
o SORLR T RE A (B 2Ok A2 B2 %) 7T RERH
WfEe &% R AR5 e AR s A A R4 (ROS ) 3
HURE FARPT . BeAb, UP -BR R AN A S R
WA 5 B R 240 M AR BT G . AT B -
PCOS [ HLMLR I RE S LE i, LT RR 2R 2k A

AWk B JES SR RGO BFTE R
B 2 B A SR (ART)RYT (1 PCOS (3 (2 HiE
YT BRI LR K P T A TR R B B2

Bkt 22, FERIMIBON A SRR RO n

(LT FEEE  BOHE L E 420 52 PCOS 3 AN R & J 7K

PRI A BRIE P IR o AT R I, RS

Fr 0 N JIURL A L R KGN 4, 28 52 ab 35 | ik

MR R LT A LR B i R TR v v

WERAEATR , 0P SLA0RL 20 Y 2R A4 D BE 7T RE & A

WA,y DI REAN I B R SR A A LR AR st o
PCOS B85 o HEVCER 7T RE S & UV VAL P 13 T fie

ZEL , PR R P R R A ZE AL, T e A B I

H R AT R B, 5w MR %] O SLA0RL 20 i

F1% 7L 1 I it 28 K K P HAT AR, £245 LDHA

FILDHB, A< SCHEW , PCOS H 34 U1 HEJR 0 o5 A 8 3%

T A T UK 200 ) LDH 2235 B W7 R i s

A2 ol LR A i 5 SO 0 D 1 7L TR 2 ol /b B fefe

IR ERARPEREA L , DI AN RE B . AATSEd 4R

7R FEIG R PCOS S8 B IR S it fe v, al 22

TR 5 37 R P T S 0 7L TR O T A R L 4

o P A, R T AT TR RIS 5 0 FHAN L
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