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[ ZE] BH: B AFEFERZ®RA (GAA) XFIE/NGIM%E (NSCLC) PCO 40 i 1 4 ¥ 1%
PEOWE B A 2 PR B W R R S, R B B AR AL . ek MRS BE 3R NSCLC PCO 4 i, #%
PCOAMI > J2s X BER4L . fRFIHE (25 umol- L") GAA 4L, #3l&E (50 yumol-L™") GAA 41 Hlf 5 &
(100 pmol-L™") GAAZl., RAIMEMEE (MTT) KA &4l PCOAI A1 R, Transwell /N L5646
2% 20 PCO 4N i 3E 6 40 L %50, 74 25 00 R 00 3 390 85 K 0 45 41 PCO 20 Bt 8 25 W 4 U, — W R IR 1T
(ATP) A0 3 500 G0 A6 0 4% 2 PCO 4l i v ATP /K, 20 2 b 03X 550 60 K W0 4% 41 PC O 41 it vh ZLRR /K-
ST 966 E B PCR O (RT-qPCR) ¥k 46 4% 2 PCO 240 Jif v © B8 3% i 2 (HK2) FiI M2 58 75 il 7% 384 1
(PKM2) mRNA F£iE/KF, Western blotting 35 £ £ 41 PCY 40 s sp HK2 1 PKM2 & H &35 7KF .
R MTTE, Kigf2d4, 48M72hit, Hos Xt Bl i, oo m & GAA 4l PCO 41 i 771 % B
AR (P<<0.05); #3572 hink, S5EHE GAAA R, BHlE GAA AT R B HEE (P<
0.05) . Transwell /NE S0, 525 (A6 B Fb s, oA s e i GAA 4040 )i B 50 B> (P<
0.05); H{LAIE GAAALLE, mFE GAA MM T B EH B (P<0.05), 525 X R4 s,
PR 7 i GAA A1 PCO 20 it v 4 28 48 15 B A FL IR K -2 B B RE AR (P<<0.05), @& GAA 41 PCY
4 ATP KB W Bl (P<<0.05), RT-qPCR¥:, Has Xt a4l i, hAEF & GAA 41 PC9
44 g HK2 F1 PKM2 mRNA 26 3k 7K 44 B B F % (P<C0.05). Western blotting 3%, 525 X BG4 [t
B, AR GAA 4 PCO N b HK2 1 PKM2 28 11 2 15K F- B B L (P<<0.05). &i: T HlE
i GAA AT PCO 40 i 3% 58 K AT 4% 109 L Wil o BB e e A L JCAE AL 1T RE 5 90 ] S g R
i HK2 fl PKM2 B 235 H %,
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Effect of ganoderic acid A on glycolysis and its key rate-limiting
enzymes of non-small cell lung cancer PC9 cells
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ABSTRACT Obijective: To discuss the effects of different doses of ganoderic acid A (GAA) on the
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biological activities, glycolysis, and the expression of rate-limiting enzymes of non-small cell lung cancer
(NSCLC) PC9 cells, and to clarify the mechanism. Methods: The NSCLC PC9 cells were cultured in vitro
and divided into blank control group, low dose (25 pmol-L ") of GAA group, medium dose (50 pmol-1.7")
of GAA group, and high dose (100 pmol-L™") of GAA group. The methylthiazolydiphenyltetrazolium
(MTT) assay was used to detect the survival rates of the PC9 cells in various groups; Transwell chamber
assay was used to detect the number of migration cells of the PC9 cells in various groups; the glucose
uptakes of the PC9 cells in various groups were detected by glucose assay kit;the levels of ATP in the PC9
cells in various groups were detected by ATP assay kit; the levels of lactic acid in the PC9 cells in various
groups were detected by lactate assay kit; the expression levels of hexokinase 2 (HK2) and pyruvate kinase
M2 (PKM2) mRNA in the PC9 cells in various groups were detected by real-time fluorescence
quantitative PCR (RT-qgPCR) method; the expression levels of HK2 and PKM2 proteins in the PC9
cells in various groups were detected by Western blotting method. Results: The MTT assay results
showed that, at 24, 48, and 72 h of culture, compared with blank control group, the survival rates of the
cells in medium and high doses of GAA groups were significantly decreased (P<C0.05). At 72 h of
culture, compared with low dose of GAA group, the survival rate of the cells in high dose of GAA group
was significantly decreased (P<C0.05). The Transwell chamber assay results showed that compared with
blank control group, the numbers of migration cells in medium and high doses of GAA groups were
significantly decreased (P<C0. 05); compared with low doses of GAA group, the number of migration cells
in high dose of GAA group was significantly decreased (P<C0. 05). Compared with blank control group, the
glucose uptakes and levels of lactic acid in the cells in medium and high dose of GAA groups were
significantly decreased (P<C0.05), and the level of ATP in the cells in high dose of GAA group was
significantly decreased (P<C0.05). The RT-qPCR results showed that compared with blank control group,
the expression levels of HK2 and PKM2 mRNA in the cells in medium and high doses of GAA groups were
significantly decreased (P<C0.05). The Western blotting results showed that compared with blank control
group, the expression levels of HK2 and PKMZ2 proteins in the cells in medium and high doses of GAA
groups were significantly decreased (P<C0.05). Conclusion: Medium and high doses of GAA can inhibit
the biological activities of proliferation and migration of the PC9 cells, reduce the glycolysis, and its
mechanism may be related to the inhibition of the expressions of the key rate-limiting enzymes HK2 and
PKM2.

KEYWORDS Ganoderic acid A; Cancer, non-small cell lung; Hexokinase 2; Pyruvate kinase M2;
Glycolysis
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NSCLC) 24 & 4= & Jili i f8 % 19 8500 ' B g8
S S R A I S o T A A A AR A IR AL
WA e = Wi R IR (adenosine triphosphate,
ATP) By BETE, AT Sy i e 4 B pe 3 34 4 £ it
REtE o SHPENPRE A0 M T B A BRI R R A
T A% IR SRE B0 5 A TR B BE T, B AE A AR
L2y Bk PR R B AR BB, BORR b A AN B
(Warburg 80 ) o BHEEfF oL B2 pml = A 7L R . FL
TR AT i Jeg Jry PR AR MR ME RO B, (T IR 20 B ) =2 22
s S MEEIE Y A . RZEM A (ganoderic
acid A, GAA) JEH R Z 7B R 1 =i 26 Pk Al
gy, AR BER . IRJE ORI RITB MR SR
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B (pyruvate kinase M2, PKM2) &4 5 0% % i
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1.1 @ Hh 22 XA RMLE NSCLC PCY
A0 (b R A I mh B 2 B i ) SO0 E R AT o
GAA (ZliE=98%, il EYRHEA RAR) .
JBi il FIKG 2 s (fetal bovine serum, FBS) (2£H
BIZy ), Transwell/NEiXHF| & (3£ E Corning 2>
F ), WEMEEE  (methylthiazolydiphenyltetrazolium,
MTT) ([ Sigma 2> dl ), 4 B & 0k 5 &
(B SR A 25 A BRA R, ATP R 7 &
MELRAA WL & (LB E S RAR), Wit
PCRIAM & (b s LR =AY AA RS
Al ) . PKM2., HK2 F1H i f# -3- f i B 6
(glyceralde-3-phosphate dehydrogenase, GAPDH)
Prik (3 E Santa Cruz Biotechnology /A @ ) . PCR
1 (95 Veriti96, FEE ABIAH ), & H I H K
ASCFEE e LR 53 B & 48 (3£ 18 Syngene A Al ), i
FrA (RS . 1681130A, 3 [ Bio-Rad A7)

1.2 wmmEiAirE PCOMMAMERTS
10% FBS Fil 1% % -85 % £ 1) DMEM K& RIPM 1640
Rigrsp, BT 37°C. 5% CO, Y 1H 5 40 i 55 72 4
TR R, OIS B 1 X B A= K 0 A0 3R AT S 5
B PCO 41 M 4% a5 AL X B 4H . K5 B GAA
(25 pmol-L'GAA) 4 . wifl& GAA (50 pmol-L™"
GAA) AEFIE GAA (100 pmol- L™ GAA) 41,
25 FO0) R 2 A0 4 R BT VR R R RIR I GAA
1.3 MTT k%0 &4 PCO@Me#EE UL
ARWIE PCOYNIE, LI 5X 10 mL ™" § % & F T
96FLA M KT FEM, T 37°C. 5% COBEFMTIEE
24 h, 439 A 0, 25, 50 #1100 pmol-L™" GAA,
T 24 ASFN 72 hif L 96 FLAH M B Fe bR, F 13,
BEFLANA 20 plL. 0.5% MTT % Wi A9 58 4 855 F2 0,
kLR A hJE FRGT L, BELIMA 150 pl — B 5
WM (dimethyl sulfoxide, DMSO), # & ¥ K N
490 nm, FEARACIE S AL (A) H, B
HAMLAETE R . WA R= (LRAAE—=A4
AfH) / IR AE -4 AE) X100%,

1.4 Transwell ) £ B0 Z 4L PCI Mt A @
Jo B BO B K PCO 4 M, 4 i ol 5K
10' mL™",  SAHQM b2 5mA 0. 25, 50 #
100 pmol-L™" GAA, 754 2H 40 g rf B 200 plL 4%
F Transwell /NE L2, FEHMAFBS £ 53,
¥ 2 48 h 5, WE MR Eh 2 b W (phosphate
buffered saline, PBS) ¥E¥k, 4% £ & W E &

30 min, FEFHO0. 1% &5 A5 4L {4 15 min, WM T
THEUR A= 32 78 1 4 MBSO 40 R 4% 41 4 AL B B 3% X
540 B T A5 20 M O O M, B E A 3R,
1.5 HABLSZTHMNKNEKZHPCI @M
HHBBIE POSTBAERKBI PCOYHML, 4 i %
S 5X10*mL~", 44D T 24 FL 40 MR SR AR
SR A 0, 25, 50 A1 100 umol-L~" GAA, %424
48 h Ji, PBSZEMIB VLY 2K, R & i % 4 (1)
B FEBF MM 20, A 2-NBDG & # 50 pL,
37 CH# % 30 min, PBSZE M VEW 21k, S IR 4
W2 A R U I S A R R, SR AR A T
WA 570 nm A KGN FLA{E, L HEE 3. A
WEE= (LRAAE-FHAAE) / (R
HABE-FHAAM) X100%,

1.6 ATPA®M XA EHMEBLPCIMmMT ATP K
T R R A KW PCO 41 M, 40 i B Ol 5
10* mL~", HFh T 24 fLAM M IG T bl b, 3 il A
0. 25. 501100 pmol-L™' GAA, #5248 h)5,
fLm A 100 pL 48 ffL 24 f# W vk I % f% 15 min,
12 000 r-min™" & .0> 10 min, W FiE W . A FE 5
A 100 pL BA 1 - 6 Fi BEAY ATP &G IR, w2
HEE 5 min, fHRF S5 ATP S48, 7B 45 fL
BN 10 pL AR UE S, R I EEAR AL T3 K 570 nm AL 4G
MAFLAME, LHHEE 3R, ATPKFE= (LKA
A E—ZHAAM) / (MEBAAMH-=H4
AfE) X100%.

1.7 sl a5 &4 &4 PCI % fie P $LEk K
T OB EA KW PCO A, A0S E ok 5K
10 mL~", #4024 FLAN MBS S0 b, 435
A0, 25, 50 #1100 pmol- L' GAA, %2448 h#f,
A2, 1. 5mL EP&H, 12000 r-min™'
B0 30 min, MR, 2 ML R I a7 A 150 W
FEAE. THKS70 nm KM A fL AH, LR E
3., IMAKFP= (ZLEHHAME-—=FHH
AfH) / (XA AME -4 A X100%.
1.8 % 8 % & £ & PCR (real-time fluorescence
quantitative PCR, RT-qPCR) i #&#] &-48 PC9 %5 it
¥ HK2 #» PKM2 mRNA & & K+ WELKHLZ
i 48 h i) PCO 4l g, R A TRIzol i 7 $2 B4 g &
RNA, #5554 W cDNA. Primer 5. 0 % F %1151
Y. 519ys . HK2 BiE519, 5-AGAACATC-
CTGTGGCTGGAC-3', FiiFsl 4, 5-ACCTTT-
CTGCTTCACCTGGA-3", ¥ 7= ¥~ 466 bp;
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PKM2 L35 1#), 5-ACAACGTCTFCTGTCCAC-
3, FUEsI¥, 5-TAACTGGATGTGACACAG-
AG-3', ¥ 8% 325 bp; GAPDH L7514,
5-CGTGGGGGTCTTAATGACCA-3', F iif 5l
¥, 5-TCCAGAAGGACTCCTCCTTG-3', ¥
¥ R 509 bp, PCR BB 254 60 °C . 2 min,
94 °C, 2 min FIZEHE; 281 94 °C. 2 min; 1Bk
60 °C. 1 min; 7EFF40¥K, & 72°C. 10 min, R
F2- it B H R RSB, BAESR 3R,
1.9 Western blotting # # # & 41 PC9 % j& ¥
HK2#4PKM2%& & & & KF  BOHHUAE K PCI 40
Mo, 40025 BE R 510 mL~", #ERD T 24 L 40 B
FeMR SR, MMEIEEESS , S AImA O, 25, 500
100 pmol-L™' GAA AL B 48 h, YK A4, X
FHA0 MR PR BOA R SR A B B, W&
W, W25 pg MEEH, 4 10% SDS-PAGE K H
vk, ¥ EPVDF B, PL5Y B0 a =R E A .
A—Hr, HK2 fIPKM2 LA 1: 200 B, GAPDH LI
1:1000# ke, 4°CHEEMK. TBSTIHWIFEE, M
A B AR AR =T (1:2000), =R FF
A 1h, TBSTHWIHEME. KA ECL BG4,
BAG S BT R GRS, R Image T35 #1 28
4 KM, LIGAPDH NS, HEAEA
FRKF . HEE A ERIEKFE=HRE A &0 K E
B/ WSHEA KW KEME, BHEREL 3R,
1.10 %t a4 K SPSS 21. 048 i+ 4k 4 4T
Giit2E b, S MMANE R . FLRRAKE . H 4 bE
R . ATP /K, HK2 #1 PKM2 mRNA & & H
FRK P GESNMG, UatsFm, L410
FEAR YR R B K R 7 225007, L IRAE A 242K
P L 55 R FH SNK-g #2535 . DL P<<0. 05 2 7 A 4t
ES-9'8

2 & B

2.1 H4APCOmMEEER 13824, 48R 72h
B, 525 xRl g, K5 GAA 41 PCO 41 Jifg
EWFEEF G %E X (P>0.05), H &
i GAA 4 PCO 20 g A7 1% R W] W FE Ik (P<<0.05)
Bt 24 M A8 hint, SA & GAAH L, IS
i GAA H PCO 4 M AF TR 22 S Eg it 8 X
(P>0.05); 372 hif, H5KF & GAAHHE,
= A B GAA 2 PCY 4i Jf A7 16 R W] W BE AR (P<<
0.05), W#EI1,

1 MTT ERA AR FEFHRE PCOHIEFRE R
Tab.1 Survival rates of PC9 cells in various groups detected
by MTT method after treated for different time

(n=8,x%+s5,7/%)

Group Survival rate of PC9 cells
t/h) 24 48 72
Blank control 100.00£1.58  100.00%=3.14 100.00%=2.69
GAA
Low dose 95.2843.65  93.774+2.88  92.52+3.24
Medium dose 90.34£2.92"  86.24£3.58" 83.18%£4.11
High dose 87.76+3.21"  84.394+4.01" 79.99+3.82""

“P<C0.05 compared with blank control group; “P<C0.05
compared with low dose of GAA group.

22 2APCIOmtHBmics HEPAXEA
(108.691+4.661) i, & GAAHPCH
MR 4R %L (97.2941£5.201) ERIEGIH¥
H X (P>0.05), Hifl& GAAH (84.34 4 =
4.981) MIEH - GAAH (77.76 D +4.354)
PCY 41 g i B 40 i 0 B ik 2> (P<<0.05) . 51K
il GAAH IH, mifl & GAA 4 PCO 4 i i 78
41 i B B s> (P<<0.05), WA 1.

A':Blank control group; B: Low dose of GAA group; C:Medium dose of GAA group; D :High dose of GAA group.
B 1 Transwell/NESZIH N &4 PCY 40 #8178 5L ( X 200)
Fig. 1 Migration of PC9 cells in various groups detected by Transwell chamber assay( X 200)
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2.3 2APCIBmBETRAELBAREATPAFLR
LEmARF SEEXHEARE, K2 GAAH
PCO 40 g o 5 45 BB B . ATP KF Fn 2L g K F
ZFWHGH#E L (P>0.05), & F &
GAA 41 PCO 4 M v 5 % b 18 IO B FL R 7K F- 24 3
R (P<C0.05); ™l & GAA 4 PCO 4 g
ATPKF 2R TG E X (P>0.05), @&ifl&
GAA 4 PC9 éHEIH@EPATP KB R (P<
0.05), W2,

2.4 A4 PCY%F HK2 & PKM2 mRNA & &

AKEF HEAXTEALE, KHE GAA L PCI 4
B HK2 il PKM2 mRNA #£i5/KE 27 L5 T2

B (P>0.05), JmmEHlaE GAA L PCI4NEh
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Tab. 2 Glucose uptakes, ATP levels, and lactic acid levels

of PC9 cells in various groups (n=8,x+s5.7/%)

Glucose Lactic acid
Group ATP level
uptake level

Blank control 100.00£0.00  45.284+1.89  100.00+0.00
GAA

Low dose 93.8443.83  41.84+2.63 95.234+3.12

Medium dose 89.31+4.29" 37.31+2.34 90.57+4.03"

High dose 85.16+3.91° 34.16+2.58  86.28+3.72"

"P<C0. 05 compared with blank control group.

HK2 K PKM2 mRNA 3 ik /K F 0] 5 R (P<

0.05). WK 2,
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"P<C0.05 compared with blank control group.

B2 FHPCYMH HK2H PKM2 mRNA FikKFE
Fig. 2 Expression levels of HK2 and PKM2 mRNA in PC9 cells in various groups

2.5 Z4APCY%mM ¥ HK2 = PKM2 & & & ik K
T+ HSEAX B, KFEGAAHPCIAM
 HK2 #1 PKM2 FEH R XK FEF G I #E L

(P>>0.05), H & FE GAA 41 PCOZHMt HK2 I
PKM2 # H F ik K F BB B AL (P<<0.05) .
UNEER

3 it #

Wi 3 NSCLC 0y 25 A7 28I, e A 00 T i
A FLRR S MR Y O 2k B — g AR G
PRV R Y WK FLER 7 AR BT LA 2 i R
I A 8 75 {8 PR 5 7 A R RN L A LA
it iR A0 0 B 28 S N AT 1 B i e 4N 4R % AT B
PR o B, 38 W R AN B T RE R A OBE At
ATP KV FZLER K-, BT LA W i 2 20 e 4 % A
M. AWFFELLNSCLC PCO 40 J W5 % 42, W

LA 7 B GAA XT PCO 48 it (1) A= 1) 3% e #’ﬁ@%ﬁ@
F%Iuﬁ@%ﬁ@a@%ﬁﬁa_ﬁﬁﬁ A N
N KA EF R GAA 4L PCO 41 i 24 48%11
72 hE, AR R GAA 4 PCO 40 M 7735 K W] i
FEk, Z0RBE 582 21 . 7R R i, Bl
F GAA R &I, PCO 4 L 1T B 20 A 2 ¥ ik /b
Has AL, Al GAA 4 PCY 41 i
Xof A 2 B B B K FLIR K B B R AL, mRE
GAA 9 PCO4I e ATP /KB B FE(% . #2778 GAA
WS T AT LA PCO 40 0 A= 4 24 v, A
SUBH TR, BELUT MR 4 M g i L, R AT DI
R PR IR T T B

PKM 2 J2 i 1 ik 1) O 5 PR SOl , 0 oo i A=

ks B EEAEM. B Y R TERFRE .
e R B A R A E PKM2 B Rk o &
IR PKM2 25 [ 2 3A K7, 8 59 I g 4t A 9 Shl I8
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Lane 1: Blank control group; Lane 2: Low dose of GAA group; Lane 3: Medium dose of GAA group; Lane 4: High dose of GAA group.

"P<C0.05 compared with blank control group.

B3 FAPCOMMT HK2H PKM2E HRBAKE (A) R EKBE (B C)
Fig. 3 Electrophoregram (A) and histograms (B, C) of expressions of HK2 and PKM2 proteins in PC9 cells in various groups

fife, TTLAGR HE R 4B PR T Y HK2 2 A A
S — A R IR S B, 5 MR A ORI
g8 BRI HK2 35 AT R A K
o GAA T ik JeE A0 i A 0 AR BRI
AJE GAA Bt g /9 7 F ML i A B A . A BIF 5 45
BRI SR GAA 4 PCY 4 PKM2 FI
HK2 mRNA J & 1 25KV B B FEAL, $EoR 0T L
308 o S M e L Ol B A 1 0 L R
fiff 6 bl PR i PKM2 I HK2 85 (1 2636, dE TS ot
B bR AR

i BTk, GAA G & & Al LA il PCO 21 i
W% IR AN E . A A BRI . ATP K
. FLRKSE . HK2 #1 PKM2 mRNA K /& H % 1k
KPR EAE I HLE T A8 5 HK2 Al PKM2 2
FkA K. GAATEAM T PCO 40 i bl B fig 7 181 & 15
HEAE, AR SR NIRRT P NSCLC /Y 4 B
YR T BS KR .
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